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ANNEX 1

FIXED SERVICE (FS)

1
Summary

In this Annex the possible co-existence of some UWB applications with Fixed Service is explored based on initially few representative cases and then appropriate available mitigation factors are taken into account to derive some limits for UWB devices in parametric form depending on UWB deployment characteristics (e.g. device density, peak power factors,). Also the FS performance criteria and receiver characteristics are defined and taken into account.

This report is focused on studies on bands allocated to FS between 3 and 10.6 GHz.  For frequency bands lower than 3 GHz, where lower bandwidth are expected for FS systems (FWA and P‑P typically do not exceed 7/14 MHz), qualitative considerations leading to very close objectives and PSD requirements for compatibility are presented.

Other UWB applications, presently foreseen only for higher frequency bands deployments (e.g. vehicular anti‑collision devices that might present different interference scenarios), are not studied.

Based on compatibility criteria and FS system characteristics, the UWB interference objectives are summarised in Tables 1A and 1B.

Values in Table A1.1A are referenced to the antenna input and take into account feeder losses, when applicable, between the antenna and the receiver input. They are based on an I/N (r.m.s. in 1 MHz) = (20 dB protection criteria for the average (r.m.s.) objective and on a IPeak/Nr.m.s.(in 50 MHz) = +5 dB for the aggregate peak objective
.
The expected aggregate interference level, evaluated in this report, is compared with these objectives defining maximum level for any single UWB source, relative to its emission characteristic, expected penetration on the territory (e.g. expected density per square km in the reference UWB deployment scenarios defined in the main body of this ECC Report) and the applicable mitigation factors.

Indoor fixed wireless access terminal stations (FWA TS) applications are also considered on the bases of a minimum distance from an UWB device.

In addition, for an exhaustive check on any possible severe situation, less restrictive objectives for FWA TS, closer to the CS (but also to the UWB interference source) and not affected by deep fading are defined in Table A1.1B.

Table A1.1A

Summary of UWB aggregate interference objectives
for coexistence with FS

	
	
	Average power density of aggregate interference
(dBm/MHz)
	Peak power wide-band density of aggregate interference
(dBm/50 MHz)

	
	
	Bands
3 to 6 GHz
	Bands
7 and 8 GHz
	Band
10.5 GHz
	Bands
3 to 6 GHz
	Bands
7 and 8 GHz
	Band
10.5 GHz

	FWA 
(wide-band 
BW = 
50 MHz)
	CS and 
outdoor TS
	( ( 129 
	N/A
	( ( 127 
	( ( 87 
	N/A
	( ( 85 

	
	indoor TS
	( ( 113 
	N/A
	N/A
	N/A
	N/A
	N/A

	High Capacity Point-to-point (BW = 50 MHz)
	( ( 127 
	( ( 128 
	( ( 127 
	( ( 85 
	( ( 86 
	( ( 85 


Table A1.1B: UWB aggregate interference objectives
for coexistence with FWA TS that are close to the CS

	
	Average power density of aggregate interference (dBm/MHz)
	Peak power wide-band density of aggregate interference (dBm/50 MHz)

	
	3.5 GHz band
	10.5 GHz band
	3.5 GHz
	10.5 GHz

	FWA TS (wide-band BW = 50 MHz)
	( (104 
	( ( 102 
	( ( 74 
	( ( 72 


A number of typical scenarios (summarised in the main body of this report as 1a, 1b, 1c and 3a) for aggregation of multiple UWB devices, as well as specific single UWB interference evaluation, have been carried on.

The study shows that compatibility of UWB applications with FS systems might be possible with the UWB e.i.r.p. density limits (both r.m.s. and wide-band peak) set in Table A1.2 below.

Table A1.2
Limits for FS coexistence with UWB applications in relevant scenarios

	
	Compatible UWB PSD

	Scenarios evaluated in this annex
	r.m.s. (dBm/MHz)
	wide-band peak (dBm/50MHz)

	Single UWB entry at 1m distance from indoor FWA TS (3.4 ( 5 GHz only)
	(68 

	(26 2

	Single outdoor UWB entry in adverse position to an outdoor FS station
	(57
	(15

	Aggregate scenario 1c 
(10.000 UWB/km2 ( 5% activity ( 80% indoor)
	(71.5
	(29.5

	Aggregate scenario 3a 

(hot-spot building 1UWB/10m2 ( 20% activity)
	(62 3
	(20 3

	Single Limit for coexistence for all the above scenarios
	(71.5 (Note)
	(29.5 (Note)

	Note: These values are referred to bands up to 7.125 GHz; according to the study, there might be a relaxation of 2.5 dB up to 8.5 GHz and of further 2.5 dB for the 10.5 GHz Band.


2
Fixed service objectives and characteristics

2.1
Fixed service protection objectives

The common ITU-R rule for interference from unwanted emissions from sources other than FS or Services, sharing the same band on primary bases, is reported in Recommendation ITU-R F.1094. Recommendation ITU-R F.1094 provides the apportionment of the total degradation of an FS link as:

–
89% for the intra service interference;

–
10% for the co-primary services interference;

–
1% for the aggregation of the following interferences:

a)
emissions from radio services which share frequency allocations on a non-primary basis;

b)
unwanted emissions (i.e. out-of-band and spurious emissions such as energy spread from radio systems, etc.) in non-shared bands;

c)
unwanted radiations (e.g. ISM applications).

These percentages
 are not related to the total time of operation but apply to the performance objectives such as given in Recommendations ITU-R F.1397 and ITU-R F.1491. In addition, this degradation allowance is not given to a single transmitter but to the aggregation of the whole secondary services transmitters and unwanted signals. 

Moreover, Recommendation ITU-R F.1094 recommends that no impairment, due to interference, on system availability (generally requested less than 0.01% of the time) be allowed (i.e. propagation attenuation only is to be considered).

This criterion is considered applicable also for the UWB emissions interference (that can be considered among in-between cases a) and b) above).

2.1.1
Long-term criteria

From the above principle, ITU-R has defined interference criteria described in the following paragraphs, based on the conclusion of the ITU-R WP 9A (stated in specific liaisons) that concluded that an I/N= (20 dB is considered valid as interference protection criteria for all bands used by FS. 

An interference criterion of I/N = (20 dB for the aggregate r.m.s. interference is consistent with the objectives for interference power used in most frequency bands.

The rationale is an expected linear relationship between degradation objectives and the percentage of allowed performance degradation. On a general basis, Recommendation ITU-R F.758 sets I/N = –10 dB for Co-Primary Services, which are assigned the 10% portion of error performance degradation in Recommendation ITU-R F.1094. Hence, the I/N = (20 dB might be assumed as representative for the 1% error performance degradation for all not Co-Primary Services and other sources.

It can also be noted that, depending on the interference scenario, this criterion could also be applied to time averaged interference power by using the Fractional Degradation of Performance (FDP) criterion of 1% (see Recommendation ITU‑R F.1108 for rationale on FDP concept).

The interference criterion I/N= (20 dB is valid for bands up to about 15 GHz.

Finally, due to the multipath nature of fading in these frequency bands, it should be considered that the propagation induced attenuations of the FS link path and the interfering path are un-correlated. In these bands, the time averaged interference power has been used in developing interference criteria when the interferer power varies in time (see Recommendation ITU-R F.1108).

It is also interesting to note that WP 9A raise the point that, due to the multipath nature of fading in these frequency bands, it should be considered that the propagation induced attenuations of the FS link path and the interfering path are un-correlated.

It is also worth noting that a previous meeting of WP 9A (April 2002) had to address the definition of interference criteria to protect the fixed service from aeronautical mobile satellite stations operating on a secondary basis and agreed that, for such secondary service, an I/N= –20 dB for 20% of the time is the adequate criteria.

Finally, it should be considered that this is a generic objective assuming that the interference will have similar spectral emission characteristic of the noise. In UWB case, due to the pulsed characteristic of most applications, additional considerations would be needed for peak (within FS receiver bandwidth) interference objectives recognising that it clearly depends on the type of UWB and scenario considered.

2.1.2
Short-term criteria

Short–term criteria, also reported by Recommendation ITU-R F.758, is an additional criteria that gives allowance, for very short percentage of time (e.g. in the order of 0.0001 % of the time), for a positive I/N ratio to happen. This could be related to possible coherent sum of many UWB devices of the same kind; the statistical behaviour of the aggregate power (referred as Amplitude Probability Distribution, APD, in NTIA studies) depends on the actual characteristic of the UWB emission or mixture of different emissions.

Being this study generic and not focused to a specific UWB emission, this criterion will not be considered at this stage and would need a case by case consideration.

2.1.3
Additional considerations on objectives for FWA Terminal Stations (TS)

In case of FWA, Terminal Stations (TS) have also to be considered in some cases. Objectives for TSs are different according to their distance from the Central Station (CS).

The ITU-R objectives of Table A1.1A are generally set for TS at cell coverage borderline, while closest TS do generally experience less fading and operate at a higher nominal receiver signal level (RSL) depending on the actual power transmitted by CS (selected, according proprietary algorithm, by the manufacturer for reducing the dynamic range required to TS closer to the CS). ITU-R Recommendations do not specifically deal this case but it can be assumed that the interference level for long-term coexistence might be higher.

2.1.3.1
Example in conventional outdoor applications

In the likely event that the CS would deliver to closest TSs lower transmit power (e.g. on a burst-by-burst or sub-carrier bases according the access methods) they might be kept at a RSL producing a similar FM of the border TSs. Being not limited by fading generated S/N ratio, those TSs would be more affected by the UWB peaks that might produce errors burst.

In this case the long-term objective could be possibly kept higher (of a FM dB factor), than the objective for noise limited receivers set in previous sections.

On this basis, it has been assumed that those terminals would be able to accept an average interference corresponding to an I/N=+5 dB that corresponds to a Fade Margin referenced to a 10-13 BER, typically assumed 7 dB lower than a 12 dB Fade Margin (referenced to 10-6 BER), which is considered typical in these FWA application in these frequency bands.

Based on the consideration of section 2.1.5 below, the peak interference for those TS can be evaluated using the following equation (1):


IP50 = NA50 +5 + FM

(1)

where 


IP50 = peak interference power (dBm) in 50 MHz


NA50= average (r.m.s.) FS noise power (dBm) in 50 MHz

FM= FS Fade Margin
2.1.3.2
Example in indoor applications

Foreseen applications for ETSI HIPERMAN (under development in EP-BRAN) and IEEE 802.16 include indoor terminals with omnidirectional antennas in bands below 6 GHz. UWB devices may be among the types of handheld device used in the same room; therefore, this application would require compatibility studies for a “minimum distance” rather than the aggregate interference from a large area or from a “hot-spot building” where UWB are deployed, as currently done for other outdoor applications.

Indoor applications in bands (here studied in bands ~ 3.5 GHz) are likely to be more affected by multipath distortion rather than by pure link budget reduction. Nevertheless a link budget reduction due to UWB device close by will reduce the coverage in term of useable locations within a building.

Therefore instead of the I/N = ( 20 dB objective currently used for all “outdoor” FS stations, we would provisionally assume objectives similar to those used for RLAN applications, noting that request has been sent to ITU-R WP9A for defining a final value; a degradation of 1 dB of the link budget is then provisionally considered assuming:

I/N = ( 6 dB

Regarding the peak limitation, still dealing with a margin degradation, the approach described in the next 2.1.5 should be used.

2.1.4
Consideration of peak interference objectives 

When wide-band peak power is concerned, the sum of noise and aggregate interference power has a probabilistic distribution. This would imply that the actual statistic of all UWB emission is fully determined. However, for a generic preliminary approach, the 10 log{(ln(p)} distribution for the band-limited Rayleigh receiver noise peak around its average level, as a function of its probability “p” of being exceeded, is compared to the peak interference.

For not affecting the BER characteristic of the receiver, it is necessary that the added UWB interference does not change, at any relevant probability level, the distribution function of noise peak power around and above its average value (e.g. for p < ~4% with an assumed IP50/NA50 ( +5dB).

Therefore it seems reasonable to establish that the aggregate peak of all UWB devices should be maintained lower than the widest-band average value of the noise (e.g. IP50/NA50 ( +5 dB within 50 MHz band) or, in other terms, the IP50 aggregate objective is separately kept 42 dB above the IA density objective (i.e. IP50 ( IA + 20 + 10log50 +5). This assumption is still conservative and based on some practical tests between FS and UWB at 24 GHz made for the SRR compatibility study and published in ECC Report 23.
In addition, the aggregation function of the peaks of large number of uncorrelated UWB is assumed to follow a 10*log adding law. The rationale is that, from one side, the peak aggregation should follow the sum in voltage (i.e. with 20log law), but from another side the probability that all UWB and noise aggregate interference voltage peaks are contemporary and in phase might be very low.

Regarding peak interference it should be noted that, even if the UWB peak power might occur for a percentage of time (due to devices duty-cycle and/or activity factor) less than the 20%, it will still affect the "long term" objectives due to the different physical speed of propagation variation and UWB emission variation since performance objectives are set on propagation variation speed (i.e. on a second’s time base) while UWB peak power occurs at "milliseconds" speed or less (i.e. could generally affect each second).

Based on the above, the aggregate peak power objective IP50/NA50 ( +5dB is assumed to be sufficient to protect the fixed service. It can be noted that it is equivalent to:

IP50 (dBm/50MHz) ( IA (dBm/MHz) + 42 dB

(2)

where:

IP50= peak interference power (dBm) in 50 MHz

IA = average (r.m.s.) interference power density (dBm) in 1 MHz

NA50= average (r.m.s.) FS noise power (dBm) in 50 MHz

2.2
Fixed service characteristics

2.2.1
Introduction

Digital Fixed Service links are designed according to ITU-R Recommendations that requires certain error performance and availability objectives derived from the integrated telecommunications rules established by the ITU-T. 

They result in “link budgets” (i.e. Signal to noise ratios), function of the hop-length P-P point‑to‑point applications) or cells radius (Multipoint FWA applications) and the expected statistical distribution of attenuation depth in that geographical area, in order to satisfy those objectives.

The error generation in digital receivers is affected by the overall noise (N) coming to the “decision point”, which is defined by equivalent noise bandwidth, assumed to be the 3 dB receiver bandwidth (RXBW). The following noise calculations are considered:

-
N (r.m.s. density in dBm/MHz) = (114 + Noise figure

-
N (total r.m.s. power in dBm) = –114 + 10log (RXBW) + Noise figure

-
N (total peak power in dBm) = N (total r.m.s. power) + 10 log{(ln(p)}.

Note: 
The noise figure, in FS applications, is considered at the input of the receiver, including radio frequency duplexer filters losses.

The 10 log{(ln(p)} term represents the peak factor of band-limited thermal noise (Rayleigh noise) exceeded with a probability “p” (e.g. 9.64 dB for p=0.01%). This peak factor is not commonly used for digital FS link planning (even if the actual error rate is physically linked to noise peak phenomena rather than to mean values). This is due to the fact that, being the thermal noise “Gaussian” in nature, its peak to r.m.s. ratio, at same probability, is constant with the receiver bandwidth. However it is here needed as reference for evaluating the objective value of the peak of interference.

The FS characteristics that are necessary to the compatibility study with UWB are mainly:

-
Antenna gain

-
Antenna pattern

-
Noise figure

-
Feeder losses

-
Bandwidth

FS antennas are relevant for FS/UWB coexistence evaluation, from one side their high directional characteristics (in both azimuth and elevation) restrict the area where interference might be significant, but from the other side the high gain enhance the potential interference of those UWB within the covered area.

With regard to the bandwidth which is necessary to determine the peak noise power, the most critical and representative applications are those with the largest bandwidth. Since 30/40 MHz are currently used in band below 10.6 GHz and that in higher frequency bands a 50 MHz bandwidth is now considered more representative, in particular for FWA access, 50 MHz bandwidth has been used as a future trend for all systems below 10.6 GHz, in particular FWA systems.

Other FS system characteristics (e.g. receiver sensitivity and modulation formats) are not relevant for the assessment of the interference (I) since the analysis is done only evaluating the I/N ratio.

Finally, the FS systems that are typical in the range 3 to 10.6 GHz are:

-
FWA systems, quite common in 3.41-3.6 GHz and 10.15-10.68 GHz bands

-
High capacity links for trunk, regional and mobile networks infrastructures applications in 3.6-4.2 GHz, and 4.4-5.0 GHz, 5.9-8.5 GHz (made-up by several adjacent FS bands) and 10.15-10.68 GHz.

-
FWA indoor TS, as foreseen by ETSI HIPERMAN (HM) project. Even if the HM standards will be applicable to any FS band from 1 to 11 GHz, the indoor application are suitable only where propagation behaviour allows NLoS connections with reasonable average attenuation towards the outdoor located CS. 
Therefore only the 3.5 GHz band is here studied.

2.2.2
Interference objective calculation

The interference objective for all cases is given by the following equation (3):
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where:


N is the total r.m.s. noise density (as described in section 2.2.1)


FL is the feeder losses (dB)


I/Ncriteria is the FS protection criteria

The following Table A1.3 gives, for all bands and FS applications the relevant values of Noise Figure and Feeder losses.

Table A1.3
Noise figures and Feeder losses

	FS applications
	Frequency band (GHz)
	Noise Figure (dB)
	Feeder losses (dB)

	P-P
	4, 5 and 6
	4
	3 (Note 1)

	
	7 and 8
	6
	none (Note 2)

	
	10.5
	7
	none (Note 2)

	FWA
(conventional outdoor applications
	3.5
	5
	none (Note 2)

	
	10.5
	7
	none (Note 2)

	FWA TS
(indoor applications)
	3.5
	7
	none

	Note 1: 
Common practice, for these applications, is to have indoor deployment with feeders connections that generally give additional attenuation 

Note 2: 
For these applications it become more and more common (in particular for mobile networks infrastructures) to deploy equipments that have the RF part close to the antenna. Therefore no additional feeder losses have to be taken into account.


On this basis, the following Table A1.4 gives the interference objectives for the corresponding FS applications.

Table A1.4A

Interference objectives

	FS applications
	Frequency band (GHz)
	NA (dBm/MHz)
	IA (dBm/MHz)
	IP50 (dBn/50MHz)

	P-P
	4, 5 and 6
	-110
	- 127
	- 85

	
	7 and 8
	-108
	- 128
	- 86

	
	10.5
	-107
	- 127
	- 85

	FWA
(outdoor)
	3.5
	-109
	- 129
	- 87

	
	10.5
	-107
	- 127
	- 85

	Indoor FWA TS
	3.5
	-107
	- 113(*)
	- 71 (*)

	(*)
Pending confirmation by ITU-R WP9A of the I/N objectives. 


Finally, Table A1.4bis below give the interference objectives for FWA TS that are close to their CS or in indoor applications, based on the additional consideration as in section 2.1.3. Recognising that those receivers are less sensitive to interference, these objectives have been established for a typical cell size of 9 km and 12 dB fade margin and for 1 dB margin degradation in indoor TS.

Table A1.4b

Interference objectives for FWA TS that are close to their CS

	Application
	Frequency band (GHz)
	NA (dBm/MHz)
	IA (dBm/MHz)
	IP50 (dBm/50MHz)

	Outdoor TS
	3.5
	-109
	- 104
	- 74

	
	10.5
	-107
	- 102
	- 72


 2.2.3
FS antenna characteristics for FWA systems

Table A1.5 summarises the FWA antenna parameters used in the present document.

Table A1.5
FWA CS and TS typical antennas

	CS Omni-directional 
(NOTE 1)
	CS Sectorial 90º 
(NOTE 2)
	Directional (for low gain outdoor TS antennas in 3.5 GHz band)
(NOTE 3)
	TS (indoor) Omni-directional
	Directional 
(high gain TS antennas in 10.5 GHz band) 
(NOTE 4)

	Gain = 8 dBi
	Gain = 16 dBi
	Gain = 16 dBi
	Gain = 0 dBi
	Gain = 40 dB

	Azimuth RPE = not applicable
	Azimuth RPE = Figure 1 (ITU-R F.1336)
	Azimuth and elevation Figure 3 (ITU-R F.1336)
	Azimuth RPE = not applicable
	Azimuth and elevation Figure 4 (ITU-R F.699)

	Elevation RPE = Figure 2 (ITU-R F.1336)
	Elevation RPE = Figure 2 (ITU-R F.1336)
	--
	Not used for the minimum distance evaluation
	--

	Elevation 
Tilt-down = 2º
	Elevation 
Tilt-down = 2º
	--
	--
	--

	Note 1: 
The gain reflects an average "simple" application

Note 2: 
The gain reflects a "best practice" application.

Note 3: 
The gain reflects an average "simple" TS application. It is not excluded that some TS at cell edge may use high gain antennas. However this is not considered a common practice and will not be taken into account.

Note 4: 
For TS at cells edge a maximum dish size of 1.2 m is assumed.


The above FWA TS antenna types, when used for coexistence studies, may be considered the practical boundaries, from which the behaviour of all other types of antennas may be extrapolated.

Figures A1.1, A1.2, and A1.3 give the Radiation Pattern Envelopes (RPE) of the antennas to be used for compatibility study.

FIGURE A1.1
90º sectorial antennas azimuth RPE
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FIGURE A1.2
Omni-directional and 90º sectorial antennas elevation RPE
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FIGURE A1.3
FWA-TS Reference antenna pattern used in the study
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2.2.4
FS antenna characteristics for Point-to-Point systems

Table A1.6 summarises the P-P antenna parameters used in the present document.

Table A1.6
P-P antennas

	High performance dish in 4, 5 and 6 GHz bands (trunk applications)
	High performance dish in , 7 and 8 GHz bands (regional and mobile infrastructures applications)
	High performance dish in , 7 and 8 GHz bands (local and mobile infrastructures applications) (Note)

	Diameter = 3.7 m
	Diameter = 3 m
	Diameter = 1.2 m

	Gain ( 41 dB
	Gain ( 40 dB
	Gain ( 40 dB

	Azimuth and elevation RPE = Figure 4
	Azimuth and elevation RPE = Figure 4
	Azimuth and elevation RPE = Figure 4

	Elevation Tilt-down = 0º
	Elevation Tilt-down = 0º
	Elevation Tilt-down = 0º

	Note: This antenna is also common for FWA TS at borderline of medium size P-MP cells


Figure A1.4 gives the Radiation Pattern Envelopes (RPE) of the antennas to be used for compatibility study.

FIGURE A1.4
P-P antennas (also applicable to 10.5 GHz FWA TS) azimuth and elevation RPE
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3
Representative Scenarios

FS systems for their “fixed” nature and being often deployed in urban/sub-urban areas are affected by UWB devices according their actual positioning and density distribution defined by the specific UWB application. Therefore a number of scenarios should be assessed for evaluating coexistence with UWB systems.

FS systems are characterised by high gain antennas for P-P systems and most of the terminal stations (TS) of FWA systems, but omni-directional or sectorial antennas are used for the central stations (CS) and some indoor TS of FWA systems.

With regard to UWB, four different scenarios have been studied:

-
Single entry outdoor UWB to an outdoor FS station

-
Uniformly distributed UWB (Scenarios 1)

-
Hot spots UWB (Scenario 3a)

-
Minimum distance between an UWB device and an indoor TS

3.1
Scenario 1 ( Uniformly distributed UWB emissions

The general scenario for uniformly
 distributed UWB systems interfering FS is shown in Figure A1.5.

FIGURE A1.5
Generic scenario for uniformly distributed UWB systems
affecting a FS receiver
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The UWB systems are considered uniformly distributed on the territory, according a certain density in “devices/km2”; the distance D between adjacent UWB given by:
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Those UWB systems are “illuminated” by the FS antenna and, in the case of directional antennas, each UWB system will contribute to the aggregate after being weighted by the relevant antenna Gain/RPE (Radiation Pattern Envelope) decoupling.

It should be noted that UWB devices might be either indoor or outdoor; some of them will be in Line-of-sight (LoS) of the FS station, while others will be shadowed by surrounding buildings. Additional attenuation factors should then be taken into account, possibly according ITU-R available data and Recommendations.

In Section 4.3, Figures 11 and 12 give numerical evaluation of the aggregate interference for the representative FS systems described in Section 2.2; they do not consider any indoor to outdoor attenuation and assume all UWB devices in LoS.

For indoor applications, mitigation due to indoor propagation, indoor-to-outdoor walls trespassing will be considered separately (see KB factor in Section 5).

Regarding the additional mitigation due to the non LoS situation (which does not consider the possible additional indoor situation) of most of the UWB devices, their aggregate power should be evaluated with proper propagation methods (e.g. Recommendation ITU-R P.1411); however, their contribution will be negligible in comparison to the portion of UWB devices that might be in LoS condition. Therefore this mitigation factor will be considered assuming no contribution from the non LoS devices, simply defining the percentage of LoS devices (see KLOS factor in Section 5).

3.2
Scenario 3a ( Hot spots UWB emissions

For the second case of UWB category, generating “hot-spots” interference, the scenarios are function of the UWB and FS application; the mentioned examples high speed data communication for LAN in commercial/industrial indoor applications interfering the FWA P-MP or P-P systems (described as FS “representative cases” in section 2.2) are reported below.

It is assumed that in suburban areas (where 3.5 GHz FWA and 4 GHz PP are generally deployed) a medium-large commercial centre building (e.g. ~10 floor) is deployed with a big company offices.

It might be likely that the same building is selected by a service provider as location for a Fixed Wireless Access (FWA) Central Station (CS) and a number of Terminal Stations (TS) is pointing to it (see Figure A1.6).

It is also possible that a PP connection path passes nearby still maintaining the necessary clearance for LoS propagation (i.e. > ~2 times the radius of first Fresnel zone).

Another potential scenario is that where a FWA CS is positioned on a nearby building, covering an area sector that includes the one generating UWB signals. In this case the CS building, for practical visibility purpose, should be higher than the one generating UWB emissions; or better, being the study focused on suburban area, it would be more likely that the ~10 floor height is assigned to the CS building, while UWB one is lower and we would consider, in this case, ~5 floor for the UWB building (see Figure 6).

In all work places where an UWB communication device is placed, the UWB emissions may potentially affect CS, TS and PP receivers nearby.

The geometrical scheme for the two different scenarios (FWA and PP) might be described as in Figures A1.7A, 7B and 8.

It should be noted that not all the units may be visible due to the various internal building constructions.

FIGURE A1.6
Generic “hot-spot scenario” for FS – UWB coexistence
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FIGURE A1.7A

Schematic for FWA TS interference aggregation
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Figure A1.7B

Schematic for FWA CS interference aggregation
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FIGURE A1.8
Schematic for PP interference aggregation
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For evaluating the aggregate scenarios the following assumptions have been made:

1)
Size of the building: ~120 m front (X meters in Figures 7 and 8) by ~60 m depth (Y meters in Figures 7 and 8) with 10 offices floors (for FWA TS and P-P scenarios) or 5 offices floors (for FWA CS scenario).

2)
UWB deployment in any workplace ~3.2 x 3.2 m2 (1UWB/10 m2 according reference scenario 3a).

3)
Typical modern architecture glass-walled building with open-space work-places (limited wall attenuation potential).

4)
Each UWB device will emit a reference e.i.r.p. (r.m.s.) density = –41 dBm/MHz6.

5)
FWA TS antenna height (hTS in Figure 7A) ~15 m (average value).

6)
FWA CS antenna height (hCS in Figure 7B) ranging from 30 to 50 m (i.e. ~10 to 30 m above the roof of 5 floors UWB building).

7)
PP antenna height (hPP in Figure 8) is assumed to be:
hPP > 50 m for 4/5/6 GHz links (typical for flat-land LoS links up to ~ 50 km)
hPP > 35 m for 7/8 GHz links (typical for flat-land LoS links up to ~ 35 km)
hPP > 20 m for 10.5 GHz links (typical for flat-land LoS links up to ~ 25 km).

8)
Minimum PP path Xoffset (Figure 8) is defined as the clearance of the first Fresnel ellipsoid radius (F1st) given by:
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where Dpath is the total path length in km (here assumed as in the above bullet) and D is the distance in km shown in Figure 8. It should be noted that at 4 GHz F1st will range from 0 to ~ 30 m only. 
For the purpose of this study we will assume some clearance (~ 2 times F1st) and use the following Xoffset values:

4/5/6 GHz = 50 m

7/8 GHz = 35 m

10.5 GHz = 20 m.

For the FWA systems, the minimum distance between the CS or the TS and the “hot-spot” building has been assumed to be 100 m. For P-P receiver the aggregate interference of the “hot-spot” building has been evaluated considering the minimum required off-set path as described in Figure 8.

In addition, for P-P systems, FWA CS and FWA TS close to the cell border for which the performance are dominated by the fade margin (FM), the nominal I/N = –20 dB is requested for meeting FS long term objectives defined in section 2.1.1.

For FWA TS that are closer to the CS and which have less FM requirement, higher interference might be accepted (depending on the actual power transmitted by CS according proprietary algorithm for reducing the dynamic range required to those closest TS). In these cases it is expected that peak interference would become predominant.

The single entry and the aggregate interference levels, as function of the FWA-TS or PP receiver distance D from the UWB hot-spot are given in Figures 13, 14 and 15. It should be noted that these levels do not consider any indoor/outdoor attenuation, which will be evaluated separately.

3.3
Single entry outdoor UWB to an outdoor FS station

When UWB are randomly and densely deployed on the territory it is likely that one ore more outdoor devices (e.g. video surveillance on the fence of a factory) happen to be in LoS along the boresight, within the main lobe of the antenna, of a FS link passing over by.

3.4
Minimum distance of an UWB device to indoor FWA TS 

In this scenario an indoor TS is placed physically in the same office where UWB devices are also used.

The minimum separation distance between them for suitable operation should be evaluated with an objective of ~ 1 m.

Considering that we are looking for an acceptable short distance in the order 1-3 m, we will use the dual slope Siwiak propagation model with exponents 2 (free space) and γ = 3 (multipath dispersion) given by the formula:
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where Dγ is the transition break point between exponent 2 and exponent 3.

Dγ at 1 m or 3 m will be used.

The single entry interference levels, as function of the FWA-TS receiver distance D from the UWB device are given in Figures 16 and 17 in form of minimum distance versus UWB e.i.r.p. and expected margin degradation versus e.i.r.p. and distance.

3.5
Vertical plane decoupling scenario and FS antenna heights

In all cases, when FS are concerned, the antenna is generally placed as high as possible on the ground in order to enhance cell-coverage or avoid Fresnel zone incursion.

Due to the directional nature of antennas, the vertical plane decoupling plays also a fundamental role. Consequently the numerical value of the aggregate interference will also vary sensibly with the FS antenna height. Hence, different FS antenna heights have been considered in numerical evaluations in Section 4.

4
Initial evaluations of upper-bounds of UWB interference to FWA and P-P systems in the selected scenarios

4.1
Introduction

Numerical evaluations are reported on the proposed representative examples of:

–
FWA in 3.5 GHz band with omni-directional or 90º sectorial antenna; 

–
P-P high capacity link in 4/5/6 GHz, 7/8 GHz and 10.5 GHz bands; 

–
FS antenna height (h) ranging from 20 to 60 m, considered as typical in flatlands, where the more severe interference scenarios are expected.

These systems will be evaluated from the point of view of expected aggregate interference from UWB systems in the most representative scenarios described in Section 2.

The results will be compared with the acceptable interference for meeting the FS objectives given in section 2.2.2 and summarised in Tables 1A and 1B of this Report.

All the numerical evaluations given in this section are made with the following constant reference power parameters for any UWB emission:

–
reference isotropic r.m.s. e.i.r.p. density = –41 dBm/MHz
;

–
reference isotropic peak e.i.r.p. density = (0 dBm/50 MHz6;

All the results would then be parametric to those values and actual systems results should be linearly normalised according actual e.i.r.p. density and with the methodology for peak to r.m.s. wide-band evaluation.

4.2
Single entry outdoor UWB emission r.m.s. interference

4.2.1
Numerical evaluation

Prior than calculating any aggregate interference it might be interesting to study the variation of the interference power density produced by a single outdoor UWB emission (e.g. a surveillance device) as far as its distance increases, with pure LoS, free-space propagation, from the victim FS antenna along the bore-sight plane; the variation will be governed only by the vertical FS antenna decoupling and the free space attenuation.

The UWB device is assumed to be at ground level, even if its placement at a certain height (e.g. on a roof or a fence) would worsen the result.

Figures A1.9 and A1.10 describe the received power behaviour with the distance.

The formulas used are:

-
Power emitted (linear units): [image: image15.wmf]10
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-
Interfering power from a transmitter at a distance x, in the horizontal plane, from the victim receiver:
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where,


Afs is the free-space attenuation,


GRX the antenna gain (bore-sight),


gRX is the vertical decoupling given by the FS antenna


( is the current angle between antenna bore-sight and LoS towards the UWB device expressed by [image: image17.wmf]tilt
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FIGURE A1.9
3.5 GHz FWA
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FIGURE A1.10
4 GHz, 7.7 GHz and 10.5 GHz P-P (with high directional antenna)
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4.2.2
General comments to the results 

Regarding the r.m.s. interference level, from the graphs in Figures A1.9 and A1.10, considering that the r.m.s. interference power objective is ~ (127/129 dBm/MHz (see Table A1.1A), a single UWB device, with e.i.r.p. density = (41 dBm/MHz, placed in LOS of a FS receiver and without any indoor-outdoor additional attenuation, would already exceed the objective by up to ~20 dB.

4.3
Uniformly distributed UWB emission aggregate r.m.s. interference (Scenario 1)

4.3.1
Numerical evaluation

In the scenario described in Section 2.1 the results in Figures A1.11 and A1.12 are obtained.

These Figures show the increase of aggregate r.m.s. interference as far as the radius of the area affected by scattered UWB increases.

With the intent of exploring the upper bound of the possible aggregation and for having a set of data that could be used for further elaboration, applying separately different mitigation assumptions for both propagation and UWB characteristics, the propagation is assumed to be LoS, free space loss (spherical diffraction is not yet effective on distances below 10 km) and the UWB devices activity at 100%. However it should be noted that these kinds of UWB applications are likely to be of lower activity and indoor, therefore building attenuation and activity factors should be taken into account when necessary in actual evaluations; in section 6.1.1 these various mitigations are defined and elaborated for final evaluation of the real expected aggregate interference in the reference scenarios 1a, 1b and 1c.

The formulas used in this case are:

-
Power emitted by an elementary section of area dx.d( (linear units) : 
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where EIRPDsq denotes the e.i.r.p. two dimension density (dBm/MHz/m2).

-
Interfering power from an elementary section of area dx.d( at a distance x from the victim receiver:
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-
Total interfering power from a circle with radius R:
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In the above formulas Afs is the free space attenuation, depending on the distance and receiver height h, grx is the off-axis attenuation of the antenna RPE. It depends on the elevation angle ( and the azimuth angle ( (not applicable for omni antenna) of the propagation path with the antenna bore-sight axis. These in turn depend on x and h and should take into account any possible antenna tilt.

Where both azimuth and elevation are involved, grx is calculated according to the following formula:
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where g( and g( are the standard azimuth and elevation RPE decoupling.

Figures 11 and 12 show the numerical results for UWB system density ranging from 1 to 10.000 devices/km2 (assumed all 100% active).

These “upper bound cases” results also show that irrespective of the device density considered, UWB devices have the potential to produce an interference that exceeds the FS interference criteria (-127/-129 dBm/MHz) by an amount between ~10 to 50 dB, and then mitigation factors would play a fundamental role.

FIGURE A1.11
4 GHz, 7.7 GHz and 10.5 GHz P-P with high directional antenna, 
aggregate interference of uniform UWB distribution (upper-bound, full LoS, 100% activity)
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FIGURE A1.12
3.5 GHz FWA, aggregate interference of uniform UWB distribution 
(upper-bound, full LoS, 100% activity)
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4.3.2
General comments and parametric relationship with UWB PSD 

From the graphs in Figures 11 and 12, still derived assuming that all UWB devices are in LOS to the FS receiver and without any indoor/outdoor additional attenuation (i.e. representing an upper bound for any aggregate interference), besides noting that all cases are obviously largely out from the objectives, all graphs show:

–
an asymptotic behaviour of the aggregate value when the radius of the area exceed ~15 km;

–
a difference in that aggregate value of about 10 dB per decade of UWB density; this is more evident, as expected, for omni/sectorial antennas, but also true for the larger UWB density in P-P application. 

This latter point may be used for practical estimation of an asymptotic upper-bound aggregation with 1000 UWB/km2:

–
FWA at 3.5 GHz (90º sectorial antenna) ( –89/(90 dBm/MHz (for antenna h = 20/60 m);

–
FWA at 3.5 GHz (omni antenna) ( –91/(92 dBm/MHz (for antenna h = 20/60 m);

–
P-P at 4 GHz (high gain antenna) ( –85/(88 dBm/MHz (for antenna h = 20/60 m).

–
P-P at 7.7 GHz (high gain antenna) ( –90/(92 dBm/MHz (for antenna h = 20/60 m)

–
P-P at 10.5 GHz (high gain antenna) ( –93/(96 dBm/MHz (for antenna h = 20/60 m)

From the above graphs, made with a reference e.i.r.p. density of ‑41 dBm/MHz per UWB device, the relationship between the worst case asymptotic value of aggregate interference mean power and the actual e.i.r.p. of the UWB devices could be extracted as:

-
for FWA systems :
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-
for 4 GHz P-P systems :
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4.3.3
Summary for the “uniform distribution” scenario

The above elements show that, even if its objective is 2 dB more relaxed than that for FWA, the worst case is reached for 4 GHz P-P and hence will be the only one considered in deriving the suitable e.i.r.p. density limits for compatibility between UWB and Fixed Service, that will be based on equation (11).

4.4
“Hot-spot” UWB emission r.m.s. aggregate interference (scenario 3a)

4.4.1
Numerical evaluation

In the scenario described in the examples in Section 3.2, the results in Figures 13, 14 and 15 are obtained.

Figure A1.13 shows the worst “single” UWB device interference in the building as function of its distance from the FS receiver. The interference levels, that do not take into considering indoor-outdoor attenuation, are slightly lower than those presented in Section 4.3; however, even if still above the aggregation objectives, the additional indoor and building attenuation would certainly make it less important than that of outdoor UWB evaluated in section 4.2.

FIGURE A1.13
Single UWB device interference (worst device in the building)
Vs. FS receiver distance (without indoor and building attenuation)
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Figures A1.14 and A1.15 provide the aggregate interference level, as function of the FS receiver distance D from the UWB hot-spot defined in Figures A1.7 and A1.8. 

The data are presented, as in previous section for the uniform UWB, without considering the indoor/outdoor attenuation that will be evaluated separately; in this case the aggregate interference is exceeding the objectives by more than 30 dB, and then mitigation factors would play a fundamental role.

However, it should be noted that, when more detailed information are available on the UWB application characteristics, reduction could be experienced; an example, derived from WPAN standardisation ongoing in IEEE 802.15.3a, is reported in Appendix 2 of this Annex. However, the results are not here considered because not representative of more potential impact of generic UWB applications that have been considered for defining the reference scenario 3a.

FIGURE A1.14
Upper bound of aggregate UWB interference density versus FS receiver distance
(without indoor and building attenuation, 100% activity)
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Figure A1.15
Upper bound of aggregate UWB interference density into
FWA CS with sectorial antenna versus receiver distance
(without indoor and building attenuation, 100% activity)
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4.4.2
General comments and parametric relationship with UWB PSD 

From Figures 14 and 15 we can elaborate different considerations on the impact to FS receivers, according the propagation behaviour and the typical deployment of FS systems.

4.4.2.1
FWA-TS case

The interference is strongly dependent on the distance from the “hot-spot” location. However, in this case, the objectives are also different according the TS distance from the CS (see Table A1.1B).

For cell border TSs, minimum FWA cell size might differ in function of system modulation formats and transmit power.  Typical applications for the 3.5 GHz have been taken with cells size up to ~9 km (in visibility situation) and Fade Margin (FM) down to ~12 dB (see ECC/REP 33). The absolute upper-bound (without any indoor/outdoor additional attenuation), for the r.m.s. interference level given in Figure 14, is ~ (109 dBm/MHz.

The interference level, in function of the actual e.i.r.p. of the UWB devices, would hence be given by the following parametric formula for FWA-TS near to cell border:
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For TSs near CS (e.g. at 100 m from CS), according the relevant discussion in the section 2.1.3 the upper-bound (without any indoor/outdoor additional attenuation), for the r.m.s. aggregate interference level given in Figure 14, is ~ (77 dBm/MHz.

The interference level, in function of the actual e.i.r.p. of the UWB devices, would hence be given by the following parametric formula for the upper-bound interference on FWA-TS near to the central station:
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In addition, assuming as peak e.i.r.p. density reference value the present regulation set by FCC that allows a (0 dBm/50 MHz (i.e. ~41 dB above the r.m.s. per MHz) we can derive the following parametric formula the upper-bound interference on 50 MHz receivers :
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4.4.2.2
FWA-CS case

The aggregate interference in Figure 15 shows that the maximum interference, obviously decreasing when the CS antenna height increases, is (87 dBm/MHz (assuming that the CS is unlikely closer than 100 m from the “UWB building” that otherwise would block the visibility). The average interference level in function of the actual e.i.r.p. of the UWB devices can hence be derived as:
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4.4.2.3
Point-to-point case

The aggregate interference in Figure 14 shows an asymptotic absolute worst-case (without any indoor/outdoor additional attenuation) value of ~ –87 dBm/MHz for the 4 GHz frequency band and hence, the expected interference is expressed, in function of the actual e.i.r.p. of the UWB devices, as:
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4.4.2.4
Summary for the “hot-spot” scenario 3a

Both cases FWA-CS and 4 GHz PP in the “hot-spot” scenario lead to the same worst case interference level evaluations.

However, since the CS is assumed to be closer to and higher than the “UWB building”, it would likely benefit of higher indoor/outdoor additional attenuation (mainly due to an average higher number of floors trespassing attenuation) than for the P-P receiver that appears to be more horizontally aligned with the building.

Therefore, the 4 GHz P-P case might still be considered the worst one for the “hot-spot” scenarios and will be the only one considered in deriving the suitable e.i.r.p. density limits for compatibility between UWB and Fixed Service, based on equation (16).

4.5
Minimum UWB distance from indoor TS applications

4.5.1
Numerical evaluation

With the assumptions made in section 3.4 we get the graphs of Figures A1.16 and A1.17

Figure A1.16

Minimum distance UWB ( FWA indoor terminal versus UWB e.i.r.p.
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Figure A1.16
FWA indoor terminal - link budget degradation versus UWB e.i.r.p.
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4.5.2
General comments to the results

From the data presented in Figure A1.16, it can be derived that the (41.3 dBm/MHz e.i.r.p. density, currently proposed in ETSI SRD for UWB communication devices, is incompatible with the possible use in the same room of both UWB and FWA TS  indoor terminals. The minimum distance exceeds a normal room size. 

In addition, Figure A1.17 shows that even at larger distance (e.g. 3 m), the expected margin degradation of more than 10 dB would cause blocking in the FWA connection any time the UWB device is activated (a typical FWA margin could be also in the order of 10 dB or even less.

An UWB functionality of detecting narrow-band interference and consequent channel reselection (as often presented as a possibility by UWB proponents) seems highly attractive for the compatibility with these FWA applications.

4.6
Peak power limits requirement

Following the technical discussions for:

–
peak impact on the ITU-R objectives (section 2.2.2) that led to the objectives in Tables 1A;

–
practical relationship between PRF and peak value within 50 MHz victim receiver bandwidth for dithered and non dithered pulsed UWB applications.

The 50 MHz peak objectives should be derived from the r.m.s. e.i.r.p. density objective as:
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4.7
Summary of parametric formulas from aggregate interference study

Based on the worst cases of the above sections 4.4 and 4.5, the following equations will be used to determine, after applying the suitable mitigation factors, the adequate limits for FS coexistence to be applied to UWB devices; the data are also converted into dBm/MHz:

-
for the “uniform deployment” scenario 1, PP 4 GHz worst case:
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-
for “hot-spot” scenario 3a, PP 4 GHz worst case:
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-
for wide-band Peak PSD relative to r.m.s (see section 2.1.5):
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5
Determination of UWB e.i.r.p. levels for coexistence considering mitigation parameters and multiple scenarios aggregation

5.1
Bands from ~3 GHz to 10.6 GHz

In section 2.2.2 of this annex, the ITU-R objectives for interference from the aggregation of UWB devices have been discussed. According to those considerations, Table A1.1A summarises the aggregate interference objectives of UWB systems for coexistence with FS. Comparing those values with the single entries and parametric equations given in section 4, we can derive UWB e.i.r.p. density limit for coexistence with FS by parametric relationships.

In this section we will derive the maximum acceptable e.i.r.p. density (both r.m.s. and 50 MHz peak) of pulsed UWB emissions for possible coexistence with FS in bands from 3 to 10.6 GHz taking into the parametric formulas in section 4.7 associated with expected UWB deployment density and indoor/outdoor mix defined for the reference scenarios, mitigation factors for environment and emission characteristics, which depends on propagation characteristics and UWB implementation-specific characteristics. The mitigation for activity factor is also defined within the reference scenarios.

However, it should also be considered that some of the mitigation factors introduced below, might be applied as far as the aggregate interference would not drop below the “single entry” interference that, in most cases, might represent the upper bound of acceptable interference.

5.1.1
Mitigation factors for the aggregate interference evaluation

For the aggregation evaluation, the following mitigation factors have been provisionally considered:

a)
Propagation related factors

–
KB factor: possible building attenuation experienced by any indoor UWB application. For the purpose of comparing various indoor and through windows propagation models, this factor could be functionally subdivided into two contributions:

-
KBindoor as the pure indoor-indoor path attenuation additional to the free-space;

-
KBwindow as the attenuation given in the passage from indoor to the outdoor path;
–
KLOS factor: due to the percentage (KLOS = 10log(PLOS%/100)) of UWB “non LoS” with regard to the FS receiver. For the purpose of comparing various indoor and through windows propagation models, this factor could be functionally subdivided into two contributions:

-
KLOSh as “horizontal” contribution of floor services (e.g. elevators, meeting rooms...) in indoor propagation.

-
KLOSv as “vertical” contribution due to path trespassing of a floor or a roof for indoor propagation attenuation.


Note : KLOS factor only account for the ratio of UWB devices that are non LOS with regard to the FS receiver. It does not take into account any attenuation due to building infrastructure that are taken into account in KB factor. .

–
Koutdoor factor, which may be considered for non LoS UWB devices (e.g. scattering,…) in the outdoor portion of the interfering path. For the present study, that only account for LOS devices, this factor is not considered relevant.

(
Kpol factor, in aggregation of large number of UWB device, employing very simple antenna (nearly omnidirectional), the mixture of starting polarisation direction plus the different paths including, for indoor applications, at least one wall trespassing will likely generate random arrival polarisation on the FS antenna. Using FS mostly either vertical or horizontal polarisation, this will result in a 3 dB mitigation.

b) UWB implementation related factors

–
K% factor: depends on the actual utilisation rate over a fixed period of time (K% = 10log(PU%/100)) of the devices (idle gating periods); this factor might range from 100% (industrial applications) to few % for communication devices.

–
Kpower factor: depending on any automatic power reduction control implemented by UWB devices for keeping minimal emission when full-power is not required.

5.1.2
Evaluation of the e.i.r.p. density limits

5.1.2.1
Numerical values of mitigation factors

The definition of e.i.r.p. density limits for UWB coexistence with the considered FS applications has been made considering the following numerical values for the mitigation factors:

-
KB = KBindoor + KBwindows:=10 dB

The 10 dB value (i.e. difference between indoor and outdoor limits for GPS and other sensitive Services protection) has been taken from the FCC regulation as well as from SEAMCAT handbook that also suggest the same 10 dB default value for indoor/outdoor attenuation.

-
KLOS :

Assuming that 1/3 of the devices are non LOS, KLOS = KLOSh + KLOSv = 5 dB for both the “hot-spot” and “uniform deployement” scenarios.

It can be also noted that similar figures for KB and KLOS have also been derived using empirical indoor propagation model Recommendation ITU-R P.1238 for the indoor to outdoor portion of the interference (see Appendix 1 to this Annex 2-1).

-
K%:

(
K% =0 dB (100% utilisation) will be used for single-entry UWB interference evaluation.

(
K% =10log(100/activity%) dB); the activity factor has been defined for the reference aggregation scenarios presented in the main body of this ECC Report as:

( 5% (13 dB) average in peak utilisation hours for scenarios 1 (generic distribution of UWB on the territory with mixture of industrial, business and home applications);

( 20% (7 dB) average in peak utilisation hours for scenario 3a (corporate building with UWB high speed communication systems)..
-
Kpol: 

( 
Kpol =3 dB 
for all aggregated interference evaluation

( 
Kpol = 0 dB 
for single entry interference

5.1.2.2
Definition of UWB PSD in the reference scenarios (UWB e.i.r.p. = (41 dBm/MHz)

The PSD limits for coexistence with FS will be separately defined for the different reference scenarios relevant to FS applications:

· Single entry outdoor UWB to an outdoor FS station

· Aggregate scenario 1c (generic UWB distribution)

· Aggregate scenario 3a (hot-spot from a large business building)

· Single UWB minimum distance from an indoor FWA TS

Each one will have its own set of applicable mitigation factors.

In the following sections the expected interference levels, with UWB reference e.i.r.p. density of (41 dBm/MHz, are evaluated.

5.1.2.2.1
Single entry outdoor UWB

For this single entry scenario no mitigation factor is applicable.

Comparing the expected worst interference from the graphs in figures 9 and 10 (evaluated with UWB PSD reference value of (41 dBm/MHz) with the interfering objectives in Table A1.4, 16 dB are missing (i.e. (111 + 127 = 16).

Therefore the PSD limit for coexistence in this case would be:


UWB PSD limit (r.m.s.) = (41 ( 16 = ( 57 dBm/MHz

5.1.2.2.2
Aggregate scenario 1c

The UWB distribution on the territory is 10.000 UWB/km2 compose by 2.000 UWB/km2 deployed outdoor and 8.000 UWB/km2 deployed indoor; average activity factor 5%.

For deriving the expected aggregate interference, we should add in power the separate contributions of indoor and outdoor UWB density, each with its own mitigation factor.

Using the parametric equation 18 and the mitigation factors we obtain for the worst 4 GHz band:

a) indoor UWB portion aggregate interference (dBm/MHz) =


= (85 ( KB + 10log (8000/1000) ( KLOS (Kpol (K%

= (85 ( 10 + 9 (5 (3 (13 = (107 dBm/MHz

a) outdoor UWB portion aggregate interference (dBm/MHz) =


= (85 + 10log (2000/1000) ( KLOS (Kpol (K%

= (85 + 3 (5 (3 (13 = (103 dBm/MHz

The total power aggregation, with UWB PSD reference value of (41 dBm/MHz, is then: 

Total power aggregation = [image: image51.wmf]MHz

dBm

/

5

.

101

)

10

10

log(

10

3

.

10

7

.

10

-

=

+

-

-


Comparing this expected interference with the interfering objectives in Table A1.4, 25.5 dB are missing (i.e. (101.5 + 127 = 25.5).

Therefore the PSD limit for coexistence in this case would be:


UWB PSD limit (r.m.s.) = (41 ( 25.5 = ( 66.5 dBm/MHz

This value is assumed to be valid up to ~ 7.125 GHz where all FS bands are used for very high capacity trunk applications with large antennas.

In higher bands, as shown in Figure 11, there might be a relaxation of 2.5 dB up to 8.5 GHz and of further 2.5 dB for the 10.5 GHz Band.

5.1.2.2.2
Aggregate scenario 3a

The UWB distribution in the building is 1 UWB/10m2; average activity factor 5%.

For deriving the expected aggregate interference, we will use the parametric equation 19 and adding the mitigation factors we obtain:

aggregate interference (dBm/MHz) =


= (87 (KB (KLOS ( Kpol (K%


= (87 (10 (5 (3 (7 = (112 dBm/MHz

For comparing this expected interference with the interfering objectives in Table A1.4, we remind that both FWA-CS and 4 GHz PP lead to the same aggregate interference; however, having 2 dB different objectives, we will use the mean value of (128 dBm/MHz.

16 dB are missing (i.e. (112 + 128 = 16).

Therefore the PSD limit for coexistence in this case would be:


UWB PSD limit (r.m.s.) = (41 ( 16 = ( 57 dBm/MHz

Also in this case, according the result in Figure 14, there might be a relaxation of ~4 dB for bands above 7.125 GHz.

5.1.2.2.3
Minimum distance from FWA TS

For this single entry scenario no mitigation factor is applicable.

Comparing the expected worst interference, from the graphs in figure 16, the PSD limit for coexistence for a TS at 1 m distance would be:


UWB PSD limit (r.m.s.) = ( 68 dBm/MHz

5.1.3
Multiple scenario aggregation and UWB e.i.r.p. requirements

As all engineering problems, the UWB e.i.r.p. levels summarised in previous section need validation that cannot be made in practice. A number of assumptions are just guessing of future deployment and scenarios that, in practice might be far different when UWB technology will become popular on the market. 

In this study so far each UWB deployment scenario (uniform deployment (1c) and hot spot (3a)) has been considered on an individual basis with respect to its potential interference to a FS station.  In the actual deployment of UWB “hot-spot” scenario 3a interference would be “additive” and not “alternative” to the uniform UWB distribution of scenario 1c. It should also be considered that more than one hot-spot source might interfere with the same FS station.

In addition, being the UWB deployment assumed on a “no interference” bases, the degree of risk that, once deployed in full, interference will happen and at that stage, in practice, it would not be possible to stop the market of consumer devices, the interfered bands would be jeopardised from the Primary allocated Service.

Therefore, an additional 5 dB reduction of the PSD is considered necessary, which lead to proposed UWB e.i.r.p. limits reported in Table A1.7.

Table A1.7
Limits for FS coexistence with UWB applications

	Scenario
	r.m.s. interference (with UWB PSD=
(41 dBm/MHz)
	Additional allowance for multiple aggregation
	Interference objective 
(dBm/MHz)
	UWB PSD (r.m.s.) for coexistence
(dBm/MHz)
	UWB PSD (peak) for coexistence
(dBm/50 MHz)

	Single entry outdoor
	(111 dBm/MHz
	(
	(127 
	(57 
	(15 

	1a (rural distribution)
	(121.5 dBm/MHz
	5 dB
	(127 
dBm/MHz
	(57 (Note 1)
	(15 (Note 1)

	1b (sub-urban distribution)
	(111.5 dBm/MHz
	5 dB
	(127 
dBm/MHz
	(61.5 
	(19.5 

	1c (Urban distribution)
	(101.5 dBm/MHz
	5 dB
	(127 
dBm/MHz
	(71.5 
	(29.5 

	3a (hot spot)
	(112 dBm/MHz
	5 dB
	(128 
dBm/MHz
	(62 
	(20 

	minimum distance (1m) from indoor FWA TS
	(86 dBm/MHz
	(
	(113 (*)
dBm/MHz
	(68 
	(26 

	Final UWB PSD limit (worst case of the above)
	(71.5 (Note 2)
	(29.5 (Note 2)

	(*)
Pending confirmation by ITU-R WP9A of the I/N objectives.

Note 1: the limits for coexistence have upper-bounds derived from the “single entry” interference.

Note 2: These values are referred to bands up to 7.125 GHz; according to the study, there might be a relaxation of 2.5 dB up to 8.5 GHz and of further 2.5 dB for the 10.5 GHz Band


5.2
Bands below 3 GHz – Qualitative considerations

Some bands below 3GHz are still allocated on primary bases to FS and are extensively used for particular applications in many countries; ERC Report 25 indicates several cases of such bands.

Major applications are:

· High capacity links for trunk networks: bands from 1.7 GHz to 2.3 GHz (now reduced in size for recent redistribution of band to IMT 2000), have been widely used in the past for this purpose. Legacy systems are then expected, as well as new systems, even if limited to the bands still available and in limited cases where no other bands (e.g. 4, 5 or 6 GHz) are practical.

· PP, low, medium capacity and P-MP systems for rural and remote areas: the same 2 GHz bands and other primary FS bands around 1.5 GHz and 2.6 GHz, as well as some bands even below 1 GHz (referred in ERC Report 25/2003 under footnote EU 7) offer suitable propagation characteristics for very long links and large cell coverage.

In addition, new applications are envisaged as follows:

· Urban NLoS P-MP applications: similar systems are already on the market for “unlicensed” bands (e.g. in 2.4 GHz); recent standardisation activities (ETSI BRAN and IEEE 802.16) are defining interoperable RF interfaces for this use. Licensed bands are not specifically defined in those standards because depending on their availability in various countries; however, any FS band suitable for such application (e.g. those below ~ 6 GHz) is potentially practical. Therefore, all the above mentioned might be candidate for it. 

In term of system characteristics performance objectives and scenarios, that might be relevant to the coexistence with UWB devices, there are no significant differences with the corresponding applications in 3.5 and 4 GHz; only antennas might have slight different characteristics, but the expected reduced directivity and gain would somehow compensate each other. Only the bandwidth used would be less due to the limited spectrum availability; then only the peak PSD might have some relaxed objective.

In conclusion, the r.m.s. PSD objectives for UWB should be considered very similar to those evaluated for the higher bands in section 5.1 (Table A1.7); then they would be retained valid unless a more detailed study would be required.

Appendix 1 to Annex 1: Indoor-outdoor path attenuation Hot-spot scenario evaluation using ITU-R P.1238

1
ITU-R Recommendation P.1238 analysis

ITU-R Recommendation P.1238 proposes the following empiric formula:

Ltotal (dB)  20 log10 f  N log10 d  Lf  (n) – 28.
It introduces the two factors N (distance power loss coefficient) and Lf  (floor penetration loss factor) related to horizontal and through-floor attenuations, respectively.

It should be noted that P.1238 defines that the factor N “includes an implicit allowance for transmission through walls and over and through obstacles, and for other loss mechanisms likely to be encountered within a single floor of a building”. 
Nevertheless, when N approaches to 20 (i.e. pure free-space propagation) and applying the model to a large structure as the one assumed, we would miss any shielding from fixed infrastructures (e.g. elevators, meeting rooms etc.) that in any case will reduce the number of devices producing direct interference.

Table A1.2 offers N values for some situations; for the 4 GHz band, its value ranges for 22 to 28. However P.1238 also states that: 
“large open rooms also have a distance power loss coefficient of around 20; this may be due to a strong LoS component to most areas of the room. Examples include rooms located in large retail stores, sports arenas, open‑plan factories, and open-plan offices.”.
This statement means that, in practice:

When N > 20 (i.e. normal “walled” buildings), the attenuation derived through N, is comparable to the sum of KBindoor + KLOSh.

When N is near to 20 (i.e. open-space buildings as in the scenario assumed for the “hot-spot” case in the draft report), the attenuation derived through N, will represent KBindoor only.

For the factor Lf, few values are given in table A1.3 of P.1238; for frequency 5.2 GHz gives a value of ~16 dB/floor-crossing.

2
P.1238 Numerical evaluation for the “hot-spot” case

2.1
Horizontal indoor propagation attenuation

An evaluation of the difference in propagation loss on the aggregate interference between the case of free-space throughout the whole path and the case where the indoor portion is assumed to follow P.1238 has been carried out.

The numerical evaluation has been made for a number of FS possible location equidistant by “D” m from the building (see Figure A1.App1.1), and the average value of those locations is plotted in Figure A1.App1.2, for a single-floor “horizontal” propagation, as function of various values of N.

The result is directly comparable to KB or to the sum (KBindoor+KLOSh) values assumed in this annex.
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Figure A1.App1.1: Schematic for the “horizontal” single-floor attenuation evaluation
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Figure A1.App1.2: Additional “indoor-to-outdoor” attenuation (P.1238) 

2.2
3Dimensional comprehensive evaluations

The evaluation of this factor need a three dimensional integration.

A numerical evaluation has been carried out based on the scheme of figure A1. App1.3.
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Figure A1.App1.3: LoS and NLoS UWB devices

In the following figures A1.App1.4 through A1.App1.8, the additional attenuation due to the indoor portion of the path, due to both horizontal propagation (N=22…30) and floors trespassing (attenuation 16 dB/floor) has been evaluated as the actual integral of the difference between FSL and F.1238 losses averaged for all FS angular positions around the building as shown in Figure A1.App1.1.

It should be noted that the lower attenuation values shown are those representing the asymptotic trend when all UWB devices become in view at the distance of the FS station without trespassing any floor/ceiling.

We remind that the values shown could be assimilated to:

KLOSh+ KLOSv+ KBindoor   
(for high N values – internally walled floors)

KLOSv+ KBindoor    

(for small N values ( large open space floors)
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Figure A1.App1.4 : Additional indoor path attenuation (N=22)
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Figure A1.App1.5: Additional indoor path attenuation (N=24)
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Figure A1.App1.6: Additional indoor path attenuation (N=26)
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Figure A1.App1.7: Additional indoor path attenuation (N=28)
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Figure A1.App1.8: Additional indoor path attenuation (N=30)

2.3
Through windows attenuation

Actually P.1238 is applicable to indoor to indoor propagation and in our knowledge no ITU-R data are available on wall/windows attenuation for deriving the factor KBwindow.

The only reference is in the SEAMCAT documentation where a “wall trespassing” default value of 10 dB is assumed. Also in this case it might be assumed as upper-bound being the “windows trespassing” in our scenario possibly less lossy.

3
Conclusions

From the exploration of ITU-R Rec. P.1238 method we could derive values for the “K” factors, for the assumed open-space commercial building scenario, as follows:

KBindoor << 10 dB (N close to 20)

KBwindow < 10 dB

KLOSh for the open-space building considered, no specific figure could be derived from P.1238. The 5 dB assumed in the present draft report might be maintained.

KLOSv values range from ~ 3÷4 dB (40÷50%) for close FWA TSs (e.g. at ~100 m distance as assumed in present draft report) to ~0 dB for more distant P-P stations.

The above data show that there seems to be no significant difference between data derived from ITU-R recommendations and the present assumption in draft ECC report of KB+KLOS = 15 dB and the use of latter, being simpler, is proposed to be maintained.

Appendix 2 to Annex 1: Aggregation method for foreseen IEEE 802.15.3a WPAN
 communications devices only
1
Introduction
Due to its specific characteristics of UWB devices, described in [Bibliography 1, 2, 4, 5], this application should use alternative deployment topology and method for the evaluation of the aggregate interference. The method, still based on the “Hot Spot” reference scenario 3a (see main body and details in section 3.2 of this annex), to which we apply the piconet organization and use a statistical (Monte-Carlo) approach for the calculation of aggregate emission. The key aspect of this approach is that we first simulate piconet organization in order to apply unique topology of foreseen IEEE 802.15.3a WPAN standard and then randomly distribute various wireless applications among all the devices and calculate the power at the victim receiver. Then we repeat these steps N times and take the average power. The number N required may be calculated as:
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Distribution of the device activity is performed through the following steps.

1.1
Piconet organization

The piconet organization procedure as specified in the MAC layer draft standard for WPAN [Bibliography 3] is applied. This piconet organization assumes that some devices work as piconet masters and others are slaves. Masters are responsible for assigning time and frequency resources among their slaves. Besides, a piconet may have child and neighbour piconets. Child and neighbour piconets have their own masters, but they use the same time resource as their parent piconet which is assigned by a parent piconet master.
The proposed scenario for considering and generating the piconet organization is derived from the above draft standard procedure, and, is as follows: it is assumed that, when a device is turned on, it scans the air for presence of a beacon broadcasted by a master. If the device detects a master in a distance of link availability, it connects to the master. If the device fails to detect a master but it detects an available operating slave, this pair of devices organizes a dependent piconet (sub-piconet) whose master is either the scanning device (neighbour piconet) or the detected slave (child piconet). If there is no device in the link availability distance (~6m for typical data rate of 200 Mb/s [Bibliography 4 and 5], requirement in [Bibliography 1] is 4m), then the scanning device shall operate as a master occupying any available channel. If there is no channel available, the device switches into a stand-by mode.

Considering the “Hot Spot” reference scenario 3a (i.e. 1 UWB device in every 10 m2 working post), described in detail in section 3.2 of this annex, we apply the above-mentioned procedure for each device assuming that all the devices turn on in random sequence and perform all the steps described. Thus, we obtain a random realization instantiation of available links, and we may determine which of devices share time resources.
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Note: Piconet masters are shown as green squares, subpiconet (dependant) masters are green triangles, slaves are blue circles, disabled  and suffering (interfered) devices are shown as filled red circles. Solid lines determine connection between devices and each master. Filled circles correspond to devices that suffer collisions from other piconets

Fig. A1.App2.1. Diagram of example link organization on the 120x60m floor
In Fig. A1.App2.1 one can see an example of simulated piconet structure on the 120x60m floor. Such simulation would incorporate the unique topology of foreseen IEEE 802.15.3a WPAN standard since the activity of the device in each piconet may now be evaluated as per the WPAN MAC rules on channel access and distribution of activity.
Separately, some devices that suffer interference from other piconets (see the filled red circles) could be noticed in the above trial.  5000 trials were performed in order to evaluate the quantity of the interfered devices. The following plot in Fig. A1.App2.2(a) represent the probability distribution of a number of disabled devices (that could not connect to a master and had no channel available to organize own piconet) and suffering devices (that suffer inter-piconet interference and will be turned into stand-by mode and not transmit or will change sub-channel frequency, so that it would not count on the aggregation in the relatively narrow band of the FS receiver, or will join another piconet as a sub-piconet but sharing its time resources, actually reducing accordingly the average activity of each single UWB transmitter) obtained evaluating the mutual interference form a propagation loss exponent of ~2 (open space building according ITU-R Recommendation P.1238) used in section 4.3 of this annex for the “generic” reference case. 

The average number of disabled and suffering devices is 210 devices per floor: this number is greater than the potential max number of simultaneously active devices (64, see Fig. A1.App2.2(b)) since there is only one device active per piconets at a given point of time. These results confirm that, as a scenario where densely planted devices that are not separated by obstacles (or sufficient separation distance), the “Hot Spot” scenario does not adequately reflect the possible activity situation of a WPAN network with physical layer characteristics foreseen in the forthcoming IEEE 802.15.3a standardisation. As a solution, we propose to remove the affected devices in each trial, inherently creating some separation distances, and therefore, generating a scenario that is now clear of interfered and disabled devices, with predictable characteristics:
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a)                                                                       b)

Fig. A1.App2.2 Probability distribution of a number of 
(a) disabled and suffering devices and (b) piconets per floor (5000 trials)

In the new scenario described by Figure A2.3, there is an average number of 59 piconets per floor.

Since the proposed alternative scenario is randomly generated, we suppose it would be interesting to provide some key characteristics of the scenario and relate to some examples of possible situations in actual deployment.
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Note: This is the same diagram, as in Fig. A1.App2.1, but without disabled or interfered devices.

Fig. A1.App2.3. Trial of the revised “Hot Spot” scenario used for 
the calculation of the aggregate power in this UWB application
Table A1.App2.1. Statistical characteristics of the alternative “Hot Spot” scenario (5000 trials)

	Characteristics
	Value
	Comments (Analysis of value, relating to possible realistic cases)

	Average number of piconets generated per floor
	59
	

	Minimum number of devices per piconet
	1
	The case (rare) where a piconet consists only of a master can exist in the reality and may correspond to a device which could not connect to any piconet, but found an available channel. It has minimal activity and, evidently, cannot transmit data.

	Minimum number of connected devices per piconet
	2
	May correspond in the reality to basic peer-to-peer, 2-users communications.

	Average number of devices per piconet
	7
	May correspond in the reality to the various and diverse examples of situations mentioned above.

	Ensemble average value of a maximum number of devices per piconet in an instantiation
	24
	May correspond in the reality to systems containing a lot of devices such as sensor networks, asset location systems, automation systems, etc, or may correspond to situation of locally crowded devices such as many users in same area (e.g. crowded meeting room) utilizing the same UWB resource.

	Maximum number of devices per piconet observed in 5000 instantiations
	57
	


2
Distribution of applications among the links available. 

Link activity may be also taken into account using the following approach. For each wireless application supported by UWB links, we calculate the average number of piconets performing the n-th application, using application data rate Rn required, channel link data rate R0, session duration Tn and periodicity (per piconet) Fn of the sessions during work day. Thus, the number of piconets performing n-th application is:
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where N0 is the total number of piconets in the building. 
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, represents the total number of simultaneously emitting devices. 

Now we shall randomly distribute this number of operating devices among all the available links. The aggregate power from these devices in the victim receiver will represent one of the possible values of instantaneous interfering power. Taking the mean value of this power over the large number of instantiations will represent the typical time-averaged interfering power.

The typical applications distributions inside the WPAN area are described above.

Each group of devices (or piconet) uses TDMA for multi-point operations, i.e. at a given point of time only one device is radiating. In each piconet, a random device is taken and a probability [image: image69.wmf])
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, corresponding to the device, is used to randomly choose whether device is transmitting at the given point of time. After this procedure, all the devices transmitting at the same point of time are randomly assigned, using unique topology of foreseen IEEE 802.15.3a WPAN standardisation for transmission and conditions of peaceful co-existence between all the devices. Radiation power of the simultaneously transmitting devices at the victim antenna represents a snapshot of a possible value of the interference power. Repeating such calculation many times allows investigating the statistical properties of the interference power.

3
Propagation model and other mitigation factors.

The propagation model used is identical to that used in the initial Hot Spot scenario in current FWA Annex.

The applicable mitigations and their difference with respect to the reference scenario 3a used in section 5.1.2.2.2 are shown in Table A1.App2.2

Table A1.App2.2: Comparison between reference scenario 3a and similar IEEE 802.15.3a WPAN only deployment

	Parameter/Mitigation
	Reference Scenario 3a
	Same building with IEEE 802.15.3a (WPAN) deployment only

	UWB density
	1/10m2
	Directly included in the graphs of Figure A.2.2

Equivalent to ~ 0.7/10m2 reflecting the need for certain separation distances to avoid co-channel interference  

	Activity factor (K%)
	20%  ((7 dB)
	Directly included in the graphs of Figure A.2.2

Equivalent to -22 (-23 dB reduction, reflecting the overall distribution and synchronisation of transmitter activity in WPANs

	KB
	(10 dB
	(10 dB

	KLOS
	(5 dB
	(5 dB

	Kpol
	(3 dB
	(3 dB

	Multiple aggregation 
	+5 dB
	+5 dB


4
Results – Analysis of the FWA P-P 

Figure A1.App2.4 shows the results of the aggregation of the UWB emitters from the building into the FWA P-P. For comparison also the data derived for a generic UWB “hot-spot” case (see reference scenario 3a evaluated in section 5.1.2.2.2) are reported.

Results show that FWA P-P 4 GHz is still the worst case for the hot spot scenario.
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Figure A1.App2.4: P-P aggregated interference from WPAN typical deployment in comparison with the “generic hot-spot” potential worst case
3 - Conclusions
The general approach described in this Appendix provides unique interference scenarios and models for UWB IEEE 802.15.3a WPAN based applications than the reference scenario 3a presented, for generic UWB applications, in the main body of this ECC Report and further detailed in section 3.2 of this annex. 

In order to estimate the total aggregate power more accurately, an alternative scenarios and approach that actually reflects the UWB WPAN characteristics based on a standardisation in progress; notably, in developing the generation of random links, this scenario, taking into account the physical layer aspects (time sharing), defines the distribution of the transmitter activity in UWB IEEE 802.15.3a WPAN piconets on each floor.

In addition, assuming IEEE 802.15.3a WPAN characteristics, it has been shown (through performance of numerous trials) that consideration of these WPAN topology in the “Hot Spot” scenario in section 3.2 of this annex suggests that it could not sustain a so large density of UWB devices; therefore should be physically revised either by introducing separating obstacles (walls) between piconets (i.e. the propagation attenuation exponent should be fairly higher than 2) or by placing them several meters apart from each other (walking passages) reducing considerably the practical device density; otherwise, since a number of devices are interfered, would be turned into stand-by mode, then they will not count in the power aggregation.

As a simpler solution for this evaluation, sufficient separation distance is inserted by removing the interfered and disabled devices from the “Hot Spot” scenario, resulting in a less dense deployment scenario that reflects the unique characteristics of IEEE 802.15.3a WPAN.

Figure A1.App2.4 shows that the IEEE 802.15.3a based WPANs only, in the “hot-spot” deployment scenario, taking into account its specific system constraints and characteristics in term of equivalent density and activity factor.

The Resulting Maximum Interference level is ~ (111 dBm/MHz, which, when considering the remaining factors KB, KLOS, Kpol, and the multiple aggregation factor in Table A1.App2.2, result in a total maximum interference level of (124 dBm/MHz. 

When comparing this to the requirements of (127 dBm/MHz, there is a 3 dB shortfall.

However, when comparing this with the generic UWB case, where the objectives are exceeded by more than 20 dB, we could reasonably say that the UWB devices compliant with the possible forthcoming IEEE 802.15.3a WPAN standard are more likely to be compatible with the FS in the hot spot environment (scenario 3a).

Nevertheless, although the results shown in this appendix are more favourable for IEEE 802.15.3a based WPAN deployment only, they are not considered in the final results of annex 1 because being not representative of more potential impact of generic UWB applications that have been considered for defining the reference scenario 3a; in addition, scenario 1c, in which outdoor UWB applications are dominant, would in any case remain worse.
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ANNEX 2
MOBILE SATELLITE SERVICE (MSS)

2-2.1
Introduction

This annex describes the possible coexistence of UWB applications with MSS: some representative cases of worst case scenarios are detailed. The MSS performance criteria, receiver characteristics are defined and numerical evaluations are carried out. Finally, some limits for UWB devices are proposed in parametric form depending on UWB deployment characteristics (UWB density, e.i.r.p., …). 

