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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This document provides some rationale and proposes a methodology for the scoping discussion Non-Terrestrial Networks (NTN) normative work in Release 17.

2. Discussion
2.1 NTN pre-standardisation in 3GPP

The integration of non-terrestrial networks (satellite and HAPS based) in the 3GPP 5G eco-system aims at complementing the coverage and availability of cellular networks. Targeted end-users are the typical public end users as well as the new emerging verticals, such as transport & logistics, public safety, agriculture, utilities, mining, broadcasters, transportation (maritime, aeronautics, trains, buses, trucks or even cars) and logistics not to name others. NTN can highly contribute to meeting the requirements of these communities for service continuity, as well as for reliability and global coverage.

The cellular and satellite industry stakeholders have studied and defined over the past 24 months enabling features for 5G systems to support non-terrestrial networks (i.e. satellite and HAPS). This pre-standardisation work is reflected in the table below:

Table 2.1: List of Non-Terrestrial Network related documents developed by 3GPP
	Item ref
	Lead WG
	Title
	3GPP doc
	Completion date

	SI ”FS_NR_nonterr_nw on NR”
	RAN
	Study on New Radio (NR) to support Non Terrestrial Networks (Release 15)
	TR 38.811
	June 2018

	SI ”FS_NR_NTN_solutions”
	RAN3
	Solutions for NR to support non-terrestrial networks (NTN) (Release 16)
	TR 38.821
	Dec 2019Mar 2020 (For RAN2 only)

	SI ”FS_5GSAT”
	SA1
	Study on using Satellite Access in 5G; Stage 1 (Release 16)
	TR 22.822
	June 2018

	WI ”5GSAT”
	SA1
	CR’s to Service requirements for the 5G system; Stage 1 (Release 16)
	TS 22.261
	Dec 2018

	WI ”FS_5GSAT_ARCH”
	SA2
	Study on architecture aspects for using satellite access in 5G (Release 16)
	TR 23.737
	Nov. 2019

	WI ”FS_5G_SAT_MO”
	SA5
	Study on management and orchestration aspects of integrated satellite components in a 5G network
	TR 28.808 
	Dec 2019



The next step shall consist in defining the necessary 5G features that will support non-terrestrial network solutions in the 3GPP specifications. NTN will be natively integrated, benefiting from technology commonalities with 3GPP defined cellular systems.

In the following, the different NTN reference scenarios which were studied are summarized as well as their positioning with respect to 5G service delivery, the potential impacts on the 3GPP NG-RAN standard are identified, and a methodology to the priorisation of NTN scenarios for Rel-17 normative work is finally proposed.

2.2 Identification of “NTN” reference scenarios

The following table has been elaborated on the key differentiating design parameters of non-terrestrial networks:. Typically, several NTN scenarios can be identified distinguished by their orbit/altitude (HAPS, LEO, MEO, GEO and HEO) and their frequency bands (FR1 and FR2), the type of targeted terminals (omni-directional antenna and directional antenna devices) and whether the on board payloads are transparent to 5G signals (transparent payload) or do some signal processing on board (regenerative payload). For instance regenerative payloads are needed to support Inter-Satellite Links (ISL). Regenerative payload in the context of 3GPP refer to 5G system functions (e.g. gNB, gNB-DU etc) on board satellite if required (e.g. to support Inter Satellite Links). Finally in the particular case of non-geostationary satellites (LEO, MEO and HEO), one can further distinguish between a satellite generating beams whose foot prints are fixed or moving over the earth surface.

Table 2.2: List of Non-Terrestrial network scenarios
	 
	HAPS
(8 to 50 km)
	LEO
(300 to 2000 km)
	MEO
(8000 to 25000 km)
	GEO
(35 786 km)
	HEO (Note 1)
(higher than MEO/GEO)

	Coverage
	Area of several hundred kilometers diameter
	Up to Worldwide.

	Up to Worldwide.

	Regional between +/-70) latitude and up to 100° longitude span
	Typically to address polar or high latitude regions

	5G services support with 3GPP class 3 devices (FR1), (Note 3)
	eMBB, mMTC, uRLLC
	eMBB, mMTC
	mMTC, [eMBB]
	mMTC, [eMBB] 
	Not possible due to link budget

	5G services support with Directional antenna devices (FR1 or FR2), 
(Note 4)
	eMBB, mMTC, uRLLC
	eMBB, mMTC
	eMBB, mMTC
	eMBB, mMTC
	eMBB, mMTC

	QoS Latency (Note 2)
	Latency comparable to NG-RAN based Cellular network
	Latency comparable to LTE based Cellular network
	Latency comparable to UTRAN based Cellular network 
	Latency comparable to GSM/GPRS based cellular network
	 Similar or greater than GEO

	Added value for 5G system
	Service coverage extension through direct access, network resiliency
+ Backhaul(IAB)
	Service coverage extension through direct access, network resiliency
+ backhaul(IAB)
	Service coverage extension through direct access, network resiliencyl
+ backhaul(IAB)
	Service coverage extension through direct access, network resiliency
+ Backhaul(IAB)
	Backhaul(IAB)

