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Abstract of the contribution: This contribution proposes to update solution#4 for KI#1. 
1 Discussion
In TR23.700-29 v0.4.0, solution #2 and solution#4 for KI#1 both are proposed with similar solutions about how to handle the feeder link issue when RAN onboard. One aspect is how to manage the interface when RAN orbits away, the other aspect is how to reduce signaling overhead caused by frequent TAI list updating, i.e. add a “time period” dimension in the mapping relationship between “Global RAN ID, TAI list”. To make the solutions more generic and easier to understand, it is proposed to rearrange the 2 solutions:
· Solution#2: merge aspects of the NG/S1AP interface management (updated with S2-2404686)
· Solution#4: merge aspects of TAI list management (updated with S2-2404137)
Besides, this solution update also solves EN on “How to page the UE via the pre-configured mapping relationship when ISL is available is FFS”. Compared to transparent mode, the regenerative payload can take advantage of ISL regarding paging. Using ISL, a satellite without a direct connection to the ground station (feeder link) can still provide service to UE. By incorporating information about which satellites are connected through ISL, along with details like the TAI list and the satellites' valid service periods, the AMF can effectively send paging requests to UEs serviced through ISL-connected satellites..
2 Proposal
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[bookmark: _Toc160540407][bookmark: _Hlk162439533]6.4	Solution #4: Handling awareness of supported TAIs when RAN is onboard
[bookmark: _Toc151176202][bookmark: _Toc157596904][bookmark: _Toc158028882][bookmark: _Toc160540408]6.4.1	Description
This is a candidate solution for Key Issue 1 - "Support of Regenerative-based satellite access ".
In contrast to Rel-17/Rel-18, where transparent payload was defined for satellite access and backhaul, the introduction of regenerative payload in Rel-19 involves deploying gNB on board, leading to impacts on the interface management between the RAN and the 5GC, especially considering paging. It is necessary to inform enable the AMF that the RAN is orbiting away and the AMF thento avoid sending any paging requests to this RAN if the RAN is orbiting away.
This solution aims to repurpose the existing mechanism with minor enhancements, i.e. preconfigure a "TAI timetable" for each RAN node in the AMF/MME to facilitating facilitate more efficient RAN context management for the AMF to avoid sending paging requests to a RAN that is far away and how to enable the paging via satellites having ISL connections. The solution addresses the following scenarios:
-	A RAN node moves away and stops serving a specific CN (AMF/MME) for a period before returning. The solution proposes an NGAP suspend/resume mechanism.
-	The RAN node is mobile while serving a CN and adjusts the TAIs it broadcasts, utilizing the same fixed TA management mechanism as in R17. The proposed solution suggests preconfiguring a "TAI timetable" for each RAN node in the AMF.


