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Abstract of the contribution: This contribution proposes to update the solution 2 for KI#1. 
1 Discussion
In TR23.700-29 v0.3.0, solution #2 for KI#1 and solution #4 are proposed a similar solution about TAI/CGI management over N2/S1-AP interface for regenerative-based satellite access.
So it is proposed to merge the TAI/CGI management part into the solution #4 and keep the TNL connection sespend/resume procedure in the solution#2.
2 Proposal
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[bookmark: _Toc30666641][bookmark: _Toc31029937][bookmark: _Toc31030828][bookmark: _Toc43388476][bookmark: _Toc43735714][bookmark: _Toc43994286]It is proposed to update the solution #2 for KI#1 of TR 23.700-29.
3GPP
SA WG2 TD

******************** 1st Change ********************
[bookmark: _Toc157596886][bookmark: _Toc157698929][bookmark: OLE_LINK1][bookmark: OLE_LINK2]6.2	Solution #2 for KI#1: NG/S1 resumption/suspensionMobility optimization for Regenerative-based satellite access
[bookmark: _Toc157596887][bookmark: _Toc157698930]6.2.1	Description
This is a candidate solution for Key Issue #1: Support of Regenerative-based satellite access considering the following aspects:
-	How does the RAN node connect to an AMF on the ground, including what information will be exchanged between RAN and CN?
-	How to efficiently manage N2 connections due to the RAN node’s movement?
-	How does RAN node broadcast TAI? And how does an AMF page a UE?
-	How to switch a UE without handover capability from one RAN node to another?
The basic reference architecture supporting regenerative-based satellite access is shown below.


Figure 6.2.1-1: Regenerative-based satellite access
The assumptions of this solution include:
-	A gNB moves along with the satellite on which it mounts.
-	A TA (tracking area) is fixed to the geographic area.
[bookmark: _Toc157596888][bookmark: _Toc157698931]6.2.1.1	TAI/CGI report over N2/S1-AP interface
In existing procedures, the RAN node initiates the NG/S1 Setup procedure to report the Supported TA List to the AMF/MME. However, RAN node mobility will lead to continuous change of the TAs supported by the RAN node, and then cause frequent message exchange between RAN nodes on board and the core network on the ground if the existing NG/S1 protocol is still applied. 
This solution proposes the following enhancements to reduce the messages exchanged for TAI/CGI reports over the N2/S1-AP interface:
-	The on-board RAN nodes may not notify the AMF/MME of the supported TA List or may periodically notify the AMF/MME of the supported TA List. 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 
-	The AMF/MME should be configured with ephemeris information of all on-board (ng-)eNB by O&M. The AMF/MME can calculate the TA(s) that the RAN node can serve based on ephemeris information and can correct errors of the TAC based on the reported TA list by the RAN node.
-	The mapped cell ID reported from the RAN node on board to the AMF/MME is decoupled with RAN node ID, i.e., only corresponding to geographic area, so that the last know cell of a UE is irrelevant to RAN node.
[bookmark: OLE_LINK24]Editor's Note: The format of the mapped cell ID reported from the RAN node on board to the AMF/MME is FFS.

[bookmark: _Toc157596889][bookmark: _Toc157698932]6.2.1.2	TNL Connection Suspending over N2/S1-AP interface

 
Figure 6.2.1-1: Connection status between one satellite (RAN onboard) and AMF(s) via earth station(s) when the satellite is orbiting
RAN node mobility, in case RAN nodes are boarded on satellite and the CN on the ground and RAN orbits the Earth, as shown in Figure 6.2.1-1, it will have regular connection/disconnection with gateways. 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).
Whether the same AMF/MME is used or not, when the RAN is orbiting away, it will cause much frequent disconnection and re-connection of TNL (Transport Network Layer) over the N2/S1-AP interface of an AMF/MME. When the SCTP endpoint detects the path failure based on heartbeat time out, it will close the SCTP association and delete the transmission control block, which means that, when the satellite flies back to the PLMN A, it has to re-establish the SCTP association via four-way handshake. If all satellites need to re-establish the TNL toward the AMF, there will be lots for signaling towards the AMF on the ground.
The solution proposes to suspend the TNL between the RAN node and the CN if the RAN node attempts to disconnect the backhaul connection towards the AMF/MME in a PLMN. When the RAN node decides that it cannot serve the current PLMN any longer, it should indicate the AMF/MME to suspend the N2/S1-AP connection and store the context for resuming the N2/S1-AP connection in the future. Both the RAN node and the AMF/MME store the RAN node context information for resuming the N2/S1-AP connection. The RAN node and the 5GC should further adjust the heartbeat timer of the SCTP over N2/S1-AP interface to avoid heartbeat time out.
[bookmark: _Toc157596890][bookmark: _Toc157698933]6.2.1.3	Paging
RAN mobility will also cause the change of RAN nodes serving a TA(s), thus for paging an UE in a TA(s), the AMF needs to know which RAN node should page the UE over the air interface. As this solution doesn’t require the RAN node onboard to continuously report the Supported TA list, the AMF has to rely on satellite ephemeris to calculate which RAN node can currently serve the UE. If the AMF/MME needs to page the UE, the AMF should select the RAN node to provide services to the UE based on the last visited cell provided by the RAN node and the ephemeris information of all on-board (ng-)eNB.
[bookmark: _Toc157596891][bookmark: _Toc157698934]6.2.2	Procedures
[bookmark: _Toc157596892][bookmark: _Toc157698935]6.2.2.1	Connecting a RAN node on-board to the CN on the ground


