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SHARING BETWEEN THE FIXED SERVICE AND THE RADIO ASTRONOMY SERVICE IN THE
FREQUENCY RANGE 3.4 GHz - 105 GHz

INTRODUCTION

This report provides guidance on sharing between the radio astronomy and fixed services operating in the
frequency range 3.4 GHz - 105 GHz within Europe. The information presented has been taken from the following
sources:

O draft extracts from the ITU-R Working Party 7D radio astronomy Handbook

O information supplied by the European Science Foundation Committee on radio astronomy fregquencies
(ESF-CRAF)

O aworking party established to study sharing aspects between the Fixed and radio astronomy services in one
European country

Annex | to this report provides alist of radio astronomy frequencies which are used at the various observatories in
Europe.

SHARING CONSIDERATIONS

Most radio astronomy bands are shared with active services which transmit. Such sharing is particularly difficult
for radio astronomy, which is a passive service. Because of the great distances of astronomical sources the power
flux density levels of the emissions under investigation are often 100 dB or more below those of man-made
transmissions near the radio observatory. The strength and characteristics of the astronomical signals are
determined by laws of nature and are beyond the control of the radio astronomer. Furthermore, because of the
experimental nature of the science the radio astronomer is often unable to know in advance what the characteristics
of the emissions will be. These factors make radio astronomy particularly vulnerable to interference. Interference
can be damaging not only if it is strong and obliterates the astronomical signals, but also if it isweak. An insidious
danger to radio astronomy lies in the interference which is just below the power level at which it can be recognised
in individual measurements and which is present for a large fraction of the total time. In this case there may be no
means during the experiment of detecting that interference has occurred, and subsegquent data examination could
lead to serious errors.

Radio astronomy observatories are usually located at sites specially chosen to minimise interference from other
services. The sites are usually at a considerable distance from the major terrestrial sources of interference and are
frequently screened by nearby high ground. With this protection for the observatory and the protection afforded by
the curvature of the Earth, sharing with terrestrial transmitters is possible when the transmitter power is low and
thereis sufficient geographical separation. However, with the very sensitive systems used in radio astronomy, large
separations are usually necessary. Sharing is not generally possible when the transmitter is within line-of-sight of
the radio astronomy antenna or the antenna feed. It is usually necessary for the transmitter to lie well over the
horizon, at distances of 100 km or more.

PROTECTION CRITERIA FOR THE RADIO ASTRONOMY SERVICE

An important protection criterion for radio astronomy is the power level of the interference considered harmful.
The harmful threshold depends on the frequency of observation and the type of measurement being made.
Threshold interference levels for both continuum and spectral line observations are presented in Recommendation
ITU-R RA.769.
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A second criterion relates to the fraction of the sky for which radio astronomy observations are to be protected. For
ground-based sources of interference a value of 0 dBi is adopted for the gain of the radio astronomy antenna in the
direction of the interfering source, or in the direction of the horizon for a distant transmitter. The adoption of this
value means that potential sources of interference at the harmful threshold levels given in Recommendation 1TU-
R RA.769 will not cause harmful interference to observations made at elevation angles greater than 19 degrees (based
on the generalised radiation pattern given in Recommendation 1TU-R SA.509). In fact radio astronomers may be prepared
to acoept thisredtriction of their sky coverage, provided that earth-rotation allows all available parts of the cdlestial sphere
to be accessed at sometime.

A third criterion which must be consdered is the percentage of time that a harmful interference levdl may be exceeded
without serioudy degrading the operation of the service. In this report a sngle percentage value has been chosen for all
cases although it is dear that some observations are more susceptible to brief periods of interference than others. For the
calculations presented in this report it has been accepted that the harmful interference leves given in Recommendation
ITU-R RA.769 may be exceeded due to propagation effects for no more than 10 % of the time. Strong interference
occurring only 10 % of the time because transmissons are limited to that period of time would not be acceptable. It should
be noted that the detailed characteritics of the interference and their relation to the particular type of radio astronomical
observation will need to be taken into account.

