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This ECC Report provides guidance to administrations on defragmentation of the 3400-3800 MHz band to ensure appropriate conditions for 5G introduction in this band in line with the CEPT roadmap. This guidance is based on an analysis of the information on existing MFCN (mobile/fixed communications networks) authorisations, usage, plans, timing, national experiences and possible defragmentation plan with intended timescale for successful 5G introduction in Europe by 2020.
After detailed analysis of the current situation and objectives for the 3400-3800 MHz, and in the light of the CEPT roadmap [1] and European Commission (EC) plans [2] for 5G introduction in this band, this Report gives guidance to make available large contiguous blocks of spectrum to enable high throughput 5G applications, and to facilitate defragmentation of existing licences. 
National actions are required to consider how to reorganise the entire band, to make it available for 5G before 2020 to give Europe the advantage of being a leading region for innovative 5G services, and to maximise social/economic benefits. New assignments should be based on technical conditions for the usage of 5G in this band settled in the amended ECC Decision (11)06 in 2018 [3], which have been developed on the basis of technology neutrality principle. 
A review of the usage in the band in CEPT in 2016 confirmed its large fragmentation in a number of countries and the need for timely national decisions enabling availability of wider bandwidth for 5G by 2020 on a national basis. 
[bookmark: _Hlk513540517]It is up to each national administration to introduce 5G according to national policy objectives. The Radio Spectrum Policy Group (RSPG) of the European Commission (EC) “is of the opinion that the availability of the primary 5G band 3.4-3.8 GHz in Europe will be key for the success of 5G in Europe. Member States should consider appropriate measures to defragment this band in time for authorising sufficiently large blocks of spectrum by 2020” [4]. Furthermore, RSPG suggests that European administrations consider coexistence with FSS earth stations, using the technical toolkit developed by ECC (ECC Report 254 [5]).  
In areas intended for 5G, it is recommended that administrations consider relocation of incumbent users to a different geographical location or to a different band above 3800 MHz, with the goal of making the band substantially available by 2020.
It is recognised that it is the role of each national administration to take action for reorganisation of the band taken into account incumbents and national policy targets to introduce 5G while shaping national policy objectives (e.g. to deliver high broadband to all, etc.). In facilitating large contiguous bandwidths for 5G, use cases for other MFCN services with smaller bandwidths may be permitted.  
This ECC Report confirms importance of timely availability of the 3400-3800 MHz band to secure successful initial rollout of 5G throughout Europe by year 2020 and for facilitation of larger bandwidths and contiguous spectrum suitable for high throughput 5G applications. In case of fragmented spectrum, this may imply actions to reorganise the band accordingly. This ECC Report provides guidance to help administrations to manage this challenging task and is not exclusive from other tools available at national or European level.
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This ECC Report aims to address defragmentation challenges and reorganisation of the 3400-3800 MHz band in order to enable availability of wide bandwidth and contiguous spectrum for high throughput 5G uses on a national basis. The ECC has developed successive Decisions (ECC Decision (07)02 [6], and ECC Decision (11)06 [3]) during the last years, noting that ECC Decision (07)02 was withdrawn in July 2018. CEPT Administrations have assigned spectrum according to the ECC Decision (11)06, namely for the 3400-3600 MHz either in the TDD mode or FDD mode or for the 3600-3800 MHz in TDD mode. It is also the case of EU Member States fulfilling the obligation of mandatory harmonisation according to the EC Decision 2014/276/EU [7]. Nevertheless, some CEPT countries have assigned spectrum in line with the paired arrangements in CEPT/ERC/Recommendation 12-08 (1998) [8] for low, medium and high capacity fixed links In CEPT countries, the 3400-4200 MHz band has been used for many years by the FSS for space-to-Earth links (downlink).
Consequently, the current situation sees the band fragmented and assigned to different users, on national and sometimes regional and local level.
Successful timely 5G launch in CEPT countries will benefit from the availability of large contiguous blocks of spectrum in all or part of the pioneer 5G band (3400-3800 MHz). In particular, in order to respond to market demand, as expressed by industry, to ensure a possible introduction of MFCN systems requiring very large contiguous bandwidths (80-100 MHz), on the basis of nationwide coverage, it may be necessary for the administrations to reorganise the 3400­3800 MHz band in order to provide wide contiguous spectrum with the exact contiguous bandwidth per licensee to be determined by national award processes. Current 5G NR specifications support channel bandwidths up to 100 MHz, but this should not preclude administrations allowing operators to obtain smaller bandwidths for lower throughput 5G applications on a national basis as required[footnoteRef:2]. According to CEPT Report 67 [15], the spectrum should be provided in a manner allowing for at least 3x50 MHz of contiguous spectrum. [2:  Options for 5G NR channel bandwidth in the 3400-3800 MHz range: 10, 15, 20, 30, 40, 50, 60,70, 80, 90, 100 MHz (source 3GPP).] 

In response to the EC Mandate on 5G, CEPT has developed harmonisation measures on the 3400-3800 MHz (named 3.6 GHz 5G pioneer band) further to assessment of the “Suitability for 5G of the existing regulatory framework for the 3400-3800 MHz range”. The results could be found in ECC Report 281 [9]. That ECC Report and revised ECC Decision 11(06) provide relevant information for administrations to harmonise technical conditions for spectrum use in support of the introduction of next-generation (5G) MFCN.
Review of the existing CEPT regulatory framework and its adaptation for 5G is key for initial 5G deployments around year 2020. However, to allow successful 5G deployments there is a need to ensure timely availability ideally in all of the 3400-3800 MHz band and thus resolve the fragmented usage across Europe including national, regional (FWA, WLL, BWA, WiMAX, LTE) and local authorisations, Fixed Service point to point links, Fixed Satellite Service Earth station receivers.
Timing of existing authorisations also varies across Europe. Some countries have already conducted awards, while others are expected to do so before year 2020 in line with the 5G calendar (see Section 3.1). However, there are a number of countries where existing authorisations will expire in 2021, 2025, 2030 and even 2035. Responses to previous questionnaires have shown that significant amounts of spectrum are not used based on the existing authorisations [10]. Thus, CEPT guidance on how to best transition from the existing fragmented authorisations to the "5G ready" conditions in a timely manner will play key role for a coordinated Europe-wide approach.
In order to enable 5G in the band by 2020, national administrations can consider a number of options that can be used independently or combined, including but not limited to:
i. Early termination of incumbent licences which are set to expire beyond 2020;

ii. Moving incumbent licences to alternative bands;

iii. Liberalising existing authorisations which expire beyond 2020 to allow them to be used for 5G services and implement where needed trading and leasing across the band so that interested parties can acquire spectrum usage rights on a commercial basis;

iv. Move incumbent licences into one part of the band in order to release the largest contiguous spectrum for an award that enables 5G services.

Each of these options, their advantages and disadvantages are dealt with in detail in section 6 of this Report. Most importantly, each CEPT country will need to take account of:
In respect of i, ii and iii the damage to regulatory certainty that such actions would bring about;
In respect of iv, the time required to achieve this action and the willingness parties interested in the provision of 5G in funding these activities. 

[bookmark: _Toc514186623][bookmark: _Toc522001291][bookmark: _Toc518633491][bookmark: _Toc528153193][bookmark: _Toc380056507][bookmark: _Toc380059757][bookmark: _Toc380059795][bookmark: _Toc396153645][bookmark: _Toc396383873][bookmark: _Toc396917306][bookmark: _Toc396917417][bookmark: _Toc396917637][bookmark: _Toc396917652][bookmark: _Toc396917757]5G in Europe by 2020 
[bookmark: _Toc514186624][bookmark: _Toc522001292][bookmark: _Toc518633492][bookmark: _Toc528153194]EC Action Plan and CEPT Roadmap
In November 2016, Radio Spectrum Policy Group (RSPG) provided their guidance on spectrum for 5G in "Strategic Roadmap towards 5G for Europe: Opinion on spectrum related aspects for next-generation wireless systems (5G)" [12] and in particular on the 3400-3800 MHz band. This spectrum, which offers wide channel bandwidth is already harmonised for mobile usage in CEPT countries and could be used for 5G before 2020. 
In the European Commission (EC) mandate on 5G (December 2016) to the European Conference of Postal and Telecommunications Administrations (CEPT) [11], it is noted that the frequency range 3400-3800 MHz is prime spectrum suitable for the introduction of 5G-based services across the European Union. 
In January 2018, RSPG reconfirmed that “the availability of the primary 5G band 3.4-3.8 GHz in Europe will be key for the success of 5G in Europe” in a Second Opinion [4] and expressed view that “Member States should consider appropriate measures to defragment this band in time for authorising sufficiently large blocks of spectrum by 2020.” Therefore, completion of CEPT activities on the 3400-3800 MHz band and their timely implementation at national level is crucial to build Europe’s 5G readiness and to make this new ecosystem a reality. 
The RSPG Second Opinion considered the sharing potential between 5G and existing users. In some countries the existence of satellite earth stations receivers operating in the 3400-3800 MHz band will need to be considered when authorising 5G services. CEPT has provided a technical toolkit (ECC Report 254 [5]) for administrations to consider coexistence with earth stations in the frequency band 3600-3800 MHz. European administrations should ensure the proper balance between the benefits of allowing 5G use and keeping access to satellite operators in this frequency band. Administrations should consider how to use the toolkit taking into account specific national situations while at the same time facilitating practical deployment of 5G networks in this band.
In some countries the existence of other primary services operating in the 3400-3800 MHz band will need to be considered when authorising 5G services. Administrations may want to consider how to use the toolkit taking into account specific national situations, while at the same time facilitating deployment of 5G networks and promoting a greater spread of 5G by clearing the band in full for licensing mobile network operators.
Under this EC Mandate, the CEPT has amended (completion June 2018) the existing harmonised technical conditions for the 3400-3800 MHz band ensuring it is suitable for 5G.
In November 2016, ECC approved a "CEPT roadmap for 5G" [1] with a comprehensive list of actions related to 5G, which is reviewed and updated on a regular basis. 
Two important actions on the 3400-3800 MHz band are listed in the CEPT roadmap:
"A.1 Review as a matter of urgency the suitability of 3.4-3.8 GHz ECC decision for 5G."
"A.2 Provide guidance to administrations for defragmenting the 3.4-3.8 GHz band, in which there are existing licences in many CEPT countries and for developing plans and intended timescale for the future utilisation of this band."
CEPT has concluded work under action A.1. The results are in ECC Report 281, “Analysis of the suitability of the regulatory technical conditions for 5G MFCN operation in the 3400-3800 MHz band” [9].
[bookmark: _Toc514186625][bookmark: _Toc522001293][bookmark: _Toc518633493][bookmark: _Toc528153195]The 3400-3800 MHz band: the primary 5G band 
The lack of low frequencies bands supporting wide channels makes the 3400-3800 MHz band crucial for 5G deployments. The primary 5G band offers a combination of higher bandwidth and higher capacity as well as a good potential to become a future roaming band for 5G.
The 3400-3800 MHz band has already been harmonised for MFCN in CEPT and is recognised to be the 5G primary band in Europe. The development of the mobile ecosystem in this frequency band is favoured by World Radiocommunication Conferences (WRC-07 and WRC-15) decisions with identification of 3400-3600 MHz for IMT in Region 1 and up to 3700 MHz in 5 countries in Region 2 and in many countries in Region 3 on a co-primary basis with existing services. 
Many national administrations within CEPT plan to enable initial 5G deployments in the 3400-3800 MHz band. At the date of publication of this report some European countries e.g. Hungary, Ireland, , Italy, Latvia, Romania, Slovakia, Spain and the UK have already awarded frequencies in the 3400-3800 MHz band and some others e.g. Austria, Cyprus, France, Germany Portugal and the UK[footnoteRef:3] are planning to conduct similar auctions. Spectrum awards both at national and regional level have been considered by administrations within this band.  [3:  Additional frequencies planned to be awarded following the first award of 3410-3600 MHz] 

[bookmark: _Toc514186626][bookmark: _Toc522001294][bookmark: _Toc518633494][bookmark: _Toc528153196]Importance of timely availability OF wide contiguous spectrum for 5G 
3GPP plans to complete 5G Release 15 in June 2018, thus equipment is expected to be available in 2018.  Provision of 5G services supporting channel bandwidth up to 100 MHz, based on 3GPP R15 standard, could be enabled by the end of 2018, if sufficient contiguous spectrum is made available to enable operation of MFCN with wide channel bandwidth. As well as sufficient contiguous spectrum, actual deployment also depends on many other technical and commercial aspects for the operators.
It is important for licensees to have access to large contiguous channels, supporting a variety of applications with high data rates and/or low latency and improved user experience. In the interest of technology neutrality, this band should also allow for smaller bandwidths in multiples of 5 MHz if there is market demand for such applications on a national basis – as shown in recent awards in this band.
Administrations should allow for the availability of large contiguous blocks of spectrum and should consider prompt action if problems arise resulting from fragmented usage of the 3400-3800 MHz band to enable timely 5G rollout.