Figure 6.2.2.1-1: Connecting a RAN node on-board to the CN on the ground
1.	If the on-board RAN node initiates the NG/S1 Setup procedure, the RAN node sends the NG SETUP REQUEST message as specified in clause 9.2.6.1 of TS 38.413 [12] to the AMF or the S1 SETUP REQUEST message as specified in clause 9.1.8.4 of TS 36.413 [14] to the MME.
2.	Upon receiving the NG/S1 SETUP REQUEST message, the AMF/MME support regenerative-based satellite access, the AMF should store the TAC(s) in the Supported TA List IE received in the NG/S1 SETUP REQUEST message and send the NG/S1 SETUP RESPONSE message to the AMF/MME.
[bookmark: _Toc157596893][bookmark: _Toc157698936]6.2.2.2	Information Exchanging between RAN node and CN
[bookmark: _Toc157596894][bookmark: _Toc157698937]6.2.2.2.1	RAN node Configuration for Supported TA list report


Figure 6.2.2.2.1-1: RAN node Configuration for Supported TA list report
Compared to the existing ANF/MME configuration update procedure, the differences are as follows:
1.	AMF/MME CONFIGURATION UPDATE message may include:
a)	Request Supported TA List indicator.
2.	AMF/MME CONFIGURATION ACKNOWLEDGE message may include:
a)	Supported TA List IE.
[bookmark: _Toc157596895][bookmark: _Toc157698938]6.2.2.2.2	Reporting Supported TA list to the CN on the ground


Figure 6.2.2.2.2-1: Reporting Supported TA list to the CN on the ground
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 by sending a RAN CONFIGURATION UPDATE message as specified in clause 9.2.6.4 of TS 38.413 [12] to the AMF or the ENB CONFIGURATION UPDATE message as specified in as specified in clause 9.2.6.4 of TS 38.413 [12] to the MME.
2	The AMF/MME shall overwrite the whole list of supported TAs 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 in the RAN/ENB CONFIGURATION UPDATE message. The AMF/MME may take Tracking Area contained in the Supported TA List IE into account to optimise signalling towards this RAN node.
[bookmark: _Toc157596896][bookmark: _Toc157698939]6.2.2.3	TNL management over N2/S1-MME interface




Figure 6.2.2.2-12: Disconnecting a RAN node with the CN on the ground
[bookmark: OLE_LINK3]1.	If the on-board RAN node is about to disconnect the feeder link towards the AMF/MME in the PLMN, the on-board RAN node should initiate the gNBRAN/eENB SUSPENDConfiguration Update procedure to inform the AMF/MME to store the context of the NG/S1 interface and update the heartbeat timer of the SCTP over N2/S1-AP interface. For the on-board RAN node that is about to leave, the on-board RAN may keep the related context as described in clause 9.2.6 of TS 38.413 [12] or clause 9.1.8 of TS 36.413 [14] unreleased and send the gNBRAN/eENB  CONFIGURATION UPDATESUSPEND REQUEST message includinges the following parametersdifferences:
a)	should include the suspend indicator;
b)	may include suspend cause; and
a)	may include the suspend time or suspend period.
2	Upon receiving the gNBRAN/eENB SUSPEND REQUESTCONFIGURATION UPDATE message the AMF/MME:
a)	should store the context information as described in clause 9.2.6 of TS 38.413 [12] or clause 9.1.8 of TS 36.413 [14]related to the NG/S1 interface association and non-UE association, necessary to resume the connection;
b)	should determine the heartbeat timer of the SCTP over N2/S1-AP interface based on configuration, e.g. ephemeris information of all on-board (ng-)eNB configured by the O&M or based on NWDAF inference and transfer the heartbeat timer to the lower layer;
c)	should send the gNB/eNBRAN SUSPEND RESPONSECONFIGURATION UPDATE ACKNOWLEDGE message with the heartbeat timer to acknowledge that it successfully updated the configuration data; and
d)	should stop sending paging requests to this RAN until the RAN resumes connection with AMF. 
[bookmark: OLE_LINK5]3	The RAN should adjust the value of heartbeat timer if received in step 2.
NOTE:	Whether the suspend/resume interaction between RAN and AMF/MME relies on an existing RAN procedure or new defined procedure depends on the RAN work group.