It must be emphasi sed that for some types of observation a 10 % failure rate due to interference imposes severe regtrictions
on the radio astronomer. For some observations a high probability of success is desirable because of the difficulty or
impossibility of repeating them. An example is an observation of a comet, which may produce rapidly varying emissons
during its passage, and which may not return for many hundreds of years. Some cther types of observation require
smultaneous measurements a different wavelengths and at a number of sites, at each of which success must be obtained
if the experiment as awholeis to be successful. An example is a co-ordinated multi-wavelength study of a flaring nova.
The experiment may be severdy damaged if observations at any one of the observatories are ruined due to interference.
An observatory having difficulties of this type will require specid nationa arrangements at certain frequencies a certain
times.

Ancther propagation effect to consider is reflection of the interfering signal. Reflections from aircraft are likely causes of
harmful interference in a shared band even when the terredtria trangmitter is distant. The possibility of interference by
reflection from low-orhit satdlites also exists. A single reflecting body will be effective for a short time; the interference
problem will depend on the density of air or spacetraffic. A problem isthat as aresult of space activitiesthere are alarge
number of metallic objects in orbit around the Earth. For certain types of radio astronomical measurement in shared
bands, reflections of terrestrial transmissions by the Moon can cause serious interference.

Thethree protection criteria o far consdered, the power threshold of harmful interference, the percentage of sky which is
to be protected and the fraction of observing timewhich isto be protected, dl rdate directly to geographical sharing; that
is, the geographical spacing of two services which permits both to work at the same frequency at the sametime. In sharing
between some services additiona protection may be obtained by the use of orthogonal polarisations. Thisis not a ussful
technique for protecting radio astronomy since different polarisations must be used for some observations, and since the
interference generally enters the radio astronomy system through far sidel obes whose polarisation characterigtics are very
different from thase of the main beam.

Limited time sharing to permit special observations at a radio astronomy site may be possible, and may indeed be
necessary on occasion, as discussed in section 5.



4.1.

4.2,

ERC REPORT 36
Page 3

COORDINATION DISTANCESREQUIRED FOR SHARING
If geographical sharing isto be successful the interfering transmitter and the interfered-with receiver must be separated by
a disance at which the interference is not consdered harmful. The attenuation over this distance must be sufficient to

reduce the received sgna beow the appropriate leve of Table 1, 2 or 3 of Recommendation ITU-R RA.769, for al but 10
% of thetime. Appendix 28 of the Radio Regulations defines abasic transmission loss Ly (p) as.

Lb(p) = Pt + G( + Gr - Pr(p) (1)
where

Lo(p): minimum permissible basic transmisson lass (in dB) for p % of the time; this value must be exceeded
by the actual transmission lossfor dl but p % of thetime;

P transmitting power leve (in dBW) in the reference bandwidth at theinput to the antenng;
G gain (in dBi) of the transmitting antenng;
G: gain (in dBi) of the recaiving antennain the direction of the transmitter;

P(p): maximum permissible interference power (in dBW) in the reference bandwidth to be exceeded for no
morethan p % of time at the receiver input.

Since G; = 0 dBi, equation (1) assumesthe form:
Lo(p) =P+ G- R(p) )

where P, is to be taken from column 7 of Table 1 or Table 2 of Recommendation ITU-R RA.769. Ly(p) should be
calculated using an appropriate mode, such asthose contained in Recommendation ITU-R PN.452, using p= 10 % in the
case of time-variable propagation loss.

In the above analysis P, is the power tranamitted by the active service within the bandwidth Br of the radio astronomy
recaver. If the tranamitter power Pr isdigtributed over abandwidth B; > B, then:

P(dBW) = Pr(dBW) - 10 log(B/B;) ©)
assuming that the transmitter power has a uniform spectral dengty.
Sharing within line-of-sight

It israrely possble for radio astronomy to share successfully with any other service whose tranamitters are within line-of-
dght of the observatory. Recommendation ITU-R PN.452 contains a procedure for calculating the line-of-sight
propagation loss (induding short-term enhancements). Using this procedure, even at frequencies as high as 50 GHz,
results in co-ordination distances which place the tranamitter well over the horizon. In order for sharing to be possible
within line-of-sight, either the transmitter power must be of the order a few milliwetts or the transmitting antenna must
provide high discrimination in the direction of the observatory.