[bookmark: _Toc514186627][bookmark: _Toc522001295][bookmark: _Ref522285760][bookmark: _Toc518633495][bookmark: _Toc528153197]Overview of the current usage and existing plans for the future usage of the 3400-3800 MHz band in CEPT countries
[bookmark: _Toc514186628][bookmark: _Ref515893481][bookmark: _Toc522001296][bookmark: _Toc518633496][bookmark: _Ref526943764][bookmark: _Toc528153198]Information on existing licences in the 3400-3800 MHz band 
There is a need to review the current utilisation of the 3400-3800 MHz band by administrations with the main purpose to identify the potential amount of available contiguous spectrum enabling the deployment of 5G networks in this band that administrations might be able to award, and in what timeframe. There are several CEPT countries for which spectrum licences in the 3400-3800 MHz band will be still valid after 2020; and it is necessary to consider the options an administration can take to facilitate this purpose.
In November 2016, ECO ran a questionnaire on the availability of the 3400-3800 MHz band for 5G to which 30 CEPT administrations provided responses [10]. The results from the questionnaire provide a very useful snapshot of the characteristics of existing uses at that time. The questionnaire, in particular, collected full information for all licences including detailed frequency information, exact licence expiry dates and licence holder names
Figure 1 below summarises the applications reported by the administrations and their allocations as of November 2016. Note that the situation has changed in some countries (see section 7):
[image: ]
[bookmark: _Ref515024579][bookmark: _Ref515023496]Figure 1: Summary from ECO questionnaire in 2016
The colour code corresponds to the different applications as shown in Table 1 below, which also includes the % allocated to each application. Table 1 shows that most of the 400 MHz in the range are either vacant or already allocated to mobile or BWA services. 
[bookmark: _Ref515024685]Table 1: Applications associated to the licences
	
	Category
	Definition
	% of the spectrum

	[bookmark: _Hlk498347748]1
	Vacant
	Unused or no information provided
	40.6%

	2
	Mobile/ wireless broadband
	Includes MFCN, BWA (FWA, WLL & WiMAX), LTE and similar terms
	36.4%

	3
	FS
	Fixed Service point to point links
	3.9%

	4
	FSS
	Fixed Satellite Service Earth station receivers
	7.3%

	5
	Other
	Includes Military and related terms, PMSE/ENG-OB, amateur and other miscellaneous terms
	2.6%

	6
	Unknown
	Technology neutral or information not available
	0.2%

	7
	Mixed
	Combination of 2 or more above categories in use within the same range
	8.9%


[bookmark: _Toc498554026][bookmark: _Toc514186629][bookmark: _Toc522001297][bookmark: _Toc518633497][bookmark: _Toc528153199]Characteristics of existing mobile and wireless broadband use
[bookmark: _Toc498554027][bookmark: _Toc514186630][bookmark: _Toc522001298][bookmark: _Toc518633498][bookmark: _Toc528153200][bookmark: OLE_LINK1]Bandwidth of the individual licences
The questionnaire provides information on the size of the blocks that administrations have licensed. The chart below shows the number of licences of a given block size across the 30 countries that responded to the questionnaire, for mobile/wireless broadband applications. Block sizes of 28 MHz and 20 MHz are the most frequent. Paired assignments count as two blocks of the same size.

Figure 2: Number of assignments of a given block size
Note: Since the conduct of the questionnaire, the following countries have conducted awards and the block sizes per operator are shown;
Ireland: 
Vodafone Ireland: 105 MHz/85 MHz urban/rural regions;
Three Ireland: 100 MHz nationally;
Meteor Mobile: 85 MHz/80 MHz in urban/rural regions;
Imagine: 60 MHz in rural regions;
Airspan: 60MHz/25 MHz in urban/rural regions.
UK:
Vodafone: 50 MHz nationwide;
Hutchison 3G UK, 20 MHz nationwide (to add to existing holdings of 2 x 20 MHz and 1 x 84 MHz);
Telefonica UK: 40 MHz nationwide;
BT/EE: 40 MHz nationwide. 
Spain, 3600-3800 MHz
Orange: 60 MHz nationwide;
Telefonica: 50 MHz nationwide;
Vodafone: 90 MHz nationwide.
[bookmark: _Toc498554028]Detailed information of the awards in Ireland and the UK is in 7.3 and 7.4 respectively.
[bookmark: _Toc514186631][bookmark: _Toc522001299][bookmark: _Toc518633499][bookmark: _Toc528153201]Coverage, pairing, trading of spectrum usage rights and technology neutrality
Table 2 to Table 5 below summarise the characteristics in terms of coverage, paired/unpaired allocation, trading conditions and technology neutrality of the spectrum blocks assigned to mobile/wireless broadband across the 30 administrations.
[bookmark: _Ref522003307]Table 2: Licences’ geographic scope
	[bookmark: _Hlk497474940][bookmark: OLE_LINK2]Coverage
	Number of blocks
	% of total

	National
	75
	51%

	Regional
	67
	46%

	Individual transmitter
	1
	1%

	Unspecified
	3
	2%


Table 3: Paired vs. unpaired licences
	[bookmark: _Hlk497475063]Paired block
	Number of blocks
	% of total

	No
	55
	38%

	Yes
	91
	62%




Table 4: Licences’ tradability
	Is trading allowed
	Number of blocks
	% of total

	No
	59
	40%

	Yes
	87
	60%


Table 5: Technology/service neutrality of licences
	Block is licensed under technology/service neutral conditions?
	Number of licences
	% of total

	No
	44
	30%

	Yes
	102
	70%


[bookmark: _Toc498554029][bookmark: _Toc514186632][bookmark: _Toc522001300][bookmark: _Toc518633500][bookmark: _Toc528153202]Licence expiration
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The following Figure 3 shows a timeline of expiration dates, and the number of mobile/wireless broadband licences that expire at different dates. The chart considers paired blocks as a single licence, and excludes 14 licences that are of indefinite duration. A significant number of licences (63% of the total) expire after 2020.

[bookmark: _Ref515024930]Figure 3: Number of licences per expiration date 
[bookmark: _Toc498554030][bookmark: _Toc514186633][bookmark: _Toc518633501][bookmark: _Toc522001301][bookmark: _Toc528153203]Additional comments from some administrations
[bookmark: _Toc498554031]Some administrations also provided qualitative observations in their response to the questionnaire ran by ECO. These are summarised below:
[bookmark: _Toc514186634][bookmark: _Toc522001302][bookmark: _Toc518633502][bookmark: _Toc528153204]Current situation 
[bookmark: _Toc514186635]Mobile and wireless broadband services
Administrations reported that actual utilisation for MFCN/BWA is generally limited, 17 administrations indicated that services were operational mainly in the frequency band 3400-3600 MHz. Deployments would be typically focussed on specific areas, e.g. for rural coverage, typically using WiMAX. 
3 administrations specifically noted that they had authorisations which were not in use at the time. A further 3 administrations had no authorisations for mobile services in this range. In some cases information on actual usage was not available as this had not been provided to the administration.
[bookmark: _Toc498554032][bookmark: _Toc514186636]Other existing usage
3 administrations noted that fixed link usage (point-to-point links) had been expected to decrease or be migrated to other bands, 1 administration expected existing usage to continue.
1 administration noted video PMSE usage was planned to continue in 3400-3600 MHz, and 1 noted temporary usage for ENG/OB with national licences.
1 administration noted a satellite earth station, used for reception of defence services and requiring protection, which resulted in restrictions on mobile broadband usage within 3410-3800 MHz. 1 administration reported registered FSS and VSAT stations.
[bookmark: _Toc514186637][bookmark: _Toc522001303][bookmark: _Toc518633503][bookmark: _Toc528153205]National plans with regard to the future utilisation of the band
22 administrations reported in 2016 to have plans and 8 not have plans. Those that had plans:
11 administrations were currently reviewing or planning to review the use of the band for MFCN (including future 5G),but had not made final plans. Many were undergoing or planning public consultations to determine the market needs. Decisions were also subject to sharing studies with existing services and ongoing international work in this band;
7 administrations had decided to release at least parts of the band for MFCN. In some cases the final plans were still subject to public consultation;
1 administration was undergoing an award process at the time;
3 administrations indicated that the majority of spectrum was already available for MFCN.
With regards to the timing of the plans: 
5 administrations intended to make final decisions and start award process in 2017, 3 by 2018, 1 by 2019, 1 by 2020, 1 by 2021 and 2 by 2022;
8 administrations had not yet decided at the time of the questionnaire, and 1 administration was undergoing an award at that time with services planned to be launched in 2017.
The questionnaire also asked if administrations intended to facilitate the early availability of a large contiguous spectrum blocks for the initial deployment of 5G networks. 8 administrations responded that they intended to facilitate large contiguous blocks. In some cases this would depend on market and award designs. 10 administrations had not made any decisions yet, 3 administrations indicate that this was already possible with available spectrum, subject to market demand, and 1 administration believed it was not necessary to make specific plans to facilitate 5G as the licences would be technology neutral.
[bookmark: _Toc514186638][bookmark: _Toc522001304][bookmark: _Toc518633504][bookmark: _Toc528153206]Summary of questionnaire’s main findings
In summary, the questionnaire provides the following key findings about spectrum usage in the 3400-3800 MHz band in 2016 (in the 30 CEPT countries that responded to the questionnaire):
[bookmark: OLE_LINK6]40% of the spectrum in the range is reported as unused or no information provided, 36% is reported as assigned to a service of the mobile or broadband wireless types (includes MFCN, BWA, FWA, WLL, WiMAX, LTE and similar terms). Putting together the information from the 30 countries, there are 146 blocks assigned to these types of uses;
[bookmark: OLE_LINK7]With regards to the spectrum currently assigned to mobile/wireless broadband use:
Spectrum is assigned in blocks of sizes that vary from 10 to 390 MHz. However, blocks sizes of 28 MHz and 20 MHz are the most frequent;
Geographic coverage of the blocks is evenly split, 51% give nationwide access rights and the rest either regional, local or per transmitter rights;
The majority of the blocks (62%) are licensed paired with another block;
Trading is allowed in 60% of the blocks and licence conditions are technology/service neutral in 70% of blocks;
63% of the licences expire after 2020 (including 14 that have indefinite duration).
The review also shows that in most European countries this band has been used to a very limited extent for MFCN, despite regional and national authorisations in force.
[bookmark: _Toc514186639][bookmark: _Toc522001305][bookmark: _Toc518633505][bookmark: _Toc528153207]benefits of the harmonisation of the 3400-3800 MHz band for MFCN 
Current utilisations of the 3400-3800 MHz band should be reviewed with the main goal of identifying the potential amount of contiguous spectrum for 5G deployment, also assessing in which time frame this spectrum could be made available. 
As the amount of spectrum required for mobile services increases, it is suitable for existing and newly allocated and identified spectrum to be harmonised. The benefits of spectrum harmonisation are various: facilitating economies of scale, enabling global roaming, reducing equipment design complexity, preserving battery life, improving spectrum efficiency and potentially reducing cross-border interference. Typically, a mobile device contains multiple antennas and associated radio frequency front-ends to enable operation in multiple bands to facilitate roaming. While mobile devices can benefit from common chipsets, variances in frequency arrangements necessitate different components to accommodate these differences, which lead to higher equipment design complexity.
Therefore, harmonisation of spectrum for IMT will lead to commonality of equipment and consequently will result in economies of scale and affordability of equipment.
5G will have improved link budget and better spectrum efficiency when compared with 4G, and this will result in better peak and average data rates for similar channel bandwidths. However, large bandwidths are still required to meet the performance requirements associated with 5G usage scenarios as described in ITU-R Recommendation 2083 [13]. ANNEX 1: shows the theoretical data rates that 5G is expected to achieve for a given bandwidth and the measured data rates in a test.
[bookmark: _Toc514186640][bookmark: _Toc522001306][bookmark: _Ref522005298][bookmark: _Ref522007613][bookmark: _Ref522008538][bookmark: _Ref522526733][bookmark: _Toc518633506][bookmark: _Toc528153208]Main objectives for the 3400-3800 MHz band
[bookmark: _Toc514186641][bookmark: _Toc522001307][bookmark: _Toc518633507][bookmark: _Toc528153209]Objective #1:  Successful 5G deployments in Europe by 2020
In the 5G Action Plan [2], the EC proposed a harmonised roadmap towards 5G across the European Union, with trials starting from 2018 and initial commercial launches in 2020. One key objective is to ensure that every Member State will identify at least one major city to be "5G-enabled" by the end of 2020 and that all urban areas and major terrestrial transport paths have uninterrupted 5G coverage by 2025. The “5G Pan-European Trials Roadmap”[footnoteRef:4] released at the 4th 5G Global Event on 22-24 November 2017 in Seoul [14] expanded the work initiated in the context of the 5G Action Plan. One of its main objectives is to “support global European leadership in 5G technology, 5G networks deployment and profitable 5G business.”  [4:  https://5g-ppp.eu/wp-content/uploads/2017/05/5GInfraPPP_TrialsWG_Roadmap_Version2.0.pdf] 