	Note 1: The added value of HEO being very specific, it is proposed to consider this scenario in a future release.
Note 2: The QoS over a high latency access may be degraded for delay sensitive applications. This can be mitigated by combining the high latency access with a relatively low latency access technologies (e.g. cellular, HAPS or LEO based access) and the use of appropriate traffic steering techniques across these access technologies.
Note 3: Targeted services with possible service rate limitation (e.g. edge coverage performances)
Note 4: Directional antenna devices may refer to building or vehicle mounted devices with directional antenna such as parabolic or phased array antenna but also handset with high gain antenna (e.g. protuberating)





2.3 Effects creating impacts on 5G standards for the “NTN” reference scenarios

The main impacts on 5G standards are listed in the table below for the different NTN reference scenarios (See 3GPP TR 38.811 table 8.3-2).

Table 2.3: NR impacts to support the reference scenarios of Non-Terrestrial Networks
	
Effects
	HAPS
	LEO
	MEO
	GEO
	HEO

	Motion of the space/aerial vehicles
	Moving cell pattern
	Yes if beams are moving on earth
	Yes if beams are moving on Earth ( hence high speed)[footnoteRef:1] [1:  Assuming fixed relation between beams and cells] 

	Yes if beams are moving on Earth ( hence high speed)
	No
	Yes if beams are moving on Earth ( hence high speed)

	
	
	No if beams are fixed on earh
	No if beams are fixed on earh
	No if beams are fixed on earh
	
	No if beams are fixed on earh

	
	
	
	
	
	
	

	
	Delay variation
	No
	High
	Medium
	No
	Low

	
	
	
	(Note 3)
	(Note 3)
	
	(Note 3)

	
	Doppler
	TBD
	High
	Medium
	Negligible
	Low

	
	
	
	(Note 3)
	(Note 3)
	
	(Note 3)

	Altitude
	Latency
	Negligible
	Low
	Medium
	High
	High

	Cell size
	Differential delay
	Small
	Typically relatively medium
	Typically relatively medium
	Possibly relatively high
	Possibly relatively high

	Propagation channel
	Frequency selectiveness impairments
	Note 4
	Note 4
	Note 4
	No
	No

	
	Delay spread impairments
	Note 4
	Note 4
	Note 4
	No
	No

	Duplex scheme
	Regulatory constraints
	FDD and Possibly TDD
	FDD and Possibly TDD
	Only FDD
	Only FDD
	Only FDD

	Note 3: Doppler and Delay variation can be pre compensated at beam centre. In such case residual Doppler and Delay variation can be accommodated by the UE

	Note 4: Some delay spread and frequency selective effect can be experienced in case of omni omni-directional antenna device especially at low elevation angle



HEO scenarios can be postponed to future releases given their very specific use case. MEO scenarios feature characteristics which are less challenging than GEO scenarios in terms of latency and similar or less than LEO scenarios for the other effects (e.g. Doppler). Hence, if the normative work consider LEO scenarios, the 5G system will also be able to support MEO scenarios.

In the following we will hence propose a methodology to down select the most relevant scenarios considering at least HAPS, LEO and GEO based access network scenarios in which satellite and cellular industry have indicated interest at the last plenary, and their added value for the 5G system.
The objective of Rel-17 normative work should define the minimum set of features allowing NG-RAN to support at least these NTN scenarios.

The scenario options to be considered in this down-selection are:
· Transparent or regenerative payload 
· Maximum beam foot-print size (it is assumed that the foot prints of beams generated by HAPS will likely be of maximum size similar to macro cells in a cellular network)
·  Earth fixed or moving beams
· Type of targeted terminals: 3GPP class 3 and/or terminals with directional antenna (e.g. parabolic antenna, phased array antenna or even handset with protuberating antenna) 
· UE with location determination capability (e.g. GNSS) or not

It is assumed that the work item will be frequency agnostic, and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and non-terrestrial networks.

In parallel to the Rel-17 NWI NTN, it is necessary to start a Study Item focusing on the remaining issues related to scenarios / options not selected for the Rel-17 normative work so that they can be considered for a potential Rel-18 NTN work item.

2.4 Proposed methodology to scoping of Rel-17 NTN new work item

In a first step, we propose to identify the most relevant scenarios as proposed by the 3GPP organisations characterised by the following options
1.a) HAPS based access, LEO based access and/or GEO based access scenarios
1.b) cell size for LEO and GEO based access 
1.c) transparent or regenerative payload options for HAPS and LEO based scenarios 
1.d) earth fixed or mobile beams for HAPS and LEO based access scenarios
1.e) UE with location determination capability (e.g. GNSS) or not especially for LEO and GEO based access scenarios
1.f) targeted usage scenarios (See table B.2-1: Non-Terrestrial network target performances per usage scenarios in TR 38.821).
1.g) UE type (3GPP class 3 or other)

In a second step, we propose to identify the impacts on NG-RAN features (RAN1, RAN2, RAN3) associated to the proposed NTN scenarios (outputs in accordance to the Rel. 16 SI)

In a third step, we propose to rank the scenarios and options taking into account
· the number /level of impacts w.r.t. existing 5G standard specifications.
· the stakeholders interest

In a fourth step, we propose
3.a) To define the objectives of the new work item for the Rel-17 normative work 
3.b) To identify the list of existing 3GPP Technical Specifications that needs to be modified and describe the needed changes

In a fifth step, we propose to identify remaining issues related to scenarios / options that needs to be addressed during Rel-17.