Sharing beyond the horizon

The establishment of co-ordination zones around radio astronomy stes provides a method of avoiding harmful
interference from active terrestrial services which share aradio astronomy band. From the preceding discussion it is clear
that sharing will normally only be possible for terrestrial services beyond the horizon. The basic criterion used to define a
co-ordination zone isthat the total interference from al users outsde the zone must not exceed the harmful interference
level measured at the radio astronomy site. Thus the Sze of the co-ordination zone depends on a number of factors:
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i) thetype of measurements being made at a particular radio astronomy ste (these determine the corresponding harmful
interference thresholds given in Recommendation ITU-R RA.769);

ii) thenumber and digtribution of the tranamitters;

iii) thetransmitter ei.r.p. in thedirection of the radio astronomy site;
iv) thefraction of thetimethetranamitter isactive;

V) theprdfileof theterrain;

vi) theloca presence of trees/buildings;

vii) atmogpheric conditions.

Because of the many factors involved the boundaries of the co-ordination zones need to be established individually for
each radio astronomy dte at which such a zone is required, taking due account of any special features of the radio
astronomy measurements and of the active service which shares the band. It should be redlised that the size of the co-
ordination zone could be a hundred kilometres or more. For many small countries the co-ordination zone required may
extend beyond the national boundaries into countries where the frequency allocations may be different. Thus specia
conditions may need to be applied when determining co-ordination zonesto protect radio astronomy in small countries.

The co-ordination zone defines a region around the radio observatory outside of which the users of the active service can
tranamit fredy without causng harmful interference to the radio astronomy observations. For users within the co-
ordination zone some means must be found to avoid harmful interference to the radio astronomy service, for example by
pointing the Fixed link away from the observatory or taking advantage of natural shieding.

43. Sharingintheband 3.4 GHz-50GHz

This section describes the results of sharing calculations which have been carried out for shared radio astronomy bands
bdow 50 GHz. Co-ordination distances have been calculated between a hypothetical transmitter and radio astronomy
receiver.

For atime percentage of 10 % and distances greater than approximatdy 100 km, the tropospheric scatter mechanism is
dominant. For shorter distances diffraction dominates. Recommendation ITU-R PN.452-5 provides procedures for
evaluating the available propagation loss between stations on the surface of the Earth within the frequency range of about
0.7 GHz to 30 GHz.

Table 1 presents co-ordination distances which have been calculated to the nearest 5 km, using the tropospheric scatter
prediction procedure provided in this Recommendation. In the absence of an alternative approach within Study Group 3
documentation, this predication procedure has been used for frequencies up to 50 GHz. Results are given for three sites
having horizon angles of 0°, 1° and 4° respectively.

In some cases the transmitter bandwidth is less thaedbiear bandwidth and hence a number of trétting channels

within the receiver bandwidth can be occupied. For the purposes of producing Table 1 it has been assumed that af
specific distance from the observatory, only one transmitter is pointing in the direction of the observatory and operatin
within the receiver bandwidth.

For co-ordination distances less than 100 km the dominant propagation mechanism is diffraction rather than troposphelr
scatter and hence a detailed knowledge of the terrain is required to calculate the co-ordination distance.
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The column description in Table 1 are asfollows:

Column

(1) thefrequency of the radio astronomy band;

(2)  trangmitter power;

(3)  gain of thetrangmitter in the direction of the radio astronomy observatory;

(4)  transmitter ei.r.p. in the direction of the radio astronomy observatory;

(5)  transmitter bandwidth;

(6) thetypeof radio astronomy observation (C denotes continuum and SL denotes spectrd line observations);

(7)  threshold for harmful interference, taken from column 7 of Tables 1 and 2 of Recommendation ITU-R RA.769, for
continuum and spectral line observations respectively;

(8)  radioastronomy bandwidth used in the calculation;

(9) therequired transmission loss calculated using equations (2) and (3);

(10) co-ordination distance required to avoid harmful interference to the radio astronomy observations in the case
wherethe horizon at the observatory is at an eevation angle of O degree;

(11) co-ordination distance required to avoid harmful interference to the radio astronomy observations in the case
wherethe horizon at the observatory is at an elevation angle of 1 degree;

(12) co-ordination distance required to avoid harmful interference to the radio astronomy observations in the case

where the horizon at the observatory is at an eevation angle of 4 degrees.