In its "Strategic Roadmap towards 5G for Europe: Second Opinion on spectrum related aspects for next-generation wireless systems (5G)" [4], the RSPG considers the frequency band 3400-3800 MHz to be the primary band suitable for the introduction of 5G-based services in Europe even before 2020, which will be key for the success of 5G in Europe. Therefore, Member States should consider appropriate measures to defragment this band in time for authorising sufficiently large blocks of spectrum by 2020. Large blocks are important for the successful deployment and are discussed in more detail in objective #3.
Therefore, completion of CEPT activities (technical conditions, decision, defragmentation and synchronisation) on the 3400-3800 MHz band and their timely implementation at a national level are necessary to build Europe’s 5G readiness and to make this new ecosystem a reality. 
[bookmark: _Toc514186642][bookmark: _Toc522001308][bookmark: _Toc518633508][bookmark: _Toc528153210]Objective #2:  Common technical conditions with a harmonised TDD band plan
The ECC Report 281 “Analysis of the suitability of the regulatory technical conditions for 5G MFCN operation in the 3400-3800 MHz band” [9] proposes Least Restrictive Technical Conditions (LRTCs) that are compatible with 5G NR and with LTE. The LRTCs of the assignments in the band should be in line with this Report and with the ECC Decision (11)06 as amended in 2018 [3].
The ECC Decision (11)06 states in its Annex 1 that the frequency arrangement for the 3400-3800 MHz is a TDD band plan. TDD has been specified in 3GPP as the duplex method for 5G in 3400-3800 MHz. ECC Report 281 explains the advantages of this duplex method for this frequency range; notably supporting UL/DL traffic asymmetry and the ability to exploit channel reciprocity for effective AAS implementation.
[bookmark: _Toc514186643][bookmark: _Toc522001309][bookmark: _Toc518633509][bookmark: _Toc528153211]Objective #3:  make available large contiguous blocks for MFCN 
[bookmark: _Hlk527122937]According to CEPT Report 67 [15], the spectrum should be provided in a manner allowing for at least 3×50 MHz of contiguous spectrum. In order to respond to market demand, as expressed by industry, large bandwidths of 80-100 MHz contiguous spectrum are important to deliver high throughput 5G services in the 3400-3800 MHz frequency band. A large bandwidth will enable provision of increased data rates to support new usages e.g. related to eMBB, but will also support URLLC and will facilitate cost effective rollouts (more details in ANNEX 1:). 5G has the potential to deliver substantial performance and capacity improvements with largest amount of spectrum below 6 GHz. 
Ideally, large contiguous blocks of harmonised spectrum are made available to provide high throughput 5G based services in this range with the exact bandwidth per licensee to be determined by national award processes. By design, 5G NR will optimally support wideband operation, allowing operators to take full advantage of larger allocations of contiguous spectrum to increase peak rates and user experience, with manageable terminal complexity and minimal power consumption. Therefore, timely release of sufficient spectrum at reasonable prices is needed, if the 5G target launch date is to be met.
Ideally the whole 400 MHz would be made available in the band, noting that this may not be possible for all administrations. Facilitating the availability of large contiguous blocks in any spectrum award in this band will enable competition to determine the amount of contiguous spectrum each licensee can acquire in the award. 
[bookmark: _Toc514186644][bookmark: _Toc522001310][bookmark: _Toc518633510][bookmark: _Toc528153212]Objective #4: Investment and planning certainty 
The current licensing arrangements in the band based on the previous ECC Decision (11) 06 (from 2014) across Europe may not be supportive of the introduction of 5G within the timeframe.  National, regional or even local licences have been granted in this band. In some countries, relevant local/regional spectrum usage rights have been subject to trading in order to establish national footprint.
Technical conditions suitable for 5G have been developed with the assumption of individual authorisation. Further activities are on-going on synchronisation between 5G networks in a competitive environment and between 4G and 5G networks. 
Regulatory certainty and stability are necessary to incentivise operators/and other stakeholders (verticals) to invest in networks. Technical conditions to operate the network should be defined prior to the award, regardless of the type of authorisation regime, in order to give sufficient visibility to investors.
The establishment of regulatory frameworks which incentivize investment in national MFCN infrastructures in the European primary bands are essential to the success of 5G in Europe. If the 3400-3800 MHz band is intended for macro coverage for 5G on a national basis, national licences are preferred. Early re-allocation measures, freeing up enough spectrum in the 3400-3800 MHz band for 5G purposes will allow industry to plan investments with greater certainty. 
[bookmark: _Toc514186645][bookmark: _Toc522001311][bookmark: _Toc518633511][bookmark: _Ref522719426][bookmark: _Ref522719523][bookmark: _Ref522719557][bookmark: _Toc528153213]Possible way forward
The situation of the band as depicted in section 4 is not supportive of the objectives outlined above. In particular, there is still a significant amount of spectrum dedicated to uses that cannot be considered terrestrial systems capable of supporting MFCN. Some administrations still reserve nationwide blocks for services such as fixed links and military radars. 
In practice, FDD technology solutions have not been introduced in the market, so that assignments of paired spectrum are actually used for TDD usage mode. To improve efficiency, the rearrangement of FDD spectrum should be considered so that contiguous assignments are available to licensees. 
Furthermore, most of the spectrum licensed for MFCN (mobile or fixed broadband) is not supportive of key 5G objectives such as large contiguous bandwidths, national use or TDD allocations. 
[bookmark: _Toc500925582][bookmark: _Toc514186647][bookmark: _Toc522001313][bookmark: _Toc518633513][bookmark: _Toc528153214]Existing non-MFCN usage
To enable 5G services in the band administrations should consider what actions might be required with regard to existing usage rights that are not compatible with the existing MFCN framework. 
[bookmark: _Toc514186648][bookmark: _Toc522001314][bookmark: _Toc518633514][bookmark: _Toc528153215]Fixed Service
Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with 5G systems. Co-existence can be achieved through national coordination on a case-by-case basis nevertheless it introduces national complexity. It is therefore recommended to assess to possibility to relocate the fixed service to another band in the areas intended for 5G, and to assess the impact to regulatory certainty this may cause. 
[bookmark: _Toc514186649][bookmark: _Toc518633515][bookmark: _Toc522001315][bookmark: _Toc528153216]Fixed Satellite Service (FSS)
In CEPT countries, the 3400-4200 MHz band has been used for many years by the FSS for space-to-Earth links (downlink), together with the 5850-6725 MHz frequency band for Earth-to-space links (uplink). The 3600-3800 MHz and 3800-4200 MHz are usually used more extensively by FSS earth stations than the lower part 3400-3600 MHz.
CEPT has concluded that co-channel sharing is not possible between FSS and MFCNs in the same geographic area, and that sharing between FSS and MFCNs requires a sufficient separation distance between the services. The required distance varies considerably depending on system specifications (see ECC Report 203 [16]) and local geography. ECC Report 254 [5] provides a technical toolkit for coexistence between MFCN and FSS in the frequency band 3600-3800 MHz. 
In areas intended for 5G, such as urban, suburban areas, or along transport routes such as roads and railways, it is recommended that administrations consider relocation to a different geographical location or to a different band above 3800 MHz, taking into account considerations such as the impact on the FSS business (the cost of physical relocation, the cost of changing equipment), its level of use of the spectrum, the high-level target of introduction of 5G by 2020 and the opportunity cost of precluding 5G use in that area. 
In areas not intended for 5G, administrations could consider maintaining existing FSS installations. These installations could be protected with spectrum sharing mechanism as described in ECC Report 254:
Approach A: Specifying the maximum permitted interference powers or electric field strengths at the FS/FSS receivers and allowing full flexibility to the MFCN operators to comply with the specified limits. These may be expressed in terms of protection zones; 
Approach B: Specifying explicit restrictions on the frequency, or geographic location, or the e.i.r.p. levels (or a combination thereof) for the MFCN deployments. These restrictions can be expressed in terms of exclusion zones and/or restriction zones.
In the areas where 5G is intended administrations are recommended not to issue authorisations to new sites in this band for FSS and to consider the higher bands above 3800 MHz for future FSS usage.
[bookmark: _Toc514186650][bookmark: _Toc518633516][bookmark: _Toc522001316][bookmark: _Toc528153217]Broadband Wireless Access (BWA)
Considering the similarity between BWA and MFCN systems, it is concluded that BWA can co-exist under some conditions with MFCN systems that are licensed under the new BEM licensing regime (ECC Decision (11)06 revised 2018 [3]) or the previous one (ECC Decision (11)06 revised 2014). It shall be noted that various CEPT studies refer to the coexistence between BWA and MFCN (see CEPT Report 49 [17] and 67 [15] for example). 

In particular, according to CEPT Report 49, it has been noted that BWA systems compliant with previous framework may suffer from interference from MFCN systems operating according to the regulatory framework (ECC Decision (11)06 [3] as updated in 2014). Either a frequency separation or the application of BEM elements (2014) has been recommended[footnoteRef:5]; [5:  See CEPT Report 49 [17] ] 

The last CEPT studies (CEPT Report 67 [15]) highlighted the coexistence issues between LTE and 5G NR systems in adjacent frequencies and the conditions to be fulfilled to ensure the coexistence between either synchronised operation for AAS or non-AAS systems or unsynchronised operation for AAS or non-AAS systems. 
As a consequence administrations should assess the need to reorganise the BWA usage in order to make sufficient contiguous spectrum available for high throughput 5G applications. The reorganisation if needed should be engaged with no delay in order to make sufficient contiguous spectrum available suitable for 5G. Synchronisation between existing BWA networks and 5G are of importance for 5G introduction. The lack of synchronisation of these networks BWA/5G MFCN could imply the need of guard band between both networks. Synchronisation issue is currently being assessed by ECC. Specific implementation cases may be defined at national level[footnoteRef:6]. CEPT is developing a toolbox for the most appropriate synchronisation regulatory framework between 5G NR and LTE to help either network operators or administrations to address relevant coexistence issues.  [6:  See CEPT Report 67 ] 

