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Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	X
	

	No
	
	
	
	
	

	Don't know
	X
	
	
	
	X


2
Classification of the Work Item and linked work items

2.1
Primary classification
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item


2.2
Parent Work Item 
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	

	
	
	
	

	
	
	
	


2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	80048
	Stage 1 of 5GSAT
	Service requirements of satellite access in 5G

	960016
	Stage 1 of 5GSAT: FS_5GSAT_Ph3
Study on satellite access - Phase 3
	Defines new services requirements for R19 

	80026
	Study on architecture aspects for using satellite access in 5G
	Unresolved key issue leftover from R17 

	940074
	5GC enhancement for satellite access Phase 2
	SA2 Rel-18 SID for 5G System enhancement for satellite access

	980014
	5GC/EPC enhancement for satellite access Phase 2
	SA2 Rel-18 WID for 5G System enhancement for satellite access

	940060
	Study on 5G System with Satellite Backhaul
	SA2 Rel-18 SID for 5G System with Satellite Backhaul

	970018
	5G System with Satellite Backhaul
	SA2 Rel-18 WID for 5G System with Satellite Backhaul


The present document is proposed by the moderator of Q3 NWM discussions on satellite architecture enhancement, please refer to S2-2308448 for detailed outcomes and proposals. WTs with significant positive support are bold here below. 
3
Justification
Integration of satellite components into 5GS has been studied in Rel 16, Rel 17 and 18. 
First normative phase was achieved in R17 based on R17 study and R18 is completing with (FS_) 5GSAT_ARCH_Ph2 and (FS_) 5GSATB studies and work items. 
As part of Rel-19, SA1 developed a TR 22.865 that captures a set of use cases and potential service requirements related to the 5G system with satellite access considering new capabilities:

1. Store and forward satellite operation for delay-tolerant communication services: Store and Forward (S&F) operation is an operation mode of a 5G system with satellite-access, where the 5G system can provide some level of service (in storing and forwarding the data) when satellite connectivity is intermittently/temporarily unavailable, e.g. to provide communication service for UEs under satellite coverage without a simultaneous active feeder link connection to the ground segment. This is particularly relevant for delay-tolerant IoT services via NGSO space segment. 

2. GNSS independent operation: This would allow to provide satellite access to UEs without GNSS receiver or with no access to GNSS services. 

3. Positioning enhancements for satellite access: 3GPP positioning methods are needed in some scenarios for UEs using only satellite access.

4. UE-Satellite-UE communication without going through the ground network: In some scenarios, UEs need to communicate using satellite access without going to the ground network in order to avoid long delays and limited data rate as well as reducing the consumption of backhaul resources. 

R17 and R18 assume transparent mode satellite access. 

(Item 1) Regenerative payloads, i.e.: embedding RAN and CN 3GPP functions, are being considered by SA1 in Rel-19 for example to support store and forward satellite operation (e.g. for mMTC services) or to support Inter Satellite Links (e.g. for eMBB services).

In general, regenerative payloads enable the following added value services for the users:
· Support of delay sensitive and/or delay tolerant services in areas without NTN gateways (not deployed or temporary not operational)

· Enable reduced user and/or control plane latency 

· Support communications (unicast, multicast and broadcast) between 2 or more UEs via satellite without going through the ground network (loop back)

· Support of edge computing on board
· Enable Inter Satellite Link communication schemes, with studying specific impacts on interfaces and protocols of ISL communication scheme, for 5GS.
It also benefits for the network operation:
· Flexibility in the deployment of the ground segment/NTN gateways wrt to the deployment of the space segment and/or to cope with feeder link service availability issues

· Improving efficiency (incl. signalling overhead) of radio interface radio resources on the feeder links

· Flexibility in the routing of the traffic generated by a group of user equipment to a specific feed link to meet specific national regulations/sovereignty requirements

· Support of multiple core networks per country operated by different operators

· Improving efficiency of radio interface radio resources on the service links thanks to beam scheduling on-board the payload

· Capability to provide simultaneously access and backhaul service

As uses cases requesting regenerative payloads, with requirements specified in SA1, need to be studied:
(Item 2) S&F feature, very relevant for IoT use cases will require EPC and 5GS enhancement. 
(Item 3) UE-Satellite-UE communication, will require 5GS enhancements. 

