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[bookmark: _Toc99702215][bookmark: _Toc135751181]Current Regulatory Framework forExisting and planned use of 3.8-4.2 GHz
drafting managed by FM60
[bookmark: _Toc99702216][bookmark: _Toc135751182]Existing band planFixed Satellite Service
The 3400-4200 MHz band has been used for decades by the FSS for space-to-Earth links (downlink), together with the 5850-6725 MHz frequency band for Earth-to-space links (uplink). In CEPT countries, the 3600-3800 MHz and 3800-4200 MHz have been usually used more extensively by FSS earth stations than the lower part 3400-3600 MHz. 
Due to the introduction of 5G in 3.4-3.8 GHz, as primary band in Europe, CEPT recommended in areas intended for 5G, such as urban, suburban areas, or along transport routes such as roads and railways that administrations consider relocation of earth stations operating in 3400-3800 MHz to a different geographical location or to a different band above 3800 MHz (See ECC report 287). In addition, in the areas where 5G is intended to be used, CEPT recommended administrations 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.
In consequence, administrations maintained a limited number of FSS earths station in 3600-3800 MHz and many stations have migrated from the band below 3800 MHz to the 3800-4200 MHz frequency band. 
C-band is an essential frequency band for FSS because of its unique characteristics such as a wide geographic coverage over continents and a resistance to rain fade. The band is therefore critical for services provided to inter-tropical regions, and as part of their global reach, many earth stations are located in European geographic area for inter-continental communications. Applications of C-band services include connectivity for enterprises and public institutions (remote locations or large continental networks), mobile backhauling, video contribution and distribution.
For example: 
Various international broadcasters use C band FSS for international distribution of content from Europe to the rest of the world. Although this content is uplinked in a different band, the downlink is in the 3.8-4.2 GHz band. Successful operation of this system relies on interference-free reception of the downlinked signal for continuous power control (at an uplink site) and monitoring use. Large dish earth stations also need to receive beacon signals transmitted from the satellite for tracking purposes. 
Many video contribution links are also received in Europe in the C-band from other regions before being distributed from Europe.

Existing FSS earth stations in 3800-4200 MHz are limited in number and locations are well identified. New C-band earth stations sites could be established in European geographic area in the future in locations that would be well identified. In addition, CEPT is currently studying the possibility to exempt from individual licensing small C-band IoT terminals in other frequency bands.  The development of such application could lead to the need for more gateway earth stations in the band 3.8-4.2GHz. 
Due to introduction of 5G below 3800 MHz, some administrations have implemented in addition to 5G harmonised technical conditions in 3400-3800Mhz, national measures in order to protect the earths stations above 3800 MHz. Those national frameworks are giving visibility and legal certainty for the future development of earth stations in 3800-4200 MHz while also ensuring development of 5G in 3400-3800 MHz. 
Downlink C-band satellite communications are and will remain concentrated in the band 3800 – 4200 MHz in European geographic area. As this is the only remaining part of C band, CEPT assessed and proposed conditions in order to preserve this band for long term development of FSS in accordance with the objectives of the EC mandate.
[bookmark: _Toc99702217][bookmark: _Toc135751183]Existing technical conditionsFixed Service

[bookmark: _Toc99702218][bookmark: _Toc135751184]Terrestrial wireless broadband systems providing local area (i.e. low/medium power) network connectivity in 3.8-4.2 GHz
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[bookmark: _Toc99702219][bookmark: _Toc135751185]Background and description
CEPT assessed in this CEPT report the technical feasibility of the shared use of the 3.8-4.2 GHz frequency band by terrestrial wireless broadband systems providing local-area network connectivity (WBB LMP) according to the objective of the EC mandate.
CEPT noted early initiatives in few CEPT countries in the 3.8-4.2 GHz band either with framework or trials (experimental authorisations) in order to support a different demand compared to others frequency bands already harmonised for 5G.  Other national initiatives have been also launched in part of 2.6 GHz and 3.4-3.8 GHz in order to respond to some vertical markets with different adjacent and usages conditions.
Within 3.4-3.8 GHz, current equipment in CEPT/Europe typically rely on standardised equipment taking into consideration the protection of radars below 3.4 GHz and 5G harmonisation in 3.4-3.8 GHz (i.e. hardware band filters for 3.4-3.8 GHz). It should be noted that the “in-band blocking” parameters of those 5G commercial networks stops at 3860 MHz. Therefore from a blocking perspective, 5G networks operating below 3.8 GHz may be protected from unsynchronised WBB LMP as long as they operate above 3860 MHz. CEPT developed a detailed analysis in this CEPT report in order to address and analyse the issue. 
Moreover, within 3.8-4.2 GHz, the current initial/early launch of WBB LMP in CEPT/Europe benefit from 5G equipment designed for the US market (3.45-3.98 GHz). Even when operating above 3860 MHz, this equipment will not be protected from blocking effect originating from un-synchronisation with 5G networks below 3.8 GHz. CEPT developed a detailed analysis in this CEPT report in order to address and analyse the issue. Additional studies have been done to assess WBB LMP OOB emissions in order to properly protect 5G networks operating below 3.8 GHz.
[bookmark: _Toc135751186]Use cases
The 400 MHz available in the 3.8-4.2 GHz frequency band could enable terrestrial wireless broadband systems to provide a variety of services for various local users, such as local communities as well as industrial connectivity and automation. The wide range of local use-cases for different industrial and non-industrial environments will benefit from harmonised   technical conditions to respond to various vertical/industrial needs for both indoor and outdoor environments. Some industrial use-case examples in 3.8-4.2 GHz band are listed below:
Indoors: Connectivity for remote asset monitoring and control, IoT based automation, quality and control management, predictive maintenance, energy optimisation etc.
Outdoors: Connectivity for logistics in ports, IoT services in agriculture, location tracking of moving assets,  etc.

The WBB LMP could also respond to Broadcasting use case as systems deployed within TV production environments (indoor and outdoor) to support multiple camera feeds and control signals.
Some of them  are time-critical in nature and have strict requirements in e.g., latency and reliability.  
[bookmark: _Toc99702220][bookmark: _Toc135751187]Parameters to be used for studies
[bookmark: _Toc99702221]’Low/medium power, antenna hight, etc.
See ANNEX 3:.

[bookmark: _Toc135743831][bookmark: _Toc135751188]Coexistence scenarios
See ANNEX 4: section 4.

[bookmark: _Toc135743832][bookmark: _Toc135751189]Propagation parameters
See ANNEX 4: section 3.
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’ drafting managed by PT1
’From PT1 WI Scope, point i): protection and the future evolution and development of incumbent users sharing this band, in particular receiving satellite earth stations and terrestrial fixed links
[bookmark: _Toc99702222][bookmark: _Toc135751191]WBB LMP

[bookmark: _Toc135751192] Fixed Service
See ANNEX 4: section 1.1.

[bookmark: _Toc99702223][bookmark: _Toc135751193]Fixed Satellite Service (Space-to-Earth)
[bookmark: _Toc99702224]See ANNEX 4: section 1.2.
In the 3.8-4.2 GHz band, licensed earth stations communicate only with geostationary satellites (GSO).
Due to its unique characteristics which cannot be substituted by Ku or Ka bands, a large number of FSS downlink earths stations migrated from the band below 3.8 GHz to 3.8-4.2 GHz (others remain below 3.8 GHz). This migration took place during the last years prior the introduction of 5G in 3.4-3.8 GHz.  Sharing solutions shall ensure protection and the future evolution and development of incumbent users sharing this band, in particular receiving satellite earth stations and terrestrial fixed links.
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[bookmark: _Toc135751196]Compatibility studies with Adjacent band Services
’ drafting managed by PT1
’From PT1 WI Scope, point ii): coexistence of terrestrial wireless broadband systems providing local-area network connectivity and uses operating in adjacent bands such as terrestrial systems providing wireless broadband electronic communications services in the 3.4-3.8 GHz frequency band and radio altimeters on board aircraft in the 4.2-4.4 GHz frequency band.
[bookmark: _Toc99702225][bookmark: _Toc135751197]Mobile Service below 3.8 GHz

[bookmark: _Toc103003068][bookmark: _Toc135751198]5G commercial
See ANNEX 4: section 2.1

[bookmark: _Ref115021958]
	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	





[bookmark: _Ref115021965]
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	



[bookmark: _Ref115021985]
	
	
	

	
	
	

	
	
	

	
	
	

	



[bookmark: _Toc103003069][bookmark: _Toc135751199]Fixed Satellite service (space-to-Earth) below 3.8 GHz
See ANNEX 4: section 2.2.
Due to its unique characteristics which cannot be substituted by Ku or Ka bands, FSS downlink earths stations are still in operation below 3.8 GHz.
[bookmark: _Toc99702226][bookmark: _Toc135751200]Aeronautical Mobile (R) service (WAIC) above 4.2 GHz (WAIC)
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drafting managed by FM60
’From PT1 WI Comments section: PT1 will assist WG FM in defining the harmonised technical conditions, possibly a BEM.


[bookmark: _Toc103003075][bookmark: _Toc135751205]Standardisation needs
drafting managed by FM60
’There is no specification for 3.8-4.2 GHz 5G local access connectivity - CEPT work in response to this EC Mandate should trigger follow up action from ETSI side: Harmonised standard to be developed taken into due consideration results of CEPT studies. This section will highlight parameters to be included in future harmonised standard 3.8-4.2 GHz 5G LAN
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Brussels, 13 October 2021 
DG CONNECT/B4
RSCOM21-40rev2 

INTERNAL

RADIO SPECTRUM COMMITTEE
Working Document

Subject:	Draft Mandate to CEPT on technical conditions regarding the shared use of the 3.8-4.2 GHz frequency band for terrestrial wireless broadband systems providing local-area network connectivity in the Union



This is a Committee working document which does not necessarily reflect the official position of the Commission. No inferences should be drawn from this document as to the precise form or content of future measures to be submitted by the Commission. The Commission accepts no responsibility or liability whatsoever with regard to any information or data referred to in this document.


DRAFT MANDATE TO CEPT 
ON TECHNICAL CONDITIONS REGARDING THE SHARED USE OF THE 3.8-4.2 GHZ FREQUENCY BAND FOR TERRESTRIAL WIRELESS BROADBAND SYSTEMS PROVIDING LOCAL-AREA NETWORK CONNECTIVITY IN THE UNION
1. [bookmark: _Toc103003078][bookmark: _Toc135751208]PURPOSE
The Commission Communication on Connectivity[footnoteRef:2] for a competitive digital single market, towards a European gigabit society updated with the Commission Communication “2030 Digital Compass: the European way for the Digital Decade”[footnoteRef:3], set out ambitious connectivity objectives for the Union to be achieved through the widespread deployment and take-up of very high capacity networks, including 5G. The Commission Communication ‘5G for Europe: an Action Plan’[footnoteRef:4] highlighted 5G as a key enabler of the digitalisation of “vertical industries” (such as transport, logistics, automotive, health, energy, smart factories, media and entertainment). It also identified a need for coordinated action at Union level, including the identification and harmonisation of spectrum for 5G to serve innovative business models and solutions for locally licensed access to spectrum. The RSPG recognised that there is a specific demand for mid-band spectrum and recommended that Member States investigate the possible use of the band 3.8-4.2 GHz for local vertical applications (i.e. low/medium power) while protecting receiving satellite earth stations and other existing applications and services. [2: 	Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions ‘Connectivity for a Competitive Digital Single Market - Towards a European Gigabit Society’ COM(2016) 587 final.]  [3: 	COM(2021) 118 final.]  [4: 	Communication from the Commission to the Council, the European Parliament, the European Economic and Social Committee and the Committee of the Regions ‘5G for Europe: An Action Plan’, COM(2016) 588 final.] 

In addition, the Commission Communication on ‘A New Industrial Strategy for Europe’[footnoteRef:5], which lays out the vision for the industrial transformation in the Union for the next 10 years stresses the importance of strengthening the digital single market to underpin the Union’s digital transition. It calls on the Union to speed up investments in 5G as a major enabler for future digital services, thus setting it at the heart of the industrial data wave. [5: 	Communication from the Commission to the European Parliament, the European Council, the Council, the European Economic and Social Committee and the Committee of the Regions ‘A New Industrial Strategy for Europe’, COM(2020) 102 final.] 

This mandate invites CEPT to assess the technical feasibility of the shared use of the 3.8-4.2 GHz frequency band by terrestrial wireless broadband systems providing local-area network connectivity with focus on vertical users and other terrestrial wireless use cases and, on that basis, deliver harmonised technical conditions for the shared use of the band. Those harmonised technical conditions should in particular ensure the protection and the possibility of future evolution and development of incumbent spectrum users in this band (notably receiving satellite earth stations in the fixed satellite service and terrestrial fixed links) and the coexistence with spectrum users in adjacent bands (such as radio altimeters on board aircraft operating in the 4.2-4.4 GHz frequency band).
1. [bookmark: _Toc103003079][bookmark: _Toc135751209]POLICY CONTEXT AND INPUTS
The RSPG has developed three Opinions (November 2016[footnoteRef:6], January 2018[footnoteRef:7] and January 2019[footnoteRef:8]) on a strategic spectrum roadmap towards 5G for Europe, in which it had identified 5G pioneer bands and addressed implementation challenges for 5G. In particular in its third opinion, the RSPG concludes that connectivity for vertical industries (‘verticals’) could be provided by mobile operator’s solutions, third-party providers and directly by verticals themselves in EU-harmonised bands for electronic communications services or in dedicated spectrum for verticals. The RSPG recommends that Member States also consider other spectrum solutions including dedicated or shared spectrum for the business/sectoral needs (‘verticals needs’) that may not be met by mobile operators. This is also confirmed by the RSPG’s Opinion of 16 June 2021[footnoteRef:9] ‘on a radio spectrum policy programme’. [6: 	Document RSPG16-032 final of 9 November 2016, Strategic roadmap towards 5G for Europe: RSPG opinion on spectrum-related aspects for next-generation wireless systems (5G) (RSPG 1st opinion on 5G).]  [7: 	Document RSPG18-005 final of 30 January 2018, Strategic spectrum roadmap towards 5G for Europe: RSPG opinion on 5G networks (RSPG 2nd opinion on 5G).]  [8: 	Document RSPG19-007 final of 30 January 2019, Strategic spectrum roadmap towards 5G for Europe: RSPG opinion on 5G implementation challenges (RSPG 3rd opinion on 5G).]  [9: 	Document RSPG21-033 final of 16 June 2021, RSPG Opinion on a Radio Spectrum Policy Programme  (RSPP).] 

In its recent Opinion of 16 June 2021[footnoteRef:10] ‘the RSPG recommends to study the possible use of the 3.8-4.2 GHz frequency band for local vertical applications (i.e. low /medium power), while protecting receiving satellite earth stations, as well as other existing radio applications and services. [10: 	Document RSPG21-024 final of 16 June 2021, RSPG opinion on additional spectrum needs and guidance on the fast rollout of future wireless broadband networks.] 

Furthermore, in its Opinion of 16 June 2021[footnoteRef:11] ‘on spectrum sharing – pioneer initiatives and bands’, the RSPG inter alia urges Member States to promote studies on sharing approaches and technologies that would lead to increased possibilities of sharing or co-existence solutions and to encourage CEPT and ETSI[footnoteRef:12] to cooperate in support of this policy. [11: 	Document RSPG21-022 final of 16 June 2021, RSPG opinion on spectrum sharing – pioneer initiatives and bands.]  [12: 	European Telecommunications Standardisation Institute] 

At present, a number of industrial sectors are looking at 5G as an enabler of the fourth industrial revolution (Industry 4.0). The deployment of reliable and resilient wireless local- area connectivity is increasingly becoming a necessity for business-critical industrial processes, such as related to automated manufacturing in smart factories, which has also been highlighted by ICT companies[footnoteRef:13].  Due to different national circumstances e.g. priorities for efficient spectrum use, Member States have addressed demand for locally licensed access to spectrum in mid-bands in a dissimilar way.   [13: 	https://5g-ppp.eu/wp-content/uploads/2020/09/5GPPP-VerticalsWhitePaper-2020-Final.pdf] 

The potential deployment of terrestrial wireless broadband systems providing local-area network connectivity (with base stations operating at low/medium power) for vertical and possibly other terrestrial wireless use cases[footnoteRef:14] within the 3.8-4.2 GHz frequency band in the Union, subject to an authorisation decision at Member State level, requires harmonised technical conditions. This promotes ecosystem development and efficient spectrum use. It would also foster the development of innovative sharing conditions in the 3.8-4.2 GHz frequency band between terrestrial wireless broadband systems providing local-area network connectivity and the incumbent users in need of protection and the possibility of future evolution and development.  [14: 	Wireless local-area connectivity could serve both private (e.g. enterprise) and public (e.g. community-type) networks, which could be subject to an authorisation decision at Member State level. ] 

In addition, any possible usage of the frequency band 3.8-4.2 GHz in combination with spectrum resources in other bands may be further assessed in a second stage taken into account the results of this mandate.
1. [bookmark: _Toc103003080][bookmark: _Toc135751210]JUSTIFICATION
Pursuant to Article 4(2) of the Radio Spectrum Decision[footnoteRef:15], the Commission may issue mandates to the CEPT for the development of technical implementing measures with a view to ensuring harmonised technical conditions for the availability and efficient use of radio spectrum necessary for the functioning of the internal market. Such mandates shall set the task to be performed and their timetable.  [15: 	Decision 676/2002/EC of the European Parliament and of the Council of 7 March 2002 on a regulatory framework for radio spectrum policy in the European Community, OJL 108 of 24.4.2002.] 

The results of this Mandate should facilitate the deployment of terrestrial wireless broadband systems providing local-area network connectivity. These should support innovation and digital industrial transformation. In recognition of existing services within the 3.8-4.2 GHz frequency band other than terrestrial wireless broadband, particular attention should be paid to ensuring the protection and the possibility of future evolution and development of receiving earth satellite stations and terrestrial fixed links. Furthermore, the coexistence with terrestrial systems providing wireless broadband electronic communications services and radio altimeters operating in adjacent bands should also be duly addressed.
1. [bookmark: _Toc103003081][bookmark: _Toc135751211]TASK ORDER AND SCHEDULE
The CEPT is herewith mandated to study the feasibility of using the 3.8-4.2 GHz frequency band by terrestrial wireless broadband systems providing local-area network connectivity in a shared manner and to develop, if feasible, relevant harmonised technical conditions therefor, which are suitable for 5G technology and protect as well as ensure the possibility of future evolution and development of incumbent spectrum users within the band and in adjacent bands. 
The CEPT shall, where relevant, take full account of EU law applicable and support the principles of service and technological neutrality, non-discrimination and proportionality insofar as technically possible.
The CEPT is requested to collaborate actively with all concerned stakeholders and ETSI, which develops harmonised standards for the presumption of conformity under the Radio Equipment Directive 2014/53/EU. In particular, the CEPT should take into consideration ETSI standards, which define 5G systems and facilitate shared spectrum use[footnoteRef:16].  [16: 	Such as on Licensed Shared Access.] 

Specifically, CEPT is mandated to perform the following tasks:
1.	Study and assess the technical feasibility of the shared use of the 3.8-4.2 GHz frequency band by terrestrial wireless broadband systems providing local-area (i.e. low/medium power) network connectivity. In this regard, consider sharing solutions, including innovative features, which ensure:
i.	protection and the future evolution and development of incumbent users sharing this band, in particular receiving satellite earth stations and terrestrial fixed links;
ii.	co-existence of terrestrial wireless broadband systems providing local-area network connectivity and uses operating in adjacent bands such as terrestrial systems providing wireless broadband electronic communications services in the 3.8-4.2 GHz frequency band  and radio altimeters on board aircraft in the 4.2-4.4 GHz frequency band.
2.	Subject to the sharing solutions and the results of Task 1, as appropriate, develop a harmonised frequency arrangement as well as the least restrictive harmonised technical conditions for the shared use of the 3.8-4.2 GHz frequency band[footnoteRef:17] by terrestrial wireless broadband systems providing local-area connectivity. These harmonised technical conditions shall avoid interference, protect relevant incumbent uses within the band and in adjacent bands, and facilitate cross-border coordination. [17: 	In particular as a primary (pioneer) 5G frequency band in the European Union.] 