Moreover in order to ensure a more efficient usage of spectrum, administrations may also assess the opportunities in some geographical areas to share the spectrum between LTE and 5G systems on co-channel basis. Possible re-used of relevant cross-border coordination limits within a co-channel national context between LTE and 5G systems should be further assessed on the basis on the future update of the ECC Recommendation (15)01 [18]. 
[bookmark: _Toc514186651][bookmark: _Toc522001317][bookmark: _Toc518633517][bookmark: _Toc528153218]Cross-border coordination
Cross-border coordination is not expected to be a significant issue between MFCN systems even in the context of fragmented usage in the bands. It is expected that reorganisation of the band will facilitate the bilateral and/or multilateral negotiations. CEPT will develop relevant guidance for 5G cross-border coordination. This will address also the LTE/5G NR cross-border coordination responding to various national migration approaches. On the basis of this future update of the ECC Recommendation (15)01 [18], it will be also appropriate to assess to reuse the LTE/5G systems cross-border coordination limits within a co-channel national operation.  
[bookmark: _Toc514186652][bookmark: _Toc522001318][bookmark: _Toc528153219]Existing MFCN licences
Existing licences that are compatible with the existing MFCN framework (ECC Decision (11)06 [3] and EC Decision 2014/276/EU [7]) can be preserved and upgraded as these licences could be used to deploy 5G services. 
However, administrations should consider two aspects:
Are the existing MFCN-compatible licences likely to result in actual usage? Administrations should assess the ability and intent of the licensee to deliver and invest on 5G services. From technology view point, the size of the licensed blocks and the duplex mode shall be carefully assessed in order to ensure they are compatible with 5G (see update harmonised technical conditions). The administrations could consider the licensee´s existing level of deployment, financial, operational and commercial capability. Licence obligations, for instance in terms of coverage or deployment of stations, should be assessed carefully. If licence holders have not yet deployed services of any kind, and they are unlikely to do so in the future, then administrations could consider setting other incentives to encourage surrender or trade of licences depending on national circumstances If this is not possible, administrations could consider not renewing the licences at expiration (use it or lose it approach);
What changes to MFCN-compatible licences are required? The technical licence conditions of existing licences are unlikely to align with the technical conditions in the amended ECC Decision (11)06 [3]. In addition, in some cases the licences may not be technology neutral or support trading of spectrum usage rights. It is therefore recommended that administrations vary the technical licence conditions of existing licences to align with the amended Decision, and that they vary the general licence conditions to allow trade of the access rights granted by the licences, and that administrations remove any conditions mandating specific technologies and application. Competition issues should be taken into due consideration in case of change of technical conditions. These interventions could facilitate market trades that result in a more efficient arrangement of the band.  However, the variation of licences should not preclude continued operation of the already deployed equipment (compliant with the current MFCN regulatory framework). This is ensured by the fact that the amended ECC Decision (11)06 [3] is being defined so that “continued operation of existing MFCN equipment compliant to ECC DEC (11)06 is to be ensured, without impacts”.
[bookmark: _Toc514186653][bookmark: _Toc522001319][bookmark: _Toc518633518][bookmark: _Toc528153220]	Fragmentation of the spectrum of existing MFCN licences
The 2016 ECO questionnaire [10] (Figure 1 in section 3) shows that a majority of existing MFCN licences have a bandwidth of 30 MHz or lower. A majority of licences (62%) are for paired blocks. These licences are not appropriate for the current TDD band plan for 5G (see ECC Report 281 [9] and ECC Decision (11)06 as amended in October 2018) [3] in the 3400-3800 MHz and do not support the wide bandwidths required for 5G. In addition, some existing licensees may want to deploy 5G in the band, whilst others may prefer to continue using their existing technology (WiMAX, LTE) or to deploy something else (LTE most likely). 
Bearing in mind the diversity of scenarios, administrations may nevertheless want to consider to:
Take advantage of technology migration. The band has been assigned in various countries for Broadband Wireless Access (BWA) applications. In practice FDD technology solutions have not been introduced in the market, so that assignments of paired spectrum are actually used for TDD usage mode. These systems may have consistently migrated from WiMAX to LTE technology over the recent years. This market-driven migration process from WiMAX to LTE equipment could be exploited to accommodate defragmentation, while maximising possible spectrum availability for 5G deployments.
Encourage licence trading and facilitate larger contiguous blocks, so that the band becomes less fragmented. Some of licensees that hold small and paired blocks may be willing to deploy 5G. It may be possible to re-arrange those blocks into larger and contiguous blocks. This would require little intervention from the administration besides making the licences tradable. 
Take advantage of the award to further remove fragmentation. Design appropriate market based award mechanisms that do not exclude existing incumbents in obtaining spectrum rights of use in an appropriately sized geographic area to continue providing services. If the release of new spectrum in the band takes the form of an auction, a final auction stage (an assignment stage) can be put in place where participants bid to choose where exactly in the band their holdings are placed. Existing licensees can be offered to participate in this stage, bringing their existing spectrum holdings to the pool of spectrum to be re- assigned. The benefit for existing licensees would be that they can bid to unify their current holdings in a single contiguous block if they are still non-contiguous, or to unify their current holdings with new spectrum that they might have obtained at the award
Stack existing licences together, so that a large contiguous sub-band can be made available for 5G services. In some countries there are unused blocks that are interlaced with the MFCN licences. It is suggested that administrations re-organise these unused blocks so that licences already assigned for MFCN are next to each other. This would allow to move all the empty blocks together, and hence to make available a larger, contiguous block that can be released for 5G services (see Figure 6 below for an example of this process).
[bookmark: _Toc514186654][bookmark: _Toc522001320][bookmark: _Toc518633519][bookmark: _Toc528153221]	Coexistence of different technologies in adjacent blocks
A TDD band plan has been chosen by ECC for the amended ECC Decision (11)06 [3]. Interference between networks can be a problem when different operators deploy TDD networks in adjacent blocks. This problem can be addressed with common synchronisation and alignment of UL/DL transmissions, or with guard bands, or with geographical separation of the transmitters. The most efficient solution, from the perspective of spectrum use, is to adopt synchronisation. In this case, the networks can operate in adjacent spectrum and collocated. ECC Report 281 [9] and the Report on synchronisation that ECC will produce address this in more detail.
A particular case is a frequency adjacency between 4G LTE and 5G NR networks. Synchronisation of 5G NR with LTE may not be possible or desirable, in which case guard bands or geographic separation are the only possible solutions to avoid interference. 
In scenarios where guard bands are appropriate it is important to reduce the number of adjacencies between the two technologies. Administrations could consider migrating all existing LTE networks to an end of the 3400-3800 MHz band, so that there is only one 5G-LTE boundary. In practice this would be akin to establishing two sub-bands, one for LTE (or other technologies) and another for 5G NR. 
Admittedly, it may not be possible for administration to get a clear view of which licensee will use which technology. Furthermore, some licensees may decide to operate LTE for a period of time and then migrate to 5G NR. However, to the extent possible administrations should try to get information about the technology plans of the licensees and re-organise the frequency position of the blocks accordingly.
[bookmark: _Toc514186655][bookmark: _Toc522001321][bookmark: _Toc518633520][bookmark: _Toc528153222]Geographic fragmentation
[bookmark: _Toc514186656][bookmark: _Toc522001322][bookmark: _Toc518633521][bookmark: _Toc528153223]Considerations on the geographic scope of licences 
Spectrum licences can be awarded with a range of different geographic scopes, i.e. the geographical areas where the use authorised by the licence can take place. MFCN licences typically authorise use of a block of frequencies over a whole country, e.g. national licences in 900 MHz, 1800 MHz for 2G, 2100 MHz for 3G, 800 and 2600 MHz for 4G. 
However, smaller geographic scopes are possible and have been used in the past for other services, such as FWA. As captured by the ECO questionnaire and shown in section 4, regional licences have been issued by administrations in the past.
Possible alternatives, which may be considered by administrations when deciding on the geographical area that a licence can cover, are described below:
National licence: The licence authorises use of a block of spectrum over the whole area under the jurisdiction of the issuing administration, i.e. the country. The licence is typically issued after a competitive award such as an auction or a beauty contest. National licences reduce the risk of co-channel interference that may exist with regional/geographical licences;
Regional/geographic licence: The licence authorises use of a block of spectrum over a defined geographical area. Administrations can define the areas in different ways based on regional and local boundaries or a geometric grid (for example 50kmx50km squares). The award process can provide for the availability of multiple regional licences so that an applicant has the possibility to combine regional licences to obtain the equivalent of a national licence;
Individual transmitter(s): The licence authorises the use of one (or more) transmitters whose characteristics are defined in the licence. These characteristics would notably include the location, height and transmitted power and therefore indirectly define the coverage and usage area. The licences may also allow the use of mobile devices, under the requirement that they are controlled by the main transmitter[footnoteRef:7]; [7:  A variation of the individual transmitter licence is one where the licence specifies a geographical area and authorises the use of certain type of equipment, perhaps with a limitation on the number of devices. This licence would also be issued on the demand of an application, who would specify in its application the geographical area of its interest (for instance as a polygon)] 

Unlike national and regional licences, these licences are normally issued on request of applicants on a case by case basis and not by means of an award. Applicants would specify in their applications the characteristics of the transmitters according to their business requirements. They are typical of private mobile networks and issued on a first come first served basis.
In determining the appropriate geographic scope of the spectrum assignments, administrations should be guided by their statutory objectives which may include:
ensuring the efficient management and use of the radio frequency spectrum; 
contributing to the development of the internal market;
promoting the interests of users within the community;
providing for technological neutrality;
promoting competition.
Further to the above, in considering the geographic extend of an award, Administrations should choose an approach that is most appropriate to their national situation, in this regard considerations may include: 
the geographic extent of the current users of the band be it national, regional or individual transmitters; 
the population density of specific geographic areas;
spectrum efficiency considerations, including whether there are different potential use cases in different areas of the country, e.g. urban or rural. 
The award of regional licenses may require additional regulatory considerations and it needs to be balanced in determining an award design. Additional matters to consider in designing regional awards include:
the definition of the boundaries between regions;
the coexistence rules at the boundaries or regions (ECC Recommendation 15(01) [18] considers cross-border coexistence in the 3400-3800 MHz band which may be useful to consider in this context and in particular the future update addressing co channels issues between LTE and 5G systems.); 
the coordination mechanism between operators to allow for the more detailed sharing of networks across boundaries;
whether networks are envisaged for national transport paths (i.e. along national rail and road corridors)
the use of an award mechanism where both regional and national licences are available subject to demand may in some national situations assist in defragmenting the band as it may allow an opportunity for existing regional licensees to maintain and enhance services while also allowing national licences to be issued for the introduction of large contiguous bandwidths for 5G services.
Annex 2 contains a detailed assessment of the advantages and disadvantages of national, regional and individual licences in the context of mobile use. The table below summarises advantages and disadvantages from a more general perspective.
Table 6: Advantages and disadvantages of different licensing scopes
	Licensing scope
	Advantages
	Disadvantages

	National licence
	Reduced regulatory burden
Support national networks and operators
	Restricts access to smaller organisations
Low incentive for roll out in rural areas, in absence of roll out obligations

	Regional licence
	Flexibility for operators to bid for the regions they are interested in
Regional players may emerge
Enables existing regional incumbents to continue operating
Promotes competition and other MFCN services
	Buffer zones at the boundaries to avoid co-channel interference between users at each side 
Additional burden for the administrator to define, issue and manage licences, and for the operators to plan and run networks
Seamless coverage along transport paths (rail, roads) becomes complicated 
Does not facilitate localised, private networks

	Individual 
transmitter(s)
	Suitable for private networks
Access rights are only awarded where and when there is demand
	Regulatory burden is high for deployment of MFCN networks
Not suitable for locations with excess demand


[bookmark: _Toc514186657][bookmark: _Toc522001323][bookmark: _Toc518633522][bookmark: _Toc528153224]Dealing with geographic fragmentation
Several European administrations are in a situation where regional or local licenses have been issued in the band. Regional assignments have been made in previous years (2007-2009) for the 3400-3600 MHz which at that time was not considered as a key band for 4G, but rather a FWA band or a promising band for hotspot coverage with limited take-up. These countries may now consider migrating the band to national licences for 5G use. In this context, these administrations could consider, independently or combined, the guidance in point i) to iv) in section 8 and the impact on regulatory certainty that these actions could bring about. 
Administrations could also consider the following more specific actions:
Clearance of existing regional licences. In some cases the licensees have very little use of the spectrum, or do not have the financial capability to invest in the network or develop a 5G service in the future, an administration could consider the guidance in points i) to v) mentioned above
Facilitate consolidation. Encourage trades of spectrum rights of use that result in bigger players, or in national MFCN operators acquiring the regional licences. Secondly, if one single organisation holds several regional licences, the administration may be able to upgrade those disparate regional licences into one single national licence. However, if the regional licences are in different frequency blocks, it would be necessary to migrate them first to a single block. This upgrade would normally involve a one-off payment from the licensee, or an increase in the annual licence fee, and would therefore require the agreement of the licensee.
The existing regional licences, when considered all together, may not cover the whole country (“Swiss cheese” scenario). This may happen, for instance, if the licences are based on local authority areas and a significant number of them have gone unsold. In this case, the administration may consider issuing an overlay national licence for 5G, which gives the right to use the spectrum in the areas without existing regional licences. The administration could as well facilitate and encourage trades between the existing licensees as the holder of the overlay. 
[bookmark: _Toc500925613][bookmark: _Toc514186658][bookmark: _Ref515895378][bookmark: _Toc518633523]

[bookmark: _Ref521677371][bookmark: _Toc522001324][bookmark: _Toc528153225]Example steps to convert fragmented authorisations to large contiguous blocks
[bookmark: _Toc514186659][bookmark: _Toc522001325][bookmark: _Toc518633524][bookmark: _Toc528153226]Example 1: step by step defragmentation
This hypothetical example assumes a starting scenario where part of the 3400-3800 MHz is already licensed for MFCN services (including FWA), and the rest of the band is either licensed to other services or not used. The target of the administration would be to achieve large contiguous blocks for 5G, but preserving the existing MFCN licences.
[image: ]
Figure 4: Example 1, starting point
Proposed steps towards large contiguous blocks for 5G use:
Serve notice of revocation to existing fixed services licensees in 3600-3800 MHz;
Assess whether the four licence holders below 3600 MHz have deployed networks, or have credible plans to deploy in the future. If not, revoke the licence(s);
Vary the licence conditions of existing licensees to align with the amended ECC Decision (11)06 [3] and to allow trading;
Encourage existing licensees to trade in order to reach a situation with larger, contiguous blocks. This could ideally result in a situation as shown in Figure 5 below.

