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1. Discussion
In TR 23.700-29 v0.3.0, it is proposed to study the support of UE-satellite-UE communication as below:
-	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:
[bookmark: _Hlk151042033][bookmark: _Hlk151041106]- 	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.
In this paper, we present a possible architecture that facilitates in-sequence delivery of data during handover in case of UE-satellite-UE communication when a LEO satellite moves. The LEO satellites form a satellite constellation and are connected with ISL. The architecture introduces an Inter-Satellite Coordination NF which will be deployed on each LEO satellite in addition to gNB, UPF, and IMS AGW. This NF is responsible for performing the switching between the satellites (source and target LEO) upon the movement of satellites.
2. Proposal
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc27894718][bookmark: _Toc36191785][bookmark: _Toc45192871][bookmark: _Toc47592503][bookmark: _Toc51834584][bookmark: _Toc91153606][bookmark: _Toc519004414]It is proposed to capture the following changes vs. TR 23.700-29.
* * * * First change* * * *

6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	
	Key Issues

	Solutions
	1 
Support of Regenerative-based satellite access
	2
Support of Store and Forward Satellite operation
	3
Support of UE-satellite-UE communication
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* * * * Second change (All new text) * * * *
6.X	Solution X: In-sequence delivery for UE-satellite-UE communication in case of satellite switching
6.X.1	Description
This solution resolves Key Issue #3: Support of UE-satellite-UE communication. When a LEO satellite moves, it may lead to handover of transmission path. In such cases the traffic of the service flow of an application may need in-sequence delivery by the network. This solution focusses on a mechanism to deliver user data sequentially (in-sequence delivery) even when LEO satellites move and gNB and UPF are switched between LEO satellites. The solution is based on mechanism described in clause 6.8 in Rel-18 TR 23.700-27 where in-sequence delivery is ensured by matching the ordering between SN of PDCP and SN of GTP-U in the configuration where gNB and UPF are on the ground and satellites are used for backhaul. In this solution, the configuration scenario of gNB and UPF onboard the satellites is examined.
Multiple LEO satellites form a satellite constellation and are connected via ISL. Satellite constellations are identified by Satellite constellation IDs. To achieve this, it is necessary from an architectural perspective to place gNB, UPF and IMS AGW onboard the satellites. To perform the handover between a source and target LEO satellite, an Inter-Satellite Coordination NF is deployed on each LEO satellite. The Inter-Satellite NF will perform switching while exchanging event notifications with the gNB in cooperation with the Inter-Satellite NF on the adjacent LEO satellite.
6.X.2	Procedures 
6.X.2.1	In-sequence delivery mechanism
The procedure is depicted in Figure 6.X.2.1-1.


Figure 6.X.2.1-1: Procedure for in-sequence delivery
1. For UL traffic the gNB adds the GTP-U sequence number (SN) and sends the packets in order. This order does not change between onboard gNB and UPF. Source UPF sends the received UL packets in order based on GTP-U SN to N6. The UPF monitors the sequence and initiates timer to wait out of sequence packets.
2. For DL traffic the Source UPF adds a GTP-SN to DL packet received from N6 and sends it to gNB in ​​order. For example, source UPF adds SN=#M to a DL packet.
3-6. The target Inter-Satellite Coordination NF sends UPF context retrieval request containing the PDU session ID. N4 context retrieval request/response related to the PDU session ID is exchanged between the Inter-Satellite Coordination NF and the UPF on the source LEO. This includes the context corresponding to the user data path between the source UPF and the source gNB. The UPF context response is sent to the target LEO and the UPF context is copied from source UPF to target UPF. This context includes the next DL packet information i.e., SN=#M+1. This understanding becomes wrong (since the source UPF still keeps assigning SN to DL packets) and is corrected later.
7. Source UPF sequentially sends UL packets received from gNB to target UPF which buffers these UL packets. For example, packets with SN=#N+1, #N+2.
8. Source UPF adds the next GTP-U SN to the DL packet received from N6, and sends it to target UPF in order. For example, packets with SN=#M+1, #M+2.
9. SN status including the UL GTP-U SN status is notified to the target gNB. This includes the information that next UL packet is SN=#N+3.
10. step 9 occurs after the source gNB sends Handover command. No new packets are sent in this path. Target UPF keeps buffering UL packets. For example, packets with SN=#N+1, #N+2.
11. Source UPF adds the next GTP-U SN to the DL packet received from N6 and sends it to target UPF in order. For example, packets with SN=#M+3, #M+4,.., #M+R. Target UPF buffers packets with SN=#1, …#M+R.
12. The next UL packets are sent from gNB to UPF in target LEO. For example, packets with SN=#N+3, #N+4.
13-15. UPF resource release request is triggered by the target Inter-Satellite Coordination NF which includes the DL forwarding GTP-U SN status request. N4 session deletion request/response related to UL/DL user data path between the source gNB and the source UPF and UL/DL user data forwarding path between the source UPF and the target UPF is exchanged between the Inter-Satellite Coordination NF and the UPF on the source LEO. UPF resource release response including the DL forwarding GTP-U SN status is sent to the target Inter-Satellite Coordination NF.
16. N4 session modification request/response is exchanged between the Inter-Satellite coordination NF and the UPF in target LEO for setting the DL using DL GTP-U SN status update. The target UPF is notified that the next DL packet is actually SN=#M+R+1.
17. The target UPF finishes receiving all the UL user data packets i.e., SN=#N+1, #N+2.
18. The target UPF finishes receiving all the DL user data packets i.e., SN=#M+1, #M+2,.., #M+R.
19. The target UPF starts receiving the subsequent UL user data packets i.e., SN=#N+3, #N+4.
20. Target UPF sends UL user data packets to N6 in the order of SN.
21. First, the target UPF sends the buffered data with SN=#M+1, M+2,.., #M+R to target gNB. For DL packets that target UPF itself receives, target UPF adds SN=#M+R+1 and later sends them.
6.X.3	Impacts on services, entities, and interfaces
Inter-Satellite coordination NF:
-	A new NF that takes care of inter-satellite coordination, including assistance of transferring GTP-U SN for DL packets between UPFs.
gNB on board:
-	Capability to add GTP-U SN to UL packets.
-	Capability to transfer GTP-U SN for UL packets between gNBs
UPF on board:
-  Capability to add GTP-U SN to DL packets.
-	Capability to take over GTP-U SN from a context to another context, where those contexts are bound to a PDU session ID. (See steps 2 and 8)
-	Capability to enable SN based in-sequence delivery of packets received by using two contexts that are bound to a PDU session ID. (See steps 17-21)
 * * * * End of changes * * * *
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