Based on the results of sharing studies within the 3.8-4.2 GHz frequency band and co-existence studies with uses in adjacent bands, the CEPT  may include, where necessary, guidance on appropriate receiver characteristics for radio equipment as part of the harmonised technical conditions or/and recommend to ETSI to consider the results of those studies when developing relevant harmonised standards.
In performing the aforementioned tasks, the CEPT shall allow to the greatest extent possible channelling arrangements and effective coordination with other existing systems and services to accommodate national circumstances and market demand, and the guidance provided by the Commission in consultation with the Radio Spectrum Committee.  
CEPT should provide deliverables according to the following schedule:
	Delivery date
	Deliverable
	Subject

	November 2022
	Interim Report from CEPT to the Commission
	Description of work undertaken and interim results under this Mandate

	July 2023[footnoteRef:18] [18: 	Subject to subsequent public consultation] 

	Final Draft Report from CEPT to the Commission
	Description of work undertaken and final results under this Mandate

	March 2024
	Final Report from CEPT to the Commission, taking into account the outcome of the public consultation
	Description of work undertaken and final results under this Mandate, taking into account the results of the public consultation



In addition, the CEPT is requested to report on the progress of its work pursuant to this Mandate to all the meetings of the Radio Spectrum Committee that will be taking place during the course of the Mandate. 
The Commission, with the assistance of the Radio Spectrum Committee may consider applying the results of this mandate in the Union, pursuant to Article 4 of the Radio Spectrum Decision.
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[bookmark: _Ref135746000][bookmark: _Toc135751213]WBB LMP parameters for studies on 3800-4200 MHz

ECC PT1(23)135 ANNEX VIII-09
[bookmark: _Ref135746007][bookmark: _Toc135751214]Other parameters and assumptions for studies on 3800-4200 MHz

ECC PT1(23)135 ANNEX VIII-10
[bookmark: _Toc103166065][bookmark: _Toc99702233][bookmark: _Toc135751215]Potential deployment scenarios for local area networks in the 3.8-4.2 GHz band (ECC PT1(22)100_Nokia)
Introduction
In addressing the EC Mandate tasks on the shared use of the 3.8-4.2 GHz band for local area networks, it is important to capture and address the wide range of use-cases and requirements of potential users, such as enterprises and local communities. In this contribution, we present an example use-case using a commercially available system in the 3.8-4.2 GHz frequency band, demonstrating how different Base Station (BS) deployment configurations can affect the coverage and the deployment complexity of local area networks in this frequency band for the coverage of a given industrial site.
Use cases and deployment environments
The 400 MHz available in the 3.8-4.2 GHz frequency band could enable terrestrial wireless broadband systems for local area networks to provide a variety of services for various users, such as local communities as well as industrial connectivity and automation. The wide range of use-cases for different industrial and non-industrial environments require different technical conditions to maximise capacity and cost-efficient connectivity for both indoor and outdoor environments.
Some industrial use-case examples in 3.8-4.2 GHz band are listed below, for both indoor and outdoor environments:
Indoors: Connectivity for remote asset monitoring and control, IoT based automation, quality and control management, predictive maintenance, energy optimisation etc.
Outdoors: Connectivity for logistics in ports, IoT services in agriculture, location tracking of moving assets, offshore operations etc.
Coverage scenarios
In this section, we consider an outdoor industrial use-case – coverage of an industrial site near the sea (of an area of approximately 4 km2). We evaluate the impact of different BS transmit power levels and antenna heights to the received signal strength at various locations around the industrial site. We assumed four different deployment scenarios to provide coverage to the 4 km2 industrial area using a commercially available system.
Table 7: Network deployment scenarios
	Deployment Scenario
	EIRP
	BS height
	Number of BS location
	Number of Remote Radio Head (RRH)

	1
	53.5 dBm
	15-40 m
	8
	13

	2
	24 dBm
	15 m
	8
	13

	3
	24 dBm
	25 m
	8
	13

	4
	24 dBm
	5 m
	43
	110



The received signal strength (Reference Signal Received Power, RSRP) is simulated at a receiver height of 1.5 m above ground.
Deployment Scenario 1
[bookmark: _Hlk101534927]Table 8Table 8 summarizes the parameters of a simulated local area network for deployment scenario 1. Figure 1Figure 1 presents the received signal strength, in terms of RSRP. To achieve optimal coverage under this scenario, we have considered in our network planning the deployment of the same type of antennas at different heights between 15 and 40 metres. The results indicate that by deploying 13 RRHs[footnoteRef:19] in 8 BS locations it is possible to provide adequate coverage (RSRP ≥ -105 dBm) for 90% of the whole industrial site considered, with 73.7% of it having RSRP ≥ -90 dBm. [19:  RRH : Remote Radio Head] 

[bookmark: _Ref103165106]Table 8: Network parameters for deployment Scenario 1
	Parameter
	Value

	EIRP
	53.5 dBm

	Bandwidth
	20 MHz

	Base Station heights
	15-40 m

	Number of BS locations
	8

	Number of RRHs
	13

	Receiver height
	1.5 m



[image: ]
[bookmark: _Ref103165153]Figure 1: Simulated received signal strength (RSRP) of a local area network deployment as per the parameters of deployment Scenario 1
Deployment Scenario 2
To illustrate the importance and the impact of the transmit power levels in planning the coverage of the same area, we provide a comparison of the RSRP levels when deploying a local area network with lower BS power levels than those of deployment Scenario 1 and with fixed antenna heights at 15 m.
Table 9Table 9 summarizes the parameters of a simulated local area network for deployment Scenario 2.
[bookmark: _Ref103165245]Table 9: Network parameters for deployment Scenario 2
	Parameter
	Value

	EIRP
	24 dBm

	Bandwidth
	20 MHz

	Base Station heights
	15 m

	Number of BS locations
	8

	Number of RRHs
	13

	Receiver height
	1.5 m



Figure 2Figure 2 shows that by deploying 13 RRHs in 8 BS locations, adequate coverage (RSRP ≥ -105 dBm) is achieved only for 11.7% of the whole area considered, with 0% of it having RSRP ≥ -90 dBm.
[image: ]
[bookmark: _Ref103165226]Figure 2: Simulated received signal strength (RSRP) of a local area network deployment as per the parameters of deployment Scenario 2
Deployment Scenario 3
The same BS power level as Scenario 2 (i.e. 24 dBm) with a height of 25 m was considered to assess the impact on coverage.
Even if higher antenna heights are considered, as shown in Table 10Table 10, the coverage provided to the area of the industrial site, as seen in Figure 3Figure 3, didn’t improve.
[bookmark: _Ref103165319]Table 10: Network parameters for deployment Scenario 3
	Parameter
	Value

	EIRP
	24 dBm

	Bandwidth
	20 MHz

	Base Station heights
	25 m

	Number of BS locations
	8

	Number of RRHs
	13

	Receiver height
	1.5 m



By deploying 13 RRHs in 8 BS location at 25m height, adequate coverage (RSRP ≥ -105dBm) is achieved for only 11.3% of the area, which is less than the coverage achieved in deployment Scenarios 1 and 2. This indicates that higher antenna heights, if considered independently, do not always present a solution for greater coverage. Therefore, having the possibility for deploying a range of antenna heights together with a range of BS transmit powers is a key aspect for finding an appropriate balance to overcome coverage challenges in industrial environments.
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[bookmark: _Ref103165332]Figure 3: Simulated received signal strength (RSRP) of a local area network deployment as per the parameters of deployment Scenario 3
Deployment Scenario 4
Deployment Scenario 4 evaluates the impact to received signal strength levels for a local area network with BSs at 5 m height transmitting at 24 dBm (parameters in Table 11Table 11). To improve the coverage of the industrial site area, the number of RRHs and BS locations has been increased, compared to the previous scenarios. Therefore, as seen in Figure 4Figure 4, by deploying 110 RRHs in 43 locations, adequate coverage is provided for 49.8% of the area, with just 4.3% of it having RSRP levels greater than or equal to -90 dBm.
[bookmark: _Ref103165387]Table 11: Network parameters for deployment Scenario 4
	Parameter
	Value

	EIRP
	24 dBm

	Bandwidth
	20 MHz

	Base Station heights
	5 m

	Number of BS locations
	43

	Number of RRHs
	110

	Receiver height
	1.5 m
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[bookmark: _Ref103165403]Figure 4: Simulated received signal strength (RSRP) of a local area network deployment as per the parameters of deployment Scenario 4
Additional considerations
The results of the coverage studies of a specific industrial site under the four different deployment scenarios provided in the previous section, highlight that power limits and heights for BS deployments will impact the ability of potential users on how to utilise the 3.8-4.2 GHz band for the wide variety of industrial applications. Different environments and use-cases will require different deployment characteristics for local area networks in order to accommodate the coverage and capacity demands.
Furthermore, the need for identifying numerous suitable locations to deploy an extended number of BSs in industrial environments, as well as the requirement of extensive network planning to provide adequate coverage, will impose additional challenges and cost implications to enterprises. This would increase the risk of reduced adaptation and ecosystem development in the band. These aspects are contradictory to the “low cost – easy deployment” concept of the use of the 3.8-4.2 GHz band for local area networks.
Moreover, the current utilisation of the 3.4-3.8 GHz and the 3.8-4.2 GHz band from existing services vary significantly among CEPT countries. As a result, in accordance with the EC Mandate[footnoteRef:20], the EC regulation should facilitate the freedom for national administrations to define the detailed technical licence conditions of the use of the 3.8-4.2 GHz band for local area networks, in line with their national needs, taking into account possible restrictions raised from existing utilisation of the 3.8-4.2 GHz and the adjacent bands. [20:  Page 2, Section 2 of EC Mandate] 

Conclusions
Table 12Table 12 summarises the coverage percentages of the area of the industrial site with RSRP levels greater or equal to -105 dBm at the receiver height of 1.5 m, for the four different deployment scenarios.
[bookmark: _Ref103164811]Table 12: Summary of percentage of area with adequate signal strength
	Scenario No.
	EIRP
	BS antenna height
	Number of BS location
	Number of Remote Radio Head (RRH)
	Percentage of area with RSRP ≥ -105 dBm

	1
	53.5 dBm
	15-40 m
	8
	13
	90.0%

	2
	24 dBm
	15 m
	8
	13
	11.7%

	3
	24 dBm
	25 m
	8
	13
	11.3%

	4
	24 dBm
	5 m
	43
	110
	49.8%



Considering the wide range of industrial and local community type of use cases for the 3.8-4.2 GHz band, different applications will have different needs for coverage and capacity. We have presented a specific use-case of demonstrating the coverage requirements of an industrial site area (~4km2) for industrial operations. The results indicate that it is possible to provide adequate coverage for 90% of the area, using BSs with 53.5 dBm EIRP (13 RRHs in 8 locations) at heights between 15 and 40 metres. For the same area, when simulating BSs with lower power and fixed antenna heights (deployment Scenario 2 and 3), the coverage range was significantly reduced. Even when we simulated the coverage of the same area with a local area network of ~10x more RRHs in ~5x more BS locations (deployment Scenario 4), the range of adequate coverage was ~50% less compared to that achieved with the BS power levels of deployment Scenario 1.
The transmit level and the technical deployment parameters of the BSs in the 3.8-4.2 GHz band should be able to accommodate the variety of use-cases for verticals in a cost-efficient and easy-implementable manner in the different deployment environments. As an example, the use of local area networks for mining applications would require greater coverage in isolated locations, where incumbent use of the band is highly likely to be absent.  
Furthermore, current use of incumbents in the 3.8-4.2 GHz as well as in the adjacent bands presents significant variations and differences among the CEPT countries.
As a result, each Member State should have the option to define the detailed technical licence conditions of the use of 3.8-4.2 GHz for terrestrial wireless broadband systems for local area networks, based on their geography, the extent of the band utilisation by incumbents, as well as the needs and the requirements for a plethora of use cases and applications. It is essential to highlight that when defining the shared use of 3.8-4.2 GHz for local area networks, one size does not fit all and that the differences of national administrations should be taken into consideration when defining the national technical licence conditions for the use of this band. By doing so, the potential users will be encouraged to utilise the band for a wide range of use-cases and will accelerate the development and the adoption of an end-to-end ecosystem in the near future.

[bookmark: _Toc135751216]Sharing and Compatibility studies


[bookmark: _Toc135751217]Coexistence study between WBB LMPlocal 5G-vertical applications (low/medium power) and FSS receiving earth stations (ECC PT1(23)047_France)
The present study determines the coexistence conditions between WBB LMP stationslocal 5G-vertical applications and FSS receiving stations in the 3.8-4.2 GHz frequency band while identifying the key parameters on the co-channel protection distances.
The study considered the example of protection of two real FSS earth stations in France. The first one is the Rambouillet Teleport site (Eutelsat) located at coordinates longitude 1.7825° and latitude 48.54944°. The second site is the CECS Aussaguel earth station located at coordinates longitude 1.49909° and latitude 43.42958.
Recommendation ITU-R P.452-16 was used to model propagation losses. This propagation model provides a prediction method for the evaluation of propagation losses from about 0.1 GHz to 50 GHz, accounting for both clear-air and hydrometeor scattering interference mechanisms.
The models within Recommendation ITU-R P.452 are designed to calculate propagation losses not exceeded for time percentages over the range 0.001 ≤ p ≤ 50%. This assumption does not imply the maximum loss will be at p = 50%. In this section, the used percentage of time is set to 20%. 
Predicting with more accurately the path loss, requires knowing the exact position of all obstacles including building in the path between the transmitter and the receiver. This can be achieved by using a national terrain and buildings database: in France they are both provided by the ”Institut National de l’Information Géographique et Forestière” (IGN), with a precision of 5 m (1m is also possible but it increases significantly the computation time and provides a level of accuracy that is not necessarily needed for the purposes of this report). However, the terrain profile is taken from SRTM data of 1s.
Once the path profile between the transmitter and the receiver is determined, the P.452 is applied for a time percentage of 20%.
Characteristics of the Fixed Satellite system
In the 3.8-4.2 GHz band, licensed earth stations communicate only with geostationary satellites (GSO).
FSS protection criteria
The ITU-R Recommendation S.1432 has defined the long-term protection criterion by an I/N=-10 dB not to be exceeded for more than 20% of the time. However, the ITU-R Recommendation SF.1006 has defined the short-term criterion by an I/N=-1.3 dB not to exceed more than 0.0016% of the time. Earth station noise temperatures for FSS in the 3.6-3.8 GHz band are between 34 and 180°K.
FSS antenna
The antennas of the FSS earth stations are modelled by the diagram of Annex 3 of Appendix 8 of the Radio Regulations. Their maximum gain is between 40 and 50 dBi.
Characteristics of WBB LMP5G vertical applications
The regulatory conditions set up by OFCOM (see hereafter) could be used as a starting point. The relevance of these conditions for WBB LMP5G verticals deployment could be confirmed and ECC PT1 could assess the protection area around earth stations, for such conditions, and, based on real earth stations deployment information, the availability of spectrum for verticals.
These OFCOM parameters (https://www.ofcom.org.uk/__data/assets/pdf_file/0035/157886/shared-access-licence-guidance.pdf) are as follows. This includes also some assumptions for the antenna heights.
Table 131: 
	
	Low Power
	Medium Power

	Environment
	
	Only rural

	Tx power/ E.I.R.P
	BS (E.I.R.P)
	18 dBm / 5 MHz for carriers >20 MHz
(24 dBm for < 20 MHz)
	36 dBm / 5 MHz for carriers >20 MHz
(42 dBm for < 20 MHz)

	
	Terminal (Ptx)
	28 dBm TRP (mobile/nomadic)
	28 dBm TRP (mobile/nomadic)

	Tx bandwidth
	BW < 100 MHz

	Additional assumptions on antenna
	

	Antenna diagram
	Omni-directional
	Omni-directional

	Indoor/outdoor ratio
	BS
	100% outdoor
	100% outdoor

	
	Terminal (fixed/mobile)
	Indoor/outdoor
	Indoor/outdoor

	Antenna height[footnoteRef:21] [21:  The OFCOM framework proposed antenna heights up to 10m. However, in this study, heights above 10m were considered to assess the impact of the antenna height on the co-channel protection distances] 

	BS
	5 m and 10 m
	5 m, 10 m and 20 m

	
	Terminal (fixed/mobile)
	1.5 m
	1.5 m



Simulation results
In the present study, only the interference coming from the BS (WBB LMP5G Vertical downlink) is evaluated which emit with an EIRP of 18 dBm/5 MHz for the low power BS and 36 dBm/5 MHz for the medium power BS. The simulation results are presented in terms of I/N which is calculated as follows:
I/N (dB) = e.i.r.p(dBm/5MHz)  – PL (dB) + Gr(dBi) – N (dBm/5MHz)
The propagation model used in the studies is ITU-R P.452-16, with time percentage p=20%, using a national terrain and building database. The relief and the building are respectively taken from the SRTM(1s) and IGN(5m) data.
The protection criterion considered is that of the long term (I/N = -10 dB) which leads to a threshold interference level of:

For a receiver noise temperature of 70°K. 
𝐺𝑟: Gain towards the horizon for a given azimuth of the FSS receiving from a geostationary satellite constellation.
When the FSS station sweeps geostationary orbit 𝐺𝑟 = max{Gain(θ)} where θ=(FSS→Geo^FSS→5G site).
Teleport site (Eutelsat) Earth Station in Rambouillet
Interference from low power WBB LMP vertical 5G BS (e.i.r.p 18 dBm/5MHz)
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Figure 51: I/N from BS of antenna height of 5m (left) and of 10m (right)
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Figure 62: The areas in red where the I/N exceeds -10 dB for a BS of 5m (left) and of 10m (right)
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Figure 7: The areas in red where the I/N exceeds -10 dB for a BS of 20m (left) and of 30m (right)

Interference from medium power WBB LMP vertical 5G BS (e.i.r.p 36 dBm/5MHz)
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Figure 83: I/N from BS of antenna height of 5m (left) and of 10m (right)
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Figure 94: The areas in red where the I/N exceeds -10 dB for a BS of 5m (left) and of 10m (right)
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Figure 10: The areas in red where the I/N exceeds -10 dB for a BS of 20m (left) and of 30m (right)

CECS Aussaguel Earth Station site in Issus
Interference from low power WBB LMP vertical 5G BS (e.i.r.p 18 dBm/5MHz)
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Figure 115: I/N from BS of antenna height of 5m (left) and of 10m (right)
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[bookmark: _Ref103067382]Figure 126: The areas in red where the I/N exceeds -10 dB for a BS of 5m (left) and of 10m (right)
Interference from medium power WBB LMPvertical 5G BS (e.i.r.p 36 dBm/5MHz)
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Figure 137: I/N from BS of antenna height of 5m (left) and of 20m (right)
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Figure 148: The areas in red where the I/N exceeds -10 dB for a BS of 5m (left) and of 20m (right)
Analysis of study results
From the simulation results, it can be noted that the maximum e.i.r.p and the maximum antenna height (or alternatively maximum EIRP for various range of antenna heights) of the base station have an important impact on the co-channel protection distances.
Thus, it may be necessary to define some limitation to antenna height of medium power station, since it impacts the interfering distance. Other metrics for technical conditions could be used instead, such as defining a maximum pfd at a certain distance of the WBB LMP base 5G vertical stations.
Additionally, limiting the bandwidth for a given WBB LMP base 5G vertical local coverage would ensure the possibility of
a later deployment of an earth stations, in close vicinity and receiving in other part of the 3.8-4.2 GHz band
further WBB LMP base 5G vertical local coverage in the same area and in another block

Of course, a spectrum mask to be met by WBB LMP base 5G vertical stations is also essential to ensure the protection of earth stations in adjacent blocks.
In addition, the restriction to “only rural” for medium power could be questioned since, in some countries, earth stations are also encouraged to be installed in rural areas, including to facilitate their protection from MNO networks operating in the frequency band 3.4-3.8 GHz. On the other hand, possible additional restrictions should be investigated for the antenna height given the relevance of this parameter in terms of interfering distances. 
Table 14: Required separation distance (km) to protect the site of Rambouillet when considering the long-term protection criteria
	WBB LMP network
	Antenna height (m)
	Required separation distance (km)

	LP (BS e.i.r.p 18 dBm/5MHz)
	5
	12

	
	10
	26

	
	20
	33

	
	30
	45

	MP (BS e.i.r.p 36 dBm/5MHz)
	5
	35

	
	10
	53

	
	20
	60

	
	30
	72




[bookmark: _Toc135751218]Coexistence study between local 5G-vertical applications (for the scenarios of ECC PT1(22)100) and FSS receiving earth stations (ECC PT1(22)212_France)
The present study assess the interferences corresponding to the deployment scenarios of local 5G-vertical applications proposed in ECC PT1(22)100) and a real FSS earth stations in France which is the Rambouillet Teleport site (Eutelsat) located at coordinates longitude 1.7825° and latitude 48.54944°.
Recommendation ITU-R P.452-16 was used to model propagation losses. This propagation model provides a prediction method for the evaluation of propagation losses from about 0.1 GHz to 50 GHz, accounting for both clear-air and hydrometeor scattering interference mechanisms.
The models within Recommendation ITU-R P.452 are designed to calculate propagation losses not exceeded for time percentages over the range 0.001 ≤ p ≤ 50%. This assumption does not imply the maximum loss will be at p = 50%. In this section, the used percentage of time is set to 20%. 
Predicting with more accurately the path loss, requires knowing the exact position of all obstacles including building in the path between the transmitter and the receiver. This can be achieved by using a national terrain and buildings database: in France they are both provided by the ”Institut National de l’Information Géographique et Forestière” (IGN), with a precision of 5 m (1m is also possible but it increases significantly the computation time and provides a level of accuracy that is not necessarily needed for the purposes of this report). However, the terrain profile is taken from SRTM data of 1s.
Once the path profile between the transmitter and the receiver is determined, the P.452 is applied for a time percentage of 20%.
Characteristics of the Fixed Satellite system
In the 3.8-4.2 GHz band, licensed earth stations communicate only with geostationary satellites (GSO).
FSS Protection Criteria
The ITU-R Recommendation S.1432 has defined the long-term protection criterion by an I/N=-10 dB not to be exceeded for more than 20% of the time. However, the ITU-R Recommendation SF.1006 has defined the short-term criterion by an I/N=-1.3 dB not to exceed more than 0.0016% of the time. Earth station noise temperatures for FSS in the 3.6-3.8 GHz band are between 34 and 180 K.
FSS antenna
The antennas of the FSS earth stations are modelled by the diagram of Annex 3 of Appendix 8 of the Radio Regulations. Their maximum gain is between 40 and 50 dBi.
Characteristics of 5G-vertical applications
The table below summarises the four different outdoor local area network deployment configurations proposed in ECC PT1(22)100.
Table 15: 
	Parameter
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	EIRP (dBm)
	53.5
	24
	24
	24