[image: ]
[bookmark: _Ref515890595]Figure 5: Example 1, defragmentation through market trades
5	Remove the gaps between existing licences (Stack) in order to create a large contiguous sub-band, unencumbered of existing use, ready for release. Figure 6 below shows what this would look like;
[image: ]
[bookmark: _Ref515023502]Figure 6: Example 1, stack existing licensees to create a large block ready for release
6	Award the free block under terms that facilitate 5G adoption and 5G policy goals. These include technology and service neutrality, licence conditions in line with the amendment of ECC Decision (11)06 [3], and the right to trade the spectrum rights of use;
7	Encourage existing licensees to participate in the assignment stage of the award. These licensees would bring their current blocks to the assignment stage, and bid to position those blocks adjacent to the new blocks gained in the first stage of award. Alternatively, the administration could intervene to re-organise the band after the award so that no licensee holds dis-contiguous blocks. An example is in Figure 7 below;
[image: ]
[bookmark: _Ref515023549]Figure 7: Example 1, defragmentation at the assignment stage or after the award
[bookmark: _Toc514186660][bookmark: _Toc522001326][bookmark: _Toc518633525][bookmark: _Toc528153227][bookmark: OLE_LINK16]Example 2: defragmentation in the geographic domain
This hypothetical example assumes a starting scenario where the 3400-3600 MHz band is licensed as four 2×25 MHz blocks, and the country is divided in 12 geographical areas: 8 regional licences according to regional boundaries and covering the entire country, but excluding the main 4 urban areas, and 4 local licenses for those 4 urban areas. Regions 6 and 8 have the lowest population density and some blocks have gone unsold in those regions. Five companies obtained licences at the time of the award. Company D has not deployed networks, and company E has focused on the urban areas. The administration would seek to facilitate and encourage market trades, and intervene to consolidate when possible, in order to achieve national blocks. 
The hypothetical starting point is shown in Figure 8 below:
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[bookmark: _Ref515023563]Figure 8: Example 2, starting point
As a first step, company D relinquishes its licences. This could be through revocation, if the administration has the power to do so, or through incentives such as tax breaks, or through expiration of the licence. Company D could also be encouraged to trade one or more of the regions that it holds. For instance, it could trade its block in Region 1 with company A, which would achieve an almost national coverage with this. The figure below shows the lay out after this trade has taken place and after the licences from company D have been surrendered.
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Figure 9: Example 2, revocation of licences of Company D & trade between A & D
Company E is only interested in urban areas, so it could be encouraged to surrender or trade its holdings in Region 5 and in Region 2. These licences may also become available due to licence expiration. In addition, companies B and C could swap their blocks in Region 7. The layout would then look as follows:
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Figure 10: Example 2, further trades between licensees

The administration could now propose to companies A and C to extend the coverage of their licences to Regions 6 and 8, for a fee. The administration also now has the option to release the 3475-3500 MHz/3575-3600 MHz blocks as single licence for the country bar Region 7 and Local Area 4. The newcomer could negotiate a trade a spectrum usage rights for these two regions with company C – who holds the licences in the blocks – and thus achieve national scope. 
If company A and B accept to extend their licences, then a large part of the band would be available in geographically contiguous blocks. As part of the process, the administration should also consider defragmentation in the frequency domain. If all parties involved are supportive of this, the final assignments could become as shown below – a significant improvement compared to the starting scenario.
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[bookmark: _Toc500925602][bookmark: _Toc500925603][bookmark: _Toc500925604][bookmark: _Toc500925605][bookmark: _Toc500925606][bookmark: _Toc500925607][bookmark: _Toc500925608][bookmark: _Toc514186661]Figure 11: Example 2, final assignments


[bookmark: _Ref515892232][bookmark: _Toc522001327][bookmark: _Toc518633526][bookmark: _Toc528153228]Examples of National Experiences 
[bookmark: _Toc514186662][bookmark: _Toc522001328][bookmark: _Toc518633527][bookmark: _Toc528153229]France
In France, the work has started with a public consultation since the mid of 2017 to prepare for the launch of 5G in the frequency band 3400-3800 MHz.
An overall reorganisation of the radio spectrum in the band 3400-3600 MHz is on-going and existing BFWA 3400-3600 MHz band licences will be regrouped, in the form of contiguous blocks, towards the bottom part of the band in order to make sufficient contiguous spectrum suitable for 5G. Moreover, France intends to grant new authorisations, in accordance with EC Decision 2014/276/EU [7], in allowing 40 MHz (3420-3460 MHz) to be used to provide BFWA (superfast fixed internet access) in whose areas that will not otherwise have satisfactory solutions in the short or medium term Spectrum Refarming Fund is used to realise the migration of services currently using the band (fixed service) speed up the process. 
The targeted reorganisation of the band intends to make possible to have more than 300 MHz of contiguous spectrum available for 5G by 2020, and 340 MHz by 2026.
[bookmark: _Toc514186663][bookmark: _Toc522001329][bookmark: _Toc518633528][bookmark: _Toc528153230]Latvia
The frequency band 3400-3800 MHz currently is open for networks in accordance with 2014/276/EU [7], ECC Decision (11)06 [3] and ECC Decision (07)02 [6] decisions in Latvia. The 3410-3800 MHz band is used by five operators for Broadband Wireless Access (BWA) point-to-multipoint systems in FDD and TDD mode with the channel arrangement both Nx5 MHz and differing from Nx5 MHz. 
Such use is foreseen until end of 2018. During this transition time rearrangements in the band planned to be completed providing operation of MFCN in TDD mode in the whole 3400-3800 MHz band. 
The frequency band 3400-3800 MHz planned to be rearranged into 8x50 MHz TDD contiguous spectrum blocks from January 2019 both for national and regional use. The minimal contiguous frequency block size for implementation of MFCN starting from January 2019 in the frequency band 3400-3800 MHz will be 50 MHz per one operator. Such was the agreement of operators and regulatory bodies. In result of replanning existing users (operators) will maintain currently assigned spectrum in the band normalised to 50 MHz contiguous frequency blocks. 
In result of this replanning/defragmentation of the band additionally 2x50 MHz frequency blocks were made available for new users. The auction of these two 50 MHz frequency blocks took place in Riga in November 2017 and concluded successfully. In parallel, frequency coordination negotiations with neighbouring countries are in progress for MFCN in this band (see also Doc. ECC PT1(17)034 [19]).
[bookmark: _Toc514186664][bookmark: _Ref515892195][bookmark: _Toc522001330][bookmark: _Toc518633529][bookmark: _Toc528153231]Ireland
A case study has been prepared to detail the approach taken by the Commission for Communications Regulation (ComReg) in Ireland for the release of the spectrum rights of use in the 3400-3800 MHz band. This document is in Annex 3
On 01 June 2017, ComReg published the results of its 3.6 GHz Band Spectrum Award (“Award”) in ComReg Document 17/46, “Information notice on results of the 3.6 GHz Band Spectrum Award” [20]. 
As set out in ComReg Document 17/38, ”Results of ComReg 3.6 GHz Spectrum Award including the provisional frequency plan” [21], the Award resulted in five Winning Bidders as follows:
Airspan Spectrum Holdings Ltd (“Airspan”) 60MHz/25 MHz in urban/rural regions;
Imagine Communications Ireland Ltd (“Imagine”) 60 MHz in rural regions;
Meteor Mobile Communications Ltd (“Meteor”) 85 MHz/80 MHz in urban/rural regions;
Three Ireland (Hutchison) Ltd (“Three”) 100 MHz nationally;
Vodafone Ireland Ltd (“Vodafone”). 105 MHz/85 MHz urban/rural regions.
Key points from Ireland’s 3.6 GHz Spectrum award included:
Largest incumbent obtained a regional licence;
New entrant;
All MNO’s getting large contiguous blocks of spectrum in the order of 80-100 MHz;
Existing use (state services) was maintained.
No spectrum floor was set in the award, only a Competition cap of 150 MHz per region. The Final Frequency Plan is as set out in Figure 12:
[bookmark: _Ref515891693][bookmark: _Toc518633530][bookmark: _Toc514186665][bookmark: _Ref515892197][image: ]Figure 12: Final frequency plan from the Irish spectrum award
[bookmark: _Toc522001331][bookmark: _Toc528153232]United Kingdom
The UK has made 3410-3600 MHz available for MFCN and intends to make 3600-3800 MHz available for MFCN by the end of 2019. In the 3410-3600 MHz award in April 2018, the UK included an assignment stage in the auction design which would allow for defragmentation of the existing mobile holdings of Hutchison 3G UK in the band (3480-3500 MHz and 3580-3600 MHz). Hutchison 3G UK chose not to bring its existing holdings to the assignment stage of the auction, resulting in a split assignment.
In 2016, the UK initiated work to make the spectrum not already assigned for electronic communications services in the 3600-3800 MHz band available for future mobile services including 5G in compliance with 2014/276/EU. 
In October 2017 the UK confirmed its approach to make the band available for mobile and commenced the statutory process of notifying licensees and grant-holders of the proposed revocations and/or variations to their licences.
Having taken into account stakeholders’ representations, on 2 February 2018 the UK published its update outlining the outcome of its decision. The UK issued notices to revoke all 24 fixed links licences in the band as proposed, with an effective date of 23 December 2022; the UK varied 12 Permanent Earth Station licences and three grants of recognised spectrum access (RSA) as proposed, with an effective date of 1 June 2020; and the UK varied one grant of RSA with an effective date of 1 September 2020. 
In those areas where future mobile deployment would be constrained by existing users, spectrum will nevertheless be available to enable future mobile services to be deployed in many areas from June 2020, but not necessarily nationwide before the end of 2022. In other areas these frequencies could be used from the date on which the new licences are acquired in the award. The UK intends to deliver the award of the spectrum not already assigned for electronic communications services in the second half of 2019. 
[image: ]
Figure 13: MFCN holdings in the UK after the 3400-3600 GHz award
[bookmark: _Toc514186666][bookmark: _Toc522001332][bookmark: _Toc518633531][bookmark: _Toc528153233]Italy
The Ministry for the Economic Development (MISE) is about to to release spectrum in the 3600-3800 MHz range: bidding will take place in September 2018. Bidders will submit their economic offers for two blocks of 80 MHz and two blocks of 20 MHz. Spectrum will be assigned with individual usage rights on a nationwide basis, with some sharing provisions with incumbent systems. A spectrum cap of 100 MHz is applied across the whole 3400-3800 MHz band.
The 3400-3600 MHz range was organised in 21MHz paired blocks and was assigned in 2008 to several licensees on a regional basis, a portion within this range (2x37 MHz) is currently under the responsibility of the Ministry of Defense. AGCOM (Autorità per le Garanzie nelle Comunicazioni) has recently reviewed a request from the licensees to extend their licences, initially expiring in 2023, to 2029. AGCOM has responded positively to the request although not for all existing licensees. The licence extension will come with attached conditions, notably:
The extension is authorised until December 31st 2029;
The beneficiaries of the extension must comply with the technical and legal obligations of the existing rights of use until the new deadline; they will have to adapt to the harmonisation standards and the employment parameters related to the new 5G standards with TDD channels, as well as to any coexistence measures that may be necessary for the development of 5G systems;
The extension may be granted up to a maximum of 40 MHz for each of the assigned lots;
The beneficiaries of the extension are required to send to the Ministry of Economic Development and to AGCOM, on an annual basis, a detailed report of sites, coverage, investment and technologies being used;
The beneficiaries of the extension undertake to adhere to a reorganisation plan for the frequency defragmentation of the band;
The beneficiaries of the extension undertake mitigation and coordination measures, including specific synchronisation parameters. 
[bookmark: _Toc528153234]Spain
Spain released the 3600-3800 MHz block in July 2018 by means of a competitive award. The award saw the release of 40 blocks of 5 MHz in two stages:
Principal stage consists of a Simultaneous Multiple Round Auction of generic blocks, 
Assignment stage where the Auction Board would assign specific blocks to the winning bidders, on the basis of a proposal to be submitted jointly by the bidders. Their proposal must be for contiguous blocks. 
A key feature of the award was a spectrum cap of 120 MHz for holdings in 3400-3800 MHz. The characteristics of the licences offered are:
National scope; 
20 years duration (renewal not guaranteed);
Technology and service neutral;
Technical conditions as specified in EC Decisions 2008/411/CE and 2014/276/EU;
TDD bandplan;
Auction fees payable in annual instalments over 20 years;
Subject to annual licence fees (in addition to the auction fees);
Trading allowed but not until two years after the auction;
No coverage or deployment obligations;
The results of the principal stage are as follows:
[bookmark: OLE_LINK4]ORANGE: 60 MHz;
TELEFÓNICA: 50 MHz;
VODAFONE: 90 MHz.
As of August 2018, the assignment stage is not completed. The winning bidders are expected to present a common proposal in this stage for the arrangement of the band, on the basis of contiguous assignments.
The 3400-3600 MHz block is already assigned for use in accordance with EC Decisions 2008/411/CE and 2014/276/EU, with the exception of 2x20 MHz reserved for Defence use.  Masmovil, one of the four Spanish mobile operators, acquired in 2018 two of the existing licences in 3400-3600 MHz thus gaining access to 2x40 MHz in the band. 
The layout of the 3400-3800 MHz block as of August 2018 is as follows:
[image: ]
Figure 14: Layout of 3400-3800 MHz band in Spain
Following the trades by Masmovil and the auction, all spectrum rights for the band excluding the Defence blocks are in the hands of the four mobile operators. It is expected that the operators will negotiate arrangements that result in defragmentation of the band.