2-2.2
Search and rescue (MSS)

2.2.2.1 Computation of the protection distances for the band 1544-1545 MHz for the LEO case

Computation of the protection distance for a maximum radius of 10 km

	Density of active UWB transmitters per km²
	Required UWB Power spectral density in dBm/MHz

Outdoor and         Indoor = - 75
	Required UWB Power spectral density in dBm/MHz

Outdoor and         Indoor = - 85
	Required UWB Power spectral density in dBm/MHz

Outdoor = -75

Indoor = -65
	Required UWB Power spectral density in dBm/MHz

Outdoor = -85

Indoor = -75

	1
	10 m
	10 m
	10 m
	10 m

	10
	10 m
	10 m
	10 m
	10 m

	100
	10 m
	10 m
	10 m
	10 m

	1000
	10 m
	10 m
	10 m
	10 m

	10000
	100 m
	10 m
	3 km
	10 m


2.2.2.2 Computation of the protection distances for the band 1544-1545 MHz for the GSO case

Computation of the protection distance for a maximum radius of 10 km

	Density of active UWB transmitters per km²
	Required UWB Power spectral density in dBm/MHz

Outdoor and         Indoor = - 75
	Required UWB Power spectral density in dBm/MHz

Outdoor and         Indoor = - 85
	Required UWB Power spectral density in dBm/MHz

Outdoor = -75

Indoor = -65
	Required UWB Power spectral density in dBm/MHz

Outdoor = -85

Indoor = -75

	1
	10 m
	10 m
	10 m
	10 m

	10
	10 m
	10 m
	100 m
	10 m

	100
	1 km
	10 m
	5.5 km
	100 m

	1000
	8 km
	1 km
	9.5 km
	5.5 km

	10000
	9.8 km
	8 km
	9.95 km
	9.5 km


2.2.2.3 Results of the computability analysis for the band 406-406.1 MHz

	Density of active UWB transmitters per km²
	Required UWB Power spectral (both indoor and outdoor) density in dBm/MHz
	Required UWB Power spectral density in dBm/MHz

	
	
	Outdoor density in dBm/MHz
	Indoor density in dBm/MHz

	1
	-30
	-38
	-28

	10
	-40
	-48
	-38

	100
	-50
	-58
	-48

	1000
	-60
	-68
	-58

	10000
	-70
	-78
	-68


2.2.2.4
1 544-1 545 MHz (space to Earth)

The Cospas/Sarsat (C/S) system provides distress alert and location information to appropriate public safety rescue authorities for maritime, aviation and land users in distress. The band 1 544‑1 545 MHz is a  Space to Earth link to LEOLUTs (non-GSO Local User Terminal: earth station for non-GSO satellites) and GEOLUTs (GSO Local User Terminal: earth station for GSO satellites) for the two kinds of satellites (LEO and GSO). This band is limited to distress and safety operations only. For the C/S system, this band is used for feeder links of satellites needed to relay the emissions of satellite emergency position indicating radiobeacons to earth stations. There are currently about 39 C/S earth stations or LEOLUT located in more than 20 countries in the world. 

In the LEO case, the psd (power spectral density) that must not be exceeded at the ground station level is –203.2 dBW/Hz. For the GSO case, the limit is much more stringent (because of a lower signal to noise ratio) and becomes –223.5 dBW/Hz. In both cases, the psd is valid after the ground station antenna. Therefore, in the hereunder calculations, the ground antenna gain has to be taken into account.

The maximum antenna gain of the ground station is 31 dBi for the LEO case (3 m antenna dish, Ө3 dB = 4.5°) and 35 dBi for the GSO case (5 m antenna dish, Ө3 dB = 2.7°).

Rationale for the interference criteria in the band 1 544-1 545 MHz applicable for the Cospas/Sarsat system

Interferers in the band 1 544-1 545 MHz must not degrade the final (Eb/N0)T by more than 0.4 dB. The required (Eb/N0)T without any margin is 9.6 dB for a required bit error rate of 10-5. This implies that the C/I must be > 20 dB. With a degradation of 0.4 dB, the bit error rate becomes 2.3 10-5. As the minimum received power at the ground level for a 406 MHz beacon is -151.2 dBW, the maximum admissible level of interferers in the band 1544-1 545 MHz is -151.2 dBW - 20 dB = - 171.2 dBW. As the bandwidth of a 406 MHz beacon equals 1 600 Hz, therefore, the interference criteria becomes –203.2 dBW/Hz. Such criteria is equivalent to a psd of –113.2 dBm/MHz. For the GSO case, the criteria becomes –133.2 dBm/MHz.

Compatibility analysis
The aggregate case uses the Fantasma method and computes the minimum radius R0 for a given maximum radius R1 and for various average densities per km2. The following tables provide the corresponding protection distances for the LEO and GSO cases.

For the LEO case, in order to take into account more realistic situations, the fixed gain of the antenna gain of the C/S which is directional because the ground station is tracking a LEO satellite in azimuth and in elevation, is replaced with an average gain in the horizontal plane between the main lobe and the first side lobes, that is to say 21 dBi for the LEO. 

For the GSO case, the antenna is not moving and always looking at the satellite. Depending on the latitude of the ground station a 10 dB decrease of the antenna gain provides a 25 dBi antenna gain for the GSO ground station: most of the interference is seen through the side lobes of the antenna.

In the following table, two cases are considered: indoor use and outdoor use. For the case of indoor use, an average building attenuation of 9 dB is used in the aggregate model only. According to recommendation ITU-R P.1238-2 and to the paper “The indoor radio Propagation Channel” (Proc. Of the IEEE, vol. 81, No 7, July 1993 by Homayoun Hashemi), it appears that such an indoor attenuation is conservative and is able to cover most cases. 

· Table A2.1

Compatibility analysis between UWB devices and a Cospas/Sarsat ground station in the band 1 544-1 545 MHz for a LEO satellite

	
	Frequency
	1544
	MHz
	
	
	
	

	
	
	
	
	
	
	
	

	
	 
	UWB density
	UWB spectrum mask
	FCC - outdoor
	FCC - indoor
	Outdoor slope mask
	Indoor slope mask

	
	
	(UWB/m²)
	e.i.r.p. limit (dBm/MHz)
	-75
	-75
	-87,6
	-77,6

	
	LEO case
	100
	Protection distance
	10 m
	10 m
	10 m
	10 m

	
	
	1000
	Protection distance
	10 m
	10 m
	10 m
	10 m

	
	
	10000
	Protection distance
	2000 m
	10 m
	10 m
	10 m

	
	
	
	
	
	
	
	

	Aggregate interference calculation
	
	
	
	

	
	
	
	
	
	
	
	

	eirp
	-75
	dBm/MHz
	UWB e.i.r.p. limit
	-75
	-75
	-87,6
	-77,6

	l
	0,19
	m
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Wavelength


	0,19
	0,19
	0,19
	0,19

	G
	21
	dBi
	Average antenna gain
	21
	21
	21
	21

	
	
	
	 
	
	
	
	

	alpha
	-90,21
	dBm/MHz
	 
	-90,21
	-90,21
	-102,81
	-92,81

	
	
	
	 
	
	
	
	

	h
	4%
	%
	Activity factor
	4%
	4%
	4%
	4%

	r
	10000
	UWB/km²
	UWB density
	10000
	10000
	10000
	10000

	R0
	2
	km
	Minimum radius used for aggregate interference
	2
	0,01
	0,01
	0,01

	R1
	10
	km
	Maximum radius
	10
	10
	10
	10

	
	
	
	 
	
	
	
	

	
	
	
	 
	
	
	
	

	A
	-124,1
	dBm/MHz
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


	-114,1
	-107,8
	-120,4
	-110,4

	
	
	
	
	
	
	
	

	
	
	dB
	Indoor / outdoor attenuation
	0
	9
	0
	9

	
	20%
	%
	% Outdoor
	20%
	20%
	20%
	20%

	
	80%
	%
	% Indoor
	80%
	80%
	80%
	80%

	
	
	
	 
	
	
	
	

	
	
	dBm/MHz
	Aggregate interference
	-114,1
	-116,8
	-120,4
	-119,4

	
	
	
	 
	
	
	
	

	
	-113,2
	dBm/MHz
	PSD protection level
	-113,2
	-113,2
	-113,2
	-113,2

	
	
	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference
	0,9 
	3,6 
	7,2 
	6,2 

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	R0
	
	km
	Minimum radius used for aggregate interference for both indoor and outdoor UWB devices
	0,1
	0,01

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	dBm/MHz
	Aggregate interference for both indoor and outdoor UWB devices
	-114,8
	-119,6

	
	
	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference for both indoor and outdoor UWB devices
	1,6 
	6,4 


· Table A2.2

Compatibility analysis between UWB devices and a Cospas/Sarsat ground station in the band 1 544-1 545 MHz for a GSO satellite

	
	Frequency
	1544
	MHz
	
	
	
	

	
	
	
	
	
	
	
	

	
	 
	UWB density
	UWB spectrum mask
	FCC - outdoor
	FCC - indoor
	CEPT outdoor slope mask
	CEPT indoor slope mask

	
	
	(UWB/m²)
	e.i.r.p. limit (dBm/MHz)
	-75
	-75
	-87,6
	-77,6

	
	GSO case
	100
	Protection distance
	5000 m
	100 m
	10 m
	10 m

	
	
	1000
	Protection distance
	9300 m
	6000 m
	3000 m
	4000 m

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Aggregate interference calculation
	
	
	
	

	
	
	
	
	
	
	
	

	eirp
	-75
	dBm/MHz
	UWB e.i.r.p. limit
	-75
	-75
	-87,6
	-77,6

	l
	0,19
	m
	Wavelength
	0,19
	0,19
	0,19
	0,19

	G
	25
	dBi
	Average antenna gain
	25
	25
	25
	25

	
	
	
	 
	
	
	
	

	alpha
	-86,21
	dBm/MHz
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	-86,21
	-86,21
	-98,81
	-88,81

	
	
	
	
	
	
	
	

	h
	4%
	%
	Activity factor
	4%
	4%
	4%
	4%

	r
	1000
	UWB/km²
	UWB density
	1000
	1000
	1000
	1000

	R0
	2
	km
	Minimum radius used for aggregate interference
	9,3
	6
	3
	4

	R1
	10
	km
	Maximum radius
	10
	10
	10
	10

	
	
	
	 
	
	
	
	

	
	
	
	 
	
	
	
	

	A
	-130,1
	dBm/MHz
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	-133,6
	-125,1
	-134,0
	-125,2

	
	
	
	
	
	
	
	

	
	
	dB
	Indoor / outdoor attenuation
	0
	9
	0
	9

	
	20%
	%
	% Outdoor
	20%
	20%
	20%
	20%

	
	80%
	%
	% Indoor
	80%
	80%
	80%
	80%

	
	
	
	 
	
	
	
	

	
	
	dBm/MHz
	Aggregate interference
	-133,6
	-134,1
	-134,0
	-134,2

	
	
	
	 
	
	
	
	

	
	-133,2
	dBm/MHz
	PSD protection level
	-133,2
	-133,2
	-133,2
	-133,2

	
	
	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference
	0,4 
	0,9 
	0,8 
	1,0 

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	R0
	
	km
	Minimum radius used for aggregate interference for both indoor and outdoor UWB devices
	0,01
	8

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	dBm/MHz
	Aggregate interference for both indoor and outdoor UWB devices
	-119,0
	-140,5

	
	
	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference for both indoor and outdoor UWB devices
	-14,2 
	7,3 


The band 1535-1559 MHz is allocated to MSS (space to Earth) with the band 1544-1545 MHz limited to distress and safety communications under RR N° 5.356, and the above calculations have shown that a protection distance is required around each ground station. 

Therefore, due to the fact the characteristics of the UWB deployment are not correctly known, it is recommended that attention must be paid to the band 1544-1545 MHz and that the UWB devices must avoid such band in order not to cause any interference to the ground stations.

2.2.2.5  
406-406.1 MHz (Earth to space)

The band 406-406.1 MHz is an uplink band (Earth to space) for EPIRB (Emergency Power Indicator Radio Beacon) or distress beacons that are active when somebody is in a distress situation. The signal is relayed by LEO satellites (850 km) and also by GSO satellites. On board the LEO satellite, the maximum spfd due to out of band emissions or other emissions than distress beacons  must not exceed -198.6 dBW/m2.Hz (Recommendation ITU-R M.1478, which takes into account an antenna gain of 3.9 dBi). This spfd is equivalent to a maximum admissible noise density of –210.1 dBW/Hz or – 120.1 dBm/MHz.

In table A2.3, in the aggregate case, the building attenuation is taken around 5 dB.

· Table A2.3

Compatibility analysis between UWB and EPIRB at 406 MHz

	Frequency
	406
	MHz
	
	
	

	Wavelength
	0,74
	m
	
	
	

	
	
	
	
	
	

	Protection criteriae (ITU-R M.1478)
	-198,6
	dBW/Hz/m²
	at the antenna level
	

	Satellite antenna gain
	3,9
	dBi
	
	
	

	minimum elevation angle at the ground station
	5
	°
	
	
	

	
	
	
	
	
	

	Maximum interference level
	-120,1
	dBm/MHz
	at the receiver level
	

	
	
	
	
	
	

	Parameter
	 
	FCC mask
	FCC mask
	Slope mask
	Slope mask

	 
	 
	(outdoor)
	(indoor)
	(outdoor)
	(indoor)

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	dBm/MHz
	-41,3
	-41,3
	-138,1
	-128,1

	Distance UWB – Satellite receiver in km at the nadir
	km
	850
	850
	850
	850

	Space attenuation in dB
	dB
	143
	143
	143
	143

	Satellite antenna gain in dBi
	dBi
	3,9
	3,9
	3,9
	3,9

	Received power at the MSS in 1 MHz bandwidth in dBm
	dBm/MHz
	-181
	-181
	-277
	-267

	Threshold in dBm/MHz
	dBm/MHz
	-120,1
	-120,1
	-120,1
	-120,1

	Margin with a single UWB device in dB
	dB
	60,5
	60,5
	157,3
	147,3

	Activity factor in %
	%
	4%
	4%
	4%
	4%

	% Outdoor
	%
	20%
	20%
	20%
	20%

	% Indoor
	%
	80%
	80%
	80%
	80%

	Indoor / outdoor attenuation in dB
	dB
	0
	5
	0
	5

	Half geocentric angle
	°
	23,47
	23,47
	23,47
	23,47

	Size of the satellite footprint: radius in km for a minimum ground station elevation angle of 5° assuming a flat earth
	km
	2613
	2613
	2613
	2613

	Maximum UWB density per km2 corresponding to the above MSS footprint
	UWB/km²
	1,30
	4,10
	6,E+09
	2,E+09

	Received power of a single UWB device at the MSS receiver in 1 MHz bandwidth in dBm for both indoor and outdoor usage
	dBm/MHz
	-184,00
	-273,00

	Maximum UWB density per km2 corresponding to the above MSS footprint for both indoor and outdoor usage
	UWB/km²
	2,86
	2,E+09

	Maximum UWB density per km2 corresponding to the above MSS footprint using the NTIA aggregation method
	UWB/km²
	5,72
	18,10
	2,74E+10
	8,66E+09

	Maximum UWB density per km2 corresponding to the above MSS footprint for both indoor and outdoor usage using the NTIA aggregation method
	UWB/km²
	12,63
	1,00E+10


According to RR N° 5.267, any emission capable of causing harmful interference to the authorized uses of the band 406-406.1 MHz is prohibited.

When a single UWB device is operating with the e.i.r.p. expressed above, the receiver on board the MSS satellite wouldn’t be affected. However, the above table shows that, depending on the applied spectrum mask, very small or much larger densities can be reached without causing interference. Therefore, specific care should be given to this band which is fundamental to Satellite Search and Rescue.

2.2.3 GSO MSS SYSTEMS

2.2.3.1 Modes of interference from UWB systems into Service Links of GSO MSS systems

There are two modes of interference to be considered from UWB systems into service links of GSO MSS systems. These are as follows.

TABLE A2.4

Modes of interference from UWB Systems into service links of GSO MSS Systems

	Mode
	Direction
	Frequency band
(MHz)
	Description

	Mode 2

(1.5 GHz)
	Service downlink
	1 525-1 559
	Single UWB emitter interference into a single MES terminal and
Aggregate interference into aeronautical MES terminals from multiple UWB emitters

	Mode 4

(1.6 GHz)
	Service uplink
	1 626.5–1 660.5
	Aggregate interference into satellite receiver from multiple UWB emitters


2.2.3.2
Maximum permissible interference levels

A criterion of 1% is assumed for the analysis. The maximum permissible interference levels used in Mode 2 interference analysis are given in Table A2.5(a) below.

TABLE A2.5(A)

Maximum permissible interference levels for Mode-2 (1.5 GHz) compatibility analysis (All MES terminals including Aeronautical MES terminals)

	Parameter
	Symbol
	Type-1 
Terminal
	Type-2 Terminal
	Units

	System noise temp
	TS
	355
	316
	K

	IF bandwidth
	BIF
	200
	60
	KHz

	Max permissible interference level
	IMAX
	–140.09
	–145.82
	dBm


The maximum permissible interference levels into Inmarsat-3 and Inmarsat-4 satellite receivers in the uplink direction (Mode 4) are given in Table A2.5(B) below.

Table A2.5(B)

Maximum permissible interference levels into Inmarsat-3/4 satellites 
for Mode 4 compatibility analysis (1.6 GHz)

	Parameter
	Inmarsat-3
	Inmarsat-3
	Inmarsat-4
	Inmarsat-4
	Units

	Beam
	Global
	Spot
	Global
	Narrow
Spot
	

	System noise temperature
	562
	708
	501
	501
	K

	Bandwidth
	34
	34
	34
	34
	MHz

	Max permissible interference level
	–115.79
	–114.78
	–116.29
	–116.29
	dBm


2.2.3.3
Victim receiver antenna characteristics

The following antenna radiation patterns are used to arrive at the victim MES receiver terminal antenna gain towards the UWB transmitter (Tables 6(A)-2.2 and 6(B)-2.2)

Table A2.6(A)

Type-1 MES terminal antenna radiation pattern

	Gain Pattern 

(dB)
	
	Off-Axis angle

(degrees)

	17 
	
	( ( 13°

	14 
	
	13°( ( ( 21°

	G = 44 –25 log (
	
	21° < ( ( 76°

	G = –3 dBi
	
	( > 76°


Table A2.6(B)

Type-2 MES terminal antenna radiation pattern

	Gain Pattern 

(dB)
	
	Off-Axis angle

(degrees)

	18.0
	
	0° < ( ( 30°

	41 - 25 log(()
	
	30° < ( ( 63°

	–4.0
	
	( > 63°


2.2.3.4 Reference UWB emission levels

The following reference emission levels are used for UWB transmitters (Tables 7(A) and 7(B) ).

Table A2.7(a)

Mode 2 (1.5 GHz) compatibility analysis

	Proposed FCC mask
	–75.3
	dBm/MHz
	@ 1 542 MHz

	Proposed slope-I/D mask
	–77.7
	dBm/MHz
	@ 1 542 MHz

	Proposed slope-O/D mask
	–87.7
	dBm/MHz
	@ 1 542 MHz


TABLE A2.7(B)

Mode 4 compatibility analysis

	FCC mask – Indoor devices
	–53.3
	dBm/MHz
	@ 1 642.5 MHz

	FCC mask – outdoor devices
	–63.3
	dBm/MHz
	@ 1 642.5 MHz

	Slope-I/D mask
	–75.3
	dBm/MHz
	@ 1 642.5 MHz

	Slope-O/D mask
	–85.3
	dBm/MHz
	@ 1 642.5 MHz


2.2.3.5 
Propagation models for the compatibility analysis

Free space propagation model is used in the aggregate interference calculations  for the following interference modes.

(
Mode-2 (Aggeregate interference from multiple UWB emitters into Aero MES terminal in the service down link).

(
Mode-4 (Aggregate interference from multiple UWB emitters into Satellite Receiver in the service uplink).

Both free space propagation model and Rec. ITU-R P.1411 model  are used for Mode-2 interference analysis. Free space propagation model is used for MES stations in the rural areas.  Recommendation ITU-R P.1411-1 model is used for MES terminals in urban areas for interference from UWB devices with peak power emissions and very low PRF. 

2.2.3.6 Categories of Victim Receivers

Interference Mode-2 (1.5 GHz) in the service downlink

Type-1 and Type-2 Land Based MES terminals are considered under Category A victim receiver for which the dominant mode of interference is single entry interference. 

Type-1 and Type-2 Aero MES terminals are considered under Category C victim receiver for which the dominant mode of interference is aggregate interference from large scale area.

Interference Mode-4 (1.6 GHz) in the service uplink

 Inmarsat-3 and Inmarsat-4 satellite receivers are considered under Category C victim receiver for which the dominant mode of interference is aggregate interference from large scale area 

2.2.3.7 
Deployment Scenario for aggregate interference analysis 

The following assumptions are used for the aggregate interference analysis

Percentage of active UWB transmitters: 4%

Percentage of outdoor devices              : 20%

The density of UWB transmitters        : 10 devices/sq.km 

2.2.3.8
Results of the compatibility analysis – Mode-2 (1.5 GHz) 

Land MES terminals

The methodology given in Section 6.3.1.1 is used to arrive at the separation distances required to maintain the protection criteria of the victim MES terminals from the UWB reference emission levels.  Two types of MES terminals have been considered in the analysis. Table A2.8 gives the summary of separation distances required for Type-1 terminals.  Similarly Table A2.9 gives the summary of separation distances required for Type-2 terminals. 

The maximum permissible UWB emission levels at 20 meter distance are obtained for different PRFs. These levels are then compared with the emission level requirement standards of FCC/NTIA and CEPT. The last two columns of Tables 8 and 9  give separation distances where the UWB emission EIRP levels equals –75.3 dBm/MHz (FCC limit), and –87.7 dBm/ MHz (Slope mask outdoor limit). With respect to the slope mask indoor limit, if a building penetration loss of 10 dB is assumed, the results will be identical to the outdoor case.

2.2.3.8.1
Separation distances

Type-1 MES terminal

The following separation distances are required for UWB devices with PRF varying from 1 kHz to 500 MHz.

Separation distances varying from 14 meters to 132 meters are required for non-dithered average UWB signals.

Separation distances varying from 32 meters to 1 860 meters are required for non-dithered peak UWB signals in non-urban areas.

Separation distances varying from 74 meters to 269 meters are required for non-dithered peak UWB signals in urban areas.

Separation distances varying from 14 meters to 59 meters are required for dithered average UWB signals.

Separation distances varying from 32 meters to 1 860 meters are required for dithered peak UWB signals in non-urban areas.

Separation distances varying from 74 meters to 269 meters are required for dithered peak UWB signals in urban areas.

Type-2 MES terminal

The following separation distances are required for UWB devices with PRF varying from 1 kHz to 500 MHz.

Separation distances varying from 17 meters to 286 meters are required for non-dithered average UWB signals.

Separation distances varying from 29 meters to 1 211 meters are required for non-dithered peak UWB signals in non-urban areas.

Separation distances varying from 65 meters to 217 meters are required for non-dithered peak UWB signals in urban areas.

Separation distances varying from 17 meters to 70 meters are required for dithered average UWB signals.

Separation distances varying from 29 meters to 1 211 meters are required for dithered peak UWB signals in non-urban areas.
Separation distances varying from 65 meters to 217 meters are required for dithered peak UWB signals in urban areas.
Table A2.8

Type-1 MES terminal

	PRF (MHz)
	BWCF
(dB)
	Max permitted UWB EIRP@20 m
	Delta reference level (dB) wrt 
FCC 
	Delta reference level (dB) wrt 
CEPT 
	Distance (m) where permitted UWB EIRP equals FCC limit
	Distance (m) where permitted UWB EIRP equals slope mask limit 

	Non dithered signals – Average – UWB terminal height = 2 m

	0.1
	–6.99
	–84.66
	–9.36
	3.04
	58.8*
	14.1*

	1 to 500
	0.00
	–91.65
	–16.35
	–3.95
	132*
	32*

	Non dithered signals – Peak – UWB terminal height = 2 m

	0.001
	23.01
	–114.66
	–39.36
	–26.96
	1 860*
	269**
	446*
	132**

	0.01
	13.01
	–104.66
	–29.36
	–16.96
	588*
	151**
	141*
	74**

	0.1
	3.01
	–94.66
	–19.36
	–6.96
	186*
	85**
	45*

32*

	1 to 500
	0.00
	–91.65
	–16.35
	–3.95
	132*
	

	Dithered signals – Average – UWB terminal height = 2 m

	0.001 to 500
	–6.99
	–84.66
	–9.36
	3.04
	59*
	14*

	Dithered signals – Peak – UWB terminal height = 2 m

	0.001
	23.01
	–114.66
	–39.36
	–26.96
	1 860*
	269**
	446*
	132**

	0.01
	13.01
	–104.66
	–29.36
	–16.96
	588*
	151**
	141*
	74**

	0.1
	3.01
	–94.66
	–19.36
	–6.96
	186*
	85**
	45*

	1 to 500
	–6.99
	–84.66
	–9.36
	3.04
	59*
	14*


*
separation distance outside the urban area with free space propagation model.

**
separation distance inside the urban area with Recommendation ITU-R P.1411-1 propagation model.

Table A2.9

Type-2 MES terminal

	PRF
(MHz)
	BWCF
(dB)
	Max permitted UWB 
EIRP 
@ 20 m
	Delta reference level (dB) wrt 
FCC limit
	Delta reference level (dB) wrt 
CEPT limit
	Distance (m) where permitted UWB EIRP equals FCC limit
	Distance (m) where permitted UWB EIRP equals slope mask limit

	Non dithered signals – Average – UWB terminal height = 2 m

	0.001 to 0.01
	–12.22
	–86.17
	–10.87
	1.53
	70*
	17*

	0.1
	–10.00
	–88.39
	–13.09
	-0.69
	90*
	22*

	1 to 500
	0.00
	–98.39
	–23.09
	-10.69
	286*
	69*

	Non dithered signals – Peak – UWB terminal height = 2 m

	0.001
	12.55
	–110.94
	–35.64
	–23.24
	1 211 *
	217 **
	291*
	106**

	0.01
	2.55
	–100.94
	–25.64
	–13.24
	383*
	122**
	92*
	65**

	0.1
	–7.45
	–90.94
	–15.64
	–3.24
	121*
	69**
	29*

	1 to 500
	0.00
	–98.39
	–23.09
	–10.69
	286*
	69*

	Dithered signals – Average – UWB terminal height = 2 m

	0.001 to 500
	–12.22
	–86.17
	–10.87
	1.53
	70*
	17*

	Dithered signals – Peak – UWB terminal height = 2 m

	0.001
	12.55
	–110.94
	–35.64
	–23.24
	1 211 *
	217 **
	291*
	106**

	0.01
	2.55
	–100.94
	–25.64
	–13.24
	383*
	122**
	92*
	65**

	0.1
	–7.45
	–90.94
	–15.64
	–3.24
	121*
	69**
	29*

	1 to 500
	–12.22
	–86.17
	–10.87
	1.53
	70*
	17*


*
separation distance outside the urban area with free space propagation model.

**
separation distance inside the urban area with Recommendation ITU-R P.1411-1 propagation model.

2.2.3.8.2
Results of the compatibility analysis – Aero MES terminals

The methodology given in Section 6.3.2.2 is used to estimate the aggregate interference from multiple UWB emitters into aero MES terminals in the downlink direction. An FCC limit of –75.3 dBm/MHz is used in the analysis.  Three different altitudes – high (10,000 meters), medium (3 000 meters) and low (100 meters) are assumed for the aero MES terminals. Different combinations of indoor/outdoor UWB transmitters are used in the analysis. Two different types of aero MES terminals have been considered in the analysis. The results of the compatibility analysis are given in Tables 10(A), 10(B), 11(A), 11(B), 12(A) and 12(B).  

Table A2.10(A)
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TABLE A2.11(A)
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2.2.3.9
Results of the compatibility analysis – GSO MSS satellite receiver (Mode 4) 

In Mode 4, it is more appropriate to do compatibility analysis between UWB emitters and satellite receiver based on aggregate interference from many UWB emitters into a satellite receiver, as the satellite receiver can receive interference from many UWB emitters within the coverage area of the satellite receive antenna beam.  In the subsection 2.2.3.9.1, results based on NTIA airborne aggregate model (Section 6.3.2.2) are presented. In subsection 2.2.3.9.2, results based on GSO satellite based aggregate interference model (Section 6.3.2.3) are presented.

2.2.3.9.1
Summary of results of compatibility analysis based on NTIA airborne aggregate interference model

The results of interference computations for interference into satellite receiver from UWB emitters within the coverage area of service link global beam of Inmarsat-3/4 satellite are given in Table A2.13.

2.2.3.9.2 
Summary of results of compatibility analysis based on GSO-satellite-based aggregate interference model

The results of interference computations for interference into satellite receiver from UWB emitters within the coverage area of service link global beam of Inmarsat-3/4 satellite are given in Tables 14 and 15 for Inmarsat 3 and Inmarsat 4 satellites respectively.

TABLE A2.13

Summary of aggregate interference levels from multiple UWB emitters into Inmarsat3/4 satellite receiver for different emitter densities

Mode-4 (1.6 GHz)
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TABLE A2.14

Summary of aggregate interference levels from multiple UWB emitters into Inmarsat-3 satellite receiver for different emitter densities

[image: image474.wmf]Parameter

Units

Beam/Freq Band

L Band

L Band

L Band

L Band

L Band

Boltzmann's Constant , K

-198.6

-198.6
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Bandwidth
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0.2

0.2

0.2

0.2
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N
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-120.09

-120.09

dBm
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-20

-20

-20

-20

dB

I max

-140.09

-140.09
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-140.09
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dBm

Rx Gain of Aero MES Terminal 

0

0

0

0

0
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Altitude of the Aero MES Terminal
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Radius of the observed zone

467
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[10
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10000
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TABLE A2.15

 Summary of aggregate interference levels from multiple UWB emitters into Inmarsat-4 satellite receiver-Mode 4 (1.6 GHz)
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2.2.3.9
 Conclusions

The compatibility analysis is performed between UWB devices and Inmarsat GSO MSS satellite systems. Two modes of interference have been considered. These are interference from a single UWB device into Inmarsat Type-1/Type-2 MES terminal and aggregate interference from multiple UWB emitters into Aero Type-1 and Type-2 MES terminals (Mode-2) and aggregate interference from multiple UWB transmitters into Inmarsat‑3/Inmarsat-4 satellite receiver in service link band (Mode-4). 

The following provisional conclusions can be drawn from the results of the compatibility analysis  with regard to interference from single UWB emitter, with PRF not less than 1 MHz,  into MES terminal in Mode 2. These conclusions are based on the analysis of only two typical GSO MES terminals. The separation distances will vary for other types of GSO MES terminals.  

2.2.3.9.1
Land based MES terminals

Type-1 terminal

Separation distances

–
A minimum separation distance ranging from 14 m to 132 m, depending on the PRF, is required for average power UWB emissions. 

–
A minimum separation distance ranging from 32 m to 132 m, depending on the PRF, is required for peak power UWB emissions in non-urban and urban areas.

Maximum permissible EIRP density in 1 MHz at 20 m distance

–
The permissible EIRP density is equal to –91.65 dBm/MHz from non-dithered emissions with PRF not less than 1 MHz .

–
The permissible EIRP density is equal to –84.66 dBm/MHz from dithered emissions with PRF not less than 1 MHz

There is a potential for interference in all these cases.

Type-2 MES terminal

Separation distances

A minimum separation distance ranging from 17m to 286m, depending on the PRF, is required for both average power and peak power UWB emissions. 

Maximum permissible EIRP density in 1 MHz at 20 m distance

–
The permissible EIRP density is equal to –98.39 dBm/MHz from non-dithered emissions with PRF not less than 1 MHz

–
The permissible EIRP density is equal to –86.17 dBm/MHz from dithered emissions with PRF not less than 1 MHz

There is a potential for interference in all these cases.

2.2.3.9.2
Aero MES terminals

Preliminary results indicate that the aggregate interference into the aeronautical MES terminal is unlikely to be problematic. The acceptable UWB emitter density to meet the interference criteria depends on the ratio of indoor devices to outdoor devices and as well as on their activity factor.  With 4 per cent activity factor and 80 per cent indoor UWB devices, the following emitter densities per sq. km are required in order to meet the required interference criteria. 

Type-1 Aero MES terminal

High altitude

 25,629  emitters per sq km 

Medium altitude

19,950 emitters per sq km

Low altitude

11,878 emitters per sq km

Type-2 Aero MES terminal

High altitude

 22,853  emitters per sq km 

Medium altitude

17,780 emitters per sq km

Low altitude

10,591 emitters per sq km

2.2.3.9.3 Maritime MES Terminals

It is expected that there may not be a problem with regard to interference from single UWB device into a maritime MES terminal deployed on board the ships in international waters under Mode-2 interference mode.

2.2.3.9.4 Aggregate interference in Mode 4

The results indicate that the aggregate interference into the satellite receiver is unlikely to be problematic. 

The feasibility of sharing between UWB devices and MSS networks depends on the expected number of UWB devices and the regulations for their deployment.
ANNEX 3

EARTH EXPLORATION SATELLITE SERVICE (EESS)

This annex describes the possible coexistence of UWB applications with EESS: the EESS performance criteria, receiver characteristics are defined and numerical evaluations are carried out. Eventually, some limits for UWB devices are proposed in parametric form depending on UWB deployment characteristics (UWB density, e.i.r.p., activity factor, % of outdoor and indoor usage). 

A3.1
Purpose of studies

The following studies in this annex compute for each EESS frequency band considered, the required UWB PSD to ensure compatibility. At the end of each studied frequency band, a table is given to summarise the results.

A3.2
EESS (passive)

A3.2.1
1 400-1 427 MHz band

In compliance with Recommendation ITU-R SA.1029-2, the acceptable interference power received by the EESS sensor from unwanted emissions for this band is –174 dBW in a bandwidth of 27 MHz (-158.3 dBm/MHz), which corresponds to a measurement sensitivity of (T = 0.05 K. However, it is to be noted that some future projects, as explained below, are able to reach such sensitivity and also to get much better values due to specific technology. Therefore, the compatibility analysis is also based on a 0.01 K sensitivity in order to take into account the following issues:

( Higher sensitivity of future radiometers using improved or new technology;

( Need of the climatological and meteorological community;

( The compatibility analysis is performed on a long term basis, therefore, it is necessary to include all possible evolutions and improvements in the near/far future.

It is important to note that this band is protected by RR N° 5.340 which states that “all emissions are prohibited”.

Frequencies near 1 400 MHz are ideal for measuring soil moisture, and also for measuring sea surface salinity and vegetation biomass. Soil moisture is a key variable in the hydrologic cycle with significant influence on evaporation, infiltration and runoff. In the vadose zone, soil moisture governs the rate of water uptake by vegetation. Sea surface salinity has an influence on deep thermohaline circulation and the meridional heat transport. Variations in salinity influence the near surface dynamics of tropical oceans. To date, there is no capability to measure soil moisture and sea surface salinity directly on a global basis, so the protection of this passive band is essential.

Three projects are currently planned. The European Space Agency (ESA) jointly with CNES is developing a separate instrument (the SMOS mission), using a new technological approach, for measurements of soil moisture and ocean salinity. NASA/JPL is currently developing an instrument for measuring Soil Moisture (the HYDROS mission), which will collect measurements in the entire passive microwave band under consideration (1 400 to 1 427 MHz). HYDROS and SMOS are complementary missions, both requiring high-precision radiometric measurements globally and continuously in time. The SMOS (Soil Moisture and Ocean Salinity) mission uses interferometric antennas (planar, Y shaped antenna), while the HYDROS mission uses a high antenna gain. NASA is also developing AQUARIUS that will provide a 100 km resolution with a three-beam push broom configuration of 60-90 km single beam footprint.

Concerning the planned resolution, SMOS will reach the 0.05 K sensitivity as noted in the relevant ITU-R Recommendation, and AQUARIUS, to be launched in 2008, will measure global sea surface salinity and soil moisture with unprecedented resolution. The science instruments on board AQUARIUS will include a set of three radiometers in L band and will be able to perform a high radiometric sensitivity.
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The SMOS antenna pattern is plotted in Fig. A3.1. One can notice that the total beamwidth equals 75° at – 3 dB.

Figure A3.1

SMOS sensor antenna pattern as a function of the off-axis angle in degrees
The SMOS orbit altitude is 760 km. Fig. A3.1 shows the antenna pattern of the current generation. For future systems, higher antenna gains are planned. No definitive values are available yet but a maximum gain gain around 20 dBi appears to be a reasonable assumption with a corresponding beamwidth of about 40° at – 3 dB. Those figures are also used for the computation of the final computation of the eirp limits.

For the HYDROS project, the antenna is an offset fed parabolic, deployable mesh reflector antenna. The maximum antenna gain is about 35 dBi with a (–3 dB of about 2.6° with sidelobes down to – 4 dBi. The HYDROS orbit altitude is 670 km with an inclination of 98°. HYDROS is a conical scan instrument having a 40° off-nadir with a scanning rate around nadir of 6 rpm.

In addition to the normal Earth-viewing mode of HYDROS, the sensor will periodically be required to perform hot and cold calibration measurements that involve different geometries than those described below.  The beam pattern for the HYDROS sensor is illustrated in Fig. A3.2.  
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Figure A3.2

HYDROS antenna pattern

The following table indicates the main characteristics of the three beams of AQUARIUS.

TABLE A3.1

Main characteristics of the AQUARIUS satellite operating in the band 1 400-1 427 MHz

	
	AQUARIUS beam 1
	AQUARIUS beam 2
	AQUARIUS beam 3

	Altitude in km
	600
	600
	600

	Antenna gain in dBi
	31
	31
	31

	Incidence angle in °
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In the following table A3.2, two cases are considered for each satellite: indoor UWB use and outdoor use. For the case of indoor use, an average building attenuation of 9 dB is used in the aggregate model only. According to recommendation ITU-R P.1238-2 and to the paper “The indoor radio Propagation Channel” (Proc. Of the IEEE, vol. 81, No 7, July 1993 by Homayoun Hashemi), it appears that such an indoor attenuation is conservative and is able to cover most cases.

TABLE A3.2

Compatibility analysis between UWB and EESS (passive) in the band 1 400-1 427 MHz

	Frequency
	1400
	MHz

	Wavelength
	0.21
	m

	
	
	

	Indoor / outdoor attenuation in dB
	9
	dB

	
	
	

	Interference level (sensitivity of 0,05 K): ITU-R SA.1029-2
	-158.3
	dBm/MHz

	
	
	

	Maximum interference level (future sensitivity of 0,01 K)
	-165.3
	dBm/MHz

	
	
	current SMOS system
	future SMOS system
	HYDROS
	AQUARIUS (beam 2)

	Parameter
	 
	FCC mask
	FCC mask
	slope mask
	slope mask
	FCC mask
	FCC mask
	slope mask
	slope mask
	FCC mask
	FCC mask
	slope mask
	slope mask
	FCC mask
	FCC mask
	slope mask
	slope mask

	 
	 
	-75 dBm/MHz
	-75 dBm/MHz
	limit
	limit
	-75 dBm/MHz
	-75 dBm/MHz
	limit
	limit
	-75 dBm/MHz
	-75 dBm/MHz
	limit
	limit
	-75 dBm/MHz
	-75 dBm/MHz
	limit
	limit

	 
	 
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	dBm/MHz
	-75
	-75
	-90.9
	-80.9
	-75
	-75
	-90.9
	-80.9
	-75
	-75
	-90.9
	-80.9
	-75
	-75
	-90.9
	-80.9

	Distance UWB – Satellite EESS sensor in km
	km
	760
	760
	760
	760
	760
	760
	760
	760
	865.8
	865.8
	865.8
	865.8
	755.1
	755.1
	755.1
	755.1

	Space attenuation in dB
	dB
	153
	153
	153
	153
	153
	153
	153
	153
	154
	154
	154
	154
	153
	153
	153
	153

	Satellite antenna gain in dBi
	dBi
	9
	9
	9
	9
	20
	20
	20
	20
	35
	35
	35
	35
	31
	31
	31
	31

	Received power at the EESS sensor in 1 MHz bandwidth in dBm
	dBm/MHz
	-219
	-219
	-235
	-225
	-208
	-208
	-224
	-214
	-194
	-194
	-210
	-200
	-197
	-197
	-213
	-203

	Threshold in dBm in 1 MHz bandwidth (sensitivity 0.05 K)
	dBm/MHz
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3
	-158.3

	Margin with a single UWB device in dB
	dB
	60.6
	60.6
	76.5
	66.5
	49.6
	49.6
	65.5
	55.5
	35.8
	35.8
	51.7
	41.7
	38.6
	38.6
	54.5
	44.5

	Activity factor
	%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%
	4%

	% Outdoor
	%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%

	% Indoor
	%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%

	Indoor / outdoor attenuation in dB
	dB
	0
	9
	0
	9
	0
	9
	0
	9
	0
	9
	0
	9
	0
	9
	0
	9

	Half antenna beamwidth
	°
	37.5°
	37.5°
	37.5°
	37.5°
	20.0°
	20.0°
	20.0°
	20.0°
	1.30°
	1.30°
	1.30°
	1.30°
	2.90°
	2.90°
	2.90°
	2.90°

	Size of the satellite footprint: radius in km assuming a flat earth
	km
	583
	583
	583
	583
	277
	277
	277
	277
	20
	20
	20
	20
	38
	38
	38
	38

	UWB density per km2 corresponding to the above EESS footprint
	UWB/km²
	27
	215
	1055
	838
	10
	76
	372
	296
	78
	618
	3029
	2406
	39
	312
	1527
	1213

	Received power of a single UWB device at the EESS sensor in 1 MHz bandwidth in dBm for both indoor and outdoor usage
	dBm/MHz
	-224.16
	-234.02
	-213.16
	-223.02
	-199.29
	-209.15
	-202.10
	-211.96

	UWB density per km2 corresponding to the above EESS footprint for both indoor and outdoor usage
	UWB/km²
	90
	874
	32
	308
	259
	2509
	130
	1265

	Maximum UWB density per km2 corresponding to the above EESS footprint for both indoor and outdoor usage, and for the maximum interference level
	UWB/km²
	18
	175
	6
	62
	52
	502
	26
	253


When a single UWB device is operating with the e.i.r.p. expressed above, the receiver on board the satellite would not be affected by an UWB unwanted emission. However, it appears that depending on the e.i.r.p. of a single UWB device and on the UWB density per km2, the 1400-1427 exclusive passive band can experience harmful interference, even with low density of UWB devices. It is to be noted that the above compatibility analysis has not taken into account any apportionment. If those UWB devices are operating in the band 1400-1427 MHz, it should be noted that those emissions will be in strict violation of RR N° 5.340.

In addition to the UWB devices, it should be noted that, other existing services or systems adjacent to the band 1400-1427 MHz are able to cause interference: the resulting level of unwanted emissions may exceed the interference threshold. ITU-R TG1/7 and ITU-R RG1/9 have undertaken technical studies to assess the level of unwanted emissions caused by services or systems in adjacent or nearby bands. It clearly means that the noise created by the UWB devices will be in addition of the existing unwanted emissions falling into the 1400-1427 MHz band. Therefore, in order to fully protect this essential band, it is highly recommended for UWB devices to avoid this exclusive passive band using any adequate technique.

The following table summarizes the above results as a function of the UWB density.

	Density of UWB transmitters per km²
	Required UWB PSD (both indoor and outdoor),

dBm/MHz
	Required UWB PSD, dBm/MHz

	
	
	Outdoor,

dBm/MHz
	Indoor, dBm/MHz

	1
	-68
	-74
	-64

	10
	-78
	-84
	-74

	100
	-88
	-94
	-84

	1000
	-98
	-104
	-94

	10000
	-108
	-114
	-104


A3.2.2
6.9 GHz band

According to RR No.5.458, the bands 6425-7075 MHz and 7075-7250 MHz are used for EESS (passive) measurements. Specifically, the band 6725-7075 MHz (350 MHz bandwidth) is currently used by AMSR-E, a conical scan microwave radiometer mounted on the Aqua satellite. A similar instrument will be used by CMIS mounted on NPOES satellite. This band is used over oceans in order to measure the sea surface temperature and the sea surface wind speed, but also over lands to measure soil moisture in combination with other channels. A compatibility study is shown in the table A3.4. Table A3.3 indicates the main characteristics of the AMSR-E radiometer currently in use.

According to ITU-R SA.1029-2, the interference threshold is -166 dBW for a bandwidth of 200 MHz, which is equivalent to -159 dBm/MHz. 

TABLE A3.3

Main characteristics of the AMSR-E radiometer operating around 6.9 GHz

	
	 AMSR-E 

	Altitude in km
	705

	Incidence angle in °
	55

	Antenna beam width at -3 dB in °
	2.21

	Antenna gain in dBi
	38.8


TABLE A3.4

Compatibility analysis between UWB and EESS (passive) around 6.9 GHz

	Frequency
	6925
	MHz
	

	Wavelength
	0.04
	m
	

	
	
	
	

	Indoor / outdoor attenuation in dB
	17
	dB
	

	
	
	
	

	Interference level: ITU-R SA.1029-2
	-159.0
	dBm/MHz
	

	
	
	
	

	
	
	AMSR-E

	Parameter
	 
	FCC mask slope mask
	FCC mask slope mask

	 
	 
	outdoor
	indoor

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	dBm/MHz
	-41.3
	-41.3

	Distance UWB – Satellite EESS sensor in km
	km
	1229.13
	1229.13

	Space attenuation in dB
	dB
	171
	171

	Satellite antenna gain in dBi
	dBi
	38.8
	38.8

	Received power at the EESS sensor in 1 MHz bandwidth in dBm
	dBm/MHz
	-174
	-174

	Threshold in dBm in 1 MHz bandwidth
	dBm/MHz
	-159.0
	-159.0

	Margin with a single UWB device in dB
	dB
	14.5
	14.5

	Activity factor
	%
	4%
	4%

	% Outdoor
	%
	20%
	20%

	% Indoor
	%
	80%
	80%

	Indoor / outdoor attenuation in dB
	dB
	0
	17

	Half antenna beamwidth
	°
	1.105
	1.105

	Size of the satellite footprint: radius in km assuming a flat earth
	km
	23.70
	23.71

	Actual size of the satellite footprint
	km²
	2496.00
	2496.00

	Maximum UWB density per km2 corresponding to the above EESS footprint
	UWB/km²
	0.3
	14.1

	Received power of a single UWB device at the EESS sensor in 1 MHz bandwidth in dBm for both indoor and outdoor usage
	dBm/MHz
	-180.16

	UWB density per km2 corresponding to the above EESS footprint for both indoor and outdoor usage
	UWB/km²
	1.3


The following table summarizes the above results as a function of the UWB density.

	

Density of UWB transmitters per km²
	Required UWB PSD (both indoor and outdoor),

dBm/MHz

	1
	-42

	10
	-52

	100
	-62

	1000
	-72

	10000
	-82


A3.2.3
10.6-10.7 GHz band

According to Recommendation ITU-R SA.1029-2, the acceptable interference power received by the EESS sensor for this band is –166 dBW in the reference bandwidth of 100 MHz, which is equivalent to –156 dBm/MHz. 

It is important to note that the band 10.6-10.7 GHz is divided into two specific parts:

· The band 10.6-10.68 GHz is equally shared by MS and FS on a primary status;

· The band 10.68-10.7 GHz is quoted in RR N° 5.340 which states that “all emissions are prohibited”.

Table A3.5 summarizes the parameters of conical scanning passive sensors that are or will be operating in the 10.6-10.7 GHz band. Figures A3.3 to A3.6 show the various antenna patterns valid for each radiometer.

The band 10.6-10.7 GHz is of primary interest to measure rain, snow, sea state and ocean wind. 

These EESS sensors have a conical scan configuration centred around the nadir direction. It is important for the interpretation of surface measurements to maintain a constant ground incidence angle along the entire scan lines. The in orbit configuration of conically scanned instruments is described in the Fig. 10 of the report. At its altitude, the conical scan radiometer measures the upwelling scene brightness temperatures over an angular sector (useful scan angle in Fig. 10). The pixel size across track is computed from the –3 dB contour of the antenna pattern taking into account the satellite altitude and the incidence angle of the beam boresight.

Table A3.5

Passive sensor parameters

	Channel 10.6-10.7 GHz
	SENSOR1-10 GHz
	AMSR-E
	AMSR
	CMIS

	Channel bandwidth
	100 MHz
	100 MHz
	100 MHz
	100 MHz

	Pixel size across track (diameter)
	56.7 km
	27.5 km
	23 km
	42.9 km

	Offset angle to the nadir or half cone angle α
	44.3°
	47.5°
	45.2°
	48.6°

	Incidence angle i at footprint centre
	52°
	55°
	53°
	58.1°


	Polarization
	H, V
	H, V
	H,V
	H, V, R, L

	Altitude of the satellite
	817 km
	705 km
	800 km
	833 km

	Maximum antenna gain
	36 dBi
	42 dBi
	45 dBi
	45 dBi

	Reflector diameter
	0.9 m
	1.6 m
	2 m
	2.2 m

	Useful swath
	1 594 km
	1 539 km
	1611 km
	1 893 km

	Half power antenna beam width (3 dB
	2.66°
	1.4°
	1.1°
	1.77°


figure A3.3

Antenna pattern of the conical scan passive microwave radiometer SENSOR1_10GHz
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Figure A3.4

Antenna pattern of the conical scan passive microwave radiometer AMSR-E

[image: image73.png]Antenna gain in dBi

50

40

0

pil

10

10

20

30

o &
Elevation angle in®

60

70

80

90




Figure A3.5

Antenna pattern of the conical scan passive microwave radiometer AMSR
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Figure A3.6

Antenna pattern of the conical scan passive microwave radiometer CMIS
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According to the FCC regulation and the slope mask, the proposed e.i.r.p. values are the following:

outdoor: -61.3 dBm/MHz

indoor: - 51.3 dBm/MHz

TABLE A3.6

Compatibility analysis between UWB and EESS (passive) in the band 10.6 - 10.7 GHz

	Frequency
	10600
	MHz

	Wavelength
	0.03
	m

	
	
	

	Indoor / outdoor attenuation in dB
	17
	dB

	
	
	

	Interference level: ITU-R SA. 1029-2
	-156.0
	dBm/MHz

	
	
	

	
	
	AMSR
	AMSR-E
	CMIS
	SENSOR1
	CMIS

	Parameter
	 
	FCC mask, slope mask
	FCC mask, slope mask
	FCC mask, slope mask
	FCC mask, slope mask
	FCC mask, slope mask
	FCC mask, slope mask
	FCC mask, slope mask
	FCC mask, slope mask
	mask

	 
	 
	-61 dBm/MHz
	-51 dBm/MHz
	-61 dBm/MHz
	-51 dBm/MHz
	-61 dBm/MHz
	-51 dBm/MHz
	-61 dBm/MHz
	-51 dBm/MHz
	-57 dBm/MHz

	 
	 
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor
	outdoor
	indoor
	indoor and outdoor

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	dBm/MHz
	-61.3
	-51.3
	-61.3
	-51.3
	-61.3
	-51.3
	-61.3
	-51.3
	-57

	Distance UWB – Satellite EESS sensor in km
	km
	1329.31
	1329.31
	1229.13
	1229.13
	1576.34
	1576.34
	1327.03
	1327.03
	1576.34

	Space attenuation in dB
	dB
	175
	175
	175
	175
	177
	177
	175
	175
	177

	Satellite antenna gain in dBi
	dBi
	45
	45
	42
	42
	45
	45
	36
	36
	45

	Received power at the EESS sensor in 1 MHz bandwidth in dBm
	dBm/MHz
	-192
	-182
	-194
	-184
	-193
	-183
	-201
	-191
	-189

	Threshold in dBm in 1 MHz bandwidth
	dBm/MHz
	-156.0
	-156.0
	-156.0
	-156.0
	-156.0
	-156.0
	-156.0
	-156.0
	-156.0

	Margin with a single UWB device in dB
	dB
	35.7
	25.7
	38.0
	28.0
	37.2
	27.2
	44.7
	34.7
	32.9

	Activity factor
	%
	5%
	5%
	5%
	5%
	5%
	5%
	5%
	5%
	5%

	Indoor / outdoor attenuation in dB
	dB
	0
	17
	0
	17
	0
	17
	0
	17
	17

	% Outdoor
	%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%

	% Indoor
	%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%
	80%

	Half antenna beamwidth
	°
	0.540
	0.540
	0.700
	0.700
	0.885
	0.885
	1.330
	1.330
	0.885

	Size of the satellite footprint: radius in km assuming a flat earth
	km
	13
	13
	15
	15
	24
	24
	31
	31
	24

	UWB density per km2 corresponding to the above EESS footprint
	UWB/km²
	150
	751
	178
	892
	56
	280
	196
	984
	N/A

	Received power of a single UWB device at the EESS sensor in 1 MHz bandwidth in dBm for both indoor and outdoor usage
	dBm/MHz
	-196.12
	-198.44
	-197.60
	-205.11
	-195.5

	UWB density per km2 corresponding to the above EESS footprint for both indoor and outdoor usage
	UWB/km²
	417
	495
	155
	546
	96


When a single UWB device is operating with the e.i.r.p. expressed above, the receiver on board the satellite would  not be affected by an UWB emission. However, it appears that depending on the e.i.r.p. of a single UWB device and on the UWB density per km2, the 10.6-10.7 GHz passive band can experience harmful interference even with low or moderate UWB density. In addition to that, if those UWB devices are operating in the band 10.68-10.7 GHz, it should be noted that those emissions will be in strict violation of RR N° 5.340.

In addition to the UWB devices, it should be noted that the band 10.6-10.68 GHz is not an exclusive passive band: this band is shared with terrestrial fixed and mobile services. It is to be noted that one issue of agenda item 1.2 of WRC-2007 is to conduct sharing studies between the passive services and the fixed and mobile services in this band in order to determine appropriate sharing criteria. It clearly means that, despite any possible future sharing criteria concerning this agenda item, the noise created by the UWB devices will be in addition of the existing in-band emissions falling into the 10.6-10.68 GHz band and of the out-of-band emissions falling into the 10.68-10.7 GHz band. Therefore, in order to fully protect this essential band, it is highly recommended for UWB devices to avoid this shared and exclusive passive band using any adequate technique.

Moreover, if UWB systems are deployed below 10.6 GHz, specific care should be given concerning the level of the out of band power in the band 10.6-10.7 GHz deriving from the full deployment of those UWB devices. 

The following table summarizes the above results as a function of the UWB density.

	Density of UWB transmitters per km²
	Required UWB PSD,

dBm/MHz
	Required UWB PSD,

dBm/MHz

	
	Both outdoor and indoor
	Outdoor
	Indoor

	1
	-37
	-40
	-30

	10
	-47
	-50
	-40

	100
	-57
	-60
	-50

	1000
	-67
	-70
	-60

	10000
	-77
	-80
	-70


A3.3
EESS (active)

A3.3.1
Spaceborne altimeter at 5 GHz

An EESS (active) system which is considered is the Spaceborne Radar Altimeter that determines the height of the Earth’s land and ocean surfaces. The current spaceborne altimeter uses 320 MHz between 5140 and 5460 MHz. Such a bandwidth is essential to provide continuous measurements of the topography of the ocean surface with an unprecedented accuracy (1 to 2.5 cm). Future generations of spaceborne altimeters will use the 320 MHz bandwidth between 5250 and 5570 MHz according to Radio Regulations.

The altitude of the satellite is 1 347 km, with a maximum antenna gain of 32.2 dBi, with (-3dB of 3.3° with sidelobes at about 2.2 dBi (-30 dB). This satellite is a project between NASA and CNES. The altimeter interference threshold is –118 dBW in the total EESS reference bandwidth of 320 MHz or –113 dBm per MHz.

In the following table, two cases are considered: indoor use and outdoor use. For the case of indoor use, an average building attenuation of 17 dB towards EESS (active) instruments is used in the aggregate model only. The rationale for such a figure can be found in the ITU-R Recommendation: “Sharing in the band 5250-5350 MHz between the EESS (active) and wireless access systems (including RLANs) in the mobile service”. 

TABLE A3.7

Compatibility analysis between UWB and EESS (active: spaceborne altimeter) at 5 GHz

	Frequency
	5300
	MHz
	

	Wavelength
	0.06
	m
	

	
	
	
	

	Indoor / outdoor attenuation in dB
	17
	dB
	

	Distance UWB – Satellite receiver
	1347
	km
	

	Satellite antenna gain
	32.2
	dBi
	

	Half antenna beamwidth
	1.7
	°
	

	Maximum interference level
	-113
	dBm/MHz
	

	
	
	
	

	Spaceborne Radar Altimeter

	Parameter
	 
	FCC and SLOPE mask
	FCC and SLOPE mask

	 
	 
	limit
	limit

	 
	 
	outdoor
	indoor

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	dBm/MHz
	-41.3
	-41.3

	Distance UWB – Satellite receiver in km
	km
	1347
	1347

	Space attenuation in dB
	dB
	169
	169

	Satellite antenna gain in dBi
	dBi
	32.2
	32.2

	Received power at the EESS sensor in 1 MHz bandwidth in dBm
	dBm/MHz
	-179
	-179

	Threshold in dBm in 1 MHz bandwidth
	dBm/MHz
	-113.0
	-113.0

	Margin with a single UWB device in dB
	dB
	65.6
	65.6

	Activity factor
	%
	4%
	4%

	% Outdoor
	%
	20%
	20%

	% Indoor
	%
	80%
	80%

	Indoor / outdoor attenuation in dB
	dB
	0
	17

	Half antenna beamwidth
	°
	1.70°
	1.70°

	Size of the satellite footprint: radius in km assuming a flat earth
	km
	40
	40

	Maximum UWB density per km2 corresponding to the above MSS footprint
	UWB/km²
	17976
	900398

	Received power of a single UWB device at the EESS sensor in 1 MHz bandwidth in dBm for both indoor and outdoor usage
	dBm/MHz
	-185.23

	Maximum UWB density per km2 corresponding to the above EESS footprint for both indoor and outdoor usage
	UWB/km²
	83236


The following table summarizes the above results as a function of the UWB density.

	Density of UWB transmitters per km²
	Required UWB Power spectral (both indoor and outdoor) density in dBm/MHz

	1
	7

	10
	-3

	100
	-13

	1000
	-23

	10000
	-33


A3.3.2
Synthetic aperture radar

The other EESS (active) system that is considered is the SAR: synthetic aperture radar. Spaceborne SARs remote sensing technology makes it possible to acquire global-scale data sets that provide unique information about the Earth’s continually changing surface characteristics. A SAR mission is essential to routinely provide valuable information about the dynamic characteristics of our planet, along with broad scientific, environmental preservation, operational, and commercial utility.  

The current EESS (active) allocation at 5 GHz is from 5 250 MHz to 5 570 MHz (210 MHz bandwidth). The altitude of the satellite is 400 km, with a maximum antenna gain of 42.7 dBi.

The SAR interference threshold applicable for the interference analysis is –115.3 dBm per MHz.

In the following table, two cases are considered: indoor use and outdoor use. For the case of indoor use, an average building attenuation of 17 dB towards EESS (active) instruments is used in the aggregate model only. The rationale for such a figure can be found in ITU-R Recommendation: “Sharing in the band 5250-5350 MHz between the EESS(active) and wireless access systems (including RLANs) in the mobile service”. 

TABLE A3.8

Compatibility analysis between UWB and EESS (active: SAR) at 5 GHz

	Frequency
	5355
	MHz
	

	Wavelength
	0.06
	m
	

	
	
	
	

	Indoor / outdoor attenuation in dB
	17
	dB
	

	Altitude of the satellite
	400
	km
	

	Satellite antenna gain
	42.7
	dBi
	

	Satellite nadir angle
	32.5
	°
	

	Maximum interference level
	-115.3
	dBm/MHz
	

	
	
	
	

	
	Synthetic Aperture Radar (SAR)

	Parameter
	 
	CEPT and FCC mask
	CEPT and FCC mask

	 
	 
	limit
	limit

	 
	 
	outdoor
	indoor

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	dBm/MHz
	-41.3
	-41.3

	Distance UWB – Satellite receiver in km
	km
	474
	474

	Space attenuation in dB
	dB
	160
	160

	Satellite antenna gain in dBi
	dBi
	42.7
	42.7

	Received power at the EESS sensor in 1 MHz bandwidth in dBm
	dBm/MHz
	-159
	-159

	Threshold in dBm in 1 MHz bandwidth
	dBm/MHz
	-115.3
	-115.3

	Margin with a single UWB device in dB
	dB
	43.8
	43.8

	Activity factor
	%
	4%
	4%

	% Outdoor
	%
	20%
	20%

	% Indoor
	%
	80%
	80%

	Indoor / outdoor attenuation in dB
	dB
	0
	17

	Size of the satellite footprint: radius
	km
	8.4
	8.4

	Maximum UWB density per km2 corresponding to the above MSS footprint
	UWB/km²
	2703
	135460

	Received power of a single UWB device at the EESS sensor in 1 MHz bandwidth in dBm for both indoor and outdoor usage
	dBm/MHz
	-165.75

	Maximum UWB density per km2 corresponding to the above EESS footprint for both indoor and outdoor usage
	UWB/km²
	12515


The following table summarizes the above results as a function of the UWB density.

	Density of UWB transmitters per km²
	Required UWB PSD (both indoor and outdoor),

dBm/MHz

	1
	-1

	10
	-11

	100
	-21

	1000
	-31

	10000
	-41


A3.3.3
Conclusion for compatibility between EESS (active) and UWB

The above calculations have shown that the EESS (active) bands at 5 GHz can be sensitive to UWB devices, especially the synthetic aperture radars. 

Some bands at 5 GHz are already allocated to radiolocation on a primary basis, and according to agenda item 1.5 of WRC-2003, other services and systems got an allocation at 5 GHz, such as: WAS (Wireless Access Systems including RLANs), FWA (Fixed Wireless Access). It should be noted that some administrations in some bands have started to implement WAS in some Region countries: such systems are currently operated under article 4.4 before the allocation has been decided at WRC-03. Sharing studies have been conducted between EESS (active) and MS (RLAN) and ITU-R studies have shown the corresponding services are compatible. 

However, these results are based on certain assumptions based on HIPERLAN densities and active channels. If additional systems such as UWB were to be deployed in the 5 GHz range, it might raise the noise floor of the overall 5 GHz band and might involve compatibility problems between all the existing services.

During the WRC-2003, specific sets of parameters for MS (RLAN) systems have been agreed.

Therefore, this analysis tends to conclude that UWB systems should avoid those bands in order not to create additional noise damaging to the existing ITU-R services.

A3.4
EESS and other space science services

A3.4.1
Earth Exploration Satellite, Space Research and Space Operation in 2025-2110 MHz and 2200-2290 MHz frequency bands

A3.4.1.1
2025-2110 MHz band

The band 2025-2110 MHz is allocated to the following services: Earth Exploration Satellite (Earth to Space), Space Research (Earth to Space) and Space Operation (Earth to Space). Space research communications are required for several types of communications functions: telecommand, maintenance telemetry, transfer of stored scientific data and real-time scientific data. According to ITU-R recommendation SA.609-1, the protection criteria for the above services is -177 dBW/kHz at the input terminal of the spaceborne receiver. The average gain of a quasi omni directional antenna for this frequency band is around 0 dBi. Therefore, with a 0 dBi antenna, the acceptable interference at the antenna input is -207 dBW/Hz or -117 dBm/MHz.

Typical altitudes of those kinds of satellites are around 700 km.

In the following table, two cases are considered: indoor use and outdoor use. For the case of indoor use, an average building attenuation of 12 dB is used in the aggregate model only. According to recommendation ITU-R P.1238-2 and to the paper “The indoor radio Propagation Channel” (Proc. Of the IEEE, vol. 81, No 7, July 1993 by Homayoun Hashemi), it appears that such an indoor attenuation is conservative and is able to cover most cases. 

TABLE A3.9

Compatibility analysis between UWB and EESS in the band 2025-2110 MHz

	Frequency
	2025
	MHz (2025-2110 MHz band)
	 
	
	
	

	Wavelength
	0.15
	m
	
	
	
	

	
	
	
	
	
	
	

	Protection criteria (ITU-R SA.609-1)
	-177
	dBW/kHz
	at the spaceborne receiver
	
	

	Satellite antenna gain
	0
	dBi
	
	
	
	

	minimum elevation angle at the ground station
	5
	°
	
	
	
	

	
	
	
	
	
	
	

	Maximum interference level
	-117.0
	dBm/MHz
	at the antenna level of the spaceborne receiver

	
	
	
	
	
	
	

	Parameter
	 
	FCC mask
	FCC mask
	Slope mask
	Slope mask
	mask

	 
	 
	(outdoor)
	(indoor)
	(outdoor)
	(indoor)
	(indoor and outdoor)

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	dBm/MHz
	-62
	-52
	-76
	-66
	-35

	Distance UWB – Satellite receiver in km at the nadir
	km
	700
	700
	700
	700
	700

	Space attenuation in dB
	dB
	155
	155
	155
	155
	155

	Satellite antenna gain in dBi
	dBi
	0
	0
	0
	0
	0

	Received power at the MSS in 1 MHz bandwidth in dBm
	dBm/MHz
	-217
	-207
	-231
	-221
	-190

	Threshold in dBm/MHz
	dBm/MHz
	-117.0
	-117.0
	-117.0
	-117.0
	-117.0

	Margin with a single UWB device in dB
	dB
	100.4
	90.4
	114.4
	104.4
	73.4

	Activity factor in %
	%
	5%
	5%
	5%
	5%
	5%

	% Outdoor
	%
	20%
	20%
	20%
	20%
	20%

	% Indoor
	%
	80%
	80%
	80%
	80%
	80%

	Indoor / outdoor attenuation in dB
	dB
	0
	12
	0
	12
	12

	Half geocentric angle
	°
	21.15
	21.15
	21.15
	21.15
	21.15

	Size of the satellite footprint: radius in km for a minimum ground station elevation angle of 5° assuming a flat earth
	km
	2354
	2354
	2354
	2354
	2354

	Maximum UWB density per km2 corresponding to the above MSS footprint
	UWB/km²
	12686
	20107
	318669
	505057
	401

	Received power of a single UWB device at the MSS receiver in 1 MHz bandwidth in dBm for both indoor and outdoor usage
	dBm/MHz
	-218.95
	-232.95
	-196.44279

	Maximum UWB density per km2 corresponding to the above MSS footprint for both indoor and outdoor usage
	UWB/km²
	18001
	452164
	101


The following table summarizes the above results as a function of the UWB density.

	Density of UWB transmitters per km²
	Required UWB PSD,

dBm/MHz
	Required UWB PSD, dBm/MHz

	
	Indoor
	Outdoor
	For both outdoor and indoor

	1
	-9
	-19
	-15

	10
	-29
	-29
	-25

	100
	-39
	-39
	-35

	1000
	-49
	-49
	-45

	10000
	-59
	-59
	-55


A3.4.1.2.
2200-2290 MHz band

The band 2200-2290 MHz is allocated to the following services:  Earth Exploration Satellite (Space to Earth), Space Research (Space to Earth) and Space Operation (Space to Earth). Space research communications are required for several types of communications functions: telecommand, maintenance telemetry, transfer of stored scientific data and real-time scientific data. According to ITU-R recommendation SA.609-1, the protection criteria for the above services is -216 dBW/Hz at the input of the Earth station receiver. Typical antenna gain for Earth station is 46 dBi. For this case, in order to take into account more realistic situations, the fixed gain of the antenna gain of the Earth Station which is directional because the ground station is tracking a LEO satellite in azimuth and in elevation, is replaced with the gain in the first side lobes, that is to say 31 dBi. 

Therefore, with a 31 dBi antenna, the acceptable interference at the antenna input is -247 dBW/Hz or – 157 dBm/MHz.

Typical altitudes of science satellites are around 700 km.

TABLE A3.10

Compatibility analysis between UWB and EESS in the band 2200-2290 MHz

	
	
	Frequency
	2200
	MHz ( 2200-2290 MHz band )
	 
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	UWB density
	UWB spectrum mask
	FCC outdoor mask
	FCC indoor mask
	slope outdoor mask
	slope indoor mask
	mask outdoor and indoor
	mask outdoor and indoor

	
	
	(UWB/km²)
	e.i.r.p. limit (dBm/MHz)
	-62
	-52
	-76
	-66
	-60
	-70

	
	
	10
	Protection distance, maximum radius of 30 km
	13 km
	8 km
	10 m
	10 m
	5 km
	10 m

	
	
	100
	Protection distance, maximum radius of 30 km
	28 km
	27 km
	5 km
	1 km
	25 km
	4 km

	
	
	
	
	
	
	
	
	
	

	Aggregate interference calculation
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	eirp
	-41.3
	dBm/MHz
	UWB e.i.r.p. limit
	-62
	-52
	-76
	-66
	-70
	

	
	0.14
	m
	Wavelength
	0.14
	0.14
	0.14
	0.14
	0.14
	

	G
	0
	dBi
	Antenna gain
	0
	0
	0
	0
	0
	

	
	
	
	 
	
	
	
	
	
	

	alpha
	-80.59
	dBm/MHz
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emitters/sq m

Emitter density limit required to meet the 

criterion with 4% activity factor 

29656

10591

5394

4064

2966

emitters/sq km

Required UWB PSD emission limit in 

dBm/MHz to ensure compatibility

Density of active UWB transmitters/km2

1

-75.3

-75.3

-75.3

-75.3

-75.3

dBm/MHz

10

-75.3

-75.3

-75.3

-75.3

-75.3

dBm/MHz

100

-75.3

-75.3

-75.3

-75.3

-75.3

dBm/MHz

1000

-75.3

-78.032

-81.964

-83.193

-84.56

dBm/MHz

10000

-84.56

-98.032

-91.964

-93.193

-94.56

dBm/MHz

Low Altitude


	-101.29
	-91.29
	-115.29
	-105.29
	-109.29
	

	
	
	
	
	
	
	
	
	
	

	
	5%
	%
	Activity factor
	5%
	5%
	5%
	5%
	5%
	

	
	100
	UWB/km²
	UWB density
	100
	100
	100
	100
	100
	

	R0
	2
	km
	Minimum radius used for aggregate interference
	28
	27
	5
	1
	N/A
	

	R1
	30
	km
	Maximum radius
	30
	30
	30
	30
	30
	

	
	
	
	 
	
	
	
	
	
	

	
	
	
	 
	
	
	
	
	
	

	A
	-131.3
	dBm/MHz
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	-157.9
	-146.1
	-157.8
	-145.0
	N/A
	

	
	
	
	
	
	
	
	
	
	

	
	
	dB
	Indoor / outdoor attenuation
	0
	12
	0
	12
	12
	

	
	20%
	%
	% Outdoor
	20%
	20%
	20%
	20%
	20%
	

	
	80%
	%
	% Indoor
	80%
	80%
	80%
	80%
	80%
	

	
	
	
	 
	
	
	
	
	
	

	
	
	dBm/MHz
	Aggregate interference
	-157.9
	-158.1
	-157.8
	-157.0
	N/A
	

	
	
	
	 
	
	
	
	
	
	

	
	-157
	dBm/MHz
	PSD protection level: this protection level includes the ground station antenna gain
	-157
	-157
	-157
	-157
	-157
	

	
	
	
	
	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference
	0.9 
	1.1 
	0.8 
	0.0 
	N/A
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	R0
	
	km
	Minimum radius used for aggregate interference for both indoor and outdoor UWB devices
	27
	2
	4
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	dBm/MHz
	Aggregate interference for both indoor and outdoor UWB devices
	-157.6
	-157.5
	-157.3
	

	
	
	
	
	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference for both indoor and outdoor UWB devices
	0.6 
	0.5 
	0.3
	


In Table A3.10, for the aggregate case, the Fantasma method is used to compute the minimum radius R0 for a given maximum radius R1 = 10 km and for various average densities per km2. This table provides the corresponding protection distances for the Earth Exploration Satellite Service. In this table, two cases are considered: indoor use and outdoor use. For the case of indoor use, an average building attenuation of 12 dB is used in the aggregate model only. According to recommendation ITU-R P.1238-2 and to the paper “The indoor radio Propagation Channel” (Proc. Of the IEEE, vol. 81, No 7, July 1993 by Homayoun Hashemi), it appears that such an indoor attenuation is conservative and is able to cover most cases. 

The following tables summarize the above results as a function of the UWB density.

Computation of the protection distance for a maximum radius of 10 km

	
	Required UWB PSD, dBm/MHz

	Density of UWB transmitters per km²
	Outdoor=-52 Indoor = -42


	Outdoor=-62

Indoor = -52
	Outdoor=-72

Indoor=-62
	Outdoor=-82

Indoor=-72
	For both Outdoor and Indoor = -70

	1
	3 km
	10 m
	10 m
	10 m
	10 m

	10
	9 km
	3 km
	10 m
	10 m
	10 m

	100
	9.9 km
	9 km
	3 km
	10 m
	2 km

	1000
	10 km: NO UWB possible
	9.9 km
	9 km
	3 km
	9 km

	10000
	10 km: NO UWB possible
	10 km: NO UWB possible
	9.9 km
	9 km
	9.9 km


Computation of the protection distance for a maximum radius of 30 km

	
	Required UWB PSD, dBm/MHz

	Density of UWB transmitters per km²
	Outdoor = -52 Indoor = - 42


	Outdoor = -62

Indoor = -52
	Outdoor = -72

Indoor = -62
	Outdoor = -82

Indoor = -72
	For both Outdoor and Indoor = -70

	1
	9 km
	10 m
	10 m
	10 m
	10 m

	10
	27 km
	9 km
	10 m
	10 m
	10 m

	100
	29.9 km
	27 km
	9 km
	10 m
	4 km

	1000
	29.99 km
	29.9 km
	27 km
	9 km
	25 km

	10000
	30 km: NO UWB possible
	29.99 km
	29.9 km
	27 km
	29.9 km


A3.4.1.3
Conclusion about the bands 2025-2110 and 2200-2290 MHz

The above calculations have shown that quite a large coordination distance is required around each Earth station. Therefore, due to the fact that characteristics of the UWB deployment are not fully known, it is recommended that a specific attention must be paid to the band 2200-2290 MHz and that the UWB devices must avoid this band in order not to cause any interference to the Earth stations.