	Bandwidth (MHz)
	20 
	20
	20
	20

	Base Station heights (m)
	15-40 (25m is taken in the study)
	15
	25
	5

	Number of BS locations
	8
	8
	8
	43

	Number of RRHs
	13
	13
	13
	110

	Receiver height (m)
	1.5
	1.5
	1.5
	1.5



Simulation results
In the present study, only the interference coming from the BS (5G Vertical downlink) is evaluated which emit with an EIRP of 18 dBm/5 MHz for the low power BS and 47.5 dBm/5 MHz for the high power BS (scenario 1). The simulation results are presented in terms of I/N which is calculated as follows:
I/N (dB) = e.i.r.p(dBm/5MHz)  – PL (dB) + Gr(dBi) – N (dBm/5MHz)
The propagation model used in the studies is ITU-R P.452-16, with time percentage p=20%, using a national terrain and building database. The relief and the building are respectively taken from the SRTM(1s) and IGN(5m) data.
The protection criterion considered is that of the long term (I/N = -10 dB) which leads to a threshold interference level of:
 (dBm/5MHz) = -10 + 
For a receiver noise temperature of 70 K. 
𝐺𝑟: Gain towards the horizon for a given azimuth of the FSS receiving from a geostationary satellite constellation. When the FSS station sweeps geostationary orbit 𝐺𝑟 = max{Gain(θ)} where θ=(FSS→Geo ^ FSS→5G site).
Teleport site (Eutelsat) Earth station in Rambouillet
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[bookmark: _Ref115022084]Figure 15: I/N from BS deployed according to scenario 1 (left). The areas in red where the I/N exceeds -10 dB (right)
Figure 15 above shows that the interference generated on the FSS station by the 5G-vertical deployed according to scenario 1 proposed by the ECC PT1(22)100 is very high and leads to a separation distance around 60 km to protect the FSS station. Thus, a deployment of the 5G-vertical BS with an emission of 53.5 dBm/20 MHz with an antenna height of 25m will strongly interfere with the FSS stations
[image: A map of the world

Description automatically generated with medium confidence] [image: A map of the world

Description automatically generated with medium confidence]
[bookmark: _Ref115022089]Figure 16: I/N from BS deployed according to scenario 2 (left). The areas in red where the I/N exceeds -10 dB (right)
Figure 16 above shows that the interference generated on the FSS station by the 5G-vertical deployed according to scenario 2 proposed by the ECC PT1(22)100 is high and leads to a separation distance around 40 km to protect the FSS station. Thus, a deployment of the 5G-vertical BS with an emission of 24 dBm/20 MHz with an antenna height of 15m will interfere with the FSS stations
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[bookmark: _Ref115022097]Figure 17: I/N from BS deployed according to scenario 3 (left). The areas in red where the I/N exceeds -10 dB (right)
Figure 17 shows that the interference generated on the FSS station by the 5G-vertical deployed according to scenario 3 proposed by the ECC PT1(22)100 is very high and leads to a separation distance around 50 km to protect the FSS station. Thus, a deployment of the 5G-vertical BS with an emission of 24 dBm/20 MHz with an antenna height of 25m will strongly interfere with the FSS stations
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[bookmark: _Ref115022102]Figure 18: I/N from BS deployed according to scenario 4 (left). The areas in red where the I/N exceeds -10 dB (right)
Figure 18 shows that the interference generated on the FSS station by the 5G-vertical deployed according to the scenario 4 proposed by ECC PT1(22)100 is important. However, a deployment of the 5G-vertical BS with an emission of 24 dBm and an antenna height of 5m constitutes a more favourable coexistence condition than the other scenarios. A high number of BS may increase the level of interference at the receiver and thus increase the separation distance needed.
Analysis of study results
From the simulation results, it can be noted that the maximum e.i.r.p and the maximum antenna height (or alternatively maximum EIRP for various range of antenna heights) of the base station have an important impact on the co-channel protection distances.
Thus, it may be necessary to define some limitation to antenna height of medium power station since it impacts the interfering distance. 
Despite the non-consideration of the aggregation effect and by not taking into account the short-term criterion, the result of this preliminary study shows that the first three scenarios, proposed by the ECC PT1(22)100, lead to enormous interference where an important protection distance is needed. However, the fourth scenario, for a BS of 24 dBm E.I.R.P. and an antenna height of 5m, constitutes a more favourable coexistence condition than the other scenarios.

[bookmark: _Toc135751219]Adjacent band co-existence study between MFCN in 3400-3800 MHz and LAN in 3800-4200 MHz (ECC PT1(22)102_Orange)
Introduction
The MFCN frequency band 3.4-3.8 GHz was defined by ETSI in the European Harmonised Standard EN 301 908-24 through two notes (Note 4 and Note 5) below the Table 1-2 referring to the frequency band n77 (3300-4200 MHz) and n78 (3300-3800 MHz).
Note 4: In Europe, according to [i.24] and [i.8], radio equipment in band n77 operates between 3400 MHz and 3800 MHz (FDL_low = 3400 MHz and FDL_high = 3800 MHz).
Note 5: In Europe, according to [i.24] and [ i.8], radio equipment in band n78 operates between 3400 MHz and 3800 MHz (FDL_low = 3400 MHz and FDL_high = 3800 MHz).
The frequency band 3800-4200 MHz is not covered as an independent frequency band in the European Harmonised standard EN 301 908-24.
In this document, it is assumed that 3800-4200 MHz is an independent frequency band when defining the out of band emission mask and the receiver blocking mask, the spurious emissions is defined as 40 MHz away from the band edge, the in-band blocking and out of band blocking are also defined relative to the band edge 3800 MHz and 4200 MHz.
[bookmark: _Ref103072406]Analysis of Interference from LAN to MFCN
Interference from outdoor LAN Small cell to MFCN Macro cell
Simulation assumptions and scenario
As shown in Figure 19Figure 17 and Figure 20Figure 18, two cases are considered:
unsynchronised operation between MFCN and LAN without guard band;
unsynchronised operation with a guard band of 60 MHz.
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[bookmark: _Ref103016805]Figure 1917: Unsynchronised operation without guard band
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[bookmark: _Ref103016809]Figure 2018: Unsynchronised operation with a guard band of 60 MHz
Two co-existence scenarios are studied, as shown in Figure 21Figure 19 and Figure 22Figure 20 :
1. Scenario: LAN outdoor Small cell is in the middle of MFCN 5G NR macro cell;
1. Scenario 2: MFCN Macro cell 5G NR BS is at the LAN outdoor small cell coverage edge.
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[bookmark: _Ref103065935]Figure 2119: Scenario_1 – LAN outdoor Small cell is in the middle of MFCN 5G NR Macro cell
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[bookmark: _Ref103065941]Figure 2220: Scenario_2 – MFCN Macro cell 5G NR BS is at the LAN outdoor Small cell coverage edge
The LAN BS (Medium Range BS) emission mask is plotted in Figure 23Figure 21.
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[bookmark: _Ref103017194]Figure 2321: LAN BS Tx mask
The MFCN 5G NR BS (wide area BS) is illustrated in Figure 24Figure 22.
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[bookmark: _Ref103017184]Figure 2422: MFCN 5G NR BS Rx mask
The system parameters and deployment assumptions used in the simulations are summarized in Table 16Table 15.
[bookmark: _Ref103017240]Table 1615: System parameters and deployment assumptions
	Parameters
	MFCN 5G NR BS
	LAN1 BS
	LAN2 BS

	Centre Frequency (MHz)
	3755
	3850
	3950

	Channel bandwidth (MHz)
	90
	100
	100

	BS Tx Power (EIRP dBm)
	75 (120 W)
	50, 45, 40, 35, 30
	49, 45, 40, 35, 30

	5G BS AAS antenna 
	8x12
	
	

	Element gain (dBi)
	7.1
	
	

	5G BS antenna height (m)
	25
	
	

	5G BS antenna downtilt (°)
	6
	
	

	H/V element spacing
	0.5 for H
0.7 for V
	
	

	Emission Mask
	3800-3840 MHz: SEM
Above 3840 MHz: -30 dBm/MHz
	
	

	BS Rx mask
	3800-3820 MHz: ACS
3820-3880 MHz: in-band blocking
3880-4000 MHz: out of band blocking
	
	

	LAN BS Tx mask
	
	
	SEM 

	LAN BS Rx mask
	
	
	ACS,
in-band blocking,
out of band blocking

	BS antenna pattens
	ITU-R M.2101 for AAS Macro cell BS
ITU-R F.1336 for non-AAS outdoor Small cell BS
Omni for indoor
	ITU-R F.1336 for non-AAS outdoor Small cell BS
Omni for indoor

	LAN BS antenna height (m)
	
	6 for outdoor
3 for indoor

	LAN BS antenna downtilt (°)
	-6 for Macro cell
0 for Small cell
	0

	BS noise figure (dB)
	3
	8 for MR BS
11 for LA BS

	Cell range (m)
	400
	100 m for outdoor Small cell
50 m for indoor Small cell



Table 1716: 5G NR BS Tx mask from 0 to 40 MHz (120 W Tx Power)
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	[image: ]
	100 kHz 

	5 MHz  f < min(10 MHz, fmax)
	5.05 MHz  f_offset < min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz  f  fmax
	10.5 MHz  f_offset < f_offsetmax 
	-15 dBm
	1 MHz 



Table 1817: 5G NR (LAN) Medium Range BS Tx Mask
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
	Measurement bandwidth 

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	
	100 kHz 

	5 MHz  f < min(10 MHz, Δfmax)
	5.05 MHz  f_offset < min(10.05 MHz, f_offsetmax)
	Prated,x  - 60dB
	100 kHz 

	10 MHz  f  fmax
	10.05 MHz  f_offset < f_offsetmax
	Min(Prated,x  - 60dB, -25dBm) (Note 3)
	100 kHz



Table 1918: Propagation models used in the simulations
	Scenario
	Propagation model

	MFCN Macro cell BS to UE
	3GPP TR38.901 Path Loss Model: UMa, LOS Probabilities

	LAN Small cell BS to UE
	3GPP TR38.901 Path Loss Model: UMi, LOS Probabilities

	LAN BS to MFCN BS
	3GPP TR38.901 Path Loss Model: UMa, LOS Probabilities

	LAN BS to MFCN Micro cell BS
	3GPP TR38.901 Path Loss Model: UMi, LOS Probabilities



Simulation results
1.1.1.1.1 Simulation results for the scenario_1
The simulation scenario_1 (as shown in Figure 12Figure 10) results are given in Table 20Table 19.
[image: ]
Figure 2523: Simulation secnario_1

[bookmark: _Ref103067366]Table 2019: Simulation results (LAN cell radius 100 m in middle 5G Macro cell with BS antenna at 6 m height )
	LAN BS Tx Power (EIRP dBm)
	LAN 3800-3900 MHz
	LAN 3900-4000 MHz
LAN 3860-3960 MHz

	
	I_unwanted
	I_blocking
	TP loss
	I_unwanted
	I_blocking
	TP loss

	50
	-83.6
	-71.9
	30.674%
	-105.2
	-122.3
	2.268%

	45
	-89.3
	-77.6
	23.201%
	-110.2
	-127.3
	1.277%

	40
	-93.7
	-82.1
	17.095%
	
	
	

	35
	-98.9
	-87.2
	12.331%
	
	
	

	30
	-103.8
	-92.1
	8.379%
	
	
	

	25
	-109.0
	-97.4
	5.381%
	
	
	



From the simulation results in the Table 20Table 19, it can be seen that the unsynchronised LAN operation in 3800-3900 MHz create an MFCN 5G NR UL throughput loss more than 5% even with a transmitting power of 25 dBm EIRP, the limiting factor is the blocking effect.
The MFCN 5G NR UL throughput loss from the unsynchronised operation of LAN above 3860 MHz at EIRP <=50 dBm is below 3%.
Figure 26Figure 24 below shows the MFCN 5G NR UL throughput loss as function of LAN BS antenna height for LAB BS EIRP=45 dBm. It can be seen at LAN BS antenna height of 20 m, MFCN 5G NR BS suffers the more interference from LAN BS.
[image: ]
[bookmark: _Ref103069760]Figure 2624: MFCN 5G BS UL TP loss vs LAN BS antenna height

1.1.1.1.2 Simulation results for the scenario_2
The simulation scenario_2 (as shown in Figure 27Figure 25) results are given in Table 21Table 20.
[image: ]
[bookmark: _Ref103069800]Figure 2725: Simulation secnario_2

[bookmark: _Ref103069810]Table 2120: Simulation results (LAN cell radius 100 m in middle 5G Macro cell with BS antenna at 6 m height)
	LAN BS Tx Power (EIRP dBm)
	LAN 3800-3900 MHz
	LAN 3900-4000 MHz
LAN 3860-3960 MHz

	
	I_unwanted
	I_blocking
	TP loss
	I_unwanted
	I_blocking
	TP loss

	50
	-77.3
	-65.7
	45.34%
	-97.8
	-114.9
	4.822%

	45
	-82.2
	-70.6
	35.902%
	-103.1
	-120.2
	2.597%

	40
	-87.1
	-75.5
	27.715%
	-107.7
	-124.9
	1.724%

	35
	-91.9
	-80.2
	20.523%
	
	
	

	30
	-97.2
	-85.5
	14.094%
	
	
	

	25
	-101.8
	-90.1
	9.803%
	
	
	

	20
	-107.1
	-95.4
	6.166%
	
	
	

	15
	-111.9
	-100.2
	3.901%
	
	
	



From the simulation results in the Table 21Table 20 for the scenario_2, it can be seen that the unsynchronised LAN operation in 3800-3900 MHz create an MFCN 5G NR UL throughput loss more than 5% even with a transmitting power of 20 dBm EIRP, the limiting factor is the blocking effect.
The MFCN 5G NR UL throughput loss from the unsynchronised operation of LAN above 3860 MHz at EIRP <=40 dBm is below 2%.
Figure 28Figure 26 below shows the MFCN 5G NR UL throughput loss as function of LAN BS antenna height for LAB BS EIRP=40, 35, 30 dBm. It can be seen at LAN BS antenna height of 20 m, MFCN 5G NR BS suffers the more interference from LAN BS.
[image: ]
[bookmark: _Ref103069890]Figure 2826: MFCN 5G BS UL TP loss vs LAN BS antenna height

Summary
The simulation results for the unsynchronised operation between LAN BS and MFCN 5G NR BS show that:
Co-existence is difficult for LAN operation in the frequency range 3800-3900 MHz, the limiting factor is the MFCN 5G NR BS receiver blocking
Co-existence is possible for LAN operation above 3860 MHz under the condition of LAN BS emission power limit EIRP <=35 dBm.

Interference from indoor LAN Smallcell to MFCN Macrocell
Simulation scenario and assumptions
The simulation scenario is illustrated in Figure 29Figure 27 below.
[image: ]
[bookmark: _Ref103069936]Figure 2927: Simulation scenario between LAN indoor Small cell and outdoor MFCN 5G NR Macro cell
For LAN indoor Small cell, it is assumed that LAN BS antenna height is at 3 m, an omni antenna with a gain of 3 dBi. The cell radius is 50 m, the separation distance between LAN indoor Small cell BS and the MFCN 5G NR BS is 100 m. Wall penetration loss is 15 dB with a standard deviation of 5 dB. LAN indoor Small cell follows a distribution as below:
40% ground floor;
30% 1st floor;
20% 2nd floor;
10% 3rd floor.

Simulation results
The simulation results for LAN indoor Small cell unsynchronised operation in 3800-3900 MHz are given in Table 22Table 21.
[bookmark: _Ref103070140]Table 2221: Simulation results for the co-existence between MFCN Macro cell and LAN indoor Small cell
	LAN BS Tx Power (EIRP dBm)
	Indoor LAN 3800-3900 MHz

	
	I_unwanted
	I_blocking
	TP loss

	50
	-90.4
	-78.7
	22.257%

	45
	-95.6
	-84.0
	16.078%

	40
	-100.3
	-88.7
	11.551%

	35
	-105.8
	-94.2
	7.737%

	30
	-110.5
	-98.8
	4.805%

	25
	-115.4
	-103.7
	3.07%

	20
	-120.5
	-108.8
	1.691%



The simulation results in the Table 22Table 21 show that when a LAN indoor Small cell is at EIRP<=20 dBm, the MFCN 5G NR BS located at 100 m away has an UL throughput loss less than 2%.
Summary
The simulation results show for the case of unsynchronised operation between LAN indoor Small cell and MFCN 5G NR Macro cell, MFCN UL throughput loss is less than 2% with LAN indoor Smallcell BS EIRP<=20 dBm.
Outdoor LAN Small cell to outdoor MFCN Small cell
Simulation scenarios and assumptions
In the simulations, two scenarios are considered:
1. Scenario_1: face-to-Face at 100 m separation, as shown in Figure 30Figure 28.
[image: ]
[bookmark: _Ref103070317]Figure 3028: Scenario_1, face-to-face
1. Scenario_2: 50 m/50 m separation, as shown in Figure 31Figure 29.
[image: ]
[bookmark: _Ref103070325]Figure 3129: Scenario_2, 50 m/50 m separations
It is assumed 5G BS Medium Range BS has a noise figure NF=8 dB, panel antenna with Gain=9 dBi
Simulation results
1.1.1.1.3 Simulation results for the scenario_1
The simulation results for the scenario_1 are given in Table 23Table 22.
[bookmark: _Ref103070377]Table 2322: Simulation results for the scenario_1
	LAN BS Tx Power (dBm)
	Scenario_1

	
	I_unwanted (dBm)
	I_blocking (dBm)
	UL TP loss (%)

	40
	-91.7
	-103.9
	14.544

	35
	-96.8
	-109
	6.009

	30
	-101.7
	-113.9
	2.326



From the Table 23Table 22, it can be seen that MFCN Small cell UL throughput loss is below 3% when the LAN outdoor Small cell BS EIRP is less than 30 dBm.
1.1.1.1.4 Simulation results for the scenario_2
The simulation results for the scenario_2 are given in Table 24Table 23.
[bookmark: _Ref103070395]Table 2423: Simulation results for the scenario_2
	LAN BS Tx Power (dBm)
	Scenario_1

	
	I_unwanted (dBm)
	I_blocking (dBm)
	UL TP loss (%)

	40
	-94.2
	-106.3
	9.345

	35
	-99.1
	-111.3
	3.669

	30
	-104.1
	-116.3
	1.487



From the Table 24Table 23, it can be seen that MFCN Small cell UL throughput loss is below 2% when the LAN outdoor Small cell BS EIRP is less than 30 dBm.
Summary
The simulation results show that in case LAN outdoor Small cell BS EIRP is limited to 30 dBm, the MFCN outdoor Small cell UL throughput loss is less than 3%.
[bookmark: _Ref103072419]Analysis of interference from MFCN to LAN
Interference from MFCN Macro cell to outdoor LAN Small cell
Simulation scenarios & assumptions
5G NR Macrocell BS emission mask is plotted in Figure 32Figure 30.
[image: ]
[bookmark: _Ref103070618]Figure 3230: 5G NR BS Tx mask (Wide area BS)
LAN Medium range BS receiver mask is illustrated in Figure 33Figure 31.
[image: ]
[bookmark: _Ref103070623]Figure 3331: LAN Small cell BS Rx mask (Medium Range BS)
It is assumed LAN outdoor Small cell BS has a noise figure NF=8 dB, with a directional antenna with gain of 6 dBi.
Two scenarios are simulated:
1. Scenario_1: 200m separation between MFCN 5G NR BS and LAN outdoor Small cell BS;
1. Scenario_2: 100m separation between MFCN 5G NR BS and LAN outdoor Small cell BS.
Simulation results
1.1.1.1.5 Simulation results for the scenario_1
Simulation scenario_1 is illustrated in Figure 34Figure 32. The simulation results are plotted in Figure 35Figure 33 for different LAN outdoor Small cell BS antenna heights.
[image: ]
[bookmark: _Ref103072069]Figure 3432: Scenario_1, 200 m separation distance
[image: ]
[bookmark: _Ref103072078]Figure 3533: LAN outdoor Small cell UL TP loss

1.1.1.1.6 Simulation results for the scenario_2
Simulation scenario_2 is illustrated in Figure 36Figure 34. The simulation results are plotted in Figure 37Figure 35 for different LAN outdoor Small cell BS antenna heights.
[image: ]
[bookmark: _Ref103072116]Figure 3634: Scenario_2, 100 m separation distance
[image: ]
[bookmark: _Ref103072123]Figure 3735: LAN outdoor Small cell UL TP loss

Summary
The simulation results show that LAN outdoor Small cell uplink throughput loss can vary from 30% to 90% depending on the LAN Small cell BS antenna height and the separation distance. The limiting factor is the LAN BS receiver blocking. A guard band does not help much and is not sufficient.
Interference from MFCN Macrocell to indoor LAN Smallcell
Simulation scenarios & assumptions
Local area BS is used for Indoor LAN Small cell. It is assumed that the local area BS for LAN indoor Small cell has a noise figure of 11 dB. An omni-directional antenna of 3 dBi gain is used for indoor LAN Small cell.
Local area BS receiver mask is plotted in Figure 38Figure 36.
[image: ]
[bookmark: _Ref103072241]Figure 3836: Local area BS receiver blocking mask
5G NR UE emission mask is plotted in Figure 39Figure 37.
[image: ]
[bookmark: _Ref103072255]Figure 3937: 5G NR UE Tx mask
The simulation scenario is illustrated in Figure 40Figure 38. In the simulation with SEAMCAT, the 5G NR UE is generated within the same area of the LAN indoor Small cell coverage area. 15 dB wall loss is used in the simulation.
[image: ]
[bookmark: _Ref103072273]Figure 4038: Simulation scenario for interference from MFCN Macro cell to LAN indoor Small cell

Simulation results
LAN indoor Small cell UL throughput loss caused by interference from outdoor Macro cell BS and by interference from 5G NR UE connecting to the outdoor Macro cell BS are simulated. The simulation results are given in Table 25Table 24.
[bookmark: _Ref103072332]Table 2524: LAN indoor Small cell UL TP loss
	Interferer
	I_unwanted
	I_blocking
	UL TP loss (%)

	5G NR UE (UL)
	-107.6
	-114.4
	3.861%

	5G NR BS (DL)
	-113.2
	-91.8
	24.197%



The simulation results show that:
Interference from indoor 5G UE connecting to outdoor Macro cell 5G BS to indoor LAN BS does not appear as a big issue;
Interference from outdoor Macro cell 5G BS to indoor LAN BS is still a problem.
Summary

Synchronisation and Semi-synchronisation
Synchronisation
The simulation results presented in section A7.2 and A7.3 show that the co-existence between MFCN 5G NR in 3710-3800 MHz and Local area network in 3800-4200 MHz is not easy when they are not synchronised. In particular the interference from MFCN 5G NR Macro cell to LAN outdoor Small cells. A guard band does not help much. 
The synchronisation can be a solution to ensure the co-existence between MFCN 5G NR and Local Area Network. The synchronisation needs
1. Common phase clock reference;
1. Compatible frame structure

Semi-synchronisation
Usually MFCN 5G NR network has more downlink data capacity than UL, the DL/UL ratio is usually 75% / 25%. Some applications of local area network may require more UL data capacity. As described in ECC Report 296, the semi-synchronisation could be a solution for Local Area Network where it needs more UL data capacity under condition of tolerating some UL interference:
"DL to UL modifications": the default DL transmission direction in the flexible part is modified into UL
From BS-BS interference perspective, the network that modifies the default DL into UL will not interfere with the other network(s) but it will receive additional interference from the other network(s);

In case Local area network use this "DL to UL modifications" semi-synchronisation, the LAN UL throughput loss (%) will be
TP_loss = TP_loss1 * P2
Where:
TP_loss1 is the simulated LAN UL TP Loss for unsynchronised case;
P2 is the collision probability

For example, at 6 m LAN BS antenna height, the simulated LAN UL throughput loss for the second channel 3900-4000 MHz is TP_loss1 = 30%, if the "DL to UL modifications" semi-synchronisation is used, the resultant LAN UL throughput loss for different UL/DL ratios are given in the Table 26Table 25 below.
[bookmark: _Ref103072544]Table 2625: LAN UL TP loss when using semi-synchronisation
	5G NR DL/UL ratio
	75% / 25%
	75% / 25%
	75% / 25%

	LAN DL/UL ratio
	75% / 25%
	50% / 50%
	25% / 75%

	DL to UL collision probability
	0%
	25%
	50%

	LAN UL TP Loss
	0%
	7.5%
	15%



Conclusions
Based on the simulation results and the analysis, the following conclusions can be made:
1. When the Local Area Network operating in 3800-4200 MHz is not synchronised with MFCN 5G NR in 3400-3800 MHz, the technical conditions for protecting MFCN UL are:
a guard band of 60 MHz (3800-3860 MHz);
LAN BS transmit power EIRP<=30 dBm/100 MHz for both outdoor and indoor Small cell deployment.