[bookmark: _Toc514186667][bookmark: _Ref515894959][bookmark: _Toc522001333][bookmark: _Toc518633532][bookmark: _Ref522719569][bookmark: _Toc528153235]Guidance to administrations on defragmentation of the 3400-3800 MHz band 
The current situation concerning the availability of the 3400-3800 MHz is very complex. In 2016, CEPT carried out a questionnaire on the use of the band. 40 responses were received to the questionnaire, including 30 from administrations and 10 from industry. As explained in detail in section 4, this questionnaire addressed the current situation at the time, including the actual utilisation (e.g. deployment areas) and the authorisation of the 3400-3800 MHz band. In addition, it considered the future plans of the authorised users in the band and the national plans.
This ECC Report provides some guidance to facilitate defragmentation of the 3400-3800MHz band, which includes facilitating 5G usage and fulfilling the following objectives:
Successful 5G deployments in Europe by 2020;
Common technical conditions with a harmonised TDD band plan;
Availability of large contiguous blocks of spectrum to licensees;
Investment and planning certainty. 
These guidelines are not mandatory to administrations. Certain countries have already completed spectrum awards or are in the process of doing so. Therefore, some administrations have already made policy decisions on fragmentation aspects, and thus the guidelines in this section may not be applicable to them. On the other hand, administrations that still have to develop their policy for the band would find this section useful to inform their decisions. 
Administrations should establish national plans, consistent with the RSPG recommendation to enable 5G deployments by 2020, to make available sufficient contiguous spectrum for 5G/IMT-2020, this may impact some of the current rights of use of incumbent users. National administrations can consider a number of options that can be used independently or combined, including but not limited to:
i. [bookmark: _Ref515894996]Early termination of incumbent licences which are set to expire beyond 2020;

ii. Moving incumbent licences to alternative bands;

iii. Liberalising existing authorisations which expire beyond 2020 to allow them to be used for 5G services and implement where needed trading and leasing across the band.

iv. [bookmark: _Ref515895006]Move incumbent licences into one part of the band in order to release the largest contiguous spectrum for an award that enables 5G services.
Each of these options, their advantages and disadvantages are dealt with in detail in section 5 of this Report.
While any change to the authorisation regime in the band might take some time, it is important that administrations disclose their plans for the whole 3400-3800 MHz range to give legal certainty to all stakeholders and facilitate their plans for future investments in this band.
A review of the 3400-3800 MHz band shows that in many European countries this band has remained used to a very limited extent. This spectrum will be key to enable timely initial 5G deployments (around 2020), which is expected to bring substantial social and economic benefits for Europe. 
Mobile communications play various, continuously evolving roles in everyday life. Future IMT systems will support emerging new use cases, including applications requiring very high data rate communications, a large number of connected devices, and ultra-low latency and high reliability applications. It is proposed that administrations consider the following guidance:
1. Decisions from administrations could be supported by national measures such as carrying out public consultation and taking into account the market demand as well as the assessment of the competitive, technical and economic situation;
Administrations need to duly consider at a national level competition issues namely in order to avoid market distortions when measures are proposed to enable 5G usage;
New assignments should be based on the harmonised technical conditions (ECC Decision (11)06 revised in 2018 [3]) to allow the deployment of 5G and should follow the principle of technology and service neutrality to enable the deployment of 5G technology and provision of various 5G use cases; 
Administrations should facilitate the availability of large contiguous blocks of spectrum in spectrum awards which will enable competition to determine the amount of contiguous bandwidth each licensee can acquire. Large bandwidths of 80-100 MHz contiguous spectrum are considered by industry as important to deliver high throughput 5G services in the 3400-3800 MHz frequency band
Reassigning the 3400-3800 MHz band and making it available in a timely manner for initial deployments around 2020 will ensure a harmonised European-wide successful 5G introduction. Enable stakeholders to undertake 5G pilot projects; 
Review current authorisations in force in that band: BWA,  fixed links, satellite earth stations, and retain only those which were delivered according the new EC and CEPT regulatory framework i.e. 2014/276/EU [7] and ECC Decision(11)06 [3]. In areas intended for 5G, it is recommended that administrations consider relocation to a different geographical location or to a different band above 3800 MHz, with the goal of making the band substantially available by 2020. ECC Report 254 [5] provides guidance to administrations for spectrum sharing to support the implementation of the current ECC framework in the 3600-3800 MHz range, and for co-existence with FS and FSS; 
Concerning BWA, administrations should assess the need to reorganise the BWA usage in order to make sufficient contiguous spectrum available for high throughput 5G applications. The lack of synchronisation of these BWA networks with 5G MFCN could imply the need of guard band between both networks. Specifics implementation cases may be defined at national level. CEPT is developing a toolbox for the most appropriate synchronisation regulatory framework between LTE and 5G NR to help either network operators or administrations to address relevant coexistence issues. Moreover in order to ensure a more efficient usage of spectrum, administrations may also assess the opportunities in some geographical areas to share the spectrum between LTE and 5G systems on co-channel basis. Possible re-use of relevant cross-border coordination limits within a LTE and 5G systems co channel national operation should be further assessed on the basis on the future update of the ECC Recommendation (15)01.        
Consider impact of technical issues, such as synchronisation, guard-band, coexistence etc. when designing 5G licensing principles (including ECC Report 281 [9] and the ongoing synchronisation work in ECC). Minimising the number of frequency boundaries between technologies is preferred; 
The coexistence of different type of technologies (including duplex access schemes) needs to be taken into account e.g. as TDD networks synchronisation (see ECC Report 216 [22]) and FDD vs TDD coexistence;
Other issues, such as Cross-border coordination could be managed on bilateral/multilateral basis. CEPT will develop relevant guidance for 5G and LTE/5G cross-border coordination. 
Section 5 outlines possible ways forward to implement this guidance.
[bookmark: _Toc514186668][bookmark: _Toc522001334][bookmark: _Toc518633533][bookmark: _Toc528153236]Conclusions
[bookmark: _Hlk513534784]Successful timely 5G launch in CEPT countries will benefit from the availability of large contiguous blocks of spectrum in all or part of the pioneer 5G band (3400-3800 MHz). In particular, in order to respond to market demand, as expressed by industry, to ensure a possible introduction of MFCN systems requiring very large contiguous bandwidths (80-100 MHz), on the basis of nationwide coverage, it may be necessary for the administrations to reorganise the 3400­3800 MHz band in order to provide wide contiguous spectrum  with the exact contiguous bandwidth per licensee to be determined by national award processes. 
Due to the current fragmentation of the band, this may not be reached in some CEPT countries by 2020. CEPT Administrations should therefore assess the necessary actions to make large contiguous blocks of spectrum available for high throughput 5G services in a timely manner. 
National actions are required to consider how to reorganise the entire band, to make it available for 5G before 2020 to give Europe the advantage of being a leading region for innovative 5G services, and to maximise social/economic benefits. It is up to each national administration to introduce 5G according to national policy objectives. New assignments should be based on technical conditions for the usage of 5G in this band settled in the amended ECC Decision(11)06 [3] in 2018, which have been developed on the basis of technology neutrality principle. 
Administrations should not preclude award outcomes with smaller bandwidths, and existing MFCN incumbents should not be excluded from obtaining spectrum rights to continue providing services.
Timely availability of the 3400-3800 MHz band for 5G deployments is crucial for the success of 5G in Europe. National administrations are expected to apply appropriate measures, such as those in sections 5 & 8 of this report, to defragment this band for authorising large spectrum blocks by 2020.
[bookmark: _Toc169147730][bookmark: _Toc380059616][bookmark: _Toc380059758]
[bookmark: _Toc514186669][bookmark: _Toc522001335][bookmark: _Ref522005216][bookmark: _Ref522285570][bookmark: _Toc518633534][bookmark: _Toc528153237][bookmark: _Toc380059620][bookmark: _Toc380059762]benefits of large contiguous blocks to support 5G introduction 
This annex gives background and explains the benefits of large contiguous blocks (of 80/100 MHz per licence).
5G-NR is designed for large bandwidths
By design, 5G NR will optimally support wideband operation, allowing operators to take full advantage of larger allocations of contiguous spectrum to increase peak rates and user experience, with manageable terminal complexity and minimal power consumption (e.g. without requiring carrier aggregation in case of New Radio).
5G NR on large bandwidths will reduce terminal front end complexity and power consumption, compared to LTE using multiple 5 to 20 MHz carrier aggregations to exploit a similar large bandwidth. Wideband carriers and flexibility in sub-carrier spacing result in an efficient RF front-end for NR, and in addition baseband processing with improved power consumption per Mbit/s and per MHz. LTE can use Carrier Aggregation to aggregate multiple 20 MHz channels, but as the number of channels to be aggregated increases, LTE will become less efficient than a 5G-NR system which is designed to inherently leverage wideband TDD deployments and massive MIMO.
5G NR will also bring the ability to “multiplex” new forward compatible services with limited impact on eMBB capacity needs, and the ability to deliver simultaneous wireless backhauling and front-hauling capabilities to 5G NR base station. A wide bandwidth channel will significantly facilitate the use of these capabilities and therefore contribute to the faster introduction of new services.
Finally, it is worth noting that the key element for successful deployment of massive MIMO and active antennas is the availability of large contiguous bandwidths, as this will enable absolute gains from massive MIMO to support new usages related to eMBB.
On the importance of at least 100 MHz channel bandwidth per operator for 5G
To ensure proper 5G eMBB user/service experience, the experienced rate needs to be in excess of 100Mbps. 100 Mbps can meet most service/application requirements. This is captured in ITU-R M.2410, which contains minimum requirements for IMT-2020 radio interfaces. M.2410 sets target values for the user experienced data rate are in the Dense Urban – eMBB test environment: 
Downlink user experienced data rate is 100 Mbit/s. 
Uplink user experienced data rate is 50 Mbit/s. 
More specifically and by way of example, some of the key 5G eMBB applications are related to video and to Virtual Reality (VR), which require very high data rates. For instance, 4K Video and HD 360° Video would require, respectively, 15~20Mbps and 80~100Mbps. Virtual reality (VR) and Augmented Reality (AR) applications also have high throughput and latency requirements.  The table below shows the requirements for some VR and AR scenarios:
Table 7: VR & AR throughput requirements[footnoteRef:8] [8:  Source: GSA] 

	Use case
	Resolution
	DL: Peak rate per user (Mbps)
	DL: Average rate per user (Mbps)
	UL: Peak rate (Mbps)
	UL: Average rate (Mbps)

	AR shopping guide, no Head Mount Display
	
	1
	0.01
	0.1
	0.01

	VR video, no eye tracking
	30 pts / deg
	260[footnoteRef:9] [9:  Tiles (pre-created video files for a certain viewing direction; 20 tiles cover full sphere)] 

	56
	1
	0.1

	AR game, no eye tracking
	30 pts / deg
	260
	1
	62
	60

	VR game, no eye tracking
	60 pts / deg photorealistic
	2500[footnoteRef:10] [10:  120 degree Field of View (FOV) with predictive head tracking] 

	1000
	2
	0.2

	VR game, foveated rendering[footnoteRef:11] with eye tracking [11:  Foveated rendering: Only the central vision (~2 degrees) has full resolution and color, peripheral parts of the view have  
reduced resolution (hence reduced bit rate) and even black&white can be used. Foveated rendering requires eye tracking in HMD and puts strict latency requirements on eye tracking to frame transmission.] 