A3.4.2
Earth Exploration Satellite in 8025-8400 MHz frequency bands

The band 8025-8400 MHz is allocated to the Earth exploration satellite service (space-to-Earth). According to ITU-R recommendation SA.1027-3 “Sharing and coordination criteria for space-to-earth data transmission systems in the Earth Exploration Satellite and Meteorological Satellite Services using satellites in low earth orbit”, the protection criteria to be used for sharing analysis is -134 dBW/ 100MHz at the input of the ground station antenna. The Earth station antenna gain of 55 dBi (9 m antenna dish, Ө3 dB = 0.3°) is already included in the protection criteria. It is important to note that the above sharing criteria is a long term criteria which has been determined for terrestrial systems. Therefore, the acceptable interference at the antenna input is -214 dBW/Hz or -124 dBm/MHz: this figure is an overall protection criteria against harmful terrestrial interferences which is valid at the input of the antenna of the ground station.

Typical altitudes of science satellites are around 700 km.

TABLE a3.11

Compatibility analysis between UWB and EESS in the band 8025-8400 MHz

	
	
	Frequency
	8025
	MHz ( 8025-8400 MHz band )
	 

	
	
	
	
	
	

	
	
	UWB density
	UWB spectrum mask
	FCC/CEPT outdoor mask
	FCC/CEPT indoor mask

	
	
	(UWB/km²)
	e.i.r.p. limit (dBm/MHz)
	-41.3
	-41.3

	
	
	1000
	Protection distance for a maximum radius of 10 km
	10 m
	10 m

	
	
	10000
	Protection distance for a maximum radius of 10 km
	8 km
	10 m

	
	
	
	
	
	

	
	
	
	
	
	

	Aggregate interference calculation
	
	

	
	
	
	
	
	

	eirp
	-41.3
	dBm/MHz
	UWB e.i.r.p. limit
	-41.3
	-41.3

	
	0.04
	m
	Wavelength
	0.04
	0.04

	G
	0
	dBi
	Antenna gain
	0
	0

	
	
	
	 
	
	

	alpha
	-91.83
	dBm/MHz
	[image: image481.png]Parameters Inmarsat3 Units.
Beam Global Global Spot Spot

Boltzmann's Constant K 1985 1985 1985 1986 |dBmihz
System Noise Temperature, T 562 562 708 708 |DegK
Bandwidth, B 34 34 E] E] MHz
Thermal Noise, N 9579 9579 5478 9478 [dEm

N (1% Criterion) 20 20 20 20 |8

T max 1i5.09 115.09 T14.78 T14.78_JuBm
FCC/CEPT Limit FCC CEPT FCC CEPT
indoor/Ourdoor 0.500.20 0.500.20 | 080020 | 0.300.20

Average EIRP of the UWE device(ndoon) 5330 7528 5330 7628 [dBmiiHz
Factor to take into account combination of

UD&OID devices and building loss -10.000 -10.000 -10.000 40000 |8

o (based on App B Amnext-Il dis formula) 39220 39220 39220 39220 [km
Frequency, F 16435 16435 16435 1643 _|GHz
Absoption Loss i i i i [}

B E] E] E] E] Mz

Gain of Sat_Receive Antenna ( EoC] B B pEl pEl BT
Number of ernitters (N) in milions T T 1 1

TAGG EET EEPE TEIET 7566 [dBm
Area ZI7E+08 | 217E+08 | 274E+07 | 274EAT |km72
Emitter density (units/sq meter) 4BIED 4BIEDS | 3EBEDS | 3BREDE |unitsisq meter
TAGG with 000001 emitter per sq meter 12730 149,28 125,30 15128

TAGG with 0.0DD1 ernitter per sq meter 17,30 1328 19,30 4128 |dBm

| AGG with 0.001 emitter per sq meter dBm

| AGG with 0.01 emitter per sq meter

1 AGG with 0.1 ernitter per sq meter

1 AGG with 1 emitter per sq meter

Ermitter density limit required to meet the criterion

with 100% actiity factor 0.000142 0022330 | 0.000283 | 0.044668 |emittersisy m
Ermitter density limit required to meet the criterion

with 4% activty factor 0.00354 0.55825 0.00708 111670 |emitters/sq m
Ermtter density i required 1o meet the criteron

with 4% activty factor 3539 558250 7075 116700 _ [emittersisg ki
Required UWB PSD en

dBm/MHz to ensure compa

Density of active UWB transmitters/km2

1 533 7526 533 7526 |dBrmiMHz

10 533 7526 533 7526 |dBriMHz
100 533 7526 533 7526 |dBriMHz
1000 5179 7526 5678 7526 |dBrMHz
10000 71.79 7528 58.78 7528 |dBrMHz





	-91.83
	-91.83

	
	
	
	
	
	

	
	5%
	%
	Activity factor
	5%
	5%

	
	10000
	UWB/km²
	UWB density
	10000
	10000

	R0
	2
	km
	Minimum radius used for aggregate interference
	8
	0.01

	R1
	10
	km
	Maximum radius
	10
	10

	
	
	
	 
	
	

	
	
	
	 
	
	

	A
	-124.8
	dBm/MHz
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	-123.4
	-108.5

	
	
	
	
	
	

	
	
	dB
	Indoor / outdoor attenuation
	0
	17

	
	20%
	%
	% Outdoor
	20%
	20%

	
	80%
	%
	% Indoor
	80%
	80%

	
	
	
	 
	
	

	
	
	dBm/MHz
	Aggregate interference
	-123.4
	-125.5

	
	
	
	 
	
	

	
	-124
	dBm/MHz
	PSD protection level: the protection level already includes the 55 dBi ground station antenna gain
	-124
	-124

	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference
	-0.6 
	1.5 

	
	
	
	
	
	

	
	
	
	
	
	

	R0
	
	km
	Minimum radius used for aggregate interference for both indoor and outdoor UWB devices
	4

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	dBm/MHz
	Aggregate interference for both indoor and outdoor UWB devices
	-123.9

	
	
	
	
	
	

	
	
	dB
	Margin for aggregate interference for both indoor and outdoor UWB devices
	-0.1


In Table A3.11, for the aggregate case, the Fantasma method is used to compute the minimum radius R0 for a given maximum radius R1 = 10 km and for various average densities per km2. This table provides the corresponding protection distances for the Earth Exploration Satellite Service. In this table, two cases are considered: indoor UWB use and outdoor use. For the case of indoor use, an average building attenuation of 17 dB is used in the aggregate model only. According to recommendation ITU-R P.1238-2 and to the paper “The indoor radio Propagation Channel” (Proc. Of the IEEE, vol. 81, No 7, July 1993 by Homayoun Hashemi), it appears that such an indoor attenuation is conservative and is able to cover most cases. 

The above calculations have shown that a protection distance is required around each ground station. 
According to the above calculated separation distances and due to the fact the characteristics of the UWB deployment are not fully known, careful attention must be paid to the band 8025-8400 MHz for which the analysis tends to conclude that UWB devices should avoid this band in order not to cause any interference to the Earth stations.

The following tables summarize the above results as a function of the UWB density.

Computation of the protection distance for a maximum radius of 10 km

	
	Required UWB PSD, dBm/MHz

	Density of UWB transmitters per km²
	Outdoor and Indoor = - 41.3


	Outdoor and Indoor = -51.3
	Outdoor and

Indoor = -61.3

	1
	10 m
	10 m
	10 m

	10
	10 m
	10 m
	10 m

	100
	10 m
	10 m
	10 m

	1000
	10 m
	10 m
	10 m

	10000
	4 km
	10 m
	10 m


Computation of the protection distance for a maximum radius of 30 km

	
	Required UWB PSD, dBm/MHz

	Density of UWB transmitters per km²
	Outdoor and Indoor = - 41.3


	Outdoor and

Indoor = -51.3
	Outdoor and Indoor = -61.3

	1
	10 m
	10 m
	10 m

	10
	10 m
	10 m
	10 m

	100
	10 m
	10 m
	10 m

	1000
	10 m
	10 m
	10 m

	10000
	10 km
	10 m
	10 m


ANNEX 4

RADIO ASTRONOMY SERVICES (RAS)
A4.1
GENERAL SCENARIO

During an observation, a radio astronomy telescope points towards a celestial radio source at a specific right ascension and declination corresponding with a specific azimuth and elevation at a certain moment in time. During this observation the pointing direction of the telescope is continuously adjusted to compensate for the rotation of the Earth. It is assumed that interference from a terrestrial transmitter is generally received through the sidelobes of the radio astronomy antenna (see below). 

Ultra Wide Band, UWB, transmissions between 0.6 and 10.6 GHz will have impact on radio astronomy operations at these frequencies. The allocation status for radio astronomy in these bands is given in Table A4.1.

The ITU-R Recommendations taken as a basis for the compatibility study carried out are:

ITU-R RA.769: 
“Protection Criteria used for Radioastronomical Measurements”;

ITU-R RA.1513:
“Levels of data loss to radio astronomy observations and percentage-of-time criteria resulting from degradation by interference for frequency bands allocated to the radio astronomy on a primary basis”;

ITU-R P.452:
“Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at Frequencies above 0.7 GHz”.

Recommendation ITU-R RA.769 assumes that the interference is received in a sidelobe of the antenna pattern, i.e. at a level of 0 dBi at 19º from boresight (see also Recommendation ITU-R SA.509). It should be noted that a radio telescope is an antenna with a very high gain, typically in the order of 70 dB. If interference is received via the main lobe of the antenna pattern, this high gain should also be taken into account. However, Recommendation ITU-R RA.769 assumed that the chance that the interference is received by the main lobe of the antenna is low, and therefore uses the level of 0 dBi in the calculation of the levels of detrimental interference given in this Recommendation. 

It is considered that the interference received at the radio telescope antenna shall not exceed the levels of detrimental interference given in Recommendation ITU-R RA.769. 

Since Recommendation ITU-R P.452 does not apply for frequencies below about 0.7 GHz, for the calculations the frequency band 608-614 MHz has been taken as the lowest frequency band. All calculations could therefore be done using the same ITU-R Recommendation.

A4.2
PROTECTION REQUIREMENTS

As noted above, the protection requirements for radio astronomy observations are given in Recommendation ITU-R RA.769. Radio astronomy observing programs are a mixture of spectral line or narrow band and continuum or broadband observations, which each have different protection requirements. Therefore, radio astronomy always needs to be protected according to the most stringent protection levels as specified for the Radio Astronomy Service in the frequency bands under consideration.

The protection criteria for the frequency bands between 0.6 and 10 GHz are given in Table A4.1 for spectral line (narrow band) and continuum observations (broadband).

Table A4.1

Frequency bands allocated to the Radio Astronomy Service,

and their protection requirements

	Frequency band (MHz)


	Detrimental spfd

(Rec. ITU-R RA.769)

(dB(Wm-2Hz-1))

	608 - 614 3
	-253 2

	1330.0 - 1400.0 3
	-239 1, -255 2

	1400.0 - 1427.0 4
	-239 1, -255 2

	1610.6 - 1613.8 3
	-238 1

	1660.0 - 1670.0 3
	-237 1, -251 2

	1718.8 - 1722.2 3
	-237 1

	2655.0 - 2690.0 3
	-247 2

	2690.0 - 2700.0 4
	-247 2

	3260.0 - 3267.0 3
	-230 1

	3332.0 - 3339.0 3
	-230 1

	3345.8 - 3352.5 3
	-230 1

	4800.0 - 4990.0 3
	-230 1, -241 2

	4990.0 - 5000.0 3
	-241 2

	6650.0 - 6675.2 3
	-230 1


Notes to the table: 
1: spectral line observations (narrow band)


2: continuum observations (broadband)


3: RR No. 5.149 applies


4: RR No. 5.340 applies

Footnote 5.149 states for the identified frequency bands that "administrations are urged to take all practicable steps to protect the radio astronomy service from harmful interference. Emissions from spaceborne or airborne stations can be particularly serious sources of interference to the radio astronomy service (see Nos. 4.5 and 4.6 and Article 29)”.

Footnote 5.340 states for the identified frequency bands that "all emissions are prohibited". 

The protection requirements for Radio Astronomy bands are given in Table A4.1 for the frequency range 1 - 6 GHz in terms of spectral power flux density at receiver input detrimental to radio astronomy. These levels have been determined using the methodology of ITU-R Recommendation RA.769, while the protection criteria in the bands 1400-1427 MHz and 2690-2700 MHz apply to unwanted emissions only (because of the regulatory conditions for this band).

A4.3
 METHODOLOGY USED TO DETERMINE THE MAXIMUM TOLERABLE E.I.R.P. PER UWB TRANSMITTER

The summation methodology is used to estimate the tolerable transmission power of an UWB device, for a given separation distance, protection criteria and some additional necessary parameters. It assumes that all UWB emitters are located on equally spaced concentric rings with the victim receiver at the centre of the distribution as shown in figure below. The UWB emitters are evenly spaced from each other on each ring. Since all emitters in a specific ring have basically the same distance to the receiver, the path loss is the same for these emitters. The spectral power flux density (SPFD) is then calculated for all the emitters per ring and the total SPFD is the summation of the SPFD contributed by each ring.
Clear-air propagation models given in Recommendation ITU-R P.452 were used. This involves several propagation mechanisms: Line-of-Sight propagation; spherical-earth diffraction and tropospheric scatter:

For a time percentage of 10% and distances greater than approximately 100 km, the tropospheric scatter mechanism is typically dominant. 

For distances between 20 and 100 km, the spherical-earth diffraction is typically dominant.

For distances shorter than 20 km Line-of-Sight dominates.

The assumptions for the protection of the radio astronomy service as used in Recommendation ITU-R RA.769 apply to the calculations presented here. 

A fraction of data-loss due to interferences of 2% is taken, which is considered to be the maximum acceptable percentage of time for data loss to radio astronomy from an aggregate of interfering devices of a single system, like UWB devices (see Recommendation ITU-R RA.1513). 

The density of devices transmitting in the direction of a radio astronomy station is integrated in the calculation of the total interfering signal by summing (in power) the total power coming from concentric rings Δ km wide, starting at the minimum separation distance between an UWB device and the radio astronomy station. 
The number of rings taken into account in the calculation is determined by the software, and covers an area with a radius of up to the minimum separation distance + 500 km.
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The required e.i.r.p. level is calculated for interference experienced during a certain percentage of the time.

If Pt is the average power emitted by a single transmitting device, the power received at the radio astronomy observatory coming from the ring number i, Pri is then:
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where 
- d : required separation distance (km)


- di : distance between the transmitter and the radio astronomy observatory : di = d + Δ(i-1)


- L(di,pi) : propagation attenuation between the ring i and the radio astronomy observatory for interference during pi% of  time.


- Ni : number of transmitting devices in  ring number i :  Ni =  ( * n [di+12 – di2]


- n : density of transmitters per km2
The total interfering power at the radio astronomy site is then, in dBW:
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where Nr : number of rings used for the simulations.
Using a uniform density of devices transmitting in the direction of a radio astronomy station, and taking into account the probability of interference in the radio astronomy band, this leads to an e.i.r.p., which depends explicitly on the density of UWB devices.

A4.4. INPUT PARAMETERS FOR THE CALCULATIONS.

For compatibility studies applicable to all European radio astronomy telescopes, it must be assumed that a radio telescope can point to all directions in the sky, i.e. that its azimuth can vary between 0º and 360º and its elevation angle between 0º and 90º. For terrestrial interferers in the interference scenario an elevation angle of 0º is assumed. 

With the input parameters given in Table A4.2 the maximum tolerable e.i.r.p. per UWB device has been estimated for 100% activity, outdoor use and as a function of the density of UWB devices per km2 transmitting towards a radio astronomy antenna.

Table A4.2

Input parameters

	Maximum permissible spectral power flux density (for radio astronomy spectral line observations)
	From table A4.1

	Radio astronomy antenna gain
	0 dBi

	Frequency
	From table A4.1

	Reference bandwidth
	1 MHz

	Height radio astronomy antenna
	50 meter

	Elevation angle
	0°

	Height UWB transmitter
	0.5 meter

	Measurement distance from receiving antenna /  minimum separation distance
	30 meter 1

	Sea level refractivity
	320

	Fraction of data-loss due to interference
	2%

	Maximum distance for calculations
	500 km

	Ring width
	10 m


Note: 1 The smallest distance between a radio telescope and the edge of the territory of a radio astronomy station. For European radio astronomy stations this ranges from about 30 meters to a few hundred meters.  To ensure protection for all European radio astronomy stations a  value of 30 meter was taken.

The radio astronomy antenna gain was taken as 0 dBi, since this is assumed in Recommendation ITU-R RA.769. 

As height of a radio astronomy antenna a value was taken which is considered representative for the instruments currently operating at frequencies between 0.6 and 10.6 GHz. An elevation angle of 0° was used to lead to a result applicable to all radio telescopes under all observing conditions.

Radio astronomy must be protected from all UWB devices anywhere outside the extent of the radio astronomy station territory, whereas UWB devices are not equipped with a facility to determine their position. Results are given for a measurement distance of 30 meter.

It is considered that the values for the refractivity and the fraction of data-loss due to interference are representative values for Europe and in compliance with Recommendation ITU-R RA.1513.

The maximum distance of 500 km was adopted, to derive a result representative for the impact from a large geographic area and to reduce the dependence of the results on local fluctuations in the density of UWB devices.
A4.5.
RESULTS OF CALCULATIONS (GENERAL)

An example of the results of the calculations is given in Figure A4.1. 
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Figure A4.1: Example result: maximum tolerable e.i.r.p. at a frequency of 2.7 GHz per UWB device operating at ~2.7 GHz as a function of UWB density, that will not exceed RAS protection criteria
These results lead to the following analytical expression for the maximum permissible e.i.r.p. per UWB device in the frequency range of 0.6 – 10.6 GHz that does not exceed the protection criteria for radio astronomy: 

e.i.r.p.max 
= -10* log ( + e.i.r.p.o(f)

dBm/MHz

where: 
(
 = 
number of UWB devices per km2 from which emission is received by a radio astronomy station;


e.i.r.p.o(f)
 = 
the e.i.r.p. for frequency f for ( = 1 UWB device per km2. The values for e.i.r.p.o(f) are given in column 2 of Table A4.3.

It is noted that for the bands 1400-1427 MHz and 2690-2700 MHz the e.i.r.p. of an UWB device applies to unwanted emissions only, because of footnote 5.340, which states that ‘all emissions are prohibited’ for these bands.
Table A4.3

Maximum tolerable e.i.r.p.max per UWB device as function of density ( per km2 of UWB devices transmitting toward a radio astronomy antenna (some examples)

	frequency band (MHz)


	e.i.r.p.max
(dBm/MHz)

	
	( = 1 per km2
	( = 100 per km2
	( = 10000 per km2

	608 – 614 3
	-110.2 2
	-130.2 2
	-150.2 2

	1330.0 – 1400.0 3
	-96.4 1, -112.4 2
	-116.4 1, -132.4 2
	-136.4 1, -152.4 2

	1400.0 – 1427.0 4
	-96.4 1, -112.4 2
	-116.4 1, -132.4 2
	-136.4 1, -152.4 2

	1610.6 – 1613.8 3
	-94.6 1
	-114.6 1
	-134.6 1

	1660.0 – 1670.0 3
	-93.8 1, -108.8 2
	-113.8 1, -128.8 2
	-133.8 1, -148.8 2

	1718.8 – 1722.2 3
	-94.2 1
	-114.2 1
	-134.2 1

	2655.0 – 2690.0 3
	-104.0 2
	-124.0 2
	-144.0 2

	2690.0 – 2700.0 4
	-104.0 2
	-124.0 2
	-144.0 2

	3260.0 – 3267.0 3
	-86.9 1
	-106.9 1
	-126.9 1

	3332.0 – 3339.0 3
	-86.9 1
	-106.9 1
	-126.9 1

	3345.8 – 3352.5 3
	-86.9 1
	-106.9 1
	-126.9 1

	4800.0 – 4990.0 3
	-86.4 1, -97.4 2
	-106.4 1, -117.4 2
	-126.4 1, -137.4 2

	4990.0 – 5000.0 3
	-97.4 2
	-117.4 2
	-137.4 2

	6650.0 – 6675.2 3
	-86.9 1
	-106.9 1
	-126.9 1


Notes to the table: 
1: spectral line observations (narrow band)


2: continuum observations (broadband)


3: RR No. 5.149 applies

4: RR No. 5.340 applies

It may be noted that these results apply to the aggregate of UWB transmitting devices in a geographic area of large dimensions, which can easily cover entirely one or more European countries. Such large areas will include both the remote areas where radio astronomy stations are assumed to be as well as urban areas.

For practical reasons it is assumed that all UWB devices have the same transmitting power. Obviously, the results apply only for those UWB devices transmitting towards a radio astronomy station. We were not able to estimate the density of UWB devices to be used in practice because of the possible mitigation factors that might be taken into account in the conversion of ( to this number.

It is noted that the maximum tolerable e.i.r.p. per UWB device transmitting towards a radio astronomy station reflect the protection criteria for radio astronomy and is the emission exceeding the thermal noise. 

A4.5.1
Results for deployment scenario 1

This section presents the results for deployment scenario 1 (see section 6.3 on methodology). For this scenario, the analytical expression for the maximum permissible e.i.r.p. per UWB device in the frequency range of 0.6 – 10.6 GHz that does not exceed the protection criteria for radio astronomy is as follows: 

e.i.r.p.max = -10* log ( + ß + 10*log (1 - П) + e.i.r.p.o(f)


dBm/MHz

where: 


( = 
number of UWB devices per km2 from which emission is received by a radio astronomy station;


ß =
building attenuation in dB;


П =
fraction of outdoor devices;

The values for e.i.r.p.o(f) are given in column 2 of Table A4.3.

Table A4.4

Maximum tolerable e.i.r.p.max per UWB device as function of density ( per km2 of UWB devices transmitting toward a radio astronomy antenna for deployment scenario 1

	frequency band (MHz)
	
	e.i.r.p.max
(dBm/MHz)

	
	
	Rural (1a)
	Suburban (1b)
	Dense urban (1c)

	
	Building attenuation (dB)
	( = 5 per km2
	( = 50 per km2
	( = 500 per km2

	608 – 614 3
	5
	-113.2 2
	-123.2 2
	-133.2 2

	1330.0 – 1400.0 3
	9
	-95.4 1, -111.4 2
	-105.4 1, -121.4 2
	-115.4 1, -131.4 2

	1400.0 – 1427.0 4
	9
	-95.4 1, -111.4 2
	-105.4 1, -121.4 2
	-115.4 1, -131.4 2

	1610.6 – 1613.8 3
	12
	-90.6 1
	-100.6 1
	-110.6 1

	1660.0 – 1670.0 3
	12
	-89.8 1, -103.8 2
	-99.8 1, -113.8 2
	-109.8 1, -123.8 2

	1718.8 – 1722.2 3
	12
	-90.2 1
	-100.2 1
	-110.2 1

	2655.0 – 2690.0 3
	12
	-100.0 2
	-110.0 2
	-120.0 2

	2690.0 – 2700.0 4
	12
	-100.0 2
	-110.0 2
	-120.0 2

	3260.0 – 3267.0 3
	12
	-82.9 1
	-92.9 1
	-102.9 1

	3332.0 – 3339.0 3
	12
	-82.9 1
	-92.9 1
	-102.9 1

	3345.8 – 3352.5 3
	12
	-82.9 1
	-92.9 1
	-102.9 1

	4800.0 – 4990.0 3
	12
	-82.4 1, -93.4 2
	-92.4 1, -103.4 2
	-102.4 1, -113.4 2

	4990.0 – 5000.0 3
	12
	-93.4 2
	-103.4 2
	-113.4 2

	6650.0 – 6675.2 3
	17
	-77.9 1
	-87.9 1
	-97.9 1


Notes to the table: 
1: spectral line observations (narrow band)


2: continuum observations (broadband)


3: RR No. 5.149 applies

4: RR No. 5.340 applies

In these calculations it was assumed that 20% of the UWB devices are operating outdoors (П = 0.2).

A4.6.
SEPARATION DISTANCES NECESSARY TO PROTECT RADIO ASTRONOMY (SINGLE UWB DEVICE CASE)

The values for the maximum tolerable e.i.r.p. per UWB device transmitting towards a radio astronomy station given in the previous sections show that for an e.i.r.p. of –41.3 dBm/MHz the protection criteria for radio astronomy are exceeded by typically more than several tens of dB. This discrepancy results in significant separation distances for a single UWB device transmitting towards a radio astronomy station. For the proposed slope mask (outdoor) the separation distances range from a few km to about 100 km for continuum observations and to a few tens of km for spectral line observations, and similar ranges of separation distances are estimated for the proposed FCC mask (outdoor). 

A4.7. CONCLUSIONS

The calculated maximum tolerable e.i.r.p. per UWB device in the frequency range 0.6 – 10.6 GHz is significantly below an e.i.r.p. per UWB device of –41.3 dBm/MHz, the proposed slope mask (outdoor) and the considered FCC mask (outdoor). It is noted that this difference depends strongly on the aggregated impact of UWB devices emitting towards a radio astronomy antenna operating in the frequency range 0.6 – 10.6 GHz. At this moment no accurate estimate can be made of a realistic density of UWB devices. For any significant deployment of UWB devices it is shown that significant separation distances must be respected for the protection of radio astronomy stations. In any protection strategy, a major practical difficulty will be that outside the territory of a radio astronomy station the enforcement of such a condition is not practical. 

It is noted that the maximum tolerable e.i.r.p. per UWB device transmitting towards a radio astronomy station reflect the protection criteria for radio astronomy and is the emission exceeding the thermal noise. 

From these results, we conclude that there will always be incompatibility between UWB in the frequency range 0.6 – 10.6 GHz and radio astronomy facilities operating in this frequency range, for any practical scenario. It is not expected that mitigation factors can be implemented, capable of bridging the calculated gap between expected and tolerable e.i.r.p. levels.
ANNEX 5

Terrestrial Digital Television (DVB-T)

This annex describes two separate sharing studies to assess the likely impact of Pulsed Ultra Wide Band (UWB) transmission structure on European Terrestrial Digital Video Broadcasting system (DVB-T). Study 1 is described in Section A5.1 and Study 2 in Section A5.2.

A5.1 Study 1

A5.1.1 Introduction

This annex details laboratory measurements conducted to assess the likely impact of UWB on DVB-T and associated interference analysis. The document also details Carrier to Interference (C/I) measurements for various DVB-T modes and UWB PRFs.

The measurements were conducted using a real UWB source employing Pulsed Position Modulation (PPM) and characteristics of the UWB transmission source is given below. This type of Pulsed UWB modulation produces spectrum very similar to a noise-like signal.

A5.1.2 UWB Signal Characteristics 

The UWB source was measured and found to have the following characteristics:

Pulse width


~500 ps  

Pulse period


Variable 1μs, 200 ns,100 ns (PRF 1 MHz, 5 MHz and 10 MHz)

Pulse peak amplitude
8.5 volts into 50 Ω (without external high pass filter)

Modulation


Pulse position with pseudo random jittering 

PRSB sequence

Unknown

Total jitter period

~20 ns on all PRFs

A5.1.3 Terrestrial Digital Television (DVB-T)

The European Terrestrial Digital Television System, also known as DVB-T, was developed under DVB project group. The system is based on COFDM (Coded Orthogonal Frequency Division Multiplex) modulation technique, which is ideally suited for systems operating in multipath environments. 

The three types of modulation schemes (QPSK, 16QAM and 64 QAM) are allowed to suit different applications i.e. Fixed and mobile.

To assess the impact of pulsed UWB interference into DVB-T service, the carrier to interference (C/I) measurements were performed with DVB-T operating under FFT modes (2k & 8k) using all three types of modulation schemes.

	
	64-QAM
	16-QAM
	QPSK

	FFT modes
	2k and 8 k
	2k and 8k
	2 and 8k

	Code rate 
	2/3
	1/2
	1/2

	Packet length
	188
	188
	188

	Guard interval
	1/32
	1/32
	1/32


A5.1.4 Failure Criteria (BER tests)

The BER value of (2x10-4 into the RS decoder was used as a failure criterion for interference into the DVB-T service as defined in the ETSI standard.  This yields the BER value of (1x10-11 at the RS decoder output (MPEG transport stream).

A5.1.5 C/I Measurements and Calculations

The C/I measurement results given in this document are based on UWB interference power falling into the victim receiver’s IF bandwidth and therefore the centre frequency of the interfering UWB source is irrelevant. This also makes the results not specific to the UWB equipments used in the measurements.

A5.1.6
Test Results

DVB-T employing 64-QAM modulation scheme.

	UWB interference types
	Max. C/I ratio (dB)
	FFT and Rate

	1   MHz PRF
	16.95
	8k - 2/3

	5   MHz PRF
	18.71
	8k - 2/3

	10 MHz PRF
	19.49
	8k - 2/3


DVB-T employing 16-QAM modulation scheme.

	UWB interference types
	Max. C/I ratio (dB)
	FFT and Rate

	1   MHz PRF
	10.01
	2k – 1/2

	5   MHz PRF
	11.29
	8k – 1/2

	10 MHz PRF
	10.48
	2k – 1/2


DVB-T employing QPSK modulation scheme.

	UWB interference types
	Max. C/I ratio (dB)
	FFT and Rate

	1   MHz PRF
	4.96
	2k – 1/2

	5   MHz PRF
	5.48
	8k – 1/2

	10 MHz PRF
	6.53
	2k – 1/2


A5.1.6.1 Summary of Test Results

The maximum protection ratio required by Terrestrial Digital Television Broadcasting service against pulse UWB transmission is:

19.5 dB for 64-QAM

10.5 dB required for 16-QAM

6.5 dB for QPSK 

The result shows that the UWB source gives interference very similar to Gaussian noise.

When the pulse repetition rate (PRF) of the interfering UWB signal was changed from 1 to 10 MHz the protection requirement of DVB-T (64QAM) was increased by approximately 2.5dB.

As expected the 64-QAM modulation was more susceptible to UWB interference than other lower level modulation schemes (e.g. QPSK and 16QAM) used by DVB-T.

A5.1.7
 Protection distance calculations for UWB interference to DVB-T

In the following, we determine the protection distance needed from UWB interference sources for different DVB-T systems. The first step of the procedure used to estimate the protection distance is to calculate the Minimum Coupling Loss (MCL).

For the UWB radiated power density PUWB-RAD we consider the following UWB spectrum masks : – 41.3 dBm/MHz flat limit, FCC mask (22 April 2002), and the slope emission mask.

The second step is then to convert the MCL into the protection distance by using an appropriate propagation model. In the following we will consider purely outdoor scenarios, that means UWB and the DVB-T Victim systems are both outdoor. The propagation models considered are Free-space and Recommendation ITU-R P.1411-1. Finally, we consider for all systems omni‑directional antennas with 0 dBi Gain. The UWB antenna height is set to 1.5 m. The different characteristics and parameters of the DVB-T victims used for the calculation are given in Table A5.1 below together with the calculated protection distances.

Table A5.1

Pulsed Ultra wide-band Interference into UWB to DVB-T

(Note: MUS means Maximum Useable Sensitivity)

	Victim service modulation
	QPSK
	16 QAM
	64 QAM

	Frequency, MHz
	800
	800
	800

	Victim MUS, dBm
	-92.0
	-86.0
	-74.0

	Bandwidth, MHz
	7.610
	7.610
	7.610

	Antenna height, m
	10.0
	10.0
	10.0

	UWB spectrum masks / levels (800MHz):
	
	
	

	A = -41.3 dBm/MHz flat  limit
	-41.3
	-41.3
	-41.3

	B = FCC UWB limits (22.04.02)
	-41.3
	-41.3
	-41.3

	C = slope emission mask
	-112.5
	-112.5
	-112.5

	Measured C/I:
	6.5
	11.6
	19.4

	MCL for victim receiver at MUS, m, Outdoor
	
	
	

	A = -41.3 dBm/MHz flat  limit
	66.0
	65.1
	60.9

	B = FCC UWB limits (22.04.02)
	66.0
	65.1
	60.9

	C = slope emission mask
	-5.2
	-6.1
	-10.3

	MCL for victim receiver at MUS +10 dB, m, Outdoor
	
	
	

	A = -41.3 dBm/MHz flat  limit
	56.0
	55.1
	50.9

	B = FCC UWB limits (22.04.02)
	56.0
	55.1
	50.9

	C = slope emission mask
	-15.2
	-16.1
	-20.3

	Free space propagation model
	
	
	

	Protection distance at MUS, m, Outdoor
	
	
	

	A = -41.3 dBm/MHz flat  limit
	59.92
	54.03
	33.31

	B = FCC UWB limits (22.04.02)
	59.92
	54.03
	33.31

	C = slope emission mask
	0.02
	0.01
	0.01

	Protection distance at MUS +10 dB, m, Outdoor
	
	
	

	A = -41.3 dBm/MHz flat  limit
	18.95
	17.08
	10.53

	B = FCC UWB limits (22.04.02)
	18.95
	17.08
	10.53

	C = slope emission mask
	0.01
	0.00
	0.00

	ITU-R P. 1411 propagation model, Outdoor
	
	
	

	Protection distance at MUS, m, Upper bound/Lower bound
	
	

	A = -41.3 dBm/MHz flat  limit
	20 / 119
	18.4 / 107.3
	12.5 / 66.2

	B = FCC UWB limits (22.04.02)
	20 / 119
	18.4 / 107.3
	12.5 / 66.2

	C = slope emission mask
	0.028/0.033
	0.026/0.03
	0.017/0.018

	Protection distance at MUS +10 dB, m, Upper bound/Lower bound
	
	

	A = -41.3 dBm/MHz flat  limit
	8 / 37.6
	7.3 / 33.9
	5 / 20.9

	B = FCC UWB limits (22.04.02)
	8 / 37.6
	7.3 / 33.9
	5 / 20.9

	C = slope emission mask
	0.01/0.01
	0.01/0.01
	0.006/0.006


A5.1.8
 Conclusions

Laboratory measurements have been conducted to assess the Carrier to UWB interference ratio (C/I) in a DVB-T receiver that corresponds to a BER defined as service failure criterion. The required protection distance between an UWB transmitter and victim receiver corresponding to this interference was then calculated for different propagation models and UWB emission masks. 

The results show that UWB emission masks A (-41.3 dBm/MHz limit) and B (FCC mask) do not provide sufficient protection and there is a significant risk of harmful interference. However using the emission mask C (slope emission mask) there is a very low probability of harmful interference from UWB transmitters. 

The DVB-T antenna pattern has not been taken into account but with the typical height assumed this would result in a further reduction in interference level. 

A5.2 Study 2

A5.2.1 Introduction

UWB systems are based on Pulse Modulation techniques, which have recently gained importance in civil applications, thanks to current technology permitting to transmit and receive very narrow width pulses (PW=10 ps to 10 ns). The modulations used by UWB systems are PAM, OOK, Bi-Pase or PPM, the later being the most popular. Generally, the resulting UWB signal has a relatively low pds that might means a low probability of interference with other radio services. Actually, the impact of an UWB system on a given radio service depends on the overall characteristics of the concerned UWB system: transmitter power (average and peak), modulation technique used, PW, PRF, density of UWB equipment, etc.

This document presents the results of the study carried out to assess the compatibility from the UWB systems to the DVB-T system operating in the VHF/UHF bands (174-230 MHz/470-862 MHz). Firstly, the relevant characteristics of the concerned systems have been determined. Then the protection distance (minimum separation distance) from the DVB-T receiver to the UWB transmitter has been calculated by applying respectively the FCC UWB emission limits in force and the UWB slope emission masks. Finally, the obtained results have been analysed to estimate the interference potential from the UWB systems to the DVB-T system.

A5.2.2
Recommendations, Agreements and documents used to determine the characteristics of the concerned systems

The following Recommendations and Agreement have been used to determine the characteristics of the DVB-T system:

( Rec. ITU-R BT.1368-3 [1],

( Rec. ITU-R BT.419-3 [2],

( The Chester 1997 Multilateral Coordination Agreement [3].

FCC 02-45 [4] and the UWB slope emission masks given in Section A5.2.4.2 have been used to determine the UWB radiated power density levels below 3.1 GHz.

The following Recommendations have been used to define the propagation conditions:

( Rec. ITU-R P.525-2 [5],

( Rec. ITU-R P.1411-1 [6].

A5.2.3   DVB-T system

A5.2.3.1
System characteristics

Table A5.2 shows the relevant characteristics of the DVB-T system and the most popular modulation schemas with related coding rates. These characteristics have been used to simulate the behaviour of the victim DVB-T receiver in the presence of UWB emissions.
Table A5.2

Considered DVB-T system
	General characteristics

	Modulations
	QPSK, 16-QAM or 64-QAM

	Code rates
	1/2, 2/3,3/4, 5/6, 7/8

	Access Technique
	FDM/OFDM (FFT mode: 2k or 8k

	Frequency bands
	VHF bands:

174-230 MHz (band III)

UHF bands:

470-582 MHz (band IV)

582-862 MHz (band V)

	Channel width
	7 or 8 MHz

	Receiver characteristics

	Sensitivity (Gaussian channel)
QPSK

16-QAM

64-QAM
	-90 dBm

-85 dBm

-80 dBm

	Antenna characteristics

	Fixed antenna reception (outdoor reception)

Height

Coaxial cable loss

Diagram

Directivity discrimination

Gain

Polarisation

Vertical/horizontal polarisation discrimination

Portable antenna reception (indoor/outdoor reception)

Height

Coaxial cable loss

Diagram

Gain

Polarisation
	10 m

2 dB (band III), 3 dB (band IV), 5 dB (band V

Directive (opening angle at -3 dB=30)

0-12 dB (VHF band), 0-16 dB (UHF band)

9.15 dB (band III), 12.15 dBi (band IV), 14.15 dBi (band V)

Horizontal/vertical

3 dB

1.5 m

0 dB

Omnidirectional (no directivity discrimination)

0 dBi (VHF band), 2.15 dBi (UHF band)

Vertical (no vertical/horizontal discrimination)

	C/N for most popular modulation schemas with related coding rates (Ricean channel)

	DVB-T (QPSK,2k/8k,1/2)

DVB-T (16-QAM,2k/8k,2/3)

DVB-T (16-QAM,2k/8k,3/4)

DVB-T (64-QAM, 2k/8k,2/3)
	6.6 dB

14.6 dB

16 dB

20.1 dB


Note that, the choice of other DVB-T modulation schemas will not influence the results of this study.

A5.2.3.2 DVB-T Carrier to Interference ration (C/I) in the presence of an interfering UWB emission

Table A5.3 shows the comparison of the C/I values, which have been measured in the presence of an interfering UWB emission, and the practical C/N values of DVB-T. We can easily see that these values are very close.

As a result, the emissions of the tested UWB equipment, falling into a DVB-T channel, can be compared to an AWGN. Consequently, in this study, in the presence of an interfering UWB emission, the C/I values of DVB-T have been assumed to be equal to its C/N values, for fixed and portable reception through a Ricean channel (see Table A5.4).

Table A5.3

	Comparison of the measured C/I and the practical C/N values of DVB-T

	DVB-T modulation schema with related code rate 
	(C/I)DVB-T/UWB
(Gaussian channel)
	(C/N)DVB-T

(Gaussian channel)

	QPSK,2k/8k, 1/2

16-QAM,2k/8k, 1/2

64-QAM, 2k/8k, 2/3
	6.5 dB

11.6 dB

19.4 dB
	6.1 dB

11.8 dB

19.5 dB


Table A5.4

	Used (C/I)DVB-T/UWB values

(Ricean channel)

	DVB-T (QPSK,2k/8k,1/2)UWB

DVB-T (16-QAM,2k/8k,2/3)/UWB

DVB-T (16-QAM,2k/8k,3/4)/UWB

DVB-T (64-QAM, 2k/8k,2/3)/UWB
	6.6 dB

14.6 dB

16 dB

20.1 dB


A5.2.4 UWB systems

A5.2.4.1
UWB equipment characteristics

Table A5.5 shows the basic characteristics of the UWB equipment used for C/I measurements [7]. We should recall that in this study, the relevant characteristics of UWB equipment are its emission limits, which are given in Section A5.2.4.2.

Table A5.5

	UWB equipment characteristics

	Modulations
	PPM

	Pulse width (PW)
	(500 ps

	Pulse peak amplitude
	8.5V/50(

	Pulse train
	Time dithered (randomised pulse train)

	PRBS used for dithering
	Unknown

	Pulse repetition frequency (PRF)
	1 MHz, 5 MHz and 10 MHz

	fmax_level
	(1.38 GHz

	Band width (-15 dB below fmax_level)
	(3.8 GHz

	Antenna height
	( 1.5 m (depending on how and where the equipment is used)


A5.2.4.2
UWB emission limits

The UWB radiated power densities used to calculate the MCL has been derived from the UWB emission limits given in Figure A5.1 below.
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Figure A5.1. The FCC emission limits and the slope emission masks

These limits are known as:

( the FCC emission limits for indoor and outdoor communication and measurement systems. These limits are in force in the USA since 22 of April 2002. In the VHF/UHF bands, the indoor and outdoor FCC limits are identical and defined in Section 15.209 of Part 15 of the Commission’s Rules.

( the slope emission masks for indoor and outdoor systems. These masks are proposed to ensure the protection of the services operating below 3.1 GHz and above 10.6 GHz. They meet the FCC’s requirement in the frequency range 3.1-10.6 GHz.

The numerical values of the FCC emission limits and the slope emission masks are given in Table A5.6.

Table A5.6

	UWB emission limits:

FCC emission limits and Slope emission mask

	Frequency

(GHz)
	Indoor slope mask

emission limits
	Outdoor slope mask

emission limits
	Indoor FCC

emission limits
	Outdoor FCC

emission limits

	0.089
	-185.45
	-195.45
	-42.5
	-42.5

	0.2
	-154.86
	-164.86
	-42.5
	-42.5

	0.216
	-151.95
	-161.95
	-42.5
	-42.5

	0.217
	-151.78
	-161.78
	-40
	-40

	0.5
	-120.24
	-130.24
	-40
	-40

	0.8
	-102.48
	-112.48
	-40
	-40

	0.96
	-95.59
	-105.59
	-40
	-40

	0.961
	-95.55
	-105.55
	-75.3
	-75.3

	1.61
	-76.05
	-86.05
	-75.3
	-75.3

	1.611
	-76.03
	-86.03
	-53.3
	-63.3

	1.99
	-68.05
	-78.05
	-53.3
	-63.3

	1.991
	-68.03
	-78.03
	-51.3
	-61.3

	3.1
	-51.3
	-61.3
	-51.3
	-61.3

	3.101
	-41.3
	-41.3
	-41.3
	-41.3

	10.6
	-41.3
	-41.3
	-41.3
	-41.3

	10.601
	-51.30
	-61.30
	-51.3
	-51.3

	30
	-90.61
	-100.61
	-51.3
	-51.3

	50
	-109.91
	-119.91
	-51.3
	-51.3

	100
	-136.10
	-146.10
	-51.3
	-51.3

	400
	-188.48
	-198.48
	-51.3
	-51.3


A5.2.5  Protection distance

The protection distance (or minimum separation distance) is the distance necessary between the interfering transmitter and the victim receiver to protect the latter from the harmful emissions. This distance is usually calculated by using the MCL (Minimum coupling loss) and an appropriate propagation model. In this document dmin is referred to the protection distance.

A5.2.6  Minimum coupling loss

The MCL, which is in fact simply the transmission loss (Apro), can easily be derived from the link budget between the interfering transmitter and the victim receiver:

MCL = EIRPi (dBW)+Giso_v (dB)-Acable_v (dB)-Psens_v (dBW)+(C/I)v



(1)

= ERPi (dBW)+Gdip_v (dB)+4,3-Acable_v (dB)-Psens_v (dBW)+(C/I)v

where,

EIRP: effective isotropic radiated power

ERP: effective radiated power

Giso: isotropic antenna gain

Gdip: dipol antenna gain

Psens:receiver sensitivity

()i stands for the interfering transmitter

()v stands for to the victim receiver

The MCL is then converted into dmin by using an appropriate propagation model.

A5.2.7

Propagation models

Two propagation models have been used in this study. These models are:

( The Free-space propagation model defined in Rec. ITU-R P. 525-2, which has been used for indoor and outdoor compatibility assessment,

( The propagation model defined in Rec. ITU-R P.1411-1, which has been used for outdoor compatibility assessment.

A5.2.7.1
Free-space propagation model

The free space propagation model is often used in line of sight (LoS) situations thanks to its simplicity and reliability. dmin can be calculated in two different ways by using this propagation model:

( by the field strength equation given for a standard reference antenna (isotrope antenna): 
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E: field strength at distance d (V/m)

Giso: isotropic antenna gain (dB)

Acable: antenna cable attenuation (dB)

d: distance (m)

()t stands for the transmitter

dmin is calculated as follows:




dmin (m) = log-1((EIRPi (dBW) – Emax_i (dBµV/m)+134.77)/20)


(2)





 = log-1((ERPi (dBW) – Emax_i (dBµV/m)+136.92)/20)

where, Emax: maximum permissible interference field strength, ()i stands for the interfering transmitter

( by the free space basic transmission loss equation:
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d (m) = log-1((A0 (dB) – 20logf(Hz)+147,6)/20)

where, d: distance (m), (: wavelength (m).

dmin is calculated as follows:




dmin (m) = log-1((MCL (dB) – 20logf(Hz)+147,6)/20)





(3)

Note that in the present case where the MCL, defined by Equation (1), is substituted for A0, the Equations (2) and (3) become identical.

A5.2.7.2 Rec. ITU-R P.1411-1 propagation model

Rec. ITU-R P.1411-1 provides information and methods for the assessment of the propagation characteristics of short-range outdoor radio systems operating between 300 MHz and 100 GHz. It defines categories for short propagation paths, and proposes methods for estimating path loss and delay spread over these paths.
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Figure A5.2: LoS situations within street canyons

In this study, regarding the foreseen applications of UWB systems in the field of communications and measurements, only the LoS situations within street canyons have been considered (see Figure A5.2).

According to Rec. ITU-R P.1411-1, in the UHF frequency range, the basic transmission loss can be characterized by two slopes and a single breakpoint.

An approximate lower bound (LB) is given by:
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where Rbp is the breakpoint distance and is given by:
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An approximate upper bound (UB) is given by:
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(6)

Lbp is a value for the basic transmission loss at the break point, defined as:
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dmin is simply calculated by substituting the MCL for LLoS in Equations (4) and (6). The conditions d ( Rbp and d > Rbp can also be expressed in terms of the MCL:

( for LB, d ( Rbp = MCL ( Lbp and d > Rbp = MCL > Lbp,

( for UB, d ( Rbp = MCL ( Hbp and d > Rbp = MCL > Hbp, where Hbp = Lbp+20.
A5.2.8 Considered scenarios 

A5.2.8.1 Both the victim DVB-T receiver end the interfering UWB transmitter are operating in indoor environment

In this scenario, the interfering UWB transmitter could be very close (few meters) to the victim DVB-T receiver. Therefore, the victim receiver and the interfering transmitter have been assumed to be in LoS. This assumption justifies the use of the free space propagation model. dmin required to ensure high level protection to DVB-T receiver in indoor environment (
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Figure 3: DVB-T/UWB indoor interference scenario

Because of the wide range of indoor UWB applications foreseen, there is a strong likelihood that the DVB-T receiver is threatened by more than one UWB transmitter (see Figure A5.3). Nevertheless, in domestic indoor environments, the dominant interferer would probably be the strongest one. Consequently, no aggregate effect has been assumed in the DVB-T/UWB indoor interference scenario. For the UWB system omni-directional antenna with 0 dBi gain has been assumed (antenna height = 1.5 m).

A5.2.8.2 The victim DVB-T receiver antenna is situated in outdoor environment whereas the interfering UWB transmitter is operating in indoor/outdoor environment

In this scenario, the victim DVB-T receiver is fed by an external antenna. The interfering UWB transmitter could be located in indoor or outdoor environments. It has been assumed that the victim receiver and the interfering transmitter are always in LoS (see Figure A5.4). Depending on the nearby environment of interfering transmitter and victim receiver, the propagation conditions can be defined by the free space propagation or by Rec. ITU-R P.1411-1 propagation model described in Section A5.2.7.2. In this study both models have been used for the compatibility assessment.
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Figure 4: Outdoor DVB-T/UWB interference scenarios

As in the indoor interference scenario, the victim DVB-T receiver could be threatened by more than one UWB transmitter. This time the multiple interference is due to the professional use of UWB LAN, for example in buildings having glass walls and large open-space work places (with negligible indoor to outdoor loss), which would potentially generate high aggregate interference to DVB-T receivers operating nearby. Consequently, unlike to the home indoor interfering scenario, both the single and multiple interference have been considered. dmin required to ensure a high protection to DVB-T receiver in outdoor environment (
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) has reasonably been fixed to 3 m. This value corresponds to the half of a frequently encountered street width (6 m), in big and medium cities in France.  For the UWB system  omni-directional antenna with 0 dBi gain has been assumed  (antenna height = 1.5 m).

In this study, no distinction has been made between “indoor to outdoor” and “outdoor to outdoor” interference scenarios, the indoor to outdoor loss has not been taken into consideration, for the following reasons:

( the indoor to outdoor loss has implicitly been taken into consideration in the definition of the outdoor UWB slope emission mask, which is 10 dB lower than the indoor UWB slope emission mask,

( for outdoor fixed DVB-T reception, the antenna directivity discrimination has been taken into consideration (16/12 dB) in dmin calculations, which can be compared to the indoor to outdoor loss (10 dB).

For the multiple interference case, assuming that all UWB equipment affecting a victim receiver are transmitting independent bursts and non-of them are dominant, a simple power aggregation low has been used: 10logN, where N is the number of UWB interferers.

A5.2.9
DVB-T/UWB interference scenario results

This Section presents the results of dmin calculations, between the victim DVB-T receiver and the interfering UWB transmitter. These results are based on the scenarios described in Section A5.2.8. For the sake of clarity, they are presented in a graphical form. The detailed results of the calculations are given in Tables from A5.12 to A5.20.
A5.2.9.1
DVB-T/UWB Indoor interference scenario

Portable DVB-T reception in indoor environment - Free space propagation

[image: image487.emf]Figure A5.5: Indoor DVB-T/UWB single interference scenario – Portable DVB-T reception

dmin has been calculated according to the scenario described in Section A5.2.8.1. Firstly, the MCL has been calculated by using equation (1), then dmin has been calculated by using equation (3), which represents the free space propagation. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A5.5. More detailed results are given in Table A5.12 and the interpretation of these results is presented in Table A5.7.

Table A5.7
	DVB-T/UWB Compatibility assessment

Portable DVB-T reception in indoor environment - Free space propagation

(see Table A5.12)

	Calculation based on:
	Calculated dmin (m)
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A5.2.9.2
DVB-T/UWB Outdoor interference scenarios

Portable DVB-T reception in outdoor environment – Free space propagation

A. Single UWB interference case
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Figure A5.6: Outdoor DVB-T/UWB single interference scenario – Portable DVB-T reception

dmin has been calculated according to the scenario described in Section A5.2.8.2. Firstly, the MCL has been calculated by using equation (1), then dmin has been calculated by using equation (3), which represents the free space propagation. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A5.6. More detailed results are given in Table A5.13 and the interpretation of these results is presented in Table A5.8.

B. Aggregate UWB interference case
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Figure A5.7: Outdoor DVB-T/UWB aggregate interference scenario – Portable DVB-T reception

The aggregate UWB interference effect on dmin has been investigated by using a simple power aggregation low: 10logN, where N is the number of interference. The obtained results are shown in Figure A5.7. More detailed results are given in Table A5.14 and the interpretation of these results is presented in Table A5.8.

Table A5.8
	DVB-T/UWB Compatibility assessment

Portable DVB-T reception in outdoor environment – Free space propagation

Single interference scenario (see Table A5.13)

	Calculation based on:
	Calculated dmin (m)
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	Aggregate interference scenario (see Table A5.14)
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Portable DVB-T reception in outdoor environment – LoS situation within street canyons

A. Single UWB interference case
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Figure A5.8: Outdoor DVB-T/UWB single interference scenario – Portable DVB-T reception

dmin has been calculated according to the scenario described in Section A5.2.8.2. Firstly, the MCL has been calculated by using equation (1), then dmin has been calculated by using equations (4) and (6), which represent the Rec. ITU-R P.1411-1 propagation model for LoS situation within street canyons. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A5.8. More detailed results are given in Table A5.15 and the interpretation of these results is presented in Table A5.9.

B. Aggregate UWB interference case
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Figure A5.9: Outdoor DVB-T/UWB aggregate interference scenario – Portable DVB-T reception

The aggregate UWB interference effect on dmin has been investigated by using a simple power aggregation low: 10logN, where N is the number of interference. The obtained results are shown in Figure A5.9. More detailed results are given in Table A5.16 and the interpretation of these results is presented in Table A5.9.

Table A5.9
	DVB-T/UWB Compatibility assessment

Portable DVB-T reception in outdoor environment – LoS situation within street canyons

Single interference scenario (see Table 13)

	Calculation based on:
	Calculated dmin (m)
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	Aggregate interference scenario (see Table 14)
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Fixed DVB-T reception in outdoor environment – Free space propagation

In the case of fixed DVB-T reception, a directional receiver antenna is used. Consequently, the antenna discrimination of the DVB-T receiver has been taken into consideration in dmin calculations. Moreover, both single and multiple interference scenarios have been considered.

A. Single UWB interference case
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Figure A5.10: Outdoor DVB-T/UWB single interference scenario – Fixed DVB-T reception

dmin has been calculated according to the scenario described in Section A5.2.8.2. Firstly, the MCL has been calculated by using equation (1), then dmin has been calculated by using equation (3), which represents the free space propagation. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A5.10. More detailed results are given in Table A5.17 and the interpretation of these results is presented in Table A5.10.

B. Aggregate UWB interference case
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Figure A5.11: Outdoor DVB-T/UWB aggregate interference scenario – Fixed DVB-T reception

The aggregate UWB interference effect on dmin has been investigated by using a simple power aggregation low: 10logN, where N is the number of interference. The obtained results are shown in Figure A5.11. More detailed results are given in Table A5.18 and the interpretation of these results is presented in Table A5.10.

Table A5.10
	DVB-T/UWB Compatibility assessment

Fixed DVB-T reception in outdoor environment – Free space propagation

Single interference scenario (see Table 15)

	Calculation based on:
	Calculated dmin (m)
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	Aggregate interference scenario (see Table 16)

	Calculation based on:
	Calculated dmin (m)
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Fixed DVB-T reception in outdoor environment – LoS situation within street canyons

A. Single UWB interference case
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Figure A5.12: Outdoor DVB-T/UWB single interference scenario – Fixed DVB-T reception

dmin has been calculated according to the scenario described in Section A5.2.8.2. Firstly, the MCL has been calculated by using equation (1), then dmin has been calculated by using equations (4) and (6), which represent the Rec. ITU-R P.1411-1 propagation model for LoS situation within street canyons. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A5.12. More detailed results are given in Table A5.19 and the interpretation of these results is presented in Table A5.11.

B. Aggregate UWB interference case
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Figure A5.13. Outdoor DVB-T/UWB aggregate interference scenario – Fixed DVB-T reception

The aggregate UWB interference effect on dmin has been investigated by using a simple power aggregation low: 10logN, where N is the number of interference. The obtained results are shown in Figure A5.13. More detailed results are given in Table A5.20 and the interpretation of these results is presented in Table A5.11.

Table A5.11
	DVB-T/UWB Compatibility assessment

Fixed DVB-T reception in outdoor environment – LoS situation within street canyons

Single interference scenario (see Table 17)

	Calculation based on:
	Calculated dmin (m)
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	No (dmin>>
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	Slope mask
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	Aggregate interference scenario (see Table 18)

	Calculation based on:
	Calculated dmin (m)
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	Slope mask
	LB=0.09-0.29
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A5.2.10
Conclusion

A large number of interference scenarios have been simulated to assess the compatibility between the DVB-T and UWB systems, in the VHF/UHF bands. For each of the considered scenarios, the protection distance (dmin) from the DVB-T receiver to the UWB transmitter has been calculated by using alternatively, as UWB radiated power density level, the FCC UWB emission limits in force and the UWB slope emission masks. The obtained distances have been compared with two threshold values 
[image: image116.wmf]in

d

min

=0.5m and 
[image: image117.wmf]out

d

min

=3 m, which are respectively the protection distances required to ensure a high protection to the DVB-T system in indoor and outdoor environments, for fixed and portable reception.

The analyses of the results clearly show that the FCC UWB emission limits do not guarantee the protection of the DVB-T system in the presence of UWB emissions (12 m ( dmin ( 1284 m), while the UWB slope emission masks reduce significantly the interference probability (dmin < 0.5 m). Consequently, the UWB slope emission mask concept should be adopted at European and international levels to protect the DVB-T system in the presence of UWB emissions, in the VHF/UHF bands.
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A5.2.12
Detailed results

Table A5.12
	DVB-T/UWB protection distance calculation

Portable DVB-T reception in indoor environment (free space propagation)

	Modulation

Schema
	QPSK

(2k/8k,1/2)
	16-QAM

(2k/8k,2/3)
	16-QAM

(2k/8k,3/4)
	64-QAM

(2k/8k,2/3)

	Frequency (MHz)
	800
	500
	200
	800
	500
	200
	800
	500
	200
	800
	500
	200

	Band width
	7.61
	7.61
	7.61
	7.61

	C/N (dB)
	6.6
	14.6
	16
	20.1

	Urban noise (dB)
	0
	1
	0
	1
	0
	1
	0
	1

	Pmin (dBm)
	-91.56
	-90.56
	-83.56
	-82.56
	-82.16
	-81.16
	-78.06
	-77.06

	Emin (dBµV/m)
	41.56
	37.48
	32.67
	49.56
	45.48
	40.67
	50.96
	46.88
	42.07
	55.06
	50.98
	46.17

	C/I (dB)
	6.6
	14.6
	16
	20.1

	Antenna

discrimination

(dB)
	0
	0
	0
	0

	EI_max (dBµV/m)
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07

	PI_max (dBW)
	-128.16
	-127.16
	-128.16
	-127.16
	-128.16
	-127.16
	-128.16
	-127.16

	EIRPUWB (dBm/MHz)

FCC/Slope mask
	-40/

-102.5
	-40/

-120.2
	-42.5/

-154.9
	-40/

-102.5
	-40/

-120.2
	-42.5/

-154.9
	-40/

-102.5
	-40/

-120.2
	-42.5/

-154.9
	-40/

-102.5
	-40/

-120.2
	-42.5/

-154.9

	ERPUWB (dBW/7.61 MHz)

FCC/Slope mask
	-63.3/

-125.83
	-63.3/

-143.53
	-65.83/

-178.23
	-63.3/

-125.83
	-63.3/

-143.53
	-65.83/

-178.23
	-63.3/

-125.83
	-63.3/

-143.53
	-65.83/

-178.23
	-63.3/

-125.83
	-63.3/

-143.53
	-65.83/

-178.23

	MCL (dB)

FCC/Slope mask
	69.13/

6.63
	69.13/

-11.07
	63.48/

-48.92
	69.13/

6.63
	69.13/

-11.07
	63.48/

-48.92
	69.13/

6.63
	69.13/

-11.07
	63.48/

-48.92
	69.13/

6.63
	69.13/

-11.07
	63.48/

-48.92

	dmin (m)

FCC/Slope mask
	85.38/

0.06
	136.6/

0
	178.2/

0
	85.38/

0.06
	136.6/

0
	178.2/

0
	85.38/

0.06
	136.6/

0
	178.2/

0
	85.38/

0.06
	136.6/

0
	178.2/

0


Table A5.13
	DVB-T/UWB protection distance calculation

Portable DVB-T reception in outdoor environment (free space propagation)

	Modulation

Schema
	QPSK

(2k/8k,1/2)
	16-QAM

(2k/8k,2/3)
	16-QAM

(2k/8k,3/4)
	64-QAM

(2k/8k,2/3)

	Frequency (MHz)
	800
	500
	200
	800
	500
	200
	800
	500
	200
	800
	500
	200

	Band width
	7.61
	7.61
	7.61
	7.61

	C/N (dB)
	6.6
	14.6
	16
	20.1

	Urban noise (dB)
	0
	1
	0
	1
	0
	1
	0
	1

	Pmin (dBm)
	-91.56
	-90.56
	-83.56
	-82.56
	-82.16
	-81.16
	-78.06
	-77.06

	Emin (dBµV/m)
	41.56
	37.48
	32.67
	49.56
	45.48
	40.67
	50.96
	46.88
	42.07
	55.06
	50.98
	46.17

	C/I (dB)
	6.6
	14.6
	16
	20.1

	Antenna

discrimination

(dB)
	0
	0
	0
	0

	EI_max (dBµV/m)
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07

	PI_max (dBW)
	-128.16
	-127.16
	-128.16
	-127.16
	-128.16
	-127.16
	-128.16
	-127.16

	EIRPUWB (dBm/MHz)

FCC/Slope mask
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9

	ERPUWB (dBW/7.61 MHz)

FCC/Slope mask
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23

	MCL (dB)

FCC/Slope mask


	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92
	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92
	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92
	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92

	dmin (m)

FCC/Slope mask
	85.38/

0
	136.6/

0
	178.2/

0
	85.38/

0
	136.6/

0
	178.2/

0
	85.38/

0
	136.6/

0
	178.2/

0
	85.38/

0
	136.6/

0
	178.2/

0


Table A5.14
Note that the results given in this Table are related to the configurations considered in Table A5.13.

	Aggregate UWB interference effect on 800 MHz and 500 MHz DVB-T reception, all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-40
	-36.99
	-35.23
	-33.98
	-33.01
	-32.22
	-31.55
	-30.97
	-30.46
	-30

	(ERPUWB
(dBW/7.61 MHz)
	-63.33
	-60.32
	-58.56
	-57.31
	-56.34
	-55.55
	-54.88
	-54.30
	-53.79
	-53.33

	MCL (dB)
	69.13
	72.14
	73.90
	75.15
	76.12
	76.91
	77.58
	78.16
	78.66
	79.10

	dmin (m)

800 MHz
	85.38
	120.74
	147.88
	170.76
	190.91
	209.14
	225.89
	241.49
	255.7
	269.07

	dmin (m)

500 MHz
	136.61
	193.19
	236.61
	273.21
	305.46
	334.62
	361.43
	386.38
	409.11
	430.51

	Aggregate UWB interference effect on 200 MHz DVB-T reception, all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-42.5
	-39.49
	-37.73
	-36.48
	-35.51
	-34.72
	-34.05
	-33.47
	-32.96
	-32.5

	(ERPUWB
(dBW/7.61 MHz)
	-65.83
	-62.82
	-61.06
	-59.81
	-58.84
	-58.05
	-57.38
	-56.80
	-56.29
	-55.83

	MCL (dB)
	63.48
	66.49
	68.25
	69.50
	70.47
	71.26
	71.93
	72.51
	73.01
	73.45

	dmin (m)

500 MHz
	178.20
	252.02
	308.65
	356.40
	398.47
	436.50
	471.48
	504.03
	533.69
	561.59

	Aggregate UWB interference effect on 800 MHz DVB-T reception, all configurations - UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-112.5
	-109.49
	-107.73
	-106.48
	-105.51
	-104.72
	-104.05
	-103.47
	-102.96
	-102.5

	(ERPUWB
(dBW/7.61 MHz)
	-135.83
	-132.82
	-131.06
	-129.81
	-128.84
	-128.05
	-127.38
	-126.80
	-126.29
	-125.83

	MCL (dB)
	-3.37
	-0.36
	1.40
	2.65
	3.62
	4.41
	5.08
	5.66
	6.16
	6.60

	dmin (m)

500 MHz
	0.0
	0.0
	0.035
	0.04
	0.045
	0.05
	0.054
	0.057
	0.061
	0.064


Table A5.15
	DVB-T/UWB protection distance calculation, Portable DVB-T reception in outdoor environment (Los situation within street canyons)

	Modulation

Schema
	QPSK

(2k/8k,1/2)
	16-QAM

(2k/8k,2/3)
	16-QAM

(2k/8k,3/4)
	64-QAM

(2k/8k,2/3)

	Frequency (MHz)
	800
	500
	200
	800
	500
	200
	800
	500
	200
	800
	500
	200

	Band width
	7.61
	7.61
	7.61
	7.61

	C/N (dB)
	6.6
	14.6
	16
	20.1

	Urban noise (dB)
	0
	1
	0
	1
	0
	1
	0
	1

	Pmin (dBm)
	-91.56
	-90.56
	-83.56
	-82.56
	-82.16
	-81.16
	-78.06
	-77.06

	Emin (dBµV/m)
	41.56
	37.48
	32.67
	49.56
	45.48
	40.67
	50.96
	46.88
	42.07
	55.06
	50.98
	46.17

	C/I (dB)
	6.6
	14.6
	16
	20.1

	Antenna discri-mination (dB)
	0
	0
	0
	0

	EI_max (dBµV/m)
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07
	34.96
	30.88
	26.07

	PI_max (dBW)
	-128.16
	-127.16
	-128.16
	-127.16
	-128.16
	-127.16
	-128.16
	-127.16

	EIRPUWB (dBm/MHz)

FCC/Slope mask
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9

	ERPUWB (dBW/7.61 MHz)

FCC/ Slope mask
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23

	MCL (dB)

FCC/ Slope mask 
	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92
	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92
	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92
	69.13/

-3,37
	69.13/

-21.07
	63.48/

-58.92

	dmin (m)

FCC/ Slope mask 
	LB=64

UB=18.28/

LB=0

UB=0
	LB=64

UB=20.24/

LB=0

UB=0
	LB=46.24

UB=14.62

LB=0

UB=0
	LB=64

UB=18.28/

LB=0

UB=0
	LB=64

UB=20.24/

LB=0

UB=0
	LB=46.24

UB=14.62

LB=0

UB=0
	LB=64

UB=18.28/

LB=0

UB=0
	LB=64

UB=20.24/

LB=0

UB=0
	LB=46.24

UB=14.62

LB=0

UB=0
	LB=64

UB=18.28/

LB=0

UB=0
	LB=64

UB=20.24/

LB=0

UB=0
	LB=46.24

UB=14.62

LB=0

UB=0


Table A5.16

Note that the results given in this Table are related to the configurations considered in Table A5.15.

	Aggregate UWB interference effect on 800 MHz and 500 MHz portable DVB-T reception, all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-40
	-36.99
	-35.23
	-33.98
	-33.01
	-32.22
	-31.55
	-30.97
	-30.46
	-30

	(ERPUWB
(dBW/7.61 MHz)
	-63.33
	-60.32
	-58.56
	-57.31
	-56.34
	-55.55
	-54.88
	-54.30
	-53.79
	-53.33

	MCL (dB)
	69.13
	72.14
	73.90
	75.15
	76.12
	76.91
	77.58
	78.16
	78.67
	79.13

	LB/UB (m)

800 MHz
	64/18.28
	74.12/24.07
	84.24/26.64
	90.52/28.63
	95.72/30.27
	100.18/31.68
	104.12/32.92
	107.65/34.04
	110.89/35.06
	113.83/36

	LB/UB (m)

500 MHz
	64/20.24
	74.12/24.07
	84.24/26.64
	90.52/28.63
	95.72/30.27
	100.18/31.68
	104.12/32.92
	107.65/34.04
	110.89/35.06
	113.83/36

	Aggregate UWB interference effect on 200 MHz portable DVB-T reception, all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-42.5
	-39.49
	-37.73
	-36.48
	-35.51
	-34.72
	-34.05
	-33.47
	-32.96
	-32.5

	(ERPUWB
(dBW/7.61 MHz)
	-65.83
	-62.82
	-61.06
	-59.81
	-58.84
	-58.05
	-57.38
	-56.80
	-56.29
	-55.83

	MCL (dB)
	63.48
	66.49
	68.25
	69.50
	70.47
	71.26
	71.93
	72.51
	73.02
	73.48

	LB/UB (m)
	46.24/

14.62
	54.99/

17.39
	60.85/

19.24
	65.39/

20.68
	69.14/

21.86
	72.36/

22.88
	75.21/

23.78
	77.76/

24.59
	80.09/

25.33
	82.22/

26

	Aggregate UWB interference effect on 800 MHz portable DVB-T reception, all configurations - UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-112.5
	-109.49
	-107.73
	-106.48
	-105.51
	-104.72
	-104.05
	-103.47
	-102.96
	-102.5

	(ERPUWB
(dBW/7.61 MHz)
	-135.83
	-132.82
	-131.06
	-129.81
	-128.84
	-128.05
	-127.38
	-126.80
	-126.29
	-125.83

	MCL (dB)
	-3.37
	-0.36
	1.40
	2.65
	3.62
	4.41
	5.08
	5.66
	6.17
	6.63

	LB/UB (m)
	0/

0
	0/

0
	0.07/

0.036
	0.08/

0.04
	0.09/

0.044
	0.099/

0.047
	0.107/

0.05
	0.115/

0.053
	0.121/

0.055
	0.128/

0.058


Table A5.17
	DVB-T/UWB protection distance calculation, Fixed DVB-T reception in outdoor environment (free space propagation)

	Modulation

Schema
	QPSK

(2k/8k,1/2)
	16-QAM

(2k/8k,2/3)
	16-QAM

(2k/8k,3/4)
	64-QAM

(2k/8k,2/3)

	Frequency (MHz)
	800
	500
	200
	800
	500
	200
	800
	500
	200
	800
	500
	200

	Band width
	7.61
	7.61
	7.61
	7.61

	C/N (dB)
	6.6
	14.6
	16
	20.1

	Urban noise (dB)
	0
	1
	0
	1
	0
	1
	0
	1

	Pmin (dBm)
	-91.56
	-90.56
	-83.56
	-82.56
	-82.16
	-81.16
	-78.06
	-77.06

	Emin (dBµV/m)
	34.56
	30.48
	25.52
	42.56
	38.48
	33.52
	43.96
	39.88
	34.92
	48.06
	43.98
	39.02

	C/I (dB)
	6.6
	14.6
	16
	20.1

	Antenna

discrimination

(dB)
	0(16)
	0(12)
	0(16)
	0(12)
	0(16)
	0(12)
	0(16)
	0(12)

	EI_max (dBµV/m)
	27.96

(43.96)
	23.88

(39.88)
	18.92

(30.92)
	27.96

(43.96)
	23.88

(39.88)
	18.92

(30.92)
	27.96

(43.96)
	23.88

(39.88)
	18.92

(30.92)
	27.96

(43.96)
	23.88

(39.88)
	18.92

(30.92)

	PI_max (dBW)
	-128.16

(-112.16)
	-127.16

(-115.16)
	-128.16

(-112.16)
	-127.16

(-115.16)
	-128.16

(-112.16)
	-127.16

(-115.16)
	-128.16

(-112.16)
	-127.16

(-115.16)

	EIRPUWB
(dBm/MHz)

FCC/Slope mask
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9

	RAPUWB
(dBW/7.61 MHz)

FCC/Slope mask
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23

	MCL (dB)

FCC/Slope mask


	76.13(60.13)/

3.63(-12.37)
	76.13(60.13)/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)
	76.13(60.13)/

3.63(-12.37)
	76.13(60.13)/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)
	76.13(60.13)/

3.63(-12.37)
	76.13(60.13)/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)
	76.13(60.13)/

3.63(-12.37)
	76.13(60.13)/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)

	dmin (m)

FCC/Slope mask
	191(30)

/0.05(0)
	306(48)

/0(0)
	406(102)

/0(0)
	191(30)

/0.05(0)
	306(48)

/0(0)
	406(102)

/0(0)
	191(30)

/0.05(0)
	306(48)

/0(0)
	406(102)

/0(0)
	191(30)

/0.05(0)
	306(48)

/0(0)
	406(102)

/0(0)


Table A5.18
Note that the results given in this Table are related to the configurations considered in Table A5.17.

