	
[bookmark: _Hlk60837667][bookmark: _Hlk94515710][bookmark: _GoBack]3GPP TSG-SA WG2 Meeting #162	S2-2404723
15 – 19 April 2024, Changsha, China											(revision of S2-xxxxxxx)
Source:	Xiaomi
Title:	KI#1: Evaluation and Conclusion
Document for:	Approval
Agenda Item:	19.1
Work Item / Release:	FS_5GSAT_ARCH_Ph3 / Rel-19
Abstract: Evaluation and conclusion for KI#1
1. Introduction
Solutions 1-10, 34-36, 42 are related to KI#1 (Support of Regenerative-based satellite access), this proposal makes an evaluation and conclusion on KI#1.

2. Proposal
It is proposed to capture the following evaluation and conclustion to 3GPP TR 23.700-29-040.
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Editor's note:	This clause will provide evaluation of different solutions.
7.1	Overview 
KI#1 (Support of regenerative-based on satellite) is to identify and study whether there is any impact on 5GS and EPS to support a gNB/eNB embedded on a satellite including any impact of RAN nodes changing for any given 5GC/EPC and for a given area in the case of RAN nodes moving. 
There are 14 candidate solutions (#1-#10, #34-#36, #42) proposed to address KI#1. The proposed solutions mainly focus on the following issue:
-	Frequent N2/S1 signalling exchange: this includes dynamic TA reporting as satellite moving, and N2/S1 connection change because of N2/S1 disconnection between old serving eNB/gNB and AMF/MME, N2/S1 reconnection between new serving eNB/gNB and AMF/MME.
-	Paging issue: the changing of the eNB/gNB serving for the UE may cause AMF/MME unaware of which eNB/gNB should paging the UE.
The following clauses provides detailed evaluation on these solutions addressing the issues.
7.2	Evaluation on solutions addressing frequent N2/S1 signalling exchange
The moving on eNB/gNB which is on-boarding the satellite may cause frequent N2/S1 signalling exchange. This includes the following aspects:
-	Dynamic TAI reporting: The eNB/gNB mobility will lead to continuous change of the TAs supported by the eNB/gNB, then frequent TA reporting is performed by the eNB/gNB
-	N2/S1 connection management: The establishment N2/S1 connection will experience several rounds of interactions. If all satellites (eNBs/gNBs) need to re-establish connection toward the AMF/MME, the connection re-establishment will cause lots of signaling interaction.
-	Frequent N2/S1 connection change: For a given AMF/MME, as the serving eNB/gNB is moving, N2/S1 connection change is frequent, which may cause lots of signalling interaction on N2/S1 interface.
There are 7 solutions involved the above mentioned aspects, which can be categorized as Table 7.2-1:
Table 7.2‑1 Candidate Solutions
	Solution
	Dynamic TAI reporting
	N2/S1 connection management
	Frequent N2/S1 connection change

	#1: N2/S1 disconection for satellites leaving an area served by a CN
	
	X
	

	#2: Mobility optimization for Regenerative based satellite access
	X
	X
	

	#3: Support for suspend and resue of NG interface
	
	X
	

	#4: Handling awareness of supported TAIs when RAN is onboard
	X
	X
	

	#9: Support of Regenerative based satellite access with deploying RAN-agent and Proxy RAN node or Link Layer proxy NF
	X
	
	X

	#10: Regenerative based satellite access with IWF on S1 or N2/N3 interface
	
	
	X

	#35: N2/S1 procedures to handle feeder link switch
	
	X
	



An eNB/gNB may dynamically report its supported TAIs to AMF/MME as it moves. This may cause frequent updates of the supported TAIs of each eNB/gNB in an AMF/MME. In order to reduce the messages exchanged for TAI/CGI reporting:
- 	Solution #2 proposes periodically notifying the supported TA List to the AMF/MME. If it causes inconsistent TA support information between serving gNB and AMF, this can be corrected through ephemeris information based TA caculatioin in the AMF.
-	Solution #4 proposes to preconfigure a “TAI timetable” for each RAN node in the AMF to avoid TAI reporting caused by RAN moving.
-	Solution #9 proposes a new NF is deployed between gNB and AMF, the serving gNB TAI reporting can be terminated at the new NF.
Solution#2 proposes regular TA reporting is applied and TA caculation as a supplement. However, the AMF doesn’t know whether and when the TA supporting information is inconsistent, TA calculation seems essential for the solution. For solution#4, each RAN node on boarding satellite has different TA supporting list over a period of time interval, the TAI timetable for the RAN node may be large. If a LEO constellation integrates lots of RAN node, it would be a challenge to maintain such a huge TAI information in the core network. Solution #9 enables dynamic TAI reporting terminated at the new NF without any enhance to the N2/S1 interface. This can alleviate potential impacts to the existing EPC/5GC functionalities, but the high performance of the new NF is required for this solution. 

The N2/S1 reconnection experiences multi-round of signalling interaction, which may cause lots of signalling exchange. How to management the N2/S1 connection during the feeder link switch is proposed by the following solutions:
-	Solution #2, #3 and #4 propose using N2/S1 suspend/resume to replace N2/S1 disconnection/reconnection. 
-	Solution #1 and #35 propose N2/S1 disconnection/reconnection is applied during feeder link switch to avoid errors in AMF due to stale N2/S1 connection.
For solution #2, #3 and #4, if an on board RAN node leaves an area served by a certain core network, it is proposed to suspend the N2/S1 connection and store the connection context for resuming the N2/S1 connection in the future if the RAN node comes into the area again. Although the suspend/resume process is new for the N2/S1 connection, it is benefit for reducing the signalling interaction due to N2/S1 reconnection. For solution #1 and #35, the proposed solution can reuse the existing procedure as much as posibble. To achieve this, some implementations are needed (e.g. multiple TNL association) which are benefit for service continunity. However, as the feeder link switch occurs, the increase of signalling interaction due to N2/S1 disconnection/reconnection is inevitable. 