But the interference from MFCN 5G NR to LAN uplink is a problem due to LAN BS receiver blocking characteristics. The possible solution is to define a more robust LAN BS receiver blocking performance in the future harmonised standard.
Synchronisation between MFCN 5G NR in 3400-3800 MHz and Local Area Network in 3800-4200 MHz is a good solution to ensure the co-existence:
Common phase clock reference
Compatible frame structure
The possible constraint may be the DL / UL ratio for some LAN applications, in case LAN needs more UL data capacity, the “DL to UL modification” semi-synchronisation as described in the ECC Report 296 can be considered as a possible solution.
The European harmonised standard for the MFCN 5G NR BS EN 301 908-24 is not yet officially published. This standard includes the European MFCN frequency band 3400-3800 MHz but does not cover the frequency band 3800-4200 MHz band. The frequency band 3800-4200 MHz and some technical conditions, e.g., BS receiver blocking performance, based on ECC PT1 study, need to be included in the future European harmonised standard.
[bookmark: _Toc380059620][bookmark: _Toc380059762][bookmark: _Toc396383876][bookmark: _Toc396917309][bookmark: _Toc396917420][bookmark: _Toc396917640][bookmark: _Toc396917655][bookmark: _Toc396917760][bookmark: _Toc79649515][bookmark: _Toc79649516][bookmark: _Toc135751220]Sharing study between FSS ES and LANWBB LMP in the band 3800-4200 MHz (CG4G(22)017_Intelsat)
This annex concentrates on studying the required separation distance to protect FSS ES taking into account a single unsynchronized localized BS deployed for vertical use. The unsynchronized assumption is key as this entails that the band will indeed be used by local-area networks and will not be used for wide scale IMT deployment.
This annex will consider various power options for the IMT BS to determine the impact of a local-area BS into an FSS ES.
Technical characteristics
Interferer characteristics: Terrestrial wireless broadband systems providing local-area network
Case 1: directional AAS antenna modelling
The following table is based on some of the characteristics for AAS IMT BS for the frequency range 3-6 GHz presented in Annex 4.4 to 5D/716.
Table 271: Base station characteristics
	Base station characteristics

	Cell radius (AAS) 
	0.4 km 

	
Sectorization
	1 sector

	Frequency reuse
	1

	Maximum AAS BS output power 
	See below considerations on maximum e.i.r.p. density limits

	TDD / FDD
	TDD

	BS TDD activity factor
	75%



The antenna pattern chosen for the AAS is based on the parameters from the small cell from Table 9 of Annex 4.4 to 5D/716. The small cell parameters were chosen as the Work Item considers low/medium power local area terrestrial networks.
Table 282: Base station antenna characteristics
	1
	Base station antenna characteristics

	1.1
	Antenna pattern 
	Refer to section 5 of Recommendation ITU-R M.2101ITU-R M.2101 

	1.2
	Element gain (dBi) (Note 1)
	6.4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) (Note 2)
	8 × 8 elements

	1.7
	Horizontal/Vertical radiating element/sub-array spacing, dh /dv
	0.5 of wavelength for H,
0.7 of wavelength for V

	1.7a
	Number of element rows in sub-array, Msub
	N/A

	1.7b
	Vertical radiating element spacing in sub-array, dv,sub
	N/A

	1.7c
	Pre-set sub-array down-tilt, θsubtilt (degrees)
	N/A

	1.8
	Array Ohmic loss (dB) (Note 1)
	2

	1.9
	Conducted power (before Ohmic loss) per antenna element/sub-array (dBm) (Note 5, 6) 
	16

	1.10
	Base station horizontal coverage range (degrees)
	±60

	1.11
	Base station vertical coverage range (degrees) (Notes 3, 4, 7)
	90-120

	1.12
	Mechanical downtilt (degrees) (Note 4)
	6

	Note 1: The element gain in row 1.2 includes the loss given in row 1.8 and is per polarization. This means that this parameter in row 1.8 is not needed for the calculation of the BS composite antenna gain and e.i.r.p. 
Note 2: For the small/micro cell case, 8 × 8 means there are 8 vertical and 8 horizontal radiating elements. For the extended AAS model case, 4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays.
Note 3: The vertical coverage range is given in global coordinate system, i.e. 90° being at the horizon.
Note 4: The vertical coverage range in row 1.11 includes the mechanical downtilt given in row 1.12.
Note 5: The conducted power per element assumes 8 × 8 × 2 elements for the micro/small cell case, and 4 x 8 x 2 sub-arrays for the macro case (i.e. power per H/V polarized element). 
Note 6: In sharing studies, the transmit power calculated using row 1.9 is applied to the typical channel bandwidth given in Table 5-1 and 6-1 respectively for the corresponding frequency bands.
Note 7: In sharing studies, the UEs that are below the base station vertical coverage range can be considered to be served by the “lower” bound of the electrical beam, i.e. beam steered towards the max. coverage angle. A minimum BS-UE distance along the ground of 35m should be used for urban/suburban and rural macro environments, 5 m for micro/outdoor small cell, and 2 m for indoor small cell/urban scenarios.



Case 2: directional non-AAS antenna modelling

The following table is based on some of the characteristics for non-AAS IMT BS for the frequency range 3-6 GHz presented in Annex 4.4 to 5D/716.
Table 293: Base station characteristics
	Base station characteristics/Cell structure

	Cell radius / Deployment density (non-AAS) 
	Cell radius 0.4 km

	
Sectorization
	1 sector

	Non-AAS BS downtilt 
	6 degrees

	Frequency reuse
	1

	Non-AAS BS antenna pattern
	Recommendation ITU-R F.1336 (recommends 3.1)
	ka = 0.7
	kp = 0.7
	kh = 0.7
	kv = 0.3
Horizontal 3 dB beamwidth: 65 degrees
Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. 
Vertical beamwidths of actual antennas may also be used when available.

	Maximum Non-AAS BS output power 
	See below consideration on power limits

	Maximum Non-AAS BS antenna gain 
	18 dBi

	TDD / FDD
	TDD

	BS TDD activity factor
	75%



Case 3: Omnidirectional BS
For this case, the antenna is assumed to have a 0 dBi gain in all directions.
Power limits
For this study 3 different maximum e.i.r.p. limitations are considered:
“Low-power”: maximum e.i.r.p. = 18 dBm/5MHz
“Medium power”: maximum e.i.r.p. = 36 dBm/5MHz
Limit based on 5A/322: maximum e.i.r.p. = 24 dBm/5MHz
BS height
For all the cases considered in this study, the terrestrial local-area network base station is assumed to be at 10m height. This assumption can have an important impact on the results of the sharing studies. A higher antenna height could lead to higher separation distances.
Receiver characteristics: FSS ES
FSS parameters are based on characteristics provided by ITU-R WP 4A[footnoteRef:22] as well as on characteristics of existing FSS ES where indicated, as shown in the table below. [22:  Document 5A/395, available at https://www.itu.int/md/meetingdoc.asp?lang=en&parent=R19-WP5A-C-0395https://www.itu.int/md/meetingdoc.asp?lang=en&parent=R19-WP5A-C-0395] 

Table 304: FSS earth station parameters
	Parameter
	Typical value

	Antenna size (m)
	2.4-12 m

	ES Carrier Bandwidth (MHz)
	40 MHz

	Antenna reference pattern
	ITU-R S.465

	Receiving system noise temperature
	120 K for small antennas (1.2-3 m)
70 K for large antennas (4.5 metres and above)

	ES antenna elevation pointing
	10 degrees

	ES Antenna Centre Height above ground 
	10 m



FSS protection criterion for in-band studies is defined by ITU-R WP 4A as shown in Table 31.
[bookmark: _Ref115022188]Table 315: Protection Criteria for FSS (in-band)
	Frequency Ranges
	Percentage of time for which the I/N value could be exceeded (%)
	I/N Criteria (dB) 

	3 600-3 800 MHz
	20%
0.005%
	−10.5
−1.3



Simulations
Case 1: local area AAS BS impact into FSS ES receiver

Given the time varying characteristic of the AAS antenna assumed a statistical analysis is conducted. A number of iterations are performed:
The distance between the AAS antenna and the FSS ES is set at the beginning of the analysis
For each iteration:
The AAS antenna is pointing in a given direction within its coverage area (combination of its mechanical and electrical pointing)
The interference towards the  FSS ES is calculated and stored
The resulting CDF is plotted and compared with the FSS ES protection criteria
If the protection criteria are not met with the set distance, the statistical analysis is conducted once again assuming a larger separation distance.
For each of the cases presented below, the required separation along with the corresponding CDF of interference is presented. 
Some intermediate results are presented below in order to provide more insight behind the results of each of the sub-cases below:
BS elevation and azimuth distribution
At each iteration, a user equipment is assumed to be randomly deployed within the BS service area. The following figure illustrates the distribution of such UEs step after step.
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Figure 411: 
At every step, the BS is pointing to the randomly distributed UE. The following figures present the distribution in elevation and azimuth of the BS.
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Figure 422: 
It’s important to note that the BS coverage is limited to a range of 30 degrees which is common for AAS antenna characteristics.
BS gain distribution towards the FSS ES
The resulting gain CDF can be established from the above pointing distribution of the BS.
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Figure 433: 
The gain of the AAS antenna is considered to determine the correct e.i.r.p. in the direction of the FSS ES victim:

Clutter modelling at each iteration
This case 1 assumed two scenarios:
The first assuming no clutter attenuation;
The second assuming the clutter modelling following section 3.2 of ITU-R P.2108. The clutter was assumed systematically at the BS end, assuming that the local-area network would be deployed below the clutter height in order to mitigate interference into existing services. The following figure presents the CDF of the clutter losses. The height of the local area network is also key in ensuring that the local area network is within the surrounding clutter environment.
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Figure 444: 
It is important to note that the P.2108 model only applies to suburban and urban environments. As shown in the above figure this model provides an important amount of attenuation (15-50dB with an average of 32 dB).
Case 1.1: Medium power – max. e.i.r.p. = 36 dBm/5MHz
The following table summarizes the required separation distances to meet the long term and short term FSS ES protection criteria in turn. The CDF of interference versus the percentage of time for the required separation distance are presented.
Without clutter attenuation
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Figure 455: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 44 km
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Figure 466: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 300 km
With clutter attenuation (P.2108)
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Figure 477: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 14 km
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Figure 488: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 25 km
Case 1.2: Low power – max. e.i.r.p. = 18 dBm/5MHz
Without clutter attenuation
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Figure 499: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 23 km
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Figure 5010: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 100 km
With clutter attenuation (P.2108)
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Figure 5111: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 2 km
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Figure 5212: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 8 km
Case 1.3: Power level from 5A/322 document – max. e.i.r.p. = 24 dBm/5MHz
Without clutter attenuation
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Figure 5313: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 29 km
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Figure 5414: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 170 km
With clutter attenuation (P.2108)
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Figure 5515: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 4.2 km
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Figure 5616: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 14 km
Case 2: local area non-AAS BS impact into FSS ES receiver

The non-AAS antenna has a fixed mechanical down-tilt. The antenna pointing is therefore non-time variant. The analysis will therefore assume that the non-AAS BS is pointing towards the FSS ES in azimuth. The following figure presents the non-AAS antenna pattern following F.1336: 
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Figure 5717: 
Assuming the 6 degrees mechanical downtilt, the non-AAS gain towards the FSS ES is 10.4 dBi (7.6 dB lower than the peak antenna gain).
The results are presented in the form of an interference versus distance graph for each of the cases considered below. To complement the results, several FSS ES elevations were assumed: 10, 15, 30 and 48 degrees. Once again both long-term and short-term analysis results are provided. For this case, the only time varying parameter is the propagation model. For each of the cases the percentage of time associated with the protection criteria is used when implementing the ITU-R Recommendation P.452 propagation model. The following figure presents the propagation model P.452 using different percentage of time:
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Figure 5818: 
For this case, the clutter model P.2108 was not considered since this is not a statistical analysis.
Case 2.1: Medium power – max. e.i.r.p. = 36 dBm/5MHz
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Figure 5919: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 35.8 km
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Figure 6020: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 209.5 km
Case 2.2: Low power – max. e.i.r.p. = 18 dBm/5MHz
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Figure 6121: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 21.8 km
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Figure 6222: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 41 km
Case 2.3: Power level from 5A/322 document – max. e.i.r.p. = 24 dBm/5MHz
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Figure 6323: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 26.1 km
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Figure 6424: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 93.6 km
Additional results for cases 2.1/2.2/2.3 considering different deployment scenarios and clutter attenuation following Recommendation ITU-R P.452
Various deployment scenarios are assumed for the WBB LMP BS and FSS ES deployment: industrial site, urban, suburban and rural.
Recommendation ITU-R P.452 (Section 4.5.2), provides several clutter categories including a nominal clutter height and distance from the antenna for each. The various categories considered in this study have been reflected in the table below. 
Table 32: Nominal clutter heights and distances (Rec. ITU-R P.452)
	Clutter (ground-cover) category
	Nominal height, ha
(m)
	Nominal distance, dk
(km)

	High crop fields
Park land
Irregularly spaced sparse trees
Orchard (regularly spaced)
Sparse houses
	
4
	
0.1

	Suburban
	9
	0.025

	Urban
	20
	0.02

	Industrial zone
	20
	0.05



The FSS ES is assumed to be in a rural or suburban area with an antenna height of 10m. This is taken to represent one of the typical FSS ES deployment. For this section the FSS ES is assumed to be pointing at 10 degrees elevation.
Two different WBB LMP BS antenna heights are assumed in turn: 10m and 20m.

The resulting I/N versus separation distances are contained in the tables below:

Results – Long term protection criteria
	BS height = 10m

	Rural/Suburban BS -> Rural/suburban FSS ES
	Urban site BS -> Rural/suburban FSS ES
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 35.8 km
· e.i.r.p. = 24 dBm/5MHz ==> 26.1 km
· e.i.r.p. = 18 dBm/5MHz ==> 21.8 km
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 29.2 km
· e.i.r.p. = 24 dBm/5MHz ==> 20.2 km
· e.i.r.p. = 18 dBm/5MHz ==> 11.8 km

	Industrial site BS -> Rural/suburban FSS ES
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 29.6 km
· e.i.r.p. = 24 dBm/5MHz ==> 20.6 km
· e.i.r.p. = 18 dBm/5MHz ==> 12.5 km

	BS height = 20m

	Same result for all deployment cases as BS is above nominal clutter height:
Rural/Suburban/Urban/Industrial BS -> Rural/suburban FSS ES   
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 42 km
· e.i.r.p. = 24 dBm/5MHz ==> 31.9 km
· e.i.r.p. = 18 dBm/5MHz ==> 27.2 km




Results – Short term protection criteria
	BS height = 10m

	Rural/Suburban BS -> Rural FSS ES
	Urban site BS -> Rural FSS ES
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 210.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 94.3 km
· e.i.r.p. = 18 dBm/5MHz ==> 41.5 km
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 54.8 km
· e.i.r.p. = 24 dBm/5MHz ==> 20.5 km
· e.i.r.p. = 18 dBm/5MHz ==> 6.5 km

	Industrial site BS -> Rural FSS ES
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 59.4 km
· e.i.r.p. = 24 dBm/5MHz ==> 22.1 km
· e.i.r.p. = 18 dBm/5MHz ==> 7.1 km

	BS height = 20m

	Same result for all deployment cases as BS is above nominal clutter height:
Rural/Suburban/Urban/Industrial BS -> Rural SatPaq   
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 208.1 km
· e.i.r.p. = 24 dBm/5MHz ==> 90.5 km
· e.i.r.p. = 18 dBm/5MHz ==> 38.2 km



Separation distances vary depending on the deployment scenario and associated clutter:
· Long term protection criteria:
· e.i.r.p. = 36 dBm/5MHz: 29.2 – 42 km
· e.i.r.p. = 24 dBm/5MHz: 20.2 – 31.9 km
· e.i.r.p. = 18 dBm/5MHz: 11.8 – 27.2 km
· Short term protection criteria:
· e.i.r.p. = 36 dBm/5MHz: 54.8 – 210.5 km
· e.i.r.p. = 24 dBm/5MHz: 20.5 – 94.3 km
· e.i.r.p. = 18 dBm/5MHz: 6.5 – 41.5 km
Case 3: local area omnidirectional BS into FSS ES receiver
Similarly to case 2, the antenna pointing is non-time variant. The BS is considered to have a gain of 0 dBi in all directions. The BS e.i.r.p. is therefore the same level in all directions. The results are presented in the form of an interference versus distance graph for each of the cases considered below. It is important to note that the distance required to meet the FSS protection criteria is in this case applicable in all direction around the BS. 
Case 3.1: Medium power – max. e.i.r.p. = 36 dBm/5MHz
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Figure 6525: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 41.5 km
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Figure 6626: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 276.8 km

Case 3.2: Low power – max. e.i.r.p. = 18 dBm/5MHz
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Figure 6727: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 27.4 km
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Figure 6828: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 109.2 km

Case 3.3: Power level from 5A/322 document – max. e.i.r.p. = 24 dBm/5MHz
[image: Chart, line chart

Description automatically generated]
Figure 6929: Long term protection criteria I/N = -10.5 dB not to be exceeded for more than 20%
Required separation distance: 32.4 km
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Figure 7030: Short term protection criteria I/N = -1.3 dB not to be exceeded for more than 0.005%
Required separation distance: 167.2 km
Additional results for cases 3.1/3.2/3.3 considering different deployment scenarios and clutter attenuation following Recommendation ITU-R P.452
Various deployment scenarios are assumed for the WBB LMP BS and FSS ES deployment: industrial site, urban, suburban and rural.
Recommendation ITU-R P.452 (Section 4.5.2), provides several clutter categories including a nominal clutter height and distance from the antenna for each. The various categories considered in this study have been reflected in the table below. 
Table 33: Nominal clutter heights and distances (Rec. ITU-R P.452)
	Clutter (ground-cover) category
	Nominal height, ha
(m)
	Nominal distance, dk
(km)

	High crop fields
Park land
Irregularly spaced sparse trees
Orchard (regularly spaced)
Sparse houses
	
4
	
0.1

	Suburban
	9
	0.025

	Urban
	20
	0.02

	Industrial zone
	20
	0.05



The FSS ES is assumed to be in a rural or suburban area with an antenna height of 10m. This is taken to represent one of the typical FSS ES deployment. For this section the FSS ES is assumed to be pointing at 10 degrees elevation.
Two different WBB LMP BS antenna heights are assumed in turn: 10m and 20m.