	Aggregate UWB interference effect on 800 MHz and 500 MHz DVB-T reception, all configurations (Antenna discrimination = 0 dB) - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-40
	-36.99
	-35.23
	-33.98
	-33.01
	-32.22
	-31.55
	-30.97
	-30.46
	-30

	(ERPUWB
(dBW/7.61 MHz)
	-63.33
	-60.32
	-58.56
	-57.31
	-56.34
	-55.55
	-54.88
	-54.30
	-53.79
	-53.33

	MCL (dB)
	76.13
	79.14
	80.90
	82.15
	83.12
	83.91
	84.58
	85.16
	85.67
	86.13

	dmin (m)

800 MHz
	191.14
	270.31
	331.06
	382.28
	427.40
	468.2
	505.71
	540.63
	573.42
	604.44

	dmin (m)

500 MHz
	305.82
	432.50
	529.70
	611.65
	683.84
	749.11
	809.13
	865.00
	917.47
	967.10

	Aggregate UWB interference effect on 200 MHz DVB-T reception, all configurations (Antenna discrimination = 0 dB) - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-42.5
	-39.49
	-37.73
	-36.48
	-35.51
	-34.72
	-34.05
	-33.47
	-32.96
	-32.5

	(ERPUWB
(dBW/7.61 MHz)
	-65.83
	-62.82
	-61.06
	-59.81
	-58.84
	-58.05
	-57.38
	-56.80
	-56.29
	-55.83

	MCL (dB)
	70.63
	73.64
	75.40
	76.65
	77.62
	78.41
	79.08
	79.66
	80.17
	80.63

	dmin (m)

500 MHz
	405.89
	574.02
	703.03
	811.79
	907.60
	994.23
	1073.89
	1148.04
	1217.68
	1283.55

	Aggregate UWB interference effect on 800 MHz DVB-T reception, all configurations (Antenna discrimination = 0 dB) – UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-112.5
	-109.49
	-107.73
	-106.48
	-105.51
	-104.72
	-104.05
	-103.47
	-102.96
	-102.5

	(ERPUWB
(dBW/7.61 MHz)
	-135.83
	-132.82
	-131.06
	-129.81
	-128.84
	-128.05
	-127.38
	-126.80
	-126.29
	-125.83

	MCL (dB)
	3.63
	6.64
	8.40
	9.65
	10.62
	11.41
	12.08
	12.66
	13.17
	13.63

	dmin (m)

500 MHz
	0.045
	0.064
	0.079
	0.091
	0.101
	0.111
	0.12
	0.128
	0.136
	0.143


Table A5.19
	DVB-T/UWB protection distance calculation, Fixed DVB-T reception in outdoor environment (Los situation within street canyons)

	Modulation

Schema
	QPSK

(2k/8k,1/2)
	16-QAM

(2k/8k,2/3)
	16-QAM

(2k/8k,3/4)
	64-QAM

(2k/8k,2/3)

	Frequency (MHz)
	800
	500
	200
	800
	500
	200
	800
	500
	200
	800
	500
	200

	Band width
	7.61
	7.61
	7.61
	7.61

	C/N (dB)
	6.6
	14.6
	16
	20.1

	Urban noise (dB)
	0
	1
	0
	1
	0
	1
	0
	1

	Pmin (dBm)
	-91.56
	-90.56
	-83.56
	-82.56
	-82.16
	-81.16
	-78.06
	-77.06

	Emin (dBµV/m)
	34.56
	30.48
	25.52
	42.56
	38.48
	33.52
	43.96
	39.88
	34.92
	48.06
	43.98
	39.02

	C/I (dB)
	6.6
	14.6
	16
	20.1

	Antenna

Discrimination (dB)
	0(16)
	0(12)
	0(16)
	0(12)
	0(16)
	0(12)
	0(16)
	0(12)

	EI_max (dBµV/m)
	27.96 (43.96)
	23.88(39.88)
	18.92(30.92)
	27.96(43.96)
	23.88(39.88)
	18.92(30.92)
	27.96(43.96)
	23.88(39.88)
	18.92(30.92)
	27.96(43.96)
	23.88(39.88)
	18.92(30.92)

	PI_max (dBW)
	-128.16

(-112.16)
	-127.16

(-115.16)
	-128.16

(-112.16)
	-127.16

(-115.16)
	-128.16

(-112.16)
	-127.16

(-115.16)
	-128.16

(-112.16)
	-127.16

(-115.16)

	EIRPUWB (dBm/MHz)

FCC/Slope mask
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9
	-40/

-112.5
	-40/

-130.2
	-42.5/

-164.9

	ERPUWB (dBW/7.61 MHz)

FCC/Slope mask
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23
	-63.3/

-135.83
	-63.3/

-153.53
	-65.83/

-188.23

	MCL (dB)

FCC/Slope mask 
	76.13(60.13)/

3.63(-12.73)
	76.13(60.13/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)
	76.13(60.13)/

3.63(-12.73)
	76.13(60.13/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)
	76.13(60.13)/

3.63(-12.73)
	76.13(60.13/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)
	76.13(60.13)/

3.63(-12.73)
	76.13(60.13/

-14.07(-30.07)
	70.63(58.63)/

-51.77(-63.77)

	dmin (m)

FCC/Slope mask
	LB=247.29

(60.57)

UB=50.89

(11.66)/

LB=0.091

(0)

UB=0.064

(0)
	LB=247.29

(96.92)

UB=67.47

(15.46)/

LB=0

(0)

UB=0

(0)
	LB=180.18

(90.30)

UB=56.98

(23.33)/

LB=0

(0)

UB=0

(0)
	LB=247.29

(60.57)

UB=50.89

(11.66)/

LB=0.091

(0)

UB=0.064

(0)
	LB=247.29

(96.92)

UB=67.47

(15.46)/

LB=0

(0)

UB=0

(0)
	LB=180.18

(90.30)

UB=56.98

(23.33)/

LB=0

(0)

UB=0

(0)
	LB=247.29

(60.57)

UB=50.89

(11.66)/

LB=0.091

(0)

UB=0.064

(0)
	LB=247.29

(96.92)

UB=67.47

(15.46)/

LB=0

(0)

UB=0

(0)
	LB=180.18

(90.30)

UB=56.98

(23.33)/

LB=0

(0)

UB=0

(0)
	LB=247.29

(60.57)

UB=50.89

(11.66)/

LB=0.091

(0)

UB=0.064

(0)
	LB=247.29

(96.92)

UB=67.47

(15.46)/

LB=0

(0)

UB=0

(0)
	LB=180.18

(90.30)

UB=56.98

(23.33)/

LB=0

(0)

UB=0

(0)


Table A5.20
Note that the results given in this Table are related to the configurations considered in Table A5.19

	Aggregate UWB interference effect on 800 MHz and 500 MHz DVB-T reception,

all configurations (Antenna discrimination = 0 dB) - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-40
	-36.99
	-35.23
	-33.98
	-33.01
	-32.22
	-31.55
	-30.97
	-30.46
	-30

	(ERPUWB
(dBW/7.61 MHz)
	-63.33
	-60.32
	-58.56
	-57.31
	-56.34
	-55.55
	-54.88
	-54.30
	-53.79
	-53.33

	MCL (dB)
	76.13
	79.14
	80.90
	82.15
	83.12
	83.91
	84.58
	85.16
	85.67
	86.13

	LB/UB (m)

800 MHz
	247.29/50.89
	294.09/67.15
	325.45/78.98
	349.72/88.61
	369.78/96.88
	387.03/104.21
	402.24/110.84
	415.89/116.92
	428.32/122.56
	439.75/127.84

	LB/UB (m)

500 MHz
	247.29/67.47
	294.09/89.03
	325.45/102.92
	349.72/110.59
	369.78/116.94
	387.03/122.39
	402.24/127.2
	415.89/131.52
	428.32/135.45
	439.75/139.06

	Aggregate UWB interference effect on 200 MHz DVB-T reception,

all configurations (Antenna discrimination = 0 dB) - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-42.5
	-39.49
	-37.73
	-36.48
	-35.51
	-34.72
	-34.05
	-33.47
	-32.96
	-32.5

	(ERPUWB
(dBW/7.61 MHz)
	-65.83
	-62.82
	-61.06
	-59.81
	-58.84
	-58.05
	-57.38
	-56.80
	-56.29
	-55.83

	MCL (dB)
	70.63
	73.64
	75.40
	76.65
	77.62
	78.41
	79.08
	79.66
	80.17
	80.63

	LB/UB (m)
	180.18/56.98
	214.27/67.76
	237.13/74.99
	254.81/80.58
	269.43/85.20
	281.99/89.17
	293.08/92.68
	303.03/95.82
	312.08/98.69
	320.41/101.32

	Aggregate UWB interference effect on 800 MHz DVB-T reception,

all configurations (Antenna discrimination = 0 dB) - UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-112.5
	-109.49
	-107.73
	-106.48
	-105.51
	-104.72
	-104.05
	-103.47
	-102.96
	-102.5

	(ERPUWB
(dBW/7.61 MHz)
	-135.83
	-132.82
	-131.06
	-129.81
	-128.84
	-128.05
	-127.38
	-126.80
	-126.29
	-125.83

	MCL (dB)
	3.63
	6.64
	8.40
	9.65
	10.62
	11.41
	12.08
	12.66
	13.17
	13.63

	LB/UB (m)
	0.09/0.06
	0.128/0.08
	0.157/0.1
	0.18/0.11
	0.2/0.12
	0.22/0.13
	0.24/0.14
	0.26/0.15
	0.27/0.15
	0.29/0.16


ANNEX 6

TERRESTRIAL DIGITAL AUDIO BROADCASTING SERVICE (T-DAB)

This annex describes two separate sharing studies to assess the likely impact of Pulsed Ultra Wide Band (UWB) transmission structure on European Terrestrial Digital Audio Broadcasting system (T-DAB). Study 1 is described in Section A6.1 and study 2 in Section A6.2.

A6.1
Study 1

A6.1.1
Introduction

This annex details laboratory measurements conducted to assess the likely impact of UWB on T-DAB and associated interference analysis. The document also details Carrier to Interference (C/I) measurements for various T-DAB modes and UWB PRFs.

The measurements were conducted using a real UWB source employing Pulsed Position Modulation (PPM) and characteristics of the UWB transmission source is given below. This type of Pulsed UWB modulation produces spectrum very similar to a noise-like signal.

A6.1.2
UWB Signal Characteristics 

The UWB source was measured and found to have the following characteristics:

Pulse width


~500 ps 

Pulse period


Variable 1μs, 200 ns,100 ns (PRF 1 MHz, 5 MHz and 10 MHz)

Pulse peak amplitude

8.5 volts into 50 Ω (without external high pass filter)

Modulation


Pulse position with pseudo random jittering 

PRSB sequence

Unknown

Total jitter period

~20 ns on all PRFs

A6.1.3 
Terrestrial Digital Audio Broadcasting (T-DAB)

The European digital sound broadcasting standard was developed under EUREKA project 147. The system is based on COFDM (Coded Orthogonal Frequency Division Multiplex) modulation scheme with fixed QPSK modulation for data carriers. COFDM modulation is designed to operate in multipath environment and has excellent immunity against narrow band interference.

The technical characteristics of T-DAB is given in ETSI document (ETS 300-401). The bandwidth of a single T-DAB frequency block is 1.5MHz and provides 4-5 near CD quality program’s per block.

A6.1.4
C/I Measurements and Calculations

The C/I measurement results given in the document are based on UWB interference power falling in to victim receiver’s IF bandwidth and therefore the centre frequency of the interfering UWB source is irrelevant. This also makes the results not specific to the UWB equipments used in the measurements.

A6.1.5
Failure criteria

The subjective listening tests were performed to assess the impairment. These were taken from ITU Recommendation 562-3 titled “ Subjective Assessment of Sound Quality”.

A6.1.6
 Test  Results

T-DAB - Mode II

	 UWB interference type
	Maximum C/I ratio (dB)
	Audio Programme

	1   MHz PRF
	9.46
	224 kbits/s 4:R=0.6

	5   MHz PRF
	10.69
	192 kbits/s 4:R=0.6

	10 MHz PRF
	12.39
	192 kbits/s 4:R=0.6


T-DAB - Mode III

	UWB interference type
	Maximum C/I ratio (dB)
	Audio Programme

	1   MHz PRF
	9.96
	192 kbits/s 4:R=0.6

	5   MHz PRF
	9.96
	192 kbits/s 4:R=0.6

	10 MHz PRF
	11.69
	192 kbits/s 4:R=0.6


A6.1.6.1
Summary of Test Results

The maximum protection ratio require by T-DAB against pulsed UWB interference is 12.4 dB.

The result shows that the pulsed UWB source gives interference very similar to Gaussian noise.

When the pulse repetition rate (PRF) of the interfering UWB signal was changed from 1 to 10 MHz the protection requirement of T-DAB (mode II) was increased by approximately 3 dB.

A6.1.7
Protection distance calculations for pulsed UWB interference to T-DAB

In the following, we determine the protection distance for UWB interference to T-DAB. The first step of the procedure used to estimate the protection distance is to calculate the Minimum Coupling Loss (MCL, see chapter 6.3.1), based on the sensitivity PRX and the C/I value of the victim receiver on the one side and the UWB radiated power density PUWB-RAD on the other side. The sensitivity PRX and the C/I value for the considered T-DAB system are based on interference measurements. For the UWB radiated power density PUWB-RAD we consider the following; UWB-spectrum masks: – 41.3 dBm/MHz flat limit, FCC mask (22 April 2002) and the slope emission mask.

The second step is then to convert the MCL into the protection distance by using an appropriate propagation model. In the following we will consider indoor and outdoor scenarios that means UWB and the T-DAB Victim systems are both indoor or both outdoor. The propagation models considered are Free-space and Recommendations ITU-R P.1411-1 and ITU-R P.1238-2. In the case of indoor scenarios, we consider the worst-case situation where UWB-Interferers and Victims are operated at the same floor of an office building. An additional attenuation can be inserted in the case where the systems operate at different floors. For the cases where an indoor-outdoor configuration is desired, an additional wall attenuation, reported in Table A6.1 below, can be considered in relation with the free-space model or with the Recommendation ITU-R P.1411-1. Finally, we consider for all systems omni‑directional antennas with 0 dBi Gain. The UWB antenna height is set to 1.5 m. The different characteristics and parameters of the T-DAB victim used for the calculation are given in Table A6.1 below, together with the calculated protection distances.

Table A6.1

Measured interference from UWB to T-DAB

(Note: MUS means Maximum Useable Sensitivity)

	Victim service modulation
	COFDM

	Frequency, MHz
	1500

	Victim MUS, dBm
	-90.0

	Bandwidth, MHz
	1.500

	Antenna height, m
	2.0

	Building attenuation, indoor - outdoor, Db
	10.0

	Building attenuation, indoor or outdoor, Db
	0.0

	N, distance power loss coefficient (ITU-R P.1238)
	32.0

	
	

	UWB spectrum masks / level  (1500MHz):
	

	a) indoor
	

	A = -41.3 dBm/MHz flat  limit
	-41.3

	B = FCC UWB limits (22.04.02)
	-75.0

	C = Slope emission mask
	-78.7

	b) outdoor
	

	A = -41.3 dBm/MHz flat  limit
	-41.3

	B = FCC UWB limits (22.04.02)
	-75.0

	C = Slope emission mask
	-88.7

	
	

	Measured C/I:
	12.5

	
	

	MCL for victim receiver at MUS, m, Indoor
	

	A = -41.3 dBm/MHz flat limit
	63.0

	B = FCC UWB limits (22.04.02)
	29.3

	C = Slope emission mask
	25.5

	
	

	MCL for victim receiver at MUS, m, Outdoor
	

	A = -41.3 dBm/MHz flat limit
	63.0

	B = FCC UWB limits (22.04.02)
	29.3

	C = Slope emission mask
	15.5

	
	

	MCL for victim receiver at MUS +10 dB, m, Indoor
	

	A = -41.3 dBm/MHz flat limit
	53.0

	B = FCC UWB limits (22.04.02)
	19.3

	C = Slope emission mask
	15.5

	MCL for victim receiver at MUS +10 dB, m, Outdoor
	

	A = -41.3 dBm/MHz flat limit
	53.0

	B = FCC UWB limits (22.04.02)
	19.3

	C = Slope emission mask
	5.5

	
	

	Free space propagation model
	

	Protection distance at MUS, m, Indoor
	

	A = -41.3 dBm/MHz flat limit
	22.49

	B = FCC UWB limits (22.04.02)
	0.46

	C = Slope emission mask
	0.30

	Protection distance at MUS, m, Outdoor
	

	A = -41.3 dBm/MHz flat  limit
	22.49

	B = FCC UWB limits (22.04.02)
	0.46

	C = Slope emission mask
	0.10

	Protection distance at MUS +10 dB, m, Indoor
	

	A = -41.3 dBm/MHz flat limit
	7.11

	B = FCC UWB limits (22.04.02)
	0.15

	C = Slope emission mask
	0.10

	Protection distance at MUS +10 dB, m, Outdoor
	

	A = -41.3 dBm/MHz flat limit
	7.11

	B = FCC UWB limits (22.04.02)
	0.15

	C = Slope emission mask
	0.03

	
	

	ITU-R P. 1411 propagation model, Outdoor
	

	Protection distance at MUS, m, Upper bound/Lower bound
	

	A = -41.3 dBm/MHz flat limit
	7.45 / 45

	B = FCC UWB limits (22.04.02)
	0.34 / 0.93

	C = Slope emission mask
	0.095/0.19

	Protection distance at MUS +10 dB, m, Upper bound/Lower bound
	

	A = -41.3 dBm/MHz flat limit
	3 / 14.2

	B = FCC UWB limits (22.04.02)
	0.13 / 0.23

	C = Slope emission mask
	0.04/0.06

	
	

	ITU-R P.1238 propagation model, Indoor
	

	Protection distance at MUS, m
	

	A = -41.3 dBm/MHz flat  limit
	7.20

	B = FCC UWB limits (22.04.02)
	0.64

	C = Slope emission mask
	0.49

	Protection distance at MUS +10 dB, m
	

	A = -41.3 dBm/MHz flat limit
	3.51

	B = FCC UWB limits (22.04.02)
	0.31

	C = Slope emission mask
	0.24


A6.1.8
Conclusions

Laboratory measurements have been conducted to assess the Carrier to UWB interference ratio (C/I) in a T-DAB receiver, that corresponds to a ITU-R subjective assessment grade as defined in Recommendation 562-3 titled “Subjective Assessment of Sound Quality” as service failure criterion. 

The required protection distance between an UWB transmitter and victim receiver corresponding to this interference was then calculated for different propagation models and UWB emission masks. 

The results show that UWB emission masks A (–41dBm/MHz flat limit) and B (FCC mask) do not provide sufficient protection. However using the emission mask C (Slope emission mask) there is a very low probability of harmful interference from UWB transmitters. 

The interference analyses given in the annex are for L band (1.5 GHz) T-DAB and represent the worst case scenario. Any impact on T-DAB operation in the VHF band will be significantly lower. This is mainly due to the lower out of band emission at VHF band from UWB device operating above 3.1 GHz.

A6.2.1
Study 2

A6.2.1
Introduction

Ultra-wideband (UWB) systems are based on pulse modulation techniques, which have recently gained importance in civil applications, thanks to current technology permitting to transmit and receive very narrow width pulses (PW=10 ps to 10 ns). The modulations used by UWB systems are PAM, OOK, Bi-Phase or PPM, the later being the most popular. Generally, the resulting UWB signal has a relatively low PDS that might means a low probability of interference with other radio services. Actually, the impact of an UWB system on a given radio service depends on the overall characteristics of the concerned UWB system: transmitter power (average and peak), modulation technique used, PW, PRF, density of UWB equipment, etc.

This document presents the results of the study carried out to assess the compatibility from the UWB systems to the T-DAB system operating in the VHF/UHF bands (174-230 MHz/1452-1492 MHz). Firstly, the relevant characteristics of the concerned systems have been determined. Then the protection distance (minimum separation distance) from the T-DAB receiver to the UWB transmitter has been calculated by applying respectively the FCC UWB emission limits in force and the UWB slope emission masks proposed for UWB applications in the band 3.1-10.6 GHz. Finally, the obtained results have been analysed to estimate the interference potential from the UWB systems to the T-DAB system.

A6.2.2
Recommendations, Agreements and documents used to determine the characteristics of the concerned systems

The following Recommendations and Agreement have been used to determine the characteristics of the T-DAB system:

( 
ETSI ETS 300-401.

( 
Rec. ITU-R BT.419-3.

( 
WIESBADEN 1995 Special Arrangement [1].

FCC 02-45 [2] and the UWB slope emission masks given in Section A6.2.4.1 have been used to determine the UWB radiated power density levels below 3.1 GHz.

The following Recommendations have been used to define the propagation conditions:

( 
Rec. ITU-R P.525-2.

( 
Rec. ITU-R P.1411-1.
A6.2.3
T-DAB system

A6.2.3.1
System characteristics

Table A6.2

	T-DAB system characteristics

	General characteristics

	Modulations
	QPSK

	Code rates
	1/3, 2/5, 1/2, 3/5, 3/4

	Access Technique
	FDM / OFDM

	Frequency bands
	47 - 68 MHz (band I)*

87,5 - 108 MHz (band II)*

174 - 230 MHz (band III)

1 452 - 1 492 MHz (band L)

	Channel width
	1,536 MHz

	Receiver characteristics

	Sensitivity (Gaussian channel)
QPSK
	-91 dBm

	Antenna characteristics

	Fixed antenna reception (outdoor reception)*

Height
Coaxial cable loss

Diagram

Gain


Polarisation


Mobile & Portable antenna reception (indoor/outdoor reception)

Height
Coaxial cable loss

Diagram
Gain
Polarisation
	10 m
2 dB (band III), 3 dB (band IV), 5 dB (band V)

Omnidirectional (no directivity discrimination)
0 dBi (VHF band), 2.15 dBi (UHF band)


Vertical (no vertical/horizontal discrimination)



1.5 m
0 dB

Omnidirectional (no directivity discrimination)
0 dBi (VHF band), 2,15 dBi (UHF band)
Vertical (no vertical/horizontal discrimination)

	C/N for most popular modulation schemas with related coding rates (Ricean channel)

	T-DAB (QPSK, 1/2)
	15 dB


* Not considered in this study

Table A6.2 shows the relevant characteristics of the T-DAB system with related coding rates. These characteristics have been used to simulate the behavior of the victim T-DAB receiver in the presence of UWB emissions.

Note that, the choice of other T-DAB modulation schemas will not influence the results of this study (see Section A6.2.3.2).

A6.2.3.2
T-DAB Carrier to Interference ration (C/I) in the presence of an interfering UWB emission

Table A6.3

	Comparison of the measured C/I and the practical C/N values of T-DAB

	DVB-T modulation schema with related code rate 
	(C/I)T-DAB/UWB
(Gaussian channel)
	(C/N)T-DAB


	QPSK
	9.5, 10.7 and 12.4 dB

according to PRF rates 1 MHz, 5 MHz and 10 MHz (see Table A6.4)
	8.4 dB(Gaussian channel) and 15 dB (Rayleigh channel)


Table A6.3 shows the comparison of the C/I values, which have been measured in the presence of an interfering UWB emission, and the practical C/N value of T-DAB. We can see that the C/I values are  in the range of the practical C/N value of T-DAB. Consequently, in this study wich deals with portable and mobile T-DAB reception, in the presence of an interfering UWB emission, the C/I values of T-DAB have been assumed to be equal to its C/N values in the case of a transmission through a Ricean or a Rayleigh channel, as shown below.

	Used (C/I)T-DAB/UWB values
(for Ricean and Rayleigh channels)

	T-DAB (QPSK) UWB
	15 dB


A6.2.4
UWB Systems

A6.2.4.1
UWB equipment characteristics

Table A6.4

	UWB equipment characteristics 

	Modulations
	PPM

	Pulse width (PW)
	(500 ps

	Pulse peak amplitude
	8.5V/50(

	Pulse train
	Time dithered (randomised pulse train)

	PRBS used for dithering
	Unknown

	Pulse repetition frequency (PRF)
	1 MHz, 5 MHz and 10 MHz

	fmax_level
	(1.38 GHz

	Band width (-15 dB below fmax_level)
	(3.8 GHz

	Antenna height
	( 1.5 m (depending on how and where the equipment is used)


Table A6.4 shows the basic characteristics of the UWB equipment used for C/I measurements [3]. We should recall that in this study, the relevant characteristics of UWB equipment are its emission limits, which are given in Section A6.2.4.1.

A6.2.4.1
UWB emission limits

The UWB radiated power densities used to calculate the MCL has been derived from the UWB emission limits given in Figure A6.1.
Figure A6.1

The FCC emission limits and the slope emission masks
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These limits are known as:

(
the FCC emission limits for indoor and outdoor communication and measurement systems. These limits are in force in the USA since 22 of April 2002. In the VHF/UHF bands, the indoor and outdoor FCC limits are identical and defined in Section 15.209 of Part 15 of the Commission’s Rules;

(
the slope emission masks for indoor and outdoor systems. These masks are proposed to ensure the protection of the services operating below 3.1 GHz and above 10.6 GHz. They meet the FCC’s requirement in the frequency range 3.1-10.6 GHz.

The numerical values of the FCC emission limits and the slope emission masks are given in Table A6.16.

A6.2.5
Protection distance

The protection distance (or minimum separation distance) is the distance necessary between the interfering transmitter and the victim receiver to protect the latter from the harmful emissions. This distance is usually calculated by using the MCL (Minimum coupling loss) and an appropriate propagation model. In this document dmin is referred to the protection distance.

A6.2.6
Minimum coupling loss

The MCL, which is in fact simply the transmission loss (Apro), can easily be derived from the link budget between the interfering transmitter and the victim receiver:



MCL = EIRPi (dBW) + Giso_v (dB) - Acable_v (dB) - Psens_v (dBW) + (C/I)v
(1)



= ERPi (dBW) + Gdip_v (dB) + 4,3-Acable_v (dB) - Psens_v (dBW)+(C/I)v

where,


EIRP: 
effective isotropic radiated power


ERP: 
effective radiated power


Giso: 
isotropic antenna gain


Gdip: 
dipol antenna gain


Psens:
receiver sensitivity


()i 
stands for the interfering transmitter


()v 
stands for to the victim receiver.

The MCL is then converted into dmin by using an appropriate propagation model.

A6.2.7
Propagation models

Two propagation models have been used in this study. These models are:

( 
The Free-space propagation model defined in Rec. ITU-R P. 525-2, which has been used for indoor and outdoor compatibility assessment.

( 
The propagation model defined in Rec. ITU-R P.1411-1, which has been used for outdoor compatibility assessment.

A6.2.7.1
Free-space propagation model

The free space propagation model is often used in line of sight (LoS) situations thanks to its simplicity and reliability. dmin can be calculated in two different ways by using this propagation model:

(
by the field strength equation given for a standard reference antenna (isotrope antenna): 
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E: 
field strength at distance d (V/m)


Giso: 
isotropic antenna gain (dB)


Acable: 
antenna cable attenuation (dB)


d: 
distance (m)


()t 
stands for the transmitter


dmin 
is calculated as follows:


dmin (m) = log-1((EIRPi (dBW) – Emax_i (dBµV/m)+134.77)/20)
(2)


= log-1((ERPi (dBW) – Emax_i (dBµV/m)+136.92)/20)

where,


Emax: 
maximum permissible interference field strength


()i 
stands for the interfering transmitter

( 
by the free space basic transmission loss equation:
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d (m) = log-1( (A0 (dB) – 20logf(Hz) + 147,6) / 20)

where, 


d: 
distance (m)


(: 
wavelength (m)


dmin 
is calculated as follows:


dmin (m) = log-1( (MCL (dB) – 20logf(Hz) + 147,6) / 20)
(3)

Note that in the present case where the MCL, defined by Equation (1), is substituted for A0, the Equations (2) and (3) become identical.

A6.2.7.2
Rec. ITU-R P.1411-1 propagation model

Rec. ITU-R P.1411-1 provides information and methods for the assessment of the propagation characteristics of short-range outdoor radio systems operating between 300 MHz and 100 GHz. It defines categories for short propagation paths, and proposes methods for estimating path loss and delay spread over these paths.

Figure A6.2

LoS situations within street canyons
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In this study, regarding the foreseen applications of UWB systems in the field of communications and measurements, only the LoS situations within street canyons have been considered (see Figure A6.2).

According to Rec. ITU-R P.1411-1, in the UHF frequency range, the basic transmission loss can be characterized by two slopes and a single breakpoint.

An approximate lower bound (LB) is given by:
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where Rbp is the breakpoint distance and is given by:
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An approximate upper bound (UB) is given by:
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Lbp is a value for the basic transmission loss at the break point, defined as:
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dmin is simply calculated by substituting the MCL for LLoS in Equations (4) and (6). The conditions d ( Rbp and d > Rbp can also be expressed in terms of the MCL:

( 
for LB, d ( Rbp = MCL ( Lbp and d > Rbp = MCL > Lbp,

( 
for UB, d ( Rbp = MCL ( Hbp and d > Rbp = MCL > Hbp, where Hbp = Lbp+20.

A6.2.8
Considered scenarios

A6.2.8.1
Both the victim T-DAB receiver end the interfering UWB transmitter are operating in indoor environment

In this scenario, the interfering UWB transmitter could be very close (few meters) to the victim T-DAB receiver. Therefore, the victim receiver and the interfering transmitter have been assumed to be in LoS. This assumption justifies the use of the free space propagation model. dmin required to ensure high level protection to T-DAB receiver in indoor environment (
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) has reasonably been fixed to 0.3 m. This assumption takes into consideration the use of portable PDA-T-DAB receivers beside the domestic UWB transceivers (see Figure A6.3)

Figure A6.3

T-DAB/UWB indoor interference scenario
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Because of the wide rage of indoor UWB applications foreseen, there is a strong likelihood that the T-DAB receiver is threatened by more than one UWB transmitter (see Figure A6.3). Nevertheless, in domestic indoor environments, the dominant interferer would probably be the strongest one. Consequently, no aggregate effect has been assumed in the T-DAB/UWB indoor interference scenario. For the UWB system omni-directional antenna with 0 dBi gain has been assumed (antenna height = 1.5 m).

A6.2.8.2
The victim T-DAB receiver is situated at outdoor environment whereas the interfering UWB transmitter is operating in indoor/outdoor environment

In this scenario, the interfering UWB transmitter could be located in indoor or outdoor environments. It has been assumed that the victim receiver and the interfering transmitter are always in LoS (see Figure A6.4). Depending on the nearby environment of interfering transmitter and victim receiver, the propagation conditions can be defined by the free space propagation or by Rec. ITU-R P.1411-1 propagation model described in Section A6.2.7. In this study both models have been used for the compatibility assessment.

Figure A6.4

Outdoor T-DAB/UWB interference scenarios
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As in the indoor interference scenario, the victim T-DAB receiver could be threatened by more than one UWB transmitter. This time the multiple interference is due to the professional use of UWB WLAN/PLAN, for example in buildings having glass walls and large open-space work places (with negligible indoor to outdoor loss), which would potentially generate high aggregate interference to T-DAB receivers operating nearby. Consequently, unlike to the home indoor interfering scenario, both the single and multiple interference have been considered. dmin required to ensure a high protection to T-DAB receiver in outdoor environment (
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) has reasonably been fixed to 1 m. This assumption takes into consideration the pedestrian use of portable PDA-T-DAB receivers (see Figure A6.3). For the UWB system omni-directional antenna with 0 dBi gain has been assumed (antenna height = 1.5 m).

In this study, distinction has been made between “indoor to outdoor” (T-DAB in outdoor and UWB in indoor) and “outdoor to outdoor” interference scenarios.

For the multiple interference case, assuming that all UWB equipment affecting a victim receiver are transmitting independent bursts and non-of them are dominant, a simple power aggregation low has been used: 10logN, where N is the number of UWB interference.

A6.2.9
T-DAB/UWB interference scenario results

This Section presents the results of dmin calculations, between the victim T-DAB receiver and the interfering UWB transmitter. These results are based on the scenarios described in Section A6.2.8. For the shake of clarity, they are presented in a graphical form. The detailed results of the calculations are given in Section A6.2.13.

A6.2.9.1
T-DAB/UWB Indoor and Outdoor interference scenarios

A6.2.9.1.1
Mobile & Portable T-DAB reception in indoor/outdoor environment – Free space propagation

In a T-DAB service area the minimum field strength to be protected at the receiver antenna is the same whatever the considered environment is. This is due to the fact that the characteristics of the antennas used for indoor and outdoor reception are identical. Consequently, in free space propagation single UWB interference case, the results of the protection distance calculations are the same for indoor and outdoor environment.

Single UWB interference case

Figure A6.5

Indoor/Outdoor T-DAB/UWB single interference scenario – Mobile & Portable T-DAB reception


[image: image127.wmf]d

min

 between the victim DAB-T receiver and the interfering UWB 

transmitter - Free space propagation

0

20

40

60

80

100

120

140

160

180

0

200

400

600

800

1000

1200

1400

1600

DAB-T receiver frequency (MHz)

d

min

 (m)

Indoor/Outdoor Mobile & Portable DAB-T reception (FCC UWB limits)

Indoor/Outdoor Mobile & Portable DAB-T reception (UWB slope mask)


dmin has been calculated according to the scenario described in Section A6.2.8. Firstly, the MCL has been calculated by using equation (1) given in Section A6.2.6, then dmin has been calculated by using equation (3) given in Section A6.2.7.1, which represents the free space propagation. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A6.5. More detailed results are given in Table A6.8 and the interpretation of these results is presented in Table A6.5.

B. Aggregate UWB interference case

Figure A6.6

Outdoor T-DAB/UWB aggregate interference scenario – Mobile & Portable T-DAB reception
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The aggregate UWB interference effect on dmin has been investigated by using a simple power aggregation low: 10logN, where N is the number of interference. The obtained results are shown in Figure A6.6. More detailed results are given in Table A6.9 and the interpretation of these results is presented in Table A6.5.

Summary of the results

Table A6.5

	T-DAB/UWB Compatibility assessment
Mobile & Portable T-DAB reception in indoor/outdoor environment – Free space propagation

	indoor/outdoor single interference scenario (see Table A6.10)

	Calculation based on:
	Calculated dmin (m)
	
[image: image129.wmf]out

d

min

 (m)
	Compatibility

	FCC limits
	159   (200 MHz)
	1
	No (dmin>>
[image: image130.wmf]out

d

min

)

	
	0.9   (1470 MHz)
	1
	Yes (dmin<
[image: image131.wmf]out

d

min

)

	Slope mask
	0-0.17
	1
	Yes (dmin<<
[image: image132.wmf]out

d

min

)

	outdoor aggregate interference scenario (see Table A6.9)

	Calculation based on:
	Calculated dmin (m)
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A6.2.9.1.2
Mobile & Portable T-DAB reception in outdoor environment – LoS situation within street canyons

A. Single UWB interference case

Figure A6.7

Outdoor T-DAB/UWB single interference scenario – Mobile & Portable T-DAB reception
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dmin has been calculated according to the scenario described in Section A6.2.8. Firstly, the MCL has been calculated by using equation (1) given in Section A6.2.6, then dmin has been calculated by using equations (4) and (6) given in Section A6.2.7.2, which represent the Rec. ITU-R P.1411-1 propagation model for LoS situation within street canyons. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A6.7. More detailed results are given in Table A6.10 and the interpretation of these results is presented in Table A6.6.

B. Aggregate UWB interference case

Figure A6.8

Outdoor T-DAB/UWB aggregate interference scenario – Mobile & Portable T-DAB reception
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The aggregate UWB interference effect on dmin has been investigated by using a simple power aggregation low: 10logN, where N is the number of interference. The obtained results are shown in Figure A6.8. More detailed results are given in Table A6.11 and the interpretation of these results is presented in Table A6.6.

Summary of the results

Table A6.6

	T-DAB/UWB Compatibility assessment
Mobile & Portable T-DAB reception in outdoor environment – LoS situation
within street canyons

	Single interference scenario (see Table A6.10)

	Calculation based on:
	Calculated dmin (m)
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	Aggregate interference scenario (see Table A6.11)
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	Calculated dmin (m)
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A6.2.9.2
T-DAB in Outdoor / UWB in Indoor interference scenarios

Mobile & Portable T-DAB reception in outdoor environment – Free space propagation

A. Single UWB interference case

This Section presents the results of dmin calculations, between the victim T-DAB receiver in Outdoor environment and the interfering UWB transmitter in Indoor environment. These results are based on the scenarios described in Section A6.2.8, for the UWB slope mask only. In the VHF/UHF bands, the indoor and outdoor FCC limits are identical (see Section A6.2.4.2). Consequently, if the dmin calculations were made according to this scenario, by using the FCC UWB limits, the results would be identical to those obtained in Section A6.2.9.1.

Figure A6.9

T-DAB in Outdoor / UWB in Indoor single interference scenario – Mobile & Portable
T-DAB reception


[image: image150.wmf]d

min

 between the victim DAB-T receiver and the interfering UWB 

transmitter - Free space propagation

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0

200

400

600

800

1000

1200

1400

1600

DAB-T receiver frequency (MHz)

d

min

 (m)

Outdoor Mobile & Portable DAB-T reception (UWB slope mask)


dmin has been calculated according to the scenario described in Section A6.2.8. Firstly, the MCL has been calculated by using equation (1) given in Section A6.2.6, then dmin has been calculated by using equations (4) and (6) given in Section A6.2.7.2, which represent the Rec. ITU-R P.1411-1 propagation model for LoS situation within street canyons. The obtained results related to the FCC emission limits and the slope emission masks are shown in Figure A6.9. More detailed results are given in Table A6.12 and the interpretation of these results is presented in Table A6.7.

B. Aggregate UWB interference case

Figure A6.10

T-DAB in Outdoor / UWB in Indoor aggregate interference scenario – 
Mobile & Portable T-DAB reception
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The aggregate UWB interference effect on dmin has been investigated by using a simple power aggregation low: 10logN, where N is the number of interference. The obtained results are shown in Figure A6.10. More detailed results are given in Table A6.12 and the interpretation of these results is presented in Table A6.7.

Summary of the results

Table A6.7

	T-DAB/UWB Compatibility assessment
Mobile & Portable T-DAB reception in outdoor environment – Free space propagation
Single interference scenario (see Table A6.14)
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	Aggregate interference scenario (see Table A6.15)
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A6.2.9 Conclusion

A large number of interference scenarios have been simulated to assess the compatibility between the T-DAB and UWB systems, in the VHF/UHF bands. For each of the considered scenarios, the protection distance (dmin) from the T-DAB receiver to the UWB transmitter has been calculated by using alternatively, as UWB radiated power density level, the FCC UWB emission limits and the UWB slope emission masks proposed for UWB applications in the band 3.1-10.6 GHz. The obtained protection distances have been compared with two threshold values 
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= 0.3 m and 
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= 1 m, which are respectively the protection distances required to ensure a high protection to the T-DAB system in indoor and outdoor environments, for mobile and portable receptions.

The analyses of the results clearly show that the FCC UWB emission limits do not guarantee the protection of the T-DAB system in the VHF band (33 m ( dmin ( 520 m), while the UWB slope emission masks reduce significantly the interference probability (dmin.( 0 m) As for the UHF band (band L), in the majority of the considered scenarios, the FCC UWB emission limits do not guarantee the protection of the T-DAB system (0.79 m < dmin < 5.66 m), while the UWB slope emission masks still ensure a better protection to T-DAB system (dmin < 1.75 m).
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A6.2.11
Detailed results

	Table A6.8. T-DAB/UWB protection distance calculation
 Portable/Mobile T-DAB reception in indoor/outdoor environment (free space propagation)

	Modulation Schema
	QPSK
(1/2)

	Frequency (MHz)
	200
	1470

	Band width (MHz)
	1.536

	C/N (dB)
	15

	Urban noise (dB)
	2
	0

	Pmin (dBm)
	-118.11
	-121.11

	Emin (dBµV/m)
	35.12
	47.29

	C/I (dB)
	15

	Antenna discrimination (dB)
	0

	EI_max (dBµV/m)
	20.12
	32.29

	PI_max (dBW)
	-133.11
	-136.11

	EIRPUWB (dBm/MHz)

FCC / Slope mask
	-42.5 / -164.9
	-75.3 / -89.5

	ERPUWB (dBW/1.536 MHz) 
FCC / Slope mask
	-72.78 / -195.18
	-105.58 / -119.78

	MCL (dB)



FCC / Slope mask
	62.48 / -59.92
	34.83 / 20.63

	dmin (m)



FCC / Slope mask
	158.82 / 0
	0.90 / 0.17


	Table A6.9

Note that the results given in this Table are related to the configurations considered in Table A6.8.



	Outdoor aggregate UWB interference effect on 200 MHz T-DAB reception,
all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-42.5
	-39.49
	-37.73
	-36.48
	-35.51
	-34.72
	-34.05
	-33.47
	-32.96
	-32.5

	(ERPUWB
(dBW/1.536 MHz)
	-72.78
	-69.77
	-68.01
	-66.76
	-65.79
	-65.00
	-64.33
	-63.75
	-63.24
	-62.78

	MCL (dB)
	62.48
	65.49
	67.25
	68.5
	69.47
	70.26
	70.93
	71.51
	72.02
	72.48

	dmin (m)
200 MHz
	158.82
	224.61
	275.09
	317.64
	355.14
	389.03
	420.20
	449.22
	476.47
	502.24

	Outdoor aggregate UWB interference effect on 1470 MHz T-DAB reception,
all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-75.30
	-72.29
	-70.53
	-69.28
	-68.31
	-67.52
	-66.85
	-66.27
	-65.76
	-65.30

	(ERPUWB
(dBW/1.536 MHz)
	-105.58
	-102.57
	-100.81
	-99.56
	-98.59
	-97.80
	-97.13
	-96.55
	-96.04
	-95.58

	MCL (dB)
	34.83
	37.84
	39.6
	40.85
	41.82
	42.61
	43.28
	43.86
	44.37
	44.83

	dmin (m)
1470 MHz
	0.90
	1.27
	1.55
	1.79
	2.00
	2.19
	2.37
	2.53
	2.69
	2.83

	Outdoor aggregate UWB interference effect on 1470 MHz T-DAB reception,
all configurations - UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-89.5
	-86.49
	-84.73
	-83.48
	-82.51
	-81.72
	-81.05
	-80.47
	-79.96
	-79.50

	(ERPUWB
(dBW/1.536 MHz)
	-87.64
	-84.63
	-82.86
	-81.62
	-80.65
	-79.85
	-79.19
	-78.61
	-78.09
	-77.64

	MCL (dB)
	20.63
	23.64
	25.4
	26.65
	27.62
	28.41
	29.08
	29.66
	30.17
	30.63

	dmin (m)
1470 MHz
	0.17
	0.25
	0.30
	0.35
	0.39
	0.43
	0.46
	0.49
	0.52
	0.55


	Table A6.10. T-DAB/UWB protection distance calculation
Mobile & Portable T-DAB reception in outdoor environment (Los situation within street canyons)

	Modulation Schema
	QPSK
(1/2)

	Frequency (MHz)
	200
	1470

	Band width (MHz)
	1.536

	C/N (dB)
	15

	Urban noise (dB)
	2
	0

	Pmin (dBm)
	-118.11
	-121.11

	Emin (dBµV/m)
	35.12
	47.29

	C/I (dB)
	15

	Antenna discrimination (dB)
	0

	EI_max (dBµV/m)
	20.12
	32.29

	PI_max (dBW)
	-133.11
	-136.11

	EIRPUWB (dBm/MHz)


FCC / Slope mask
	-42.5 / -164.9
	-75.3 / -89.5

	ERPUWB (dBW/1.536 MHz)

FCC / Slope mask
	-72.78 / -195.18
	-105.58 / -119.78

	MCL (dB)



FCC / Slope mask 
	62.48 / -59.92
	34.83 / 20.63

	dmin (m)




FCC/Slope mask 




HUWB = 1.5m, HT-




DAB = 1.5m/ Slope mask




HUWB = 1.5m, HT-DAB = 10m


	LB = 112.71

UB = 33.26

/

LB = 0.24

UB = 0.07

/

LB = 0.24

UB = 0.11


	LB = 1.79

UB = 0.79

/

LB = 0.35

UB = 0.15

/

LB = 0.35

UB = 0.21




The difference between the results obtained by using HT-DAB = 1.5m and HT-DAB = 10m is very small. Therefor, only HT-DAB = 10m (worst case) has been used for the calculations presented in Table A6.11.

	Table A6.11

Note that the results given in this Table are related to the configurations considered in Table A6.10


	Aggregate UWB interference effect on 200 MHz Mobile & Portable T-DAB reception,
all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-42.5
	-39.49
	-37.73
	-36.48
	-35.51
	-34.72
	-34.05
	-33.47
	-32.96
	-32.5

	(ERPUWB
(dBW/1.536 MHz)
	-72.78
	-69.77
	-68.01
	-66.76
	-65.79
	-65.00
	-64.33
	-63.75
	-63.24
	-62.78

	MCL (dB)
	62.48
	65.49
	67.25
	68.5
	69.47
	70.26
	70.93
	71.51
	72.02
	72.48

	LB /

UB (m)
	112.71 /

33.26
	134.03 /

42.39
	148.33 /

46.91
	159.40 /

50.40
	168.54 /

53.30
	176.40 /

55.78
	183.33 /

57.97
	189.55 /

59.94
	195.22 /

61.73
	200.43 /

63.38

	Aggregate UWB interference effect on 1470 MHz Mobile & Portable T-DAB reception,
all configurations - FCC UWB limits

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-75.30
	-72.29
	-70.53
	-69.28
	-68.31
	-67.52
	-66.85
	-66.27
	-65.76
	-65.30

	(ERPUWB
(dBW/1.536 MHz)
	-105.58
	-102.57
	-100.81
	-99.56
	-98.59
	-97.80
	-97.13
	-96.55
	-96.04
	-95.58

	MCL (dB)
	34.83
	37.84
	39.6
	40.85
	41.82
	42.61
	43.28
	43.86
	44.37
	44.83

	LB /

UB (m)
	1.79 /

0.79
	2.53 /

1.04
	3.10 /

1.22
	3.58 /

1.37
	4.00 /

1.61
	4.39 /

1.61
	4.74 /

1.71
	5.06 /

1.81
	5.37 /

1.90
	5.66 /

1.98

	Aggregate UWB interference effect on 1470 MHz Mobile & Portable T-DAB reception,
all configurations - UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-89.5
	-86.49
	-84.73
	-83.48
	-82.51
	-81.72
	-81.05
	-80.47
	-79.96
	-79.50

	(ERPUWB
(dBW/1.536 MHz)
	-87.64
	-84.63
	-82.86
	-81.62
	-80.65
	-79.85
	-79.19
	-78.61
	-78.09
	-77.64

	MCL (dB)
	20.63
	23.64
	25.4
	26.65
	27.62
	28.41
	29.08
	29.66
	30.17
	30.63

	LB /

UB (m)
	0.35 /

0.21
	0.49 /

0.28
	0.60 /

0.33
	0.70 /

0.37
	0.78 /

0.40
	0.86 /

0.44
	0.92 /

0.46
	0.99 /

0.49
	1.05 /

0.51
	1.10 /

0.53


	Table A6.12. T-DAB Outdoor / UWB Indoor protection distance calculation
Mobile & Portable T-DAB reception (free space propagation)

	Modulation Schema
	QPSK
(1/2)

	Frequency (MHz)
	200
	1470

	Band width (MHz)
	1.536

	C/N (dB)
	15

	Urban noise (dB)
	2
	0

	Pmin (dBm)
	-118.11
	-121.11

	Emin (dBµV/m)
	35.12
	47.29

	C/I (dB)
	15

	Antenna discrimination (dB)
	0

	EI_max (dBµV/m)
	20.12
	32.29

	PI_max (dBW)
	-133.11
	-136.11

	EIRPUWB (dBm/MHz)

Slope mask
	-154.9
	-79.5

	ERPUWB (dBW/1.536 MHz)
Slope mask
	-185.18
	-109.78

	MCL (dB)


Slope mask
	-49.92
	30.63

	dmin (m)



Slope mask
	0
	0.55


	Table A6.13

Note that the results given in this Table are related to the configurations considered in Table A6.12


	Aggregate UWB interference effect on 200 MHz Mobile & Portable DAB-T reception,
all configurations – UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-154.9
	-151.89
	-150.13
	-148.88
	-147.91
	-147.12
	-146.45
	-145.87
	-145.36
	-144.90

	(ERPUWB
(dBW/1.536 MHz)
	-185.18
	-182.17
	-180.41
	-179.16
	-178.19
	-177.4
	-176.73
	-176.15
	-175.64
	-175.18

	MCL (dB)
	-49.92
	-46.91
	-45.15
	-43.90
	-42.93
	-42.14
	-41.47
	-40.89
	-40.38
	-39.92

	dmin (m) 200 MHz
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Aggregate UWB interference effect on 1470 MHz Mobile & Portable DAB-T reception,
all configurations - UWB slope mask

	NUWB_interfer
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	(ERPUWB
(dBm/MHz)
	-79.5
	-76.49
	-74.73
	-73.48
	-72.51
	-71.72
	-71.05
	-70.47
	-69.96
	-69.50

	(ERPUWB
(dBW/1.536 MHz)
	-109.78
	-106.77
	-105.01
	-103.76
	-102.79
	-102.00
	-101.33
	-100.75
	-100.24
	-99.78

	MCL (dB)
	30.63
	33.64
	35.4
	36.65
	37.62
	38.41
	39.08
	39.66
	40.17
	40.63

	dmin (m) 1470 MHz
	0.55
	0.78
	0.96
	1.10
	1.23
	1.35
	1.46
	1.56
	1.66
	1.75


	Table A6.14. UWB emission limits:
FCC emission limits and Slope emission mask

	Frequency
(GHz)
	Indoor slope mask
emission limits
	Outdoor slope mask
emission limits
	Indoor FCC 
emission limits
	Outdoor FCC 
emission limits

	0.089
	-185.45
	-195.45
	-42.5
	-42.5

	0.2
	-154.86
	-164.86
	-42.5
	-42.5

	0.216
	-151.95
	-161.95
	-42.5
	-42.5

	0.217
	-151.78
	-161.78
	-40
	-40

	0.5
	-120.24
	-130.24
	-40
	-40

	0.8
	-102.48
	-112.48
	-40
	-40

	0.96
	-95.59
	-105.59
	-40
	-40

	0.961
	-95.55
	-105.55
	-75.3
	-75.3

	1.47
	-79,50
	-89,50
	-75,3
	-75,3

	1.61
	-76.05
	-86.05
	-75.3
	-75.3

	1.611
	-76.03
	-86.03
	-53.3
	-63.3

	1.99
	-68.05
	-78.05
	-53.3
	-63.3

	1.991
	-68.03
	-78.03
	-51.3
	-61.3

	3.1
	-51.3
	-61.3
	-51.3
	-61.3

	3.101
	-41.3
	-41.3
	-41.3
	-41.3

	10.6
	-41.3
	-41.3
	-41.3
	-41.3

	10.601
	-51.30
	-61.30
	-51.3
	-51.3

	30
	-90.61
	-100.61
	-51.3
	-51.3

	50
	-109.91
	-119.91
	-51.3
	-51.3

	100
	-136.10
	-146.10
	-51.3
	-51.3

	400
	-188.48
	-198.48
	-51.3
	-51.3


ANNEX 7

BLUETOOTH

A7.1
Introduction

This annex are mainly based on  laboratory measurements conducted  to assess the likely impact of UWB on Bluetooth including Carrier to Interference (C/I) measurements for various UWB PRFs and associated MCL-analysis

The measurements were conducted using a real UWB source employing Pulsed Position Modulation  (PPM) and characteristics of the UWB transmission source is given below. This type of Pulsed UWB modulation produces spectrum very similar to a noise-like signal.

A7.2
UWB Signal Characteristics 

The UWB source was measured and found to have the following characteristics:

Pulse width

~500 ps 

Pulse period

Variable 1μs, 200 ns, 100 ns (PRF 1 MHz, 5 MHz and 10 MHz)*

Pulse peak amplitude
8.5 volts into 50 Ω (without external high pass filter)

Modulation

Pulse position with pseudo random jittering 

PRSB sequence

Unknown

Total jitter period
~20 ns on all PRFs

*) It should be noted that new UWB equipment operates at PRF-figures significantly above these values.

A7.3 
Bluetooth

The Bluetooth is a global wireless connectivity standard and operates in the 2.4GHz ISM band. It utilises fast Frequency hopping system.

Two Bluetooth development kits were used to transmit and receive data files, voice and measure BER. Test software was run from controlling laptop PCs connected to the Bluetooth kit via a USB link. In all tests the results were virtually the same for all UWB PRFs.

The wanted Bluetooth signal level was set to MUS (Maximum Usable Sensitivity) +10 dB i.e. – 60 dBm. Note: the required sensitivity of –70 dBm in the Bluetooth specifications may be  increased. Typical sensitivities of actual Bluetooth receivers are well below –80 dBm corresponding to larger required protection distances.

A high rate mode is currently being specified for Bluetooth. In the High Rate specifications the following sensitivities are specified, depending on the modulation type:

· pi/2-DBPSK mode:     -85 dBm

· pi/4-DQPSK mode:     -81 dBm

· 8-DPSK mode:            -75 dBm

The required C/N values for the three modulation formats are roughly equal to 11, 14 and 19 dB respectively. 

Note that opposed to Bluetooth basic and medium rate, the high rate mode uses a bandwidth of 4 MHz. However due to the spectral properties of the UWB-interference as well as the thermal noise, corresponding I/N-ratio remains essentially unchanged, essentially independent of Bandwidth.

A7.4
File transfer test results

The criterion for failure was a 10% increase in the transfer time of a 1 Mbyte size file.

The maximum unwanted UWB power spectral density was measured at –79 dBm / MHz.

Measured C/I=19dB

A7.5
Voice test results

The criterion for failure was noticeable distortion on the voice channel. The maximum unwanted UWB power spectral density was measured at –77 dBm / MHz.

Measured C/I=17 dB
A7.6
BER test results

The development kit had software to perform a loop back test to calculate the BER.

The failure BER was 0.1% (100 PPM). The maximum UWB power spectral density was measured at  –80 dBm/MHz.

Measured C/I=20dB

A7.7
Protection distance calculations for UWB interference to Bluetooth

In the following, we determine the protection distance for UWB interference to Bluetooth. The first step of the procedure used to estimate the protection distance is to calculate the Minimum Coupling Loss in dB (MCL, see chapter 6.3.1) based on the Receiver sensitivity and the C/I value of the victim receiver on the one side and the UWB radiated power density PUWB-RAD on the other side. The C/I value for the considered Bluetooth system are based on interference measurements. For the UWB radiated power density PUWB-RAD we consider the following UWB spectrum masks (see chapter 6.2):

–41.3 dBm/MHz flat limit;

FCC mask (22 April 2002);

Slope mask.

The second step is then to convert the MCL - figures in dB into the protection distance by using an appropriate propagation model. In the following we will consider indoor and outdoor scenarios that means UWB and the Bluetooth Victim systems are both indoor or both outdoor. The propagation models considered are Free-space and Recommendations ITU-R P.1411-1 and ITU-R P.1238-2 (see chapter 6.1). 

In the case of indoor scenarios, we consider the worst-case situation where UWB-Interferers and Victims are operated at the same floor of an office building. An additional attenuation can be inserted in the case where the systems operate at different floors. For the cases where an indoor-outdoor configuration is desired, an additional wall attenuation that is reported in Table 1 below can be considered in relation with the free-space model or with the Recommendation ITU-R P.1411-1. Finally, we consider for all systems omni‑directional antennas with 0 dBi Gain. The UWB antenna height is set to 1.5 m. 

The different characteristics and parameters of the Bluetooth victim used for the calculation are given in Table A7.1 below together with the calculated protection distances. MUS means Maximum Useable Sensitivity.

Table A7.1

Measured interference from UWB to Bluetooth
(based on -70 dBm sensitivity)

	Victim service Modulation type
	FHSS

	Frequency, MHz
	2450

	Victim MUS, dBm (also see note 1)
	-70.0

	Bandwidth, MHz
	1.000

	Antenna height, m
	1.5

	Building attenuation, indoor - outdoor, dB
	15.0

	Building attenuation, indoor or outdoor, dB
	0.0

	N, distance power loss coefficient (ITU-R P.1238)
	30.0

	
	

	UWB spectrum masks / levels (2.4GHz):
	

	a) indoor
	

	A = -41.3 dBm/MHz flat limit
	-41.3

	B = FCC UWB limits (22.04.02)
	-51.3

	C = Slope mask
	-60.2

	b) outdoor
	

	A = -41.3 dBm/MHz flat limit
	-41.3

	B = FCC UWB limits (22.04.02)
	-61.3

	C = Slope mask
	-70.2

	
	

	Measured C/I:
	20

	
	

	MCL in dB for victim receiver at MUS, m, Indoor (see note 2)
	

	A = -41.3 dBm/MHz flat limit
	48.7

	B = FCC UWB limits (22.04.02)
	38.7

	C = Slope mask
	29.8

	
	

	
	

	MCL in dB for victim receiver at MUS, m, Outdoor  (see note2)
	

	A = -41.3 dBm/MHz flat limit
	48.7

	B = FCC UWB limits (22.04.02)
	28.7

	C = Slope mask
	19.8

	
	

	
	

	MCL in dB for victim receiver at MUS +10 dB, m, Indoor
	

	A = -41.3 dBm/MHz flat limit
	38.7

	B = FCC UWB limits (22.04.02)
	28.7

	C = Slope mask
	19.8

	
	

	
	

	MCL in dB for victim receiver at MUS +10 dB, m, Outdoor
	

	A = -41.3 dBm/MHz flat limit
	38.7

	B = FCC UWB limits (22.04.02)
	18.7

	C = Slope mask
	9.8

	
	

	
	

	Free space propagation model
	

	Protection distance at MUS, m, Indoor
	

	A = -41.3 dBm/MHz flat limit
	2.67

	B = FCC UWB limits (22.04.02)
	0.84

	C = Slope mask
	0.30

	
	

	Protection distance at MUS, m, Outdoor
	

	A = -41.3 dBm/MHz flat limit
	2.67

	B = FCC UWB limits (22.04.02)
	0.27

	C = Slope mask
	0.10

	
	

	Protection distance at MUS +10 dB, m, Indoor
	

	A = -41.3 dBm/MHz flat limit
	0.84

	B = FCC UWB limits (22.04.02)
	0.27

	C = Slope mask
	0.10

	
	

	Protection distance at MUS +10 dB, m, Outdoor
	

	A = -41.3 dBm/MHz flat limit
	0.84

	B = FCC UWB limits (22.04.02)
	0.08

	C = Slope mask
	0.03

	
	

	
	

	ITU-R P. 1411 propagation model, Outdoor
	

	Protection distance at MUS, m, Upper bound/Lower bound
	

	A = -41.3 dBm/MHz flat limit
	1.4 / 5.3

	B = FCC UWB limits (22.04.02)
	0.23 /0.53

	C = Slope mask
	0.1/0.19

	
	

	Protection distance at MUS +10 dB, m, Upper bound/Lower bound
	

	A = -41.3 dBm/MHz flat limit
	0.57 / 1.68

	B = FCC UWB limits (22.04.02)
	0.09 / 0.17

	C = Slope mask
	0.04/0.06

	
	

	
	

	ITU-R P.1238 propagation model, Indoor
	

	Protection distance at MUS, m
	

	A = -41.3 dBm/MHz flat limit
	1.98

	B = FCC UWB limits (22.04.02)
	0.92

	C = Slope mask
	0.47

	
	

	Protection distance at MUS +10 dB, m
	

	A = -41.3 dBm/MHz flat limit
	0.92

	B = FCC UWB limits (22.04.02)
	0.43

	C = Slope mask
	0.22


Notes

1) The required sensitivity of –70 dBm in the Bluetooth specifications may be  increased. Typical sensitivities of actual Bluetooth receivers are well below –80 dBm. The increased sensitivity of those receivers can only be exploited if the UWB interference is reduced accordingly by at least 10 dB, thus may require larger protection distances.

2) In the scenario ‘MCL for victim receiver at MUS’ the UWB interference is assumed to be equal to the Bluetooth receiver thermal noise floor (i.e. IUWB/Nth = 0 dB). This corresponds to a 3 dB degradation in Bluetooth link budget. It should be noted that this approach is 6 dB less stingent than the commonly applied approach allowing only 1 dB perforance degradation, corresponding to IUWB/Nth = -6 dB.
A7.8
Conclusions

Preliminary Laboratory measurements have been conducted to assess the interference in a Bluetooth receiver (MUS=-70 dBm, I/N = 0dB) corresponding to a BER, Voice and file transfer tests. The required protection distance between a specific UWB transmitter and victim Bluetooth receiver corresponding to this interference was then calculated (MCL) for different propagation models and 3 different UWB emission masks:

A: -41.3 dBm/MHz flat limit

B: FCC mask

C: Slope mask.

Considering a protection distance of 36 cm and a sensitivity (MUS= -70 dBm) of  10 dB above current Bluetooth system for the Bluetooth receiver involved in the measurements, the preliminary results indicate that the UWB emission masks A and B do not provide sufficient protection. However using the emission mask C the results indicates a low probability of harmful interference from the specific UWB transmitters.

However, taking into account that typical sensitivities of current Bluetooth receivers are well below –80 dBm,  and applying a protection criteria of C/I = + 20 dB, the calculations show, with a required protection distance of 36 cm, a maximum permissible UWB emission level is -75 dBm/MHz which is roughly 5 dB below the emission level provided by the slope mask C (outdoor).

ANNEX 8

Radio LANs in the 5GHz frequency band

A8.1 
5 GHz RLANs

This annex discusses 5 GHz RLANs and the impact of UWB interference on these RLANs. HIPERLAN/2 and IEEE 802.11 are two different standards for RLAN systems that operate in the 5 GHz band.

The 802.11 standard focuses on the MAC (medium access control) and PHY (physical layer) protocols for access point based networks and ad-hoc networks. The 802.11 MAC describes CSMA/CA based decentralized channel access function. The 802.11 standard include several extensions. Extension 11b is for the PHY related to the 2.4 GHz ISM band. Extension 11a is for a high data rate OFDM (Orthogonal Frequency Division Multiplexing modulation) PHY standard providing data rates in the range of 6 to 54 Mbit/s in the 5 GHz band. The 802.11a standard has been modified for Europe and now also includes the 11h extension. This includes functions such as Dynamic Frequency Selection (DFS) and Transmitter Power Control (TPC) which enables equipment to be used over all of the available bands in 5GHz. HIPERLAN/2 products within Europe will also have DFS and TPC as standard.

DFS and TPC have been developed in order to enable sharing between RLANs and the other services using the 5GHz band.  The objective of using DFS is to provide adequate protection to radar use in the 5 GHz band within the existing primary allocations to the radiodetermination services. This is achieved by avoiding the use of, or vacating, a channel identified as being occupied by radar equipment based on detection of radar signals above a defined receiver threshold. 

The HIPERLAN/2 standard focuses on the MAC and PHY protocols for access point based networks. HIPERLAN/2 uses the same OFDM modulation as 802.11a and data rates in the range 6–54 Mbit/s, however HIPERLAN/2 uses a slightly other set: 6, 9, 12, 18, 27, 36 and 54 Mbit/s, where 802.11a has 6, 9, 12, 18, 24, 36, 48 and 54 Mbit/s. Further, the HIPERLAN/2 MAC structure is fully different from the 802.11 one. The HIPERLAN/2 MAC is based on fixed 2 ms (MAC) frame structure and centralized control by the access point. Some intervals within the 2 ms frames are assigned for the access control function.

In Europe RLANs can use the following 5 GHz band sections: 5.150-5.350 GHz (max. EIRP level 200 mW), 5.470-5.725 GHz (max. EIRP level 1 W) based channels on 20 MHz grid. The versions of the 802.11 standard that are available for use within Europe at present are the 802.11a and 802.11a+h. 802.11a is only used within the 5150 - 5350MHz band. 802.11a+h is able to use the two bands mentioned previously.  In some European countries 802.11a+h equipment may also be used in the band 5725– 5875MHz for fixed use only. Studies looking at a possible CEPT allocation within this band are currently being investigated.   

802.11 and HIPERLAN/2 5GHz RLANs deal with the same PHY performance requirements including the specified receiver sensitivities in the range –65 dBm @ 54 Mbit/s to -82/-85 dBm @ 6 Mbit/s. The 802.11 receiver sensitivities are based on an over-simplified reference model with 15 dB degradation (due to the noise factor and system degradation). Table A8.1 gives the 5 GHz RLAN frequencies, Table A8.2 shows the receiver sensitivities as specified by the HIPERLAN/2, IEEE 802.11a standard.

Table A8.1: 5 GHz RLAN channel frequencies
	No.
	RF centre frequency

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19
	5180 MHz

5200 MHz

5220 MHz

5240 MHz

5260 MHz

5280 MHz

5300 MHz

5320 MHz

5500 MHz

5520 MHz

5540 MHz

5560 MHz

5580 MHz

5600 MHz

5620 MHz

5640 MHz

5660 MHz

5680 MHz

5700 MHz


Table A8.2: 5 GHz RLAN receiver sensitivity at different data rates

	Data rate
	HIPERLAN/2 *
	IEEE 802.11a **

	6 Mbit/s

9 Mbit/s

12 Mbit/s

18 Mbit/s

24 Mbit/s

27 Mbit/s

36 Mbit/s

48 Mbit/s

54 Mbit/s
	-85 dBm

-83 dBm

-81 dBm

-79 dBm

NA

-75 dBm

-73 dBm

NA

-65 dBm
	-82 dBm

-81 dBm

-79 dBm

-77 dBm

-74dBm

NA

-70 dBm

-66 dBm

-65 dBm


*   HIPERLAN Type 2, ETSI TS 101 475 V.1.1.1 (2000-4), section 5.11.3.1: 10% error rate for 54 byte PDUs

** IEEE Std802.11a-1999 (ISO/IEC 8802:1999/Amd 1:2000(E)), section 17.3.10.1: 10% error rate for 1000 byte

PSDUs

The tolerable C/I levels for RLAN victims and UWB interference were measured with respect to a frame error rate of 10% (@ 1500 byte frames). The 10% frame error rate criterion is close the error criterion as used with the IEEE 802.11a standard to specify the receiver sensitivity. HIPERLAN/2 uses a criterion based on smaller frame size. In order to verify C/I-values for 10% frame error rate with 1000 byte packets, additional measurements will be required.
For the relevant calculations, the C/I values for 5 GHz RLAN victims are given in the Table A8.3 below.

Table A8.3. Measured C/I level for 5 GHz RLAN with UWB interference
	Data rate
	Modulation and

Coding rate
	Tolerable C/I

	6 Mbit/s

9 Mbit/s

12 Mbit/s

18 Mbit/s

24 Mbit/s

27 Mbit/s

36 Mbit/s

48 Mbit/s

54 Mbit/s
	BPSK , ½

BPSK , 3/4

QPSK , 1/2

QPSK , 3/4

16-QAM , 1/2

16-QAM , 3/4

64-QAM , 2/3

64-QAM , ¾
	6 dB

9 dB

9 dB

10 dB

13 dB

NA

-

-

26 dB


These laboratory measurements were made conducted using IEEE 802.11a RLAN devices and the UWB transmitter. We have considered RLAN configurations for both infrastructure and ad hoc.

RLAN infrastructure:

As shown in Fig. 1 the AP (access point) that is connected by Ethernet to a 1st laptop, has a wireless connection to nearby horn antenna. The AP has a patch antenna in its top, the nearby horn antenna is directed to it. From the horn antenna a cable connection outside the isolation cabinet goes through splitters to the device under test: the adapter card in the 2nd laptop. The adapter card has been modified by disconnecting (desoldering) the two integrated antennas and connecting two cables with SMA connectors. These two connectors go through two 10 dB attenuator blocks to a splitter. 

The unwanted signal from the UWB transmitter was injected through the splitter, after some control stages, to get a variable C/I level for the device under test (adapter card in 2nd laptop). The signal from the UWB transmitter is fed to a wideband amplifier and next to a mixer that introduces a drop in level. The mixer allows timed control by the ON/OFF behaviour of the pulse generator. 

RLAN ad hoc:

As shown in Fig. A8.1 a second RLAN adapter card in a 3rd laptop was used. For this second adapter the same approach with cables replacing the antenna connections is followed as described above for the device under test.

We can observe the traffic behavior to and from the device under test by the spectrum analyzer. This analyzer shows in zero—span mode, 10 MHz RBW, centre frequency equal to channel in use (5.18 and 5.26 GHz) the levels during transmission of payload and ACK (acknowledgement) frames. Table A8.5 shows the duration of the two type of frames for the different data rates and related to the maximum Ethernet frame size of 1500 byte. When we evoke frame transmission by a file transfer we observe the payload frames that are followed after a very short gap by an ACK frame. The presence of ACK frames from the device under test show if it has received payload frames correctly.

We observe only intervals during which the mixer forwards the UWB signal. The timed ON/OFF behaviour prevents hang-up situations for the (TCP) connection between the two computers because of a sufficiently long period without interference and recovery. 

We use for the computers fixed IP addresses because there is no (DHCP) server present. The frame traffic is evoked by the ping command (infrastructure) and a LANMark throughput test application (ad hoc).
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Figure A8.1. Test configuration

We have made observations for infrastructure. The ping command used for infrastructure allows only relative short file transmissions (65 kbytes). This makes manual triggering on the spectrum analyser impractical. Therefore, we can hardly observe details in this case. 

We have made observations for ad hoc. The LANMark test application allows transmission of larger sizes. We get now longer periods to observe by up and down copying a 3 Mbyte file. Therefore, it is more easy to display on the spectrum analyser the relevant information. We will give here below only the results found with ad hoc because the device under test is the same as with infrastructure.

We have used UWB interference levels around of –78 dBm at the device under test input because of practical constraints to evaluate the impact of the interference with varied level. This level corresponds to a level of –55 dBm/10 MHz at the spectrum analyser due to a difference in bandwidth (+2 dB; 16.5 MHz vs. 10 MHz) and a difference in attenuation (-25 dB; 2 blocks of 10 dB, 3.5 dB in the splitter’s forward path and some extra cable and connector loss). The output level for the 5 GHz frequencies in question is somehow under the FCC limits (-41.2 dBm/MHz) and around –35 dBm/10 MHz.

Table A8.4 shows the measured required C/I for the various data rates. The receive level are also given.

Table A8.5 gives background data on the RLAN 802.11a frame transmission times. The payload frames are 1500 byte (~Ethernet). These transmission times are calculated and quickly verified during the evaluation.

Table A8.6 shows the RLAN receiver sensitivity according the 802.11a standard and the corresponding theoretical SNR. The 802.11a standard is based on the theoretical required SNR, a noise factor of 10 dB and a system degradation of 5 dB at any rate. (Note: in nowadays practical design the noise factor might be a few dB better and the system degradation will be data rate dependent, better at 6 Mbit/s worse at 54 Mbit/s). 

In Table A8.6 the measured C/I values as given in Table A8.4 are added.

The measurement evaluation of the tolerable C/I was for practical reasons based on observing the percentage of non-ACK-ed frames around 10% (BER ~ 10-5). Sometimes measurement around a 10% frame error rate was not well reproducible and dependent on the receive level.

The measurement evaluation was based on receive levels to measure the C/I and were largely above the MUS or receiver sensitivity as specified in the 802.11a standard. These applied receive levels were from 7 dB above MUS @ 6 Mbit/s to 15 dB above MUS @ 54 Mbit/s. Thus, these were around the often used MUS + 10 dB.

The C/I for reliable and well repeatable the situations are around 0 to 4 dB above the theoretical SNR values.

Table A8.4: Measured tolerable C/I for an RLAN 802.11a link in presence of UWB interference
	Data rate

in Mbit/s
	RLAN receive level at DUT (laptop)

in dBm/16.5 MHz
	RLAN receive level at spectrum analyzer

in dBm/10 MHz
	UWB interference level at spectrum analyzer

in dBm/10 MHz
	Measured C/I resulting in about 10% frame errors

(~ BER 10-5)

in dB

	6  1
	-75
	-52
	-58
	6

	9
	-72
	-49
	-58
	9

	12
	-72
	-49
	-58
	9

	18
	-71
	-48
	-58
	10

	24  2
	-65
	-42
	-55
	13

	36  3
	-68
	-42
	-66
	24

	48  4
	-
	-
	-
	-

	54
	-52
	-29
	-55
	26


1
Some other measurements at higher receive level showed a higher C/I required.

2 
Some other measurement at a higher receive level showed a higher C/I required.

3 
The relative low receive might have caused a higher C/I required.

4 
There have not been found stable results for this data rate.

Table A8.5. Transmission time of 802.11a frames at different data rates
(by calculation and verified on the spectrum analyzer)

	Data rate

in Mbit/s
	Transmission time of 1500 byte frame

20 +(34+1500) *8/rate

in (s
	Transmission time of ACK

20 + 14*8/rate

in (s

	6
	2065
	40

	9
	1385
	37

	12
	1045
	30

	18
	702
	28

	24
	532
	25

	36
	362
	24

	48
	276
	24

	54
	248
	22


Table A8.6. RLAN 802.11a receiver performance
	Data rate

in Mbit/s
	Receiver sensitivity according to 802.11a Std.

in dBm
	Modulation and

Coding rate
	Theoretical SNR

in dB
	Measured C/I resulting in about 10% frame errors

(~ BER 10-5)

in dB

	6
	-82
	BPSK , 1/2
	5
	6

	9
	-81
	BPSK , 3/4
	6
	9

	12
	-79
	QPSK , 1/2
	8
	9

	18
	-77
	QPSK , 3/4
	10
	10

	24
	-74
	16-QAM , 1/2
	13
	13

	36
	-70
	16-QAM, 3/4
	17
	((24))

	48
	-66
	64-QAM , 2/3
	21
	-

	54
	-65
	64-QAM , 3/4
	22
	26


A8.2
Protection distance for UWB interference to R-LAN

In the following, we determine the protection distance for UWB interference to different R-LAN systems. The first step of the procedure used to estimate the protection distance is to calculate the Minimum Coupling Loss (MCL, see chapter 6.3.1) based on the sensitivity PRX and the C/I value of the different victim receivers on the one side and the UWB radiated power density PUWB-RAD on the other side. The sensitivity PRX and the C/I value for the considered R-LAN systems are based on UK interference measurements as given in Table 6. For the UWB radiated power density PUWB-RAD we consider the following UWB spectrum masks (see chapter 6.2): – 41.3 dBm/MHz flat limit, FCC mask (22 April 2002), and the Preliminary proposal for a slope mask. However, there is no difference between these three masks for the relevant 5 GHz frequencies.

The second step is then to convert the MCL into the protection distance by using an appropriate propagation model. In the following we will consider purely indoor scenario that means UWB and the R-LAN Victim systems are both indoor. The propagation models considered are Free-space and Recommendations ITU-R P.1238-2.  We consider the worst-case situation where UWB-Interferers and Victims are operated at the same floor of an office building. An additional attenuation can be inserted in the case where the systems operate at different floors. Finally, we consider for all systems omni‑directional antennas with 0 dBi Gain. The UWB antenna height is set to 1.5 m. The different characteristics and parameters of the R-LAN victim used for the calculation are given in Table A8.7 below together with the calculated protection distances.