	60 pts / deg
photorealistic
	400[footnoteRef:12] [12:  3-8 degree FOV (variable) with prediction] 

	23
	2
	0.2


Although the new 5G NR air interface will bring improvements in the spectral efficiency and the link budget, this has to be supported by sufficiently large BWs to provide the expected data rates. The spectral efficiency targets of IMT-2020 can be used to give an indication of the required BW to achieve a given data rate. The table below uses the IMT-2020 spectral efficiency targets in M.2410 to show the target data rates for 40 MHz and 100 MHz channel bandwidths:

Table 8: Target IMT-2020 data rates for 40 MHz and 100 MHz channel bandwidths
	RF channel Bandwidth
	Peak data rates[footnoteRef:13] [13:  	Peak spectral efficiency (SE) requirement for IMT-2020: 30 bit/s/Hz in DL (from ITU-R Report M.2410, “Minimum requirements related to technical performance for IMT-2020 radio interface(s). Peak data rate in M.2410 is 20 Gbit/s in DL (roughly equivalent to a total of 667 MHz with the considered SE).] 

(single user in a cell)
	Average data rates[footnoteRef:14] [14:  	Average SE requirement for IMT-2020: 7.8 bit/s/Hz in DL for Dense Urban scenario (3 x SE of IMT-Advanced, also considered in M.2410)] 

	5th percentile data rates[footnoteRef:15] [15:  	5th percentile SE requirement for IMT-2020: 0.225 bit/s/Hz in DL for Dense Urban scenario (3 x SE of IMT-Advanced, also considered in M.2410)..] 


	40 MHz
	1.2 Gbit/s
	0.312 Gbit/s
	9 Mbit/s

	100 MHz
	3 Gbit/s
	0.78 Gbit/s
	22.5 Mbit/s


Another useful quantitative characterisation of the importance of large BW is to look at the impact of different operator block sizes on network roll out (and hence on cost of deployment), for a given assumption on area traffic capacity. 3GPP 22.261 provides traffic density requirements for a number of deployment scenarios. For instance, for a dense urban scenario:
Table 9: Traffic density requirements for dense urban scenario
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity (DL)

	Dense urban
	300 Mbps
	50 Mbps
	750 Gbps/km2


In this dense urban scenario with 3-sector macro base stations, indoor CPEs, penetration loss 26dB, and downlink user edge rate 100 Mbit/s, an operator with a 60 MHz block would have to deploy 64% more BS than an operator with a 100 MHz block:
Table 10: Comparison of number of required sites for dense urban scenario
	
	DL Coverage Distance/Site (km)
	Coverage area/site
(sqkm)
	Number of sites /sqkm
	Site Increase Rate (%)

	100 MHz
	0.19
	0.070395
	14
	reference

	60 MHz
	0.15
	0.043875
	23
	+64%


A large BW not only results in increased data rates but it gives the operators better means of supporting URLLC applications. The figure below shows how the new 5G design allows for optimal trade-offs between capacity, latency and reliability (e.g. leveraging wider bandwidths to offset mission-critical capacity reductions). 
[bookmark: OLE_LINK15]Latency/capacity trade-off is shown in the first graph of Figure 14. Efforts in achieving lower latency (e.g., using a shorter TTI) might have an impact on overall system capacity as optimisation is now occurring on the way of communicating to cut down latency (more ACK/NACK thus more overhead), and using shorter packets means that optimisation is not for capacity. Note that this analysis is indicative and does not take into account other deployment issues which may impact latency, such as synchronisation. To optimize for higher reliability (second graph), there is also a trade-off with capacity. E.g., to achieve lower BLER, capacity might need to be sacrificed as well (e.g., more retransmissions). But to offset this, it would be possible to utilise wider bandwidth, which will give the system more capacity (in this case, showing a 3x capacity gain with 2x bandwidth in the third graph). 
[image: ]
[bookmark: _Ref522722424]Figure 14: Latency versus capacity trade-offs
A scenario where these trade-off would be relevant is the support for VR and AR. A key requirement for VR/AR is that the delay between movement of the head and the changes on the screen (MTP, motion to photon) cannot exceed a 20 ms threshold. This puts stringent requirements on the network when the image is rendered remotely. However, the latency requirement can be relaxed if a broader video stream (for instance one that contains 360 degree video) is transmitted to the head mounted display, which can now adjust on its own for sudden head movements. In this case, the required throughput would be significantly higher but the latency requirement is relaxed.
As a result of the above considerations, 100 MHz has been generally agreed across the industry as the suitable bandwidth for 5G deployments in the 3400-3800 MHz. 
Contiguous vs. non-contiguous assignments
For a given overall capacity, contiguous assignments present significant advantages over separate blocks. With regards to complexity and performance, a contiguous assignment of up to 100 MHz (in C-band) does not require intra-band Carrier Aggregation (CA) with NR (contrary to LTE). No extra CA management efforts within a single wide carrier for processing and scheduling, which results in less cell/carrier level signalling/control overhead. It is worth noting that while intra band carrier aggregation is supported by 3GPP Rel. 15, no specific band combination has been defined yet.
Some of the key differences between contiguous blocks and intra-band aggregation of non-contiguous blocks are presented next:
Spectrum efficiency 
[bookmark: OLE_LINK17]Spectrum utilisation is less than 100% for all 5G NR channel bandwidth options because the resource blocks do not fully occupy the channel bandwidth. However, the utilisation decreases with the channel bandwidth as shown in the table below for 30 kHz SCS:

Table 11: 5G NR utilisation of channel bandwidth
	[bookmark: OLE_LINK18]Channel BW
	Number of resource blocks
	Transmission BW (MHz)
	Lost BW (MHz)
	Utilisation

	100 MHz
	273
	98.280
	1.720
	98.3%

	80 MHz
	217
	78.120
	1.880
	97.7%

	60 MHz
	162
	58.320
	1.680
	97.2%

	50 MHz
	133
	47.880
	2.120
	95.8%

	40 MHz
	106
	38.160
	1.840
	95.4%

	20 MHz
	51
	18.360
	1.640
	91.8%


The figure below, taken from 3GPP TS 38.104 section 5.3.3, illustrates this:
[image: ]
Figure 15: Illustration of 5G NR channel bandwidth utilisation
[bookmark: OLE_LINK20]As a result of this NR configuration requirement, non-contiguous aggregation of two (or more) channels will always result in a loss of usable spectrum, and hence a degradation in performance when compared to a contiguous block of the same amount of spectrum:
Table 12: Performance loss for non-contiguous aggregation
	[bookmark: OLE_LINK21]Configuration[footnoteRef:16] [16:  NR carriers in 3400-3800 MHz, with 30 kHz subcarrier spacing] 

	Performance loss compared to contiguous block

	100 MHz contiguous, 273 PRBs
	Baseline

	CA 50+50 MHz, 133+133 PRBs
	2.52 MHz less spectrum available vs. 100 MHz contiguous

	CA 80+20 MHz, 217+51 PRBs
	1.8 MHz less spectrum available vs. 100 MHz contiguous

	CA 60+40 MHz, 162+106 PRBs
	1.8 MHz less spectrum available vs. 100 MHz contiguous

	80 MHz contiguous, 217 PRBs
	Baseline

	CA 40+40 MHz, 106+106 PRBs
	1.8 MHz more spectrum available vs. 80 MHz contiguous


Signalling overhead
[bookmark: OLE_LINK3]The PDCCH overhead of a single 100 MHz carrier is 6.3%, and this would be roughly doubled to 12% for two carriers[footnoteRef:17]. In addition a single wide carrier can save more than 20% cell configuration/addition/deletion overhead compared to a two carrier configuration. Two carriers also require more resources in the base band, as each cell requires certain processing to build the information for common channels and schedule/process user plane data.  [17:  This is approximate since more users need to be scheduled in the wideband carrier] 

Physical layer flexibility 
Multiple sub-bands can co-exist in one carrier, each sub-band could be configured with a specific numerology intended for a specific application / deployment scenario. Having a continuous carrier provides more flexibility than 2 non-contiguous carriers. To put it differently, 100 MHz provides more flexibility to the MNO in how the MNO decides to partition/allocate resources for different services, compared to the cases where the MNO would have multiple carriers.
Latency performance
A CA configuration increases the delay to adapt the bandwidth. The carrier activation/deactivation delay is of 10ms order for a CA configuration, whereas a single wide carrier allows switching carrier Bandwidth Part (BWP) for control and data with less than 2ms delay. Furthermore, there is no cell setup delay for secondary cell in wideband operation.
BS implementation aspects
Commercially available NR base stations operating in the 3400-3800 MHz have typically a bandwidth smaller than 400 MHz (sometimes referred to as “instantaneous bandwidth”). If an operator holds spectrum blocks that are separated further than the IBW, then two different radio units would be needed.
[image: ]
Figure 16: Example of BS support for non-contiguous assignments
Spectrum management
Separate blocks results in additional boundaries between operators. This adds complexity in a scenario where networks are not synchronized. When networks are not synchronized, the OOB power limit requirement is strict (-43 dBm/5 MHz TRP for AAS according to the ECC Recommendation).  This limit is difficult to meet and may require guardbands, which are spectrum blocks that cannot be used for transmission. 
[bookmark: OLE_LINK14]UE aspects
Uplink CA (especially non-contiguous UL CA) is more complex thus usually not supported by all UEs (and RF requirements are not yet defined in 3GPP for intra-band CA in the C-band as noted above). In this context, a larger channel BW has benefits over a non-contiguous blocks:
A larger channel does not require UL CA to be supported by the UE to use the entire available UL channel bandwidth.
Higher trunking efficiency is achievable within continuous spectrum than non-continuous spectrum (since not all UEs will support or be configured with CA, and CA adaptation is slow)
In addition, UE power consumption increases significantly for CA. NR allows applying a reduced BWP for control monitoring in periods of low traffic activity, it also allows for less signalling and faster adaptation to bursty traffic within a single carrier. For Intra-band CA, there could be an increase in power consumption of up to 30mA for an additional component carrier. This means an increase of 50% ~ 90%  in the power consumption of the RF block. For Inter-band CA, about additional 50-60 mA could be consumed for an additional carrier. Even if the second carrier is not activated, the CA configuration results in additional 5-10 mA consumed.
Summary 
The table below shows the advantages of a 100 MHz contiguous block over the same amount of spectrum but structured as two 50 MHz discontiguous blocks:

Table 13: Comparison of 100 MHz contiguous vs two 50 MHz non-contiguous blocks
	
	100 MHz
	50 + 50 MHz

	Complexity
	Single carrier
	Needs intra-band CA

	Channel utilisation
	98.3%
	95.8%

	Physical layer signalling 
	6.3% overhead
	Approx. 12% overhead

	Physical layer configuration
	A single 100 MHz carrier offers more flexibility than 2x50 MHz carriers to configure sub-bands within the carrier 

	Carrier activation /deactivation delay
	2ms
	10ms

	BS implementation
	Requires one radio unit only
	May need two radio units

	Spectrum management
	Guardbands may be required if networks are unsynchronised
	Two additional guardbands if networks are unsynchronized

	UL support
	No CA required in the UL
	Uplink CA may not be supported by all UEs

	UE consumption
	
	30mA additional power consumption for the second CC (50-90% RF power increase over the non-CA case) 