(Item 8) IAB/MBSR, will require 5GS enhancements. 

In addition (following items have several supports and need to be discussed during SA2#158 meeting):
(Item 5) Adaptation of MBS to NTN specificities (moving radio nodes, location dependency...) and multicast over DL only to combine GSO multicast while saving resources, and their potential impact on the 5G system architecture shall be studied, for broadcast and multicast services, in both GSO and NGSO cases.
(Item 6) 5GC support of IoT NTN in case of new deployment with no existing EPC shall be studied. 
(Item 7) Definition and provisioning of Satellite Coverage Availability Information (SCAI) were discussed in the latest R18 meeting and leftover from Rel-18, so complements shall be part of R19. 
(Item 9) Different regulatory bodies have strict requirement to establish the emergency call quickly. The most important

aspect to achieve this for UE in limited service is to identify accurately the operator supporting emergency service in UEs location. But in the area where UE is not allowed to operate (i.e. UE has received

#78), though the NG-RAN node broadcast emergency services as supported, it is not guaranteed

that UE can still get the emergency service. On attempt of emergency service, the UE may be allowed

or not allowed for emergency service even if broadcast information on emergency service indicates it is

supported. This is a false information for the UE which can lead for delay in establishing the emergency

call. Thus it is proposed to study mechanism to improve performance of emergency service in such cases.
(Item 10) Considering that there is no mandatory feature for UE location reporting for NB-IoT NTN devices in R17 and R18, there is a need to define a mandatory mechanism for UE location reporting for NB-IoT NTN devices, especially in the case with NGSO satellites that rely on large and earth-moving beams.
4
Objective

The study items below aim at investigating on further 3GPP core network functions enhancements to support satellite access based on:

· The new uses cases as introduced in TR 22.865
· SA/RAN workshop outcomes. 

· Additional subjects proposed during Q3 discussion process 

with the following architectural considerations and objectives, and associated work tasks.
1/ Regenerative payload generic architecture study.

WT-1.1: Study minimum necessary set of 3GPP core network functions and/or RAN to be embedded in

the satellite for the new uses cases and study the different possible architectures if any.

WT-1.2: In case of RAN only embedded architecture, study core network impacts on interfaces,

protocols (mobility management, paging) of having “flying” embedded gNB/eNB.”. This task also

includes LI aspects.

WT-1.3: In case of RAN + CN embedded architecture, study core network impacts on interfaces,

protocols (mobility management, paging) of having “flying” RAN + CN functions.” This task also

includes LI aspects.
2/ Store and Forward 
WT-2.1: Study, and if applicable, define the parameters needed to characterize and support S&F

Satellite operation from a data service perspective (e.g., S&F data retention period, S&F data storage

quota, S&F forwarding priority, S&F acknowledgement policy), both for 5GS and EPC.

WT-2.2: Study, and if applicable, define the control plane and user plane enhancements to support

S&F Satellite data operation (e.g., capability to inform the UE that the network is operating in S&F

mode, capability to suspend / resume a signaling procedure that cannot be successfully completed within

the expected time due to S&F Satellite operation, capabilities to enforce S&F service-related

parameters, impact on mobility management/ paging/ discontinuous coverage management if any) ,

both for NR-5GS and IoT-EPC.
WT-2.3: Study, and if required, define new architectural extensions for S&F Satellite operation (e.g.,

distributed satellite-ground EPC functions for S&F), in line with regenerative payload architecture study (WT1), both for NR-5GS and IoT-EPC.

3/ UE-satellite-UE communication, 5GS. 