Table A8.7. Measured interference from UWB to R-LAN
(MUS means Maximum Usable Sensitivity)
	Victim operating mode
	6 Mbit/s

BPSK 1/2
	9 Mbit/s

BPSK 3/4
	12 Mbit/s

QPSK 1/2
	18 Mbit/s

QPSK 3/4
	24 Mbit/s

16 QAM 1/2
	36 Mbit/s

16 QAM 3/4
	54 Mbit/s

64 QAM 3/4

	Frequency, MHz
	5250
	5250
	5250
	5250
	5250
	5250
	5250

	Victim MUS, dBm
	-82.0
	-81.0
	-79.0
	-77.0
	-74.0
	-70.0
	-65.0

	Bandwidth, MHz
	16.500
	16.500
	16.500
	16.500
	16.500
	16.500
	16.500

	Antenna height, m
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0

	Building attenuation, indoor - outdoor, dB
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0

	Building attenuation, indoor or outdoor, dB
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	N, distance power loss coefficient (ITU-R P.1238)
	31.0
	31.0
	31.0
	31.0
	31.0
	31.0
	31.0

	Proposed UWB spectrum masks :
	
	
	
	
	
	
	

	a) indoor (dBm/MHz)
	-41.3
	-41.3
	-41.3
	-41.3
	-41.3
	-41.3
	-41.3

	b) outdoor (dBm/MHz)
	-41.3
	-41.3
	-41.3
	-41.3
	-41.3
	-41.3
	-41.3

	Measured C/I (dB) :
	6
	9
	9
	10
	13
	24
	26

	MCL for victim receiver at MUS, dB, Indoor
	58.9
	60.9
	58.9
	57.9
	57.9
	64.9
	61.9

	MCL for victim receiver at MUS, dB, Outdoor
	58.9
	60.9
	58.9
	57.9
	57.9
	64.9
	61.9

	MCL for victim receiver at MUS +10 dB, dB, Indoor
	48.9
	50.9
	48.9
	47.9
	47.9
	54.9
	51.9

	MCL for victim receiver at MUS +10 dB, dB, Outdoor
	48.9
	50.9
	48.9
	47.9
	47.9
	54.9
	51.9

	Free space propagation model
	
	
	
	
	
	
	

	Protection distance at MUS, m, Indoor
	4.01
	5.05
	4.01
	3.58
	3.58
	8.01
	5.67

	Protection distance at MUS +10 dB, m, Indoor
	1.27
	1.60
	1.27
	1.13
	1.13
	2.53
	1.79

	ITU-R P.1238 propagation model, Indoor
	
	
	
	
	
	
	

	Protection distance at MUS, m
	2.53
	2.93
	2.53
	2.34
	2.34
	3.94
	3.16

	Protection distance at MUS +10 dB, m
	1.20
	1.39
	1.20
	1.12
	1.12
	1.88
	1.50


The results in Table A8.7 are derived from measurements with IEEE 802.11a equipment. Taking into account the slightly larger receiver sensitivity for HIPERLAN/2 (up to 3 dB depending on the data rate), the required protection distance will increase accordingly up to 50 % assuming free space propagation.

A8.3
Impact of peak power UWB emission on DFS mechanisms

The objective of this section is to consider the impact into DFS mechanism of peak power of UWB emissions and to define appropriate range of PRF for UWB device.
It is surmised that as the DFS performance requirements are stated in terms of response to detection of an interfering radar signal, a strong enough pulsed UWB signal may cause the DFS mechanism to trigger a false alarm. Such a false alarm could be potentially disastrous, since the pulsed UWB signal could overlap many or possibly all of the available RLAN channels, causing them all to be triggered as "not available". This could either severely restrict the channels available for RLAN networks or possibly in the worst case close down the RLAN networks for at least 30 minutes.
In the bands 5250 -5350MHz and the bands 5470 – 5725MHz the DFS mechanism should be able to detect interference signals above a minimum DFS detection threshold of –62 dBm for RLAN devices with a maximum e.i.r.p. < 200 mW and –64 dBm for all other devices with a maximum e.i.r.p. < 1 W4 averaged over 1 µs. Figures for DFS in Fixed networks using the 5725-5875 MHz band are yet to be determined but due to the higher power systems being proposed they may end up with a DFS threshold level lower than -64dBm.  DFS detection threshold is defined as the received signal strength (RSS) (dBm), normalised to the output of a 0 dBi receive antenna, which is required to be detected within the RLAN channel bandwidth. 

In the following Table A8.8, the DFS detection threshold considered is therefore set to the minimum value of -64 dBm in a RLAN channel and the peak power level of UWB emission to avoid the risk to have false alarm or to trigger DFS mechanism in RLAN applications is calculated. Two levels of detection threshold are considered to evaluate peak power of UWB emission. First value is -64 dBm extract of ITU-R M 1652 and the second value is an assumption made to be sure to detect systems operating in the Radiolocation Service taking into account 6 dB margin.

The separation distance between the RLAN device and the UWB is assumed to be 36 cm. 

Values considered in table A8.8 are:

Threshold detection: -64dBm,-70dBm

Free path loss at 36 cm giving 37.5dB at 5 GHz

Bandwidth of WAS: 20 MHz

Bandwidth  of UWB: 500 MHz

Table A8.8: DFS level of sensitivity to UWB peak power

	Threshold detection for RLAN
	-64 dBm
	-70 dBm

	Path loss at 36 cm
	37.5 dB
	37.5 dB

	Factor correction 10 Log (Bwas/Buwb)
	-14 dB
	-14 dB

	UWB Peak Power
	-40.5 dBm
	-46.5 dBm


Main condition for UWB emissions to share the band with RLAN devices is to limit peak power at -46.5 dBm received in 20 MHz. Furthermore, the implementation on DFS mechanism in RLAN device could take into account different parameter such as PRF. In this case, the PRF Value in recommendation ITU-R M.1652 is included between 200 to 3000 Hz and ETSI BRAN proposes a PRF value between 330 and 2000 Hz in standard. Consequently, in order to avoid the risk of misinterpretation of UWB signals by the DFS mechanism, the range of PRF value 200 to 3000 Hz should be performed for UWB application in the 5 GHz Band if the main condition is not satisfied.  

A8.4
Conclusions

The 5 GHz RLANs operate at frequency band for which the different UWB emission masks give all the same limit of -41.3 dBm/MHz. Therefore, the 5 GHz RLAN victim systems are subjected to co-channel interference and the different emission masks (-41.3 dBm/MHz flat limit, FCC UWB limits, preliminary proposal for slope mask) lead to equal protection distances per considered data rate. These data rates of 6, 9, 12, 18, 24, 36 and 54 Mbit/s that use OFDM modulation with respectively BPSK-1/2 (1/2 code rate), BPSK-3/4, QPSK-1/2, QPSK-3/4, QAM16-1/2, QAM16-3/4, QAM64-3/4, apply the same channel bandwidth.

Although the tolerable C/I is different per data rate, the protection distances of different data rates are for each path loss model in the same order of magnitude, because the receiver sensitivity is also data rate dependent.

The protection distances are, for Free space indoor: with MUS ‘3.6 - 8.0 m’ and with MUS +10 dB ‘1.1 - 2.5 m’; for ITU-R P.1238 indoor: with MUS ‘2.3 - 3.9 m’ and with MUS +10 dB ‘1.1 - 1.9 m’.

Thus, when an active UWB device is within a distance of 2.5-8.0 m we can expect RLAN receiver desensitising and fall-back in data rate. With protection distances of 1-2 m the RLAN victim will get a much smaller operational coverage range and show several steps of fallback in data rate.

The required protection distance for HIPERLAN/2 equipment is slightly larger than for IEEE 802.11a depending on the used mode.

In order to avoid false alarm or untimely detection that will result in blocking RLAN channels for long time, the peak power for UWB emission should be strictly limited to -46.5 dBm measured in the victim bandwidth of 20 MHz. Some other aspect may be considered to share the band between RLAN and UWB devices, it could be the PRF parameter taking into account how mechanism DFS is implemented if the peak power limits is not satisfied.

The results shown within Table A8.4 show that interference levels from UWB devices can be above the RLAN DFS detection threshold therefore further studies should be conducted to characterise the effect that different UWB signals would have on RLANs with DFS and TPC before any final conclusions can be reached.

ANNEX 9

IMT-2000 and Systems Beyond IMT-2000*
A9.1 
Introduction

Various administrations and international organizations are studying devices that use ultra‑wideband (UWB) technology, which may occupy up to several gigahertz of bandwidth. The spectrum used by these devices may overlap all or a portion of the bands used by land mobile, maritime mobile, aeronautical mobile and radiodetermination services. To help address the conditions for a safe introduction and implementation of UWB devices, SG 1 has adopted Questions ITU-R 227/1, about compatibility between ultra-wideband (UWB) devices and radiocommunication services, and ITU-R 226/1, about spectrum management framework related to the introduction of ultra-wideband (UWB) devices. It should be noted that the frequency range for the operation of UWB is currently an open issue. 

In addressing Question ITU-R 227/1, this document provides information on the compatibility between UWB devices and IMT-2000 systems. It is expected that the result of the studies should provide guidance on the measures to ensure limitation of interference to IMT-2000 systems. The following input documents were considered in the elaboration of this report: Source: 1-8/R03-05, 1‑8/R03-18, 1-8/R03-19, 1-8/R03-20, 1-8/R03-28, 1-8/R03-51, 8F/86, 8F/114 and 8F/116.

This document contains in addition in appendix 1, a complementary probabilistic methodology involving IMT-2000 victim mobile stations and based on a typical average UWB deployment scenario in an open-plan office environment (Source : TG3 adhoc WG2 document 02-A2-09_R1).

A9.2
Scope

This document is structured in the following main parts:

–
Assumed UWB technical characteristics and expected usage

This part describes the assumptions made regarding the characteristics of the UWB devices used for the purpose of the compatibility studies, including UWB emission limits, expected usage, densities and traffic scenarios.

–
Victim receiver characteristics and deployment scenarios

This part establishes the different types of scenarios (rural, suburban, urban, indoor e.g. business areas and conference centres), the technical characteristics of IMT-2000 victim receivers (mobile, base stations) in terms of antenna type, propagation conditions, etc.

–
Interference scenarios

This part establishes the different types of interference scenarios involving IMT-2000 systems in different environments and scenarios, and UWB transmitter densities, usage and traffic statistics.

–
Methodologies for interference assessment

This part establishes the methodologies used to model UWB interference (single source, multiple sources) on IMT-2000 user devices, base stations and networks, and the tolerable degradation in terms of performance, coverage and capacity (protection criteria).

–
Studies and results

This part covers the studies and results and subsequent conclusions on compatibility regarding the identified scenarios, possibly including tolerable UWB interference levels in terms of power spectral density, required isolation distance, etc.

A9.3
Assumed UWB technical characteristics and usage

A9.3.1
UWB usage scenarios

UWB systems may provide a very wide range of applications, enabling any type of deployment scenarios, including those where UWB devices could operate close to victim IMT-2000 stations. For example, UWB devices and the IMT-2000 victim receivers may be integrated or connected to the same laptop. Hence some studies have considered the assessment of the interference created by a single UWB device into a single IMT-2000 station.

In the absence of clear guidance on forecasted typical UWB deployment schemes, some studies have envisaged an assessment of the aggregate impact of UWB devices on a IMT-2000 deployed network, and considered different densities of UWB devices as spread over IMT-2000 networks. UWB populations were designed assuming each UWB device transmitting 100 % of the time, at full maximum power, notably in the scenarios involving victim IMT-2000 base stations. Potential co-location of the two systems, as well as the impact of duty cycles have been considered in certain of the studies involving IMT-2000 stations that were used to build this annex 9.

One study focused specifically on the assessment of UWB localised interference impact into IMT‑2000 mobile stations, and provided detailed UWB application and market studies, in the aim to bring out representative and realistic simulation theatres, together with a wish to more accurately model the likely UWB interference effects. Information was gathered from a variety of sources including the literature and IEEE 802.15.3 and 3a
 and ETSI SR Doc and several manufacturers and regulatory bodies within the field. In summary, the market survey showed that typical mass market applications of UWB have the following characteristics: they are short range (less than 10m) with a wireless need (mobile or aesthetics). They are probably battery driven devices operating upon bursts of data in the order of 100 Mbps or greater, and are only used a few times per day. Lower data rates with otherwise similar characteristics will find that incumbent, wireless LANs, Bluetooth and other technologies will represent a significant barrier to market entry for UWB devices.

Principal Applications and Hot Spots

From the market survey several general application groups were identified:

–
Medical applications

–
Consumer communications applications

–
Automotive applications 

–
Consumer and industrial construction applications

–
Ground penetrating radar (GPR) systems

–
Industrial liquid level gauges

–
Data communications systems

· Wireless high-speed networking.

Mindful of points raised by the contributors to the survey and the advantages and disadvantages of the technology, the following principal UWB application groups have been identified:

–
Consumer communications applications

–
Data communications systems

–
Wireless high-speed networking.

The remaining application groups are regarded as niche markets for the foreseeable future. 

Furthermore, these application groups have been identified as predominantly indoor systems. This is well supported by independent research, where 88% of the UWB market is expected to be indoor applications. In light of this the office and the home were identified as the two principal hot spots.  In particular, general office and high tech conference room, as well as home PC cluster and home theatre were identified as UWB hot spots, with the following applications:

Office:

General Office:

‑
PC to laser printers
‑
PC to PDAs for file downloads (plus calendar/email synchronisation)
‑
PC to wireless monitor (with compression)
‑
PC to scanner
‑
PC to external hard drive for drive backups
‑
Wireless Universal Serial Bus (USB) in general for high rate applications.

High Tech Conference Room:

‑
PC or Digital Video Player (DVP) to wireless video projection

‑
PC to PC wireless peer-to-peer file sharing.

Home:

PC Cluster:

‑
PC to laser printer

‑
PC to MP3 players (flash based) for file downloads

‑
PC to PDAs for file downloads (including calendar/email synchronisation)

‑
PC to digital camera downloads

‑
PC to wireless monitor (with compression)

‑
PC to scanner

‑
PC to external hard drive for drive backups
‑
PC or DVD Recorder to digital video camera for download (e.g. ‘FirewireTM, IEEE 1394 replacement).

Home Theatre:

‑
Hi-Fi/CD player to speakers (surround sound with seven channels) streaming

‑
DVD player to wireless video projector for home theatre streaming

‑
PC or DVD player to personal video player/recorder movie downloads

‑
Set-top digital TV box to flat screen TVs streaming (multi-channel)

Games console to TV screen streaming.
Among these hot spot scenarios, the most problematic is called “power office user environment”, derived from the general office scheme. 

A9.3.2
UWB channels propagation models

One parameter of great importance to the studies is the model assumed for the UWB propagation characteristics in the IMT-2000 frequency bands. Different propagation models were used in the studies, depending on the various scenarios and environments under consideration. In scenarios involving small separation distances between UWB devices and IMT-2000 systems (less than 1 or 2 metres), the free space loss model was mostly used.

A9.3.3
UWB interference modelling

All the studies have considered that the pulse repetition rate (PRR) from a UWB device will typically be much more rapid than the chip/bit rate of the victim system, and considered subsequently that the interference created by UWB devices would be of continuous, permanent Gaussian noise type: Document 8F/892 offered a time domain analysis addressing IMT-DS systems, showing that UWB interference is not always additive white Gaussian noise (AWGN), but this only applies for pulse repetition rates below the IMT‑DS chip rate of 3.84 Mcps. For expected UWB pulse rates greater than the IMT-DS chip-rate of 3.84 Mega-pulses per second, it will be seen as AWGN in the IMT-DS receiver. 

Average / peak emission UWB PSD levels:

It is noted that one administration’s rules allow peak emission of 0 dBm/50 MHz at the centre frequency. Converting this to peak level on an IMT-2000 band may lead to UWB peak level of –27 dBm/MHz. In this case, the peak to average ratio, PAR, of UWB can be (–27.0 – ‑51.3) 24.3 dB. Further studies are needed to evaluate the effects this high PAR may have on IMT-2000 receivers.

In this regard, Document 8F/754 indicates that the UWB waveform is clearly irregular, so that some peakedness may be assumed, and suggested a conservative value of +6 dB “peak/average ratio” to be added to the UWB power spectral density derived from the studies, . Another analysis is provided in contribution 8F/17, which underlines that, together with the peak emission allowance of 0 dBm/50 MHz as contained in the above-mentioned administration’s rules, the peak power for UWB pulsed will additionally be limited by a PRF smaller than 500 kHz. Attached to this document were plots of the BER vs SNR for a generic system with a bandwidth of 3.5 MHz (comparable to widest band IMT‑2000 system) and 7/8 convolutional code with constraint length 7 in the presence of UWB interference. The plots show that the impact of WGN
 interference (representative of high PRF UWB systems) and a considered 500 kHz pulsed UWB waveform with the same average interference power is approximately the same. This suggested that the peak emissions of UWB are not expected to add degradation to the widest band IMT-2000 systems, to the degradation due to UWB averaged PSD emissions considered as WGN.

At any place in this document, the AWGN UWB PSD is assumed to be the UWB EIRP
 (dBm/MHz) at the relevant receiver frequencies. 

UWB Activity: 

UWB activity has been modelled for the needs of certain Monte-Carlo simulations in hot spot indoors scenarios. Various UWB devices were simulated, including wireless monitors, PDAs, HDDs, a printer and a scanner.

The characteristics that measure UWB activity or usage in the model are ‘the percentage of link rate when active’ and ‘the percentage of daily usage’. For each application, these figures were revealed by the market survey (see Section A9.3.1).  Figure A9.1 illustrates the temporal behaviour for the general UWB transmission case. 

The percentage of link rate when active is measured by the ratio of these burst durations to burst arrival periods. The beginning of a transaction is called “UWB on-time”; the end of the transaction is the “UWB off-time”. The ratio of average ‘on’ time to average ‘off’ time plus average ‘on’ time is the percentage of daily usage, or duty cycle
.
Figure A9.1

Generic UWB Temporal Transmission Model for a UWB Device
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Whilst only a limited number of applications were modelled (see Section A9.7.1.1.2), within a single scenario, separate analysis, not reported, showed that even with large numbers (many tens) of UWB transmission devices within a relatively small, 5 m x 4 m area, it was found to be quite uncommon for more than one or two devices to be transmitting at the same time. This is largely due to the fact that many UWB devices are used very rarely, for example, digital camera downloads, PDA data exchange, scanners, printers etc. Such devices are used for a minute or two at most a few times per day. For UWB devices that are active for longer periods, such as wireless monitors, set-top TV boxes, and potentially wireless keyboards etc. we found that data transmissions occur in bursts (of 100 or 250 Mbps) lasting a few milliseconds (long enough to transfer the required data) and inter-burst periods of tens of milliseconds. Such UWB transmissions have an effective low activity factor, typically <10%, and hence it is uncommon for many UWB transmissions to be active at the same specific time.

UWB Power control capability:
There are discussions ongoing on the option to use transmit power control in UWB devices. E.g. the specification group IEEE 802.15.03a
 has begun considering to include a power control option into the emerging IEEE 802.15.03a standard. Due to the lack of reliable information on power control to be provided by finalized standards, so far this facility has rarely been modeled when evaluating UWB interference. Additional consideration to take into account  the mitigating effects of  UWB power control would be expected to enhance the compatibility situation and could impact the maximum permissible UWB PSD levels to a limited extent. If power control is taken into account in the UWB compatibility assessment some consideration may be appropriate as to how such devices with power control would be assured by means of regulations.

A9.4
Victim IMT-2000 receiver characteristics and deployment scenarios

A9.4.1
IMT-2000 overview 

The compatibility studies involving UWB devices and victim terrestrial IMT-2000 systems should encompass all of the frequency bands identified for terrestrial IMT-2000, which are the following: 

806-960 MHz, 1 710-1 885 MHz, 1 885-2 025 MHz, 2 110-2 170 MHz, 2 500-2 690 MHz

IMT-2000 is a set of five family members, whose most detailed characteristics can be found in ITU-R Rec. M.2039.

Some further mobile radio systems behave similarly with respect to UWB interference. For example Section A9.3.4.1 of this report investigates and presents results on the effect of UWB interference to PCS networks operating in the 1900MHz band. 

UWB interference will add to the receiver internal noise floor Nreceiver, which has impact on the link budget (coverage) and on the capacity of these systems. The sensitivity of the IMT-2000 receiver degrades by a factor that is equal to increase in interference:

Both ratios, (IUWB + Nreceiver)/Nreceiver and IUWB/Nreceiver are independent of the considered bandwidth.
Therefore, IUWB and Nreceiver may be specified with respect to any arbitrary bandwidth. A generic reference bandwidth of 1 MHz was chosen.

Figure A9.2 depicts the relation between the interference increase and UWB interference to noise ratio, both in dB.

Figure A9.2

Interference increase versus UWB interference-to-noise ratio
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This figure illustrates the following:

If IUWB << Nreceiver, there will be insignificant impact on the victim IMT-2000 system.

IUWB ( Nreceiver, there will be severe impact on the victim IMT-2000 system.

A fundamental difference in the effect of interference in both cases is that UWB interference into a particular BS affects the uplink of all MS connected to this BS. In contrast, interference into MSs may be different for each MS, depending on the MS individual local environment of UWB transmitters. A certain interference-to-noise ratio for a BS is therefore considered to be more critical than the same interference-to-noise ratio perceived by a single MS.

In the following table, I/Nth values used in previous ITU-R studies are summarized. The reference noise Nth for all I/Nth values is the thermal noise plus the receiver noise figure. 

	I/Nth (dB)
	Reference
	Comment

	–6
	ITU-R report M.2039 
	Criterion used with regard to IMT-2000 mobile and base stations, in the case of scenarios involving different IMT-2000 networks or when a limited number of IMT‑2000 cells are affected by another type of co‑primary service or system

	–10
	ITU-R report M. 2039 
	Criterion used with regard to IMT-2000 mobile and base stations, in the case of scenarios involving co-primary satellite systems (e.g. BSS(Sound)) interfering into IMT-2000 networks


Conformance to value I/Nth = –10 dB in the case of interference from BSS (Sound) into IMT-2000 networks (MS and BS , excludes any exceeding allowance, because only a small safety margin is necessary to take into account deviations between predicted and actual satellite interference. Since UWB interference is less predictable in terms of densities and activity factors, Sectionit was felt important to further analyse this I/Nth criterion.  

Therefore part of the compatibility study results involving IMT-2000 stations contained in these Sections also addresses the relevant I/Nth criteria for mobile and base stations (see Sections A9.4.2 and A9.4.3 hereafter).

Document 8F/864 addressed the technology enhancement HSDPA to IMT-2000 which is under standardization in 3GPP. High-speed downlink packet access (HSDPA) is an expected downlink variation with regard to IMT-DS and IMT-TC, where a larger percentage of the total downlink Tx power may be allocated to a single user at a time. In comparison with the above-mentioned IMT‑2000 technologies, HSDPA may be more susceptible to interference created by lower densities of UWB devices.

The generic principles used in the compatibility studies deal with two major principles: the assessment of levels of interference into IMT-2000 receivers, and an evaluation of the potential impact of UWB transmissions into an IMT-2000 network.

When addressing the assessment of the level of interference created by UWB devices into IMT‑2000 receivers, the approaches are basically deterministic, relying on link budget calculations: calculations present results for isolated UWB – IMT-2000 links, or in selected typical scenarios involving UWB devices and IMT-2000 (mobile) stations deployments.

When evaluating the potential impact from UWB devices into IMT-2000 networks, the approaches focus mainly on addressing capacity/coverage losses
, throughput or quality of service degradation, or increase in the outage. 

· Some deterministic approaches link the potential impact into IMT‑2000 stations basically to a constant and ubiquitous UWB interference power over a whole IMT-2000 network. 

· Another simulation driven approach uses a link level simulator to investigate the impact of burst-like UWB localised interference close to an IMT-2000 mobile station, upon the IMT‑2000 power control technology. The effect is measured in terms of QoS degradation.

–
Statistical approaches simulate UWB and IMT-2000 networks, and focus on the effect of distributions of UWB transmitting devices spread over an IMT-2000 network, assuming different UWB densities, varying transmit power levels, etc.  

–
Another probabilistic approach addresses a cumulative effect of UWB devices into an IMT‑2000 base station, aggregates the contributions of UWB transmitters randomly and uniformly distributed around this victim base station (with a spherical area free of UWB devices in the close vicinity of this base station) and derives an equivalent single UWB interferer situated at the calculated equivalent distance from the base station (see Sections 5.2.2 and 6.2.2).

A9.4.2
Base stations

Detailed values of the main characteristics of IMT-2000 base stations can be found in the ITU-R report M.2039. Some of them, such as the Minimum Coupling Loss can be found in other relevant 3GPP specifications, mainly 3GPP TR 25.942 v6.0.0: Cell type, Cell Radius, Service type, deployment, antenna height, antenna gain, reference pattern, antenna tilt, receiver noise figure, receiver thermal noise level, feeder loss, MCL and power control

Figure A9.3 shows which increase in IMT-2000 base stations density is required in order to compensate for a given level of UWB interference at the base station. Detailed calculations related to this figure are contained in 8F/888, Section 4.3 (the method used to derive this figure is basically the one described in Section A9.6.1.2.2 c). From the tolerable UWB interference IU on the left y-axis the corresponding protection ratio IU/Nth for a noise figure of 5dB has been derived and can be read from the Figure using the right y-axis.

FIGURE A9.3
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( is the cell maximum noise rise, typically 6 dB in highly loaded (75%) cells , and 3 dB in medium loaded (50%) cells and close to 0dB for cells of close to zero load). 

The two main deployment specific parameters influencing the required I/Nth ratio are the load of IMT-2000 cells and the propagation conditions. Of both, the load has the main influence whereas the effect of the particular propagation model selected is minor and almost negligible, as can be seen in Figure A9.3. For this reason, the results that can be read from this Figure for propagation conditions in sub-urban areas are almost identical to those in rural areas. The major relevant difference between both area classes is that the traffic load in sub-urban areas is expected to be about 50% of the maximum cell capacity  while in rural areas  the traffic load will be very small,  which is approximated by the zero-load case in  Figure A9.3. 

An increase of no more than 1% in relative base station density is considered to be a maximum burden on IMT-2000 systems. Therefore following IU/Nth ratios are to be used as references when assessing interference from UWB devices into IMT-2000 Base stations.

TABLE A9.1

IMT-2000 base station protection criteria

	Area Class
	Urban Areas
	Sub-urban Areas
	Rural areas

	Load
	75%
	50%
	close to 0

	tolerable interference [dBm/MHz]
	-122
	-124.5
	-126,5

	I/N ratio [dB]
	-13
	-15,5
	-17,5


These I/Nth ratios assume that interference at the corresponding value is tolerable concurrently in each cell. In reality, UWB interference will vary in time and between cells. The I/Nth criteria in Table A9.1 above, are understood as being relevant for long term protection criteria and may be exceeded only for a small percentage of time or cells.

A9.4.3
Mobile station (user terminals) 

The main characteristics of IMT-2000 mobile stations can be found in the ITU-R report M.2039 : deployment, antenna height, antenna gain, reference pattern, antenna tilt, receiver noise figure, receiver thermal noise level, feeder loss, and power control.

IMT2000 Protection Criterion for Mobile Stations:

The study results contained in Section A9.7.1.1.2 (Table A9.5) show that a UWB PSD interference level at the mobile of –115 dBm/MHz creates no noticeable impact on the performance of the considered IMT-2000 mobile station. 

A9.4.4
IMT-2000 environment and scenarios 

As IMT-2000 systems are generating intra- and intercell interference, the relative impact of additional UWB interference may differ according to the IMT-2000 deployment scenarios under consideration and IMT-2000 family member. System noise rise can be considered in the methodologies focusing on the degradation of the signal-to-noise ratio on single links, or sets/distributions of links over an assumed deployed network. 

For IMT-DS and IMT-TC, the following cell load factors and noise rise can be used (source: 3GPP TR 25.942 v5.0.1):  

–
rural deployment scenario : load factor 0.2 (system noise rise NR1 dB);

–
suburban deployment scenario: load factor 0.5 (system noise rise NR 3 dB);

–
urban, indoor deployment scenario, e.g. business areas and conference centres : load factor 0.75 (system noise rise NR 6 dB).

A9.4.5
Propagation conditions 

Propagation conditions experienced by IMT-2000 stations in the IMT-2000 bands may be of use together with methodologies focusing on the degradation of the signal-to-noise ratio on single links or sets/distributions of single links over an assumed deployed network due to UWB interference (see Section 6). Different propagation models were used in the studies, depending on the various scenarios and environments under consideration.

A9.5
Interference scenarios

A9.5.1
Scenarios involving victim IMT-2000 mobile station receivers 

A9.5.1.1
Single interferer into a single mobile station

In these scenarios, a single UWB device interferer is located in the vicinity of an IMT-2000 mobile station. 

One purely deterministic approach aims to establish the relationship between a minimum separation distance and an assumed level of UWB interfering power in the IMT-2000 receiving band, or to determine a maximum tolerable interfering power in the IMT-2000 receiving band assuming a given separation distance. The minimum separation distance is determined using the assumed propagation models, depending on the deployment scenario under consideration, together with a criterion expressed in terms of maximum IUWB or IUWB/Nth.

Another simulation driven approach, focuses on modelling the localised interference  into an IMT-2000 mobile station, including the effect on power controlIMT-2000, to investigate the effect of burst-like UWB interference. Results and metrics include Quality of Service (BLER measure) degradation and IMT-2000 base station power rise associated with given UWB devices – IMT-2000 mobile stations coupling loss assumptions
A9.5.1.2
  Multiple interferers into multiple mobile stations

The scenarios involving multiple UWB interferers into multiple mobile stations provide information on the distance at which the effect of the UWB interference into single IMT-2000 station is deemed unacceptable. 

One type of approach aims to assess the systemic impact of multiple UWB interference upon the IMT-2000 downlink channel(s) over an IMT-2000 cell and wider IMT-2000 network. The impact can be interpreted in a number of ways, including cell range or cell area coverage reduction, or cell or network capacity reduction (or reduction in Grade of Service). In the case of HSDPA, the impact is assessed in terms of throughput reduction. It can be noticed that the scenarios considered under this SectionSectionapproach, assume that each IMT-2000 mobile station in the network under consideration is impacted by the same level of UWB interference.

A9.5.2
Scenarios involving victim IMT-2000 base station receivers

A9.5.2.1
Single interferer into a single base station

In the same spirit as the scenario involving a single UWB interferer into a single IMT-2000 mobile station, this scenario gives information on the minimum separation distance (or maximum acceptable UWB interfering power in the IMT-2000 receiving band) needed between a base station and a UWB device. The interference criterion can be expressed in terms of a tolerable interference margin (IUWB/Nth). Equivalently, the results of such a scenario analysis can also be expressed in terms of IMT-2000 cell range or cell coverage area reduction, or IMT-2000 cell capacity reduction.

A9.5.2.2
Multiple interferers into a single base station

This scenario focuses on the aggregate effect of UWB devices into single IMT-2000 base stations (including suburban, urban outdoor and urban indoors environments). UWB devices are assumed to be distributed in an area of virtually infinite extent around the IMT-2000 outdoors macro base station, beyond an exclusion zone (sphere) around this station. The individual UWB contributions to the interference received at the base station are added together and the resulting total interference power is then virtually placed on one single UWB device, placed at a certain distance and transmitting a typical power level of EUWB. It is expected that the effect of aggregation could be minimal when considering pico or indoor microcells, where the impact of the closest UWB interferer to the base station may be almost as large as the aggregated interference.

The effect of interference is then derived here in terms of coverage or capacity loss in the cell under consideration, following the principles of the first type of scenario described in this Section.

A9.5.3
Scenarios involving IMT-2000 (including base and mobile stations) and UWB networks

Two studies analysed scenarios involving IMT-2000 and UWB networks, both using Monte Carlo models.

A first study focussed on analysing the effect of UWB interference across an IMT-2000 network, and employed a Monte-Carlo model to calculate the power levels across a system of cells which is used by a distribution of mobile users using different services. The Monte-Carlo aspect of this model was used to randomize the IMT-2000 users’ positions, services, locations (in/out door or vehicular), vehicular speeds, floor-levels within buildings and also account for stochastic fading between the IMT-2000 transmitter and receiver. It is also used to randomize the location of UWB devices and the amount of fading over paths between these devices to IMT-2000 receivers. 

Simulation results can show variations in drop calls within the IMT-2000 network, which may be attributed to a too-high localized interference caused by UWB devices in close vicinity of IMT‑2000 mobile stations, or to a too-high level of interference caused directly to base stations by UWB devices interfering transmission, or to a too-high level of internal interference caused by increased individual IMT-2000 mobile stations transmit power in reaction to local UWB interference.

A second analysis is based on a market and service survey on UWB, and used a Monte Carlo model to simulate realistic hot spot scenarios involving IMT-2000 and UWB networks. The Monte Carlo aspects of the model offers randomization of IMT-2000 users’ positions in an office, suffering interference from a number of power controlled UWB clusters. Graphical results of the levels of interference experienced at the IMT-2000 mobile stations are provided.

A9.6
Methodologies for interference assessment

A9.6.1
Scenarios involving victim IMT-2000 mobile station receivers

A9.6.1.1
Single interferer into a single mobile station 

A9.6.1.1.1
Deterministic methodology

This deterministic methodology is based on a link budget calculation, assuming inherently that the IUWB interference is Gaussian noise in the receiver bandwidth, with a constant power level.

The link budget used in the calculation of minimum separation distances is basically as follows when IMT-2000 mobile stations are involved:
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where either PSDUWB or d can be determined depending on the input parameters used with this methodology, among which the criterion to determine the maximum level of UWB interference power, IUWBmax. This can expressed in terms of:

a)
an absolute value IUWBmax (dBm/MHz)

b)
(IUWB/Nth)max (dB), where Nth is the IMT-2000 mobile receiver noise. The thermal noise at the receiver includes the noise figure of the receiver.

•
Input parameters:


PSDUWB 
is the maximum emission level in the IMT-2000 band under study (dBm/MHz)


d 
is the the separation distance (m)


L(d) 
is the path-loss (dB) between the UWB device and the IMT-2000 receiver which varies with d 


GIMT-2000 
is the antenna gain (dBi)


FL IMT-2000  
are the local losses at the IMT-2000 receiver (body-losses at the mobile station, dB)


Nth 
the thermal noise at the receiver includes the noise figure of the receiver, calculated as follows :
Nth = NF + No*log10(B)  (dBm/MHz)


B 
is the reference bandwidth (1 MHz)


NF 
is the noise figure of the receiver (dB)


No
is the thermal noise density of the receiver (-174 dBm/Hz).

•
Criterion:

IUWB max, or (IUWB/Nth)max.

•
Output results:  


PSDUWBmax 
is the maximum emission level in the IMT-2000 band under study (dBm/MHz)

or


dmin
the minimum separation distance (m)

A9.6.1.1.2
Link level simulation

This method investigates the impact of UWB interference upon a IMT-2000 mobile stations under certain conditions (characterised by the interference environment of the mobile under consideration). The simulations involve a series of UWB applications and IMT-2000 services. A link level simulator was developed to investigate the impact of burst-like UWB interference upon IMT-2000 power control technology: the effect of separation distance between the UWB device and the IMT-2000 mobile station upon QoS (BLER) is investigated. 

More precisely, the simulator assesses the impact of UWB upon DCH (Dedicated Data Channels), which represents the most common form of IMT-2000 service transport, through modelling of the IMT-2000 FPC (fast power control) and OLPC (outer loop power control). 

For each IMT-2000 service the effect of separation distance is investigated by varying the UWB-IMT-2000 coupling loss. The simulations also involve varying UWB applications in terms of burst durations and duty cycles and the UWB link budget.

•
Input parameters:

UWB 

For each type of applications: transmit power (power control implemented or not), activity factors (% link activity, % daily usage, burst duration), data rates,…

2)  IMT-2000 mobile stations 

- Service category: circuit switched voice, packet data (data rates, required Eb/No, interleaving/TTI, BLER requirement, and maximum power)

- Environment 

There are many characteristics or factors of the propagation environment that affect the impact of UWB interference; they are:

–
The range between IMT-2000 mobile stations and base station: The total noise power experienced by a mobile station in a network cell includes thermal noise (which includes Mobile station Noise Figure), intracell interference and intercell interference, Io; this intrasystem interference becomes less as we move away from the base stations. Noise power drops to a minimum of around –100 dBm in rural areas, but we could expect some indoor areas (especially those locations that exhibit high penetration losses) in the urban areas at similar Io levels. The lower the Io level, the more impact a particular UWB interference source has. Detailed analysis of cell range for a number of services, for static and mobile cases with appropriate fade margins shows that the range is only marginally different for each services.

–
The propagation environment, i.e. urban, rural and suburban and the nature of the multipath channel(s): includes propagation models, fading margins, and orthogonality factor. In an urban cell, the downlink orthogonality is better than rural or suburban cells and, consequently, there is less intra cell interference.An environment, i.e. indoor, may reasonably be regarded as quasi-static, meaning little or no movement of the IMT-2000 receiver and principal reflectors. This is known as a slow faded environment, having significantly different fading parameters compared with the outdoor, mobile environment. There is no requirement for a Rayleigh fading margin in the quasi-static case; instead we will need to consider a shadow-fading margin and a slow faded margin. The  analysis shows that the slow fading component dominates, giving a net fade margin of 13dB, under worst-case conditions
.

–
The level of isolation between adjacent cells in the network, and loading conditions of the network: careful analysis of the joint and individual effects of cell loading and isolation is required. Good cell isolation refers to the fact that little inter cell interference is propagated from one cell to another. A light cell loading would refer to a little intra cell interference. Both metrics can be expressed through G factors and/or noise rise (see also Section A9.6.1.2.1).

- Simulator : FPC and OLPC mechanisms

•
Criteria:

QoS (BLER) degradation 

•
Output results:

QoS via BLER results and complementary metrics showing the degradation sensitivity factors within the IMT-2000 power control loops.  

A9.6.1.2
Multiple interferers into multiple mobile stations

A9.6.1.2.1
“G” factor method 

This deterministic methodology is based on a link budget calculation, assuming inherently that the IUWB interference is of Gaussian noise-like type, with a constant power level. The G factor method allows the impact of UWB interference to be assessed over the whole network, which is achieved by “attaching” to any victim mobile station, a UWB source of interference (device). The interfering power is calculated using the link budget calculations as in the scenarios involving a single UWB interferer into a single victim mobile station: IUWBmax is supposed to be experienced at any IMT‑2000 mobile station, so that the UWB interference is experienced as a global increase of the total noise at the receiving IMT-2000 mobile stations. 

IUWBmax can be converted into a degradation of the “geometry value” (G), which can then converted back into systems performance degradation, in terms of throughput degradation. A criterion in terms of maximum throughput degradation will help determining IUWBmax. 

The “geometry factor” G relates to the distance of the mobile station from the serving cell site and is defined as the ratio of own cell received power to interference of Inter cells plus noise. Intra cell channels are separated by orthogonal channel codes. Hence, the G factor is defined by:
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where 

Input parameters:


Nth 
is the thermal noise power (dBm/MHz, see Section A9.6.1.1.1)


Iintra 
 is the intra-cell power received from the serving cell (dBm/MHz)


Iinter 
 is the inter-cell interference (dBm/MHz)

GNth is the parameter to introduce the other cell interference to the calculations. It shows therefore the overall network loading and/or cell isolation:
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GNth = 
0 dB corresponds to an isolated cell.

Considering average geometry of mobile stations at a certain distance from the serving cell site, the average geometry decreases as the distance increases. Additional interference from UWB transmitter, IUWB, changes the geometry point that MS experiences as:
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A degradation of the “geometry factor” from G to GNew causes an increase in required Tx power and degradation in link (and cell) performance and throughput. Figure A9.4 below illustrates an example of the HSDPA downlink performance as throughput degradation expressed as the function of geometry factor. The overall reduction in cell throughput depends also on the scheduling principle employed for HSDPA and the actual geometry distribution of the HSDPA users. Basically, a criterion in terms of maximum degradation of the throughput (x%) would help finding the corresponding “geometry factor” G degradation, and equations 2 and 2ter will help defining IUWBmax.

Figure A9.4
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•
Input parameters:
Throughput graph vs “geometry factor” degradation G (depends on lots of factors, not detailed in the study).

The “geometry factor” G at a certain distance from the serving cell base station, depends on Iintra, Iinter and Nth.

GNth at the same distance from the serving base station, will provide Iinter.

•
Criterion:

Maximum throughput loss (percentage) 

•
Output results:

IUWBmax (dBm/MHz), the maximum UWB interference power experienced at all IMT-2000 mobile stations: obtained by reading the throughput graph vs “geometry factor” degradation, and by using equations 2 and 2ter, assuming Iintra and Iinter unchanged for example.

A9.6.1.2.2
Cell capacity, cell range and coverage reduction methods

In the same vein as the deterministic method developed in previous Section 6.1.2.1, this Section considers cell range reduction and cell capacity reduction based on UWB interference levels experienced equally and uniformly at all IMT-2000 mobile stations in the IMT-2000 network. These methods were used in the context of IMT-DS systems and may remain valid for the other types of CDMA systems in the IMT-2000 family of standards. 

a)
Cell capacity reduction = 100*(1-CellLoad/CellLoad0)      (%)

Where:


CellLoad0 
(numerical, between 0 and 1) is the maximum cell load without UWB interference: with a maximum noise rise NR of 6 dB (typical), 
CellLoad0 =1 – 10^(–NR/10).


CellLoad 
(numerical, between 0 and 1) is the maximum cell load with UWB interference, taking into account the network limitation of a total noise allowed in the system: Ntotmax = Nth + NR. The interference “consumed” by UWB interference is considered as no more available to system internal noise, thus reducing the maximum cell load , calculated as a function of the noise rise due to system internal noise (Iintra and Iinter): 


NRinternal = 10*log10(10^(Ntotmax)/10) –10^( IUWB/10)) – Nth     (dB)


and CellLoad =1 – 10^(–NRinternal/10).

This calculation assumes that the cell range remain constant.

•
Input parameters:

Nth
IMT-2000 mobile station thermal noise (dBm/MHz),

NR
the maximum noise rise, or equivalently initial cell load factor CellLoad0 (dB)

•
Criterion:

Maximum capacity cell reduction allowance (%)

•
Output result:

IUWBmax (dBm/MHz), the maximum UWB interference power experienced at all IMT-2000 mobile stations..

b)
Cell range reduction = 100*(1 – ΔR)      (%)

The impact of UWB interference is to decrease the range of a cell. This is a degradation in the propagation loss available in the link budget, ΔL, which can be calculated as:
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where the total noise N is dependent upon the thermal noise, Nth, and the noise generated by CDMA system (intracell and intercell) interference, Nsys, as follows
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This loss in propagation margin, L, can be converted into a loss of range, R, using the IMT-2000 propagation model, expressed as;
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Hence the change in range, ΔR, for a given degradation in the propagation loss is:
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where R is the cell range (m) obtained with the propagation model associated with the IMT-2000 channel propagation model, hence with/without UWB interference. Variation in the cell range ΔR is obtained.

This calculation assumes that the cell capacity remain constant.

•
Input parameters:

IMT-2000 channel Propagation model.

Cell load factor or noise rise.

•
Criterion:

Maximum cell range reduction (%).

•
Output result:

IUWBmax (dBm/MHz), the maximum UWB interference power (experienced at all IMT-2000 mobile stations)

c) Cell coverage reduction = 100*(1 – ΔA)  (%), using the same principles as above again 

ΔA is the change in coverage area, with the same notations as above, ΔA is proportional to is proportional to the square of the change in range, then:
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This calculation assumes that the cell capacity remain constant.

•
Input parameters:

IMT-2000 channel propagation model.

Cell load factor or noise rise.

•
Criterion:

Maximum cell coverage reduction (%)

•
Output result:

IUWBmax (dBm/MHz), the maximum UWB interference power (experienced at all IMT-2000 mobile stations).

A9.6.2
Scenarios involving victim IMT-2000 base station receivers

A9.6.2.1

Single interferer into a single base station

The link budget used in the calculation of minimum separation distances is basically as follows:
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where either PSDUWB or d can be determined depending on the input parameters used with this methodology, among which the criterion to determine the maximum level of UWB interference power, IUWBmax. This can be expressed in terms of :

a)
an absolute value IUWBmax (dBm/MHz);

b)
(IUWB/Nth)max (dB), where Nth is the IMT-2000 mobile receiver noise. The thermal noise at the receiver includes the noise figure of the receiver;

c)
with the same equations as in Section 6.1.2.2 a), express the linkage between IUWB and Cell capacity reduction (%);

d)
with the same equations as in Section 6.1.2.2 b), express the linkage between IUWB and Cell range reduction (%);

e)
with the same equations as in Section 6.1.2.2 c), express the linkage between IUWB and Cell coverage reduction (%).

•
Input parameters:


PSDUWB 
is the maximum emission levels in the IMT-2000 band under study (dBm/MHz)


d 
is the the separation distance (m)


L(d) 
is the path-loss (dB) between the UWB device and the IMT-2000 base station which varies with d 


GIMT-2000 ((BS,UWB)
is the IMT-2000 BS antenna gain (dBi), in the direction of the UWB transmitter: (BS,UWB is the off-axis angle between the IMT-2000 base station and the UWB device transmitter. It will depend on the respective antenna heights of the IMT-2000 BS and the UWB device, on the distance between them and on the IMT-2000 base station antenna pattern (vertical and horizontal/azimuthal). The UWB device antenna is assumed to be omnidirectional.


FL IMT-2000  
are the feeder losses at the IMT-2000 receiver (dB, cable losses at the base station)


Nth 
the thermal noise at the receiver includes the noise figure of the receiver, calculated as follows: Nth = NF + No*log10(B)    (dBm/MHz)


B
is the reference bandwidth (1 MHz)


NF
is the receiver noise figure (dB)


No
is the receiver thermal noise density (-174 dBm/Hz).

•
Additional input parameter:

Load factor

when using methods (c), (d) and (e), numerical between 0 and 1. The load factor is representative of the assumed load of the cells for the scenario under consideration (see Section 4.4) and is necessary to evaluate the noise rise 


NR = –10*log(1 – Load factor)      (dB).

IMT-2000 propagation model is needed when using the method in (d) and (e).

•
Criterion:
With methods (a), and (b): IUWBmax, or (IUWB/Nth)max; the other methods (c), (d), and (e) allow converting criteria expressed in cell coverage, capacity or range reduction (%), back into (IUWB)max.

•
Output results:

PSDUWBmax 
is the maximum emission level in the IMT-2000 band under study (dBm/MHz)

or


dmin
the minimum separation distance (m).

A9.6.2.2

Multiple interferers into a single base station 

The methodology developed in this Section provides a probabilistic assessment of the aggregate interference produced by distributions of UWB users into a victim base station.

An IMT-2000 base station is surrounded by UWB transmitters which are randomly and uniformly distributed in the horizontal and vertical planes, letting a spherical area of a radius Rmin around the BS antenna, free of UWB transmitters. This accounts for special locations, like masts on roofs, in which the macro BS antennas are mounted with respect to worst-case locations where UWB transmitter operation is expected to be practicable. 

A cumulative path gain from all UWB transmitters distributed around the base station is assessed by calculation on sets of simulations of UWB devices random distributions. The cumulative path gain is the sum of the gains of all individual paths from the considered BS to UWB transmitters, aggregated virtually on one single UWB transmitter with a propagation path of the same path gain. The cumulative path gain depends on the specific spatial distribution of UWB transmitters, which is random, and therefore requires a number of simulations to determine stable CDF (Cumulative Distribution Function) curves. The maximum UWB transmit power can then be determined by:

PSDUWBmax = IUWBmax – GRx + FLRx + (x% quantile of the effective path loss)       (dBm/MHz)

where PSDUWB can be determined depending on the input parameters used with this methodology, among which the criterion to determine the maximum level of UWB interference power, IUWBmax. This can expressed in terms of :

a)
an absolute value IUWBmax (dBm/MHz)
b)
(IUWB/Nth)max (dB), where Nth is the IMT-2000 mobile receiver noise. The thermal noise at the receiver includes the noise figure of the receiver

c)
with the same equations as in Section 6.1.2.2 a), express the linkage between IUWB and Cell capacity reduction (%)

d)
with the same equations as in Section 6.1.2.2 b), express the linkage between IUWB and Cell range reduction (%)

e)
with the same equations as in Section 6.1.2.2 c), express the linkage between IUWB and Cell coverage reduction (%).

•
Input parameters:

Base station characteristics: GRx (dBi), FLRx (dB), BS antenna pattern (vertical/horizontal), tilt angle (°), antenna height (m).

UWB channel propagation model. 

UWB distribution parameters to operate simulations and determine the cumulative path loss CDF graphs : UWB user density (users/km2), activity factor(s) (%), transmit power variations (power control implemented or not, etc), Rmin (exclusion zone, m), device heights (m).

•
Additional input parameters:

As required by the methodology used to derive IUWBmax (b, c, d and e)

•
Criterion:

Prob(IUWB > IUWBmax) = x%.

•
Output results
: 

PSDUWBmax maximum emission limits in the IMT-2000 band under study (dBm/MHz).

A9.6.3
Scenarios involving IMT-2000 and UWB networks (Monte Carlo simulations)

In order to analyse the effect of UWB interference across an IMT-2000 network, a Monte Carlo models were employed to calculate the power levels across a system of cells which is used by a distribution of mobile users using different services. The Monte Carlo aspect of the model is used to randomize the IMT-2000 users’ positions, services, locations (in/outdoor or vehicular), vehicular speeds, floor-levels within buildings and also account for stochastic fading between the IMT-2000 transmitter and receiver. It is also used to randomize the location of UWB devices and accordingly their power when power control is simulated, and the amount of fading over paths between these devices to IMT-2000 receivers. 

The Monte-Carlo test-bed simulation generates the transmit power, interference levels and link-success probability for a given offered number of users at an instant in time. The model effectively captures a “snapshot” of the powers in the system and the number of links which can be successfully carried in light of these powers.

UWB devices are characterized by their number density, their location classification (whether or not the device is outdoors, indoors or in-vehicular) and the power spectral density in the IMT‑2000 band. 

For the simulations, the input parameters needed describe the technical characteristics and the behaviour of IMT-2000 or UWB networks in the environment under consideration. Correlation between IMT-2000 and UWB distributions can also be considered through Monte-Carlo simulations. Simulations will help producing informative intermediate figures and results.

•
Input parameters:

1)
IMT-2000 distributions (depending on environment types under consideration: rural, suburban, urban): thermal noise, base station characteristics (Pmax/typical, antenna pattern, MCL, FL, NF), Mobile station characteristics (Pmax/typical, antenna gain, noise figure, Bodyloss, activity factor), orthogonality factors, power control and soft handover implementation, cell load factor, channel propagation models.

2)
UWB distributions: UWB transmitter characteristics and interference modelling (AWGN/ others), channel propagation models, network type and corresponding power variation schemes (UWB users may be organized in master-slave networks, or exchange information from user to user, power control may be implemented or not), UWB users density and location distribution, activity factors (and % of link rate, % of daily usage)
3)
Possibly, correlation schemes linking together UWB and IMT-2000 distributions, which may be expressed in different ways.

•
Criterion:

For example: maximum degradation in outage, detailed interference levels received at IMT-2000 mobile stations

•
Output results:

Graphs presenting the criterion magnitude in presence of UWB networks. Additional graphs aiming to understand the main underlying phenomenon/a conducting to the criterion graphs may be useful to perform sensitivity analyses.

A9.7
Studies and results

A9.7.1
Scenarios involving victim IMT-2000 mobile station receivers

A9.7.1.1

Single interferer into a single mobile station

A9.7.1.1.1
Deterministic approach

This scenario was addressed in all the input documents. The initial parameters used in these studies were not aligned, but it was agreed to present the results with a single set of parameters.  

Frequency bands: 1 710-1 885 MHz, 1 885-2 025 MHz, 2 110-2 170 MHz, 2 500-2 690 MHz

Technologies: CDMA-2000 (1X and 3X), TD-CDMA, W-CDMA, TD-SCDMA, DECT, UWC-136 TDMA

Methodology: as described in Section A9.6.1.1, b) 

•
Input parameters:

dmin = 0.2 and 1 m.

UWB channel propagation model: free space loss 

GIMT-2000 = 0 dBi (mobile station)

FL IMT-2000 = 0 dBi 

Mobile station thermal noise levels including a receiver noise figure of 9dB:

TABLE A9.2

	Technology
	Nth (dBm/MHz)

	CDMA-2000 1X
	–105

	CDMA-2000 3X
	–105

	TD-CDMA
	–105

	W-CDMA
	–105

	TD-SCDMA
	–105

	DECT
	–101

	UWC-136 TDMA
	–104

	UWC-136 EDGE
	–105


•
Criterion:

(IUWB/Nth)max = –6 dB

Ouput results: 

UWB PSD: the graphs
 below present the max UWB emissions levels associated with a minimum separation distance of 0.2 m and 1 m, in the frequency range encompassing all the frequency bands under consideration.

It is noted that calculation and measurements based results for CDMA PCS networks operating in the 1900 MHz band agree with the results found in this band in Figure A9.5a for IMT-2000 systems based on CDMA technology. 

FIGURE A9.5a 
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FIGURE A9.5b
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A9..7.1.1.2
Link level simulation

Frequency band : 2 110-2 170 GHz 

Technologies: IMT-DS

Methodology: as described in section xxx.6.1.1.2. 

•
Input parameters:

1)  UWB devices: 

Varying UWB applications: three different UWB applications, namely: wireless monitor, digital TV set-top box (three channels) and digital camera download. The characteristics of the UWB applications in terms of burst durations and duty cycles and the UWB link budget, along with detailed discussion of the various parameters, are detailed hereafter: 

TABLE A9.3

UWB Applications and Usage Parameters for Office ‘Power User’ Environment

	Device and Usage Scenarios
	Datarate (Mbps)
	% burst duty cycle

	PC-Wireless Monitor (with Compression) 
	250
	4

	PC – Digital Camera (Download) 
	250
	96

	Digital TV set top box 3ch.
	100
	30


An UWB market study showed that UWB was designed to deliver data rates of greater than 100 Mbps for WPAN applications. With but one exception (PC-Monitor) the net UWB data rate is greater than 100 Mbps. Applications that require less net data rate than 100Mbps (for example, wireless monitors) still feature in the market survey as key applications. In order to monitor these applications we deduced that UWB could support such applications by delivering short intermittent bursts of data at the proposed 250 Mbps, see Figure A9.4.3, such that a net throughput of, for example, 10Mbps for a wireless monitor could be supported. Furthermore the transmission bursts were deemed to occur at typical refresh rates of video appliances, in this case 50Hz. 

PSDUWB = -65 dBm/MHz

UWB channel propagation model: For each IMT 2000 service the effect of separation distance is investigated by varying the UWB-IMT 2000 coupling loss. The coupling loss is varied from 40dB to 10 dB in 10dB decrements, where 40dB coupling loss is representative of a 1-metre separation distance between UWB device and IMT 2000 Terminal. A 10dB coupling loss is representative of a worst-case condition where a UWB device may be next to a IMT 2000terminal. 

2)  IMT-2000 environment and services : 

The investigation assumes the worst-case propagation environment, namely: an indoor terminal at the edge of an urban cell in a lightly loaded network. Lightly loaded networks present the worst-case scenario, rather than the fully or nearly fully loaded cells because the ratio of UWB interference to absolute downlink intra and inter cell interference Io is higher than in a fully loaded network where the base stations are transmitting at or near to their full powers. Hence, the UWB interference will make a much smaller contribution to the total interference seen at the victim terminal than if the network of base stations were less loaded.

It should however be noted that the effect of propagation environment upon UWB interference (cell load and isolation levels) is quasi negligible. The impact of UWB interference is assessed in Dedicated Data Channels (DCH), representing the most common form of UMTS service transport, which utilises FPC (fast power control, at 1500 Hz) and OLPC (outer loop power control, at 100 Hz). The following representative set of IMT-2000/UMTS services were selected: Voice 12.2kbps, CS144 and PS384 physical channels: 

TABLE A9.4

	UMTS Service Parameters

	UMTS Service
	Voice 12.2
	CS 144
	PS 384
	

	IMT 2000 Service Eb/No (Static Ch)
	4.4
	7.0
	-1.0
	dB

	BLER Target
	1.00%
	0.10%
	10.0%
	

	Interleaving or TTI
	20
	40
	80
	ms

	IMT 2000 Service Rate
	12.2
	144
	384
	kbps

	IMT 2000 Max Average DPCH Power
	37.0
	37.0
	37.0
	dBm (in 3.84MHz)

	IMT 2000 Downlink Environment

	IMT 2000 Environment
	Hata Urban

	IMT 2000 Multipath Model
	Pedestrian A

	IMT 2000 BS Height
	20m

	IMT 2000 MS Height
	1.5m

	IMT 2000 Actual Distance
	0.70
	0.70
	0.70
	km

	IMT 2000 Downlink Link Budget Parameters

	IMT 2000 DL Antenna Gain
	16.0
	16.0
	16.0
	dBi

	IMT 2000 DL Feeder Losses
	2.0
	2.0
	2.0
	dB

	IMT 2000 DL EiRP
	33.3
	40.8
	40.1
	dBm (in 3.84MHz)

	
	 
	 
	 
	

	IMT 2000 DL Path Loss
	132.8
	132.8
	132.8
	dB

	
	 
	 
	 
	

	IMT 2000 DL SHO Gain
	3.0
	3.0
	0.0
	dB

	IMT 2000 DL In-Building Penetration
	10.0
	10.0
	10.0
	dB

	IMT 2000 DL Head Penetration Loss
	3.0
	0.0
	0.0
	dB

	IMT 2000 DL Spatial Fade Margin
	13.0
	10.0
	10.0
	dB

	IMT 2000 DL DPCH Rx Power (RF)
	-122.5
	-109.0
	-112.7
	dBm (in 3.84MHz)

	
	 
	 
	 
	

	IMT 2000 Thermal Noise Floor
	-108.2
	-108.2
	-108.2
	dBm (in 3.84MHz)

	IMT 2000 Terminal NF
	5.0
	5.0
	5.0
	dB

	IMT 2000 Terminal Noise Floor
	-103.2
	-103.2
	-103.2
	dBm (in 3.84MHz)

	
	 
	 
	 
	

	IMT 2000 DL Orthogonality Factor
	0.90
	0.90
	0.90
	

	IMT 2000 Gpn Factor
	-1.0
	-1.0
	-1.0
	dB

	IMT 2000 Ior (All other PHY Chs)
	37.0
	37.0
	37.0
	dBm (in 3.84MHz)

	IMT 2000 Iintra
	-104.8
	-101.8
	-101.8
	dBm (in 3.84MHz)

	IMT 2000 Iinter
	-109.0
	-109.0
	-109.0
	dBm (in 3.84MHz)

	IMT 2000 G Factor
	-2.6
	0.4
	0.4
	dB

	IMT 2000 Total Io (RF)
	-100.3
	-99.0
	-99.0
	dBm (in 3.84MHz)

	IMT 2000 Io Component at Baseband
	-101.9
	-101.7
	-101.7
	dBm (in 3.84MHz)

	
	 
	 
	 
	

	IMT 2000 DL DPCH Process Gain
	25.0
	14.3
	10.0
	dB

	IMT 2000 DL Rx Eb/No
	4.4
	7.0
	-1.0
	dB


3)  Link level Simulator: Fast and Outer Loop Power Control

Figure A9.6 depicts a generic test scenario for the link level simulator, which is used here on explanation purpose. A wanted signal, represented by DPCH1, is transmitted from the ‘own cell’ base station cell. The received signal of DPCH1 undergoes multi-path scattering that has a certain delay profile. When the mobile moves, a number of independently Rayleigh fading replicas of the signal exist and are effectively combined at the UMTS Rake diversity Receiver. The more dispersive the radio channel, the more independently fading signal replicas there are, and ultimately the combined resultant signal (after Rake processing) has reduced fading statistics. The wanted received fading signal after Rake Processing is shown in red as Ec in Figure A9.6. The ‘own cell’ also supports other traffic and signalling channels for other users in the cell, and these channels may be fluctuating in transmitted power due to their own independent power control mechanisms. Total power less wanted channel power, and less path loss from the ‘own cell’ is intra cell interference received at the UMTS terminal. This intra cell interference will also undergo the same multi-path channel as the wanted signal.

Intercell interference comes from all other cells within the network that will carry different levels of traffic and, hence, downlink power; and come from different locations within the network. Intercell interference is modelled as a variable Geometry Factor (see also section xxx.6.2.1 for the definition of G factors). Cell edge conditions result in G~ –3dB and close to cell centre G~+20dB. Total Intercell interference will also fade due to the multipath channel, but to a lesser extent than intracell interference, with partial correlation to intracell interference. This is because intercell interference is made up of a number of independent ‘other cell’ cells, and sum together producing a diverse like (less variable) interference. Partial correlation is due to the fact some local scatterers around the UMTS terminal will exist for intra and intercell interference.

The mobile terminal undergoes motion at various cell positions and, hence, varying intra and inter cell interference conditions. The Fast Power Control (FPC) and Outer Loop Power Control (OLPC) algorithms respond to the received Signal to Interference Ratio (SIR), and ultimately aim to maintain a target BLER for the UMTS service. The target BLER results in a target Eb/No figure for the environmental conditions.

FIGURE A9.6

Generic Test Set-up for IMT-DSIMT-2000Link Level FPC/OLPC Simulator
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The model captures the variation in DPCH over time, typically 20 seconds, in the following manner. The wanted DPCH signal power, intercell interference power, Intracell interference power and resulting Eb/No is measured every 1/1500th second (DPCH slot interval). Data transported on the downlink DPCH at each slot interval has its BER estimated using a model of Eb/No vs. BER. The BER model was a simple QPSK waterfall curve using  ½ rate convolution coding. If the resulting Eb/No for that slot was below the target Eb/No set by the OLPC loop, then the FPC algorithm would instruct the downlink DPCH to power up by +1dB on the next transmission slot. Similarly, if the actual Eb/No was greater than the target Eb/No, then the FPC algorithm would instruct the downlink DPCH to power down by 1dB on the next DPCH slot. BLER was determined at each block TTI (corresponding to the IMT-DSIMT-2000 service interleaving period), by the averaging of all slot BERs as part of the current TTI. If the BLER was worse than the required BLER for the IMT-2000 DS service, then the OLPC algorithm would adjust its OLPC Eb/No target upwards. Similarly, if the BLER were better than the required BLER, the target Eb/No would be adjusted downward. 

•
Criterion:

No criterion expressed.
•
Ouput results:

Table A9.5

Summary of BLER/QoS Impact, Resulting OLPC Eb/No, and Resulting DL Transmit Power Rise for Voice, CS144, and PS384 IMT-DSIMT-2000 Services which Experience UWB Monitor, UWB Set-top Box, and UWB Digital Camera Interference at Various Coupling Losses

	
	UWB Wireless Monitor
	UWB Set-top Box (3 ch)
	UWB Digital Camera
	
	UWB Wireless Monitor
	UWB Set-top Box (3 ch)
	UWB Digital Camera
	
	UWB Wireless Monitor
	UWB Set-top Box (3 ch)
	UWB Digital Camera

	
	BLER and QoS (Colour Coded)
	
	Resulting Outer Loop Power Control Eb/No (dB)
	
	Resulting Downlink Transmit Power Rise (dB)

	Coupling Loss =50dB

	Voice 12.2
	1.0%
	1.0%
	1.0%
	
	4.5
	4.5
	4.5
	
	0.5
	0.5
	0.5

	CS144
	0.1%
	0.1%
	0.1%
	
	7.0
	7.0
	7.0
	
	0.5
	0.5
	0.5

	PS384
	10%
	10%
	10%
	
	-0.7
	-0.7
	-0.7
	
	0.5
	0.5
	0.5

	Coupling Loss =40dB

	Voice 12.2
	1.0%
	1.0%
	1.0%
	
	5.8
	6.6
	5.2
	
	1.7
	3.8
	4.8

	CS144
	0.1%
	0.1%
	0.1%
	
	9.8
	11.0
	9.7
	
	3.1
	4.3
	5.4

	PS384
	10%
	10%
	10%
	
	-0.7
	-0.1
	-0.5
	
	0.6
	2.5
	4.3

	Coupling Loss =30dB

	Voice 12.2
	1.0%
	1.0%
	1.7%
	
	12.7
	14.3
	7.5
	
	8.6
	13.1
	14.9

	CS144
	5.9%
	69%
	96%
	
	N/a
	N/a
	N/a
	
	N/a
	N/a
	N/a

	PS384
	10%
	10%
	94%
	
	0.3
	3.4
	N/a
	
	1.6
	6.6
	N/a

	Coupling Loss =20dB

	Voice 12.2
	9.5%
	76%
	96%
	
	N/a
	N/a
	N/a
	
	N/a
	N/a
	N/a

	CS144
	25%
	90%
	97%
	
	N/a
	N/a
	N/a
	
	N/a
	N/a
	N/a

	PS384
	10%
	78%
	97%
	
	0.8
	N/a
	N/a
	
	2.1
	N/a
	N/a

	Coupling Loss =10dB

	Voice 12.2
	43%
	97%
	99%
	
	N/a
	N/a
	N/a
	
	N/a
	N/a
	N/a

	CS144
	26%
	90%
	97%
	
	N/a
	N/a
	N/a
	
	N/a
	N/a
	N/a

	PS384
	10%
	93%
	99%
	
	1.0
	N/a
	N/a
	
	2.3
	N/a
	N/a

	QoS Colour Code Key:

	
	No measurable impact on QoS

	
	Transient QoS degradation (when UWB becomes active) and persistent QoS degradation (during UWB activity)

	
	IMT-2000 DS Service Failure


Table A9.5.above  summarises all results from the QoS impact analysis using the link level simulator. The table is colour coded to indicate the level of QoS impact from no measurable impact (green boxes) to service failure (red boxes). It can be seen that at 40dB coupling loss all services can be maintained at the cell edge with some transient loss in QoS for circuit switched services. Table A9.5.3 summarises that at 50dB coupling loss all services in fact do not exhibit any measurable QoS loss in terms of transient QoS, and therefore presents the isolation required for no discernable impact upon a range of IMT-2000 DS services.

A9.7.1.2

Multiple interferers into multiple mobile stations

A9.7.1.2.1
Capacity or range reduction evaluations 

[Source : 8F/892]
Frequency band: 2 110-2 170 GHz

Technologies: IMT-DS

Methodology: as described in Section A9.6.1.2.2, a) and b).

•
Input parameters:

PSDUWB = –64.7 dBm/MHz

GRx = 0 dBi (IMT-2000 mobile stations)

FLRx = 0 dB (IMT-2000 mobile stations)

UWB channel propagation model: free space loss.

•
Additional input parameters, needed with 6.1.2.2, a) and b), b) and c)

NR = 6 dB (suburban areas), or cell load factor 0.75.

Nth = –110 dBm/MHz (including 4 dB for IMT-2000 base station noise factor)

IMT-2000 channel Propagation model: COST 231, outdoor quasi open area, h1 (IMT-2000 BS antenna height) 30 m and h2 (IMT-2000 MS antenna height) 1.5 m.

•
Criterion:

No criterion expressed.
•
Ouput results:

a) plot distance vs capacity reduction

FIGURE A9.7

Load at the IMT-2000 handset when the UWB devices are different distances away 
(left-hand axis) and the associated capacity reduction (right-hand axis)

[image: image176.emf]0%

20%

40%

60%

80%

100%

0 1 2 3 4 5

UWB-UMTS separation (m)

Load (%)

0.10%

1.00%

10.00%

100.00%

% Capacity

reduction

cell load cell load reduction


The mobile is completely swamped by the UWB device when it is within 0.5 m. At 1 m, the amount of intra-cell interference which can be tolerated by the /IMT-2000 receiver is reduced by 10% of the value which appears when there is no UWB device. This figure falls to 1% when the UWB device is around 2 m away.

b) plot distance vs cell range reduction.

FIGURE A9.8

Range of an IMT-2000 handset when the UWB device is at different distances away 
(left-hand axis) and the associated range reduction (right-hand axis)
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A9.7.1.2.2
 Throughput degradation evaluation

Frequency band: 2 GHz

Technology: HSDPA

Methodology: as described in Section A9.6.1.2.1 (“Geometry factor”)

•
Input parameters:

G factor = 5 dB

Throughput graph: example in Fig. 9 reproduced below.

FIGURE A9.9
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•
Criterion:

1% throughput loss.

•
Output results:

IUWBmax, assuming this level of UWB interference is experienced at all IMT-2000 mobile stations in the cell/network. Two values of GNth are varied, 0 dB stands for no inter-cell interference (isolated cell, or very low loaded network), and –5 dB, where a high level of inter-cell interference is experienced (heavily loaded network).

	Throughput (kbps)
	G
	Criterion 1% (kbps)
	Gnew
	IUWBmax with GNth = 0 (dBM/MHz)
	IUWBmax with GNth = –5 (dBm/MHz)

	(1 035
	5
	(1 025
	(4.9
	(–122
	(–117


IUWBmax can then be used in conjunction with methods in Section 6.1.1 to determine corresponding max PSD for UWB transmitters in the HSDPA band.

NOTE – there is a relationship between G and GNth, and the base to mobile station distance: when the distance from the serving cell increases, G decreases and GNth increases, one can assume that when G/GNth >1 then handover occurs, so that there may be a definition domain for G. Clarification would be beneficial on the relationship between G and GNth, as well as on the method used to derive the throughput vs geometry G graphs.

A9.7.2
Scenarios involving victim IMT-2000 base station receivers

A9.7.2.1
Single UWB intereferer into a single base station

Frequency band: 2 110-2 170 GHz

Technologies: IMT-DS

Methodology: as described in Section A9.6.2.1 (c) and (d).

•
Input parameters:

PSDUWB = –64.7 dBm/MHz 

GRx = 18 dBi, 2.5° downtilted, elevation pattern in the following figure (valid in 360° horizontal plane):

FIGURE A9.10

Elevation pattern of a typical/IMT-2000 antenna
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FLRx = 0 dBi

hUWB = 1.5 m (UWB devices).

hBS = 30 m (IMT-2000 base station antenna).

UWB channel propagation model: free space loss.

•
Additional input parameters (needed with A9.6.2.1 (c) and (d))

NR = 3 dB (suburban areas), or cell load factor 0.5.

Nth = –110 dBm/MHz (including IMT-2000 base station noise factor 4 dB).

IMT-2000 channel Propagation model: COST 231, outdoor quasi-open area, h1 (IMT-2000 BS antenna height) 30 m, and h2 (IMT-2000 mobile stations) 1.5 m.

•
Criterion: 

No criterion expressed.

•
Ouput results:

Methodolgy 6.2.1 (c) plot distance vs capacity reduction

FIGURE A9.11

Load at the IMT-2000 base station when the UWB devices are different horizontal distances away (left-hand axis) and the associated capacity reduction (right-hand axis)
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Methodology A9.6.2.1 (d) plot distance vs cell range reduction

FIGURE A9.12

Range of a base station when the UWB device is at different horizontal distances away (left-hand axis) and the associated range reduction (right-hand axis)
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Because of its lower noise figure, the base station is more sensitive than the mobile station, however because of the minimum coupling loss and its antenna pattern, the base station would be much less affected by the UWB device in this study. 

A9.7.2.2
Multiple UWB interferers into a single base station

[Source: 8F/888]
Frequency band: 2.1 GHz

Technology: IMT-DS

Methodology: as described in Section A9.6.2.2

•
Input parameters:

–
IMT-2000 BS stations:

GRx = 18dBi

Vertical antenna pattern: modelled with Rec. ITU-R 1336-1, k = 0.7.

Horizontal antenna pattern: 65° sector, modelled with the vertical pattern within the 65° main beam and no emissions outside the horizontal main beam. 

BS antenna downtilt: 4° (urban areas), 1.3° (suburban areas).

FLRx = 0 dB

hBS = 35 m (BS antenna height)

–
UWB characteristics:

hUWB = for indoors: randomly distributed height between 0 m and 30 m


UWB channel propagation model (outside the 10 m radius spherical exclusion zone around the IMT-2000 base station): 

Hata based models with 10 dB additional attenuation due to building penetration losses (indoor scenario), resulting path loss equations from 10 m away from the IMT-2000 base station are recalled in the following table per environment:

TABLE A9.6

	
	Scenario

	Parameter
	Suburban
	Urban outdoor
	Urban indoor

	path gain [dB] vs distance d [m]
	–17.8 – 35.0log(d)
	UWB: –15.3 – 37.6log(d)

MS: –25.3 – 37.6log(d)
	–25.3 – 37.6log(d)

	shadowing ( [dB]
	6
	10
	12


In the urban indoor scenario, the path gain according to the Hata model increases with the UWB device height in addition to the equation given in the table.

–
UWB users distribution8:


UWB user density: varied from 10 to 100 000 users/km2 (in the indoor case, the user density decreases linearly to 0 when height of the UWB increases: no devices would be located at 30 m; in the outdoor case, the UWB devices are all located at height 0 m).

Activity factor: 100%

UWB transmit power variations: no variations (UWB devices transmit at max power, any time)

Rmin (spherical exclusion zone): 10 m, taken into account as a corresponding MCL is of 58.5 dB assuming free space loss propagation model in the first 10 m, together with the max IMT-2000 base station antenna gain: MCL = LFSL(10 m) + maxGIMT-2000BS.

•
Additional input parameters (to derive Figure A9.13)

Nth = –109 dBm/MHz

Antenna base station pattern (as above)

NR: 3 dB (suburban), 6 dB (urban)

IMT-2000 channel propagation model: as the UWB propagation channel above.

•
Simulation “intermediate” results: effective path loss CDF graphs

The solid curves are the CDF of the effective path loss. For comparison, the dashed curves represent the CDFs of the minimum path loss of each considered random UWB population. By comparing the solid and dashed curve of the same UWB density (DU), the effect of aggregation becomes visible.

Suburban scenario: 

FIGURE A9.13
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Urban outdoor scenario:

FIGURE A9.14

[image: image183.wmf]
Urban indoor scenario:

FIGURE A9.15

[image: image184.wmf]
Higher UWB transmitter densities of 10 000 and 100 000 per km2 are additionally considered in the urban indoor scenario. A density of 10 000/km2 corresponds with 1 UWB transmitter per square area of 10 m edge length. 100 000/km2 can be interpreted as one UWB transmitter per square footprint of 10 m edge length on each building floor in a hot spot area with an average of 10 storeys per building. 

•
Criterion:

Expressed in terms of: Prob(IUWB> IUWBmax) = 1%, where IUWBmax is the tolerable interference that requires 1% base station density, taken from Table A9.1 in Section A9.4.2.