The resulting I/N versus separation distances are contained in the tables below:

Results – Long term protection criteria
	BS height = 10m

	Rural/Suburban BS -> Rural/suburban FSS ES
	Urban site BS -> Rural/suburban FSS ES

	[image: Chart, line chart

Description automatically generated]
Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 41.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 32.4 km
· e.i.r.p. = 18 dBm/5MHz ==> 27.4 km
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 35.8 km
· e.i.r.p. = 24 dBm/5MHz ==> 25.9 km
· e.i.r.p. = 18 dBm/5MHz ==> 21.5 km

	Industrial site BS -> Rural/suburban FSS ES
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 36.2 km
· e.i.r.p. = 24 dBm/5MHz ==> 26.2 km
· e.i.r.p. = 18 dBm/5MHz ==> 21.8 km

	BS height = 20m

	Same result for all deployment cases as BS is above nominal clutter height:
Rural/Suburban/Urban/Industrial BS -> Rural/suburban FSS ES   
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 47.9 km
· e.i.r.p. = 24 dBm/5MHz ==> 38.5 km
· e.i.r.p. = 18 dBm/5MHz ==> 33.3 km




Results – Short term protection criteria
	BS height = 10m

	Rural/Suburban BS -> Rural FSS ES
	Urban site BS -> Rural FSS ES
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 276.8 km
· e.i.r.p. = 24 dBm/5MHz ==> 168.2 km
· e.i.r.p. = 18 dBm/5MHz ==> 109.2 km
	[image: Chart, line chart

Description automatically generated]
Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 126.2 km
· e.i.r.p. = 24 dBm/5MHz ==> 29.1 km
· e.i.r.p. = 18 dBm/5MHz ==> 23.1 km

	Industrial site BS -> Rural FSS ES
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 129.3 km
· e.i.r.p. = 24 dBm/5MHz ==> 29.7 km
· e.i.r.p. = 18 dBm/5MHz ==> 23.5 km

	BS height = 20m

	Same result for all deployment cases as BS is above nominal clutter height:
Rural/Suburban/Urban/Industrial BS -> Rural SatPaq   
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 275.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 164.7 km
· e.i.r.p. = 18 dBm/5MHz ==> 104.9 km



Separation distances vary depending on the deployment scenario and associated clutter:
· Long term protection criteria:
· e.i.r.p. = 36 dBm/5MHz: 35.8 – 47.9 km
· e.i.r.p. = 24 dBm/5MHz: 25.9 – 38.5 km
· e.i.r.p. = 18 dBm/5MHz: 21.5 – 33.3 km
· Short term protection criteria:
· e.i.r.p. = 36 dBm/5MHz: 126.2 – 276.8 km
· e.i.r.p. = 24 dBm/5MHz: 29.1 – 168.2 km
· e.i.r.p. = 18 dBm/5MHz: 23.1 – 109.2 km

Overview of results and additional considerations
The following table provides a summary of the above results:
Table 34: 
	Case #
	Antenna type
	Max. e.i.r.p.
	Distance to meet the FSS long term protection criteria (km)
	Distance to meet the FSS long short term protection criteria (km)

	1.1
	AAS antenna without clutter
	36 dBm/5MHz
	44
	300

	1.2
	
	18 dBm/5MHz
	23
	100

	1.3
	
	24 dBm/5MHz
	29
	170

	1.1
	AAS antenna with clutter
	36 dBm/5MHz
	14
	25

	1.2
	
	18 dBm/5MHz
	2
	8

	1.3
	
	24 dBm/5MHz
	4.2
	14

	2.1
	Non-AAS antenna
	36 dBm/5MHz
	35.8
	209

	2.2
	
	18 dBm/5MHz
	21.8
	41

	2.3
	
	24 dBm/5MHz
	26.1
	93.6

	3.1
	Omnidirectional antenna
	36 dBm/5MHz
	41.5
	276.8

	3.2
	
	18 dBm/5MHz
	27.4
	109.2

	3.3
	
	24 dBm/5MHz
	32.4
	167.2



From the results it can be seen that the required separation distance is longer to protect the short-term protection criteria. One can also note that the separation distance varies greatly depending on the assumptions taken. It is therefore paramount that certain conditions reflecting these technical assumptions are translated and reflected in regulatory text. Through this contribution, it is proposed to consider the following assumptions to be translated into regulation for the potential shared use of the 3.8-4.2 GHz frequency band for terrestrial low powered wireless broadband systems providing local-area network connectivity in CEPT:
Unsynchronized BS: it is important to highlight that these applications would only be for local area networks and should not be used for wide-spread synchronized mobile deployment. This is key in ensuring that current and future deployments of FSS ES are not impeded in the band.
Power limitation: this could be in the form of a maximum e.i.r.p. limit. Looking at the results in this annex, it is proposed to use the low e.i.r.p. level of 18dBm/5MHz
Antenna height: The study presented in this annex analysed presented results using only a specifictwo antenna height of 10m and 20m. As seen from the analysis, the 20m height would lead to higher separation distances given the lack of clutter attenuation on the path. It is therefore proposed to limit the height of the outdoor WBB LMP antennas to 10monly a specific antenna height of 10m. However, the higher the antenna height the more potential impact into other existing services. In addition, a lower antenna height would also help with granting clutter attenuation on the interfering path. 
Antenna downtilt: The study considered different antenna types. The antenna downtilt can ensure lower levels of interference towards the horizon. A minimum downtilt is therefore proposed to be considered as a technical condition. A preliminary proposal of 6 degrees could be considered for both AAS and non AAS antennas.
Exclusion zones: Given the separation distances obtained in the study above, exclusion zones could be considered as a trigger for coordination around existing FSS ES.
Licensing framework: This was not addressed in this report. However a clear process needs to be defined to verify the protection of existing services for each local area network demand.
Protection of future FSS ES: this point is crucial and depends on the above conditions. The deployment of these local area networks for verticals should not constrain future FSS ES deployments in the band.

All the regulatory issues listed above would require the attention of a dedicated meeting. This would directly fall under task 2 of the EC mandate. As recorded in the minutes of the 58th ECC meeting: “the ECC Chairman concluded that PT1 shall continue its work on Task 1 and that WG FM shall carry out the regulatory framework”.  The points raised above shall therefore be addressed during the development of the regulatory framework under the purview of WG FM.
1. [bookmark: _Toc135751221]Sharing study between FSS SATPAQ and WBB LMP in the band 3800-4200 MHz (CG4G(22)017_Intelsat)
This annex concentrates on studying the required separation distance to protect the SatPaq application operating under FSS taking into account a single unsynchronized localized WBB LMP BS deployed for vertical use. The unsynchronized assumption is key as this entails that the band will indeed be used by local-area networks and will not be used for wide scale IMT deployment.
This annex will consider various power options for the IMT BS to determine the impact of a WBB LMP BS into a SatPaq receiver operating in 3.8-4.2 GHz.
Technical characteristics
Interferer characteristics: Terrestrial wireless broadband systems providing local-area network
Case 1: directional AAS antenna modelling
The following table is based on some of the characteristics for AAS IMT BS for the frequency range 3-6 GHz presented in Annex 4.4 to 5D/716.
Table 35: Base station characteristics
	Base station characteristics

	Cell radius (AAS) 
	0.4 km 

	
Sectorization
	1 sector

	Frequency reuse
	1

	Maximum AAS BS output power 
	See below considerations on maximum e.i.r.p. density limits

	TDD / FDD
	TDD

	BS TDD activity factor
	75%



The antenna pattern chosen for the AAS is based on the parameters from the small cell from Table 9 of Annex 4.4 to 5D/716. The small cell parameters were chosen as the Work Item considers low/medium power local area terrestrial networks.
Table 36: Base station antenna characteristics
	1
	Base station antenna characteristics

	1.1
	Antenna pattern 
	Refer to section 5 of Recommendation ITU-R M.2101 

	1.2
	Element gain (dBi) (Note 1)
	6.4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) (Note 2)
	8 × 8 elements

	1.7
	Horizontal/Vertical radiating element/sub-array spacing, dh /dv
	0.5 of wavelength for H,
0.7 of wavelength for V

	1.10
	Base station horizontal coverage range (degrees)
	±60

	1.11
	Base station vertical coverage range (degrees) (Notes 3, 4, 7)
	90-120

	1.12
	Mechanical downtilt (degrees) (Note 4)
	6

	Note 1: The element gain in row 1.2 includes the loss given in row 1.8 and is per polarization. This means that this parameter in row 1.8 is not needed for the calculation of the BS composite antenna gain and e.i.r.p. 
Note 2: For the small/micro cell case, 8 × 8 means there are 8 vertical and 8 horizontal radiating elements. For the extended AAS model case, 4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays.
Note 3: The vertical coverage range is given in global coordinate system, i.e. 90° being at the horizon.
Note 4: The vertical coverage range in row 1.11 includes the mechanical downtilt given in row 1.12.
Note 7: In sharing studies, the UEs that are below the base station vertical coverage range can be considered to be served by the “lower” bound of the electrical beam, i.e. beam steered towards the max. coverage angle. A minimum BS-UE distance along the ground of 35m should be used for urban/suburban and rural macro environments, 5 m for micro/outdoor small cell, and 2 m for indoor small cell/urban scenarios.



Case 2: directional non-AAS antenna modelling

The following table is based on some of the characteristics for non-AAS IMT BS for the frequency range 3-6 GHz presented in Annex 4.4 to 5D/716.
Table 37: Base station characteristics
	Base station characteristics/Cell structure

	Cell radius / Deployment density (non-AAS) 
	Cell radius 0.4 km

	
Sectorization
	1 sector

	Non-AAS BS downtilt 
	6 degrees

	Frequency reuse
	1

	Non-AAS BS antenna pattern
	Recommendation ITU-R F.1336 (recommends 3.1)
	ka = 0.7
	kp = 0.7
	kh = 0.7
	kv = 0.3
Horizontal 3 dB beamwidth: 65 degrees
Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. 
Vertical beamwidths of actual antennas may also be used when available.

	Maximum Non-AAS BS output power 
	See below consideration on power limits

	Maximum Non-AAS BS antenna gain 
	18 dBi

	TDD / FDD
	TDD

	BS TDD activity factor
	75%



Case 3: Omnidirectional BS
For this case, the antenna is assumed to have a 0 dBi gain in all directions.
Power limits
For this study, 2 different maximum e.i.r.p. limitations are considered:
“Low-power”: maximum e.i.r.p. = 18 dBm/5MHz
“Medium power”: maximum e.i.r.p. = 36 dBm/5MHz
BS height
For all the cases considered in this study, two different antenna heights are assumed for the WBB LMP base station: 10 and 20m. This assumption can have an important impact on the results of the sharing studies, both on the propagation loss and on the clutter assumptions. 
Receiver characteristics: SatPaq
SatPaq is a smart phone sleeve that is capable of communicating with FSS satellites using the C band frequency spectrum. SatPaq parameters are provided in the table below.
Table 38: SatPaq parameters
	Parameter
	Typical value

	Carrier Bandwidth (MHz)
	0.25 MHz

	Antenna reference pattern
	See figure below (max gain 15 dBi)

	Receiving system noise temperature (K)
	G/T = -15dB/K

	Antenna elevation pointing
	20 degrees to 50 degrees is typical

	Antenna height
	1.5m
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The protection criterion used in the study was assumed to be I/N = -6dB. 
Propagation assumptions
Propagation model
 the Recommendation ITU-R P.452 model.
For case 1 (interference analysis with WBB LM using an AAS), a time dependent statistical analysis is performed since the AAS antenna pointing is time dependent. The percentage of time used in this simulation is therefore randomised.
For case 2 (interference analysis with WBB LM using a non-AAS), the analysis is non-time dependant as none of the parameters evolve with time. For this case a fixed 20% time is assumed.
For case 3 (interference analysis with WBB LM using an omnidirectional antenna), the analysis is non-time dependant as none of the parameters evolve with time. For this case a fixed 20% time is assumed.
[bookmark: _Ref119940450]Clutter model
The following clutter models were used in the studies:
· Case 1: Recommendation ITU-R P.2108 section 3.2. This model is applicable since the analysis is time variant and statistical in nature
· Case 2 and 3: Recommendation ITU-R P.452. The P.2108 is not applicable in this case as the analysis is not statistical since both the FSS and non-AAS antenna pointing are non-time variant.
Given its application, the SatPaq is assumed to be deployed in a rural area.
Various deployment scenarios are assumed for the WBB LMP BS deployment: industrial site, urban, suburban and rural.
Recommendation ITU-R P.452 (Section 4.5.2), provides several clutter categories including a nominal clutter height and distance from the antenna for each. The various categories considered in this study have been reflected in the table below. 
Table 39: Nominal clutter heights and distances (Rec. ITU-R P.452)
	Clutter (ground-cover) category
	Nominal height, ha
(m)
	Nominal distance, dk
(km)

	High crop fields
Park land
Irregularly spaced sparse trees
Orchard (regularly spaced)
Sparse houses
	
4
	
0.1

	Suburban
	9
	0.025

	Urban
	20
	0.02

	Industrial zone
	20
	0.05



For case 1, P.2108 clutter model is applied at the receive and transmitter end if the antenna is within the clutter. In addition, as pointed out in Recommendation P.2108, a minimum separation distance of 250m is required to apply clutter to one end of the path and 1km is required to consider clutter applied at both ends, if applicable. For case 1, the nominal distance parameter is not used. For cases 2 and 3 that implement Recommendation ITU-R P.452 for the clutter model, the above values are taken in the different deployment cases considered.
In the case of the SatPaq receiver, the antenna height is assumed 1.5m and the deployment is considered to be in rural area. Therefore, clutter loss will be applied consistently for the receiving end. 
Simulations
Case 1: local area AAS BS impact into SatPaq receiver
Given the time varying characteristic of the AAS antenna assumed a statistical analysis is conducted. A number of iterations are performed:
The distance between the AAS antenna and the SatPaq is set at the beginning of the analysis
For each iteration:
The AAS antenna is pointing in a given direction within its coverage area (combination of its mechanical and electrical pointing)
The interference towards the SatPaq is calculated and stored
The resulting CDF is plotted and compared with the SatPaq protection criteria
If the protection criteria is not met with the set distance, the statistical analysis is conducted once again assuming a larger separation distance.
For each of the cases presented below, the separation distance along with the corresponding CDF of interference is presented. 
Some intermediate results are presented below in order to provide more insight behind the results of each of the sub-cases below:
BS elevation and azimuth distribution
At each iteration, a user equipment is assumed to be randomly deployed within the BS service area. The following figure illustrates the distribution of such UEs step after step.
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Figure 71: Uniform distribution of potential UE target within the WBB LMP BS coverage
At every step, the BS is pointing to the randomly distributed UE. The following figures present the distribution in elevation and azimuth of the BS.
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[bookmark: _Hlk119938818]Figure 72: Resulting elevation distribution of the WBB LMP BS (left figure – BS 10m height; right figure – BS 20m height)
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Figure 73: Resulting azimuth distribution of the WBB LMP BS 
It’s important to note that the BS coverage is limited to a range of 30 degrees which is common for AAS antenna characteristics.
BS gain distribution towards the SatPaq
The resulting gain CDF can be established from the above pointing distribution of the BS.
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Figure 74: Gain distribution of the WBB LMP BS (left figure – BS 10m height; right figure – BS 20m height)
The gain of the AAS antenna is considered to determine the correct e.i.r.p. in the direction of the SatPaq victim:

Case 1.1: Medium power – max. e.i.r.p. = 36 dBm/5MHz
The following figures provide the results for the medium power case for various WBB LMB BS deployment environment assuming that the BS at both a 10 and 20m height. See implementation of clutter losses in section A10.1.3.2. Separation distances presented below each figure are taking for the 20% case.
	BS height = 10m

	Rural/Suburban BS -> Rural SatPaq
	Urban/Industrial site BS -> Rural SatPaq
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Separation distance: ≈ 3km
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Separation distance: ≈ 1.5km

	BS height = 20m

	Same result for both deployment cases as BS is above nominal clutter height:
Rural/Suburban BS -> Rural SatPaq   
Urban/Industrial site BS -> Rural SatPaq
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Separation distance: ≈ 2km



Case 1.2: Low power – max. e.i.r.p. = 18 dBm/5MHz
The following figures provide the results for the low power case for various WBB LMB BS deployment environment assuming that the BS at both a 10 and 20m height. See implementation of clutter losses in section A10.1.3.2. Separation distances presented below each figure are taking for the 20% case.
	BS height = 10m

	Rural/Suburban BS -> Rural SatPaq
	Urban/Industrial site BS -> Rural SatPaq
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Separation distance: ≈ 0.5-1km
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Separation distance: ≈ 0.5-1km

	BS height = 20m

	Same result for both deployment cases as BS is above nominal clutter height:
Rural/Suburban BS -> Rural SatPaq   
Urban/Industrial site BS -> Rural SatPaq
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Separation distance: ≈ 0.5-1km




Case 2: WBBLMP non-AAS BS impact into SatPaq receiver
The non-AAS antenna has a fixed mechanical down-tilt. The antenna pointing is therefore non-time variant. The analysis will therefore assume that the non-AAS BS is pointing towards the SatPaq in azimuth. The following figure presents the non-AAS antenna pattern following F.1336: 
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Figure 75: 
Assuming the 6 degrees mechanical downtilt, the non-AAS gain towards the SatPaq is 10.4 dBi (7.6 dB lower than the peak antenna gain).
The results are presented in the form of an interference versus distance graph for each of the cases considered below. The SatPaq elevation is set at 20 degrees. For this case, the only time varying parameter is the propagation model. The percentage of time used in Rec. P.452 is set to 20%. 
For this case, see implementation of clutter losses in section A10.1.3.2.
Cases 2.1/2.2/2.3: results for the different power levels
	BS height = 10m

	Rural/Suburban BS -> Rural SatPaq
	Urban site BS -> Rural SatPaq

	[image: ]
Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 10 km
· e.i.r.p. = 24 dBm/5MHz ==> 4 km
· e.i.r.p. = 18 dBm/5MHz ==> 2.5 km
	[image: ]
Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 3 km
· e.i.r.p. = 24 dBm/5MHz ==> 1.5 km
· e.i.r.p. = 18 dBm/5MHz ==> 1 km

	Industrial site BS -> Rural SatPaq
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 3.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 1.8 km
· e.i.r.p. = 18 dBm/5MHz ==> 1 km

	BS height = 20m

	Same result for all deployment cases as BS is above nominal clutter height:
Rural/Suburban/Urban/Industrial BS -> Rural SatPaq   

	[image: Chart, line chart

Description automatically generated]
Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 13.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 4.5 km
· e.i.r.p. = 18 dBm/5MHz ==> 2.5 km



Case 3: WBB LMP omnidirectional BS into FSS ES receiver
Similarly to case 2, the antenna gain is non-time variant. The BS is considered to have a gain of 0 dBi in all directions. The BS e.i.r.p. is therefore the same level in all directions. The results are presented in the form of an interference versus distance graph for each of the cases considered below. It is important to note that the distance required to meet the FSS protection criteria is in this case applicable in all direction around the BS. 
Cases 3.1/3.2/3.3: results for the different power levels
	BS height = 10m

	Rural/Suburban BS -> Rural SatPaq
	Urban site BS -> Rural SatPaq
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 14.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 8 km
· e.i.r.p. = 18 dBm/5MHz ==> 6 km
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 5.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 1.5 km
· e.i.r.p. = 18 dBm/5MHz ==> 1 km

	Industrial site BS -> Rural SatPaq
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 6.5 km
· e.i.r.p. = 24 dBm/5MHz ==> 2 km
· e.i.r.p. = 18 dBm/5MHz ==> 1 km

	BS height = 20m

	Same result for all deployment cases as BS is above nominal clutter height:
Rural/Suburban/Urban/Industrial BS -> Rural SatPaq   
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Separation distances: 
· e.i.r.p. = 36 dBm/5MHz ==> 19 km
· e.i.r.p. = 24 dBm/5MHz ==> 11 km
· e.i.r.p. = 18 dBm/5MHz ==> 5 km



Overview of results and additional considerations
The following table provides a summary of the above results on the impact into a SatPaq victim:
Table 40: 
	Case #
	Antenna type / WBB deployment type and height
	Max. e.i.r.p.
	Distance to meet the SatPaq long term protection criteria (km)

	1.1
	AAS antenna @ 10 m
Rural/Suburban deployment
	36 dBm/5MHz
	3

	1.2
	
	18 dBm/5MHz
	0.5 – 1

	1.1
	AAS antenna @ 10 m
Urban/Industrial deployment
	36 dBm/5MHz
	1.5

	1.2
	
	18 dBm/5MHz
	0.5 – 1

	1.1
	AAS antenna @ 20 m
Rural/Suburban/Urban/Industrial deployment
	36 dBm/5MHz
	2

	1.2
	
	18 dBm/5MHz
	0.5 – 1

	2.1
	Non AAS antenna @ 10 m
Rural/Suburban deployment
	36 dBm/5MHz
	10

	2.2
	
	18 dBm/5MHz
	2.5

	2.3
	
	24 dBm/5MHz
	4

	2.1
	Non AAS antenna @ 10 m
Urban/Industrial deployment
	36 dBm/5MHz
	3 – 3.5

	2.2
	
	18 dBm/5MHz
	1

	2.3
	
	24 dBm/5MHz
	1.5 – 1.8

	2.1
	Non AAS antenna @ 20 m
Rural/Suburban/Urban/Industrial deployment
	36 dBm/5MHz
	13.5

	2.2
	
	18 dBm/5MHz
	2.5

	2.3
	
	24 dBm/5MHz
	4.5

	3.1
	Omnidirectional antenna @ 10 m
Rural/Suburban deployment
	36 dBm/5MHz
	14.5

	3.2
	
	18 dBm/5MHz
	6

	3.3
	
	24 dBm/5MHz
	8

	3.1
	Omnidirectional antenna @ 10 m
Rural/Suburban deployment
	36 dBm/5MHz
	5.5 – 6.5

	3.2
	
	18 dBm/5MHz
	1

	3.3
	
	24 dBm/5MHz
	1.5 – 2

	3.1
	Omnidirectional antenna @ 20 m
Rural/Suburban/Urban/Industrial deployment
	36 dBm/5MHz
	19

	3.2
	
	18 dBm/5MHz
	5

	3.3
	
	24 dBm/5MHz
	11



Based on those results one can note that the separation distance varies greatly depending on the assumptions taken. It is therefore paramount that certain conditions reflecting these technical assumptions are translated and reflected in regulatory text. Noting that the SatPaq is a mobile terminal and the fact that separation distances can reach values of 19km in the case of the medium power, the following proposed conditions would be needed to ensure possible coexistence with the SatPaq application:
Unsynchronized WBB LMP BS: it is important to highlight that these applications would only be for local area networks and should not be used for wide-spread synchronized mobile deployment. The studies in this document only considered the interference of a single BS taking into account the local nature of the intended deployment. This is key in ensuring that current and future deployments of FSS ES are not impeded in the band.
Power limitation: this could be in the form of a maximum e.i.r.p. limit. Looking at the results in this annex, it is proposed to use the low e.i.r.p. level of 18dBm/5MHz
WBB LMP antenna height: The study presented in this annex analysed two different antenna heights of 10m and 20m. As seen from the analysis, the 20m height would lead to higher separation distances given the lack of clutter attenuation on the path. It is therefore proposed to limit the height of the outdoor WBB LMP antennas to 10m. 
Antenna downtilt: The study considered different antenna types. The antenna downtilt can ensure lower levels of interference towards the horizon. A minimum downtilt is therefore proposed to be considered as a technical condition. A preliminary proposal of 6 degrees could be considered for both AAS and non AAS antennas.
Protection of future utilisation of the band for FSS application: this point is crucial and depends on the above conditions. The deployment of these local area networks for verticals should not constrain future satellite based applications in the band.