[bookmark: _Toc514186670][bookmark: _Toc522001336][bookmark: _Toc518633535][bookmark: _Toc528153238]Advantages and disadvantages of licences with different geographical scope
The advantages and disadvantages of the national, regional and individual licences are described below:
[bookmark: _Toc514186671]National licence
Advantages
Reduced regulatory burden. National licences are the simplest of the three alternatives, in terms of number and complexity of the licences. This has benefits for both the administration and the licensees; 
Best support for national networks and operators. Exclusive national licences give mobile operators certainty that they can deploy their networks when and where there is demand from their customers. Mobile networks evolve as operators extend coverage to unserved areas, or increase capacity to locations with high traffic. This flexibility is key for an MNO business and should be preserved in 5G spectrum. Provision of 5G will not be substantially different from today´s 4G or 3G services: mobile operators will run the networks and provide a service to end users. A change of the regulatory framework introduces uncertainty for operators in the access to spectrum and carries a risk that they do not invest in infrastructure and equipment to exploit the band. This results in a lack of infrastructure, chipsets and terminal equipment for this band; 
National licences remove the risk of co-channel interference that appears with geographical sharing.
Disadvantages
No direct access to other players on a regional basis. However this can be mitigated with an obligation to offer wholesale access, or with use-it or lease-it conditions.
[bookmark: _Toc514186672]Regional/geographic licence
Advantages
Flexibility for operators to bid for the regions they are interested in;
Direct access to other players on a regional basis – regional players may emerge.
Disadvantages
Buffer zones, where there is no service, are required the boundaries to avoid co-channel interference between users at each side. Buffer zones can be particularly problematic when the geographical areas are small, for instance if they are set up to follow local authority boundaries. This multiplies the length of boundaries where interference between networks at each side needs to be managed (up to several 1000 kilometres). It significantly increases the risk that a boundary falls on populated areas, with the result that the populated area ends up being unserved. The size of such impacted areas increases in case of unsynchronised adjacent networks (TDD-based);
Additional burden for the administrator to define, issue and manage licences, and for the operators to plan and run networks. Regional assignments would increase the risk of interference between operators, and hence multiply the planning efforts in order to properly manage interference at the regions’ borders (i.e. by ensuring the electromagnetic field strength at the borderline and at a certain distance from border as required by the regulator);
Seamless coverage along transport paths (rail, roads) becomes complicated when the path crosses the border between two regional areas where not the same operators hold licences. This is further complicated in that one operator in one area may focus on providing 5G services to roads and railway routes while another operator in another area may not. This would lead to a poor service and reduced productivity for the consumer as they as they travel between areas;
Regional licences do not facilitate access to spectrum to private network users. The geographic definition of the licence does not necessarily fit the coverage requirement of a private network user. This type of user would normally seek coverage at his premises, campus or industrial compound. However, regional licences would be based on the boundaries of local authorities or any other predefined rule. The private network user may see itself bidding against MFCN operators for a licence that covers a territory that it does not need – this is unlikely to result in the private operator gaining access to spectrum.
[bookmark: _Toc514186673]Individual transmitter(s)
Advantages
Suitable for private networks. Each user defines the geographical scope of the licence at the moment it applies for the licence, according to its business needs;
Efficient spectrum use, as access rights are only awarded where and when there is demand.
Disadvantages
Regulatory burden is high for deployment of MFCN networks, or more generally where ubiquitous coverage is expected. This approach requires that the regulator issues a licence every time a user wants to deploy and hence would result in a significant amount of overhead for both regulator and operator;
Not suitable for locations with excess demand. If there are several users willing to deploy at a particular location, for instance a busy urban hotspot, then a first come first served mechanism may not result in efficient assignment, or may result in an insufficient amount of spectrum per licensee if the spectrum is divided. Furthermore, different users may have different needs regarding the precise geographic definition of the licence.
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Background
This annex details the approach taken by the Commission for Communications Regulation (ComReg) in Ireland for the release of spectrum rights of use in the 3.6 GHz Band (3400-3800 MHz).
In July 2016, ComReg, in its capacity as manager of Ireland’s radio spectrum, published its decision[footnoteRef:18] to hold an Award Process for individual rights of use in the 3.6 GHz Band. ComReg subsequently published, following public consultation, an Information Memorandum[footnoteRef:19] which detailed the processes and procedures it would employ in the conduct of the Award. [18:  Response to Consultation & Decision on Proposed 3.6 GHz Band Spectrum Award (Document 16/57 and D04/16) - https://www.comreg.ie/publication/response-to-consultation-decision-on-proposed-3-6-ghz-band-spectrum-award/- ]  [19:  3.6 GHz Band Spectrum Award – Information Memorandum (Document 16/71) - https://www.comreg.ie/publication/3-6-ghz-band-spectrum-award-information-memorandum/] 

The Award
Following an extensive public consultation process over approximately a 2 year period, the core decision arrived at by ComReg was to hold an open competitive selection process for the award of 350 MHz of spectrum rights of use on a regional basis in the 3.6 GHz band. 
The award format consisted of a number of discrete stages including an application stage, a qualification stage, a main stage and an assignment stage. The qualification stage evaluated all valid applications and assessed the level of aggregate demand in order to determine whether an auction (main stage and/or assignment stage) is necessary, i.e. did demand exceeded supply. The main stage determined how much spectrum in each region was won by each bidder. The assignment stage determined where in the band each bidder would be located[footnoteRef:20].  [20:  The assignment stage related only to the frequency generic B-Lots, the winner of the frequency specific A-Lot in each region was established in the main stage.] 

Some of the key features of the 3.6 GHz Award Process adopted by ComReg were:
Spectrum rights of use were made available in nine discrete regions of Ireland (four rural and five urban). The award design took into consideration a number of factors, including rural and urban regions to allow flexibility and scalability for different types of bidders (large, small and new entrants) to compete for the appropriate geographic footprint suited to their business case, be it national, regional, rural based and/or city based;  
A CCA[footnoteRef:21] award format which uses package bidding to allow for regional and/or national bids to be made, without aggregation risks; [21:  The CCA is a price clock‐based auction method used to sell multiple items in a single process. It provides bidders with the flexibility to bid on different combinations or packages of spectrum rights across the different regions in response to changes in prices without aggregation risk. The CCA format also creates good incentives for bidders to bid their full value for the spectrum and to compete over the amount of spectrum they acquire, leading to an efficient outcome;] 

A combination of frequency-specific (A-Lots) and frequency-generic (B-Lots) lots to maximise the efficient assignment of the spectrum taking into account a non-ECS licensee using 40 MHz of the band;
The Award design allowed the possibility of both regional and/or national operators to acquire spectrum rights of use for large contiguous blocks of TDD spectrum in multiples of 5 MHz[footnoteRef:22]; [22:  Bidders could select the number of B lots they required in multiples of 5 MHz (subject to the competition cap) and be assured of their contiguity. ] 

Consortia bidding was facilitated prior to application to allow operators to come together to create larger economies of scale;
The potential for winners of spectrum rights of use to (1) roll out services quickly, (2) maximise the use of the spectrum assigned to them and (3) ultimately provide better quality services to customers was facilitated by:
Setting out an Inter-Licensee Synchronisation Procedure that all Licensees are bound by;
Establishing a procedure for winning bidders to enter into “Alliances” in advance of the Assignment Round and jointly bid for their preferred spectrum assignment location in the band;
Establishing Assignment Options for bidders so that they obtain the same spectrum in each region to the maximum extent[footnoteRef:23]; [23:  This feature is expanded on below in “Additional Award Features”] 

A transition framework was established which manages the transition activities of both new and existing licensees, while providing a framework to minimise consumer disruption and ensure the most efficient use of the spectrum during the transition period;
Given the potential for smaller and/or less experienced bidders, a comprehensive bidder training programme was facilitated that included workshops, webinars, access to an online auction “Playground” (where bidders could run and participate in their own simulated auctions) and formal mock auctions.
The above design elements, taken together, provided a flexible award accommodating a wide variety of different bidders with different business strategies, varying potential uses of the band and different technologies. After many days of bidding all 350 MHz of available spectrum, in all nine regions was competitively assigned[footnoteRef:24].  [24:  The results of the 3.6 GHz Award process is to be published as Document 17/38] 

The Auction
Taking account of a non-ECS licensee in the band the auction provided for: 
A single 25MHz frequency specific A-Lot in each region; 
Sixty five (65) 5 MHz frequency generic B-Lots in each region. 
To safeguard competition in the Award no bidder could bid for more than 150 MHz of spectrum in any region. This ensured the possibility of at least three winners yet also ensured each winner could acquire sufficient amount to provide services.
To promote efficient spectrum use, fees were applied to lots based on a conservative estimate of the market value of spectrum in the 3.6 GHz band, as derived from an international benchmarking analysis[footnoteRef:25].  [25:  3.6 GHz Award- Benchmarking Update (Document 16/70b)] 

In relation to setting minimum prices, the primary[footnoteRef:26] aim was to: [26:  Other issues in this award included concerns that a premature award of spectrum may inefficiently displace valuable future uses or lead to excessive speculative take up simply because the price is low] 

Set minimum prices at a sufficiently high level to avoid creating incentives for strategic demand reduction and/or collusion;
Avoid the risk that the minimum price will be set too high, choking off efficient demand.
In this way, the conservative minimum price set by ComReg was projected to be below final prices with such prices determined by the interaction of bidders in the award. ComReg observes that these aims were achieved as the award was highly competitive with all packages of lots in all regions attracting bids significantly above the sum of the reserve price set for those lots.
Additional award features – the generation of Assignment Options
For the assignment round, and to ensure a more efficient assignment of spectrum, bidders were presented with a variety of assignment options based on the number of B-Lots awarded in the main stage. The assignment options presented to bidders ensured; 
The B-lots for every bidder would be contiguous within each region;
Any bidder that won the same number of B-lots in each region (i.e. a national licence) would be assigned the same frequencies in every region; 
Subject to the previous requirements, were bidders won spectrum in multiple regions the options presented will be those which maximise the extent to which the same frequencies are assigned in each region; 
Subject to the previous requirements, the extent to which unassigned spectrum rights of use can be combined into the fewest number of contiguous blocks is maximised.
This allowed ComReg to release the spectrum on both a regional and national basis while providing certainty for bidders in relation to the contiguity of spectrum within and across regions that they could obtain.
Licence Conditions 
The following are some of the main licence conditions that apply to all licences won in the award process:
All Licence holders must attain and maintain the rollout of a minimum number of base stations per region within 3 years of Licence issue. A higher rollout obligation is imposed on licensees holding more than 100 MHz of spectrum rights in a region compared to those holding up to 100 MHz. In considering this obligation, ComReg assessed the experience of other Member States and noted the rollout of base stations in this band was more widely used rather than a coverage obligation;
Minimum Quality of Service conditions require that network unavailability will be less than 35 minutes per 6 month period and a minimum voice call quality standard requires quality levels are ensured against blocked and dropped calls as well as ensuring appropriate standards of speech transmission;
Compliance with the Inter Licensee Synchronisation procedure that builds on the technical conditions set out in the 3.6 GHz EC Decision to facilitate the co‐existence of services in the 3.6 GHz band with services in the same band or in adjacent spectrum bands;
Technical conditions required to ensure co-channel co-existence across regional borders and compliance with International Memoranda of Understanding (‘MoUs’) applicable to the 3.6 GHz band;
Trading and leasing of spectrum rights attached to 3.6 GHz Band Licences will be permitted subject to the approval of ComReg.
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Belgium

1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bulgaria

1 1 5 5 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 5 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2

Croatia

1 1 2 2 2 1 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 5 5 5 5 5 5 5 5 5 5 1 1 5 1 5 1 5 1 5 5 5 5 5 5 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Cyprus

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Denmark

1 1 4 4 4 4 4 4 4 4 4 4 7 7 7 7 7 7 6 6 1 1 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 4 4 1 1 1 1 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 1 1 1 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Estonia

1 1 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 1 1 1

Finland

1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

France

1 1 1 1 1 1 1 2 2 2 1 3 3 2 2 2 2 2 2 1 1 1 1 1 1 1 1 2 2 2 1 3 3 2 2 2 2 2 2 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Germany

1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 6 7 7 7 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 6 7 7 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Greece

1 1 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 5 5 5 5 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 5 5 5 5 5

Hungary

1 1 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2

Ireland

1 1 2 2 2 2 2 5 5 5 5 5 5 5 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Latvia

1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Lithuania

1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 7 7 7 7 1 1 1 1 1 1 1 1 1 1 1 1 1

Luxembourg

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Malta

1 1 1 2 2 2 2 1 1 1 1 1 1 1 2 2 2 2 1 3 1 1 1 2 2 2 2 1 1 1 1 1 1 1 2 2 2 2 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Netherlands

1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Norway

1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Portugal

1 1 7 7 7 7 7 7 1 7 7 7 7 7 1 7 7 7 7 7 1 1 7 7 7 7 7 7 1 7 7 7 7 7 1 7 7 7 7 7 1 7 7 7 7 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 7 7 7 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Republic of Azerbaijan

1 2 2 2 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Romania

1 1 1 1 2 2 2 2 2 2 1 1 1 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Serbia

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Slovak Republic

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Slovenia

1 1 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Spain

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Switzerland

5 5 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Turkey

1 1 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

United Kingdom

5 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 2 2 2 2 4 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
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