SectionSection

Section•
Output results9: 

TABLE A9.7

Overview of maximum UWB PSD per transmitter for 1% probability of 
exceeding IUWBmax at CDMA network base station

	Scenario
	UWB transmitters/km2
	

	
	10
	100
	1 000
	10 000
	100 000
	

	suburban
	–53.9
	–59.8
	–65.3
	-
	-
	PSDUWBmax (dBm/MHz)

	urban/UWB outdoor
	–52.4
	–57.9
	–64.3
	-
	-
	

	urban/UWB indoor
	–57.5
	–64.2
	–70.8
	–78.2
	–87.0
	


A9.7.3
Results of the Monte Carlo analysis

A9.7.3.1
First study results

Frequency: 2 GHz

Technology: IMT-DS

Methodology: as described in Section A9.6.3

•
Input parameters:

1)
IMT-2000 stations, distribution characteristics and complementary specifications (handover, power control10): 

Antenna heights

TABLE A9.8

	Variable
	MS value
	BTS value

	Antenna height (metres): Urban
	1.5
	15

	Antenna height (metres): Suburban
	
	15

	Antenna height (metres): Rural
	
	20

	Antenna height (metres): Micro-cell
	
	6

	Antenna height (metres): Indoor
	
	1.5 (from floor)


Antenna patterns

TABLE A9.9

	Variable
	MS value
	BTS value
	Notes

	Antenna vpattern
	Omni
	Antenna pattern
	Assuming G((,() = G(() + G(() for the 2D BTS pattern, as is standard practice

	Antenna gain at transmitter (dBi): Macro
	0
	17
	BTS value refers to typical bore-sight gain (which varies with pre-set tilt and manufacturer). 2D antenna patterns are used in the simulation using those from a well-known manufacturer

	Antenna gain at transmitter (dBi): Micro
	0
	5
	

	Antenna azimuth and elevation 3 dB-beamwidth: Macro
	Modelled as an ideal omni pattern
	65( (azi) & 2-5( (elev)
	BTS outdoor antennas will typically have pre-set electrical tilts of 2-6(; the values of beamwidth will be set by the pattern. Indoor antennas will be omnis with no tilt


IMT-DS transmitters

TABLE A9.10

	Variable
	MS value
	BTS value

	Maximum transmit power (dBm): Macro
	21
	43

	Maximum transmit power (dBm): Micro
	21
	33

	Maximum transmit power/TCH (dBm): Macro
	N/A
	30

	Maximum transmit power/TCH (dBm): Micro
	N/A
	20

	Local losses (dB)
	3
	2


IMT-DS receiver

TABLE A9.11

	Variable
	MS value
	BTS value
	Notes

	Receiver Noise Figure (dB)
	9
	4
	The values of 9 dB and 5 dB for the system noise figure was taken from 3GPP TR 25.942 V5.1.0. The 5 dB noise figure was modified by the LNA gain at the BTS, given that we understand incorporation of an LNA will be standard practice amongst the IMT-2000 operators

	Maximum loading (%): Urban
	90%
	50%
	Maximum cell-load values are used to determine whether or not the next arriving call will be admitted to the system. When the cell-load is high, further increases in traffic can reduce the cell radius by a relatively large fraction compared to when there is less traffic. Therefore, in rural areas, where cells are deployed for coverage rather than capacity, operators will set lower values to avoid this effect causing coverage holes. The maximum load, L, is related to the maximum noise rise in dB, N, via the equation N = –10log10(1 – L).

	Maximum loading (%): Suburban
	
	50%
	

	Maximum loading (%): Rural
	
	50%
	

	Maximum loading (%): Indoor
	
	50%
	


Soft(er) handover

Soft-handover links are deemed to be those where the difference in link powers between two servers is less than the soft-handover window. If this is the case, a soft-handover gain reduces the powers on uplink and downlink. Of course, both base station cells now serve on the downlink, so the penalty for the gain is an increased use of downlink resources.

TABLE A9.12

	Variable
	MS value
	BTS value
	Notes

	SHO Window (dB)
	3
	3
	The delta in powers between the path to the first and second best servers. 

	SHO Gain (dB)
	Function in form of graph below
	Function in form of graph below
	The SHO gain has been simplified and will be expressed as an exponential function of the power delta between paths to two serving cells. Values have been based on those given in “Radio Network Planning and Optimisation for IMT-2000” by Laiho, Wacker and Novosad, Wiley Press pp70 – which, in turn, have been fitted to results from 3GPP channel model 4 with antenna diversity. The values are in qualitative agreement with the values from 3GPP TR 25.942 V5.1.0. where a fixed 2 dB gain was assumed for diversity i.e. about the average over the SHO window between 0 dB and 3 dB.


FIGURE A9.17

[image: image185.emf]0

1

2

3

4

0 1 2 3 4 5 6

Soft-handover margin (dB)

Soft-handover gain (dB)


Cell sizes and configuration

TABLE A9.13

	Type
	Cell-size
	Cell-type

	Urban cell
	500
	Tri-sectored

	Suburban (m)
	1 500
	Tri-sectored

	Rural (m)
	4 000
	Tri-sectored


Path loss models

A stochastic break-point model is deployed with a LOS and NLOS component. The point where the path switches from LOS to NLOS will be determined stochastically using a mean-path length.

Mean Path-Loss


D <= (, Free-space model (n = 2 where n is the power attenuation factor) => LOS


D > (, Cost-231 model (n = 3.5 for outdoor or indoor model as applicable) => NLOS


( is a stochastic path-length which marks the point of the first obstacle. 

The same path-loss models are used for IMT-2000 and UWB.

Variance on path loss

For each link, the path loss is calculated as PL = PLo(d) + ((rn) where PLo(d) is the deterministic mean value for a given distance (given by Cost 231 etc.) and ((rn) is the random variance, selected randomly from a log-normal distribution (outdoor) or Rayleigh distribution (indoor). Rayleigh margins were not superimposed on top of the log-normal values but assume variations with speed to be subsumed in Eb/No figures.

TABLE A9.14

	Environment
	Path-loss standard deviation, ( (dB)

	Urban
	6.0

	Suburban
	7.0

	Rural (Flat/Mountainous)
	8.0


Penetration losses

Depending on the position of the IMT-DS user and the UWB device, there will be different associated penetration losses. 

TABLE A9.15

	UWB device
	IMT-2000IMT-DS device
	Penetration loss (dB)
	Notes

	Outdoor
	Outdoor
	0
	

	Outdoor
	In-building
	10
	

	Outdoor
	In-car
	8
	

	In-building
	In-building
	0
	LOS

	In-building
	In-building
	10
	Non-LOS


Orthogonality

An orthogonality factor of zero corresponds to perfectly orthogonal users while “1” corresponds to the same effect as inter-cell interference. 

According to 3GPP TR 25.942 V5.1.0:

TABLE A9.16

	Cell type
	Factor

	Own-cell interference: Macro
	0.4

	Own-cell interference: Micro
	0.06

	Other-cell interference
	1


Services

Eb/No 

Eb/No for UL/DL for stationary mobiles have been taken from 3GPP TR 25.942 V5.1.0 with values for voice and data services. The book “Radio Network Planning and Optimisation”, by Laiho, Wacker, Novosdad, was used as a basis for understanding the effects of changing data rate, speed and the effect of packet services. This contains methods to derive values, essentially using a theoretical 3GPP channel model. The effects of speed via the effects of power-control are included in those values. 

Uplink Eb/No: 3GPP

TABLE A9.17

	Service
	Cell-type
	Eb/No

	Voice
	Macro (Vehicular)
	6.1

	Voice
	Micro
	3.3

	144 kbps CSD
	Macro (Vehicular)
	3.1

	144 kbps CSD
	Micro
	2.4


Uplink Eb/No: Laiho, Wacker and Novosad

TABLE A9.18

	Service
	Speed (km/h)
	UL Eb/No (dB)

	Voice: 12.2 kbps (20 ms interleaving)
	3
	4

	
	20
	4.5

	
	120
	5

	64 kbps CS data (40 ms interleaving)
	3
	2

	128 kbps CS data (40 ms interleaving)
	3
	1.5

	384 kbps CS data (40 ms interleaving)
	3
	1

	64 kbps, PS data (10 ms interleaving)
	3
	2

	
	120
	3.3

	128 kbps, PS data (10 ms interleaving)
	3
	1.5

	
	120
	3

	384 kbps, PS data (10 ms interleaving)
	3
	1

	
	120
	2


Downlink: 3GPP
TABLE A9.19

	Service
	Cell-type
	Eb/No

	Voice
	Macro (Vehicular)
	7.9

	Voice
	Micro
	6.1

	144 kbps CSD
	Macro (Vehicular)
	2.5

	144 kbps CSD
	Micro
	1.9


Downlink: Laiho, Wacker and Novosad

TABLE A9.20

	Service
	Speed (km/h)
	DL Eb/No (dB)

	Voice: 12.2 kbps (20 ms interleaving)
	3
	6.5

	
	20
	6

	
	120
	6.5

	64 kbps CS data (40 ms interleaving, BLER=1%)
	3
	5

	128 kbps CS data (40 ms interleaving, BLER=1%)
	3
	5

	384 kbps CS data (40 ms interleaving, BLER = 1%)
	3
	5

	64 kbps, PS data (10 ms interleaving, BLER = 10%)
	3
	5.5

	
	120
	5

	128 kbps, PS data (10 ms interleaving)
	3
	5

	
	120
	4.5

	384 kbps, PS data (10 ms interleaving)
	3
	4.5

	
	120
	4


Activity factors

Activity factors are effectively the duty cycles of the call. All activity factors are “1” following 3GPP TR 25.942 V5.1.0.

TABLE A9.21

	Data rate
	UL activity factor
	DL activity factor

	12.2 kbps (voice)
	1
	1

	64 kbps
	1
	1

	144 kbps
	1
	1

	384 kbps
	1
	1


Relative take up of services

It was assumed a probability of 60% voice calls and 30% 32 kbps data calls and 10% 64 kbps as a default case so that we can monitor the relative success of different call-types. Simulations with 144 kbps data were carried out; however, few links could be simultaneously connected using such high data rates and so the effects of UWB were statistically negligible. 

2)
UWB distribution characteristics:

•
UWB users density: varied from 100 users/km2 to 10 000 users/km2
•
UWB max power and variations: no power variation, all UWB devices are transmitting at a given transmit power

•
Activity factor: 100%

•
UWB channel propagation model: the UWB propagation model is the same as the one used for IMT-2000 channels.

3)
Correlation assumptions: varied from IMT-2000 and UWB independent distributions to correlated distributions (location correlation, together with a variation of the fraction of correlated devices). 

•
Criterion: 

No criterion expressed.

•
Output results:

Urban Deployment

In this scenario, UWB devices are uncorrelated with each other and the IMT-2000 handsets, and there is assumed to be a mean-free line-of-sight path of 10 metres between the UWB devices and the IMT-2000 handsets. 

The IMT-2000 DS users are assumed to be located either indoors, outdoor pedestrian or vehicular. The relative probability of a user being in each of these locations is 0.4:0.4:0.2. 

All of the UWB devices are assumed to be indoors. Penetration losses are not applied to paths between mobiles and UWB devices which are line-of-sight. The user density of IMT-2000 users is specified in only two dimensions (i.e. across a flat Earth) but these devices may be on different levels of a building. This is especially the case in urban areas with dense populations and built-up areas. To account for the effect of a 3D distribution of IMT-2000 users, and therefore the probability that IMT-2000 and UWB devices are at different heights and separated by floors, both the IMT-2000 users and UWB devices are characterized as being either (i) outdoors (ii) indoors or (iii) in-car. Buildings are characterized as having an average number of floors on which there are likely to be UWB users. Paths between in-building IMT-2000 devices and in-building UWB devices on different floors are then susceptible to extra in-building penetration loss. However, LOS paths are not.

When there are no UWB users, this configuration gives rise to a call success probability of 90% for the voice calls11 and around 80% for the data calls, which have a lower processing gain and therefore a worse receiver sensitivity and a smaller coverage area. The number of calls leads to cells in the central cell reaching close to the maximum load value of 50% and mobiles to the maximum load value of 90%; therefore, this scenario reflects a network configuration which is loaded close to capacity. 

Figure A9.18 shows for the average power rises at the mobile stations, expressed as a percentage increase over the case where there are no UWB devices. The results are presented for different values of UWB device densities, and for a UWB PSD of –70 dBm/MHz (1e – 7 mW/MHz).
Figure A9.18

Variation on receiver interference power due to UWB devices
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The graph shows a super linear increase in the average interference power. 

The results for the effect on call quality are shown in Figure A9.19. Two values of PSD are plotted, for –70 dBm/MHz and –60 dBm/MHz.

Figure A9.19

Variation on call success probability due to different densities of UWB user
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For the PSD = –70 dBm/MHz case, by 10 000 UWB devices per squared km, the call degradation has reached 1% over and above the calls dropped because of the thermal receiver noise and IMT-2000 DS intra-system interference. This figure is highly significant at over 5% when the PSD is –60 dBm/MHz. 

The effect of UWB PSD

In this investigation, the PSD is varied from –80 dBm/MHz to –50 dBm/MHz to see the effect on IMT-2000 characteristics. Because the effect of UWB interference causing a noise rise at the mobile handset is, by far, the cause of greatest dropped calls, the increase in mobile interference power is firstly plotted in Figure A9.20 as a function of the UWB device PSD for a fixed density of 1 000 devices/km2.

Figure A9.20

Increase in mobile interference power with UWB PSD
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The graph shows a result that may be intuitively expected. As the PSD is increased by an order of magnitude, then so are the interference levels at the mobile station (within the errors resulting from the statistical nature of Monte-Carlo simulations.) The effect on dropped call probability is shown in Figure A9.21 for the same configuration. 

Figure A9.21

Dropped call rate variation with UWB PSD when the UWB 
device density was fixed at 1 000/km2
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The graph indicates a super-linear rise in the percentage of successful calls. The steep increase in both interference power in Figure A9.20 and in dropped call rates in Figure A9.21 with increasing PSD, is attributed to the nature of IMT-2000. An incremental change in interference leads to a matching increase in transmit powers. This raises interference in all other handsets causing, in turn, further increases in transmit power and so on until the transmit and received powers are balanced.

A further interesting question to answer is the effect of PSD when the aggregated power from the UWB devices is fixed i.e. for a constant device density multiplied by PSD (power generated per MHz per km2). The results from this comparison are shown in Figure A9.22 where the dropped call rate degradation is plotted for 100 UWB devices with a PSD of –60 dBm/MHz, 1 000 UWB devices with a PSD of –70 dBm/MHz and 10 000 UWB devices with a PSD of –80 dBm/MHz, such that there is a constant PSD per unit area of –40 dBm/MHz/km2.

Figure A9.22

Dropped call rate for a fixed transmitted UWB power per unit land area
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The results show that the IMT-2000 performance does not scale with a constant amount of transmitted power generated per km2. Instead, it is sensitive to both the device density and the PSD independently. The greatest effects on IMT-2000 occur when the device density is high. This is attributed to the fact that an increased UWB number leads to a greater probability that the IMT‑2000 device is within a few metres, whereupon it can cause significant degradation to the receiver sensitivity 

Effect of correlation between IMT-2000 handsets and UWB devices in urban cells

The effect of changing the fraction of correlated UWB devices was also investigated. For these calculations, the correlation length between UWB devices and the IMT-2000 handsets was kept constant at 10 m while the fraction of correlated UWB devices 0, 5% and 10%. For example, if a fraction of 10% UWB devices is correlated to IMT-2000 handsets with a correlation length of 10 m, this means that 10% of the UWB devices will be located less than 10 m from an IMT-2000 handset. 

The corresponding call success degradations were 0.09%, 0.62% and 1.37%, showing that correlation factors can have a significant effect. The UWB device density is 1 000 devices/km2, with a PSD of –70 dBm/MHz.
Figure A9.23

The effect of correlation fraction for a length correlation value of 10 m
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The effect of the correlation distance

The effect of changing the UWB correlation length between UWB devices and the IMT‑2000 handsets is shown in Figure A9.24 below. For these calculations, the fraction of correlated devices was kept constant 10% while results are plotted for length correlation of 5 m, 10 m and ( (which is the random distribution case studied earlier). The value of the fraction of correlated devices was chosen to reflect half of the indoor UWB devices being in the same place. The UWB device density is 1 000 devices/km2, with a PSD of –70 dBm/MHz.

Figure A9.24

The effect of correlation length, from 5 m to infinity 
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The effect of correlation clearly has a very significant effect on the call success probability. If we assume that 10% of UWB devices are correlated with a IMT-2000 handset, then the results can have severe effects on the overall network capacity.

Effect of the IMT-2000 environment (rural environment) 

As areas become increasingly rural, the chances of interference is reduced, largely because of the reduced likelihood of UWB and IMT-2000 devices being in close proximity by virtue of their lower number densities. Simulations of a rural area where there were 1 000 UWB devices per km2 transmitting with a PSD of –70 dBm/MHz showed a 0.06% reduction in successful calls compared to the urban case which was 0.085%. In rural areas, however, it was argued that the likely UWB density would be closer to 100/km2 giving rise to negligible changes in the IMT-2000 performance in the macro-scale model (in the absence of clustering effects).

A9.7.3.1
Second study results

Frequency: 2 GHz

Technology: IMT-DS

Methodology: as described in Section 6.3. 

The model runs a number of consecutive simulations. Each simulation represents one half second of real-time, and is made up of one thousand snapshots. The model positions the IMT-2000 devices randomly for each snapshot. Also for each snapshot the UWB ‘on’ and ‘off’ status is varied according to its associated application. In other words the IMT-2000 spatial positioning and UWB activity is varied from snapshot to snapshot to reflect real life. In effect the IMT-2000 handsets are allowed to ‘move’ around over time and the temporal correlation of usage and the spatial correlation, between fixed UWB devices and mobile IMT-2000 handsets, is allowed to vary between being highly correlated and totally uncorrelated. 

•
Input parameters:

IMT-2000 mobile stations mobility 

Study results contained in Section A9 imply that interference would be aggravated by applications where the UWB/IMT-2000 temporal and spatial characteristics are highly correlated. But no such applications were discovered in the market research. There was, therefore, no need to ensure that UWB devices and IMT-2000 handset occupied any particular positions with respect to one another, at any given instant in time. Thus positions of the IMT-2000 devices, from snapshot to snapshot, were chosen from the spatial PDF shown in Figure A9.25.

Figure A9.25

Spatial PDF for Positional Deployment of IMT-2000 Handsets in Office Environment
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The reasoning behind this contrived PDF is that the IMT-2000 devices are most likely to be used and laid down next to the user of the desk, and rarely in the centre of the desk cluster. Furthermore, it is less likely that the IMT-2000 devices will be used away from the desk.

UWB applications and usage parameters

TABLE A9.22

UWB Applications and Usage Parameters for Office ‘Power User’ Environment

	Device and Usage Scenarios
	Datarate (Mbps)
	% of Link Rate (when Active or ‘On’)
	Daily Usage
	Average UWB ‘On’ Time (secs)
	Average UWB ‘Off’ Time (secs)
	Daily Usage Based on 
8-hour Day (%)
	Overall Activity (%)

	PC - Laser Printer

Mode: PC Tx
	100
	100
	~ 2 GB of files per day
~ 2 min/day 'on air'
	120
	28680
	0.42
	0.42

	PC – PDA

(File downloads)

Mode: Tx and Rx
	100
	100
	2x daily @ 100 MB each 
~ 1 min total (max)
	30
	14385
	0.21
	0.21

	PC-Wireless Monitor (with Compression)

Mode: PC Tx
	10

(250Mbps x 4%)
	4
	8 hours/day
	28800
	0
	100
	4

	PC – Scanner

Mode: Scanner Tx
	250
	100
	~ 2 GB of files per day

~ 2 min/day 'on air'
	120
	28680
	0.42
	0.42

	PC-External HDD

(Remote back-up)

Mode: Tx and Rx
	250
	100
	2x daily @ 2 GB each

~ 2 min each (max)
	120
	14340
	0.83
	0.83

	PC – Digital Camera

(Download)

Mode: Camera Tx
	100
	100
	1x daily @ 200MB each

~ 1min total
	60
	28740
	0.21
	0.21


An application will be used throughout the day, perhaps many times. Each time a UWB application is used (and hence a UWB device is transmitting), a series of UWB burst transmissions will occur to transfer the required data.  The percentage of link rate when active is measured by the ratio of these burst durations to burst arrival periods. A clear understanding of likely UWB burst periods is not available, and market research has done little to establish agreed figures. In the absence of this data a one second burst period was chosen as a worst-case scenario. The burst arrival periods are drawn as random numbers from a Poisson PDF, the limits of which are the beginning and end of the transaction. The beginning of a transaction is called “UWB on-time”; the end of the transaction is the “UWB off-time”. The temporal characterisation of the UWB devices in the simulation is achieved by drawing random transaction on-times and off-times from a Poisson PDF, the mean value of which is given in the UWB interference characteristics, namely average ‘on’ time and average ‘off’ time. The ratio of average ‘on’ time to average ‘off’ time plus average ‘on’ time is the percentage of daily usage, or duty cycle
.

PSDUWB  

The modelling process simulates the joint effect, due to UWB transmission activity and IMT-2000 mobility, on the interference witnessed by several IMT-2000 receivers. 

A number of UWB devices and IMT-2000 handsets were deployed in a notional 6m x 4m office, see Figure A9.26. Beyond 6-7m radial distance the UWB interference to the handset, even when aggregated from a large number of UWB devices, is insignificant. The model, therefore, only considers a 6m x 4m area. There are 19 UWB devices deployed in the model (shown as red, blue or green squares). The UWB devices are placed upon a cluster of eight desks/workstations in likely positions, according to their application. There are seven PCs that communicate to a variety of PC peripheral devices via UWB. The peripherals include four wireless monitors, two PDAs, two HDDs, a printer and a scanner. The clusters are master – slave structured and power control is implemented, with a maximum PSD of -65 dBm/MHz.

The following link budget elements were used in the study:

TABLE A9.23

	UWB Centre Frequency
	4000MHz

	UWB Bandwidth
	1800MHz

	UWB Link Path Loss @ 6 m.
	60.0dB

	UWB Noise Power
	-81.4dBm

	UWB Processing Gain
	8.6dB

	UWB Noise Power per Bit
	-90.0dBm

	UWB Noise Figure
	6.6dB

	UWB Total Noise Power per Bit
	-83.4dBm

	UWB Eb/No
	4.0dB

	UWB Implementation Loss
	2.5dB

	UWB Link Fade Margin
	6.0dB

	UWB Sensitivity (Static)
	-76.9dBm

	UWB Sensitivity (Dynamic)
	-70.9dBm

	UWB Tx Power Total
	-10.9dBm

	UWB Emission Limits
	

	UWB Spec. Density @ 2.1GHz
	-65dBm/MHz


Figure A9.26

Power Office User Environment, Showing UWB and IMT-2000 Device, 
Placement and Application
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UWB propagation channel : free space loss

•
Criterion expressed:

No criterion was expressed

•
Output results:

-> typical power office user scenario :

Six hot spot scenarios were identified in the Market Survey phase of the work. As it represents the worst-case environment for UWB interference to IMT-2000 mobile stations, the office ‘Power User’ model scenario was investigated. 
Figure A9.27

Activity and Distribution of UWB and IMT-2000 Devices 
in a Typical Power Office User Scenario
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Figure A9.28

Aggregate UWB Interference at the IMT-2000 Handsets  
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The IMT-2000 mobile station 2 receives the greatest UWB interference. For the sake of clarity, the total interference at IMT-2000 2 is shown in following Figure A9.29:

Figure A9.29

Total UWB Interference Seen by IMT-2000 2
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And the individual UWB contributions to this interference:

Figure A9.30

Individual UWB Contributions to the Interference Seen at mobile station 2
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It can be seen that the total interference witnessed at mobile station 2 is dominated by UWB3, the PC‑monitor link, close to the mobile station 2. The effects of aggregated power can be seen occasionally at mobile station 2 in the fact small incremental steps on the mobile station 2 waveform are present.

If mobile station 2 were to move much closer to the PC communicating with the wireless monitor, then the aggregation effects become much weaker and virtually all the UWB Interference is due to the PC to Wireless Monitor UWB link. 

Figure A9.31 depicts the worst-case scenario for UWB interference. The UWB transmission source communicates with its peripheral (e.g. PC to Wireless Video Monitor) over a distance of 5 m and as a result requires 250 Mbps transmission at full UWB power with a 4% activity factor. The IMT‑2000 mobile station is next to the PC UWB source with a coupling loss of 20 dB representing a distance of certainly less than 0.1 m between UWB source and IMT-2000 mobile station. In this case the UWB PC PSD transmits at its maximum power, -65 dBm/MHz.

Figure A9.31

Worst Case Scenario IMT-2000 close the UWB, on Maximum Power
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A9.8
 Summary and conclusions

The study results summarized here allow to identify two main aspects of the protection of IMT-2000 systems from UWB devices. These can be found in the single UWB device to single IMT-2000 mobile station, and in the multiple UWB interferers to base stations and the Monte Carlo analysis. 

The results tend to show that UWB interference would be more critical into the IMT-2000 mobile stations, and confirm that an IMT-2000 mobile station will potentially suffer interference from its closest UWB device (see Section A9.7.3.2).

The main deployment of UWB devices will be most likely indoors. Furthermore, the IMT-2000 mobile stations are more sensitive to interference when being indoors and communicating with an outdoor macro base station. Therefore the focus of interference investigations into the IMT-2000 mobile station has been on the indoor scenario.

In several investigations UWB devices are modelled as to continuously emitting a white Gaussian spectrum. In this case, if a PSD level was derived for the case of a single UWB device interfering with a IMT-2000 single mobile station, a value of –72.8 dBm/MHz in the frequency band 2 GHz would be deemed acceptable with a separation distance of 1 m assuming an IUWB/Nth criterion of –6 dB. For a reference separation distance of 0.2 m, the resulting maximum UWB PSD is –86.8 dBm/MHz (see Section A9.7.1.1.1).

In Section A9.7.1.1.2, the assessment of the actual impact of UWB bursty emissions (the UWB transmission being at maximum PSD) on the BLER together with the degradation of the IMT-2000 fast power control performance, show that a UWB PSD of  ‑105 dBm/MHz has no noticeable impact on the BLER at the IMT-2000 mobile station with 10 dB coupling loss between the UWB device and the IMT-2000. The impact begins to be noticeable under the same conditions with a UWB PSD of  ‑95dBm/MHz, where the BLER is still not impacted, but the resulting downlink transmit power rise becomes significant and would impact the overall capacity of the cell, potentially to a great extent when the base station transmits at maximum power or numerous IMT‑2000 mobile stations of a the same cell are simultaneously impacted by UWB localised interference. 

The coupling loss can be linked to an expected separation distance between the UWB and IMT‑2000 MS devices using a free space loss propagation model. A 30 dB coupling loss would correspond to a separation distance of approximately 36 cm, which is felt realistic. The corresponding maximum required UWB PSD is –85 dBm/MHz to protect the most sensitive IMT‑2000 mobile stations with no noticeable impact. 

Simulation results in Section A9.7.3.2 include some scenarios involving power controlled UWB devices, where the actual individual UWB PSD are lower than the assumed maximum UWB PSD of -65 dBm/MHz due to power control and short UWB links of the order of a few metres. This particular scenario involving a typical dense power controlled UWB deployment and IMT-2000 devices, gives a clear indication that some IMT‑2000 receivers would be affected because the critical interference level of –115 dBm/MHz may sometimes be exceeded. This leads to the conclusion that a value of –65 dBm/MHz is not sufficient to protect IMT‑2000. 

Additional consideration to take into account the mitigating impact of statistics and/or UWB power control would be expected to enhance the compatibility situation and could impact the maximum permissible UWB PSD levels to a limited extent. If power control is taken into account in the UWB compatibility assessment some consideration may be appropriate as to how such devices with power control would be assured by means of regulations.

With respect to the interference from UWB devices to IMT-2000 base stations, the following table contains the maximum UWB PSD levels required to meet the IMT-2000 base stations protection requirements (see Section A9.7.2.2) at 2 GHz, as a function of UWB simultaneously active device densities, transmitting at maximum power.

TABLE A9.24

Maximum UWB PSDs to meet the IMT-2000 base station protection requirements

	UWB transmitters/km2
	10
	100
	1 000
	10 000
	100 000

	PSD UWBmax (dBm/MHz)
	–57.5
	–64.2
	–70.8
	–78.2
	–87.0


As expected, these values are deeply linked to the UWB population density and activity factors models, revealing also that a high level of interference experienced at base stations would be caused by the aggregation of multiple UWB sources of interference. Unless new information is provided, it is assumed that the appropriate density of simultaneously active UWB devices transmitting at maximum power should be taken between 10000 and 100000 devices per km2.

It can be noted that the more constraining reference UWB maximum PSD values may be the ones required by the mobile or the base station (-85dBm/MHz), depending on the density of UWB devices simultaneously transmitting at maximum power. For device densities smaller than about 100000 per km2, the UWB interference is less severe for IMT-2000 base stations than for protecting the most sensitive IMT-2000 mobile station. Therefore the following maximum UWB PSD would be tolerable:

TABLE A9.25

UWB PSD values to protect the most sensitive IMT-2000 mobile stations in a typical IMT-2000 deployed network at a reference distance of 36 cm*.

	Frequency band
	1 710-1 885 MHz
	1 885-2 025 MHz
	2 110-2 170 MHz
	2 500-2 690 MHz

	Max UWB PSD (dBm/MHz) 
	-86.4
	-85.9
	-85
	-83.1


*The maximum UWB PSD value was obtained in the 2110 - 2170 MHz band, the values for the other bands have been extrapolated using free space propagation model.

Note: compatibility studies of UWB emissions on IMT-2000 victim systems applicable in the 1800 MHz band ensure also the protection of GSM/EDGE systems in this band since the I/Nth criterion for IMT-2000 is more critical..
Most studies summarised here assumed a UWB device activity factor of 100%. However it has been proven that the UWB device may operate very much lower activity factors than 100%. Appendix 1 complementary study offers a methodology that includes probabilistic considerations to the deterministic methodology applied to the UWB device – IMT-2000 scenario. The analysis show that even under an typical average UWB deployment scenario, the  UWB maximum PSD value needed to ensure compatibility with IMT-2000 mobile stations remains close to the value of -85 dBm/MHz obtained by deterministic evaluations.

In addition, Section A9.7.1.1.2 results show that the impact of UWB activity factors is not trivial, and is a non linear phenomenon in the case of UWB localised interference into an IMT-2000 mobile station. The effects of bursty UWB interference attack the fast power control and, finally, has systemic effects of UWB interference in terms of quality of service degradation. The effect of bursty emissions is rather like an old Electronic Warfare (EW) technique where pulses of RF energy are at such a repetition rate that they attack the Automatic Gain Control (AGC) features of a radio. Such techniques in EW can prove more disabling to a radio than raw radio interference power.  The following table
 offers data on the resulting DL power increases for a particular IMT-2000/IMT-2000 service and Coupling Loss for different UWB burst duty cycles (services) in this case (see Section A9.7.1.1.2  for more details on the parameters used in the complete study).

TABLE A9.26

Increase in DL Power (dB) at 40dB CL (UWB PSD = -65 dBm/MHz)  

	
	UWB Wireless Monitor
	UWB Set-top Box 

(3 channel)
	UWB Digital Camera

	UWB burst Duty Cycle
	4%
	30%
	96%

	Voice 12.2 DL DPCH power rise
	1.7dB
	3.8dB
	4.8dB

	CS144 DL DPCH power rise
	3.1dB
	4.3dB
	5.8dB

	PS384 DL DPCH power rise
	0.6dB
	2.5dB
	0.6dB


For example, in Table A9.26 a voice service receiving UWB Interference from a UWB wireless monitor at 40dB CL means that the DL DPCH power rises by 1.7dB (over the case of no UWB interference and no OLPC/FPC), and a power rise of 4.8dB is observed for the UWB digital camera interference. The average net power for the wireless monitor is about 24 times less than that for the digital camera, due to 4% duty cycle for wireless monitor and 96% duty cycle for digital camera, yet only a 3dB increase in DL power is seen between these two UWB interference conditions. 

The UWB activity factors considerations when addressing victim IMT-2000 base stations has not been studied specifically. It should also be noted that the UWB interference has always been considered as white Gaussian noise. This assumption on UWB interference may not be appropriate for all types of UWB technologies, and further investigation on this point would also be beneficial (as an example, see the discussion on the peak to average ratio in Section A9.3.3).

Appendix 1

Complementary probabilistic methodology on compatibility between IMt-2000 mobile stations and a typical UWB deployment in an open-plan office environment.

The scenario involving the IMT-2000 mobile stations appears to be the most critical with regard to UWB maximum PSD required to ensure compatibility with IMT-2000 networks.

The reference distance of 36 cm associated with the compatibility analysis between UWB devices and IMT-2000 MS is felt appropriate to take into account a foreseen frequent scenario where a UWB device may be on a desk in an office environment, not far from a potential victim IMT-2000 mobile station. 

A methodology is therefore suggested which could include complementary probabilistic considerations linked to the assessment of potential interference from UWB devices into IMT-2000 mobile stations.

Application of a probabilistic scenario

Basically, the idea is the following: in a reference office environment, containing co-localised UWB and IMT-2000 mobile stations, to assess the maximum UWB PSD, PUWBmax, required to ensure that the probability of interference between a UWB device and an IMT-2000 mobile station, P(IUWB>IUWBmax), stands below a reference criterion (the criterion may be different according to the environment under consideration): 




Pr(IUWB>IUWBmax)max = probref


(notation N1)

A maximum probability P(IUWB>IUWBmax) of 10% could be envisaged, with IUWBmax = -115 dBm/MHz, ensuring no impact from UWB emissions for 90% of (time)x(location) in such office environment: the probability depends on the respective locations of these devices, and their active time over a working day, noting that the IMT-2000 station could be used and could receive a communication at any time. On the other hand, interference from UWB devices would only be experienced by IMT-2000 victim mobile handsets from communicating UWB devices. Under these assumptions, the time variance will be dependant on the UWB activity ratio only (t), and will also be independent from the relative locations of UWB devices and IMT-2000 mobile stations. Here, a UWB is considered as active if it is transmitting packets at any time during a typical IMT-2000 call. The UWB activity factor t is also the probability of a UWB device to be active: 

Pr(UWB is active) = t  



(notation N2) 

A reference office environment can be characterised by: 

x UWB device / y reference area (m2)


(notation N3)

This characterisation can give indication on the relative location distributions of the IMT-2000 mobile stations and the UWB device locations. The relative locations give the distance distribution, which can be converted into a IUWB interference levels distribution by means of a link budget application, assuming a UWB PSD and a propagation model (free space propagation can be assumed in the case of small separation distances, below one metre). 

We are considering a reference area defined as containing one IMT-2000 mobile station located anywhere in the reference area. The x UWB devices are also located in this reference area. 

If x = 1, then the probability of having a UWB device at a distance of less than distance dmin from an IMT-2000 mobile station could be approximated by: (dmin2/y. 

therefore: 

Pr(d < dmin) = (dmin2/y.



(notation N4)

A UWB device transmitting with a PSD of pUWB dBm/MHz at distance d, under free space propagation conditions at 2100 MHz, would create at the distance d from the IMT-2000 mobile station, an interference level of:

IactiveUWB = pUWB - 38.9 - 20 log (d),    d in metres 

(equation E1).

Taking into account the above considerations, the probability P(IUWB>IUWBmax) is:

Pr(IUWB > IUWBmax) = Pr(UWB is active).Pr(IactiveUWB > IUWBmax) (equation E2)

Using the notations N1 to N4 and equations E1 and E2, conformance to a reference criterion probref would be obtained by the following equation:
Pr(d < dmin) = probref/t,  where dmin = 10^((IUWBmax-PUWB+38.9)/20) 

or :


dmin = (probref.y / (.t)1/2




(equation E3)

PUWBmax is then (at 2100 MHz): 

PUWBmax = IUWBmax -38.9 - 20.log(dmin).


(equation E4)

The above equations were derived assuming x=1. The following discussion shows that scenarios identifying statistical distributions of UWB devices over a reference area are currently characterised by a ratio “active UWB/reference area” in reference deployment scenarios description schemes : this is in fact the ration (x.t/y), with our above notations. It shows also that from a practical point of view, a UWB deployment scenario over a reference area described by {activity factor t, x/y, x ≠1}, can be approximated by {activity factor x.t, 1/y}. This being true when considering that only one UWB device could transmit at the same time in the reference area.

Reference office and home environment are characterised by 0.2 active UWB/10m2 (average building), or 1 UWB device/10m2 with an activity factor of 20%, or 2 UWB devices/10m2 with an activity factor of 10%... (x=1, t=20%, y=10m2) equivalent to (x=2, t=10%, y=10m2) if we consider that only one UWB device could transmit at the same time in the reference area. The studies contained in section <A9.7.3.1> (Monte Carlo analysis, second study results) show that a typical hot-spot open-plan office environment could contain no less that 19 UWB devices transmitting in a office room of 20 m2. As an approximation a desk and some ability of the user to move around with a small mobility, a reference area of 4 m2 is proposed . If for example 3 UWB devices were available over this 4 m2 reference area, with activity factors of resp. 10%, and 2 times 5%, this would correspond to an average over time and location of 20% for 1 equivalent UWB device in 4m2  (x=1, t=20%, y=4m²). It can be noted that t.x is in both cases 20%, hence correlating quite closely the UWB devices and the IMT-2000 mobile stations : the “large scale” UWB density over 10 m2, is concentrated in 4 m2 (in an open plan office environment of 8 offices close to each other, this would concentrate 3x8 = 24 UWB devices (or 16 UWB with an individual average activity factor of 10%) over about 50 m2 (4x8 m2 and additional room around), letting again 30 additional m2 for corridors and areas free of UWBs to recover the “large scale” numbers of the existing TG3 deployment scenario. 

With this, a scenario involving a UWB deployment scenario described by  {activity factor t, x/y, x ≠1}, can be approximated by {activity factor x.t, 1/y}, and equations E3 and E4 can be generalised by E4’ and E3’ hereafter
 :


dmin = (probref.y / (.x.t)1/2



(equation E3’)

PUWBmax is then (at 2100 MHz): 

PUWBmax = IUWBmax -38.9 - 20.log(dmin).


(equation E4’)

Hence a scenario identifying 0.2 active UWB user per 4 m2 is still an average scenario in the case of an open plan office environment, which may be considered optimistic with regard to more specific individual scenarios.  

Table A9.App1.1 below summarizes the calculation results with the methodology, the two environments and the criteria assumptions above, values are calculated for the band 2110-2170 MHz using equation E1, and derived for the other bands by using the free space loss propagation model:

Table A9.App1.1

	Freq. band
	IUWBmax
	probref
	y
	t.x (%)
	dmin (m)
	FSL
	Pmax UWB

	1710-1885 MHz
	-115.00
	10.00
	4.00
	20.00
	0.80
	36.93
	-79.9 dBm/MHz

	1885-2025 MHz
	-115.00
	10.00
	4.00
	20.00
	0.80
	36.93
	-79.0 dBm/MHz

	2110-2170 MHz
	-115.00
	10.00
	4.00
	20.00
	0.80
	36.93
	-78.1 dBm/MHz

	2500-2690 MHz
	-115.00
	10.00
	4.00
	20.00
	0.80
	36.93
	-76.6 dBm/MHz


Based on discussions related to IMT-2000, it is stated that the IMT-2000 network can react efficiently to localised interference from UWB at a higher level of -105 dBm/MHz, provided a very limited number of IMT-2000 mobile stations would be impacted at the same time in the same cell. This condition could be expressed by IUWBmax = -105 dBm/MHz, and probref = 2% (1 IMT-2000 mobile stations impacted in a highly loaded cell of 50 simultaneous users).

With this, Table A9.App1.1 above becomes:

Table A9.App1.2

	Freq. band
	IUWBmax
	probref
	y
	t.x (%)
	dmin (m)
	FSL
	Pmax UWB

	1710-1885 MHz
	-105.00
	2.00
	4.00
	20.00
	0.80
	29.94
	-76.8 dBm/MHz

	1885-2025 MHz
	-105.00
	2.00
	4.00
	20.00
	0.80
	29.94
	-76.0 dBm/MHz

	2110-2170 MHz
	-105.00
	2.00
	4.00
	20.00
	0.80
	29.94
	-75.1 dBm/MHz

	2500-2690 MHz
	-105.00
	2.00
	4.00
	20.00
	0.80
	29.94
	-73.6 dBm/MHz


This contribution offers a methodology that includes probabilistic considerations complementary to the deterministic methodology applicable to the UWB device – IMT-2000 scenario. The methodology is sensitive to the input parameters (probref, y, t, x, IUWBmax), but the results contained in tables 1 and 2 show that even under an optimistic scenario (the UWB activity factor is an averaged value), the  UWB maximum PSD value needed to ensure compatibility remains close to the value of -85 dBm/MHz obtained by deterministic evaluations.

If the activity factor is increased from 5 to 20 %, the UWB maximum PSD value results in 6 dB smaller values corresponding very closely to the results gained in the deterministic approach around –85 dBm/MHz. In the following Figure,  the probability of  having at least  1 active  UWB device  closer than  the  reference distance d0 (= dmin) is illustrated for an activity factor 20%. For the 10 % probability of interference in IMT-2000, the value results in about 40 cm.
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Figure A9.App1.1: Probability of having at least 1 active UWB device closer than the reference distance d0
Note that the probability reaches 1 when the distance approaches the radius of 1.12m of the circular reference area of 4 m2, as expected.

ANNEX 10
RADIO NAVIGATION SATELLITE SERVICE (RNSS)

A10.1
Introduction

Radionavigation satellite systems (RNSS) are particular systems to which very careful consideration is afforded in the development of appropriate protection criteria to preclude interference from UWB-based unlicensed services.  

Two overriding issues encountered in developing UWB protection requirements applicable to RNSS receivers were:

1)
The low signal levels available to terrestrial-based RNSS receivers, 

2)
Uncertainties associated with potential mobile UWB-to-mobile RNSS interference interactions.  

As a result of the RNSS signals, the signal power at the surface of the earth is very low.  In addition, RNSS receivers, particularly those for use in mobile applications, employ small antenna sub-systems with characteristics inferior to the relatively large directional antennas typically used to receive satellite downlink signals.  

Since UWB technology is proposed to be developed, interference interactions involving mobile applications of both UWB and RNSS technologies must be considered.  

This paper summarizes the link budget analyses and those special circumstances considered in the development of UWB-specific criteria to ensure protection to existing and future RNSS receivers.

Regarding RNSS receivers, several recommendations ITU-R-M have already been suggested as the basis to be used in the studies, but do not cover the RNSS systems evolutions, neither Galileo system current design and characteristics, nor foreseen GPS modernization program (new signals and characteristics). 

There is a clear need for reviewing several ITU recommendations dealing with RNSS systems. The information provided in these recommendations will be used for compatibility studies between RNSS and other services and systems.

These Recommendations are the following:

–
ITU-R M.1088 “Considerations for sharing with systems of other services operating in the bands allocated to the radionavigation-satellite service” dated 1994

–
ITU-R M.1317 “Considerations for sharing between systems of other services operating in bands allocated to the radionavigation-satellite and aeronautical radionavigation services and the Global Navigation Satellite System (GLONASS‑M)” dated 1997

–
ITU-R M.1477 “Technical and performance characteristics of current and planned radionavigation-satellite service (space-to-Earth) and aeronautical radionavigation service receivers to be considered in interference studies in the band 1 559-1 610 MHz” dated 2000

–
ITU-R M.1479 “Technical characteristics and performance requirements of current and planned radionavigation-satellite service (space-to-space) receivers to be considered in interference studies in the frequency bands 1 215-1 260 MHz and 1 559-1 610 MHz” dated 2000

–
ITU-R M.1318 “Interference protection evaluation model for the radio navigation-satellite service in the 1 559-1 610 MHz band”
Looking at UWB interferences, depending on UWB type of applications (imaging, vehicular radars, communications, positioning) the impact on RNSS receiver might be different.

The interference effects upon RNSS receivers are classified as noise-like, pulse-like and CW like transmissions and the RNSS receivers are not equally tolerant to each effect. GPS measurement campaigns done during the FCC rulemaking process actually shown these different effects. The same classification is forecast for the Galileo receivers. 

In addition, the class and the degree of UWB RFI impact is observed to depend on UWB signal characteristics such as pulse repetition frequency (PRF), waveform and modulation in relation to the RNSS receiver bandwidth, not only RF bandwidth (1 MHz magnitude) but also after correlation process bandwidth (less than 1 kHz magnitude). 

Depending on the periodicity of the PRF, on the type of modulation (Pulse Amplitude Modulation, Pulse Position Modulation, On-Off Keying, Bi-phase modulation …), the UWB spectrum shape will be different. In some cases, it will produce many spectral lines where in other cases it could be considered as a continuous spectrum. The impact on the RNSS receiver will be very different.

For RNSS concerns, the two main types of UWB applications, namely those requiring high data rate and the others requiring low data rate, would then have mainly two different expected effects: 

–
a noise floor increasing effect from the communications devices, degrading continuously RNSS receivers performance if they are sharing the RNSS band,

–
an intermittent CW like interference (loss of lock on satellites signal during tracking or interminable acquisition time), from the others devices (positioning, or radar/imaging). These latter effects need to be carefully studied.

Noise like effect

For the Noise like effect, there are materials available. Classical link budget analysis is sufficient to propose new regulations based on the Galileo system which seems to offer sufficient protection to RNSS receivers.

It is to be noted that the current study is based on the effect of noise like effect single entry primeraly.  

CW like effect

RNSS receivers can also experience CW-like interference effects due to power concentrations in UWB frequency spectrums when periodical signals are used. Indeed, some UWB devices, foreseen for localisation or Radar applications, could transmit periodic signal. The impact of the CW like effect is under study and has to be assessed taking into account the PRF, its periodicity but also the UWB modulation.

When the receiver loses lock onto the RNSS signal, it experiences a large phase and code error, resulting in the loss of the entire power of the navigation signal component, creating a positioning discontinuity. In the worst conditions, it can give Hazardous Misleading Information on the user positioning. In these conditions, the power measured in the lock detection block is thus only due to the interferer, and is similar to the power that would have the useful signal without interferer. Consequently, the lock detection block is not able to detect that the receiver is tracking the interferer, rather than the useful signal.

This effect explains why commercial low cost receivers are very susceptible to CW interference: the loss of lock is not detected and the ranging measurement of jammed satellites is used to compute the position (in absence of RAIM
 algorithm or when only a few satellites are available). Indeed, receivers generally experience a large positioning error, as reported in lot of interference tests. As an example, it has been reported positioning errors in the order of several kilometres before the loss of lock detection.

For those reasons, CW interference can compromise the positioning integrity or the navigation service continuity, and must be considered as a critical event.

The signal loss of lock, the interferer tracking, and the large position error are rather known effects of CW interferers on RNSS receivers. However, all the parameters which enter in conjunction to cause one effect or the other have not, up to now, been clearly characterized. 

It is needed to characterize the UWB (PRF, periodicity, modulation …) and to assess the impact of each type of UWB on RNSS receivers.

In addition, depending on the GNSS application, the acquisition and tracking thresholds may be different and may lead to different protection levels. 

Looking at the CW like effect interference on RNSS receivers, FCC defined an additional limit in any 1 kHz bandwidth. This limit is 10 dB below the one proposed in 1 MHz: such a limit has been retained in the FCC rules, without any rationale.

The purpose of the first appendix is to explain the technical background of this specific issue, keeping in mind that it is an on-going issue that needs further practical (simulations between UWB signals and GALILEO waveforms) and theoretical developments. 

A10.2
Galileo

2.1
Introduction

The effect of ultra-wideband (UWB) systems on the radio navigation satellite service (RNSS) Galileo system is studied in this chapter. The objective is to theoretically determine the degradations caused by UWB systems to Galileo receivers.

A10.2.2
Galileo Services

A10.2.2.1
Safety of life Applications

Galileo will provide a specific service for critical applications such as Aviation application from en route navigation operations up to Precision approaches

This service will be used also for critical applications such as Rail and Maritime applications

A10.2.2.2
Commercial Applications

Galileo will provide a commercial service facilitating the development of professional applications and offering enhanced performance compared with the basic service, particularly in terms of service guarantee.

A10.2.2.3
Mass market Applications

Galileo will provide an open, free basic service, mainly involving applications for the general public and services of general interest. This service is comparable to that provided by civil GPS SPS, which is free of cost for these applications, but with improved quality and reliability.

This service will be used for Emergency service E112, which will be developed in the future in Europe.

A10.2.2.4
Governmental Applications

Galileo will provide a public regulated service (PRS), encrypted and resistant to jamming and interference, reserved principally for the public authorities responsible for civil protection, national security and law enforcement which demand a high level of continuity. It will enable secured applications to be developed in the European Union, and could prove in particular to be an important tool in improving the instruments used by the European Union.

A10.2.3
Galileo Signal Characteristics:

The following provides a brief description of the future Galileo signals available for use in Galileo applications The following sections provide a brief description of the future Galileo signals available for use in Galileo applications. These characteristics have been used for the studies. 

Some ITU recommendations such as ITU-R M 1477, includes the technical characteristics and protection criteria for Galileo: this specific ITU-R Recommendation is the basis of the following compatibility analysis. 
A10.2.3.1
Galileo L1

The Galileo L1 signal is centered on a frequency of 1 575.42 MHz with a bandwidth of 32 MHz (1 575.42 ± 16 MHz).  As such, the L1 signal is completely contained within the 1 559‑1 610 MHz frequency band allocated on a co-primary basis to the Aeronautical Radio Navigation Service (ARNS) and the Radio Navigation Satellite Service (RNSS).

The Galileo L1 signal provides an Open Service (OS), a Public Regulated Service (PRS), which both include a navigation message.  Moreover an integrity message for Safety Application Service (SAS) is included in the OS signal.  The L1 carrier is modulated with a BOC(1,1) code to provide the OS.  The L1 carrier is also modulated with a BOCcos(15;2,5) code, to provide the PRS. 

The minimum signal level at the surface of the earth is specified as ‑127 dBm. 

A10.2.3.2
Galileo E6

The Galileo E6 signal is transmitted on a center frequency of 1 278 MHz with a bandwidth of 40 MHz (1 278,75 ( 20 MHz).  

The Galileo E6 signal provides a Commercial Service (CS), a Public Regulated Service (PRS), which both include a navigation message.  The L1 carrier is modulated with a BPSK(5) code to provide the CS.  The E6 carrier is also modulated with a BOC(10,5) code, to provide the PRS.  The minimum signal level at the surface of the earth is specified as ‑125 dBm.

A10.2.3.3
Galileo E5

The Galileo E5a signal is centered on a frequency of 1 176 MHz with a registered bandwidth of 24 MHz (1 176,45 ± 12 MHz). The E5a signal is contained within the 1 164‑1 215 MHz frequency band allocated on a co-primary basis to the Aeronautical Radio Navigation Service (ARNS) and the Radio Navigation Satellite Service (RNSS).

The Galileo E5a signal provides an Open Service (OS), a Safety Application Service (SAS), which includes a navigation message.  The E5a carrier is modulated with a BPSK(10) code to provide both OS and SAS.

The Galileo E5b signal is centered on a frequency of 1 207 MHz with a registered bandwidth of 24 MHz (1207,14 ± 12 MHz). The E5b signal is completely contained within the 1 164‑1 300 MHz frequency band allocated to the Radio Navigation Satellite Service (RNSS).

The Galileo E5b signal provides a Safety Application Service (SAS), which includes a navigation message and an integrity message.  The E5ab carrier is modulated with a BPSK(10) code to provide SAS.  

The minimum signal level at the surface of the earth is specified as ‑125 dBm. 

Galileo Signal Characteristics

	Carrier channel
	Frequency (MHz)
	transmitted bandwith (MHz)
	Ranging code rate (Mchip/s)
	symbol rates (symbs/s)
	multiplex type
	signal type
	Primary code length
(chips)
	Secondary code length
(chips)

	E5a-I
	1 176,45
	24,00
	10,23
	50
	QPSK
	BPSK(10)
	data
	10230
	20

	E5a-Q
	
	
	10,23
	N/A
	
	BPSK(10)
	pilot
	10230
	100

	E5b-I
	1 207,14
	24,00
	10,23
	250
	QPSK
	BPSK(10)
	data
	10230
	4

	E5b-Q
	
	
	10,23
	N/A
	
	BPSK(10)
	pilot
	10230
	100

	E6-A
	1 278,75
	40,00
	5,115
	tbc
	CASM
	BOC (10,5)
	data
	classified
	classified

	E6-B
	
	
	5,115
	1000
	
	BPSK(5)
	data
	5115
	-

	E6-C
	
	
	5,115
	N/A
	
	BPSK(5)
	pilot
	10230
	50

	L1-A
	1 575,42
	32,74
	7,672
	tbc
	CASM
	BOC (15;2,5) 
	data
	classified
	classified

	L1-B
	
	
	1,023
	250
	
	BOC(1,1)
	data
	4092
	-

	L1-C
	
	
	1,023
	N/A
	
	BOC(1,1)
	pilot
	4092
	25


A10.2.4
Operational scenarios

Operational scenarios need to be developed for each of the Galileo services.

Link budget analyses have to be performed under the assumptions implied by each of the proposed Galileo application-based operational scenarios.  Where applicable, these link budget analyses are performed utilizing technical characteristics and practices consistent with those specified in several ITU-R Recommendation and in particular in Recommendation ITU-R M.1477.
  

A10.2.5
UWB transmitter-to-Galileo receiver link budget analyses

The following analyses have been made taking into account a single UWB emitter. Protection levels have been defined in 1 MHz band to take into account the noise like effect. 

The protection in 1 KHz band to take into account the CW like effect and the impact of spectral lines has to be clearly assessed: a technical background about this issue is presented in the Appendix.
A10.2.5.1
Galileo antenna gain in direction of UWB source

The antenna subsystem utilized in almost all mobile applications is often implemented as a silicone patch.  The antenna typically produces an upper hemispherical pattern, with the gain maximized in the direction of the satellites in space.  Table A10.1 defines the model used to determine the Galileo antenna gain in the direction of an assumed UWB source.  

Emissions from UWB transmitters were assumed incident in the side lobe (-10 to 10 degrees) region of the Galileo receive antenna in this scenario. Therefore, the assumed antenna gain is 0 dBi.

For safety of life aeronautical applications, as a worst case analysis, the antenna gain in the direction of  the interferer  is 5 dBi. 

Table A10.1

Galileo Receive Antenna Model

	OFF-AXIS ANGLE

(degrees relative to horizon)
	Galileo ANTENNA GAIN

(dBi)

	10 to 90
	3

	-10 to 10
	0

	-90 to –10
	-4.5


A10.2.5.2
Propagation path loss

Free space path loss is determined from an unobstructed propagation path:

Lp  =  20 Log10 (F) + 20 Log10 (D) – 27.55


where;



Lp =
free space propagation path loss, in dB;



F   =
frequency, in MHz;



D =
propagation path length, in meters.
Depending on the UWB type of applications, we have taken the following assumptions for the separation distance between an UWB device and a RNSS receiver:
TABLE A10.2

Separation distance scenario 
	UWB application
	Separation distance (m)

	Ground penetrating/wall imaging radar
	6

	Through wall imaging
	6

	Surveillance systems
	25

	Medical imaging
	6

	Indoor communications
	2

	Handheld Communications
	1


In the case of safety of life applications, the path loss is usually calculated with a separation distance of 30m. This distance can be found in the corresponding literature, for example the RTCA paper quoted in §A10.2.5.1.

A10.2.6
Single UWB transmitter-to-Galileo receiver link budget analyses: noise-like effect only

The following analyses have been made taking into account a single UWB emitter. Protection levels have been defined in 1 MHz band to take into account the noise like effect.

A10.2.6.1
Galileo protection requirement

The requirement for GALILEO protection is -141.3 dBW in any 1 MHz, therefore -111.3 dBm/MHz (Acquisition mode: receiver aggregate wideband interference threshold). 

Concerning aeronautical applications named “Safety of life”, two additional parameters are specifically mentioned.

(An aeronautical safety margin of 5.6 dB is included as explained in ITU-R M.1477.

(A I/N of -20 dB. This value actually represents an error performance degradation of 1 % for all sources of interference. It has to be noted that this degradation has been proposed by ITU-R WP8D in September 2004 and sent to the next ITU-R TG1/8. However, it is proposed to use such an I/N value to the “Safety of life” applications only.

For non “Safety of life” applications, there is no aeronautical safety margin, and the I/N equals -6 dB.

A10.2.6.2
Safety of life application

TABLE A10.3

Protection requirements for safety of life service (separation distance of 30 m)

	GALILEO frequency band
	E5a
	E5b
	L1
	Unit

	 
	
	
	
	
	 

	GALILEO protection requirement
	-111.3
	-111.3
	-111.3
	dBm/MHz

	Aeronautical margin
	
	-5.6
	-5.6
	-5.6
	dB 

	I/N
	
	-20
	-20
	-20
	 dB

	GALILEO antenna gain
	
	5
	5
	5
	 dBi

	Propagation path loss
	
	63.40
	63.63
	65.94
	 dB

	 
	
	
	
	
	 

	GALILEO protection requirement
	-78.50
	-78.27
	-78.96
	dBm/MHz


A10.2.6.3
Non safety of life applications

TABLE A10.4
Protection requirements for a protection distance of 25 m
	GALILEO frequency band
	E5a
	E5b
	L1
	Unit

	 
	
	
	
	
	 

	GALILEO protection requirement
	-111.3
	-111.3
	-111.3
	dBm/MHz

	I/N
	
	-6
	-6
	-6
	 dB

	GALILEO antenna gain
	
	0
	0
	0
	 dBi

	Propagation path loss
	
	61.82
	62.04
	64.36
	 dB

	 
	
	
	
	
	 

	GALILEO protection requirement
	-55.48
	-55.26
	-52.94
	dBm/MHz


TABLE A10.5

Protection requirements for a protection distance of 6 m

	GALILEO frequency band
	E5a
	E5b
	L1
	Unit

	 
	
	
	
	
	 

	GALILEO protection requirement
	-111.3
	-111.3
	-111.3
	dBm/MHz

	Aeronautical margin
	
	0
	0
	0
	 dB

	I/N
	
	-6
	-6
	-6
	 dB

	GALILEO antenna gain
	
	0
	0
	0
	 dBi

	Propagation path loss
	
	49.42
	49.65
	51.96
	 dB

	 
	
	
	
	
	 

	GALILEO protection requirement
	-67.88
	-67.65
	-65.34
	dBm/MHz


TABLE A10.6

Protection requirements for a protection distance of 2 m

	GALILEO frequency band
	E5a
	E5b
	L1
	Unit

	 
	
	
	
	
	 

	GALILEO protection requirement
	-111.3
	-111.3
	-111.3
	dBm/MHz

	Aeronautical margin
	
	0
	0
	0
	 dB

	I/N
	
	-6
	-6
	-6
	 dB

	GALILEO antenna gain
	
	0
	0
	0
	 dBi

	Propagation path loss
	
	39.88
	40.11
	42.42
	 dB

	 
	
	
	
	
	 

	GALILEO protection requirement
	-77.42
	-77.19
	-74.88
	dBm/MHz


TABLE A10.7

Protection requirement for a protection distance of 1 m

	GALILEO frequency band
	E5a
	E5b
	L1
	Unit

	 
	
	
	
	
	 

	GALILEO protection requirement
	-111.3
	-111.3
	-111.3
	dBm/MHz

	Aeronautical margin
	
	0
	0
	0
	 dB

	I/N
	
	-6
	-6
	-6
	 dB

	GALILEO antenna gain
	
	0
	0
	0
	 dBi

	Propagation path loss
	
	33.86
	34.09
	36.40
	 dB

	 
	
	
	
	
	 

	GALILEO protection requirement
	-83.44
	-83.21
	-80.90
	dBm/MHz


A10.3. GLONASS

A10.3.1. Introduction 

The GLONASS system is designed to solve radionavigation problems of different users. Radiation from mission oriented spaceborne transmitters is used as a source of signals employed for navigation solutions. On that basis the GLONASS receivers have been, from the outset, developed to operate using signals of low power spectral density (PSD). Therefore radiation produced by UWB systems of different applications could cause harmful interference to operation of the GLONASS receivers.

The below section discusses effects of UWB signals on the GLONASS receivers under different interference scenarios to define operation features of UWB systems to ensure compatibility.
A10.3.2. Deployment of the GLONASS System

The GLONASS Global Navigation Satellite System is designed to provide position-fixing, motion velocity and time measurements for maritime, aeronautical, terrestrial and other users.

The GLONASS system ensures operation of super important applications such as aeronautical navigation of aircraft on-route flight, approach and landing.

A10.3.3. Characteristics of Signals in the GLONASS System 

BPSK signals of four types are used in the GLONASS system. They are 16M4G7X, 4M01G7X, 1M02G7X, 10M2G7X. Table A10.8 shows characteristics of those signals.

PSD of any such signal is defined by the following analytical expression:
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where
f – frequency at which PSD is estimated;
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TABLE A10.8
GLONASS signal characteristics 

	Signal
	Frequency  (MHz)
	Bandwidth (MHz)
	Code rate (Mchip/s 
	Symbol rare (sym/s)
	Signal type

	16M4G7X
	1 201.5
	16.4
	8.191
	200
	BPSK(16)
	data

	4M10G7X
	
	4.1
	2.047
	200
	BPSK(8)
	data

	10M2G7X
	1246.00
	10.2
	5.11
	50
	BPSK(10)
	data

	1M02G7X
	
	1.02
	0.511
	50
	BPSK(1)
	data

	10M2G7X
	1602.00
	10.2
	5.11
	50
	BPSK(10)
	data

	1M02G7X
	
	1.02
	0.511
	50
	BPSK(1)
	data


A10.3.4. Scenarios of Interference Effect on the GLONASS RNSS Receivers

The level of UWB signals effect on operation of GLONASS navigation receivers is defined by EIRP of an UWB device and a distance between that UWB device and a navigation receiver antenna. Minimum distance between an UWB system and a navigation receiver depends on application mission of appropriate assets. 

This document considers navigation receivers of two main types:

an airborne GLONASS navigation receiver designed for aircraft navigation (an airborne receiver);

a low-cost commercial general-purpose GLONASS receiver. 

Two scenarios of interference effect are analyzed in relation to operation of the airborne navigation receivers. They are:

a single UWB device causing interference to a navigation receiver at the stage of aircraft landing (Fig. A10.1);
multiple UWB devices causing interference to a navigation receiver installed in an aircraft approaching a runway (Fig. A10.2).

Aircraft altitude is 30 m (subject to RTCA No. 297-96/SC 159-710 (formerly DO-194)).
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Fig. A10.1. GLONASS Scenario 1
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Fig. A10.2. GLONASS Scenario 2

Scenarios of interference to a commercial (low-cost) GLONASS receiver from a single UWB device were analyzed for different applications of that device. Seven different scenarios were defined. Table A10.9 shows protection distances for different scenarios in relation to different types of UWB device applications.
TABLE A10.9

Protection distances for different applications of UWB devices 

	Types of UWB devices 
	Protection distance, m

	Ground penetrating radar (GPR) systems 
	6

	Through-wall imaging radars 
	6

	Safety-of-life systems
	25

	Medical applications
	6

	Indoor communications 
	2

	Hand-held computer intercommunications 
	1

	Automotive radars 
	2


Moreover two additional cases of interference effect on navigation receivers were analyzed for each of the above scenarios:

The first case assumes that interference of constant spectral density affects a navigation receiver front end in the receiver operational frequency band (wide-band interference). 

The first case assumes that a navigation receiver is affected by a periodic pulse sequence therefore a single or several spectral lines of a transmitted signal affect the receiver front end (a narrow-band interference).

A10.3.5. Protection Criteria for the GLONASS System

Irrespective to different forms of operational signals, selection of protection criteria should be based on a nature of interference affecting a RNSS receiver front end and it should not be a function of operational signal waveform or pulse repetition rate. Therefore it is assumed that limits on power spectral density may be used as protection criteria.

In case of a wide-band interference at a receiver front end its effect on the receiver is identical to increasing its noise temperature by several degrees. Therefore it may be assumed that limitation of receiver noise temperature could be used as a protection criterion.

The ITU has not yet defined a criterion of a fixed increase in noise temperature. That criterion has been proposed by analogy with protection of other services such as the fixed service. This section assumes that occurrence of interference at an airborne GLONASS receiver input would be equivalent to increasing its noise temperature by 1%. Since a nominal value of GLONASS receiver noise temperature is 400(К then interference could increase it by at least 4(К. Such an increase in the noise temperature is identical to interference of -162 dBW/MHz at a GLONAAS navigation receiver front end.

To protect an airborne GLONASS receiver from a narrow-band interference its power spectral density shall not exceed –177 dBW/kHz. 

Criteria of a commercial GLONASS receiver protection from wide-band interference are defined by the requirement that interference-to-noise ratio (I/N) at that receiver front end shall not exceed –6 dB to be identical to increasing the receiver noise temperature by 25%. Such increasing in noise temperature is similar to interference of –148 dBW/kHz in power spectral density at the receiver front end. 

Power spectral density at the front end of a commercial GLONASS receiver shall not exceed –163 dBW/kHz to provide its protection from narrow-band interference.

A10.3.6. Analysis of UWB Systems Interfering with a GLONASS Receiver 

A10.3.6.1. GLONASS Receiver Antenna Gain 

Estimation of airborne receiver protection requirements assumed its antenna gain of 5 dB.

Antenna gain of 3 dB was assumed for a commercial receiver in the direction to an interfering source.

A10.3.6.2. UWB Signal Propagation Loss

Estimation of UWB signal loss for propagation between a transmitting source and a GLONASS receiver antenna used a free-space propagation model. Based on that model, losses in a radio link could be calculated using the following equation:
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where 
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 - propagation loss, dB;


f – central frequency of the GLONASS receiver operational band;


D – protection distance from a navigation receiver to an UWB device, m;


с=3(108 m/s, - velocity of light.

A10.3.6.3.  Estimation of Acceptable EIRP from an UWB Device for a Single UWB Signal 

Objective of this analysis consists in defining an acceptable equivalent isotropic radiated power (EIRP) for signals transmitted from different UWB devices. The level of that EIRP is a function of GLONASS receiver antenna gain, signal frequency, distance from an UWB device to a GLONASS receiver and an acceptable power spectral density at the navigation receiver front end. For a specified set of the above parameters the EIRP from an UWB device is defined by the following equation:
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where 
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 - EIRP of an UWB device, dBm/MHz;
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 – an additional margin of 5.6 dB for a safety-of-life system (referred to an airborne receiver).

A10.3.6.4. Estimation of Acceptable EIRP of an UWB Device for Aggregate UWB Interference

Such analysis is required to define an acceptable EIRP from an UWB device for aggregate interference to a navigation receiver from multiple UWB devices operating at the Earth surface. The case is common for an airborne GLONASS receiver. It is obvious that EIRP of UWB devices would be a function of aircraft altitude, density of UWB devices located along the aircraft route and operation intensity of those devices. Estimation of power produced by multiple UWB devices at a navigation receiver front end used a model developed by NTIA such as:
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where 
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 - maximum acceptable power spectral density of interference at a receiver front-end, dBm/MHz;
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 - EIRP of an UWB device, dBm/MHz;


(=с/f – operational wave length, m;
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 - navigation receiver antenna gain in the direction of an UWB device, dB;

( - averaged location density for UWB devices, devices/m2;


h – navigation receiver antenna altitude above the earth surface, m;


R – distance from navigation receiver antenna projection on the earth surface to a radio horizon, m;


Re – effective Earth radius, m;


H=Re(1-cos(R/Re).

Transformation of the above expression yields the following equation for a maximum acceptable EIRP from a single UWB device. It would be as:


[image: image215.wmf]arg

2

2

2

2

)

(

2

ln

lg

10

16

lg

10

m

e

e

e

Arec

rec

agg

UWB

A

h

h

H

h

R

R

h

R

c

f

G

P

EIRP

-

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

+

+

+

ú

û

ù

ê

ë

é

+

-

=

r

p

,
(5)

where
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 - EIRP of an UWB device, dBm/MHz;
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 - navigation receiver antenna gain in the direction of an UWB device, dB;

h – navigation receiver antenna altitude above the earth surface, m;  


( - averaged location density for UWB devices, devices/m2;


R – distance from navigation receiver antenna projection on the earth surface to a radio horizon, m;


Re – effective Earth radius, m;


H=Re(1-cos(R/Re).
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A10.3.7. Protection Requirements of Airborne GLONASS Receivers
A10.3.7.1. Requirements for Protecting the Airborne GLONASS Receivers from Wide-Band Interference Caused by a Single UWB Device

Wide-band interference power spectral density at an airborne GLONASS navigation receiver shall not exceed –132 dBm/MHz. Using the equation for a maximum acceptable EIRP from an UWB device (see section 3.6.3) could provide obtaining the maximum acceptable EIRP emitted from a single UWB device. The EIRP values are shown in Table A10.10.

TABLE A10.10

Maximum EIRP from an UWB device with a single-source wide-band interference 

	Signal
	Frequency,

(MHz)
	Transmission band, (MHz)
	EIRPUWB,

dBm/MHz

	16M4G7X
	1 201.5
	16.4
	-79.0

	4M10G7X
	
	4.1
	

	10M2G7X
	1246.00
	10.2
	-78.7

	1M02G7X
	
	1.02
	

	10M2G7X
	1602.00
	10.2
	-76.5

	1M02G7X
	
	1.02
	

	Protection distance







30 m
	I/N=-20 dB

	Antenna gain 










5 dB
	


The estimation assumed that navigation receiver antenna gain would be GA rec = 5 dB in the direction of an interference source with an additional margin for system safety being 
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= -5.6 dB. Analysis of the estimation results shown in Table A10.4 suggests that a limit of –79 dBm/MHz imposed on an UWB device EIRP may be used as protection requirements of airborne GLONASS navigation receivers 

Data shown in Table A10.10 were obtained for an airborne navigation receiver for which interference caused by an UWB device shall meet the criterion of I/N = -20 dB. 

A10.3.7.2. Requirements of Protecting the Airborne GLONASS Receivers from Wide-Band Interference Caused by Multiple UWB Devices 

The protection criteria for a discussed case is a function of UWB devices density (() per a square meter. Therefore two different scenarios of aggregate interference effect on a GLONASS navigation receiver from multiple UWB devices were analyzed including one for a suburban case of  (=10-3 device/m2 and the other one for an urban case of (=10-2 device/m2. It was assumed that the aircraft undertakes maneuvers in a standard atmosphere with a refraction factor of 4/3. Definition of protection requirements of such navigation receivers used the NTIA model which assumes the effective Earth radius of 8493 km and a distance to radio horizon of 22.1 km. Table A10.11 shows the estimation results for a navigation receiver affected with wide-band interference. 

TABLE A10.11
Maximum EIRP of an UWB device under aggregate wide-band interference 

	Signal
	Frequency,

(MHz)
	Transmission band, (MHz)
	(=10-3 dev./м2
	(=10-2 dev./м2

	
	
	
	EIRPUWB dBm/MHz
	EIRPUWB dBm/MHz

	16M4G7X
	1 201.5
	16.4
	-64.7
	-84.7

	4M10G7X
	
	4.1
	
	

	10M2G7X
	1246.00
	10.2
	-64.4
	-84.4

	1M02G7X
	
	1.02
	
	

	10M2G7X
	1602.00
	10.2
	-64.2
	-82.2

	1M02G7X
	
	1.02
	
	

	Protection distance

30 m
	I/N=-20 dB
	

	Antenna gain 




5 dB 
	
	


Analysis of the obtained results shows that the model proposed by NTIA for aggregate interference caused by multiple UWB devices would provide for realistic estimates of maximum EIRP from UWB devices but only for an urban case, because the EIRP limits for UWB devices obtained under a suburban scenario are less stringent compared with those obtained for a single-source interference. 

Analysis of results presented in Table A10.11 shows that maximum EIRP of –84.7 dBm/MHz from an UWB device may be used as a protection requirement of an airborne GLONASS navigation receiver for an urban case. The said value is 5.7 dB less than the requirements for a single-source interference.  

A10.3.7.3. Requirements of Protecting the GLONASS Receivers from Narrow-Band Interference Caused by a Single UWB Device 

Power spectral density of narrow-band interference at the front end of an airborne GLONASS navigation receiver shall not exceed –147 dBm/kHz. Using the equation for a maximum acceptable EIRP from an UWB device (see section A10.3.6.3) could provide obtaining the maximum acceptable EIRP emitted from a single UWB device. The EIRP values are shown in Table A10.12.

The estimation assumed that airborne navigation receiver antenna gain would be 5 dB with an additional margin for system safety being -5.6 dB. Analysis of the estimation results shown in Table A10.12 suggests that a maximum acceptable EIRP of –94 dBm/kHz may be used as protection requirements of airborne GLONASS navigation receivers. 

TABLE A10.12
Maximum EIRP from an UWB device for a single-source CW-like interference 

	Signal
	Frequency,

(MHz)
	Transmission band, (MHz)
	EIRPUWB,

dBm/kHz

	16M4G7X
	1 201.5
	16.4
	-94.0

	4M10G7X
	
	4.1
	

	10M2G7X
	1246.00
	10.2
	-93.7

	1M02G7X
	
	1.02
	

	10M2G7X
	1602.00
	10.2
	-91.5

	1M02G7X
	
	1.02
	

	Protection distance






30 m
	I/N=-20 dB

	Antenna gain







5 dB
	


Data shown in Table A10.12 was obtained for an airborne navigation receiver for which interference caused by an UWB device shall meet the criterion of I/N = -20 dB. 

A10.3.7.4. Requirements of Protecting the Airborne GLONASS Receivers from Narrow-Band Interference Caused by Multiple UWB Devices

The estimation was based on the parameters shown in section A10.3.7.1. Table A10.13 presents the estimates for interference power spectral density equal to –147 dBm/kHz.

TABLE A10.13
Maximum EIRP of an UWB device under aggregate CW-like interference

	Signal
	Frequency,

(MHz)
	Transmission band, (MHz)
	(=10-3 dev./м2
	(=10-2 dev./м2

	
	
	
	EIRPUWB dBm/kHz
	EIRPUWB dBm/kHz

	16M4G7X
	1 201.5
	16.4
	-79.7
	-99.7

	4M10G7X
	
	4.1
	
	

	10M2G7X
	1246.00
	10.2
	-79.4
	-99.4

	1M02G7X
	
	1.02
	
	

	10M2G7X
	1602.00
	10.2
	-77.2
	-97.2

	1M02G7X
	
	1.02
	
	

	Protection distance



30 m
	I/N=-20 dB
	

	Antenna gain




5 dB
	
	


Analysis of the results presented in Tables A10.12 and A10.13 shows that if location density for UWB devices is equal to 10-2 dev/m2 then the limits on EIRP from an UWB device would be more stringent by 5.7 dB as compared with those for single-source interference. 