WT-3.1: Evaluate which UE service can/should be supported locally (e.g: only IMS) and study

activation of such UE-Satellite-UE communication

WT-3.2: Study impacts on session management

WT-3.3: Study service continuity when the satellite serving the UE changes
WT-3.4: Study compliance to applicable regulated services

WT-3.5: QoS control and charging
4/ GNSS independent operation

WT-4: Study impacts on 5GC/EPC of UE location determination (going further from R18

verification) by network only method(s).
5/ Multicast and Broadcast Service via satellite

WT-5.1: Study enhancements to support multicast over a downlink only NTN (Receive Only Mode) and

support for a heterogeneous return path (3GPP or non-3GPP access).

WT-5.2: Study need for architectural enhancements for 5G multicast-broadcast services via NTN
6/ 5GC supporting IoT NTN

WT-6: Study specific impacts, if any, on interfaces and protocols of 5GC supporting IoT-NTN
7/ Definition and provisioning of Satellite Coverage Availability Information (SCAI) (leftover from Rel-18)

WT-7.1: Study definition of Satellite Coverage Availability Information (SCAI)

WT-7.2: Study further enhancements to accurately determine unavailability period for the UE.

WT-7.3: Study possible architectures for provisioning of SCAI to 5GS or EPS by a 3rd party AF
8/ IAB/MBSR applicability to the Satellite Access

WT-8: Study IAB/MBSR applicability to the Satellite Access
9/ Enhancements to mobility aspects and emergency service.
WT-9: Study mechanisms to improve performance of emergency service and any potential mobility enhancements for the UE using satellite access
10/ UE location reporting for mobility management in IoT NTN
WT-10.1: study and specification for a mandatory mechanism for UE location reporting in NB-IoT NTN devices case.
WT-10.2: Study mobility management enhancements for IoT NTN enabled by the support of UE location reporting.
TU estimates and dependencies

	Work Task ID
	TU Estimate

(Study)
	TU Estimate

(Normative)
	RAN Dependency

(Yes/No/Maybe)
	Inter Work Tasks Dependency



	WT1
	2
	2
	Yes
	

	WT2
	3
	3
	Yes
	WT1

	WT3
	2
	2
	Yes
	WT1

	WT4
	1
	1
	Yes
	

	WT5
	1
	1
	Yes
	WT1

	WT6
	0.5
	0.5
	Yes
	WT1

	WT7
	1
	1
	No
	

	WT8
	1
	1
	Yes
	

	WT9
	1
	1
	Yes
	

	WT10
	1
	1
	Yes
	


Total TU estimates for the study phase:     13.5
Total TU estimates for the normative phase:    13.5
Total TU estimates: 27
Editor’s Note: max TUs per SID/WID = 14, see S2-2308264

5
Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	Internal TR
	23.xyz
	Study on Integration of satellite components in the 5G architecture Phase III
	TBD
	TBD
	


	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

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

	
	
	
	

	
	
	
	

	
	
	
	


6
Work item Rapporteur(s)

First rapporteur : TBD
7
Work item leadership

SA2 
8
Aspects that involve other WGs
SA3 for the Security aspects, SA5 for the Charging aspects, RAN for the RAN related issues.
9
Supporting Individual Members

Editor’s Note: initial list per S2-2306896
	Supporting IM name

	Thales

	Novamint?

	CATT?

	Lockheed Martin?

	Avanti?

	Sateliot?

	ESA?

	Gatehouse?

	Eutelsat?

	JSAT?

	China Unicom?

	Tencent?

	Vivo?

	Spreadtrum Communications?

	SES?

	Gilat?

	IRT Saint Exupéry ?

	Inmarsat ?

	Ligado ?

	TTP ?

	CEWiT?

	Hughes/EchoStar?

	ST Engineering iDirect Ireland?

	TNO?

	OneWeb?

	Intelsat?

	Deutsche Telekom