Figure 6. 4.1-1: Connection status between one satellite (RAN onboard) and AMF(s) via earth station(s) during the satellite is orbiting
Regarding the suspend/resume mechanism, when RAN orbits the Earth, as shown in Figure 6.4.1-1, it will have regular connection/disconnection with gateways (as shown in Figure 6.4.1-1). As gateways support IP connectivity with AMF(s), RAN may have regular connection/disconnection with AMF(s). There are 3 cases considering the connection relationship among gNB, gateway, and AMF.
-	Case I: gNB connects to the same AMF via the same gateway.
-	Case II: gNB connects to the same AMF via a different gateway (e.g. Annex A, Figure A-3).
-	Case III: gNB connects to a different AMF via a different gateway (e.g. Annex A, Figure A-4).
Such regularity can be used to reduce the same content exchange between RAN and AMF (RAN node level). Therefore:
-	An NG suspend/resume mechanism is needed to inform the AMF that the RAN is orbiting away, stop paging via such RAN, and resume the RAN context faster when the RAN is orbiting back.
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Figure 6.4.1-12: Example of mapping relationship between RAN ID, supporting TAI list and valid period in case of one satellite
Editor's note:	How to page the UE via the pre-configured mapping relationship when ISL is available is FFS.
Regarding the preconfigured "TAI timetable" per RAN node, the current mechanism supposes that RAN updates the broadcast TAC in real-time according to the ephemeris and confirms the broadcast TAI list is associated with the geographical area covered by the satellite beam. When RAN updates the TAI list, RAN will inform AMF of the updates. Even though the interactions between RAN and AMF are very frequent, in the context of R17/E18, the cost of interactions is limited because the interactions are via ground link (e.g. fibre, cable, etc.). However, in R19, such interactions will be over feeder link, whose bandwidth is scarce. Besides, the ephemeris data can be updated also very frequently in R17/R18. Therefore, a mechanism is needed to reduce the frequent interactions by:
-	Quantifying the broadcasting TAI list refreshing cycle to reduce the frequency of interactions. As shown in Figure 6.4.1-1, e.g. at T1, RAN broadcasts TAI 1-12, at T1+δ, RAN broadcasts TAI 3-13, at T2, RAN broadcasts TAI 6-18 and etc. RAN only updates the TAI list at the quantified time point. The period for updating the Supported TA List may be pre-configured (e.g. up to the operator's policy) or up to the implementation
-	Integrating valid period in the mapping relationship between RAN ID and supporting TAI list. Such mapping relationship can also be stored at AMF by pre-configuration/RAN provision, as RAN orbiting has a predictable trajectory, such mapping relationship information can be reused/valid regularly. The AMF/MME can calculate the TA(s) that the RAN node can serve based on ephemeris information and can update the TAC based on the reported TA list by the RAN node. In this case, the RAN nodes may not notify the AMF/MME of the supported TA List.
NOTE:	The mapping relationship for the RAN ID includes RANs connected via ISL (i.e. TAI and the valid period of the satellite connected with the ISL)
By preconfiguring such per RAN node TAI timetable, AMF/MME can also stop interactions with a RAN node that is not valid, e.g. stop sending paging requests via a RAN node that is not available.
In conclusion, this solution proposes efficient ways to enhancements to reduce the messages exchanged for TAI/CGI reports over N2/S1-AP interface paging when RAN is onboard and offers a more efficient context management approach at AMF by capturing the regularity of connections and regularity of context validations.
[bookmark: _Toc151176203][bookmark: _Toc157596905][bookmark: _Toc158028883][bookmark: _Toc160540409]6.4.2	Procedures
It is proposed that AMF/MME and RAN both are pre-configured with the mapping relationship among Global RAN Node ID, supported TA list, and valid period. In contrast to the existing mechanism outlined in TS38.413 [12] and TS36.413 [14], the novel addition is the inclusion of the "valid period" parameter to the TA list. Leveraging this timeframe information, the AMF/MME can assess the RAN node's availability, especially in scenarios involving RAN orbiting with a satellite, and cease interactions when the RAN node falls outside the valid period.
To enhance the accuracy of the TAI timetable, RAN and AMF/MME may employ existing NG/S1 interface management mechanisms to update the TAI timetable, as illustrated in clauses 6.4.2.1, 6.4.2.2, and 6.4.2.3
[bookmark: _Toc157596906][bookmark: _Toc158028884][bookmark: _Toc160540410]6.4.2.1	TA management during the NG setup proceduresProcedures of gNB connect to the same AMF via the same gateway


Figure 6.4.2.1-1: TA management during the NG setup procedure
The purpose of the NG Setup procedure is to exchange application level data needed for the RAN node and the AMF/MME to correctly interoperate on the NG/S1 interface This procedure can be reused to update the TAI timetable, e.g. when RAN detects the TAI timetable is different from the pre-configuration.
1.	The RAN node initiates the procedure by sending an NG/S1 SETUP REQUEST message including the appropriate data (e.g. updates of the mapping relationship if it is different from the pre-configuration) to the AMF/MME.
2.	The AMF/MME responds with an NG/S1 SETUP RESPONSE message including the appropriate data, as defined in clause 8.7 of TS 38.413 [12] and in clause 8.7 of TS 36.413 [14]. The AMF/MME will update the mapping relationship and the starting time of the valid period if needed.



