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Abstract: This contribution provides evaluations of KI#1 Support of regenerative-based satellite access.
1 Discussion
In SA2#105 meeting, there is no interim conclusions agreed for Key Issue #1. There are 2 categories regarding how to archive regenerative payload. Cat.1 is without introducing any new NFs, and Cat.2 is with new NF IWK added in the architecture. A LS out showing the main idea on Cat.1. 
RAN3 work group has a meeting one week before SA2#163, a reply LS is expected. So it is proposed to include the following conclusions: 
For Cat 1 architecture that having no additional NF added: 
· When the eNB/gNB leaves the service area of an AMF/MME (e.g. when setting over the horizon), a procedure to handle the N2 and S1 connections should be supported. Options e.g. disconnecting/suspending/performing configuration update of the N2/S1 connections are considered in SA2.
Proposal 1: RAN 3 is expected to provide feedback on this part, then SA2 can decide which procedure can be used.
· For the case when the feeder link switches without AMF/MME changing, if the eNB/gNB IP address changes, SA2 assumes that the existing procedures can be reused, e.g.:
· For gNB control plane, the multiple TNL associations per AMF capabilities can be reused, by selecting a new TNL association (provided by AMF), the NB can send a RAN CONFIGURATION UPDATE message with its new IP address to remove the old TNL association (with the old feeder link), and then AMF can associate the new IP address with the new TNL association for the gNB by recognizing the Global RAN Node ID; UE context can be retained;
· For eNB control plane, as the multiple TNL associations between an eNB and an MME are not supported, eNB can send S1 SETUP REQUEST with its new IP address to the MME, the MME can then reestablish a new S1-MME instance for this eNB; UE context can be retained;
Observation 1: gNB control plane has no dependency on soft/hard feeder link switch, as multiple TNL association mechanism does not require that. eNB does not support multiple TNL mechanism, the only way to utilize existing interface management procedure is to reuse S1 SETUP REQUEST. However, this will lead to service interruption on NAS layer. Control plane has no dependency on soft/hard feeder link switch.
Observation 2: a proposal in RAN3 also mentions the possibility to include multiple TNL association mechanism in RAN3 (r3-243413), a similar mechanism maybe added
Proposal 2: an EN is preferred to be added to leave more room on syncing gNB and eNB conclusions.
· For gNB/eNB user plane, gNB/eNB can update the AN tunnel Info to the UPF/S-GW (via AMF and SMF/MME) by sending PDU SESSION RESOURCE MODIFY INDICATION/ E-RAB MODIFICATION INDICATION to include all affected PDU sessions/ E-RAB IDs per UE level;
Observation 3: for the user plane (gNB and eNB), if it is a hard feeder link switch, there is a service interruption period to result in data loss.
Proposal 3: a mechanism to buffer data is required in case data loss if the feeder link is in a hard way
· For the case of the feeder link switch with AMF/MME changing, it is preferred to be aviod and can be solved through deployment, considering AMF/MME changing inevitably causes ping-pong effect between two AMFs/MMEs for lots of UEin a specific area. So it is considered to be rare and can be solved though deployment.
Observation 4: this situation does not exist in terrestrial network and is rare is satellite network.
Proposal 4: it is proposed to rule out this scenario and solve it through deployment method.
· The AMF/MME can treat the Mapped Cell ID as per rel-17. For a specific geographical area, there will be plenty of corresponding mapped cell IDs, AMF/MME needs an enhanced way to determine the recommended cells as Assistance Data for Paging, i.e. to select correct mapped cell IDs.
Observation 4: mapped cell ID is a concept that is used mainly in core network to recognize UE location. The purpose of recognizing it is for location verification, and paging. For location verification, current mechanism can be reused; for paging, there is a gap when AMF determines recommended cells for paging. E.g. After determining TA lists, AMF needs to include the recommended cells in the paging request also. But the Global RAN node ID in the recommended cell will be high possibly different from the Global RAN node ID in the mapped cell as provided by RAN before UE enters in IDLE mode. AMF needs to an enhanced way to find out the correct Global RAN node ID that serves the TAI and insert this Global RAN node ID in the recommended cell format to enable the current TAI (to be paged) serving RAN to use the recommended cell ID correctly.
Proposal 4: it is proposed to enhance AMF behavior when formulating recommended cell ID in normative phase

For Cat 2 architecture that having a new NF (InterWorking Function) added:
· The new NF is considered to play the role of “earth fixed” eNB/gNB towards the CN with existing N2/N3/S1 interfaces reused, and play the role of “AMF/MME or UPF/S-GW” towards the eNB/gNB with Cat.1 interface management solutions reused. No normative work is needed.
Observation 5: with NWM discussion there is no further impact in CN side and in RAN side compared to Cat.1 solutions. All the additional functions can be done via the new NF. 
Proposal 5: capture this as an deployment method for information in normative phase
Interim conclusions are added separately for Cat.1 and Cat.2. Evaluation part is also aligned with conclusions.
2 	Proposal
[bookmark: _Hlk513714389]It is proposed to capture the following contents into TR 23.700-29.