[bookmark: _Toc135751222]Coexistence studies between WBS in 3.8-4.2 GHz and 5G Commercial systems in 3.4-3.8 GHz (ECC PT1(22)206_Nokia)
Introduction
The scope of the EC Mandate regarding the use of the 3.8-4.2 GHz band for terrestrial wireless broadband systems (WBS[footnoteRef:23]) providing local-area (low/medium power) network connectivity considers the assessment of coexistence with incumbent systems sharing this band, as well as with incumbent systems operating in the adjacent bands.  [23:  WBS: Wireless Broadband Systems] 

This contribution assesses the coexistence of WBS services in the 3.8-4.2 GHz band with terrestrial systems providing wireless broadband electronic communications services (typically 5G networks) in the 3.4-3.8 GHz band.
Coexistence study assumptions
Definition of Low and Medium power
The EC Mandate characterises the WBS in 3.8-4.2 GHz as low and medium power systems that provide broadband local area connectivity. In order to perform the studies and assess coexistence, the terms low and medium power need to be specified. The technical specification ETSI TS 138 104[footnoteRef:24] provides a definition of the Base Station (BS) output power for both AAS and non-AAS BS types. These definitions are provided in Table 41. [24:  TS 138 104 - V15.14.0 - 5G; NR; Base Station (BS) radio transmission and reception (3GPP TS 38.104 version 15.14.0 Release 15) (etsi.org)] 

[bookmark: _Ref115024061]Table 41: Power levels of WBS in 3.8-4.2 GHz
	Parameter 
	Low Power BS
	Medium Power BS

	Non-AAS power level
	24 dBm (Note 1)
	38 dBm (Note 2)

	AAS Power level (TRP)
	33 dBm (Note 3)
	47 dBm (Note 4)

	Note 1: Rated carrier output at the antenna connector
Note 2: Rated carrier output at the antenna connector
Note 3: ETSI TS 138 104, Table 9.3.1-1
Note 4: ETSI TS 138 104, Table 9.3.1-1



Unwanted emissions
In this coexistence study, it has been assumed that the WBS in 3.8-4.2 GHz and the 5G commercial systems in 3.4-3.8 GHz are operating in an unsynchronised manner. The unsynchronised operation of the two adjacent band systems requires the consideration of the unwanted emission levels to assess coexistence.
ETSI TS 138 104 specifies the conducted transmitter and receiver characteristics for BS operating in band n77. Draft ETSI EN 301 908-24[footnoteRef:25] specifies that, in Europe, radio equipment in band n77 operate between 3400 and 3800 MHz. As a result, only the generic ACS and ACLR levels from ETSI TS 138 104 would apply for WBS, while the more detailed filter characteristics of ETSI TS 138 104 would apply for the operation of 5G commercial BS systems. [25:  https://docbox.etsi.org/msg/tfes/70-Draft/TFES15-24/MSG-TFES-15-24v1511_0032.docx ] 

Table 42 shows the adjacent band transmitter and receiver characteristics for the WBS BS.
[bookmark: _Ref115024070]Table 42: Adjacent band transmitter and receiver characteristics for WBS BS
	Parameter 
	Low Power BS
	Medium Power BS

	ACLR 
	45 dB
	45 dB

	ACS 
	45.6 dB
	42.6 dB



Table 43 and Table 44 show the adjacent band transmitter and receiver characteristics for the 5G commercial BS.
[bookmark: _Ref115024078]Table 43: Adjacent band transmitter characteristics for 5G commercial BS
	Tx characteristics (Note 1)
	Frequency offset from upper edge of the channel BW
	Level (conducted power)

	Unwanted emissions
	0 MHz ≤ Δf < 5 MHz
	-7dBm /100kHz at 0.05 MHz above the upper edge of the channel BW

	
	
	-14dBm /100kHz at 5.05 MHz above the upper edge of the channel BW

	
	5 MHz ≤ Δf < 10 MHz
	-14dBm /100 kHz

	
	10 MHz ≤ Δf < 40 MHz
	-15 dBm /MHz

	
	40 MHz ≤ Δf 
	-30 dBm /MHz

	Note 1: ETSI TS 138 104, Table 6.6.4.2.2.1-2: Wide Area BS operating band unwanted emission limits (NR bands above 1GHz) for Category B



[bookmark: _Ref115024383]Table 44: Adjacent band receiver characteristics for 5G commercial BS
	Rx characteristics (Note 1)
	Frequency offset from upper edge of the channel BW
	Level

	ACS
	0 MHz ≤ Δf < 20 MHz
	37.6 dB

	In band blocking
	20 MHz ≤ Δf < 60 MHz
	46.6 dB

	Out of band blocking
	60 MHz ≤ Δf 
	74 dB

	Note 1: ETSI TS 138 104, Tables 7.4.1.2.-1 and -2, Tables 7.4.2.2.-0 and -1 and Table 7.5.2-1



Additional study parameters 
The remaining parameters considered for the coexistence studies are shown in Table 45.
[bookmark: _Ref115024085]Table 45: 
	WBS Parameter 
	Value for Low Power BS
	Value for Medium Power BS

	Bandwidth
	100 MHz
	100 MHz

	Outdoor antenna height
	10 m
	20 m

	Indoor antenna height
	3 m
	

	Noise Figure 
	10 dB (Note 1)
	13 dB (Note 2)

	I/N threshold
	-6 dB
	-6 dB

	AAS antenna pattern
	ITU-R M.2101

	Non-AAS antenna pattern
	ITU-R F.1336

	5G commercial Parameter
	Value

	Element gain 
	6.4 dBi

	Antenna array configuration (row x col)
	4x8 elements

	Antenna sub-array
	3

	Conducted power
	28 dBm 

	EIRP
	72.2827 dBm

	Bandwidth
	100 MHz

	Antenna height
	20 m

	Noise Figure
	5 dB

	I/N threshold
	-6 dB

	AAS antenna pattern
	Extended AAS Model (Note 3)

	Non-AAS antenna pattern
	ITU-R F.1336

	Propagation parameter
	Model

	Propagation model
	ITU-R P.452 (20% of time)

	Clutter model
	ITU-R P.2108 (random % of time)

	Indoor wall loss
	ITUI-R P.2109

	Note 1: Picocell Noise Figure as per ITU-R M.2292
Note 2: Microcell Noise Figure as per ITU-R M.2292
Note 3: 3GPP TR 38.803, Section 5.2.3.2.4: https://www.3gpp.org/ftp/Specs/archive/38_series/38.803/38803-e30.zip



Adjacent band Coexistence between WBS (interferer) and 5g commercial (victim)
For the assessment of coexistence between the unsynchronised operation of WBS and 5G commercial, two different deployment scenarios are considered. An urban scenario where clutter is applied in both WBS and 5G commercial BS sides and a suburban scenario where clutter is applied only in one of the Tx/Rx sides.
Coexistence between WBS and 5G commercial in an urban scenario
The results of the coexistence analysis for the urban scenario, are shown in Figure 76 and Figure 77 below.
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[bookmark: _Ref115024121]Figure 76: Urban environment, WBS into AAS 5G BS
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[bookmark: _Ref115024129]Figure 77: Urban environment, WBS into non-AAS 5G BS
From the above figures, it can be observed that in the simulation of the urban scenario, the separation distances for WBS BS to satisfy the 5G commercial I/N criterion of -6dB is less than 1km. 
Coexistence between WBS and 5G commercial in a suburban scenario
The results of the coexistence analysis for the urban scenario, are shown in Figure 78 and Figure 79 below.
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[bookmark: _Ref115024136]Figure 78: Suburban, WBS into AAS 5G BS
[image: ]
[bookmark: _Ref115024144]Figure 79: Suburban, WBS into non-AAS 5G BS
From the above figures, it can be observed that in the simulation of the suburban scenario, the separation distances for WBS BS to satisfy the 5G commercial I/N criterion of -6dB is less than 1km. 
Adjacent band Coexistence between 5G commercial (interferer) and WBS (victim)
Coexistence between 5G commercial and WBS in an urban scenario
The results of the coexistence analysis for the urban scenario, are shown in Figure 80 and Figure 81 below.
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[bookmark: _Ref115024149]Figure 80: Urban, AAS 5G BS into WBS
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[bookmark: _Ref115024153]Figure 81: Urban, non-AAS 5G BS into WBS
From the above figures, it can be observed that in the simulation of the urban scenario, the separation distances for 5G commercial BS to satisfy the WBS I/N criterion of -6dB is less than 1km. 
Coexistence between 5G commercial and WBS in the suburban scenario
The results of the coexistence analysis for the suburban scenario, are shown in Figure 82 and Figure 83 below.
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[bookmark: _Ref115024158]Figure 82: Suburban, AAS 5G BS into WBS
[image: ]
[bookmark: _Ref115024163]Figure 83: Suburban, non-AAS 5G into WBS
From the above figures, it can be observed that in the simulation of the suburban scenario, the separation distance for 5G commercial BS to satisfy the WBS outdoor medium power I/N criterion of -6dB is approximately 5km. For the rest of the WBS deployment types, the required separation distances are up to approximately 1km.
Conclusions from the coexistence studies
From the coexistence analysis that was presented in Section 3, it can be concluded that for the unsynchronised adjacent band operation of WBS and 5G commercial, the separation distances required to satisfy the I/N threshold of -6dB are less than 1km when the WBS is the interfering system and up to approximately 5km when the 5G commercial BS is the interfering system, depending on different WBS deployment types.
More specifically, in the urban scenario, where clutter is applied in both the Tx and the Rx side, the separation distances do not exceed 1km.
In the suburban scenario, where clutter is applied in only one side of the Tx or the Rx, the separation distances to satisfy the I/N criterion of -6dB are higher when the 5G commercial system is the interferer (approximately up to 5km) compared to when the WBS system is the interferer (less than 1km for all WBS deployment types).
In all scenarios, the separation distances as a result of the interference from and to indoor low power WBS BS appears to be minimal and in all cases less than 1km.
In all scenarios, the separation distances as a result of the interference from and to outdoor low power WBS BS follows closely the behaviour observed for the indoor low power WBS BS.
At this point, it is important to highlight that the deployment scenarios of WBS systems in the 3.8-4.2 GHz, are not expected to provide nationwide coverage similar to public 5G networks. They are expected to be deployed locally, providing focused and area specific connectivity either or both indoors and outdoors. 
While the synchronised operation of WBS and 5G commercial systems is not expected to be problematic, in the unsynchronised operation, the coexistence studies indicate that the separation distances required to satisfy the WBS I/N coexistence criterion are higher than those required for the 5G commercial systems in the suburban scenario, while they are very similar in the urban scenario. As a result, it can be seen from the analysis that the required separation distances so that the deployments of an unsynchronised WBS operator can avoid interference from 5G commercial, already satisfy the separation distances required to avoid causing interference to 5G commercial services. 

[bookmark: _Toc135751223]Sharing study between WBS base stations and FSS earth stations in the band 3.8-4.2 GHz (ECC PT1(23)049_Ericsson)
PARAMETERS AND DEPLOYMENT CONSIDERATIONS
The following tables present the wireless broadband systems (WBS) system and deployment related parameters. Unless otherwise stated, most of the parameters are based on the agreed technical and operational characteristics in the ITU-R Working Party 5D (WP 5D) Chairman’s Report Annex 4.4 (Document 5D/716).
[bookmark: _Ref79741329]Table 46: WBS system and deployment-related parameters
	Parameter 
	Value

	Base Station

	Carrier frequency
	3.85 GHz

	Channel bandwidth
	100 MHz

	BS Antenna height
	10 m

	Cell radius
	400 m

	Sectorization
	1 sector

	Frequency reuse
	1

	BS TDD activity factor
	75%

	Network loading factor
	50%

	User Terminal

	UE height
	1.5 m

	Indoor user terminal usage
	70%

	Indoor user terminal penetration loss
	Rec. ITU-R P.2109-1

	UE density for terminals that are transmitting simultaneously
	3 UEs per sector

	UE TDD activity factor
	25%


Table 47: Antenna and power characteristics for WBS
	Parameter 
	Value

	Base station (AAS)

	Antenna pattern 
	Refer to Recommendation ITU-R M.2101

	Element gain (incl. Ohmic loss) (dBi) 
	6.4

	Horizontal/vertical 3 dB beamwidth of single element (degree) 
	90º for H
65º for V

	Horizontal/vertical front to back ratio (dB)
	30 for both H/V

	Antenna polarization 
	Linear ±45º

	Antenna array configuration*
(Row × Column) 
	8×8 and 4×4

	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H
0.7 of wavelength for V

	Array Ohmic loss (dB)
	2

	Conducted power (before Ohmic loss) per antenna element for 8×8 AAS** (dBm)
	Medium power: 28 (corresponding to a TRP = 47 dBm[footnoteRef:26]) [26:  ETSI, TS 138 104 V17.7.0: Base Station (BS) radio transmission and reception, Table 9.3.1-1.] 

Low power: 14 (corresponding to a TRP = 33 dBm25)

	Conducted power (before Ohmic loss) per antenna element for 4×4 AAS** (dBm)
	Medium power: 34 (corresponding to a TRP = 47 dBm25)
Low power: 20 (corresponding to a TRP = 33 dBm25)
Additional case: 15.5 (corresponding to a max. EIRP = 36 dBm/5 MHz (49 dBm/100 MHz), and a TRP = 28.55 dBm[footnoteRef:27])  [27:  Ofcom, Shared Access Licence, 2022] 


	Base station maximum coverage angle in the horizontal plane (degrees)
	±60

	Base station vertical coverage range*** (degrees)
	90-120

	Mechanical downtilt (degrees)
	10

	Maximum base station EIRP for 8×8 AAS (dBm/5MHz)
	Medium power: 60.52 (73.53 dBm/100MHz)
Low power: 46.52 (59.53 dBm/100MHz)

	Maximum base station EIRP for 4×4 AAS (dBm/5MHz)
	Medium power: 54.48 (67.49 dBm/100MHz)
Low power: 40.48 (53.49 dBm/100MHz)
Additional case: 36 (49 dBm/100MHz)

	Base station (non-AAS)

	Antenna pattern 
	Refer to Recommendation ITU-R F.1336

	Non-AAS BS antenna pattern
	Recommendation ITU-R F.1336 (recommends 3.1)
	ka = 0.7
	kp = 0.7
	kh = 0.7
	kv = 0.3
Horizontal 3 dB beamwidth: 65 degrees
Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336.
Vertical beamwidths of actual antennas may also be used when available.

	Antenna polarization 
	Linear ±45º

	Feeder Loss (dB)
	3 

	Maximum non-AAS BS output power (before feeder loss) (dBm)
	Medium power: 38[footnoteRef:28] [28:  ETSI, TS 138 104 V17.7.0: Base Station (BS) radio transmission and reception, Table 6.2.1-1.] 

Low power: 2427

	Maximum non-AAS BS antenna gain (dBi)
	Medium power: 18
Low power: 0[footnoteRef:29] [29:  ECC PT1, ECC PT1_CG4G(22)011_Annex 1:	Analysis of the Norwegian assumptions] 


	Mechanical downtilt (degrees)
	10

	Maximum base station EIRP for non-AAS (dBm/5MHz)
	Medium power: 40 (53 dBm/100MHz)
Low power: 8 (21 dBm/100MHz)

	User Terminal

	Typical antenna gain (dBi)
	−4

	Body loss (dB)
	4

	Power control model
	Refer to Recommendation ITU-R M.2101

	Maximum user terminal output power, PCMAX (dBm)
	23

	Power target value per RB, P0_PUSCH (dBm)
	−87.2

	Path loss compensation factor, α
	0.8

	
	


* For the small/micro cell case, for example, 8×8 means there are 8 vertical and 8 horizontal radiating elements.
** For example, for an 8×8 AAS, the conducted power per element assumes 8×8×2 elements (i.e., power per H/V polarized element).
*** The vertical coverage range includes the mechanical downtilt. A minimum BS-UE distance along the ground of 35 m should be used for urban/suburban and rural macro environments, 5 m for micro/outdoor small cell, and 2 m for indoor small cell/urban scenarios.
The FSS ES parameters considered in this study are based on the agreed technical, operational characteristics, and protection criteria of FSS systems provided by WP 4A (Document 5D/734). Table 3 contains the FSS ES parameters used in this study and Table 4 contains the FSS protection criteria
Table 48: FSS ES Parameter
	Parameter 
	Value

	Antenna diameter (m)
	3

	Peak antenna gain (dBi) 
	39.5

	Antenna pattern
	Refer to Recommendation ITU-R S.465

	Receiving system noise temperature
	120 K for small antennas (1.2-3 m)
70 K for large antennas (4.5 metres and above)

	Antenna elevation angle (degrees)
	10 

	Antenna height (m)
	10


Table 49: FSS ES Protection Criteria
	Frequency Ranges
	Percentage of time for which the I/N value could be exceeded (%)
	I/N Criteria
(dB)

	3 600-3 800 MHz (s-E)
	20%
0.005%
	−10.5
−1.3


The protection criteria specified are related to the required availability of FSS links which is associated with time. However, Monte Carlo sharing studies conducted between FSS and WBS systems under WRC-23 assumptions may involve other considerations based on additional variables which are not varying in the time domain (e.g., geographical locations in the space or deployment domain associated with WBS positions). Thus, it may be appropriate to understand percentages as being in other domains, such as time, location, and probability.
DEPLOYMENT
A FSS earth station (ES) located in Rambouillet Teleport site (48.549° N, 1.783° E) is assumed to perform this study. The WBS local network consists of a single base station (BS). In each snapshot of the Monte Carlo simulation, 3 user equipments (UEs) with random azimuth angles are randomly located within each sector where both azimuth and location are uniformly distributed. In this study we consider two cases, one case where the FSS ES and the WBS BS are pointing towards each other (Figure 84), and another case where the FSS ES is pointing towards the WBS BS but the WBS BS is pointing towards the opposite direction of the FSS ES (Figure 85). Figure 84 and Figure 85 show an exemplary deployment snapshot with a separation distance between the FSS ES and the WBS BS of 3 km.
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[bookmark: _Ref79670850]Figure 84. Deployment comprising a single FSS ES and a single WBS BS (case 1)
[image: Diagram
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[bookmark: _Ref121259336]Figure 85. Deployment comprising a single FSS ES and a single WBS BS (case 2)
ADDITIONAL CONSIDERATIONS
Recommendation ITU-R P.2001 time percentage
The Rec. ITU-R P.2001 is used in this sharing study between stations on the surface of the Earth as specified by the ITU-R WPs 3K and 3M (document 5D/722). For Monte Carlo simulations, this recommendation specifies that the time percentage (Tpc) in each snapshot should be randomly generated in the range 0-100%, thus we use a random variable with a uniform distribution for Tpc.
Clutter loss
As elaborated in our contribution PT1_CG4G(22)007, due to the lack of exact information regarding vegetation/forest areas and other obstacles along the propagation path, the use of the clutter loss model in Rec. ITU-R P.2108 is a good compromise to account for the additional attenuation due to vegetation and/or other objects. In this study, the clutter losses for terrestrial paths are calculated in accordance with Rec. ITU-R P.2108-1 using a uniformly distributed random percentage of locations on at least one of the ends of the propagation path. It is noted that this Recommendation indicates that statistical models are to be used when precise knowledge of the radio path is not known such as the width of streets, heights of buildings, and depth of vegetation.
Monte carlo Study Results
Intermediate results for low power WBS with a 4×4 AAS (TRP = 33 dBm)
Assuming the deployment in Figure 84, the following intermediate results correspond to the case of a low power WBS BS with 4×4 AAS.
Figure 86 shows the CDF curves of the FSS ES antenna gain towards the BS (left) and vice versa (right). The BS antenna gain includes the Ohmic losses. The BS highest gain towards the ES is 18.11 dB which is in line with the gain of an antenna array with 4x4 elements and an element gain of 6.4 dBi (6.4 + 10log10(16) = 18.4412 dBi).
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[bookmark: _Ref121242643]Figure 86: CDF curves of the antenna gains from the FSS ES towards the BS and vice versa
Figure 87 shows the CDF curves of the FSS ES antenna gain towards the UEs (left) and vice versa (right). The UEs antenna gain has a value of -4 dBi for all snapshots.
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[bookmark: _Ref121243052]Figure 87: CDF curves of the antenna gains from the FSS ES towards the UEs and vice versa
To calculate the UE power control gain, Figure 88 shows the CDF curves of the UEs antenna gains towards the BS (left) and vice versa (right). The BS antenna gain includes the Ohmic losses. As expected, the BS highest gain value is almost 18.4412 dB and the UEs antenna gain has a value of -4 dBi always.
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[bookmark: _Ref121243163]Figure 88: CDF curves of the antenna gains from the UEs towards the BSs and vice versa
Figure 89 shows the CDF curve of the coupling loss between the UEs and its BS (left) and the histogram of the UEs power control gain (right), namely, the UE power reduction assuming a power control with 3 dB steps.
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[bookmark: _Ref121245336]Figure 89: CDF of the coupling loss between UEs-BS, and histogram of UL power control gain
The coupling loss is calculated as follows:


In Figure 89, the path losses are assumed to be free space path losses (FSPL), the clutter loss model is based on Rec. ITU-R P.2108 (random percentage of locations), and the additional losses include the building entry and body losses.
Figure 90 shows the CDF curves of the coupling loss between the BS and the FSS ES (left) and between the UEs and the FSS ES (right), where the path loss model is based on Rec. ITU-R P.2001 using a smooth terrain profile and the clutter loss model is based on Rec. ITU-R P.2108. No polarization losses are considered.
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[bookmark: _Ref121245656]Figure 90: CDFs of the coupling loss between BS-FSS ES and UEs-FSS ES
For a separation distance of 14.4 km and 14.5 km between the FSS ES and the WBS BS, Figure 91 shows the CDF curves of the I/N from a low power WBS BS with 4x4 and 8x8 AASs, respectively, and the aggregated I/N from the UEs. As can be seen, the long-term protection criterion is not exceeded by any of the curves. As expected, the interference is dominated by the BS and not the UEs.
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[bookmark: _Ref121245961]Figure 91: CDF curves of the aggregated I/N from WBS BS and UEs
Note that the size of the AAS antenna changes very little the long-term criterion results.
Summary of results (long-term criterion)
Assuming the deployment in Figure 84 (i.e., WBS BS and FSS ES pointing towards each other), in the next table are summarized the separation distances for the long-term protection criterion assuming clutter losses on one and on both ends of the propagation path[footnoteRef:30]. [30:  Ofcom, UK Spectrum Co-ordination, 2008] 

Table 50: Separation distances to prevent harmful interference to a FSS ES for the scenario in Fig. 1 (long-term criterion)
	Case
	Corresponding maximum EIRP [dBm/5MHz]
	Clutter losses on one end [km]
	Clutter losses on both ends [km]

	Medium power with 8×8 AAS (TRP = 47 dBm)
	60.52
	23
	3.3

	Medium power with 4×4 AAS (TRP = 47 dBm)
	54.48
	22.8
	3.2

	Medium power with non-AAS (Conducted power = 38 dBm)
	40
	11.1
	< 1

	Low power with 8×8 AAS (TRP = 33 dBm)
	46.52
	14.5
	< 1

	Low power with 4×4 AAS (TRP = 33 dBm)
	40.48
	14.4
	< 1

	Low power with non-AAS (Conducted power = 24 dBm)
	8
	1.2
	< 1

	Additional case with 4×4 AAS (TRP = 28.55 dBm)
	36
	12.1
	< 1


Assuming the deployment in Figure 85 (i.e., WBS BS pointing towards the opposite direction of the FSS ES), in the next table are summarized the separation distances for the long-term protection criterion assuming clutter losses on one and on both ends of the propagation path.

