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1. Introduction
[bookmark: _Toc510607461]The FS_5GSAT_ARCH_Ph3 SID SP-231199 contains the following Work Task:
	WT3: Study UE-satellite-UE communication enhancements for 5GS, supporting NR NTN NGSO constellation with and without ISL, with feeder link available (at least for session establishment).
WT-3.1:	Following SA1 requirements, study how at least IMS enablers including mission critical can be supported locally. Study minimum necessary set of 5GS network functions onboard the satellite(s) and study such UE-Satellite-UE communication. Co-ordinate with SA3 LI if needed.	




And TR 23.700-29 contains the following objectives for corresponding Key Issue - KI#3:
	UE-satellite-UE communication refers to the communication between UEs under the coverage of one or more serving satellites without the user plane traffic going through the ground network.
It is expected that a link to the ground, via ISL to another satellite with a link to a ground gateway, or via multiple other satellites using ISLs to another satellite with a link to ground gateway or direct from the serving satellite to a ground gateway, is always available.
To support UE-satellite-UE communication for IMS voice and video as well as MCPTT services, the following issues are proposed to be studied:
-	Architectural enhancement to support UE-satellite-UE communication, including minimum necessary set of 5GC network functions and IMS components (if any) onboard the satellite(s), including:
-	How to ensure routing of user plane traffic (for MMTEL and MC applications) remains in the satellite.
-	Potential impacts on IMS procedures and functions to manage UE-satellite-UE communication.
-	Conditions (such as eligibility, restrictions, authorization …) for realizing UE-satellite-UE communication for UEs.
-	Minimize service interruption if the Serving Satellite changes.
…




[bookmark: _Hlk155622145]The solution described here addresses the objectives highlighted above and enables the 5G system to determine if two (or more) UEs are eligible for an IMS based communication in a UE-satellite-UE communication scheme. 
Solution is based on information provided in the “P-Access-Network-Info” SIP header field. This field will be used with access-type value "3GPP-NR-SAT" in the case where a UE is connected to RAN via satellite access and the field "utran-cell-id-3gpp" will contain information identifying the TAC, the gNodeB and the local cell. 

Calling and called UEs will setup this “P-Access-Network-Info” in SIP messages according RFC7976 during the SIP signalling phase of the IMS service setup. 

Once a S-CSCF be aware of the values of “P-Access-Network-Info” SIP header field for both UEs, the S-CSCF will request a service to determine if the 2UEs are eligible for UE-satellite-UE communication scheme by providing to the service the cell IDs and gNodeB IDs. The service, knowing the mapping of cell IDs and gNodeB IDs on the satellites of the constellation, and the topology and status of the Inter Satellites Links, will be able to determine if, at the current time, the 2 UEs  are eligible for UE-Sats-UE communication (UE-satellite-UE communication refers to the communication between UEs under the coverage of one or more serving satellites without the user plane traffic going through the ground network). If yes, the S-CSCF will provide related information to the 5GC to setup local switching of user plane in the satellites(s). If no, local switch is not possible, and the IMS communication will need to be setup with user plane traffic going to the ground network. 

Note this connectivity check presented in the solution is necessary but may not be the only one (other constraints on the subscription, the service type etc.) might also apply.
This solution enables to make the link between IMS layer and the satellite constellation topology during communication establishment, to determine if serving satellites are interconnected at this time.
Other advantages of the solution are:
· No need to change IMS specifications
· Flexibility of implementation as any CSCF (P-CSCF, I-CSCF, S-CSCF) can interfaces the satellite connectivity service 

2. Text Proposal
The following text is proposed to be applied to TR 23.700-29.
[bookmark: _Toc97108978][bookmark: _Toc100782791][bookmark: _Toc100983165]*** First Change ***
[bookmark: _Toc97108967][bookmark: _Toc100782780][bookmark: _Toc100983154]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[bookmark: definitions][1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G system, Stage 2".
[4]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[5]	3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".
[6]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[7]	3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".
[8]	3GPP TR 22.865: "Study on satellite access Phase 3".
[aa]	3GPP TS 24.229: "IP multimedia call control protocol based on Session Initiation Protocol (SIP) and Session Description Protocol (SDP); Stage 3."
[bb] 	3GPP TS 38.413: "NG application protocol (NGAP)".
[cc]	RFC7976 (https://www.rfc-editor.org/rfc/rfc7976.txt).