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[bookmark: _Toc164701115][bookmark: _Toc164701471]7.1	Solution grouping for Key Issue #1: Support of Regenerative-based satellite access
There are 14 candidate solutions (solutions #1, #2, #3, #4, #5, #6, #7, #8, #9, #10, #34, #35, #36, #42) for this KI, they can be divided into two categories based on the architecture impact:
-	Cat 1: solutions without any new NF (IWK/AMF agent/Proxy) over NG/S1 interfaceinvolved in the architecture (#1, #2, #3, #4, #5, #6, #7, #8, #34, #35, and #36)
-	Cat 2: solutions with a new NFn (IWK/AMF agent/Proxy) over NG/S1 interfaceinvolved in the architeture (#9, #10, and #42)
For Cat1 solutions, they can be further classified into six categories based on the sub-issues being addressed:
-	Solutions for N2/S1 connections management considering RAN node mobility, the solutions can be grouped as followed:
-	N2/S1 connection setup/disconnect: #1
-	N2/S1 connection suspend/resume: #2, #3, #4
-	Solutions for enhanced TA/Cell management considering the change of supported TA list for a RAN node on-board, the solutions can be grouped as followed:
-	TA "timetable“ is calculated per RAN node by AMF/MME based on satellite ephemeris: #2
-	TA "timetable“ is provided to AMF/MME per RAN node ID or pre-configured at AMF/MME: #4
-	Solutions for handling feeder link switchover with/without AMF/MME change, the solutions can be grouped as followed:	TAU triggered due to feed link switchover: #5, #6
-	existing multiple TNL associations mechanism can be reused for gNB casetwo (logical) gNBs/eNBs connecting to both old and new CN nodes simultaneously: #35, #7	different TAI configuration for different AMF/MME: #35
- 	Solutions for handling feeder link switchover with AMF/MME change, the solutions can be grouped as followed:
-	AMF load rebalancing mechanism can be reused due to feed link switchover: #5, #6
-	different logical gNB(s)/eNB(s) configuration per different feeder link for soft feeder link switch: #35
-	different TAI configuration per different feeder link for both soft and hard feeder link switch: #35
-	Solutions for user pPlane mManagement considering RAN node mobility, the solutions can be grouped as followed:
-	explicit indication from RAN to AMF and finally to SMF regarding feeder link change, then the UPF buffers DL data to avoid losing data during hard feeder link switch: #7
-	gNB detects TNL IP address change and notifies the SMF, so that the SMF can instruct the UPF to update the DL tunnel: #35, #7
-	AMF notifies the SMF of the gNB leaving its service area, so that SMF can treat GTP-U error notifications correctly: #36
-	Solutions for PCC/QoS control enhancement considering Regenerative-based satellite access:
-	two new RAT types are introduced for regenerative mode NGSO satellite access: #8
-	Solutions for AMF discovery:
-	gNB queries AMF agent on the ground to find the target AMF to be connected: #34
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Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.
8.1	Interim conclusions for Key Issue #1 
The following interim conclusions for Key Issue #1 are as follows:
For Cat 1 architecture that having no additional NF added: 
· When the eNB/gNB leaves the service area of an AMF/MME (e.g. when setting over the horizon), a procedure to handle the N2 and S1 connections should be supported. Options e.g. disconnecting/suspending/performing configuration update of the N2/S1 connections are considered in SA2.
NOTE 1: 	How does the AMF/MME handle the notifications sent by RAN will be determined in the normative phase, based on e.g. feedback from RAN3.
· For the case when the feeder link switches without AMF/MME changing, if the eNB/gNB IP address changes, SA2 assumes that the existing procedures can be reused, e.g.:
· For gNB control plane, the multiple TNL associations per AMF capabilities can be reused, by selecting a new TNL association (provided by AMF), the NB can send a RAN CONFIGURATION UPDATE message with its new IP address to remove the old TNL association (with the old feeder link), and then AMF can associate the new IP address with the new TNL association for the gNB by recognizing the Global RAN Node ID; UE context can be retained;
· For eNB control plane, as the multiple TNL associations between an eNB and an MME are not supported, eNB can send S1 SETUP REQUEST with its new IP address to the MME, the MME can then reestablish a new S1-MME instance for this eNB; UE context can be retained;
Editor’s note 1: the eNB case should be revisited if RAN 3 decide to support the multiple TNL association mechanism in E-UTRA, otherwise, a service interruption period is expected in NAS layer for MME.
· For gNB/eNB user plane, gNB/eNB can update the AN tunnel Info to the UPF/S-GW (via AMF and SMF/MME) by sending PDU SESSION RESOURCE MODIFY INDICATION/ E-RAB MODIFICATION INDICATION to include all affected PDU sessions/ E-RAB IDs per UE level. If RAN3 develops other procedures for AN tunnel update, alignment work at SA2 is needed. 
NOTE 2:	For the user plane, the feeder link switch in a hard way will result in a service interruption period using existing procedures, a data buffer notification mechanism (per UE level or per node level) is to be decided in normative phase.
· For the case of the feeder link switch with AMF/MME changing, it is considered to be rare and can be solved though deployment.
NOTE 3: 	it is assumed that one gNB/eNB can only be connected to one AMF per PLMN, such assumed deployment option can be captured as information during normative phase.
· The AMF/MME can treat the Mapped Cell ID as per rel-17. AMF/MME needs an enhanced way to determine/formulate the recommended cells by recognizing the correct TAI serving Global RAN Node ID as Assistance Data for Paging.
NOTE 4:	How does the AMF/MME determine the correct mapped cell IDs as recommended cells will be determined in normative phase based on e.g. feedback from RAN3.
For Cat 2 architecture that having a new NF (InterWorking Function) added:
· The new NF is considered to play the role of “earth fixed” eNB/gNB towards the CN with existing N2/N3/S1 interfaces reused, and play the role of “AMF/MME or UPF/S-GW” towards the eNB/gNB with Cat.1 interface management solutions reused. No normative work is needed.
NOTE 5:  the detailed deployment solutions can be captured as information in normative phase.
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