During feeder link switching, frequent N2/S1 connection change happens, to cope with this:
-	Solution #9 and #10 proposed an enhanced architecture to introduce a new NF between gNB and AMF, which can terminate the frequent N2/S1 connection change at the new NF.
As feeder link switching, the old N2/S1 connection needs to be released and a new N2/S1 connection needs to be established for the AMF. This process will occur repeatedly with the movement of on board RAN. Solution #9 and #10 propose to add a new NF located between gNB and AMF. The new NF can intercept and/or transfer NGAP/S1-AP messages between RAN and AMF/MME. The node level NGAP/S1-AP meesages (e.g. N2/S1 connection) are always terminated at the new NF. The UE level NGAP/S1-AP messages from the RAN are transferred by the new NF to the AMF/MME. With this deployment, the RAN node serving for an area changing is transparent to the existing core network functionalities. This can alleviate the AMF/MME processing due to N2/S1 disconnection/reconnection.

7.3	Evaluation on solutions addressing paging
As per Rel-17/Rel-18, satellite access is defined as transparent payload, the gNB is fixed on the ground. In Rel-19, as regenerative payload is introduced into the satellite access, the gNB is integrated in the satellite. As the satellite moving, the onboarding gNB serving for a certain UE will be change, then it would be difficult to know which gNB should paging the UE. 
Solution #2, #4 and #9 aim to the paging issue introduced by regenerative based satellite access. 
-	Solution#2 proposes the mapped cell id reported by the onboarding RAN node is decouped with RAN node ID, it just represent the geographic area of the UE location. Determining which RAN node should be sent to paging can be based on the epheeris information of all on board RAN node.
-	Solution #4 proposes to preconfigure TAI timetable at the AMF for each onboard RAN node. The TAI timetable contains the mapping information among RAN node ID, supporting TAI list in each valid perid, NTN gateway ID and AMF id. Based on this mapping information, when AMF wants to paging UE, it has the knowledge to which RAN node should be sent paging message.
-	Solution #9 proposes a new NF to recond the mapping information between the serving RAN node and its id. When AMF wants to paging UE, it just sends the paging information to the new NF. The new NF sends the paging message to the serving RAN node based on the mapping information.

7.4		Evaluation on other issues
In addition to the two issues introduce by regenerative based satellite access mentioned above, other solutions addressing KI#1 focus on other issues as the following:
-	Solution #5 and #6 proposes how to UE trigger TAU/RU to update UE context in AMF/MME in case feeder link switchover results the UE remains in the same gNB/eNB but is served by a different AMF/MME.
-	Solution #7 proposes how to enable DL data continuity during the feeder linker switchover.
-	Solution #8 proposes new QoS handling for Regenerative based satellite access, including 5QI, PCC policy and CN PDB determination.
-	Solution #34 proposes AMF discovery considering the its difficult to configure all AMF information in the gNB as the gNB is moving. The AMF discovery enhance is based on introducing an AMF agent in the architecture.
-	Solution #36 proposes user plane path failure management. The SMF is proposed to be aware of the user plane path failure due to feeder link switch, but how to handle the failure is FFS.
-	Solution #42 proposes gNB and UPF on board the satellite to resolve the UE-to-UE satellite communication. This solution can be evaluated under KI#3.

7.5	Summary
Based on the above evaluation, the 14 canditate solutions can be summarized as Table 7.5-1:
Table 7.5‑1 Solution summarize
	Key aspects
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8
	#9
(#10)
	#34
	#35
	#36
	#42

	Dynamic TAI reporting
	
	X
	
	X
	
	
	
	
	X
	
	
	
	

	N2/S1 connection management
	X
	X
	X
	X
	
	
	
	
	
	
	X
	
	

	Frequent N2/S1 Connection change
	
	
	
	
	
	
	
	
	X
	
	
	
	

	Paging
	
	X
	
	X
	
	
	
	
	X
	
	
	
	

	UE support feeder link switch
	
	
	
	
	X
	X
	
	
	
	
	
	
	

	DL data continuity
	
	
	
	
	
	
	X
	
	
	
	
	
	

	QoS
	
	
	
	
	
	
	
	X
	
	
	
	
	

	AMF discovery
	
	
	
	
	
	
	
	
	X
	X
	
	
	

	User plane path failure management
	
	
	
	
	
	
	
	
	
	
	
	X
	

	UE to UE satellite communication
	
	
	
	
	
	
	
	
	
	
	
	
	X



Solution #9(#10) is supported to provide a architecture enhancement to account for the aspects including dynamic TAI reporting, frequent N2/S1 connection change, paging and AMF discovery. Other aspects such as N2/S1 connection management, QoS, etc can be also developed based on the architecture. It is recommended to use the enhanced architecture as baseline to address KI#1.
The key aspects as listed in the table, dynamic TAI reporting, N2/S1 connection management and paging, are recommended to be addressed as top priority in normative work. 
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8.1	Conclusion on KI#1
The following interim conclusions for this aspect are:
-	The architecture enhancement as proposed in solution #9(#10) is recommended to be used as baseline to address KI#1.
-	The key aspects, dynamic TAI reporting, N2/S1 connection management and paging (as listed in Table 7.5‑1), are recommended to be addressed as top priority in normative work.
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