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[bookmark: _Hlk155712223]Abstract: A new solution to enable regenerative payload as satellite access regarding the aspect of RAN context management on AMF. 
1. Introduction
[bookmark: _Hlk155781113]This solution addresses Key Issue #1 about the support of regenerative payload as satellite access. 
	[bookmark: _Toc151176053][bookmark: _Toc151176193]5.1	Key Issue #1: Support of Regenerative-based satellite access
[bookmark: _Toc151176054][bookmark: _Toc151176194]5.1.1	Description
The deployment of an eNB or a gNB on a satellite for regenerative based satellite access for LEO/MEO deployment is to be studied. The aspects to be studied include:
-	Identify and study whether there is any impact on 5GS and EPS to support an gNB/eNB embedded on a satellite.
-	any impact of RAN nodes changing for any given 5GC/EPC and for a given area in the case of RAN nodes moving.



When employing a LEO/MEO satellite for radio access, the satellite can operate as an on-board gNB or gNB-DU. In the case where the LEO/MEO satellite serves as an on-board gNB, it establishes communication with AMFs through earth stations at high frequencies, as RAN needs to notifiy e.g. the AMFs of changes in the served Tracking Area (TA) list, resulting in an significant increase in signaling on the N2 interface at the RAN node level. This heightened activity also leads to frequent delete and retrieval actions for RAN context management on the AMF. Consequently, this proposal recommends enhancing the 5G network architecture to alleviate these impacts.
This solution intends to resolve the above impacts of KI#1.
It is proposed to capture the following changes to TR 23.700-29.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc22214906][bookmark: _Toc23254039][bookmark: _Toc146636839][bookmark: _Toc148441191][bookmark: _Toc151176057][bookmark: _Toc151176199]6	Solutions
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc151176058][bookmark: _Toc151176200]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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	Solutions
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[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193][bookmark: _Toc151176059][bookmark: _Toc151176201]6.X	Solution #X: RAN Context managementPaging enhancement on AMF when RAN is onboard
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194][bookmark: _Toc151176060][bookmark: _Toc151176202]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc22214910]This is a candidate solution for Key Issue 1 - "Support of Regenerative-based satellite access ".

In contrast to R17/R18, where transparent payload was defined for satellite access and backhaul, the introduction of regenerative payload in R19 involves deploying gNB or gNB-DU on board, leading to notable impacts on the interface management between the RAN and the 5GC, especially considering paging. It is necessary to inform AMF that the RAN is orbiting away and the AMF then avoid sending any paging requests to this RAN. Broadly, the implications include:
Increased frequency of non-UE associated signaling exchange between RAN and AMF via feeder link, due to the orbiting nature of the RAN, along with the need for frequent updating of Tracking Area Identity (TAI) lists (as defined in clause 9.2.6.1 in TS 38.413 [x]) associated with RAN orbiting.
A futile paging request is sent to a RAN devoid of connectivity with the AMF due to the orbital movement of the RAN.
Potential deletion of RAN context by the AMF if the AMF fails to know about the impending connection interruption caused by orbiting. The accumulation of RAN contexts has the potential to occupy feeder link bandwidth.
This solution aims to repurpose the existing mechanism with minor enhancements, facilitating more efficient RAN context management for the AMF to avoid sending paging requests to a RAN that is far away. 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.

[image: ]
Fig.1: Connection status between RAN one satellite (RAN onboard) and AMF(s) via earth station(s) during RAN the satellite is orbiting
FirstlyRegarding the suspend/resume mechanism, when RAN orbits the Earth, as shown in Fig.1, it will have regular connection/disconnection with gateways (as shown in Fig.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.to save feeder link bandwidth considering the regular same context exchange.
· 
· [image: ]
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Fig.2: 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.
SecondlyRegarding 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. fiber, 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 Fig.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. 
· 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.
By preconfiguring such per RAN node TAI timetable, AMF can also stop interactions with a RAN node that is not valid.
In conclusion, it this solution is proposeproposes aefficient ways to enhance 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’s context validationss. 
[bookmark: _Toc23254043][bookmark: _Toc146636843][bookmark: _Toc148441195][bookmark: _Toc151176061][bookmark: _Toc151176203]6.X.2	Procedures 
6.X.2.1	Procedures of gNB connect to the same AMF via the same gateway


Fig.3. procedures of efficient RAN context management on AMF
0. Pre-condition: AMF and RAN both are pre-configured with the mapping relationship among cell IDGlobal 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 in TS 38.413 [x]. 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 becomes 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 relatedNG-related context as described in clause 9.2.6 of TS38.413[Z] 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 TS38.413[Z] unreleased when detects the TNL 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. 
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.
5. 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 TS38.413[Z] 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.
[bookmark: _Hlk156884143]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
6.X.2.2 	Procedures of gNB connect to a different AMF via a different gateway
The procedure as defined in clause 6.X.2.1 can be reused.
6.X.2.3 	Procedures of gNB connect to the same AMF via different gateway
Whenever gNB connects to a different gateway, ifit is assumed that the  the gNB will  changes its Global RAN Node IDcell ID. If so, procedures as defined in clause 6.X.2.2 can be reused, as shown in Fig.2.
Editor’s Note: if gNB does not change Global RAN Node ID, the procedure is FFS.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911][bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196][bookmark: _Toc151176062][bookmark: _Toc151176204]6.X.3	Impacts to Services, Entities and Interfaces
AMF:
· Preconfigure mapping relationship among Global RAN Node IDcell ID, supporting TAI list and valid period
· Update mapping relationship, especially the valid period starting time based on NG Setup Request
· Suspend 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 IDcell ID, supporting TAI list and valid period
· Send updates of mapping relationship to AMF to minimize the volume of signaling
· Change Global RAN Node ID cell ID when the connecting gateway changes

* * * * End of changes * * * *
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