Figure 6.2.2-1: Reconnecting a RAN node with the CN on the ground
13.	If the on-board RAN node is reconnecting the feeder link towards the AMF/MME in the PLMN, the on-board RAN node should initiate the RANgNB/EeNB RESUMEConfiguration Update procedure to inform the AMF/MME to resume the connection by sending the gNBRAN/ENB eNB RESUME REQUESTCONFIGURATION UPDATE message includes the following parametersdifferences:
a)	should include the resume indicator;
ba)	should include the Global RAN Node ID; and
bc)	may include the resume time; and
c)	may include the context request indicator, if the on-board RAN does not store the AMF context.
[bookmark: OLE_LINK17]24.	If the AMF/MME can active the on-board RAN context and resume the connection, the AMF shall update the heartbeat timer and send the gNBRAN/ eNB RESUME RESPONSECONFIGURATION UPDATE ACKNOWLEDGE message with the updated heartbeat timer to acknowledge that it successfully resumed the connection and the corresponding context to RAN based on the context request indicator if received in step 1.
3	The RAN should update the value of heartbeat timer if received in step 2.
NOTE:	Whether the suspend/resume interaction between RAN and AMF/MME relies on an existing RAN procedure or new defined procedure depends on the RAN work group.
[bookmark: _Toc157596897][bookmark: _Toc157698940]6.2.2.4	Paging
If the network needs to signal (e.g. N1 signalling to UE, Mobile-terminated SMS, User Plane connection activation for PDU Session(s) to deliver mobile terminating user data) with a UE, the Network Triggered Service Request procedure is triggered by SMSF, PCF, LMF, GMLC, NEF, AMF or UDM, the SMF (and UPF, if applicable) as specified in clause 4.2.3.3 of TS 23.502 [3]. Figure 6.2.2.4-1 shows the Network Triggered Service Request procedure.


Figure 6.2.2.4-1: Network Triggered Service Request
Compared to the existing Network Triggered Service Request procedure, the differences are as follows:
Ephemeris information of all on-board (ng-)eNB is configured in the AMF by O&M.
Step4b: The AMF sends the paging message to the RAN node which can provide services to the UE based on the last visited cell provided by the RAN node and the ephemeris information of all on-board (ng-)eNB.
Upon expiry of timer T3513 as specified in clause 10.2 of TS 24.501 [15], the network should reinitiate paging in case of regenerative-based satellite access (see example in figure 6.2.2.3-2).
If the AMF/MME should send the paging message to all the RAN nodes currently serving the TA in the Registration Area, then the RAN nodes pages the UE.
[bookmark: _Toc157596898][bookmark: _Toc157698941]6.2.3	Impacts on services, entities and interfaces
The solution impacts the following network functionsAMF/MME:
[bookmark: OLE_LINK6]-	Derive the heartbeat timer of the SCTP over N2/S1-AP interface based on configuration, e.g. MME/AMF supports to be configured with ephemeris information of all on-board (ng-)eNB by O&M;
-	MME/AMF and RAN sSupport to suspend the TNL between the RAN node and the CN;
-	Support to suspend RAN context when the connection between RAN and AMF is interrupted
-	MME/AMF and RAN support Support to resume the TNL between the RAN node and the CN;
-	Support to active RAN context when the connection between RAN and AMF is recovered
RAN: 
-	Support for detecting the unavailability/availability of feeder link to AMF-MME and trigger N2/S1 suspend/resume procedures
-	Support to suspend the TNL between the RAN node and the CN;
-	Support to suspend AMF/MME context when the connection between RAN and AMF is interrupted
-	Support to resume the TNL between the RAN node and the CN;
-	Support to active AMF/MME context when the connection between RAN and AMF is recovered
NWDAF:
· Determination of the heartbeat timer of the SCTP over the N2/S1-AP interface for regenerative payload
-	MME/AMF supports to request the supported TAC list in the MME/AMF Configuration Update procedure;
-	RAN supports reporting the supported TAC list in the MME/AMF CONFIGURATION UPDATE ACKNOWLEDGE message; and
-	RAN may support to be pre-configured (e.g. up to the operator's policy) the period for updating the Supported TA List.
******************** End of Changes ********************
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