TABLE 1 - Sharing parametersand Co-ordination distances

Frequency Assumed interfering Assumed radio Required Co-ordination
transmitter astronomy receiver | transmission Distance
loss
d(0°) | d(1°)| d(4°)
P, Gt |e.i.rp| B, |C/SL| R B, L
MHz dBW | dBi . MHz dBW | MHz dB km km km
dBwW
1) @] Q] @] GO ®] O] B (9) (10 (11 (12
4830 10| 44 54 40 Sy -218 0J05 243 5p0 110 135
10| O 10| 40 SL| -218 0.05 199 110 <1p0 <1po
5000 10| 44 54 40 C| -207 10 255 650 535 230
10 0 10 40 C -207 10 211 195 120 <1p0
10600 7| 44 51 100 C| -202 100 253 535 430  [155
7 0 7| 100 C | -202 10( 209 130 <100 <1po
22200 -7| 45 3 50 Sy -210 0.5 225 130 <100 <100
31000 -10| 45 35 100 C| -192 5Q0 227 150 <100 <100
49000 -171 40 23 7 SL| -20f 0.p0 219 <100 <100 <100




ERC REPORT 36

Page 6

44.

6.1.

Sharing in radio astronomy bands above 50 GHz

There are allocations above 50 GHz to the radio astronomy service for both continuum and spectral line observations.
Some of these allocations are shared with a variety of active services. Until recently there have been rdatively few active
systems operating above 50 GHz, and consequently few reported cases of interference to radio astronomy. Sharing with
active services above 50 GHz will be made easier by several facts:

i) high trangmitter gains are easier to achieve with antennas of modest size;
ii) amaospheric attenuation is higher;

iii) thetropospheric scatter signal decreases monatonically with increasing frequency.

TIME SHARING

Because of the nature of the phenomena observed in radio astronomy, only under special conditions will it be feasble to
devise time-sharing programmes between radio astronomy and other services. Furthermore active users who provide a
service to customers may be unwilling or unable to adopt time sharing. Time sharing may sometimes be possible in
principle, but in practice the difficulties associated with it are operationa rather than technical. For these and other
reasons time sharing has not yet been afeature of any extended radio astronomy programme.

Neverthdess limited time sharing to permit observations at a radio astronomy site may be possble, and may indeed be
necessary on occason. Radio astronomers sometimes need to observe outside the frequency bands alocated to their
service, and in such cases time sharing with active services may be the only available option. Recommendation ITU-
R RA.314-8 acknowledges this fact, and urges administrations to provide assistance in the co-ordination of experimental
observations of spectral linesin bands not alocated to radio astronomy.

GUIDANCE ON ESTABLISHING COORDINATION ZONESLESSTHAN 100 km

Table 1 shows that in the cases where the fixed link has a low ei.r.p. or the frequency is sufficiently high, the co-
ordination distanceis often lessthan 100 km. Therefore the co-ordination zone should be determined using an appropriate
diffraction modd. In order to calculate diffraction loss accurately a detailed knowledge of the terrain is required for each
azimuth around the radio observatory and hence it may be useful to computerise the procedure. In the absence of detailed
terrain knowledge, a co-ordination zone can be established based upon practical sharing experience. The following
sections provide guidance on establishing co-ordination zones based upon the practical sharing experiences of one
European country.