Maximum EIRP of –99.7 dBm/kHz from an UWB device may be used as protection requirements of an aeronautical navigation receiver installed in an aircraft when it is at stages of take-off or landing. 

A10.3.8. Requirements of Protecting the Commercial GLONASS Receivers from Interference Caused by a Single UWB Device 

A10.3.8.1. Requirements of Protecting the Commercial GLONASS Receivers from Wide-Band Interference

Interference-to-noise ratio for a commercial GLONASS receiver shall not exceed I/N = -6 dB. Appropriate maximum interference power spectral density would be –118 dBm/MHz. Using the above data for estimating the protection requirements of the commercial GLONASS receivers yields the results shown in Table A10.14.
TABLE A10.14
Maximum EIRP of an UWB device

	UWB applications
	Protection distance, m
	Signal
	Frequency,

MHz
	EIRPUWB,

dBm/MHz 

	Ground penetrating radar  systems. 

In-wall imaging radars 
	6
	16M4G7X
	1 201.5
	-71.4

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-71.1

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-68.9

	
	
	1M02G7X
	
	

	 Safety-of-life systems
	25
	16M4G7X
	1 201.5
	-59.0

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-58.7

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-56.5

	
	
	1M02G7X
	
	

	Medical applications
	6
	16M4G7X
	1 201.5
	-71.4

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-71.1

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-68.9

	
	
	1M02G7X
	
	

	Indoor communications
	2
	16M4G7X
	1 201.5
	-81.0

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-80.7

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-78.4

	
	
	1M02G7X
	
	

	Communication between hand-held computers 
	1
	16M4G7X
	1 201.5
	-87.0

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-86.7

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-84.5

	
	
	1M02G7X
	
	

	Automotive applications 
	2
	16M4G7X
	1201.5
	-73.0

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-72.7

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-70.5

	
	
	1M02G7X
	
	

	Antenna gain




3 dB
	I/N = -6 dB
	
	


The estimations assumed that commercial navigation receiver antenna gain was 3 dB with no system safety margin (Amarg = 0 dB). Analysis of data in Table A10.14 shows that the UWB device EIRP obtained for protection distance of 1 m and equal to –87.0 dBm/MHz may be used as protection requirements of commercial GLONASS navigation receivers.
A10.3.8.2. Requirements of Protecting the Commercial GLONASS Receivers from Narrow-Band Interference 

 Interference-to-noise ratio for commercial GLONAS receivers shall not exceed I/N = -6 dB. Corresponding maximum interference power spectral density would be –133 dBm/kHz. Using the above data for estimating the protection requirements of the commercial GLONASS receivers yields the results shown in Table A10.15.

TABLE A10.15
Maximum EIRP of an UWB device 

	UWB applications
	Protection distance, m
	Signal
	Frequency,

MHz
	EIRPUWB,

dBm/kHz 

	Ground penetrating radar  systems. 

In-wall imaging radars
	6
	16M4G7X
	1 201.5
	-86.4

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-86.1

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-83.9

	
	
	1M02G7X
	
	

	Safety-of-life systems
	25
	16M4G7X
	1 201.5
	-74.0

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-73.7

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-71.5

	
	
	1M02G7X
	
	

	Medical applications 
	6
	16M4G7X
	1 201.5
	-86.4

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-86.1

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-83.9

	
	
	1M02G7X
	
	

	Indoor communications 
	2
	16M4G7X
	1 201.5
	-95.9

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-95.6

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-93.4

	
	
	1M02G7X
	
	

	Communication between hand-held computers 
	1
	16M4G7X
	1 201.5
	-102.0

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-101.7

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-99.5

	
	
	1M02G7X
	
	

	Automotive applications
	2
	16M4G7X
	1 201.5
	-95.9

	
	
	4M10G7X
	
	

	
	
	10M2G7X
	1246.00
	-95.6

	
	
	1M02G7X
	
	

	
	
	10M2G7X
	1602.00
	-93.4

	
	
	1M02G7X
	
	

	Antenna gain




3 dB
	I/N=-6 dB
	
	


The estimations assumed that commercial navigation receiver antenna gain was 3 dB with no system safety margin (Amarg = 0 dB). Analysis of data in Table A10.15 shows that the UWB device EIRP obtained for protection distance of 1 m and equal to –102.0 dBm/kHz may be used as protection requirements of commercial GLONASS navigation receivers.
A10.3.10. Conclusions of Chapter A10.3

Analysis of the obtained results shows that the acceptable EIRP from UWB devices should be of –79 dBm/MHz to provide protection of airborne GLONASS navigation receivers in case of a single-source wide-band interference. The acceptable EIRP from UWB devices should be of –94 dBm/kHz in case of single-source narrow-band interference.

Use of the NTIA model to consider aggregate interfering effect of multiple UWB devices distributed over a certain area provides for obtaining realistic results only for an urban scenario of operating the UWB devices. Estimates based on that model for UWB devices operating in suburban areas are significantly less stringent as compared with those for a single-source UWB signal.

Consideration of aggregate effect from interfering devices on GLONASS navigation receivers would result in 5.7 dB increase in requirements for maximum EIRP from UWB devices. In that case an acceptable EIRP from UWB devices would be of –84.7 dBm/MHz to provide protection of airborne GLONASS navigation receivers under aggregate wide-band interference. The acceptable EIRP from UWB devices would be –99.7 dBm/kHz for aggregate narrow-band interference affecting an airborne navigation receiver.

Protection of commercial GLONASS navigation receivers requires that the acceptable EIRP from UWB devices shall not exceed –87.0 dBm/MHz for a single-source wide-band interference and –102.0 dBm/kHz for narrow-band interference.

A10.4
Overall Conclusions
For the protection of the GALILEO stations, safety of life and non-safety of life services have been considered in different scenarios. The worst case limit is obtained for the Galileo non safety of life applications with a maximum e.i.r.p. limit of  -83.50 dBm/MHz, assuming a 1 m protection distance. 

For safety of life, a maximum e.i.r.p. limit of -79 dBm/MHz is obtained, assuming a 30 m protection distance.

Analysis of the obtained results shows that the maximum acceptable EIRP from UWB devices should be–79 dBm/MHz to provide protection of airborne GLONASS navigation receivers in case of a single-source wide-band interference. The maximum EIRP from UWB devices should be –94 dBm/kHz in case of single-source narrow-band interference.

Maximum acceptable EIRP from UWB devices would be –84.7 dBm/MHz to provide protection of airborne GLONASS navigation receivers under aggregate wide-band interference. The maximum EIRP from UWB devices would be –99.7 dBm/kHz for aggregate narrow-band interference affecting an airborne navigation receiver.

Protection of commercial GLONASS navigation receivers requires that the maximum EIRP from UWB devices shall not exceed –87.0 dBm/MHz for a single-source wide-band interference and –102.0 dBm/kHz for narrow-band interference.

APPENDIX: THEORETICAL STUDY ABOUT NOISE LIKE AND CW EFFECTS ON GALILEO

This appendix explains the theoretical background about effects of noise like and CW like signals on GALILEO receivers. It is to be noted that this specific issue is still on-going and needs further development.

For UWB radar signals, the pulses are sent regularly in time with rate referred to as PRF, which results in a PSD composed of equally spaced spectral lines. The spacing between two spectral lines is equal to PRF.

Communication signals can have PPM, PAM or combined PPM/PAM formats. For the PPM, the modulation is achieved by shifting (or dithering) the pulse in time according to the symbol value. For the PAM, the symbol value directly modulates pulse amplitude. The pulses can be sent equally spaced in time or can follow a so-called “Time Hopping Codes” which gives a pseudo-random shift around the periodic position.

A10.App1.1. UWB signal modelling

The FCC part 15 gives a specific limit for the GPS band resulting in two constraints that can be stated as follow:

–
C1 (general limits): the power measured within 1 MHz bandwidth should not exceed the limit noted 
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1

L

,

–
C2: the power of the spectral lines should not exceed the limits –10 dB when measured in a filter of bandwidth no less than 1 KHz.

The number of spectral lines present in 1 MHz, 
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where 
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 is the integer floor value of x. The power measured within 1 MHz bandwidth is equal to 
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 is the power of one spectral line. Thus the two constraints can be written as follow:
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and the maximum transmitted power of one spectral line is given by:
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The two constraints are equal when 
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 the constraint C2 is active and when 
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The following table gives the figures for CW power limits (constraints C2) versus the application:

Table A10.16
Limit power for one spectral line in the GPS bands in dBm/MHz

	Frequency Band (MHz)
	Imaging below
960 MHz
	Imaging, Mid-Frequency
	Imaging, High frequency
	Indoor applications
	Hand held, including outdoor
	Vehicular radar

	1 164-1 240

1 559-1 610
	–75.3
	–63.3
	–75.3
	–85.3
	–85.3
	–85.3


Concerning GALILEO, the above limits need to be carefully assessed.

A10.App1.2. Signal model for Galileo

The GALILEO system consists in four types of channels E5a, E5b L1 and E6. Each channel carries two types of signal: pilot and data.

The pilot signal spectrum consists of a sequence of lines, which are typical for a given periodic signal. The spacing between the lines depends on the code length multiplied by the chip duration. The spacing is very small, it is equal to 5 or 10 Hz. Hence, the spectrum of pilot channels can be considered as continuous.

The data signal spectrum is continuous due to the pseudo random characteristics of the data. 

The power spectral density of base-band signal with QPSK modulation having spreading code rate 
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 is given by [HOL]:
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(13)

The normalised power spectral density of base-band signal with BOC modulation having sub-carrier frequency fs and spreading code rate 
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 is given by [BET]:
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In the case of a BOC (m,n), 
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In the case of the pilot channels the power spectral densities given by the preceding equations are discreet, with 
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, where L is the period of spreading code and k is integer.

A10.App1.2.1. Interference spreading by correlation

In the acquisition and tracking process of a spreading system, it is necessary to take into account that the interference with UWB is spectrally spread when correlated with the local replica of the PN code PN(t) [HOL].

Consider the model of the Figure A10.1 of the spreading process, following an input band pass filter, centred at the intermediate frequency IF. This filter isolated the useful part of the received signal. It has one band for the BPSK channels and 2 bands for the BOC channels. 

The interference only input is modelled as:
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where 
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 is the IF frequency.

Figure A10.App1.1: Model for estimating interference spreading

[image: image501.png]Parameters Inmarsat-3 Units
Bearn/ Band (5.5 GHz or 1.6 GHz) G - C Band[G - C Band|G - C Band]G - C Band]G - C Band
Boltzmann’s Constant ,k 1986 | 1986 | 1986 | 1986 | 1986 [dBmiiHz
System Noise Temperature, T 891 891 891 891 891 [DegK
Bandwidth, B 7 7 7 7 27 [MHz
Thermal Noise, N 039 | 939 | 9396 | 939 | 939 [dBm

N (1% Criterion) 20 20 20 20 I [}

I max 1396 | 113.96 | 113.96 | 113.9 | -113.9 [dBm
FCC/CEPT Limit FCC/CEPT | FCC/CEPT | FCC/CEPT | FCC/CEPT | FCC/CEPT
Indoor/Outdoor 1.0:0.0 0.5:0.5 0.0:1.0

Average EIRP of the UWE device 413 413 41.3__|dBmMHz
Factor to take into account combination of D&O] _-10.000 2,506 0.000|d5

do (based an App 8 Annext-Il dis formula) 39220 39220 39220 [km
Frequency, F 65 65 65 65 |oHz
Absoption Loss 0 0 0 0 [uB

B 07 07 07 27 |MHz

Gain of Sat_Receive Antenna ( EaC) 16.5 16.5 16.5 16.5 165 |dBi
Nurnber of emitters () in millions 1 1 1 1 1

TAGG 16028 | 15581 | 15288 | 15165 | 16028 |dBm
Area 2ATEH08 | 27EH0B  2.07E408 | Z17E+08 | 217E+08 km /2
Ernitter density (units/sq meter) 461E09  461E09  461E09  4B1E0S  4BIE09 units/sg meter
TAGG with 0.00001 emitter per sy meter 12692 | 12245 | 11951 | 11828 | 11692 JdBm

TAGG with 0.0001 emitter per sq meter
| AGG with 0.001 erntter per sq meter

1 AGG with 0.01 ernitter per sq meter

1 AGG with 0.1 ernitter per sq meter

1 AGG witth 1 emitter per sg meter

Ernitter density it required to meet the criterion

116.92

with 100% actiity factor 0.000198 | 0.000071 | 0.000036 | 0.000027 | 0.000020 |unitsfsqm

Ernitter density it required to meet the crterion

with 4% activty factor 0.00494 | 0.00177 | 0.00090 | 0.00068 | 0.00049 |units/sqm

Ernitter density fimit required to meet the crterion

with 4% activty factor 1912 1766 897 676 492 |unitsfsgkm
ABm/MHz

to ensure compatibility

Density of active UWB transmitters/km2

1 13 13 13 13 13 |dBmMHz

10 413 413 413 413 413 |dBmMHz

100 413 4281 | 45742 | 46971 | 4834 |dBrHz

1000 4834 | 5281 | £5747 | Beort | 5834 |dBrMHz

10000 5834 | 6281 | 65742 | 66971 | 58.34 |dBro/MHz





Let 
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 be the interference signal of UWB. The multiplier output interference is expressed as:
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The autocorrelation of the output is given by:
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or:
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The power spectral density at the frequency f is given by:
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Since 
[image: image247.wmf])

(

)

(

t

t

Ns

Nc

R

R

=

, we have:


[image: image248.wmf](

)

t

t

t

t

p

t

p

t

p

d

)

(

)

(

)

(

2

2

2

0

0

f

j

f

j

f

j

Ic

PN

e

e

e

R

R

f

S

-

-

¥

¥

-

+

=

ò


Assuming that the spectral density at f0 due to the spectra at - f0 is negligible, we have:
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The effect of de-spreading an interference not correlated with the spreading sequence is to flatten the power density: this is a basic hypothesis. Thus, in a first approximation we can assume that the spectral density is flat in the input filter bandwidth. Accordingly:
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EMBED Equation.3[image: image251.wmf]
Since the integration of the product of two autocorrelation functions is equal to integration of the product of their respective power spectral densities, we have:
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The autocorrelation of a long PN code modulated in M-PSK is given by equation (13). This is the case of the channels E5A, E5B, E6-B and E6-C. In the case of a BOC modulation, the autocorrelation is given by equation (14). This is the case of the channels E6A and L1.

The interference due to UWB may be noise or CW.

A10.App1.2.1.1. Noise like interference

In this case, the autocorrelation is given by:
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where 
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is the equivalent baseband of the input filter .We assume that this filter is ideal having bandwidth B. Thus:
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Table A10.17 gives 
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Table A10.17
Equations giving 
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 for noise like interference

	
	M-PSK modulation
	BOC (m,n) modulation

	Noise like

Interference
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The equations of 
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The preceding table shows that the effect on the despreading is to lower the DSP of the noise by a factor 
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Table A10.18
Gain 
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 in noise spectral density (from [HOL]) Table 8.1, page 367)
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	6
	-0.22

	4
	-0.27

	3
	-0.39

	2
	-0.51

	1
	-1.02


By solving the equations giving 
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 the reduction of gain is 0.44 dB. The difference is probably due to numerical approximations. In Table A10.19, the reduction ( is given for an ideal input filter, whose bandwidth is 
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) for BOC channels. Error! Reference source not found.A10.App1.2 illustrate the transformation of a noise like signal by de-spreading by a non-coherent sequence.

Table A10.19
Gain ( of a noise like signal

	Carrier-channel
	Reduction ( in noise in dB

	E5a-I
	-0,44

	E5a-Q
	-0,44

	E5b-I
	-0,44

	E5b-Q
	-0,44

	E6-A
	-1,19

	E6-B
	-0,44

	E6-C
	-0,44

	L1-A BOC (15;2,5)
	-1,19

	L1-B
	-0,67

	L1-C
	-0,67


Figure A10.App1.2: Noise DSP before and after the despreading
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A10.App1.2.1.2. CW like interference

Figure A10.App1.3 shows the transformation of a CW like signal by despreading by a non-coherent sequence into a spread signal.

Figure A10.App1.3: Transformation of the CW like interference by despreading
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If the interference is a peak at the frequency F of value P: the autocorrelation is:




[image: image280.wmf]otherwise

0

)

(

if

)

(

=

=

=

f

S

F

f

P

f

S

Ic

Ic

.

Table A10.20 gives 
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Table A10.20
Equations giving 
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When the interference is the combination of a noise like interference and a CW like interference, 
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 are summed when a PSK modulation is used and 
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 are summed when the considered channel is BOC modulated.

When the interference is composed of a number of lines, greater than one, two cases arise depending upon the PRF value versus the bandwidth of the receive filter Bp:

-1) the PRF is greater than 
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. In this case, the time between two impulses is less than the length of the filter impulse response and the spectral lines can be assumed to be non-coherent (or independent). The effect induced by whose lines is thus the summation of the CW-like interference of each component. If the spectral lines have frequencies 
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 being in the band pass Bp of the filter. The total PSD of the despreaded interference can be written as follows:
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(16)

In first approximation, equation (16) can be evaluated as:
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where (j is the average PSD and where Npeak is the number of peaks inside the band pass Bp of the filter. We have:
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Table A10.21
Value of mean spectrum

	Carrier channel
	Signal type
	( in dB

	E5a
	QPSK(10)
	-73,55

	E5b
	QPSK(10)
	-70,54

	E6-A
	BOC (10,5)
	-74,30

	E6-B E6-C
	QPSK(5)
	-70,54

	L1-A
	BOC(15;2,5) 
	-74,30


The following table gives for the different Galileo bands, the minimum value for which the interference can be considered as CW-like:

Table A10.22
Lowest PRF for which the UWB is considered as CW-like versus the
Galileo bandwidth receivers

	Carrier channel
	Bandwidth (MHz)
	PRF (MHz)

	E5a-I
	20,46
	1,023

	E5a-Q
	20,46
	1,023

	E5b-I
	20,46
	1,023

	E5b-Q
	20,46
	1,023

	E6-A
	20,46
	1,023

	E6-B
	10,23
	0,5115

	E6-C
	10,23
	0,5115

	L1-A (BOC(15;2,5))
	20,46
	1,023


-2) the PRF is less than 
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. In this case, the time between two impulses is greater than the length of the filter impulse response. Then the coherence between the spectral lines cannot be longer ignored and the output of the receive filter, in time, is impulse-like. In other words, the receive filter “sees” the UWB impulses. Thus, the receiver sees a peak of energy for a short time (a few times the pulse length) and then almost no interference. The impact of this impulse-like noise on the Galileo receiver is not easy to assess since it is really dependent on the receiver implementation and will not be studied in this report. However, this kind of interference is usually mitigated using a blanking process and is less harmful than the CW-like case (see NTIA comments in [FCC]).

In the case of a pilot channel, two cases are possible: either the interference falls between two lines of the spectrum of the useful signal, or it falls onto a line. In the first case, there is no interference whereas in the second case the interference effect is equivalent to the continuous case (PSD channel). Thus the worst case is the same in the case of a pilot channel and in the case of data channel when only one line is present in the Galileo receiver. When more than one line is present in the Galileo receiver, it is unlikely that all the spectral lines frequency would match the frequencies of the pilot channel, and we can assess that the pilot channel is more robust than the data channel. 

When the interference is composed of a number of lines, greater than one, two cases arise depending upon the PRF value versus the bandwidth of the receive filter Bp: 

1) the PRF is greater than 
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. In this case, the time between two impulses is less than the length of the filter impulse response and the spectral lines can be assumed to be non-coherent (or independent). The effect induced by whose lines is thus the summation of the CW-like interference of each component. 

The following table gives for the different Galileo bands, the minimum value for which the interference can be considered as CW-like:

Table A10.23
Lowest PRF for which the UWB is considered as CW-like versus the
Galileo bandwidth receivers

	Carrier channel
	Bandwidth (MHz)
	PRF (MHz)

	E5a-I
	20,46
	1,023

	E5a-Q
	20,46
	1,023

	E5b-I
	20,46
	1,023

	E5b-Q
	20,46
	1,023

	E6-A
	20,46
	1,023

	E6-B
	10,23
	0,5115

	E6-C
	10,23
	0,5115

	L1-A : BOC(15;2,5)
	20,46
	1,023


2) the PRF is less than 
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. In this case, the time between two impulses is greater than the length of the filter impulse response. Then the coherence between the spectral lines cannot be longer ignored and the output of the receive filter, in time, is impulse-like. In other words, the receive filter “sees” the UWB impulses. Thus, the receiver sees a peak of energy for a short time (a few times the pulse length) and then almost no interference. The impact of this impulse-like noise on the Galileo receiver is not easy to assess since it is really dependent on the receiver implementation and will not be studied in this report. However, this kind of interference is usually mitigated using a blanking process and is less harmful than the CW-like case.

In the case of a pilot channel, two cases are possible: either the interference falls between two lines of the spectrum of the useful signal, or it falls onto a line. In the first case, there is no interference whereas in the second case the interference effect is equivalent to the continuous case (PSD channel). Thus the worst case is the same in the case of a pilot channel and in the case of data channel when only one line is present in the Galileo receiver. When more than one line is present in the Galileo receiver, it is unlikely that all the spectral lines frequency would match the frequencies of the pilot channel, and we can assess that the pilot channel is more robust than the data channel. But more investigation has to be done to verify this assertion.

A10.App1.2.2. Maximum interference levels for GALILEO

In this section, we investigate the maximum UWB interference possible at the input of the Galileo receiver.

The carrier to noise ratio can be expressed as:


[image: image307.wmf]UWB

eq

I

N

C

N

C

+

=

0

0


Where C is the received power of the useful signal, 
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 is the interference due to the UWB system and 
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 is the power spectral density of the thermal noise:


[image: image310.wmf]kT

N

=

0


where 
[image: image311.wmf] 

Hz

K

 

dB

 

228.6

-1

-1

-

=

k

 is the Boltzmann constant, T is the system temperature in Kelvin. For 
[image: image312.wmf]K

300

=

T

 (typical value), we have:


[image: image313.wmf] 

Hz

 

dB

 

203.83

-1

0

-

=

N

.

The case where only the thermal noise is taken account in the budget link is the worst case for the UWB interference, but it is not realistic because one Galileo channel is not alone in the nature, and we have to consider the whole Galileo system and also systems like GPS.

The value of admissible interference 
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 is given by the allowed difference between 
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. In many papers about interference between GPS and Galileo a value that is usually taken is 0.25 dB of inter system degradation (D) whereas FCC considers 
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 [FCC]. The maximum interference PSD 
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where 
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 and D are given in dB.

The following tables give the value of 
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 in dB according to several values of D (0.25, 0.5, 0.75 and 1 dB) and several values of 
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 (-203.8, -199.1 dB/Hz) at the input of the Galileo receiver.

Table A10.24
Maximal admissible interference for 
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at the input of the Galileo receiver
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 in dB
	-203.83
	-203.83
	-203.83
	-203.83

	D: degradation in dB
	0.25
	0.50
	0.75
	1.00
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 in dB
	-216.10
	-212.96
	-211.07
	-209.70

	Difference between 
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 and I in dB
	12.27
	9.14
	7.25
	5.87


Table A10.25
Maximal admissible interference for 
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 = -199.1 dB/Hz
at the input of the Galileo receiver
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	-199.10
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	D: degradation in dB
	0.25
	0.50
	0.75
	1.00
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	-211.37
	-208.24
	-206.35
	-204.97

	Difference between 
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 and I in dB
	12.27
	9.14
	7.25
	5.87


When the interference due to UWB is CW like the comparison between 
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 has to be made after the interference spectrum has be flattened. That is after the correlation of the received signal with the spreading code. In this case, the comparison in done between 
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In the following, for the numerical applications, we make the following hypothesis:

•
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 = –199.1 dB/Hz,

•
the allowed degradation in 
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 is 1 dB,

•
the filter before the correlation is ideal and its bandwidth is equal to 
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 for BPSK modulation and 
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 for BOC modulation

Of course, these impact only the numerical values, but the reasoning is always true.

In the following table, for each channel, the noise level N’o is given after de-spreading, as well as the maximum of allowed interference: I’max.

Table A10.26
Noise level and maximum of interference after despreading

	Carrier channel
	Signal type
	N’o
	I’max

	E5a
	QPSK(10)
	-199.54
	-205.41

	E5b
	
	
	

	E6-B E6-C
	QPSK(5)
	
	

	E6-A
	BOC (15;2,5)
	-200.29
	-206.16

	L1-A
	
	
	

	L1-C
	
	
	


A10.App1.3. UWB interference model

A10.App1.3.1. Link budget

In this section, we compute the interference levels caused by UWB signals according to the FCC rules in the worst case. Those levels depend on the distance between the UWB transmitter(s) and the Galileo receiver.

Two cases have to be considered whether an aggregate assumption is taken or not.

In the case where only one UWB device is transmitting, the setting we consider to compute the interference levels is based on the following scheme:

Figure A10.App1.4: Transmission link model from one UWB device to Galileo receiver
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with:
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:
the attenuation due to the propagation channel,
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:
the gain of the Galileo receiver.

The propagation channel we include the free-space propagation 
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 and possibly the attenuation from indoor to outdoor 
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. The free-space attenuation in dB is given by:
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where d is the distance (in meters) between the UWB transmitter and the Galileo receiver, f is the frequency which will be considered as the Galileo carrier frequency (the frequency variation between the low and the high part of the receive filter results in a variation less than 0.1 dB), 
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. Thus for the different carrier frequency of the Galileo system we have:

Table A10.27
Free-space attenuation constant versus Galileo carrier frequencies

	Carrier Frequency (MHz)
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 (in dB)

	1 176.45
	33.9

	1 207.14
	34.1

	1 278.75
	34.6

	1 575.42
	36.4


The indoor-outdoor attenuation is usually chosen equal to 
[image: image353.wmf]dB

9

IO

=

G

 and the Galileo antenna gain to 
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The aggregation case accounts for the presence of numerous UWB transmitters around the victim receiver. The aggregation is equivalent to a gain (>1) 
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 amplifying the transmitters EIRP, assumed here to be constant. This gain plays the same role as 
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 in eq. (16). According to the Fantasma model, applicable for terrestrial environment, this gain is equal to:
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where:



[image: image358.wmf]r

 is 
the average density of transmitters per m2,



[image: image359.wmf]h

 is 
the activity factor,
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 is 
the minimum radius of the observed zone,
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 is 
the maximum radius of the observed zone.

It is worth noting that this model is very pessimistic in the sense that it is based on hypotheses that are unlikely to be encountered: flat earth model, free space propagation. In a urban environment, for which it is likely to have a lot of transmitters, the signal will be attenuated by many obstacles (buildings, foliage, …), the density of the obstacle increasing with the distance from the victim receiver. One clue that this model is not reliable is that 
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 goes to infinity with 
[image: image363.wmf]1

R

 which is unrealistic. The FCC discarded the use of aggregation models justifying that according to some studies, this is the closest UWB transmitter that will be predominant over the other and cause interference.

Thus, the interference level seen at the entrance of a Galileo front-end receiver corresponds to the transmitted EIRP of an UWB device attenuated by a factor G that, according to the figures previously introduced will be (in dB):

•
One UWB transmitter assumption
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•
Aggregate assumption (Fantasma model)
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A10.App1.3.2. CW-like interference computation

In this section we compute the interference levels caused by UWB signals after the Galileo despreading in the CW-like case (
[image: image366.wmf]20

/

p

B

PRF

³

) based on the UWB signal modelling and on the budget link.

A10.App1.3.2.1. “Pure” CW-like case

A spectral line transmitted from an UWB device with power 
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, is received at the Galileo receiver with power (in dB) 
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 the number of spectral lines hitting the Galileo receive filter (which is constituted of one band for BPSK modulations or two bands for BOC modulations), the value of the interference caused by those spectral lines will be equal in decibel to
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A10.App1.3.2.2. CW-like case with PSD

In this section we prove that when the transmitted signal is modulated with PPM, the corresponding effect is less than the “pure” CW-like case.

In the “pure” CW-like case, the resulting interference is given by:
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When continuous PSD is present, the resulting interference is the summation of the interference coming form the spectral lines and the interference coming from the continuous PSD. Therefore, we have:
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The proof consists in demonstrating that 
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The number of spectral lines falling within a filter of bandwidth 
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A10.App1.4.
Interference assessment

In this section we estimate the effect of UWB devices in the CW-like case (
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) on GALILEO signals. In the one transmitter case we assume no obstacle and so 
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We estimate the effect by computing the minimum distance for which 
[image: image387.wmf]'

max

'

I

I

UWB

=

. In the aggregate case, we fix the maximum radius 
[image: image388.wmf]1

R

 and compute the minimum radius 
[image: image389.wmf]0

R

. The minimum distance is given by:

–
One transmitter case
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–
Aggregate case
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Let’s compute, for each Galileo band, the distance (23) and (24) for PRF ranging from the minimum value corresponding to the CW-like case to 100 MHz. For each PRF, we compute the number of spectral lines hitting the Galileo receiver 
[image: image392.wmf]B

CW

N

 and deduce the minimal distance. The blue curves are for the one transmitter case and the red curves for the aggregate one. Two cases have been studied depending on the application. For both cases, we have taken 
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1)
Indoor, hand held, including outdoor applications and vehicle radar

For those applications, the corresponding FCC e.i.r.p. limit is equal to 
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 which corresponds to an environment of 1 user/m2, using a TDMA based transmission mode with 16 users per piconet.

The curves show that the aggregate case induces no interference to the Galileo system. For the one transmitter case, the maximum of the minimum distance is obtained for the lowest PRF and is given in the following table for the different Galileo bands:
Table A10.28
Maximum of minimum protection distance (in m) vs. Galileo bands in the one
transmitter case for the communication applications

	Band
	E5a

E5b
	E6-A
	E6-B

E6-C
	L1-A

BOC(14,2)
	L1-A

BOC(10,5)
	L1-B

	Distance (m)
	0.6
	0.55
	0.8
	0.45
	0.7
	0.7


2)
Mid-frequency imaging applications

This application corresponds to the highest e.i.r.p. limit 
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 which corresponds to an environment of 1 user/100 m2 (10 m x10 m) and 100 % activity.

Table A10.29
Maximum of minimum protection distance (in m) vs. Galileo bands
in the one transmitter case for the mid-frequency imaging applications

	Band
	E5a
	E5b
	E6-A
	E6-B E6-C
	L1-A

BOC(14,2)
	L1-A

BOC(10,5)
	L1-B



	Distance in m for one transmitter
	7.5
	7.5
	7
	10
	9
	5.8
	9

	Distance in m for aggregate
	58
	53
	40
	141
	11
	108
	100


A10.App1.5. Results of the compatibility analysis using existing eirp

In this appendix of Annex 10, we presented the effects of UWB interference on Galileo receivers.
We first gave a PSD model for the UWB signals that can be constituted by spectral lines only or continuous PSD or both at the same time. We then presented signal modelling of Galileo system for the different frequency bands and the calculation of the effect of interferers at the output of the dispreading process. We determined the maximum interference level causing a 1 dB increase of the equivalent thermal noise. We considered the CW-like case, with corresponds to PRF values that allow assuming that the dispreading process renders the spectral lines as white noise.

We assessed by simulation the minimum distance between an UWB transmitter (or an aggregation of UWB transmitters) and a Galileo receiver, for which the maximum interference level is achieved. The main results are the following using eirp mainly provided by UWB manufacturers and that can be found in the existing literature.

–
For communication applications using an eirp of -75.3 dBm/MHz, the “one transmitter” case reveals minimum distance ranging form 45 cm to 80 cm, whereas the aggregate case does not jam the Galileo receiver. 

–
For the mid-frequency imaging applications, which corresponds to the highest e.i.r.p. limits of -53.3 dBm/MHz, the minimal distance ranges from 5.8 m to 9 m, while for the aggregate one, it ranges from 11 m to 141 m.

These above results show the evidence that, though not being harmful on a wide range, aggregated UWB devices would have potentially significant effects on a Galileo receiver located near an emitter. In any case, collocating RNSS and UWB seems to raise a severe challenge, which is quite impossible to solve in most cases.

For instance, the following figure provides the minimum protection distance for the GALILEO signal E5a.

[image: image403.jpg]minimum distance (m)

0.7

0.6

=)
w
T

&
~
T

&
w
T

=3
)
T

0.1

—— Eb5a - One UWB transmitter
—— Eb5a - Aggregation

EIRP max = -75.3dBm/MHz

10’
PRF (Hz)





Figure A10.App1.5: Minimal admissible distance vs. PRF for E5a channels for general limit EIRP=-75.3 dBm/MHz

Future work for Galileo

The conclusions drawn from those simulations need to be carefully considered since the maximum distance is obtained for the lowest PRF and the minimum distance varies dramatically around a limit corresponding to the B/20 criterion that was computed using a heuristic procedure. This criterion would need to be further validated through simulations. However, these conclusions already give some clear guidance and order of magnitude for the protection of the GALILEO earth station receivers.
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ANNEX 11

FIXED SATELLITE SERVICE (FSS)
A11.1
Introduction

The fixed-satellite service has operated in the 4/6 GHz bands since commercial satellite services were initiated using the geostationary orbit during the 1960s. As a result, there are a large number of earth stations installed around the world which are used on a continuous basis for transmitting telephony, internet and broadcast feed. More particularly, these bands are heavily used in Europe for international telephony with other regions of the world or to enable Internet connectivity to regions that are far from the terrestrial Internet backbone (e.g. Africa, Middle-East, overseas territories of CEPT countries). The fixed-satellite service has successfully shared these bands with the fixed service for over 30 years.

This Report considers only the fixed-satellite service operating in the 4/6 GHz band; other bands may also be considered using similar methods.

A11.2
Characteristics of Fixed Satellite Service including feeder links to the Mobile Satellite Service

A11.2.1
Uplink bands

The satellite receivers for FSS in the uplink direction are Category C receivers.

The typical FSS parameters in the 6 GHz band are in Table A11.1 below.

Table A11.1

Typical FSS parameters at 6/8 GHz (Uplink)
	Parameter
	Unit
	Typical geostationary satellite system

	Uplink band
	GHz
	5.725-7.075, 7.900-8.4001 

	Free-space loss
	dB
	199.5

	Clear-air loss
	dB
	0.1

	Satellite antenna gain 
	dBi
	35

	Noise temperature
	K
	600

	1These typical FSS parameters were assumed to also apply to the 7250-7750 MHz band and 7900-8400 MHz [Note : it has to be confirmed for the European case ]


The typical MSS feeder link parameters in the band 6 GHz are in Table A11.2 below.

Table A11.2

Typical MSS Feeder link satellite parameters 

	Parameter
	Inmarsat-3
	Inmarsat-4
	Units

	Beam
	Global
	Global
	

	Frequency Band
	6425-6575
	6425-6725
	MHz

	System noise temperature
	891
	501
	K

	Bandwidth
	32.7
	150
	MHz


A11.2.2
Downlink bands

The earth station receivers for FSS in the downlink direction are Category B receivers.

The typical FSS parameters in the 4 GHz band are in Table A11.3 below.

Table A11.3

Typical FSS parameters at 4 and 7 GHz band

	Downlink bands
	3 400-4 200 MHz and 4 500-4 800 MHz, 7250-7750 MHz4

	Antenna reference pattern
	Recommendation ITU-R S.465

	Earth station off-axis gain towards the local horizon (dBi)1, 2
	Elev. Angle
	5° 3
	10°
	20°
	30°
	(48°

	
	Off-axis gain
	14.5
	7.0
	–0.5
	–4.9
	–10.0

	Bandwidths (range)
	40 kHz-72 MHz

	Polarization
	Linear or circular

	Noise temperature of ES receiver system
	100 K

	Deployment
	All regions, in all locations (rural, semi-urban, urban)5

	
 The values were derived by assuming a local horizon at 0° of elevation.

2 The off-axis antenna gain is independent of the ES antenna diameter for the range of antennas considered.

It is recommended that the elevation angles and gain values provided be used to calculate the interference into the FSS ES.

3 5° is considered as the minimum operational elevation angle.

4 These typical FSS parameters were assumed to also apply to the 7250-7750 MHz band and 7900-8400 MHz [Note : it has to be confirmed for the European case ]

5 FSS antennas in this band may be deployed in a variety of environments smaller antennas (1.8m-3,8m ) are commonly deployed on the roofs of buildings in urban or semi-urban locations , whereas larger antennas (4.5m and above) are typically mounted on the ground and deployed in semi-urban or rural locations.     


The typical MSS feeder link parameters in the band 4 GHz are in Table A11.4 below.

Table A11.4

Typical MSS Feeder link earth stations parameters

	Parameter
	Symbol
	Inmarsat-3
Feeder link earth station
	Inmarsat-4
Feeder link
earth station
	Units

	Downlink Frequency Band
	
	3550-3700
	3550-3700
	MHz

	Antenna Reference Pattern 
	
	RR. App 7
	RR. App 7
	

	System noise temp
	TS
	71
	52.5
	K

	IF bandwidth
	BIF
	40
	40
	MHz


A11.2.3
Allowable interference levels

Recommendation ITU-R S.1432 contains the allowable degradations to the FSS below 15 GHz. The Recommendation states that for all sources of long-term interference that is neither from FSS systems, nor from systems having co-primary status, the allowable interference noise contribution is 1%. This equates to an Interference-to-Noise (I/N) ratio of ‑20dB.

A11.3
Analytical studies 

A11.3.1 Uplink assessments

The following four sections present different assessments using the GSO-based-aggregate methodology or the NTIA Airborne Aggregate Interference methodology with various assumptions.

A11.3.1.1
First assessment

In this first case, assessment has been made on the basis of the GSO-based-aggregate methodology using the FSS characteristics presented in section §A11.2.1.

A11.3.1.1.1
General assumptions for the first assessment

The value of the gaseous attenuation is taken equal to 0.1 dB. Several values for the building attenuation losses were considered ranging from 6 dB to 16 dB.

A11.3.1.1.2
UWB assumptions for the first assessment

The nature of the interference coming from UWB devices is assumed to be noise-like. All UWB devices are assumed to emit the same omni-directional average e.i.r.p. level of ‑71.3 dBW/MHz (equals to -41.3 dBm/MHz "FCC mask"). The percentage of indoor UWB devices is taken as an input parameter.

The activity factor (ratio of transmitting UWB devices over present UWB devices) is not considered in the computations since all the results are given for a certain number of simultaneously transmitting UWB devices. The activity factor will be used to draw the conclusions.

A11.3.1.1.3
FSS assumptions for the first assessment

Free space loss is computed by assuming a frequency of 6 GHz and a mean distance between the service area and the geostationary satellite of 38 500 km (corresponding to an elevation angle of 30° that is considered as typical for Europe).

A11.3.1.1.4
Results of calculations with the proposed assumptions for the first assessment

Figure A11.1 shows the T/T values created in an FSS satellite receiver with regards to different values of the building attenuation loss. For this case, the number of simultaneously transmitting devices is 34 millions across all the coverage area (typically Europe) and the average e.i.r.p. level of each UWB device equals to -71.3 dBW/MHz. The different curves correspond to percentages of outdoor UWB devices ranging from 5% to 95 %.

Figure A11.1

T/T levels produced by simultaneously transmitting UWB devices [image: image404.emf]D
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Figure A11.2 shows the T/T values created in an FSS satellite receiver with regards to the percentage of outdoor devices. For this case, the number of simultaneously transmitting devices is 34 millions across all the coverage area (typically Europe) and the average e.i.r.p. level of each UWB device equals to -71.3 dBW/MHz. The different curves correspond to building attenuation losses ranging from 6 dB to 20 dB.

Figure A11.2

T/T levels produced by simultaneously transmitting UWB devices
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It has to be noted that, under the considered assumptions, the T/T ratios are directly proportional to both the number of simultaneously transmitting UWB devices and the average e.i.r.p. radiated by a single UWB device. It is therefore easy to derive results from the values above for other values of number of UWB devices or of average e.i.r.p. levels.

A11.3.1.2
Second assessment

In this second case, assessment has been made on the basis of the GSO-based-aggregate methodology using the MSS feeder-link characteristics presented in section §2.1.

A11.3.1.2.1
UWB assumptions for the second assessment

The following reference emission levels are used for UWB transmitters (Table A11.5).

TABLE A11.5 

UWB Reference Emission Levels 

	FCC mask
	–41.3
	dBm/MHz

	Slope-I/D mask
	–41.3
	dBm/MHz

	Slope-O/D mask
	–41.3
	dBm/MHz


The following assumptions are used for the aggregate interference analysis

Percentage of active UWB transmitters: 4%

Percentage of outdoor devices              : as in Table A11.6 

The density of UWB transmitters        : 10 devices/sq.km 

Note: In the summary table the results are given for the case of  80% indoor and 20% outdoor devices.

TABLE A11.6

Combination of indoor and outdoor devices

	Percentage of I/D devices
	100%
	80%
	50%
	30%
	0%

	Percentage of O/D devices
	0%
	20%
	50%
	70%
	100%


A11.3.1.2.2
Propagation models assumptions for the second assessment 
Free space propagation model is used in the aggregate interference calculations for the interference mode-3 (Aggregate interference from multiple UWB emitters into satellite receiver in the feeder uplink).

A11.3.1.2.3
Results of the compatibility analysis for the second assessment

The results of interference computations for interference from 1 million UWB emitters into satellite receiver within the coverage area of feeder link global beam of Inmarsat-3 satellite are given in Table A11.7. 

The results of interference computations for interference from 1 million UWB emitters into satellite receiver within the coverage area of feeder link global beam of Inmarsat-4 satellite are given in Table A11.8.

The additional entries in the last five rows of Tables A11.7 and A11.8 show the aggregate interference into the satellite beam for different emitter densities in order to compare the results from NTIA and GSO based aggregation methodologies.

TABLE A11.7

Summary of aggregate interference levels from multiple UWB emitters into Inmarsat-3 satellite receivers in C-band

Mode-3 (6 GHz)
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TABLE A11.8

Summary of aggregate interference levels from multiple UWB emitters into Inmarsat-4 satellite receivers in C-band

Mode-3 ( 6 GHz)
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A11.3.1.3
Third assessment

In this third case, assessment has been made on the basis of the NTIA methodology using the FSS characteristics presented in section §A11.2.1.

A11.3.1.3.1
Interference analysis assumptions for the third assessment 

Table A11.9

Parameters for UWB-FSS satellite interference analysis

	FSS satellite Rx operating frequency
	6 GHz

	UWB e.i.r.p. 
	–71.3 dBW/MHz

	FSS satellite Rx bandwidth
	50 MHz

	FSS satellite Rx noise temperature
	700 K

	FSS satellite Rx antenna gain

	Global
	20 dBi

	
	Hemispheric
	22 dBi

	
	Zone
	25 dBi

	FSS satellite coverage area radius
	Global
	9 000 km

	
	Hemispheric
	5 000 km

	
	Zone
	3 000 km

	FSS satellite Rx antenna pattern
	Rec. 672 (LS = –20 dB)

	Propagation
	Free-space

	Interference criterion
	–160.2 dBW/MHz (I/N = –20 dB)


An interference correction factor [N (dB)] is applied to aggregate interference levels calculated using the formula defined in the preceding section.

IN   I – N
“N” is defined to take account of clutter losses, building losses, activity factors and, in the case of UWB densities, the ratio of the total populated area and total satellite coverage area. Using the interference criterion of I/N = –20 dB, the maximum tolerable UWB TX density figures and the total number of UWB TXs in satellite coverage areas have been calculated for N values in the range 0-50 dB. The following Figures illustrate the density and total number of TXs as a function of N for the three beams. Where N = 0 dB, all UWB devices can be considered to be transmitting (i.e. 100% activity) and to be located outdoors (i.e. no losses over and above free-spaced path loss).

Figure A11.3
Interference correction factor vs. UWB density
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Figure A11.4

Interference correction factor vs. No of UWB TXs
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A11.3.1.3.2
Summary of results for the third assessment

Interference analysis results indicate that more than 400 million UWB TXs can be allowed to operate without exceeding the interference criterion under the worst-case assumptions where satellite coverage area is zonal, all devices are outdoor, active for 100% of the time and all interference paths are LOS.

It is suggested that 88% of UWB devices are expected to operate indoors. In addition, it is reasonable to assume that UWB devices will not be active for 100% of the time and interference paths will be faded by local clutter. For example, these three factors can be quantified as follows:

88% indoors (10 dB building loss)

6.8 dB correction

5% activity




13 dB correction

Clutter loss




3 dB correction 

Total





N = 22.8 dB 

Losses on the interfering path may be higher as no account is taken of devices located in parts of buildings distant from those facing the satellite. The use of a 22.8 dB correction factor increases the tolerable UWB populations to approximately 350, 200 and 80 billions for global, hemispheric and zone beams. It is worth noting that it is stated that 7 million UWB units are expected to be shipped per year after 2010 and in any event the world’s population is only 6.5 billion.

A11.3.1.4
Fourth assessment

In this second case, assessment has been made on the basis of the NTIA methodology using the MSS feeder-link characteristics presented in section §A11.2.1.

A11.3.1.4.1
UWB assumptions for the fourth assessment

The following reference emission levels are used for UWB transmitters (Table A11.10).

TABLE A11.10

UWB Reference Emission Levels 

	FCC mask
	–41.3
	dBm/MHz

	Slope-I/D mask
	–41.3
	dBm/MHz

	Slope-O/D mask
	–41.3
	dBm/MHz


The following assumptions are used for the aggregate interference analysis:

Percentage of active UWB transmitters: 4%

Percentage of outdoor devices              : as in Table A11.11

The density of UWB transmitters        : 10 devices/sq.km 

Note: In the summary table the results are given for the case of 80% indoor and 20% outdoor devices.

TABLE A11.11

Combination of indoor and outdoor devices

	Percentage of I/D devices
	100%
	80%
	50%
	30%
	0%

	Percentage of O/D devices
	0%
	20%
	50%
	70%
	100%


A11.3.1.4.2
Propagation models for the compatibility analysis

Free space propagation model is used in the aggregate interference calculations for the interference mode-3 (Aggregate interference from multiple UWB emitters into satellite receiver in the feeder uplink).

A11.3.1.4.3
Results of the compatibility analysis for the fourth assessment 

The results of interference computations for interference into satellite receiver from UWB emitters within the coverage area of feeder link global beam of Inmarsat-3 satellite are given in Table A11.12 and those for feeder link global beam of Inmarsat‑4 satellite are given in Table A11.13.

TABLE A11.12

Summary of aggregate interference levels from multiple UWB emitters into Inmarsat-3 satellite receiver for different emitter densities in C-Band

[image: image504.wmf]Parameters

Units

Beam/ Band ( 6.5 GHz or 1.6 GHz)

G- C Band

G- C Band

G- C Band

G- C Band

G- C Band

Boltzmann's Constant , k

-198.6

-198.6

-198.6

-198.6

-198.6

dBm/K/Hz

System Noise Temperature, T

501

501

501

501

501

Deg K

Bandwidth, B

150

150

150

150

150

MHz

Thermal Noise, N

-89.84

-89.84

-89.84

-89.84

-89.84

dBm

I/N (1% Criterion)

-20

-20

-20

-20

-20

dB

I max

-109.84

-109.84

-109.84

-109.84

-109.84

dBm

FCC/CEPT Limit

FCC/CEPT

FCC/CEPT

FCC/CEPT

FCC/CEPT

FCC/CEPT

Indoor/Outdoor 

1.0:0.0

0.80:0.20

0.5:0.5

0.3:0.7

0.0:1.0

Average EIRP of the UWB device

-41.30

-41.30

-41.30

-41.30

-41.30

dBm/MHz

Factor to take into account combination of I/D/O/D devices and building loss

-10.000

-5.528

-2.596

-1.367

0.000

dB

do (based on App 8 Annext-II dis formula)

39220

39220

39220

39220

39220

km

Frequency, F

6.5

6.5

6.5

6.5

6.5

GHz

Absoption Loss

0

0

0

0

0

dB

B

150

150

150

150

150

MHz

Gain of Sat  Receive Antenna ( EoC)

17

17

17

17

17

dBi

Number of emitters (N) in millions

1

1

1

1

1

I AGG

-153.17

-148.70

-145.76

-144.53

-143.17

dBm

Area

2.17E+08

2.17E+08

2.17E+08

2.17E+08

2.17E+08

km ^2

Emitter density (units/sq meter)

4.61E-09

4.61E-09

4.61E-09

4.61E-09

4.61E-09

units/sq meter

I AGG with 0.00001 emitter per sq meter

-119.80

-115.33

-112.40

-111.17

-109.80

dBm

I AGG with 0.0001 emitter per sq meter

-109.80

-105.33

-102.40

-101.17

-99.80

dBm

I AGG with 0.001 emitter per sq meter

-99.80

-95.33

-92.40

-91.17

-89.80

dBm

I AGG with 0.01 emitter per sq meter

-89.80

-85.33

-82.40

-81.17

-79.80

dBm

I AGG with 0.1 emitter per sq meter

-79.80

-75.33

-72.40

-71.17

-69.80

dBm

I AGG with 1 emitter per sq meter

-69.80

-65.33

-62.40

-61.17

-59.80

dBm

Emitter density limit required to meet the 

criterion with 100% activity factor 

0.000099

0.000035

0.000018

0.000014

0.000010

units/sqm

Emitter density limit required to meet the 

criterion with 4% activity factor 

0.00248

0.00088

0.00045

0.00034

0.00025

units/sqm

Emitter density limit required to meet the 

criterion with 4% activity factor 

2477

885

451

340

248

units/sqkm

Required UWB PSD emission limit in 

dBm/MHz to ensure compatibility

Density of active UWB transmitters/km2

1

-41.3

-41.3

-41.3

-41.3

-41.3

dBm/MHz

10

-41.3

-41.3

-41.3

-41.3

-41.34

dBm/MHz

100

-41.34

-45.812

-48.744

-49.973

-51.34

dBm/MHz

1000

-51.34

-55.812

-58.744

-59.973

-61.34

dBm/MHz

10000

-61.34

-65.812

-68.744

-69.973

-71.34

dBm/MHz

Inmarsat-4


TABLE A11.13

Summary of aggregate interference levels from multiple UWB emitters into Inmarsat-4 satellite receiver for different emitter densities in C-Band

Mode-3 ( 6 GHz)

A11.3.2
Downlink band assessments

This two following sections present two assessments with two different methodologies: one for a single entry methodology and the other one for an aggregate methodology.

A11.3.2.1
First assessment

 This assessment considers Inmarsat-3 and Inmarsat-4 feeder link earth stations, which are under Category B victim receiver, and for which the single entry interference mode is considered here.

A11.3.2.1.1
Average power UWB emissions case for the first assessment

Analysis of potential interference from a single UWB device into an Inmarsat-3 feeder link earth station was performed using the methodology given in Section 6.3.3. The analysis parameters are shown below (Table A11.14).

TABLE A11.14

UWB and Inmarsat-3/4 feeder link earth station analysis parameters

	Parameter
	Value

	Protection criteria
	I/N = –20 dB(average (RMS) interference power)

	Antenna height
	10 meters

	Antenna tilt angle
	10 degrees

	UWB device height
	2 m

	Measurement bandwidth
	1 MHz


The results for non-dithered UWB signal analysis are shown in Table A11.15 for a UWB height of 2 m.

TABLE A11.15

Non-dithered UWB signal into Inmarsat-3/4 feeder link earth station 
(UWB height 2 m)

	PRF (MHz)
	BWCF (dB)
	Max acceptable UWB e.i.r.p. at 10 m distance
(dBm/MHz)
	Distance (meters) where permitted UWB e.i.r.p. equals 
–41.3 dBm/MHz RMS

	
	
	Inmarsat-3
	Inmarsat-4
	Inmarsat-3
	Inmarsat-4

	0.001to 1.0
	16.02
	–62.25
	–63.56
	501
	592.5

	10
	6.02
	–52.25
	–53.56
	117
	146

	100
	0.00
	–46.23
	–47.54
	23.8
	39.8

	500
	0.00
	–46.23
	–47.54
	23.8
	39.8


The results for a dithered UWB signal are shown in Table A11.16 for a UWB height of 2 m. 

TABLE A11.16

Dithered UWB signal into Inmarsat-3/4 feeder link earth station
(UWB height 2 m)

	PRF (MHz)
	BWCF (dB)
	Max acceptable UWB e.i.r.p. at 10 m distance
(dBm/MHz)
	Distance (meters) where permitted UWB e.i.r.p. equals 
–41.3 dBm/MHz RMS

	
	
	Inmarsat-3
	Inmarsat-4
	Inmarsat-3
	Inmarsat-4

	0.001 to500
	16.02
	–62.25
	–63.56
	501
	592.5


Peak power UWB emissions case for the first assessment

Analysis of potential interference from a single UWB device into an Inmarsat-3 feeder link earth station was performed using the methodology given in given in Section 6.3.3. The analysis parameters are shown below (Table A11.17).

TABLE A11.17

UWB and Inmarsat-3/4 feeder link earth station analysis parameters

	Parameter
	Value

	Protection criteria
	I/N = –20 dB (peak interference power)

	Antenna height
	10 meters

	Antenna tilt angle
	10 degrees 

	UWB device height
	2 m 

	Measurement bandwidth
	1 MHz


The results for non-dithered UWB signal analysis are shown in Table A11.18 for a UWB height of 2 m. 

TABLE A11.18

Non-dithered UWB signal into Inmarsat-3/4 feeder link earth station
(UWB height 2 m)

	PRF (MHz)
	BWCF (dB)
	Max acceptable UWB e.i.r.p. at 10 m distance
(dBm/MHz)
	Distance (km) where permitted UWB e.i.r.p. equals 
–41.3 dBm/MHz RMS

	
	
	Inmarsat-3
	Inmarsat-4
	Inmarsat-3
	Inmarsat-4

	0.001
	69.03
	–115.26
	–116.57
	8.965
	9.68

	0.01
	59.03
	-105.26
	-106.57
	4.125
	4.685

	0.1
	49.03
	-95.26
	-96.57
	1.02
	1.294

	1
	39.03
	-85.26
	-86.57
	0.85
	0.99

	10
	18.98
	–65.21
	-66.52
	0.728
	0.856

	100
	0.00
	–46.23
	–47.54
	0.0238
	0.0398

	500
	0.00
	–46.23
	–47.54
	0.0238
	0.0398


The results for dithered UWB signal analysis are shown in Table A11.19 for a UWB height of 2 m. 

TABLE A11.19 

Dithered UWB signal into Inmarsat-3/4 feeder link earth station
(UWB height 2 m)

	PRF (MHz)
	BWCF (dB)
	Max acceptable UWB e.i.r.p. at 10 m distance
(dBm/MHz)
	Distance (km) where permitted UWB e.i.r.p. equals 
–41.3 dBm/MHz RMS

	
	
	Inmarsat-3
	Inmarsat-4
	Inmarsat-3
	Inmarsat-4

	0.001
	69.03
	–115.26
	–116.57
	8.965
	9.68

	0.01
	59.03
	-105.26
	-106.57
	4.125
	4.685

	0.1
	49.03
	-95.26
	-96.57
	1.02
	1.294

	1
	39.03
	-85.26
	-86.57
	0.85
	0.99

	10
	29.03
	–75.26
	-76.57
	0.728
	0.94

	100
	19.03
	–65.26
	–66.57
	0.0238
	0.862

	500
	16.02
	–62.25
	–63.56
	0.0238
	0.5925


A11.3.2.2
Second assessment

This second assessment has been made using FSS characteristics in the case of aggregate interference, using the methodology described in section 6.3.4. For these assessments, a range of assumptions has been taken into account as presented in the following section.

A11.3.2.2.1
Methodology for the second assessment

The aim is to assess the aggregate interference from the UWB devices into a FSS receiving earth station.

In order to calculate this interference, it is proposed to consider a circle as the simulation area. The FSS earth station is in the centre of this zone, pointing to a FSS geostationary satellite. 

The UWB devices are randomly distributed all around the FSS earth station. The only constraint for this random distribution is an exclusion zone around the earth station which represents a circular zone, as represented in the example Figures 5 and 6.

[image: image408.emf]
Figure A11.5

Random distribution of UWB actives devices 
(indoor/outdoor ratio: 95/5%, density of 0.001 devices/m²)
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Figure A11.6

Random distribution of UWB active devices 
(indoor/outdoor ratio: 30/70%, density of 0.00001 devices/m²)

It has to be noted that the red point in the centre of the simulation zone is the FSS earth station and the red circle the limit of the exclusion zone. More over, the simulated UWB devices are represented by the points around, blue if the UWB device is operated outdoors and yellow if the UWB device is operated indoors.

This configuration enables to calculate the aggregate I/N ratio into the earth station receiver from all the UWB devices.

Several tries of random distributions of UWB devices give a set of aggregate I/N ratios. From this set, the calculation of the cumulative distribution function of I/N ratio enable to assess the interference and particularly the long term one. Figure A11.7 gives a representation of this cumulative distribution.
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Figure A11.7

Example of cumulative distribution of I/N ratios

The value of I/N ratio for 99% of the time gives the long term interference.

In order to be in accordance with the interference criteria, and thus to protect the FSS, the radius of the exclusion zone is modified, depending of the I/N ratio value. Thus, for several cases of parameters, calculations give the exclusion zone that allows the FSS protection in the downlink direction.

A11.3.2.2.2
General assumptions for the second assessment

The simulation zone was taken as circular around the FSS earth station. Because of the height of UWB devices, the radius of the simulation zone is limited to 3 km in order to always have a LOS situation between UWB devices and the FSS earth station. Moreover, as the simulation zone is a small area, it is considered that this zone is flat.. The propagation model contained in Recommendation ITU-R P.452-11 is used. 

It has been considered as a basis a flat terrain model without any obstacle. Moreover, as the simulation zone is a small area, it is considered that this zone is flat.

However, it has been considered also in the simulations, as an example, a real case which is Bercenay-en-Othe in France. This example may give some indications about the effect of the terrain in a more accurate way. Bercenay-en-Othe is one of the most important C-Band Teleport in France, located at a latitude of 48N13 and a longitude of 03E53, and in a rural area. The terrain database used here has a 50m detail in latitude and longitude. This terrain database also takes into account the clutter of the environment. The following figures give a view of this real case:
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Figure A11.8

Random UWB distribution around FSS Earth station of Bercenay en Othe
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Figure A11.9

Random UWB distribution around FSS Earth station of Bercenay en Othe (other view)

A11.3.2.2.3
UWB assumptions for the second assessment

The nature of the interference coming from UWB devices is assumed to be noise-like. All UWB devices are assumed to emit the same omni-directional average e.i.r.p. level of -41.3 dBm/MHz "FCC mask". The values of density of UWB, activity factor and indoor/outdoor proportion are presented in those three following scenarios: 

Table A11.20

Deployment scenarios

	Deployment scenario 
	(1a) Rural
	(1b) Suburban
	(1c) Dense Urban

	
	
	
	

	UWB density (/km²)
	100
	1000
	10000

	Activity factor
	5 % 
	5 %
	5 %

	Density of active UWB transmitters (/km²)
	5
	50
	500

	% Outdoor 
	20%
	20%
	20%


A11.3.2.2.4
FSS assumptions for the second assessment

The Earth station is located at 48.55°N, 2.56°E and points towards a geostationary satellite at 5°W (the elevation angle is therefore around 33°, which is considered typical for Europe). Its height is 10 m. Three different diameters of the antenna are considered: 2.4 m, 4.8 m and 10 m.

A11.3.2.2.5
Results of calculations with the proposed assumption for the second assessment

The Table A11.21 below presents the different results for different cases with assumptions presented above in the case of a flat terrain database.

Table A11.21

Calculations of I/N (dB) for the flat terrain model
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It can be noted first that the size of the earth station has no influence on the result, which is understandable with the chosen elevation (about 33°) and the FSS antenna pattern.

A UWB density of 10000 devices/km² (urban scenario) presents a difficult situation in terms of interference into the FSS earth station. But the situation is eased when the number of devices decreases (cf. rural scenario). Furthermore, a high proportion of indoor UWB devices seems to ease the sharing. 

Moreover, it has to be noted that a building loss value of 10 dB has been used. But a building loss value of 15 dB, as it has been used for RLAN sharing studies in 5 GHz, has also been used, waiting for a definitive value for this parameter.

More generally, for a free space loss situation (without taking account any obstacle), the determined exclusion zone, which enables to protect FSS in the downlink direction, is around 2 km, depending on which scenario is taking into account.

With the simulation on the real terrain database of Bercenay-en-Othe, it has to be noted also that the results are very similar to the ones of the flat terrain model.

Table A11.22

Calculations of I/N (dB) for Bercenay-En-Othe Terrain database
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It has been shown in the previous section that an exclusion from 1 to 3 km around the FSS earth station would be necessary to ensure the protection of the FSS from UWB devices.

However, due to the unlicensed and uncoordinated aspects of UWB devices, it may not be practical to establish such an exclusion zone. If UWB emissions are reduced, however, the required exclusion zone is reduced too, and this may achieve a practical exclusion zone.  The size of a practical exclusion zone may vary according to the location as the examples show below:

Table A11.23

Proposed exclusion zone (m)

	Scenario
	Type 
	Exclusion zone (m)

	1a
	Rural
	100

	1b
	Sub-urban
	50

	1c
	Urban
	10


Consequently, taking into account those types of possible exclusion, the next tables present the level of UWB e.i.r.p. that can ensure the protection of the FSS.

Table A11.24

Calculations of I/N (dB) for the flat terrain model, with a fixed exclusion zone
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Table A11.25

Calculations of I/N (dB) for the Bercenay-en-Othe terrain database, with a fixed exclusion zone
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Those preliminary results show that a reduction of the UWB e.i.r.p. compared to the FCC mask is necessary to meet the FSS protection criteria. The range of this reduction is from 10 to 35 dB for the various studied cases.

The following are the maximum permissible UWB e.i.r.p levels, based on flat terrain and different FSS operation scenarios, in order to fully protect the FSS earth station operation:

-53dBm/Mhz would be adequate to ensure the protection of the FSS in a rural area;

-66dBm/Mhz would be adequate to ensure the protection of the FSS in a semi-urbain area;

-77dBm/Mhz would be adequate to ensure the protection of the FSS in a urbain area.

For the case of Bercenay-en-Othe located in a rural area and with a realistic terrain database , a reduced e.i.r.p. value of around -69 dBm/Mhz would be adequate to ensure the protection of the FSS earth stations in this teleport of Bercenay-en-Othe. This case remains an example and is not representative of all cases, but confirms the results presented before.

A11.4
Test measurements – Single Entry

Tests were conducted at RTCG Whyteleafe
 to make initial assessments of any potential that ubiquitous low power Ultra Wide Band transmitters may have to cause harmful single-entry interference into C band TVRO satellite earth stations.  

In the UK, C band satellite earth stations include TVRO stations that are typically used for monitoring or receiving regional programs for redistribution of services via cable feeds. 

Satellite Earth Stations are generally characterised by low loss and high sensitivity, and have an input bandwidth covering the entire band. 

The chosen UWB transmitter comprised a 0dBi antenna and transmitter source with an e.i.r.p. of –41dBm /MHz, compliant with the FCC requirements
. 

A11.4.1
Methodology

Tests were conducted on a typical low cost earth commercial grade earth station; the arrangement comprised a 2.4 metre diameter spun aluminium dish, a 0.6dB LNB and a standalone decoder/receiver. The dish was aligned with both digital (DVB )  & analogue broadcast (PAL) standard satellite TV transmissions (q.v. 38 dBW e.i.r.p. footprint
), and a simultaneous UWB interference source was introduced in the near field, as detailed in the attached Annex.

The received signal was monitored at the input to the receiver on a spectrum analyser following down conversion by the LNB. The decoded TV transmissions were monitored for CCIR Grade 3 impairment
.

The initial assessments were devised to minimise special practical difficulties associated with low power near field measurements i.e.:

i) UWB transmissions contain energy that is concentrated in high amplitude short duration pulses, introducing the possibility of non-linear effects occurring before the signal has been down-converted.

ii) UWB transmissions encompass the whole bandwidth of the front end of the C Band LNB (i.e not just the IF receiver bandwidth)

Consideration of the above factors precluded the normal option of using direct injection for this test, since this might introduce uncertainty as to the selection of an appropriate figure for the receive bandwidth for C/I calculation purposes.

The test methodology involved adjusting the separation to find the minimum required separation distance between the satellite dish and a UWB transmitter aligned to it along the same azimuth bearing, and introducing an attenuated signal directly into the boresight of the receive antenna. 

The above method was selected:

To ensure a conservative assessment;

To ensure that non–linear phenomena would be included in the test;

To avoid the need to fully characterise the gain profile of the LNB  and UWB  transmitter over the whole frequency band;

To avoid the necessity of  calibrating and obtaining off-axis response of the LNB feed horn  and TVRO dish  in near and far field
;

To allow future bridge measurement comparisons to be made with direct injection, etc.
A11.4.2
Results

Test 1








1
The 2.4 metre dish plus LNB (B Pol; LHC polarised), aligned on ARABSAT 2A high power (38dBW) beam  at 26°East;

2
Both analogue and digital signals were acquired from satellite.

The UWB transmitter at a height of 1½ metres was slowly moved towards the TES dish under the bore-site of the satellite until the TV picture and/or sound degraded to CCIR Grade 3 impairment.

The degradations for both sound and vision were noted.

The test was repeated for analogue (PAL )TV and digital MPEG2 TV signals 3/4FEC.

Table A11.26

	CCIR Grade 3 Impairment

	Frequency (MHz)
	TV Channel
	Vision
	Sound

	4140 (LHC)
	Channel TP20 analogue
	5.25 metres
	5.25 metres

	4044 (LHC)
	Channel  TP16L digital
	5.25 metres
	5.25 metres


Test 2






1
The 2.4 metre dish plus LNB (LH polarised), aligned on ARABSAT 2A at 26°East.

2
Analogue and digital signals were acquired from satellite.

3
The UWB antenna was placed in the bore-sight a distance of 3 metres from the LNB.  The attenuation was decreased until the TV picture and/or sound degraded to CCIR Grade 3 impairment.

4
The degradations for both sound and vision were noted.

5
The test was repeated for analogue TV and digital TV signals.

Table A11.27

	CCIR Grade 3 Impairment

	Frequency (MHz)
	TV Channel
	Attenuation dB (Vision)
	Attenuation dB (Sound)

	4140 (LHC)
	Channel TP20 analogue
	16
	17

	4044 (LC)
	Channel TP16L digital
	18
	18


Cable loss from Transmitter to UWB antenna at 4GHz = 7.48dB. This loss to be added to above figures (see Table A11.28).


Diagram 3 – Calibrating Cable Losses for Test 2

Table A11.28

	Calibration of Losses in Cables (Diagram 3)

between UWB Transmitter and Antenna

	Frequency (GHz)
	Loss (dB)

	3.5
	-7.11

	3.6
	-7.05

	3.7
	-7.19

	3.8
	-7.27

	3.9
	-7.50

	4.0
	-7.48

	4.1
	-7.60

	4.2
	-7.73

	4.3
	-7.91

	*4.4
	-7.93

	4.5
	-8.11


Results of Test 2

The radiated RF power generated from the Ultra-Wide Band transmitter is -41dBm/MHz.

In a 27MHz TV bandwidth the UWB signal is:      – 41dBm + (10Log1027)  =  – 26.69dBm


– 26.69dBm –16dB – 7.48dB   =   –50.17dBm (in a 27MHz bandwidth)


– 26.69dBm –17dB – 7.48dB   =   –51.17dBm (in a 27MHz bandwidth)


– 26.69dBm –18dB – 7.48dB   =   –52.17dBm (in a 27MHz bandwidth)

Conclusion on those tests

This preliminary assessment suggests that no significant interference issues are expected from single low power UWB transmitters, provided that the emissions comply with the FCC requirements. 

It may be considered beneficial to extend testing to:

i) undertake similar studies for similar C band receivers working to lower power/ lower elevation satellites, and 

ii) to assess the effect of more than one UWB interferer, and

iii) extrapolate results to equivalent C/I ratios with measurements obtained from direct injection.

A11.5
Summary of results

A11.5.1
Downlink bands summary results

See section 7.11.1 of the main body of this ECC Report.

A11.5.2
Uplink bands summary results

See section 7.11.2 of the main body of this ECC Report.

A11.6
Conclusions 

A11.6.1
Downlink bands conclusion

A11.6.1.1
Single interferer mode

The following conclusions can be drawn from the results of the compatibility analysis with regard to interference from single UWB emitter with assumed PRF not less than 1 MHz.

Separation distances (Single Entry)

A minimum separation distance ranging from 39.8 m to 600 m, depending on the PRF, is required for interference from average power UWB emissions;
A minimum separation distance ranging from 39.8 m to 990 m, depending on the PRF, is required for interference from peak power non-dithered UWB emissions;
A minimum separation distance ranging from 592 m to 990 m, depending on the PRF, is required for interference from peak power dithered UWB emissions.

Maximum permissible e.i.r.p.. density in 1 MHz bandwidth at 10 m distance:

The maximum permissible e.i.r.p. density is equal to –63.56 dBm/MHz for average power emissions (both non dithered and dithered);
The maximum permissible e.i.r.p. density is equal to –86.57 dBm/MHz for peak power emissions (both non dithered and dithered).

A11.6.1.2
Aggregate interference mode (Downlink)

The studies have indicated that the aggregate effect of populations of UWB devices cannot adequately protect FSS earth station receivers without significant separation distances (1-3 km) between the population of UWB devices and the FSS earth station

Given practical considerations, and the existing use of FSS earth stations, it may not be possible to achieve such exclusion zones distances of 1-3 km in many cases and in order to fully protect the operation of FSS earth stations in the band, with assumed practical exclusion zones (100m Rural/50m Semi Urban/10m Urban), it seems to be more appropriate to propose a reduction of the e.i.r.p. density of UWB devices in order to provide an adequate protection to FSS.

Due to the results above, the following reduced e.i.r.p. are proposed to ensure protection of FSS:

-53dBm/MHz in rural areas;

-66dBm/MHz in semi-urban areas;

-77dBm/MHz in urban areas.

A11.6.2
Uplink bands conclusion

A11.6.2.1
Feeder links of MSS Systems

Preliminary results indicate that the aggregate interference into the satellite receiver is unlikely to be problematic. The feasibility of sharing between UWB and MSS networks depends on the expected number of UWB devices and the regulations for their deployment.

A11.6.2.2
FSS Systems (Uplink)

Preliminary results indicate that the aggregate interference into the satellite receiver is unlikely to be problematic.

ANNEX 12

AMATEUR/AMATEUR SATELLITE SYSTEMS (AMATEUR)

A12.1.
Summary
Stations of the amateur service (and amateur satellite service) between 1 and 10 GHz use very sensitive receivers.

Amateur stations exist predominantly in built-up areas where UWB deployment will be intense.

In a typical situation a single UWB transmitter will rise the noise floor of the amateur receiving system at a distance of 10 m with at least 5 dB in the 5.7 GHz band ( A.). In order to limit the interference to a rise of the noise floor of <= 1 dB, the max eirp of the UWB device shall be –51dBm/MHz in the 5.7 GHz band.
For the 10 GHz (X) band the figures are respectively 4 dB and –46 dBm/MHz.

For the 3.4 GHz (B) band the figures are respectively 9 dB and –55 dBm/MHz.

For the 2.4 GHz (C) band and the 1.3 GHz (D) band the UWB eirp mask limits are –61 and –85 dBmMHz and for those bands no interference will be  measurable at 10 m from a single interferer.

A12.2.
Introduction

The amateur and amateur-satellite services have allocations in the frequency ranges in which ultra-wideband (UWB) devices may operate. The characteristics of the amateur and amateur-satellite earth stations are not generally known due to the fact that the amateur service is an experimental service.  For  interference  studies,  however   amateur  activities  using relatively large transmitter power  ( in the order of 10 -20 dBW near 1 GHz going down to 0-15 dBW on 10 GHz), state of the art receiver sensitivities (receiver  noise figures near 1 dB and receiver bandwidths of  400-3000 Hz) and  antenna's with effective apertures of 1 m²  near 1 GHz and 0,5 m²  near 10 GHz are in use.

The characteristics and deployment of UWB devices are not yet understood and studies should be performed before the potential interaction between UWB and amateur systems can be determined more in detail.

As  stations  in the amateur satellite service are in general identical to those in the amateur service and the antenna's are  following  orbiting satellites till the satellite disappears below 0 degrees elevation, for the purpose  of  this  note  receiving stations in the amateur service  and  the  amateur satellite service will be considered identical.

A12.3.
Deployment scenario

Many amateur stations operating in the UHF and SHF bands are situated in residences including urban, suburban and rural environments.  In addition, there are some repeater stations located on high-rise buildings or towers using these frequencies for linking between repeater stations. 

A12.4.
Minimum Separation Distances

A 'worst case' deployment scenario for the UWB/amateur installation can be considered  to be the situation where a UWB wireless loudspeaker system  or video  recorder  to  TV link is within a short distance  (<1  metre)  of  a relatively  large  window,  and the amateur antenna is  10 m distant (slant distance).  Such a deployment is not unlikely in urban areas.  Under these circumstances,  it is arguable that free space  propagation  can  be considered as applicable, and a loss of 67dB assumed.  Further, the amateur antenna will not have the UWB transmitter in its main beam, but a gain of 0 dBi is not unusual for typical amateur antennas when a separation from the main beam of 45 degree is achieved.

Domestic  use of UWB in such equipment as remote wireless loudspeakers, video recorders and other domestic entertainment equipment have been suggested as viable applications, requiring effectively continuous operation for extended periods.

A12.5.
Activity factor

A12.5.1.
Amateur transmission

Amateur stations use listen-before-transmit (LBT) access techniques.   An amateur station listens for a time sufficient to determine that a frequency is not in use by another station or that the received noise level  is suitable for communications. 

Amateurs receive more than they transmit, perhaps on the order of a 95/5 ratio.  Communications are normally conducted in sessions called "contacts" or "schedules" if pre-arranged. Such contacts may last a few minutes or perhaps as long as an hour.  Within a contact, stations in communication alternate their transmissions. 