3. Proposed set of questions for the email discussion
3.1 Step 1: Identify most relevant scenarios

Question 1.a: What scenarios among LEO, GEO, HAPS based access should be addressed for the normative phase of NTN in Rel-17? 
	Organisation
	Proposed scenarios (HAPS, LEO, GEO based access)
	Comments

	
	
	





Question 1.b: For each proposed scenarios (e.g. HAPS, LEO, GEO), what max cell size (edge to edge) should be considered for the normative phase of NTN in Rel-17? 
	Organisation
	Proposed Max cell size
	Comments

	
	
	



Note that a cell may encompass several beams.

Question 1.c: For each proposed scenarios (e.g. HAPS, LEO, GEO), what payload type (Regenerative/Transparent) on board the satellite/HAPS should be considered for the normative phase of NTN in Rel-17? 
	Organisation
	Regenerative/Transparent payloads
	Comments

	
	
	




Question 1.d: In the case of LEO and HAPS scenarios are proposed, what beam foot prints (fixed or moving beams on Earth) should be considered for the normative phase of NTN in Rel-17? 
	Organisation
	fixed or moving beam foot prints on Earth
	Comments

	
	
	




Question 1.e: For each proposed scenarios (e.g. HAPS, LEO, GEO), what hypothesis on UE capability in terms of location determination should be considered for the normative phase of NTN in Rel-17? 
	Organisation
	UE with location determination capability (e.g. GNSS) or not
	Comments

	
	
	




Question 1.f: For each proposed scenarios (e.g. HAPS, LEO, GEO), what targeted usage scenarios/performances (See table B.2-1: Non-Terrestrial network target performances per usage scenarios in TR 38.821) should be considered for the normative phase of NTN in Rel-17? 
	Organisation
	Targeted usage scenarios & performance (see table in TR 38.821)
	Comments

	
	
	





Question 1.g: For each proposed scenarios (e.g. HAPS, LEO, GEO), what UE type (3GPP class 3 or other) should be considered for the normative phase of NTN in Rel-17? 
	Organisation
	UE type (3GPP class 3 or other)
	Comments

	
	
	







3.2 Step 2: Identify the features to be adapted or defined for NG-RAN to support NTN

Foreword: In the following, impacts on NR features for the proposed down selected scenarios are being identified based on the on going NTN study item (Rel-16) preliminary outcomes. This is pending to the outcomes of the on going study.

Question 2.a: What are the necessary NG-RAN features to support the proposed NTN scenarios ? 
	Organisation
	Recommended Scenarios[footnoteRef:2] [2:  One scenario per row, possibly several row per organisation] 

	NG-RAN features impacted at RAN1, RAN2 and RAN3

	
	
	RAN1: 
RAN2:
RAN3:





3.3 Step 3: Ranking of the scenarios/options and features to be adapted or defined for NG-RAN to support NTN for Rel-17 NWI NTN

The ranking of scenarios and options will take into account
· the number /level of impacts w.r.t. existing 5G standard specifications.
· the stakeholders interest
…



3.4 Step 4: Drafting of the NWI’s objective and list of TS to be modified

Proposed text for the clause “4.1 Objective of SI or Core part WI or Testing part WI”

The objectives for this work item are, based on the outcomes of the TR 38.811 and TR 38.821, to define a set of necessary features/adaptations enabling the operation of NR/NG-RAN in non-terrestrial networks for 3GPP Release 17 covering satellite access and/or HAPS based access.
…


Tentative list of impacted TS

	Impacted existing TS/TR 

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	TSG#90
	

	
	
	TSG#90
	

	
	
	TSG#90
	

	
	
	TSG#90
	




3.5 Step 5: Scope of further study/work on NTN

We identify remaining issues related to scenarios / options that need to be addressed during Rel-17.

Question 5.a: What are the remaining issues to be addressed in RAN1, RAN2 and/or RAN3 to support further NTN scenarios/options/features ? 
	Organisation
	Recommended Scenarios[footnoteRef:3] [3:  One scenario per row, possibly several row per organisation] 

	Comments

	
	
	 




4. Conclusion

Proposal 1: To consider this background information and proposed methodology/questions as starting points for the e-mail discussion on the scoping of the normative NWI on non-terrestrial networks in Rel-17.

Proposal 2: The email discussion will be handled in two phases
· Phase 1: Organisations are invited to respond to the questions of the 1st and 2nd steps by Friday 18th October 2019
· Phase 2: The email discussion moderator (Thales) will provide a tentative Ranking of the scenarios/options and features as well as a proposed NWI scope/objective by Friday 25th October 2019 and invite Organisations to comment by Friday 22th November 2019




END
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