Practical experience of sharing at 22 GHz

Within one European country, the radio astronomy and fixed services have successfully shared the bands 22.21 - 22.5,
22.81- 22.86 and 23.07 - 23.12 since 1988. A co-ordination zone with a radius of 50 km has been in operation and both
services have agreed that this arrangement has been successful. Typical parameters for the fixed service in thisband are
Power -15 dBW, Gain 41.5 dBi, Bandwidth 3.5 MHz. The radio astronomy observatories in this country have horizon
angles of gpproximately 1 degree.
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Sharingat 10 GHz

The radio astronomy and fixed services have a shared dlocation in the band 10.6 - 10.68 GHz. Table 1 shows that at
10 GHz, the co-ordination distance can be less than 100 km if the ei.r.p. is sufficiently low and there is a sufficient
horizon angle at the observatory. Within one European country a TDMA Point to Multipoint system is in operation. This
sysem hasthe following parameters:

TABLE 2

Basestation |Outstation

Power (dBW) -6 -11
Gain (dBi) 13 34
Bandwidth (MHZ2) 2 2

Compared with the situation at 22 GHz, both the propagation loss and the required transmission loss are less at 10
GHz. Hence in order to calculate an appropriate co-ordination distance it is necessary to carefully compare the
frequency dependent terms used to cal culate propagation loss and the required transmission loss for the two bands.
The outstation has the higher e.i.r.p. and hence has been used in the following table:

TABLE 3
Freguency Required Freguency dependent terms
(GH2) transmission used in propagation
loss calculations
(dB)
20logf | Gaseous absor ption at
(dB) 50 km (dB)
10.6 200 20.5 0.5
22.2 225 27.0 41

Thetable shows that at 10 GHz the lower required transmission loss more than compensates for the smaller propagation
factors. Hence a co-ordination distance of 50 km should work equally wel at 10 GHz for this low power Point to
Multipoint system operating in this country and in most other European countries depending on the local terrain around
theradio observatories.

Sharingin the 31 GHz, 43 GHz and 49 GHz bands

Theradio astronomy and fixed services have shared alocationsin the bands 31.5 GHz - 31.8 GHz, 42.5 GHz - 43.5 GHz
and 48.94 GHz - 49.04 GHz. There has been no practical experience of sharing in these bands within Europe in the past.
The propagation loss at these frequencies should be higher than at 22 GHz. Hence, unless ei.r.p. and/or traffic densties of
the fixed service substantially exceed the levels for the 22 GHz case, a co-ordination zone with a 50 km radius should be
auitable to protect the radio astronomy service in most European countries depending on the local terrain around a radio
observatory.
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ANNEX |

FREQUENCY BANDS CURRENTLY USED BY THE RADIO ASTRONOMY SERVICE IN EUROPE
IN THE FREQUENCY RANGE 34 GHz - 105 GHz

The following table provides an indication as to which countries in Europe are currently utilisng particular radio
astronomy bands. The table has been supplied by ESF-CRAF and has been updated by information provided by CEPT
SE19 membersin March 1995. It should be noted that some of the bands or parts of the bands listed in the table may not
be alocated or protected in all the countriesindicated.

TABLE 4
FREQUENCY STATUSIN
GHz DS

480 - 4.99 secondary D F GB NL P S
499 - 500 primary D F GB I NL P S
8.387- 8.443 - D E F I S
9.60 - 9.62 - E F

9.70 - 10.60 - GB

10.60 - 10.68 primary D GB

10.68 - 10.70 primary D GB I

14.47 - 1450 secondary D GB

1450 - 1535 secondary D GB

1535 - 1540 primary D GB I

2201 - 2221 primary D S
2221 - 2250 primary D E F GB I S
2281 - 22.86 primary D GB S
23.07 - 2312 (RR879) D GB S
2360 - 24.00 primary D E GB I S
3130 - 3150 primary D E GB S
3150 - 31.80 primary D E GB S
4250 - 4350 primary D E F I S
4894 - 49.04 primary D E

8 - 105 various D E F F S
Country key:
D Gemany F  France NL Netherlands
E Span GB Great Britain (UK) P  Poland

FI Finland