Table 51: Separation distances to prevent harmful interference to a FSS ES for the scenario in Fig. 2 (long-term criterion)
	Case
	Corresponding maximum EIRP [dBm/5MHz]
	Clutter losses on one end [km]
	Clutter losses on both ends [km]

	Medium power with 8×8 AAS (TRP = 47 dBm)
	60.52
	3.9
	< 1

	Medium power with 4×4 AAS (TRP = 47 dBm)
	54.48
	3.7
	< 1

	Medium power with non-AAS (Conducted power = 38 dBm)
	40
	< 1
	< 1

	Low power with 8×8 AAS (TRP = 33 dBm)
	46.52
	< 1
	< 1

	Low power with 4×4 AAS (TRP = 33 dBm)
	40.48
	< 1
	< 1

	Low power with non-AAS (Conducted power = 24 dBm)
	8
	< 1
	< 1

	Additional case with 4×4 AAS (TRP = 28.55 dBm)
	36
	< 1
	< 1


Sensitivity analysis (short-term criterion)
We provide the separation distances for the short-term criterion for WBS with AAS and with clutter losses only on one end of the propagation path. However, it is noted that this criterion has not been completed in the expert group ITU-R WP4A as indicated in the Document 5D/734, thus these results are not representative in sharing studies and should not determine overall resolutions. 
Additionally, note that these probabilities are not directly comparable with percentages of the FSS protection criteria since those are percentages of time while the probabilities calculated in this study are not entirely in the time domain.
Table 52 contains the summary of results.

[bookmark: _Ref121336126]Table 52: Separation distances between WBS and FSS ES (short-term criterion)
	Case
	Corresponding maximum EIRP [dBm/5MHz]
	Scenario Fig. 1 [km]
	Scenario Fig. 2 [km]

	Medium power with 8×8 AAS (TRP = 47 dBm)
	60.52
	92
	15

	Medium power with 4×4 AAS (TRP = 47 dBm)
	54.48
	84
	12

	Low power with 8×8 AAS (TRP = 33 dBm)
	46.52
	39
	< 4

	Low power with 4×4 AAS (TRP = 33 dBm)
	40.48
	32
	< 2.5

	Additional case with 4×4 AAS (TRP = 28.55 dBm)
	36
	23
	< 1.5


Concluding remarks
The results provided in this contribution are derived with a set of assumptions that attempts to reflect realistic scenarios. In general, separations distances ranging from less than 1 kilometre to few tens of kilometres may be needed to prevent harmful interference to FSS earth stations. 
For the pessimistic situation where the WBS base station and the FSS earth station are pointing exactly towards each other (Figure 84), results indicate that the longest separation distance is 23 km for medium power WBS base stations with AASs (corresponding to a maximum EIRP = 60.52 dBm/5MHz). For this case, if natural or artificial clutter is present at both ends of the propagation path, separation distances are reduced to 3.3 km.
Conversely, for the situation where the WBS base station is pointing opposite to the FSS earth station (Figure 85), results indicate that the longest separation distance is 3.9 km for medium power WBS base stations with AASs (corresponding to a maximum EIRP = 60.52 dBm/5MHz). If natural or artificial clutter is present at both ends of the propagation path, separation distances are below 1 km for all cases.
For the cases presented in this study, note that the size of the AAS antenna changes very little the long-term criterion results.
By means of coordination on a case-by-case basis, e.g., boresight pointing direction of the WBS base station, separation distances can be decreased to just few kilometres to prevent harmful interference to FSS earth stations for a wide range of WBS base station antenna configurations and EIRP levels.

[bookmark: _Toc135751224]Coexistence study of WBB LMP with MFCN and FSS ES ECC PT1(23)039_Nokia)
Introduction
In this contribution we present a coexistence analysis of WBB LMP BS in 3.8-4.2 GHz with MFCN services in the adjacent services below 3.8 GHz as well as with FSS ES in the same band within 3.8-4.2 GHz. Taking into account the scope of the EC Mandate as well as the guidance from ECC, we examine coexistence based on the existing UK and Norwegian frameworks, applying an incremental approach with the aim to develop a better understanding of the coexistence feasibility. 

Parameters of WBB LMP
The ECC guidance based on the scope of the EC Mandate recommended:
· To consider studies based on the UK and Norwegian frameworks as a starting point. 
· To adopt an increment approach based on UK and Norwegian frameworks for WBB LMP.
· To cover a range of coexistence conditions covering both AAS and non-AAS for medium power WBB BS and only non-AAS for low power WBB BS

Taking into account the above, in Table 1 we present the deployment characteristics of the WBB LMP BS that have been agreed in the CG discussions based also on the guidance given at WP5D[footnoteRef:31]. [31:  ITU-R WP5D, document 5D/716] 


Table 1: Deployment characteristics of WBB LMP BS
	[bookmark: _Hlk123118376]WBB BS parameter
	Low power BS
	Medium power BS

	Carrier frequency
	3850 MHz
	3850 MHz

	Bandwidth
	100 MHz
	100 MHz

	Antenna height
	10m
	20m

	Downtilt
	-
	10 degrees

	BSS TDD activity factor
	75%
	75%

	Non-AAS pattern
	F.1336 omni
	F.1336 sectorial

	AAS pattern
	-
	M.2101

	Out of band emissions
	Specified in Table 6
	Specified in Table 6



According to the existing regulatory frameworks in the UK and Norway, both AAS and non-AAS antennas are permitted for WBB services. However, these frameworks only specify a single EIRP PSD level, which covers both the use of AAS and non-AAS antennas. In this analysis, the TRP levels for the AAS antennas as well as the output[footnoteRef:32] power levels for the increment analysis of both non-AAS and AAS antennas, as also suggested in ECC guidance, are based on values from ETSI TS 138 104[footnoteRef:33]. [32:  By non-AAS output power we imply the sum of the conducted power from all antenna connectors and by AAS output power we imply the TRP ]  [33:  ETSI TS 138 104 - V15.14.0 - 5G; NR; Base Station (BS) radio transmission and reception (3GPP TS 38.104 version 15.14.0 Release 15) (etsi.org)] 

ETSI TS 138 104 as also described in contributions ECC PT1_CG4G(22)016 from Lithuania and ECC PT1_CG4G(22)029 from Norway, specifies that the maximum output power levels for the different local and medium range base station classes are as shown in Table 2:

Table 2: BS classes and corresponding output power levels from ETSI 138 104
	
	Local Area BS
	Medium Range BS

	BS Type 1-C output power at individual antenna connector
	≤ 24 dBm (or 0.25 W)
	≤ 38 dBm (or 6.3 W)

	BS Type 1-H output power at individual TAB connector
	≤ 24 dBm
	≤ 38 dBm

	BS Type 1-H output power at the RIB
	≤ 24 dBm + 10log(NTXU,counted)
	≤ 38 dBm + 10log(NTXU,counted)

	BS Type 1-O TRP output power at the RIB
	≤ 33 dBm (or 2 W)
	≤ 47 dBm (or 50.1 W)



Considering the above, a number of different non-AAS and AAS configurations have been identified and examined in this contribution. These configurations are shown in Table 3 below, based on the existing regulatory frameworks, as well as considering the incremental approach.

Table 3: Baseline and incremental power levels for WBB LMP BS
	WBB BS parameter
	Low power BS
	Medium power BS
	Note for the Medium power BS

	NON-AAS
	
	
	

	Non-AAS BS EIRP (UK/Nor framework)
	31 dBm
(with 0dBi antenna gain)
	49 dBm
	39 dBm sum of conducted power from all connectors + 10dBi antenna gain

	Non-AAS BS EIRP (incremental)
	
	53 dBm 

	43 dBm sum of conducted power from all connectors + 10dBi antenna gain

	AAS
	
	TRP + antenna gain
	

	AAS incremental approach
	
	37 dBm + 21.5 dBi (4x8)
	EIRP = 58.5 dBm

	
	
	37 dBm + 24.5 dBi (8x8)
	EIRP = 61.5 dBm

	
	
	43 dBm + 21.5 dBi (4x8)
	EIRP = 64.5 dBm 

	
	
	43 dBm + 24.5 dBi (8x8)
	EIRP = 67.5 dBm



It is noted, as also highlighted in contribution ECC PT1_CG4G(22)022 that the output power levels specified in ETSI TS 138 104 are irrespective of the channel bandwidth. As a result, the comparison of the above output power levels for medium power BS levels with those of macro BS below 3.8 GHz, indicates that they are at least 13-17 dB lower than the non-AAS macro BS levels of ECC Report 331 and at least 17-23 dB lower than the AAS macro BS levels of ECC Report 281. 

Coexistence of WBB lmp with MFCN services below 3.8 GHz
Coexistence parameters for MFCN
Since WBB LMP and MFCN services operate in adjacent bands, it is necessary to take into account the effect of emission masks and receiver filters when examining their coexistence.
The MFCN Rx filter considered in this study is taken from ETSI 138 104 and is shown in the Table 4 below:	
Table 4: MFCN Rx characteristics
	[bookmark: _Hlk123117600]Rx characteristics
	Frequency offset from upper edge of the channel BW
	Level

	ACS
	0 MHz ≤ Δf < 20 MHz
	37.6 dB

	In band blocking
	20 MHz ≤ Δf < 60 MHz
	46.6 dB

	Out of band blocking
	60 MHz ≤ Δf
	74 dB



The operational characteristics of the MFCN macro cell are taken from the guidance given at WP5D and are shown in the Table 5 below:
Table 5: MFCN deployment characteristics
	MFCN BS Parameter
	Value

	Antenna pattern
	Extended AAS model

	Channel BW
	100 MHz

	Element gain (dBi)
	6.4 dBi

	Antenna array configuration (Row x Column)
	4x8 elements

	Number of element rows in sub-array
	3

	Horizontal coverage range
	±60 degrees

	Vertical coverage range
	90-100 degrees

	Antenna height
	20

	I/N protection threshold
	-6 dB



When considering the deployment of LMP WBB in the 3.8-4.2 GHz in relation to the operation of MFCN services below 3.8 GHz, it is possible to assume different modes of operation; synchronised, semi-synchronised and unsynchronised. In the UK regulatory framework, irrespective of whether synchronisation is considered or not, the EIRP emanating from the transmissions outside the permitted frequency blocks shall not exceed the limits shown in Table 6. The same BEM mask is also applicable in the Norwegian regulatory framework. In addition, as per ECC Decision 11(06)[footnoteRef:34] and as suggested in contribution ECC PT1_CG4G(22)019 the out of band emission levels when using AAS antennas for LMP WBB BS, are also shown in Table 6. [34:  ECC Decision 11(06)] 

Table 6: LMP WBB out of band characteristics
	Rx characteristics
	Non-AAS e.i.r.p. limit dBm/5MHz per antenna
	AAS TRP limit dBm/5MHz per cell

	3800-3795 MHz
	Min(Pmax-40, 21)
	Min(Pmax’-40, 16)

	3795-3790 MHz
	Min(Pmax-43,15)
	Min(Pmax’-43, 12)

	3790-3760 MHz
	Min(Pmax-43, 13)
	Min(Pmax’-43, 1)

	Below 3760 MHz
	-2
	-14


Where Pmax is the maximum mean power in dBm measured as EIRP and Pmax’ is the maximum mean power in dBm measured as TRP.
The propagation models used in the analysis are shown in the Table 7 below:
Table 7: Propagation models used in the analysis
	Model
	Value

	Propagation model
	P.452 with random % of time

	Clutter model
	P.2108 assuming clutter only at one side of the propagation path



Results of the coexistence analysis
In Figure 1 and Figure 2 below we present the separation distances between different WBB LMP BS configurations and MFCN BS in relation to the I/N protection criterion for MFCN services.
Figure 1: Non-AAS WBB LMP BS as an interferer into adjacent channel MFCN
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Figure 2: AAS medium power WBB BS as an interferer into adjacent channel MFCN
[image: ]
From the above figures we can see that for all low and medium power WBB BS, the separation distances required to satisfy the I/N protection criterion for MFCN services are less than 500m. More specifically, regarding AAS antennas, we can see from Figure 2 that different EIRP levels have different effects in separation distances, depending on the underlying TRP and AAS configuration.
For example, considering as a reference point the case of 58.5 dBm (red line), we can see that if we maintain the same AAS configuration and we increase the TRP by 6 dB (pink line) then the required  separation distance increases. However, the joint impact of the same increase of TRP together with an increase in the AAS configuration (cyan line), results to less significant effects in the size of the required separation distances. Furthermore, by maintaining the initial TRP levels and increasing the AAS configuration (blue line), it can be seen that the resulting separation distance decreases. 
The above observations in this analysis, are based on the fact that for AAS antennas, the higher the configuration (number of elements) the narrower the beams and thus, the likelihood of the AAS WBB BS pointing with peak gain towards the victim MFCN Rx, decreases.
Coexistence of WBB LMP with FSS ES in 3.8-4.2 GHz
Coexistence parameters for FSS ES
The FSS ES operate co-channel with the WBB LMP services. The selected operational parameters for FSS ES were sourced from the guidance given from WP4A (document 5D/734) and are shown in Table 8.
 Table 8: FSS ES deployment characteristics
	Parameter
	Value

	Range of operating frequencies
	3800 – 4200 MHz

	Antenna diameter
	3m

	Antenna gain
	39.5 dBi

	Antenna reference pattern
	Recommendation ITU-R S.465-6

	Antenna elevation angles
	10, 15, 48

	Antenna height
	5m

	I/N long-term protection criterion
	-10.5 dB for 20% of time



The propagation models used to simulate the interfering path are shown in the Table 9 below.

Table 9: Propagation models used in the analysis
	Model
	Value

	Propagation model
	ITU-R P.452 with random % of time

	Clutter model
	ITU-R P.2108 assuming clutter only at one side of the propagation path



Results of the coexistence analysis with FSS es
Separation distances for Low Power WBB BS
Figure 3: Separation distances for low power WBB BS (31dBm)
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Separation distances for Medium Power non-AAS WBB BS
Figure 4: Separation distances for non-AAS medium power WBB BS (49dBm)
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Figure 5: Separation distances for non-AAS medium power WBB BS (53dBm)
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Separation distances for Medium Power AAS WBB BS
Figure 6: Separation distances for AAS medium power WBB BS (58.5 dBm, 4x8)
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Figure 7: Separation distances for AAS medium power WBB BS (61.5 dBm, 8x8)
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Figure 8: Separation distances for AAS medium power WBB BS (64.5 dBm, 4x8)
[image: ]



Figure 9: Separation distances for AAS medium power WBB BS (67.5 dBm, 8x8)
[image: ]
SUMMARY OF RESULTS FROM THE COEXISTENCE ANALYSIS
Summary of separation distances for MFCN and FSS ES
The results of the analysis presented in the above sections is summarised in Table 10 below.
Table 10: Summary of separation distances based on the analysis
	WBB BS parameter
	Low power BS
	Medium power BS
	
Note
	Separation distances with MFCN
	Max Separation distances with FSS ES (lowest elevation)

	NON-AAS
	
	
	
	
	

	Non-AAS BS EIRP (UK/Nor framework)
	31 dBm
(with 0dBi antenna gain)
	49 dBm
	

39 dBm output power from all connectors + 10dBi antenna gain
	< 500m
	< 5km for Low power

< 15km for Medium power


	Non-AAS BS EIRP (incremental)
	
	53 dBm 

	43 dBm output power from all connectors + 10dBi antenna gain
	< 500m
	< 18km

	AAS
	
	
	
	
	

	AAS incremental approach
	
	37 dBm + 21.5 dBi (4x8)
	EIRP = 58.5 dBm
	< 500m
	< 15km

	
	
	37 dBm + 24.5 dBi (8x8)
	EIRP = 61.5 dBm 
	< 500m
	< 13km 

	
	
	43 dBm + 21.5 dBi (4x8)
	EIRP = 64.5 dBm 
	< 500m
	< 18km 

	
	
	43 dBm + 24.5 dBi (8x8)
	EIRP = 67.5 dBm
	< 500m
	< 17km


Observations - Conclusions
As it can be seen, regarding the coexistence with adjacent band MFCN services, the separation distances for all the examined WBB LMP configurations are less than 500m.
Regarding the coexistence with in-band, co-channel FSS ES, the separation distances for the low power WBB BS are less than 5km assuming a 0 dBi omni-directional antenna for the WBB BS.
Furthermore, regarding the coexistence of medium power WBB AAS with in-band, co-channel FSS ES, the separation distances range from 13km to 18km depending on the TRP and the AAS antenna configuration. From the results, we can observe that assuming the same TRP level, an increase of the AAS configuration doesn’t overall result in higher separation distances. This is because the higher the AAS configuration, the narrower the antenna beams become and thus, the likelihood of an AAS WBB BS pointing with the peak gain of the main antenna lobe into the FSS ES receiver decreases.
Moreover, looking in total the coexistence results with FSS ES, it can be observed that when comparing the separation distances resulting from the use of similar power levels for AAS (TRP) and non-AAS (output power levels from all connectors) they are of a very similar range. In fact they are also very similar to the ones resulting from the analysis of the power levels of the existing regulatory frameworks.  
Finally, the above also leads us to conclude that the use of EIRP as the parameter for defining the permitted AAS power levels, is probably not the most suitable choice of parameter, since for AAS antennas with the same TRP values, higher EIRP values don’t necessarily result to higher separation distances. 