Figure 6.4.2-1: Procedures of efficient RAN context management on AMF
[bookmark: _Toc157596907]0.	Pre-condition: AMF and RAN both are pre-configured with the mapping relationship among Global RAN Node ID, supporting TAI list, and valid period.
1.	When the feeder link with gateway-1 is available, the NG-RAN node initiates the procedure by sending an NG SETUP REQUEST message including the appropriate data (e.g. updates of the mapping relationship if it is different from the pre-configuration) to the AMF. The AMF responds with an NG SETUP RESPONSE message including the appropriate data, as defined in clause 8.7 of TS 38.413 [12]. The AMF will update the mapping relationship and the starting time of the valid period if needed.
2.	NG-RAN detects the connection to AMF is about unavailable due to moving, e.g. due to feeder link unavailability.
3.	The NG-RAN sends an NG SUSPEND REQUEST message to AMF to inform AMF the connection will be lost before the connection is lost. A suspend period can be included to inform AMF how long the RAN can orbit back. The suspend period can be derived based on ephemeris data.
The NG-RAN may keep the NG-related context as described in clause 9.2.6 of TS 38.413 [12] unreleased.
4.	AMF starts to suspend the NG-RAN context (i.e. keeps the NG-related context as described in clause 9.2.6 of TS 38.413 [12] unreleased when detects the connection is not available) based on e.g. the informed suspending period as received in step 3, pre-configured information etc, to reduce the interaction of the same context in the next cycle.
5.	AMF will stop sending paging requests to this NG-RAN until RAN resumes connection with AMF. The AMF may update this NG-RAN's mapping relationship, especially the valid period based on the suspend period.AMF sends a response to the NG-RAN.
6.	NG-RAN may keep the NG-related context as described in clause 9.2.6 of TS 38.413 [12] unreleased if it has enough storage.
7.	NG-RAN detects the connection to AMF is to be available.
8.	NG-RAN sends NG RESUME REQUEST to the AMF.
9.	AMF active the RAN context.
10.	AMF sends a corresponding response to RAN. If RAN does not store the AMF context, AMF will send the corresponding context to RAN based on an indication if received in step 8.
NOTE:	whether the suspend/resume interaction between RAN and AMF is via the current defined message or a new message depends on the RANs work group.
Editor's note:	How does the SCTP association is handled when NG connection is suspended is FFS.
[bookmark: _Toc158028885][bookmark: _Toc160540411]6.4.2.2	TA management during the RAN configuration update procedure Procedures of gNB connect to a different AMF via a different gateway


Figure 6.4.2.2-1: TA management during the RAN configuration update procedure
The purpose of the RAN Configuration Update procedure is to update application-level configuration data needed for the RAN node and the AMF/MME to interoperate correctly on the NG/S1 interface. This procedure can be reused to update the TAI timetable when RAN detects the TAI timetable is different from the pre-configuration after the NG/S1 interface is already set up.
1. If the on-board RAN node will not be able to provide services to any TA in the TA list last provided to the AMF/MME, the on-board RAN node may initiate the RAN/ENB Configuration Update procedure to update the supported TA list.
2. The AMF may update this NG-RAN's mapping relationship, valid period, supported TA List, and the corresponding list of supported slices for each TA and use them for subsequent registration area management of the UE based on received Supported TA List IE. The AMF/MME may take Tracking Area contained in the Supported TA List IE into account to optimise signalling towards this RAN node.The procedure as defined in clause 6.4.2.1 can be reused.
[bookmark: _Toc157596908][bookmark: _Toc158028886][bookmark: _Toc160540412]6.4.2.3	Procedures of gNB connect to the same AMF via different gateway
TA management during the AMF/MME configuration update procedure


Figure 6.4.2.3-1: TA management during the AMF configuration update procedure
The purpose of the AMF/MME Configuration Update procedure is to update application level configuration data needed for the RAN node and AMF/MME to interoperate correctly on the NG/s1 interface. This procedure can be reused by AMF/MME to request the TAI timetable from RAN.
1.	AMF/MME sends CONFIGURATION UPDATE message by including:
a)	Request Supported TA List indicator.
2.	RAN sends CONFIGURATION ACKNOWLEDGE message by including:
a)	Supported TA List IE;
b)	valid period.
The AMF may update the mapping relationship and the starting time of the valid period.
Whenever gNB connects to a different gateway, if the gNB changes its Global RAN Node ID. procedures as defined in clause 6.4.2.2 can be reused, as shown in Figure 6.4.1-2.
Editor's note:	if gNB does not change Global RAN Node ID, the procedure is FFS.
[bookmark: _Toc151176204][bookmark: _Toc157596909][bookmark: _Toc158028887][bookmark: _Toc160540413]6.4.3	Impacts to Services, Entities and Interfaces
AMF:
-	Preconfigure mapping relationship among Global RAN Node ID, supporting TAI list and valid period, including the mapping relationship of RANs connected via ISL.
-	Update mapping relationship, especially the valid period starting time-based on NG Setup Requestthe message received from RAN over NG interface.
-	Request the TAI timetable when is necessarySuspend RAN context when the connection between RAN and AMF is interrupted.
-	Active RAN context when the connection between RAN and AMF is recovered.
RAN:
-	Preconfigure mapping relationship among Global RAN Node ID, supporting TAI list and valid period, including the mapping relationship of RANs connected vis ISL.
-	Send updates of mapping relationship to AMF to minimize the volume of signalling.
-	Support of reporting the supported TA list to AMF/MME when is requestedChange Global RAN Node ID when the connecting gateway changes.

* * * * End of changes * * * *
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