A12.5.2.
UWB Activity Factor

Especially in domestic deployment scenarios employing effectively continuous operation (as outlined above), the UWB Activity Factor is 1, i.e. 0dB. Even where applications are such that the application of an Activity Factor is appropriate, the effect of the relatively strong amateur signal on the UWB requires some consideration, especially where the UWB operates with a pre-emptive access system or with ARQ. This is because interference from the amateur signal may well lead to a large number of retries. This suggests that when considering the effects of UWB on  the amateur  and  amateur  satellite services,  except in identifiable  special circumstances, the Activity Factor of UWB should also be taken as 0dB.

A12.6.
Frequency bands of interest

The frequency bands allocated in Europe to the amateur and amateur satellite service in which UWB devices may operate are shown in Table A12.1.

TABLE A12.1: Amateur Allocations between 1 and 10 GHz

	Amateur Service
	Amateur Satellite Service

	D. 1240-1300 MHz


	1260-1270 MHz  Uplink only

	C. 2 300-2 450 MHz


	2400-2450 MHz

	B. 3 400-3 500 MHz ( CEPT ECA )


	

	A. 5 650-5 850 MHz


	5650-5670  (uplink) 5830-5850 (downlink)

	X. 10 000 – 10500 MHz


	10450 – 10500 MHz


TABLE A12.2: Typical UHF/SHF amateur station using Morse Telegraphy and SSB Characteristics 

	Frequency bands (MHz)
	1240-1300, 2300-2450, 3400-3500, 5650-5850, 10000 - 10500



	Emission types
	100HA1A (Morse Telegraphy) 

2K70J3E

	Transmitter power (dBW)
	10 (for this report taken as typical)

(Maximum power subject to administration Regulations –varies with frequency, generally being higher at lower frequencies)

	Antenna line loss (dB)
	3



	Antenna gain (dBi)


	Varies (Highly directional antennas are used - 0dBi typical for >450 degree off the main lobe)

	e.i.r.p (dBW)
	31



	Polarization
	Horizontal



	Receiver noise figure (dB)


	1

(Antenna mounted preamplifiers are generally used)

	Receiver bandwidth (Hz)


	400 (typical telegraphy)

2700 (typical SSB telephony)

	Receiver SNR (dB)
	>=2




A12.7
Effects of the UWB Deployment

Using the UWB parameters as defined in the main body of this report, and the amateur station parameters in Table A12.2, an MCL calculation for (A) the 5650-5850 MHz band shows that the UWB signal level (assuming -41.3 dBm/MHz as the UWB e.i.r.p.) from a single UWB transmitter at the amateur receiver will be -168.2 dBm/Hz, or some 5dB above the receiver noise floor. This assumes the UWB spectrum is flat (i.e. noise like); this assumption may not be true in many cases and this will aggravate the situation with the very narrow band amateur receivers.

One also can calculate the distance required between the UWB device and the amateur station antenna in order not to lift the receiver noise level by more than 1 dB.

The receiver noise level being –173 dBm/Hz; the interfering signal therefore shall not be stronger than –179 dBm/Hz, which requires a propagation loss of around 78 dB > 33 m in the 5.7 GHz band (A).

Using a reference distance of 10 m and a limit to the noise level increase of 1 dB, the UWB eirp shall not be more than –51 dBm/MHz in the case of a single interferer in the 5.7 GHz band (A).

For the other frequency bands the figures are as follows:

· B: 3.4 GHz band  >= 55 m or –55 dBm/MHz;

· X: 10 GHz band  >= 19 m or –46 dBm/MHz;

For the two remaining considered bands, the UWB spectrum mask limits the UWB eirp to –61 dBm/MHz in the 2.4 GHz band and to –85 dBm/MHz in the 1.3 GHz band and this results in no interference to the amateur receiver in the modeled situation.

A12.8
Single and multiple interferers

In the previous section the single interferer scenario has been applied. It can be expected that this will be the dominant interference mechanism in a majority of situations as there always will be one UWB device which has the strongest coupling with the amateur station antenna.

ANNEX 13

MARITIME MOBILE SERVICE AND MARITIME RADIONAVIGATION SERVICE INCLUDING THE GLOBAL MARITIME DISTRESS AND SAFETY SYSTEM (MARITIME)

A13.1.
Introduction

A13.1.1
Ship Operations

IMO Convention ships (which are passenger ships and cargo ships over 300 gross tonnage) carry communication equipment to comply with the requirements of Chapter IV of the International Convention for the Safety of Life at Sea (SOLAS) published by the International Maritime Organization (IMO).  The system used is called the Global Maritime Distress and Safety System (GMDSS).  In the GMDSS ships carry equipment which ensures that they always have two independent radio systems available to them which will permit the transmission of a distress alert.

An Emergency Position Indicating Radio Beacon (EPIRB) operating at 406 MHz (Cospas-Sarsat) or 1.6 GHz (Inmarsat) is a carriage requirement for all Convention ships and is generally employed as one means of alerting.  For the second means of alerting, ships within VHF range of shore stations fitted with Digital Selective Calling (DSC), known as A1 sea area, carry VHF equipment operating in the band 156-163 MHz which includes DSC.  Ships operating within MF range of DSC shore stations (A2 sea area) carry MF radio operating in the band 1605-3800 kHz with DSC.  Ships operating beyond MF range (A3 sea area) carry Inmarsat equipment operating at 1.5/1.6 GHz.  Ships operating beyond the range of the Inmarsat geostationary satellites (70o N and S known as the A4 sea area) carry HF radio operating in the maritime mobile bands between 4 and 27.5 MHz with DSC.  Communication at HF may be by radiotelephony or radiotelegraphy which is known as Narrow Band Direct Printing (NBDP).  A2 and A3 ships are also required to carry duplicate equipment to mitigate against failures so most deep sea ships carry both Inmarsat and HF.

Convention ships receive safety information over a system called NAVTEX which operates at 490 and 518 kHz when in coastal areas and over a system called SafetyNet which is operated by Inmarsat at 1.5GHz when beyond coastal areas.

For Search and Rescue purposes, Convention ships carry a number of Search and Rescue Transponders (SART) which operate in the 9GHz band, handheld VHF radios and passenger ships carry a radio operating on the aeronautical frequencies of 121.5 and 123.1 MHz.

Many Convention ships carry on board communication equipment operating at 460 MHz.

Non-Convention ships (that is ships which are generally not subject to SOLAS requirements such as pleasure craft) carry similar radio equipment to similar standards but not necessarily the complete SOLAS fit.

A13.1.2
Shore Operations

Coast stations provide facilities for Maritime Rescue Coordination Centres (MRCC) to maintain DSC and aural watch.  MRCCs also have associated Inmarsat Land Earth Stations and Cospas-Sarsat Mission Control Centres.  MRCCs act on distress alerts by coordinating Search and Rescue resources (aircraft and ships) and provide safety information to ships.  Inmarsat and some coast stations also provide public correspondence facilities.

A13.1.3
Port Operations

Ports use frequencies in the RR Appendix 18 VHF band for communicating with ships.  Ports offer Vessel Traffic Services (VTS) which often require the use of radar in the 3 GHz or 9 GHz bands and Automatic Identification Systems (AIS) operating in the VHF band.

A13.1.4
Maritime Radionavigation Service

Convention ships carry navigation equipment to comply with Chapter V of the SOLAS Convention.  All ships are required to carry an electronic position fixing system which is typically a Global Navigation Satellite System (GNSS) such as GPS but may be LORAN-C operating in the band 90-110 kHz.  GPS may be differentially corrected using signals from radiobeacons operating in the band 285 - 325 kHz. All ships carry a radar operating in the 9GHz band and larger ships additionally carry a radar operating in the 3GHz band.  All ships carry Automatic Identification Systems (AIS) operating in the VHF band.

Non-Convention ships carry similar equipment voluntarily but the equipment may be compliant to reduced requirements of technical standards.

A13.2.
Methodology and assumptions

Detailed protection criteria for maritime radio services are not listed in the relevant ITU-R Recommendations and consequently the receiver sensitivity values have been based on the International Electrotechnical Commission (IEC) / European Norm Standard EN 60945. This Standard typically lists receiver sensitivity levels as field strengths in uV/m, but in some instances it also lists levels as e.m.f.s. Where e.m.f. levels have been listed, nominal/typical antenna gain values have been assumed in order to assess the level of interference at the receiver input. Where receiver field strengths sensitivities have been listed, the interference is assessed as a field strength for comparison.

No account has been taken of near field effects, nor of feeder losses and the antenna gains are nominal and will be dependent on the particular antenna used. The UWB interference is assessed as noise-like. The bandwidths of the maritime receivers have been obtained from various standards/recommendations and in some cases channel spacings have been used.  In the case of radars, typical bandwidths and noise figures have been used.

The criteria (threshold) used for interference are as follows. In the case of interference to radars, there are established ITU-R Recommendations (M.1460 series) and a value of I/N of -10 dB is used. In the case of other equipment, a protection ratio (wanted to unwanted signal) of 10 dB is used. It should be noted that in both cases these values are increased by a further 6dB in order to cater for multi-system interference.

A free space transmission loss was assumed in the calculations and polarisation discrimination was not considered.  The effect of UWB interference was assessed for two distances: 10 m for the case of UWB devices on board the ship and 300m for the case of UWB devices on shore.

The Fantasma aggregate model was used to determine the densities of UWB emitters allowable. A receiver antenna height of 15 m was used which is the IMO assumed height for a radar antenna.  This height gives a horizon distance:

R = 4.63  ( 15 = 18 km

Thus the aggregate interference A (Watts per unit bandwidth)

A  ≈  2π ρ α ( ln((R/Ro)

where:

ρ   = 
the average density of UWB emitters per m2 in the observed zone and for which values of 1, 10, 100, 1000, 10000, 5, 50 and 500 emitters per km2 were used.

α   =
Weirp ((/4()2 gr   where Weirp is the average UWB device EIRP in Watts per unit bandwidth, ( is the wavelength at the centre of the receiver passband in metres and gr is the receiver antenna gain in the horizontal plane.

(  = 
the activity factor taken as 5%.

R  =
the observed zone taken as 18 km.

Ro =
the minimum radius of calculation taken as 300m


So if  Weirp  is expressed in mWatt/MHz:


A  = 
8.14.10-3 ρ Weirp (2 gr   mWatt/MHz

This aggregate interference A assumes the victim receiver receives UWB interference over a complete circle so for directional antennas is corrected for the antenna beamwidth.
A13.3.
Results

The tables given in the subsequent pages indicate the process used for determining the maximum EIRP of a UWB emitter for a maritime receiver. In addition, an indication of the maximum EIRP for the densities of UWB emitters/km2 for maritime receiver protection is given with a nominal height separation of 15 m.

Cospas-Sarsat and Inmarsat services have not been considered as these are covered in Annex 2.  Similarly GNSS has not been considered as this is covered as RNSS in Annex 10.  The Search and Rescue portable radios operating in the maritime bands and aeronautical bands have not been considered as these are generally only used when ships are in distress in remote locations. Similarly the SART which is only used in distress situations is not considered further.

A13.4.
Conclusions

Three circumstances are of interest for the maritime services: the effect of UWB devices on board a ship to the ship’s systems, the effect of UWB devices located on shore to the ship’s systems and the effect of UWB devices to shore/port stations.

Regarding the use of UWB devices on board a ship, the most sensitive communication system is the VHF which requires a UWB EIRP limited to –75 dBm/MHz at 158 MHz.  This is less than the FCC limit of –43 dBm/MHz, but should be easily achievable by slope mask proposals, so the latter mask would appear to alleviate the problem to ship communication systems from UWB devices on board.  In the case of navigation systems, the S band radar requires a limit of –82 dBm/MHz at 3000 MHz and the X band radar requires –72 dBm/MHz at 9400 MHz.  These limits are unlikely to be achievable so preclude the use of UWB devices on board pending further study of the actual effect on ships radars.

Regarding UWB devices on shore, the EIRP limit at VHF is –45 dBm/MHz and the above limit of –72 dBm/MHz is required for an aggregate interference in the urban case of 100000 devices per km2.  Again therefore there does not appear to be a problem to ship communication systems.  For the radar systems, the limits are –53 dBm/MHz for S band and –43 dBm/MHz at X band.  These limits reduce to –61 dBm/MHz and –51 dBm/MHz respectively for aggregate interference in the urban case, although this situation is very unlikely to be encountered by ships.  There appears to be a possible problem therefore with ship radar systems, particularly at S band, although the physical locations where this shore based interference might arise may be limited and subject to further study.

Regarding shore/port stations, the effect on communication receivers is similar to the ship case so there should not be a problem.  In the case of shore based radar systems associated with Vessel Traffic Services, these radars look out to sea and are sector blanked when scanning over the shore so they may not be as severely affected by UWB devices as the ship case.

TABLE A13.1

Characteristics of Maritime radiocommunications equipment (1st part)

	Equipment type
	Frequency band (MHz)
	Frequency used for calculation (MHz)
	Bandwidth (kHz)
	Reciver sensitivity 
	Nominal

 Antenna

gain

(dB)
	Minimum

 RX Field

 Strength

 sensitivity

(dBµV/m)
	Minimum wanted field strength PFD at antenna (dBm/m2//MHz)
	Protection

 ratio 

10dB + 6dB

(multi

system)

 (dB)
	Maximum allowable UWB field strength PFD at antenna (dBm/m2/MHz)

	LORAN
	0.09 – 0.11
	0.1
	20
	20µV/m
	0
	26.02
	-72.75
	16
	-88.75

	DGNSS
	0.285 - 0.325
	0.304
	0.5
	5µV/m
	0
	13.98
	-68.77
	16
	-84.77

	NAVTEX
	0.490 -  0.518
	0.504
	0.27
	-.
	0
	44.0
	-36.08
	16
	-52.08

	MF radiotelephony
	1.6 - 3.8
	2
	3
	25µV/m
	0
	27.96
	-62.58
	16
	-78.58

	HF radiotelegraphy
	4 - 27.5 
	8.4
	0.5
	25µV/m
	0
	27.96
	-54.79
	16
	-70.79

	HF radiotelephony
	4 - 27.5
	8.4
	3
	25µV/m
	0
	27.96
	-62.58
	16
	-78.58

	VHF  DSC
	156 - 163 
	158
	25
	1µV e.m.f.
	3 
	10.7
	-89.04
	16
	-105.04

	VHFradiotelephony
	156 - 163
	158
	25
	2µV e.m.f.
	3 
	16.7
	-83.04
	16
	-99.04

	UHFradiotelephony
	457 - 467
	460
	12.5
	2µV e.m.f.
	3 
	25.7
	-71.03
	16
	-87.03


TABLE A13.2

Interference from UWB to Maritime radiocommunications equipment (1st part)

	Equipment type
	Maximum

UWB

Power

Into

Receiver

Antenna

(dBm/MHz)
	Maximum allowable

UWB EIRP for a

single device at 

distances of:

(dBm/MHz)
	Maximum allowable UWB EIRP for receiver height 

of 15m and multiple devices with 5% activity factor and at densities of:

(dBm/MHz)

	
	
	d = 10m
	d = 300m
	1/km2
	10/km2
	100/km2
	1000/km2
	10000/km2
	5/km2
	50/km2
	500/km2

	DGNSS
	-35.9
	-53.7
	-24.2
	-14.9
	-24.9
	-34.9
	-44.9
	-54.9
	-21.9
	-31.9
	-41.9

	NAVTEX
	-7.6
	-21.1
	8.5
	17.8
	7.8
	-2.2
	-12.2
	-22.2
	10.8
	0.8
	-9.2

	MF radiotelephony
	-46.0
	-47.6
	-18.0
	-8.7
	-18.7
	-28.7
	-38.7
	-48.7
	-15.7
	-25.7
	-35.7

	HF radiotelegraphy
	-50.7
	-39.8
	-10.3
	-0.9
	-10.9
	-20.9
	-309
	-40.9
	-7.9
	-17.9
	-27.9

	HF radiotelephony
	-58.5
	-47.6
	-18.0
	-8.7
	-18.7
	-28.7
	-38.7
	-48.7
	-15.7
	-25.7
	-35.7

	VHF DSC
	-107.5
	-74.1
	-44.5
	-32.1
	-42.1
	-52.1
	-62.1
	-72.1
	-39.1
	-49.1
	-59.1

	VHFradiotelephony
	-101.5
	-68.1
	-38.5
	-26.1
	-36.1
	-46.1
	-56.1
	-66.1
	-33.1
	-43.1
	-53.1

	UHFradiotelephony
	-98.7
	-56.0
	-26.5
	-14.1
	-24.1
	-34.1
	-44.1
	-54.1
	-21.1
	-31.1
	-41.1


TABLE A13.3

Characteristics of Maritime radiocommunications equipment (2nd part)

	Equipment type
	Frequency band (MHz)
	Frequency used for calculation (MHz)
	Bandwidth (MHz)
	Receiver sensitivity
	Nominal Antenna gain

(dB)
	Nominal Noise Figure (dB)
	Noise at RX IF output  (using kTBF)

(dBm/MHz)
	Protection ratio 10dB + 6dB(multi system) (dB)
	Maximum UWB  power into Receiver (dBm/MHz)
	Maximum

UWB

Power

Into

Receiver

Antenna

(dBm/MHz)

	S band radar
	2900 - 3100
	3000
	20
	-
	25
	5
	-109
	10
	-119
	-144

	X band radar
	9300 - 9500
	9400
	20
	-
	25
	5
	-109
	10
	-119
	-144

	SART
	9200 - 9500
	9350
	20
	- 80 dBW
	1.5
	5
	-109
	16
	-125
	-126.5


TABLE A13. 4

Interference from UWB to Maritime radiocommunications equipment (2nd part)

	Equipment type
	Maximum

UWB

Power

Into

Receiver

Antenna

(dBm/MHz)
	Maximum allowable

UWB EIRP for a

single device at 

distances of:

(dBm/MHz)
	Maximum allowable UWB EIRP for receiver height

of 15m and multiple devices with 5% activity factor and at densities of:

(dBm/MHz)

	
	
	d = 10m
	d = 300m
	1/km2
	10/km2
	100/km2
	1000/km2
	10000/km2
	5/km2
	50/km2
	500/km2

	LORAN
	-10.2
	-57.7
	-28.2
	-18.9
	-28.9
	-38.9
	-48.9
	-58.9
	-25.9
	-35.9
	-45.9

	S band  radar
	-144.0
	-82.0
	-52.5
	-20.5
	-30.5
	-40.5
	-50.5
	-60.5
	-27.5
	-37.5
	-47.5

	X band radar
	-144.0
	-72.1
	-42.6
	-10.6
	-20.6
	-30.6
	-40.6
	-50.6
	-17.5
	-25.5
	-35.5

	SART
	-126.5
	-54.6
	-25.1
	-15.7
	-25.7
	-35.7
	-45.7
	-55.7
	-22.7
	-32.7
	-42.7


ANNEX 14
AERONAUTICAL SERVICES

A14.1
Aeronautical Mobile Service 

A14.1.1
Aeronautical Mobile (R) Service 
A14.1.1.1
System Characteristics
The following ITU-R recommendations apply:

M.441.1 - Signal-to-interference ratios and minimum field strengths required in the aeronautical mobile (R) service above 30 MHz;

M.1040 - Public mobile telecommunication service with aircraft using the bands 1 670-1 675 MHz and 1 800-1 805 MHz;

M1459 - Protection criteria for telemetry systems in the aeronautical mobile service and mitigation techniques to facilitate sharing with geostationary broadcasting-satellite and mobile-satellite services in the frequency bands 1 452-1 525 MHz and 2 310-2 360 MHz.

ICAO Annex 10 to the Convention on International Civil Aviation:

Volume III, Part I – Digital Data Communications Systems;

Volume III, Part II – Voice Communications Systems;

Volume V, Aeronautical Radio Frequency Spectrum Utilisation.

ICAO document 9718 – Handbook on Radio Frequency Spectrum Requirements for Civil Aviation.

A14.1.1.2
System Description

Aeronautical Mobile (R) systems (AM(R)S) provide a means of two way communication between an aircraft station and either a ground or another aircraft station.  Systems operate in both the HF (various bands between 2.85 – 22 MHz), over the horizon, and the VHF (108 – 137 MHz), radio line of sight, bands.  These systems are used to pass both air traffic control and regulatory of flight messages.

Table A14.1.1
. Basic Analogue Receiver Characteristics

	Frequency Band
	2.85 – 22 MHz
	117.975 – 137 MHz

	System
	HF Comms
	VHF Comms

	Receiver Location
	Airborne
	Ground
	Airborne
	Ground

	Antenna Height Above Ground
	0 – 10,000 metres
	30 metres (typical)
	0 – 10,000 metres
	30 metres (typical)

	Minimum Equivalent Receiver Sensitivity at Antenna 
	T.B.D
	T.B.D
	-90 dBm
	-94 dBm

	Typical ReceiverBandwidth
	3 kHz
	3 kHz
	16 kHz (25) 5.6 kHz (8.33)
	16 kHz (25) 5.6 kHz (8.33)

	Required Signal to Interference Ratio

(Note 1)
	15 dB 
	20 dB 


Note 1:  The values are for Intra-system protection criteria and not necessarily valid for UWB. 

Table A14.1.2. 
Basic Digital Receiver Characteristics

	Frequency Band
	108 – 137 MHz
	117.975 – 137 MHz

	System
	VDL mode 4
	VDL mode 2 & 3

	Receiver Location
	Airborne
	Ground
	Airborne 
	Ground 

	Antenna Height Above Ground
	0 – 10,000 metres
	30 metres (typical)
	0 – 10,000 metres
	30 metres

(typical)

	Minimum Equivalent Receiver Sensitivity at Antenna 
	-82 dBm
	-89 dBm
	-82 dBm
	-96 dBm

	Typical Receiver  Bandwidth
	5.56 kHz
	6 kHz
	16 kHz
	8 kHz

	Required Signal to Interference Ratio

(Note 1)
	20 dB


Note 1:  The values are for Intra-system protection criteria and not necessarily valid for UWB.

A14.1.1.3
Methodology

A14.1.1.3.1
Overview

In order to assess whether UWB is likely to cause interference to aviation systems an understanding of what is considered harmful interference in respect of aviation systems needs to be determined.  Once harmful interference has been defined an aggregate protection level for all interference sources at an appropriate point (e.g. the receive antenna) within the aviation system can be defined.  This aggregate protection level then has to be apportioned since a single interference system/network should not be able to claim the total aggregate protection margin.  Knowing the apportioned aggregate protection level, the minimum coupling loss required between a single UWB source and the victim receiver can be calculated.  Once the minimum coupling loss is known a minimum separation distance for a single UWB device and the maximum UWB density can be calculated assuming free space path loss

A14.1.1.3.2
Definition of Harmful Interference 

Article 1.169 of the Radio Regulations defines “harmful interference” as:-

“Interference which endangers the functioning of a radionavigation service or of other safety services or seriously degrades, obstructs, or repeatedly interrupts a radiocommunication service operating in accordance with Radio Regulations (CS)”.

Within the context of this document harmful interference is taken to occur when the aggregated interference signal level exceeds either (or both):-

the minimum desired signal level at the receive antenna minus the required signal to interference ratio,

the receiver sensitivity level.

A14.1.1.3.3
Determination of Harmful interference Protection Level

As described in section A14.1.1.3.2 there are two conditions that define harmful interference within the context of this paper, if either or both conditions are exceeded then harmful interference is deemed to have been caused:-

the minimum desired signal level at the receive antenna minus the required signal to interference ratio,

For a majority of systems used in aviation the ICAO Standards And Recommended Practice (SARPs) recommends a minimum wanted signal level at the receive antenna.  ICAO also recommends a minimum receiver sensitivity level at the same point which is normally slightly below the recommended minimum wanted signal.  In certain circumstances, a service provider can be approved to provide a minimum wanted signal within the facilities service area that is equivalent to the defined minimum receiver sensitivity.  The minimum desired signal level is therefore taken as the lower value given by either the minimum wanted signal or the minimum receiver sensitivity.  Combining the minimum wanted signal at the receive antenna and the required S/I gives the maximum level of interference at the receive antenna to ensure protection of the wanted signal in terms of dBm.  Where figures are not available from ICAO SARPs (e.g. Primary Radar, Radio Altimeters etc) then the information should be sourced from other ICAO Documentation, ITU-R Recommendations or manufacturers’ data.

the receiver sensitivity level

Within ICAO SARPs the only figure quoted is the minimum sensitivity.  Practical receivers by definition must equal or exceed this minimum figure and therefore this figure cannot be used for calculating receiver protection figures.  For a number of systems, such as radar, there are typical figures quoted in ITU-R Recommendations & Resolutions.  Otherwise the only source of information is manufacturer’s information. 

Normally a receiver’s sensitivity is quoted at the input to the receiver.  In order to ensure that protection requirements are defined at a common point (e.g. input to the antenna) it is therefore necessary to take into account the gain of the antenna system including feeder losses

The harmful interference is deemed to have occurred when either of the above conditions has been exceeded. Where ICAO SARPs define a minimum wanted signal level, then this should take account of the required signal to interference ratio. However where a figure is not defined as is the case for radar based systems then a practical receiver sensitivity figure should be taken preferably from an acknowledged source such as an ITU Recommendation. 

Table A14.1.3
 Calculation of Signal Level to be Protected

	System
	Receiver Location
	Minimum Desired Signal Level

(Note 1)
	Practical Receiver Sensitivity
	Antenna System Gain
	Required S/I
	Signal Level to be Protected

	
	(Ground/Air)
	((V/m)
	(dBm) 
	(dBm)
	(dB)
	(dB)
	(dBm)

	NDB
	Air
	A1
	B1=20log(A1)-20log(F)-137.2 (note 2)
	
	
	F1
	G1=B1-F1

	VHF Comms (8.33 kHz)
	Ground
	A2
	B2=20log(A2)-20log(F)-137.2 (note 2)
	
	
	F2
	G2=B2-F2


Notes : 1. The conversion assumes an ideal isotropic receive antenna and that the effects are the same for both the wanted  
signal and the UWB signal at the frequency under consideration 


2. F equals the centre frequency (GHz) of the band under consideration

A14.1.1.3.4
Calculation of the Maximum Level of Aggregate Interference

When considering protection criteria it is normal to express the limit in terms of power spectral density.  The figures calculated through the process given above can be converted to power spectral density, provided that the receiver bandwidth is known.  This is not always the case.

ICAO SARP’s, for some systems, either directly define the minimum receiver bandwidth or define the wanted signal that a receiver has to capture.  Since practical receivers must have a greater bandwidth than this value, using these values for the receiver bandwidth will produce results that are generous to the interference source(s).  An alternative would be, where applicable, to use the channel bandwidth.  However this will give an over conservative result.  The third possibility, and the one taken, is to use worst case actual receiver bandwidths obtained either from manufacturer’s data or ITU recommendations/resolutions.

Additionally in ICAO’s Publication “Handbook on Radio Frequency Spectrum Requirements for civil aviation, including approved ICAO policies” it is recommended that an additional 6 dB safety margin should be added to any protection limit.

Table A14.1.4 Calculation of the Maximum Level of Aggregate Interference

	System
	Receiver Location
	Signal Level to be Protected
	Receiver Bandwidth
	Aviation Safety Margin
	Maximum Level of Aggregate Interference

	
	(Ground/Air)
	(dBm)
	(MHz)
	(dB)
	(dBm/MHz)

	NDB


	Air
	G1
	H1
	J1
	K1=G1-10log(H1)-J1

	VHF Comms (8.33 kHz)
	Ground
	G2
	H2
	J2
	K2=G2-10log(H2)-J2


A14.1.1.3.5
Apportionment of System Protection Limit

When considering an assessment of compatibility between an interferer (single source or an accumulation of like sources) and a victim, the protection limit for the victim is taken as the maximum aggregate level of interference at the input to the victim receiver.  This assumes that there is only either one interference source (e.g. a fixed link) or the accumulation of a number of sources of the same type (e.g. multiple UWB devices).  
With the increasing demand for spectrum, sharing of spectrum between radio systems has become more prevalent.  Additionally innovations in the telecommunications field has meant that cabled systems such as power lines are being used to carry signals that they were not designed to carry and hence radiation from these systems is becoming an increasing problem. It is therefore quite possible that within a single frequency band a number of different technologies and or systems can be producing interference.  If assessed individually an interferer (single source or an accumulation of like sources) would be below the interference threshold of the wanted systems however the accumulation of all of the sources (e.g. cable TV + FM Broadcast + ADSL + UWB +….) would exceed the interference threshold.  (Note:  This is a common problem for all services however there is no agreed methodology within the ITU as to how this should be addressed)

Table A14.1.5 Calculation of the Single Technology Limit

	System
	Receiver Location
	Maximum Level of Aggregate Interference
	Multiple System/Technology Allowance
	Single Technology Limit

	
	
	(dBm/MHz)
	(dB)
	(dBm/MHz)

	NDB
	Air
	K1
	L1
	M1=K1-L1

	VHF

(8.33 kHz) 
	Ground
	K2
	L2
	M2=K2-L2


A14.1.1.3.6
Calculation of Maximum UWB EIRP

Based on the single technology limit the maximum UWB EIRP limit can be calculated for:-

A single UWB device placed at the minimum separation distance

A uniformly distributed number of UWB devices where N transmitters are active at anyone time.

Assuming free-space path loss the minimum separation distance can be translated into a  maximum EIRP using the following formula by adding the free space path loss to the single technology limit:-
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Where:-
 Lbf 
=
Free-space basic transmission loss (dB)



f
=
Frequency in MHz



d
=
distance in km

NTIA have proposed a model for determining the maximum UWB density value, which has been adopted by CEPT.  Using this model and the formula given below the maximum UWB EIRP (Weirp) can be calculated
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Where:-
A
=
Average aggregate interference in (watts per unit bandwidth)



Weirp
=
Average UWB device EIRP (watts per unit bandwidth)



(
=
Wavelength (metres)



Gr
=
Victim receiver antenna gain



(
=
Average density of active UWB emitters (emitters per m2)



Re
=
Effective earth radius (m)



R
=
Radius of the observed zone or the radio horizon



h
=
Height of the receive antenna above the ground (m)



H
=
Re(1-cos(R/Re)

Rearranging the formula and making Weirp the subject gives:-
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A14.1.1.4
Results

Results are provided in the following tables.

Table A14.1.6. 
SIGNAL LEVEL TO BE PROTECTED AT THE RECEIVE ANTENNA

	System
	Frequency Band
	Receiver Location
	Minimum Level of Desired Signal
	Practical Receiver Sensitivity
	Receive Antena System Gain
	Required S/I

(note 1)
	Signal Level to be Protected at the Antenna 

(Note 2)

	
	
	
	((V/m)
	(dBm)
	(dBm)
	(dB)
	(dB)
	(dBm)

	HF Comms
	2.85 - 22 MHz
	Ground 
	
	
	
	
	15
	

	
	
	Airborne
	
	
	N/A
	N/A
	15
	

	VHF Comms, 

VDL Mode 4
	108 - 137 MHz
	Ground 
	35
	-88
	N/A
	N/A
	20
	-108

	
	
	Airborne
	75
	-82
	N/A
	N/A
	20
	-102

	VHF Comms, 

VDL Mode 2&3
	117.975 - 137 MHz
	Ground 
	20
	-94
	N/A
	N/A
	20
	-114

	
	
	Airborne
	20
	-82
	N/A
	N/A
	20
	-102

	VHF Comms, 

8.33 kHz AM
	117.975 - 137 MHz
	Ground 
	20
	-94
	N/A
	N/A
	20
	-114

	
	
	Airborne
	30
	-90
	N/A
	N/A
	20
	-110

	VHF Comms,

 25 kHz AM
	117.975 - 137 MHz
	Ground 
	20
	-94
	N/A
	N/A
	20
	-114

	
	
	Airborne
	30
	-90
	N/A
	N/A
	20
	-110

	Satellite Comms
	1 545 - 1559 & 

1645.5 - 1 660 MHz
	Airborne
	
	
	
	
	 
	

	
	
	Satellite
	
	
	
	
	 
	


Note 
1   Values taken here are the Intra System D/U ratio  and are provided as an interim value


2  Values calculated here are based on the Intra System D/U ratio and are provided as an indicative value

Table A14.1.7. 
MAXIMUM LEVEL OF AGGREGATE INTEFERENCE

	System
	Frequency Band
	Receiver Location
	Signal Level to be Protected at the Antenna 

(Note 2)
	Receiver Bandwidth
	Aviation Safety Margin
	Maximum Level of Aggregate Interference at the Antenna 

(Note 2)

	
	
	
	
	
	
	

	
	
	
	(dBm)
	(MHz)
	(dB)
	(dBm/MHz)

	HF Comms
	2.85 - 22 MHz
	Ground 
	
	0.003
	6
	

	
	
	Airborne
	
	0.003
	6
	

	VHF Comms, 

VDL Mode 4
	108 - 137 MHz
	Ground 
	-108
	0.006
	6
	-91.8

	
	
	Airborne
	-102
	0.00556
	6
	-85.3

	VHF Comms, 

VDL Mode 2&3
	117.975 – 137 MHz
	Ground 
	-114
	0.008
	6
	-99.0

	
	
	Airborne
	-102
	0.016
	6
	-90.0

	VHF Comms, 

8.33 kHz AM
	117.975 – 137 MHz
	Ground 
	-114
	0.0056
	6
	-97.5

	
	
	Airborne
	-110
	0.00.56
	6
	-93.5

	VHF Comms, 

25 kHz AM
	117.975 – 137 MHz
	Ground 
	-114
	0.016
	6
	-102.0

	
	
	Airborne
	-110
	0.016
	6
	-98.0

	Satellite Comms
	1 545 - 1559 & 1645.5 - 1 660 MHz
	Airborne
	
	 
	6
	

	
	
	Satellite
	
	 
	6
	


Note 
Values calculated here are based on the Intra System D/U ratio and are provided as an indicative value

Table A14.1.8. 
SINGLE TECHNOLOGY LIMIT

	System
	Frequency Band
	Receiver Location
	Maximum Level of Aggregate Interference at the Antenna 

(Note 2)
	Multiple System/Technology Allowance
	Single Technology Limit at Receive Antenna 

(Note 2)

	
	
	
	
	
	

	
	
	
	(dBm/MHz)
	(dB)
	(dBm/MHz))

	HF Comms
	2.85 - 22 MHz
	Ground 
	
	6
	

	
	
	Airborne
	
	6
	

	VHF Comms, 

VDL Mode 4
	108 - 137 MHz
	Ground 
	-91.8
	6
	-97.8

	
	
	Airborne
	-85.3
	6
	-91.3

	VHF Comms, 

VDL Mode 2&3
	117.975 - 137 MHz
	Ground 
	-99.0
	6
	-105.0

	
	
	Airborne
	-90.0
	6
	-96.0

	VHF Comms,

8.33 kHz AM
	117.975 - 137 MHz
	Ground 
	-97.5
	6
	-103.5

	
	
	Airborne
	-93.5
	6
	-99.5

	VHF Comms, 

25 kHz AM
	117.975 - 137 MHz
	Ground 
	-102.0
	6
	-108.0

	
	
	Airborne
	-98.0
	6
	-104.0

	Satellite Comms
	1 545 - 1559 & 1645.5 - 1 660 MHz
	Airborne
	
	6
	

	
	
	Satellite
	
	6
	


Note 
1   Values taken here are the Intra System D/U ratio  and are provided as an indicative value


2  Values calculated here are based on the Intra System D/U ratio and are provided as an indicative value

Table A14.1.9. Maximum acceptable UWB PSD

	System
	Frequency Band
	Mid Band
	Receiver Location
	Maximum Level of Aggregate Interference at the Antenna

(Note 2)
	Minimum Separation Distance
	Required Single UWB PSD Limit to Ensure Given Protection Distance

(Note 2)
	Density of active UWB transmitters

(Note 2)(/km²)

Assumptions:

An activity factor indoor and outdoor of 5% is applied to the density values given below

Percentage outdoor 20%

Building attenuation : <0.4 GHz  5dB,  0.4 – 1.6 GHz  9dB, > 1.6 GHz  10dB

	
	 
	
	
	
	 
	 
	
	10
	100
	1000
	10000
	
	
	

	
	(MHz)
	(MHz)
	
	(dBm/MHz)
	(m)
	(dBm/MHz)
	Required UWB PSD Limit (dBm/MHz)

	HF Comms
	2.85 - 22
	12.43
	Ground 
	 
	 
	 
	
	 
	 
	 
	 
	
	
	

	
	
	
	Airborne
	
	300
	
	
	
	
	
	
	
	
	

	VHF Comms, 
	108 - 137
	122.50
	Ground 
	 -97.8
	30
	-54.1
	
	-

-43.8
	-53.8


	-63.8


	-73.8


	
	
	

	VDL Mode 4
	
	
	Airborne
	 -91.3
	300
	-27.2
	
	-36.1
	-46.1


	-56.1


	-66.1


	
	
	

	VHF Comms, 
	117.975 – 137
	127.49
	Ground 
	-105
	30
	-60.9
	
	-56.6


	-66.6


	-76.6


	-86.6


	
	
	

	VDL Mode 2&3
	
	
	Airborne
	-96
	300
	-31.9
	
	-40.8


	-50.8


	-60.8


	-70.8


	
	
	

	VHF Comms, 
	117.975 – 137
	127.49
	Ground 
	-103.5
	30
	-59.4
	
	-49.1


	-59.1


	-69.1


	-79.1


	
	
	

	8.33 kHz AM
	
	
	Airborne
	-99.5
	100
	-45.0
	
	-44.7


	-54.7


	-64.7


	-74.7


	
	
	

	VHF Comms, 
	117.975 – 137
	127.49
	Ground 
	-108.0
	30
	-63.9
	
	-53.9


	-63.9


	-73.9


	-83.9


	
	
	

	25 kHz AM
	
	
	Airborne
	-104.0
	100
	-49.5
	
	-49.2


	-59.2


	-69.2


	-79.2


	
	
	

	Satellite Comms
	1 545 - 1 660
	1602.50
	Airborne
	 
	 
	 
	
	 
	 
	 
	 
	
	
	

	
	
	
	Satellite
	 
	 
	 
	
	 
	 
	 
	 
	
	
	


Note 2
Values calculated here are based on the Intra System D/U ratio and are provided as an indicative value

ANNEX 15

METEOROLOGICAL RADARS

Introduction

Meteorological precipitation radars mainly operate worldwide in the 2700-2900 MHz and 5600-5650 MHz frequency bands, these latter being the primary band for such radars in Europe.

In addition, the band 9300-9500 MHz is also currently seen as the adequate band to improve the coverage of the current radar networks in a number of areas where precipitation detection are not satisfactory or even not manageable, due in particular to the relief.

The present document provides detailed studies results and concludes on the non-compatibility between meteorological radars and UWB applications in the 3 above mentioned frequency bands.

On this basis, alternative power density limits are proposed that would ensure such compatibility.

Methodologies

Similarly to the current studies considered within TG 1/8, as presented by the US Administration, the compatibility studies presented in this document have considered two different approaches:

· deterministic approach, to determine the impact of a single UWB device,

· statistic approach, to determine the aggregate interference from a population of different UWB devices operating both indoor and outdoor.

Deterministic approach

The deterministic approach allows calculating the interference from 1 UWB device to a meteorological radar.

For a given azimuth from the radar, the interference level (in terms of I/N) is calculated for the range of distances from the radar up to 9 km from the radar and for an UWB device located on the ground, allowing to present a curve similar to the following Figure A15.1.
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Figure A15.1

In each frequency band, similar representations are presented for different Radar parameters such as antenna gain and antenna height as well as different azimuth from the instantaneous radar pointing direction.

Statistical approach

The statistical approach allows calculating the interference from a deployment of UWB devices to a meteorological radar.

For a given UWB density (in devices/km²), several parameters are randomly determined:

· location of each UWB device :

a) the distance is determined for each concentric circle around the radar corresponding to an area of 1 km² (the maximum distance has been set to 3 km, assuming that at higher distance, the average shielding attenuation over the whole UWB population would limit the additional interference)

b) the azimuth of the UWB is random (1 to 360°)

· height of the UWB device is randomly determined from 0 to a maximum height assumed to be 2 m below the radar antenna height.

· Indoor/Outdoor location of the UWB device is randomly considered based on a given outdoor use ratio.

For a given set of radar parameters, 12 simulations were performed to calculate the aggregate interference levels (in dBm) presented as on the following Figure A15.2 and compared to the interference criteria :

· the interference levels corresponding to each simulation,

· the average interference level of the 12 simulations.
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Figure A15.2

Finally, acknowledging that meteorological radars are mainly deployed in rural and suburban environment, simulations have been performed with the following UWB density scenarios (with the associated indoor deployment ratio), consistently with the current scenarios agreed within ECC TG3.

	Type of deployment
	Density of simultaneously active UWB (Nb/km²)
	Indoor use

(%)

	Rural
	1
	50%

	Rural
	5
	50%

	Rural
	10
	50%

	Suburban
	20
	20%

	Suburban
	50
	20%

	Suburban
	100
	20%

	Urban
	500
	10%


Frequency band 2700-2900 MHz

The parameters of the meteorological radars used for the simulations are given in the following table and are consistent with radars in the French network.

Characteristics of the meteorological radar system in the 2700-2900 MHz

	Parameter
	Figure

	Frequency
	2 800 MHz

	Pulse power
	600 to 800 kW

	Antenna Main Beam Gain
	45.7 dBi, 43 dBi and 39 dBi

	Antenna Patternn
	Recommendations ITU-R F.699 (for the deterministic approach) and F.1245 (for the statistical approach)

	Occupied Bandwidth
	600 kHz

	System noise figure
	2.1 dB

	Antenna pattern type
	Parabolic dish

	Antenna scan rate
	5 to 36 degrees/s

	Antenna height
	7 to 21 m.

13m average

	Antenna beam width
	0.92 to 2°

	Antenna Elevation (minimum)
	0.5°

	Polarization
	Linear horizontal

	Noise Floor
	–114 dBm

	Minimum Discernable Signal
	–115 dBm

	Interference Criterion1
	–124 dBm


1 The –10 dB I/N criterion is consistent with the revised Recommendation ITU-R M.1464.

With regards to UWB devices, different power limits are proposed in the current US regulation, depending on the type of UWB :

· for imaging applications, assumed to be low density : -41.3 dBm/MHz

· for telecommunications applications (indoor) : -51.3 dBm/MHz

· for telecommunications applications (outdoor) : -61.3 dBm/MHz

Calculations for the deterministic approach that represents single entry interference have been performed with the –41.3 dBm/MHz limit, since it corresponds to low density imaging applications and that single entry interference from telecommunications devices is assumed to be negligible compared to aggregate interference.

For the statistical approach, interference calculations have only been performed with outdoor telecommunications devices presenting a –61.3 dBm/MHz power density limit, acknowledging that corresponding indoor devices present the same interference potential (-51.3 dBm/MHz limit – 10 dB indoor/outdoor attenuation).

A15.3.1

Deterministic approach results in the 2.8 GHz band
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Figure A15.3
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Figure A15.4
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 Figure A15.5
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Figure A15.6

[image: image426.emf]Azimuth comparison (43 dBi and 13m)
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Figure A15.7

The above figures A15.3 to A15.7 clearly show that, on a single entry basis, UWB devices operating with a –41.3 dBm/MHz power density limit are not compatible with meteorological radars in the 2.7-2.9 GHz frequency band.

The interference protection criteria are exceeded by a large amount (between 10 and 20 dB), in particular at low distance from the radar where no additional interference attenuation can be expected.

Compared to the radar parameters currently considered in TG 1/8 (45.7 dBi antenna gain and 30m antenna height), the interference levels are widely increased by taking into account the corresponding parameters as existing in the French network (down to 39 dBi antenna gain and 7m antenna height). Figures A15.3 to A15.5 show the impact of the antenna height whereas Figure A15.6 shows the impact of the antenna gain.

In addition, as shown on Figure A15.7, such high interference levels are also experienced in ranges of azimuth from the radar that are not negligible (up to ( 10° at several hundreds meters from the radar).

On the other hand, it has also to be considered that UWB imaging systems are likely to operate with maximum power through walls or ground which would hence limit de facto the impact to meteorological radars. Such attenuation could be reasonably taken at 10 dB. 

As a conclusion, on a single entry interference case basis, it is proposed that power limits of UWB applications in the 2.7-2.9 GHz band be limited at the maximum to –51 dBm/MHz, whatever the considered applications.

A15.3.2

Statistical approach results in the 2.8 GHz band

Statistical simulations have been performed for telecommunication UWB devices and with meteorological radars parameters assumed to be typical, i.e.:

· 43 dBi antenna gain;

· 13 m antenna height.

All simulation results for the 2.8 GHz band are given in Appendix 1.

Figure A15.8 below gives a summary of all these simulations by plotting for each UWB density case, the maximum interference level among the 12 simulations, the minimum interference level and the average value of the 12 simulations.
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Figure A15.8

This figure clearly shows that for deployment of UWB operating at –61.3 dBm/MHz, the meteorological radar protection criterion is exceeded as far as the UWB density is over 10 to 20 devices/km², representing a suburban deployment in which a number of meteorological radars are deployed.

For a UWB density of 100 devices/km², still representing a suburban deployment, the protection criterion is exceeded by up to 7 dB.

Acknowledging that the whole interference protection criteria can not be given to a single application, the statistical simulations hence tend to demonstrate that, on an aggregate interference case basis, the adequate UWB power density limit to protect meteorological radars in the 2.7-2.9 GHz band is –71 dBm/MHz, which correspond to a 10 dB tightening of the US regulations limits.

Frequency band 5600-5650 MHz

The parameters of the meteorological radars used for the simulations are given in the following table and are consistent with radars in the French network.

Characteristics of the meteorological radar system in the 2700-2900 MHz

	Parameter
	Figure

	Frequency
	5600 MHz

	Pulse power
	250 kW

	Antenna Main Beam Gain
	45.7 dBi and 43 dBi

	Antenna Patternn
	Recommendations ITU-R F.699 (for the deterministic approach) and F.1245 (for the statistical approach)

	Occupied Bandwidth
	600 kHz

	System noise figure
	2 dB

	Antenna pattern type
	Parabolic dish

	Antenna scan rate
	5 to 36 degrees/s

	Antenna height
	7 to 29 m.

16 m average

	Antenna beam width
	0.92 to 1.25°

	Antenna Elevation (minimum)
	0.5°

	Polarization
	Linear horizontal

	Noise Floor
	–114 dBm

	Minimum Discernable Signal
	–115 dBm

	Interference Criterion1
	–124 dBm


1 The –10 dB I/N criterion is consistent with the revised Recommendation ITU-R M.1638.

With regards to UWB devices, the same power limit (-41.3 dBm/MHz) is proposed in the current US regulation, for all UWB applications.

For the statistical approach, interference calculations have been performed with indoor and outdoor telecommunications devices, taking into consideration a 10 dB additional attenuation for indoor devices.

A15.4.1

Deterministic approach results in the 5.6 GHz band
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Figure A15.9

[image: image429.emf]45.7 dBi antenna gain
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Figure A15.10
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 Figure A15.11
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Figure A15.12

The above figures A15.9 to A15.12 clearly show that, on a single entry basis, UWB devices operating with a –41.3 dBm/MHz power density limit are not compatible with meteorological radars in the 5.6-5.65 GHz frequency band.

The interference protection criteria are exceeded by up to 10 dB, in particular at low distance from the radar where no additional interference attenuation can be expected.

Compared to 2.8 GHz band calculations as presented in section 3.1 above, the interference difference is mainly due to the difference in free space attenuation (6 dB) and to the different antenna gains and antenna heights.

As shown on Figure A15.12, such high interference levels are also experienced in ranges of azimuth from the radar that are not negligible (up to ( 5° at several hundreds meters from the radar).

As a conclusion, on a single entry interference case basis, it is proposed that power limits of UWB applications in the 5.6-5.65 GHz band be limited at the maximum to –51 dBm/MHz, whatever the considered applications.

A15.4.2

Statistical approach results in the 5.6 GHz band

Statistical simulations have been performed for all type of UWB devices and with meteorological radars parameters assumed to be typical, i.e.:

· 43 dBi antenna gain;

· 16 m antenna height.

All simulations results for the 5.6 GHz band are given in Appendix 2.

Figure A15.13 below gives a summary of all these simulations by plotting for each UWB density case, the maximum interference level among the 12 simulations, the minimum interference level and the average value of the 12 simulations.
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Figure A15.13

This figure clearly shows that for deployment of UWB operating at –41.3 dBm/MHz, the meteorological radar’s protection criteria is exceeded in almost all cases, whatever is the UWB density.

For UWB density up of 100 devices/km², representing a suburban deployment in which meteorological radars are typically implemented, the protection criteria is exceeded by up to 15 dB.

Figure A15.14 below also provides a comparison of similar interference levels for different antenna heights (and for 10 UWB devices / km²) that also confirms the impact of the radar antenna height on the interference calculation, increased in average by about 5 dB when considering 9m antenna height instead of 16m.
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Figure A15.14

Also acknowledging that the whole interference protection criteria can not be given to a single application, the statistical simulations hence tend to demonstrate that, on an aggregate interference case basis, the adequate UWB power density limit to protect meteorological radars in the 2.7-2.9 GHz band is –65 dBm/MHz, which correspond to a 24 dB tightening of the US regulations limits.

Frequency band 9300-9500 MHz

The parameters of the meteorological radars used for the simulations are given in the following table and are consistent with radars in the French network.

Characteristics of the meteorological radar system in the 9300-9500 MHz1
	Parameter
	Figure

	Frequency
	9375 MHz

	Pulse power
	7 kW

	Antenna Main Beam Gain
	33 dBi

	Antenna Patternn
	Recommendations ITU-R F.699 (for the deterministic approach) and F.1245 (for the statistical approach)

	Occupied Bandwidth
	600 kHz

	System noise figure
	3 dB

	Antenna pattern type
	Parabolic dish

	Antenna scan rate
	6 degrees/s

	Antenna height
	5 to 15 m.

10 m average

	Antenna beam width
	2.3°

	Antenna Elevation (minimum)
	0.5°

	Polarization
	Linear horizontal

	Noise Floor
	–113 dBm

	Minimum Discernable Signal
	–112.5 dBm

	Interference Criterion
	–123 dBm


1 These characteristics are related to a certain type of meteorological radar used in France.

With regards to UWB devices, the same power limit (-41.3 dBm/MHz) than in the 5.6 GHz is proposed in the current US regulation, for all UWB applications.

For the statistical approach, interference calculations have been performed with indoor and outdoor telecommunications devices, taking into consideration a 10 dB additional attenuation for indoor devices.

A15.5.1

Deterministic approach results in the 9.4 GHz band
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Figure A15.15
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Figure A15.16

The above figures A15.15 and A15.16 clearly show that, on a single entry basis, UWB devices operating with a –41.3 dBm/MHz power density limit are not compatible with meteorological radars in the 9300-9500 MHz frequency band.

The interference protection criteria are exceeded by up to 13 dB, in particular at low distance from the radar where no additional interference attenuation can be expected.

As shown on Figure A15.16, such high interference levels are also experienced in ranges of azimuth from the radar that are not negligible (up to ( 5° at several hundreds meters from the radar).

As a conclusion, on a single entry interference case basis, it is proposed that power limits of UWB applications in the 9300-9500 MHz band be limited at the maximum to –54 dBm/MHz, whatever the considered applications.

A15.5.2

Statistical approach results in the 9.4 GHz band

Statistical simulations have been performed for all type of UWB devices and with meteorological radars parameters assumed to be typical, i.e.:

· 33 dBi antenna gain;

· 10 m antenna height.

All simulations results for the 9300-9500 MHz band are given in Appendix 3.

Figure A15.17 below gives a summary of all these simulations by plotting for each UWB density case, the maximum interference level among the 12 simulations, the minimum interference level and the average value of the 12 simulations.
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Figure A15.17

This figure clearly shows that for deployment of UWB operating at –41.3 dBm/MHz, the meteorological radar protection criteria is exceeded in almost all cases, whatever is the UWB density.

For UWB density up of 100 devices/km², representing a suburban deployment in which meteorological radars are typically implemented, the protection criteria is exceeded by up to 13 dB.

Also acknowledging that the whole interference protection criteria can not be given to a single application, the statistical simulations hence tend to demonstrate that, on an aggregate interference case basis, the adequate UWB power density limit to protect meteorological radars in the 2.7-2.9 GHz band is –60 dBm/MHz, which correspond to a 19 dB tightening of the US regulations limits.

A15.5
Conclusions

This annex confirms that UWB devices operating at power density levels described in the FCC regulations are not compatible with Meteorological radars.

Detailed simulations presented on both deterministic (single entry) and statistical (aggregate) basis provide enough materials to determine, as given in following table, the adequate power density limit that would allow UWB applications to operate in the 2.8 GHz and 5.6 GHz frequency bands without producing harmful interference to Meteorological radars.

	Frequency band
	UWB application type
	Current US FCC power density limit
	Power density limit necessary to protect Meteorological radars

	2.8 GHz
	Imaging (low density)
	-41.3 dBm/MHz
	-51 dBm/MHz

	
	Telecommunication (indoor)
	-51.3 dBm/MHz
	-61 dBm/MHz

	
	Telecommunication (outdoor)
	-61.3 dBm/MHz
	-71 dBm/MHz

	5.6 GHz
	Imaging (low density)
	-41.3 dBm/MHz
	-51 dBm/MHz

	
	Telecommunication (indoor and outdoor)
	-41.3 dBm/MHz
	-65 dBm/MHz

	9.4 GHz
	Imaging (low density)
	-41.3 dBm/MHz
	-54 dBm/MHz

	
	Telecommunication (indoor and outdoor)
	-41.3 dBm/MHz
	-60 dBm/MHz


---------------------

Appendix 1

Statistical simulations results in the 2.8 GHz band
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[image: image438.emf]2.8 GHz band simulations results (5 UWB / km²)
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[image: image439.emf]2.8 GHz band simulations results (10 UWB / km²)

-145

-140

-135

-130

-125

-120

-115

1 2 3 4 5 6 7 8 9 10 11 12

Simulations

Interference level (dBm)

Simulations 1 to 12 Average Criteria


[image: image440.emf]2.8 GHz band simulations results (20 UWB / km²)
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[image: image441.emf]2.8 GHz band simulations results (50 UWB / km²)
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[image: image442.emf]2.8 GHz band simulations results (100 UWB / km²)
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[image: image443.emf]2.8 GHz band simulations results (500 UWB / km²)
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Appendix 2

Statistical simulations results in the 5.6 GHz band
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[image: image445.emf]5.6 GHz band simulations results (5 UWB / 
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[image: image446.emf]5.6 GHz band simulations results (10 UWB / 
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[image: image447.emf]5.6 GHz band simulations results (10 UWB / 
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[image: image448.emf]5.6 GHz band simulations results (10 UWB / 

km² and 9m antenna height)
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[image: image449.emf]5.6 GHz band simulations results (20 UWB / 
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[image: image450.emf]5.6 GHz band simulations results (50 UWB / 
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[image: image451.emf]5.6 GHz band simulations results (100 UWB / 
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[image: image452.emf]5.6 GHz band simulations results (500 UWB / 
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Appendix 3

Statistical simulations results in the 9.4 GHz band
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[image: image454.emf]9.4 GHz band simulations results (5 UWB / km²)
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[image: image455.emf]9.4 GHz band simulations results (10 UWB / km²)
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[image: image456.emf]9.4 GHz band simulations results (20 UWB / km²)
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[image: image457.emf]9.4 GHz band simulations results (50 UWB / km²)
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[image: image458.emf]9.4 GHz band simulations results (100 UWB / km²)
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[image: image459.emf]9.4 GHz band simulations results (500 UWB / km²)
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ANNEX 16
UWB MEASUREMENTS (INFORMATIVE)

A16.1
FIRST MEASUREMENT CAMPAIGN ASSESSMENT

During this measurement campaign, we have performed UWB signal measurements on two UWB transmitter types, both based on pulse modulation technique. During this campaign we have performed certain UWB aggregation and propagation measurements. 

Even if after this first experimental campaign no major conclusion on UWB coexistence studies could be defined from the exploitation of the results, it gives relevant recommendations for further measurement campaigns for measurement aspects and experimental assessments of UWB coexistence scenarios.
In this report, the following measurement results are considered:
Ambient signal measurements without UWB transmitter.

Single UWB signal measurement in all victim services bands (using CWC UoOulu UWB Transmitters). All measurements have been performed without BPF on the UWB transmitter
Aggregated UWB signal measurements in the 900 to 2500 MHz band (using ACORDE transmitters). Aggregation scenario from 1 to 8 equidistant transmitters have been considered. For aggregated signal measurements, no BPF is used on the UWB transmitters.
For all the measurement campaign, the UWB transmission is continuous, (100 % duty cycle), in the aggregation scenario, this is equivalent to aggregation of continuous UWB signals.  

The measurements performed with a BPF in the single UWB transmitter case have not been included in the report.

Only frequency domain measurement results are exploited in this report, time domain measurement results are not incorporated in this report and could be analyzed in a next step.

A16.2
MEASUREMENT RESULTS 

A16.2.1
Test equipment constraints for UWB Signal acquisition

During this campaign, the power signal levels to be measured were often close to the intrinsic acquisition chain noise level due to the components and test equipment configuration settings. 

· Measurements of ambient signal: In the aggregated measurement campaign, the noise floor measured by the spectrum analyzer (between -92 to - 98dBm) is limited by its intrinsic noise level linked to the configuration used during the tests. For more accurate measurements, additional low noise amplifier should be used.  
· Measurements of UWB signals: For single interferer and aggregated UWB signal measurements for distances above 1m, we faced similar limitations when the noise floor measured by the spectrum analyzer (between -92 to - 98dBm) didn’t allow detecting real signal levels.

These observations would provide relevant information for the preparation of future UWB measurement campaigns, and specific care should be taken for:

· Acquisition chain configuration: Pre-amplifier and RF attenuation are impacting the noise level and the measurement capabilities. 

· Verification that UWB peak power doesn’t saturate test equipment input stage: instantaneous dynamic range of the Spectrum analyser

· For UWB measurement campaigns, more sensitive signal acquisition chains would be required using different configurations. 

A16.2.2
UWB signal characterisation: Single UWB Transmitter

The characterizations of the single UWB signal in the various incumbent radio bands selected for this experimentation (DCS1800, UMTS-FDD, WLAN 2.4GHz, FS, DVB-T), provide similar signal characteristic close to a white noise inside the incumbent service bands.

This characteristic is provided by the UWB transmitter technique based on a pulse modulation.

Due to this characteristic, we didn’t measure any discrete spurious frequencies in some incumbent radio service bands.

Of course real UWB impact on incumbent radio service receivers could only be analyzed by BER measurement on demodulated service carrier signals. 

A16.2.3
UWB signal characterisation: Aggregated UWB signals

From the measurement campaign conducted on aggregated UWB signal, we can provide the following preliminary conclusions: 

· Single UWB transmitters characterization: 

· The maximum measured PSD at 1m: the peak power decreases by 8 dB compared to 36cm distance, in the frequency range from 890 to 2000 MHz.

· The maximum measured PSD at 2m: the peak power decreases by 12 dB compared to 36cm distance, in the frequency range from 890 to 2000 MHz. These measurements are probably affected by the equipment limitation, as they are close to the noise floor level got for the “No UWB Tx” case.  

· Aggregated UWB signals measurements at 36cm:

· Below the 2GHz frequency band, the PSD variation between 1 single UWB Tx and 8 UWB Tx is around 10 to 12 dB. However, this observation may lead to confusion, due to the different transmitted power levels generated by each transmitter.

· As described in the aggregation measurement section about 36cm case, when comparing the sum of the power measurements obtained from the individual transmitter characterizations with the measurement of the aggregated power obtained for the various combination cases, we can consider that we got an incoherent aggregation.

· Aggregated UWB signals measurements at 1m:

· Below the 2GHz frequency band, the PSD variation between 1 single UWB Tx and 8 UWB Tx is around 10 to 12 dB. 

· As described in the aggregation measurement section about 36cm case, when comparing the sum of the power measurements obtained from the individual transmitter characterizations with the measurement of the aggregated power obtained for the various combination cases, we can consider that we got an incoherent aggregation.  But this observation will require further investigation as some difference in the transmitted power levels for two UWB devices are identified, presenting lower power than the average, which can impact the aggregated effect. 

· We could also observe some multi-path effect already at 1m, which could explain the higher power level for 4 Tx combination versus the 8 Tx combination on some part of the spectrum. 

· Above 2GHz, measurements for low aggregation cases (1 and 2 transmitters) are affected by the limitation linked to the equipment configuration.

· Aggregated UWB signals measurements at 2m:

· Below the 2GHz frequency band, the PSD variation between 1 single UWB Tx and 8 UWB Tx is around 15 to 17 dB. This observation could lead to the conclusion that additional effect is superposed to the single path UWB signal aggregation: at such a distance, the multi-path effect becomes an important component. It has to be noticed also that for the case of 2m distance, the layout configuration is different, so this change would have also impacted multi-path effects. 

· Above 2GHz, measurements for all aggregation cases are affected by the limitation linked to the equipment configuration.

· Comparison of aggregated UWB signals for the various distance cases:

· The results from these experimental measurements conducted on the various distance cases, provide the indication that one single UWB transmitter at 36cm is inducing an higher signal at the receiver of the spectrum analyzer than any other aggregation combination at 1m and at 2m. The maximum aggregation combination applied during the measurement campaign has been limited to 8 UWB transmitters.

· Nevertheless no firm conclusion can be drawn on aggregated measurements since two UWB devices were generating a lower transmitted power, so no exact aggregation rules can be concluded immediately.

· Comments on the aggregation law and multi paths impact: 
· The radiated measurements show that the aggregation of UWB transmitters is translated into a UWB power level increase. As the power introduced by each transmitter has been characterized, it can be studied whether the sum of the power generated by the individual transmitter is equivalent to the measured aggregated power and if this aggregation is following an incoherent aggregation law or not. All the data files for such calculations are available from the measurement campaign. Measurements at 36cm, 1m and 2m indicate a foreseen conclusion that multi-path effects are to be taken into account for the last two distances.

A16.2.4
UWB Signal characterisation in the Incumbent radio services bands

The table below provides the synthesis of single UWB signal characterization in the incumbent radio service bands. For each service band, two types of PSD measurements have been performed, one with a low RBW at a resolution value equal to the carrier service BW, and the other with a resolution bandwidth RBW at the level of the total victim receiver BW (typically 50MHz).

The low RBW has been specified for each radio service band according to the carrier BW.

As specified, in some cases, the measurements are limited by the measurement equipment capabilities due to the configuration used during the test.

	Radio Services
	Downlink

Radio service Bands

(MHz)
	Power
Measurements

In Channel BW

dBm/Channel BW

over all receiver BW
	Power
Measurements

In  50MHz

dBm/Receiver BW

over all receiver BW
	dBm/ch. BW

versus

dBm/50MHz

(dB)

	
	
	
	
	Theoretical
value


	Experimental
value

	DCS1800

(Note)
	1805 - 1880
	RBW = 100 kHz
	RBW = 50MHz
	27
	29

	
	
	- 101

(36cm)

Probably limited by equipment
	- 72

(36cm)
	
	

	UMTS - FDD
	2110 - 2170
	RBW = 3.84 kHz
	RBW = 50MHz
	11
	10

	
	
	- 84

(36cm)
	- 74

(36cm)
	
	

	WLAN

2.4 GHz

(Note)
	2400 - 2483
	RBW = 1 MHz
	RBW = 50MHz
	17
	17

	
	
	- 87

(36cm)
	- 70

(36cm)
	
	

	FS

(Note)
	3600- 4200

	RBW = 1 MHz
	RBW = 50MHz
	17
	15

	
	
	- 85

(36cm)
	- 70

(36cm)
	
	

	RNSS

(Note)
	1555 - 1595
	RBW = 1 kHz
	RBW = 50MHz
	47
	45

	
	
	- 120

(36cm)
	- 75

(36cm)
	
	

	DVB-T

(Note)
	470 - 862
	RBW = 120 kHz
	RBW = 50MHz
	26
	25

	
	
	- 105 

(36 cm)

Probably limited by equipment 
	- 80

(36cm)
	
	


(Note): In this case, the spectrum analyzer RBW value is fixed at a different value than the radio channel BW as specified on tests specifications for the relevant services.

The ratio between the power measured with Channel RBW and the power measured with receiver RBW got from the experimental results is in the same order than the ratio obtained by theoretical calculations which allow correlating the experimental results.

It should be noted that , in order to compare the preliminary  interference figures in the table above with the max. allowed limits calculated in ECC Report 64, the various  reference Bandwidths for the considered radio services in the table above has to be transformed to a reference bandwidth equal to the one applied in ECC Report 64, i.e. 1 MHz (see sec. 3.2)

A16.3
RECOMMENDATIONS FOR FUTURE MEASUREMENTS

This measurement campaign provides important background and guidelines to perform UWB signal characterization and measurement with improved performance. Then based on the results got in this campaign, some recommendations are given for future measurement campaigns. 

A16.3.1
Tool and support for measurement result exploitation
An important asset of this campaign is the development of the SW routine to allow generating graphs from the recorded results with multiple curves, to allow fast interpretation of the results.

This tool should be reused for further experimentation. On top of the exploitation of the results, it will allow to make on site verification of the measurements during the campaign, which was not possible in this first step.

A16.3.2
Measurement environment and test techniques
Considering the uncertainty inherent to the radiated conditions used in the first measurement campaign, it is clear that the respective results (see Table in section 2.4)will not be accurate enough to be compared with the theoretical results of the comprehensive compatibility studies (ECC Report 64).

The proposal is therefore to perform measurements in protected conditions, in order to verify low emission levels (below -90 dBm/MHz) generated by representative UWB transmitters and to measure real effects linked to UWB signal only. This would require the use of conducted configuration and when required anechoic chamber environment.

Addressing in priority the UWB technologies interference on victim receivers operating in the 1 to 3 GHz range, the proposal is also to conduct measurements in the 3.1-10.6 GHz band in future measurement campaigns.

Concerning the test conditions and equipment configurations to perform the UWB signal measurements, the definition and validation of a standard scenario and test method for UWB interferers would be required in order to set up test cases which are repetitive and representative of realistic cases. In particular, in order to draw relevant conclusions of the measurement campaign, the relevant modeling of expected applications and scenarios is crucial.

A particular care should be taken to define signal acquisition chains and measurement configurations compatible with the low emission levels of UWB transmitters.

The measurement results got under such a scenario could be used as support for standardization process when defining test procedures (instrumentation required and instruments settings, frequency range to be investigated, special sample preparation) and limits to be used for approval of UWB devices (laboratory environment testing). 

A16.3.3
UWB characteristics
As a general principle, all UWB measurement results should be compared to theoretical results (e.g. the ECC report) and measured (e.g. BWCF of NTIA) examinations of disturbance effects of UWB systems and possibly to take into account new effects, which are not yet reflected sufficiently (e.g. CW-like interferences). 

Evaluation of the variation of UWB parameters (Interference power, PRF, depth of dithering, …) should be characterized.

Furthermore, UWB transmitters closer to potential product and application usage, with adjustable PRF and different modulation schemes (Pulse position modulation, MB-OFDM, DS UWB) should be considered in order to assess the influence of these parameters on the measured level in the victim band receivers. 
These functionalities are interesting for evaluating the influence of the UWB characteristics on incumbent radio services receivers, and also for investigations of the impact on the UWB signal itself.

In order to perform UWB signal measurements in protected environment, it would be necessary to perform measurements in anechoic chamber, specially in the case of integrated antennas in UWB transmitters. 

All these UWB transmitters should be characterized and used in the following measurement campaign as soon as available.

A16.3.4
Measurement on Incumbent receivers
Field and conducted measurements monitoring the degradation of incumbent receiver’s performance would complement this first UWB signal measurement campaign. This experimental measurement campaign targeting monitoring of quality of services would require dedicated tools which should be supplied by equipment manufacturers and service/network operators (example: monitoring of the degradation of RxQUAL in GSM, BER in digital services).
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� 	This value has been derived from practical interference tests made using a wide band (~41 MHz) FS receiver in the 23 GHz band and several different UWB devices used for automotive Short Range Radars (SRR); tests are found in Annex C of ECC Report 23. It is here assumed that the FS receiver behaviour and the physical characteristics of UWB devices emission are very similar. For more background on peak limitation see section 2.1.4 of this Annex.


� Values pending confirmation of the assumed I/N objectives by ITU-R WP9A.


�	A similar scenario has also been evaluated using different density parameters resulting from application of UWB devices of a unique typology, derived from standardisation on going in IEEE 802.15.3a. The results, shown in Appendix 2 of this Annex, are more favourable; however, they are not here considered because not representative of more impacting potential UWB applications that have been considered for defining the reference scenario 3a; in addition, scenario 1c would in any case remain worse.


�	Actually the above percentages have been set as “provisional” since 1994 first release of ITU-R F.1094 and kept unchanged until now. They are then considered stable values.


�	In this study a “uniform” distribution is used in place of a more physically realistic “random” one. The use of a random distribution, while complicating the evaluation, would not offer much more information, in particular when the density is great. The aggregate level obtained with “uniform distribution” gives a unique value; if random distribution would actually be used, the logical resulting aggregate level, of a number of trials, should have a “Gaussian distribution” (as narrower as the devices density is larger) centred around the value obtained with the uniform distribution. Thus the uniform distribution would not represent the “absolute worst case” (in particular when the density is low) but it is still considered a good and fair simplification for this study, also considering the large variance of a number of other factors (i.e. the “K” factors). It should also be considered that a random distribution approach is useful when both victim and interferer is MOBILE (for taking into account the “mutual probability” of interference); in our case FS is fixed by definition and the “generic UWB devices” are not specifically considered fixed or mobile.


�	These are values that reflect e.i.r.p. limits currently adopted by FCC.


� 	A similar scenario has also been evaluated using different density parameters resulting from application of UWB devices of a unique typology, derived from standardisation on going in IEEE 802.15.3a. The results, shown in Appendix 2 of this Annex, are more favourable; however, they are not here considered because not representative of more impacting potential UWB applications that have been considered for defining the reference scenario 3a; in addition, scenario 1c would in any case remain worse.


� Subject to ongoing approval process in IEEE


4 	In practice, it may not be necessary for each device to implement full DFS functionality, provided that such devices are only able to transmit under the control of a device that ensures that all DFS requirements are fulfilled.


* This Section is relevant to terrestrial IMT-2000 systems.


�	The IEEE 802.15 working group has the remit to determine WPAN standards. Working group 3a of IEEE 802.15 is investigating WPAN at data rates of greater than 110 Mbps at ranges of less than 10 metres. Its goal is to specify a communications system that can transmit data at a rate of at least 110 Mbit/s over a distance of 10 metres and up to 400 Mbit/s over shorter distances. The applications identified by IEEE 802.15.3a largely agree with those found through independent research, although IEEE 802.15.3a market views are confined more to download type applications as opposed to streaming applications.


� White Gaussian Noise


� 	Effective isotropic radiated power.


�	In many ways, the temporal activity model described above follows similar transmission burst metrics to the ETSI Web Model as used in many traffic-engineering models for IP networks.


� An IEEE working group considering standards for wireless personal area networks of WPAN with data rates of greater than 100Mbps.


� 	It is noted that coverage loss is of particular concern for IMT-2000 systems when addressing lightly loaded cells, as in rural areas. It is expected that capacity losses would be more critical when addressing heavily loaded cells as in urban and dense urban scenarios. A combination of both aspects may also be considered.


� This is a reasonable assumption, given the prior part understanding of an indoor propagation environment. However, further analysis of the UWB, indoor propagation channel may require that these assumptions be reviewed.


�	The noise rise NR is derived from the load factor as:  NR = –10*log(1 – Load factor), which is representative of the assumed load of the cells for the scenario under consideration (see Section 4.4).


� 	Intermediate result: cumulative path loss CDF graphs obtained by series of simulations.


� 	The curves for CDMA-2000 1X, CDMA-2000 3X, W-CDMA, TD-CDMA and TD-SCDMA are identical (superimposed on the graphs).


8 	Whereas the distribution is supposed to be infinite around tha base station, there is a need to bound the definition domain for simulation needs. In this regard, the UWB users were spread over a circular zone of maximum 1 500 m around the base station (this was shown as not truncating the results).


9 	Intermediate result: Cumulative path loss CDF graphs obtained by series of simulations.


10 See the “services” Section hereafter to capture the way power control is taken into account in this Monte Carlo simulation deriving statistics based on snapshots: basically the effect of power control is expressed in the variations of Eb/No requirements at the mobile stations which are flagged to be in movement and/or making voice calls or data transmissions.


11 	A coverage probability of 90% for voice calls has been assumed.


�	In many ways, the temporal activity model described above follows similar transmission burst metrics to the ETSI Web Model as used in many traffic-engineering models for IP networks.


� from 8F/114


� From a theoretical point of view, this approximation may produce probability results of more than 100%. However, it has been shown that in the application domain considered here, the approximation gives accurate results.


� RAIM : Receiver Autonomous Integrity Monitoring


� 	Recommendation ITU-R M.1477, “Technical and Performance Characteristics of Current and Planned 


	Radionavigation-Satellite Service (Space-to-Earth) and Aeronautical Radionavigation Service Receivers to be Considered in Interference Studies in the Band 1559-1610 MHz”, pertaining to Questions ITU�R 91/8 and ITU-R 217/8, 2000.


� 	This limit is obtained for PRF for which the impulse response length of an ideal rectangular filter of bandwidth Bp drops below 20% of its maximum.


� 	This limit is obtained for PRF for which the impulse response length of an ideal rectangular filter of bandwidth Bp drops below 20% of its maximum.


� In practice, beams may be shaped and have higher gains


� Radio Technology and Compatibility Group , Project RTL729 


� FCC 02-48:  FCC First Order and Report  on UWB April 22 2002 


� Received C/N for 2.4m  ~18dB


� ITU-R Rec 562-3


� Note standard TVRO LNB feed configurations do not match those of  Tx/Rx feeds, and are typically uncharacterised by the manufacturer. 
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