[bookmark: _Toc135751225]List of References

[1] 
[2] 
[3] 


image84.png
N
S

IN at FSS ES (dB)
©

Impact of 5G BS emission into FSS ES
EIRP = 18dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X274
Y -10.4947

0 5 10 15 20 25 30 35 40
Distance (km)




image85.png
Impact of 5G BS emission into FSS ES
EIRP = 18dBm/5Mhz

60
FSS el. 10deg
50 FSS el. 15deg
FSS el. 30deg
FSS el. 48deg
40 I/N crit
m 30
z
ﬁ 20
9]
E 10
= X109.2
=z Y -1.30248
= 0 o
-10
-20
-30

0 50 100 150
Distance (km)




image86.png
IN at FSS ES (dB)

60

40

N
S

o

Impact of 5G BS emission into FSS ES
EIRP = 24dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X324
Y -10.4961

0 10 20 30 40 50

Distance (km)




image87.png
IN at FSS ES (dB)

10

o

Impact of 5G BS emission into FSS ES

EIRP = 24dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X 167.2

Y -1.30686

50

100
Distance (km)

150

200




image88.png
80

60

40

Impact of WBB LMP into SatPaq
WBB in rural area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X274

Y -10.4947

X324 X415
Y -10.4961 | Y -10.5408

————

10

20 30
Distance (km)

40 50




image89.png
60

40

20

I/N (dB)

Impact of WBB LMP into SatPaq
WBB in urban area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X 25.9

.
X215
Y -10.5856

X 35.8

Y -10.5354 | | Y -10.536

10

20 30
Distance (km)

40

50




image90.png
80

60

40

20

Impact of WBB LMP into SatPaq
WBB in industrial area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X 26.2 X 36.2
Y -10.4559 | | Y -10.4822
o .
X21.8 :
Y -10.4728
10 20 30 40

Distance (km)

50




image91.png
Impact of WBB LMP into SatPaq
WBB in industrial area (H=20m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

40

X385 X 47.9
Y -10.4811 || Y -10.486¢

0 10 20 30 40 50
Distance (km)

X 33.3
Y -10.5018





image92.png
80

60

40

Impact of WBB LMP into SatPaq
WBB in rural area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X109.2 | X168.2 X 276.8
Y -1.30248 || Y -1.30922 Y -1.30279

o o—

150 200 250 300
Distance (km)




image93.png
60

50

Impact of WBB LMP into SatPaq
WBB in urban area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X126.2
Y -1.32749

—

50

Distance (km)

100

150




image94.png
I/N (dB)

Impact of WBB LMP into SatPaq
WBB in industrial area (H=10m)

70
EIRP=18dBm/5MHz
60 EIRP=24dBm/5MHz
EIRP=36dBm/5MHz
50
40
30
20
10 X29.7 X129.3
Y -1.3411 \ Yo
0k ==, —
X 23.5
1 v -1.28908
-20
-30
0 50 100 150

Distance (km)




image95.png
80

60

40

20

I/N (dB)

Impact of WBB LMP into SatPaq
WBB in industrial area (H=20m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X104.9 X 164.7 X 275.5
Y -1.29502 | | Y -1.3059 Y -1.30023
o o o—

50

100 150 200 250 300
Distance (km)




image96.png
Gain (dB)

15

10

-10

-15

SatPaq antenna pattern

20

40

60 80 100 120
Off-axis (°)

140

160

180




image97.png
Percentage (%)

N
S

@

>

=

o

=)

©

o

~

N

5 10 15 20
BS downtilt elevation (°)
0° - the horizon
90° - the point right below the BS

25

30





image98.png
Percentage (%)

100

90

80

70

60

50

40

30

20

10

-20

-10 0 10
BS gain towards FSS ES (dBi)

20

30




image99.png
IIN CDF
AAS for Local-Area network in rural and victim in rural
Rdm % for P.452

=)

=)
©

Percentage of time (%)

e

0.5km
1km
2km
4km
6km
8km





image100.png
Percentage of time (%)

IIN CDF
AAS for Local-Area network in urban and victim in rural
Rdm % for P.452

10? =
10
10°
0.5km
1 1km
10 2km
4km
6km
8km
102

-120 -100 -80





image101.png
IIN CDF
AAS for Local-Area network in urban and victim in rural
Rdm % for P.452

=)

=)
©

Percentage of time (%)

e

2km
4km
6km
8km
10km
12km
14km

-80





image102.png
IIN CDF
AAS for Local-Area network in rural and victim in rural
Rdm % for P.452

=)

=)
©

Percentage of time (%)

e

0.5km
1km
2km
4km
6km
8km

-80 20





image103.png
Percentage of time (%)

IIN CDF
AAS for Local-Area network in urban and victim in rural
Rdm % for P.452

10?
10
10°
0.5km
1 1km
10 2km
4km
6km
8km
102

-140 -120  -100





image104.png
IIN CDF
AAS for Local-Area network in urban and victim in rural
Rdm % for P.452

=)

=)
©

Percentage of time (%)

e

0.5km
1km
2km
4km
6km
8km

-80





image105.png
I/N (dB)

40

30

Impact of WBB LMP into SatPaq

WBB in rural area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

10

15
Distance (km)

20

25 30




image106.png
30

20

Impact of WBB LMP into SatPaq
WBB in urban area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

10

15
Distance (km)

20

25 30




image107.png
30

20

Impact of WBB LMP into SatPaq
WBB in industrial area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

10

15
Distance (km)

20 25 30




image108.png
40

30

20

10

I/N (dB)

Impact of WBB LMP into SatPaq
WBB in urban area (H=20m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

10

15
Distance (km)

20

25

30




image109.png
I/N (dB)

50

40

30

20

10

Impact of WBB LMP into SatPaq
WBB in rural area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

5 10 15 20
Distance (km)




image110.png
I/N (dB)

Impact of WBB LMP into SatPaq
WBB in urban area (H=10m)

30
EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
20 EIRP=36dBm/5MHz

0 5 10 15
Distance (km)

20




image111.png
I/N (dB)

30

20

10

-10

Impact of WBB LMP into SatPaq
WBB in industrial area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

5 10 15 20
Distance (km)




image112.png
I/N (dB)

Impact of WBB LMP into SatPaq
WBB in rural area (H=20m)

50
EIRP=18dBm/5MHz
40 EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

0 5 10 15 20 25 30
Distance (km)




image113.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-160

-140

-120

-100

-80

-60

-40

-20

0

20

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image114.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-160

-140

-120

-100

-80

-60

-40

-20

0

20

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image115.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-140

-120

-100

-80

-60

-40

-20

0

20

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image116.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-140

-120

-100

-80

-60

-40

-20

0

20

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image117.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-140

-120

-100

-80

-60

-40

-20

0

20

40

60

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image118.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-140

-120

-100

-80

-60

-40

-20

0

20

40

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image119.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-120

-100

-80

-60

-40

-20

0

20

40

60

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image120.emf
0 10 20 30 40 50 60 70 80

Seperated distance(Km)

-120

-100

-80

-60

-40

-20

0

20

40

I

/

N

(

d

B

)

Outdoor Medium power BS(eAAS)

Outdoor Medium power BS(nonAAS)

Outdoor Low power BS

Indoor Low Power BS

I/N = -6dB


image121.png
Deployment o wrss|
V FssEs
Y- % mTUE

-3000 100

[
100

1500
1000 00

Distance [m] 0

Distance [m]




image122.png
500

1000

Deployment

1500
Distance m]

2000

O mies
Vv Fsses
% WTUE

2500

3000

Distance [m]




image123.emf
6 6.5 7 7.5 8

[dBi]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

u

m

u

l

a

t

i

v

e

 

P

r

o

b

.

FSS ES antenna gain towards BSs

-50 -40 -30 -20 -10 0 10 20 30

[dBi]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

u

m

u

l

a

t

i

v

e

 

P

r

o

b

.

BSs antenna gain towards FSS ES

X 18.1108

Y 1


image124.emf

image125.emf
-5 -4.5 -4 -3.5 -3

[dBi]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

u

m

u

l

a

t

i

v

e

 

P

r

o

b

.

UEs antenna gain towards BSs

11 12 13 14 15 16 17 18 19

[dBi]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

u

m

u

l

a

t

i

v

e

 

P

r

o

b

.

BSs antenna gain towards UEs

X 18.4397

Y 1


image126.emf
40 60 80 100 120 140 160 180

[dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

u

m

u

l

a

t

i

v

e

 

P

r

o

b

.

Coupling Loss between UEs and its BSs Histogram UL power control gain

0 3 6 9 1215182124273033363942

[dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

P

r

o

b

a

b

i

l

i

t

y


image127.emf
100 120 140 160 180 200 220 240 260

[dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

u

m

u

l

a

t

i

v

e

 

P

r

o

b

.

DL - Coupling Loss between BSs and FSS ES

140 160 180 200 220 240 260

[dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

u

m

u

l

a

t

i

v

e

 

P

r

o

b

.

UL - Coupling Loss between UEs and FSS ES


image128.emf
-50 -40 -30 -20 -10 0 10 20 30 40

I/N [dB]

10

-3

10

-2

10

-1

10

0

10

1

10

2

P

r

o

b

a

b

i

l

i

t

y

 

[

%

]

CDF of Aggregated Interference (Co-channel)

BS 4x4

BS 8x8

UE

Protection Criteria


image129.png
60

40

20

31dBm/100MHz Omini P5G BS
49dBm/100MHz Sector P5G BS.
~ 53dBm/100MHz Sector P5G BS
——— N =-6dB

2 3 4
Seperated distance(Km)





image130.png
———56.50Bm/100MHz 4xB P5G BS |
——— 64.50BM/100MHz 4xB PSGBS |
61.50Bm/100MHz 8x8 P5G BS
67.50Bm/100MHz 8x8 P5G BS
=608

2 3 4
Seperated distance(Km)





image131.png
IIN(dB)

60

40

20

FSS Earth Station with 10 elevation angle
FSS Earth Station with 15 elevation angle
FSS Earth Station with 48 elevation angle
——UN=-10.5d8

10

15 20 25 30
Seperated distance(Km)

35




image132.png
1IN(dB)

80

60

40

20

40

50

FSS Earth Station with 10 elevation angle
FSS Earth Station with 15 elevation angle
FSS Earth Station with 48 elevation angle
10508

—]

10

15 20 25 30

Seperated distance(Km)

3




image133.png
1IN(dB)

80

60

40

20

40

50

FSS Earth Station with 10 elevation angle
FSS Earth Station with 15 elevation angle
FSS Earth Station with 48 elevation angle
=-10508

10

15 20 25 30
Seperated distance(Km)

3




image134.png
60

40

20

40

FSS Earth Station with 10 elevation angle
FSS Earth Station with 15 elevation angle
FSS Earth Station with 48 elevation angle
| In=-10508

10

15 20 25 30
Seperated distance(Km)

3




image135.png
1IN(dB)

80

60

40

20

40

50

FSS Earth Station with 10 elevation angle
FSS Earth Station with 15 elevation angle
FSS Earth Station with 48 elevation angle
| In=-10508

10

15 20 25 30
Seperated distance(Km)

3




image136.png
1IN(dB)

80

60

40

20

40

50

FSS Earth Station with 10 elevation angle
FSS Earth Station with 15 elevation angle
FSS Earth Station with 48 elevation angle
| In=-10508

10

15 20 25 30
Seperated distance(Km)

3




image137.png
1IN(dB)

80

60

40

20

40

50

FSS Earth Station with 10 elevation angle
FSS Earth Station with 15 elevation angle
FSS Earth Station with 48 elevation angle
| In=-10508

10

15 20 25 30
Seperated distance(Km)

3




image3.emf

image4.jpeg
Bendirio Tarsmiternfo Recsherifo Propagaton o
Be2 20MHz AZOD T4, ERP 535 cBim. TR ERP 23 cBm heght 15 m. NetPlanner UiversalLOS

RSP e

a3





image5.jpeg
Bandinfor
822 20Mz

Tarsmiterino

Receherinfo
AZOD T4 ERP 240 dBm helght15m.

Propagatonifa
TR ERP 23 6B heght 5 m.

NetPlanner UriversalLOS

| I

Qs

asep s





image6.jpeg
Endito Tarsmitervfo Recsierito Propagatonrio

842 200z AZ0D T4 ERP 240 dBm height25m TR ERP 23 cBm height15m. NetPlanner UiversalLOS
Reap e
=





image7.jpeg
Bandinf Tarsniterino Receherirfo Propagatonric

822 200z AZ0D T4 ERP 240 dBm heghtsm TR ERP 23 dBm height15m. NetPlanner Universal LOS
Rsap e

=0

uz





image8.png




image9.png




image10.png




image11.png




image12.png




image13.png




image14.png




image15.png




image16.png




image17.png




image18.png




image19.png




image20.png
s





image21.png




image22.png




image23.png
Image Landsat |





image24.png




image25.png
ImagelLandsat/ Copernicu

3 km





image26.jpeg
3710 MHz

3800 MHz

3900 MHz

4000 MHz

MFCN

LAN1

LAN2





image27.jpeg
3710 MHz

3800 MHz

3860 MHz

3960 MHz

MFCN

LAN





image28.jpeg




image29.jpeg




image30.jpeg
3710 MHz 3795MHz 3800 MHz 3900 MHz




image31.jpeg
ZHIN OTLE

5G BS Rx Mask

Acs

In-band Block
——
-43 dBm

008 Block
ey

-15 dBm

ZHW 008

ZHIN 0Z8€
ZHIN 098€

ZHIN 006€




image32.wmf
dB

MHz

offset

f

dBm

÷

ø

ö

ç

è

æ

-

×

-

-

05

.

0

_

5

7

7


image33.jpeg




image34.jpeg
56 ULTP Loss

LAN Hbs (m)





image35.jpeg
§11113111 E





image36.jpeg
600%

500%

4,00%

=

2,00%

5G UL TP Loss (%)

1,00%

0,00%

—e—40dBm  ==e=35dBm

10

15

LAN BS H_bs (m)

=e—30 dBm

20

25

30




image37.jpeg




image38.jpeg




image39.jpeg




image40.jpeg
120W (50.8 dBm) N\

e

20 508

B/l

21 0000




image41.jpeg
Mmotze

008 Block

15 dBm

LA BS Rx Mask
+ LAN_1

Inband Block
38dBm Acs
47 dBm

ACSfor LAN_2

LAN_2

M ozLE
2 o5
i oos
M 006





image42.jpeg




image43.jpeg
30%

20%

10%

LAN Outdoor Microcell UL TP Loss(%)

== LAN_1 {3800-3900 MHz)

== LAN_2 {3900-4000 MHz)




image44.jpeg
il
A
A g R S
K;.f‘i.;f{. P

-

fii“,"ﬁ@w g
. 2. T »'d .
Tl
s





image45.jpeg
LAN UL TP Loss(%)

100% —e—LAN_1(3800-3900 MHz) === LAN_2 (3000-4000 MHz)
0%
0%
70%
60%
0%
0%
30%
20%




image46.jpeg
LA BS Rx Mask
00B Block

— R LAN_1

M orze

-15dBm
In-band Block

35dBm ACS

-4 dBm

ACS for LAN_2

LAN

2

2 ozze
M osLE
2w oose
M 006¢

21 coor




image47.jpeg
23dBm

88,23 MHz

4000 MHz

30 d8m/MHe

3905 MHz

3900 MHz

25 dBm/MHe

3806 MHz
3805 MHz

3801 MHz
3800 MHz

3710 MHz




image48.jpeg




image49.png
Distance (km)

02 o =
i e <+ Rdm UE dist
0.15 s A £
i i
f 7\
0.1 s
o b
i B
0.05 %,f E
U i ,
T
i :
g b : A
0
e Gk :
§ *g; o
-0.05 = Hirec A i %
y il o
201 L L Hb
M wE
3 r e
-0.15 s
02

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Distance (km)

0.4




image50.png
35

Py N N w
o S o S

Percentage (%)

=)

10 15 20
BS downtilt elevation (°)
0° - the horizon
90° - the point right below the BS

25

30





image51.png
35

©
B

©

~

(%) eBejuaoiad

60

40

20

20

40

60

BS azimuth (°)




image52.png
Percentage (%)

100

90

80

70

60

50

40

30

20

10

-20

-10 0 10
BS gain towards FSS ES (dBi)

20

30




image53.png
100

90

80

o
R

o 9 o
© ©» v

(%) ebejusdiad

20

10

15 20 25 30 35 40 45 50
Clutter attenuation (dB)

10




image54.png
Percentage of time (%)

IIN CDF
AAS for Local-Area network at 44 km - Rdm % for P.452

10?

=)
©

e

-60 -40 -20 0 20
I/N at the FSS receiver

40




image55.png
Percentage of time (%)

10?

IIN CDF
AAS for Local-Area network at 300 km - Rdm % for P.452

=)
©

e

=)
[

103
-140

-120 -100 -80 -60 -40 -20 0
I/N at the FSS receiver

20




image56.png
Percentage of time (%)

10?

=)
©

e

IIN CDF
AAS for Local-Area network at 14 km - Rdm % for P.452

-60 -50 -40 -30 -20 -10 0 10
I/N at the FSS receiver

20




image57.png
Percentage of time (%)

I/N CDF

10% e

AAS for Local-Area network at 25 km - Rdm % for P.452

o
10
10°
107"
102
103
90 80 70 60 -50 40 30 20 -10

I/N at the FSS receiver

10




image58.png
IIN CDF
AAS for Local-Area network at 23 km - Rdm % for P.452

=)
©

Percentage of time (%)
>

-60 -50 -40 -30 -20 -10 0
I/N at the FSS receiver





image59.png
Percentage of time (%)

10?

=)
©

e

=)
[

IIN CDF
AAS for Local-Area network at 100 km - Rdm % for P.452

103
120

-100 -80 -60 -40 -20 0
I/N at the FSS receiver

20




image60.png
IIN CDF
AAS for Local-Area network at 2 km - Rdm % for P.452

=)
©

Percentage of time (%)
>

—— —— e

-70 -60 -50 -40 -30 -20 -10 0 10
I/N at the FSS receiver





image61.png
IIN CDF
AAS for Local-Area network at 8 km - Rdm % for P.452

=)
©

Percentage of time (%)
>

—

I/N at the FSS receiver





image62.png
Percentage of time (%)

IIN CDF
AAS for Local-Area network at 29 km - Rdm % for P.452

10?

=)
©

e

-60 -50 -40 -30 -20 -10 0 10
I/N at the FSS receiver

20




image63.png
Percentage of time (%)

I/N CDF

102 AAS for Local-Area network at 170 km - Rdm % for P.452
>

o

=)
©

e

=)
[

103
140 120 -100 -80 60 40 20 0

I/N at the FSS receiver




image64.png
IIN CDF
AAS for Local-Area network at 4.2 km - Rdm % for P.452

=)
©

Percentage of time (%)
>

—— —

-70 -60 -50 -40 -30 -20 -10 0 10
I/N at the FSS receiver





image65.png
IIN CDF
AAS for Local-Area network at 14 km - Rdm % for P.452

=)
©

Percentage of time (%)
>

e

I/N at the FSS receiver





image66.png
(1gp) uren





image67.png
200

)

160

140

Propagation loss (dB;

120

100

80

0 20 4 6 8 100 120 140 160 180 200
Distance (km)




image68.png
80

60

N N
S S

IN at FSS ES (dB)
©

Impact of 5G BS emission into FSS ES
EIRP = 36dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X 35.8
Y -10.5834

10

20

30 40 50 60
Distance (km)




image69.png
IN at FSS ES (dB)

~
=]

o
S

o
S

I
S

w
S

N
S

=)

o

Impact of 5G BS emission into FSS ES

EIRP = 36dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X 209.5

Y -1.31301

50

100 150
Distance (km)

200

250




image70.png
IN at FSS ES (dB)

60

40

N
S

o

Impact of 5G BS emission into FSS ES

EIRP = 18dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X21.8
Y -10.4842

15 20 25 30 35 40
Distance (km)




image71.png
IN at FSS ES (dB)

50

I
S

w
S

N
S

=)

o

-10

Impact of 5G BS emission into FSS ES

EIRP = 18dBm/5Mhz

X4
Y -1.29742

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

20

40 60
Distance (km)

80

100




image72.png
IN at FSS ES (dB)

60

40

N
S

o

Impact of 5G BS emission into FSS ES

EIRP = 24dBm/5Mhz

X 26.1
Y -10.5163

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

10

20 30
Distance (km)

40

50




image73.png
60

50

w
S

IN at FSS ES (dB)
> S

Impact of 5G BS emission into FSS ES

EIRP = 24dBm/5Mhz

FSS el. 10deg
FSS el. 15deg
FSS el. 30deg
FSS el. 48deg
I/N crit

20

40 60
Distance (km)

80




image74.png
80

60

40

20

Impact of WBB LMP into SatPaq
WBB in rural area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X 26.1 X 35.8
Y -10.5163 || Y -10.585

o o
X21.8
Y -10.4842

10 20 30 40 50
Distance (km)




image75.png
I/N (dB)

60

40

20

X11.8

Y -10.5012

Impact of WBB LMP into SatPaq
WBB in urban area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X 20.2 X29.2
Y -10.5206 | Y -10.5051

10

20 30 40 50
Distance (km)




image76.png
Impact of WBB LMP into SatPaq

60 WBB in industrial area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

40

20

X 20.6 X 29.6
Y -10.5376 | Y -10.5417

o ot

I/N (dB)

0 10 20 30 40 50
Distance (km)




image77.png
80

60

40

Impact of WBB LMP into SatPaq
WBB in rural area (H=20m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X27.2
Y -10.4811

X 31.9 X 42

Y -10.5381 | | Y -10.5123

——

10

20 30
Distance (km)

40

50




image78.png
I/N (dB)

Impact of WBB LMP into SatPaq
WBB in rural area (H=10m)

70
EIRP=18dBm/5MHz
60 EIRP=24dBm/5MHz
EIRP=36dBm/5MHz
50
40
30
20
10 X 94.3 X 210.5
YA20963 [~ | |Y-130077
. . .
X415 \
1y 13038
-20
-30
0 50 100 150 200 250 300

Distance (km)




image79.png
Impact of WBB LMP into SatPaq

50 WBB in urban area (H=10m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

40

30

20

10
X20.5

Y -1.31866

X 54.8
Y -1.29542

I/N (dB)

X6.5
Y -1.32789

0 20 40 60 80 100
Distance (km)




image80.png
Impact of WBB LMP into SatPaq
WBB in industrial area (H=10m)

60
EIRP=18dBm/5MHz
50 EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

X59.4
Y -1.32629 Y -1.30757
SRR e S

'T

0 20 40 60 80 100
Distance (km)




image81.png
Impact of WBB LMP into SatPaq

50 WBB in industrial area (H=20m)

EIRP=18dBm/5MHz
EIRP=24dBm/5MHz
EIRP=36dBm/5MHz

60

40

X90.5 X 208.1
Y -1.31933 Y -1.30395

-

0 50 100 150 200 250 300
Distance (km)




image82.png
80

60

IN at FSS ES (dB)
N B
o B 3

N
S

Impact of 5G BS emission into FSS ES
EIRP = 36dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X415
Y -10.5443

30 40 50 60
Distance (km)




image83.png
80

IN at FSS ES (dB)
N
8

Impact of 5G BS emission into FSS ES
EIRP = 36dBm/5Mhz

FSS el. 10deg
FSS el. 15deg

FSS el. 30deg
FSS el. 48deg
I/N crit

X 276.8
Y -1.30279

Distance (km)

250 300




image1.emf









image2.emf