*** Next Change ***
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc151176058][bookmark: _Toc151701866] 6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	[bookmark: _Hlk155623497]
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[bookmark: _Toc100700472][bookmark: _Toc26520138][bookmark: _Toc26530876][bookmark: _Toc26530926][bookmark: _Toc26530975][bookmark: _Toc30685082][bookmark: _Toc31014357][bookmark: _Toc31109398][bookmark: _Toc31109468][bookmark: _Toc31109559][bookmark: _Toc43819872][bookmark: _Toc43882354][bookmark: _Toc49966751][bookmark: _Toc50390310][bookmark: _Toc50450148][bookmark: _Toc50450360][bookmark: _Toc50451582][bookmark: _Toc50451794][bookmark: _Toc50464474][bookmark: _Toc54378872][bookmark: _Toc54776462][bookmark: _Toc57373207][bookmark: _Toc73524089][bookmark: _Toc75324070]*** Next Change (all new text) ***
[bookmark: _Toc100782814][bookmark: _Toc100983192]6.X	Solution #X: Solution to determine UE-SATs-UE eligibility and enable communication setup. 
[bookmark: _Toc97108983][bookmark: _Toc100782815][bookmark: _Toc100983193]6.X.1	Description
The proposed solution complies with all architectural assumptions and principles of TR23.700-29 as well as network scenarios for UE-Sat-UE generic architecture (regenerative payload capabilities on LEO satellite), as described in Annex C of TR 23700-29.
It evaluates eligibility necessary condition for realizing UE-satellite-UE communication for UEs, with impacts on IMS procedures and functions, and provides information to 5GC to route user plane in satellite(s), as enounced in part of KI#3.
Solution is based on information provided in the “P-Access-Network-Info” SIP header field. This field will be used by the UEs with access-type value equals "3GPP-NR-SAT" in this case where a UE is connected to RAN via satellite access
As defined in TS 24.229 [aa] in chap. “7.2A.4	P-Access-Network-Info header field”:
24)	if the access-type field is equal to "3GPP-NR-SAT", a "utran-cell-id-3gpp" parameter set to a concatenation of the MCC (3 decimal digits), MNC (2 or 3 decimal digits depending on MCC value), Tracking Area Code (6 hexadecimal digits) as described in 3GPP TS 23.003 [3], the NR Cell Identity (NCI) (9 hexadecimal digits) and optionally, the NID (11 hexadecimal digits) as specified in 3GPP TS 23.003 [3]. The "utran-cell-id-3gpp" parameter is encoded in ASCII as defined in RFC 20 [212];
As defined in TS 38.413 [bb] : NR Cell Identity comprises a 36-bit value consisting of two parts: the gNodeB ID (22-32 bit) and the Sector ID (4-14 bits).
With such information, the P-Access-Network-Info header field enables to make the link between radio cell/gNodeB and the hosting satellite in case of regenerative satellite with gNodeB on board. 
As defined in RFC7976 [cc]: “P-Access-Network-Info header field can appear in all SIP methods and non-100 responses, except in CANCEL methods, CANCEL responses, and ACK methods triggered by non-2xx responses.”
By the way, the caller and called UEs can introduce P-Access-Network-Info header in IMS SIP communication setup exchanges with fresh radio cell and gNodeB information and any SIP server (S-CSCF in the example) participating to the communication setup will be at a given moment of the SIP exchanges in possession of serving radio cells and gNodeBs for the caller and called UEs. 
The SIP server will then interrogate a satellite connectivity service, which monitors in real time satellite constellation motion and satellites interconnectivity, providing serving radio cells and gNodeBs for the caller and called UEs.
Editor Note:	The need to standardize interface between xCSCF and satellite connectivity service is FFS.
The satellite connectivity service will map this information onto satellites of the constellation in real time and determine if satellites hosting radio cells and gNodeBs for the caller and called UEs are connected via ISL. 
If it is the case, then local routing of user plane in satellite or between satellites is possible, and SIP server will indicate to 5GC, i.e: to SMF via PCF (Rx/N5 interface), the IP addresses for the 2UEs. 
Editor Note:	Whether and how the PCF/SMF nodes configure local routing for user plane on the satellites is FFS.
 
NOTE1: 	In the restriction of non-roaming case, it is assumed that a single IMS network is in charge to establish the UE-SATs-UE communication and for sake of clarity a single S-CSCFx is represented but the solution can be used in case of different CSCFs
NOTE2: 	Such satellite connectivity service specification is out of 3GPP scope.
NOTE3: 	Solution applies to scenario where local switching of user plane on board of satellite is done at UPF level, not at IMS-AGW level.


[bookmark: _Toc97108984][bookmark: _Toc100782816][bookmark: _Toc100983194]6.X.2	Procedures
The main steps for the procedure are the following:


Figure 6.X.2.1: determine UE-SATs-UE eligibility and enable communication setup.

1/ When establishing a communication, the Caller UE inserts the field “P_Access_Network_Info” in a SIP message, e.g: INVITE, indicating gNodeB identifier corresponding to its serving satellite together with serving Cell ID. 
2/ IMS core network SIP server (e.g: S-CSCF) stores CellId_A and gNodeBId_A.
3/ The signaling message is routed by IMS core network to the called UE.
4/ The Called UE inserts the field “P_Access_Network_Info” in a SIP message, e.g: RINGING, indicating gNodeB identifier corresponding to its serving satellite together with serving Cell ID. 
5/ IMS core network SIP server (e.g: S-CSCF) stores CellId_B and gNodeBId_B.
6/ IMS core network SIP server (e.g: S-CSCF) interrogates a satellite connectivity service, which monitors in real time satellite constellation motion and satellites interconnectivity, providing CellId_A, gNodeBId_A, CellId_B, gNodeBId_B.   
7/ The satellite connectivity service monitors in real time cells and gNodeB over the satellites constellation and checks if the 2 UEs are connected to cells of the same satellite or with interconnected satellites (through ISL). 
8/ If yes, IMS core network SIP server (e.g: S-CSCF) provides to SMF via PCF (Rx/N5 interface) any available information that may help to establish a local switching on user plane on the satellite(s) (e.g, IP addresses), for both UEs A and B).
9/ SMF configures satellites local routing of user plane connections. 
10/ session establishment continues with local routing of user plane in satellites.
11/ if no, session establishment continues with user plane going to ground.
Editor Note:	Whether and how the PCF/SMF nodes configure local routing for user plane on the satellites is FFS.

[bookmark: _Toc97108985][bookmark: _Toc100782817][bookmark: _Toc100983195]6.X.3	Impacts on existing nodes and functionalities
UE:
· Provide P-Access-Network-Info header with fresh NR Cell Identity value
xCSCF:
· Collect NR Cell Identity and IP address for the caller and the called UEs. 
- 	Interrogate a satellite connectivity service, which monitors in real time satellite constellation motion and satellites interconnectivity, providing serving radio cell and gNodeB for the caller and called UEs
- 	provide UEs IP addresses to PCF via Rx/N5 interface


*** End of Changes ***
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