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Abstract: this paper proposes a new solution for mobility performance. 
1. Introduction
This solution addresses KI#2 “Efficient mobility for UEs connecting to/disconnecting from VMR” and KI#3 “Efficient mobility and service continuity when served by VMR”.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-05.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc93486472][bookmark: _Toc96617610][bookmark: _Toc96617628]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: “System architecture for the 5G System (5GS); Stage 2”.
[3]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[4]	3GPP TS 23.273: "5G System (5GS) Location Services (LCS); Stage 2"
[x]	3GPP TS 23.502: "Procedures for the 5G System (5GS); Stage 2"
* * * * Second change * * * *
6.0	Mapping of solutions to key issues
Editor's note:	This clause describes the mapping between solutions and key issues.
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* * * * Third change (NEW TEXT) * * * *
[bookmark: _Toc97289436]6.Y	Solution #Y: Stop mobility registration when moving with Mobile Base Station RelayMobility procedures
[bookmark: _Toc97289437]6.Y.1	General
This solution addresses Key Issue #2 and Key Issue #3 for mobility.
[bookmark: _Toc97289438]This solution assumes that the TACs allowed to be broadcasted by the Mobile Base Station Relay (MBSR) are pre-configured, and the gNB-CU is able to instruct the MBSR to broadcast one of them, which can be changed when the gNB-CU changed or determined by the gNB-CU. The pre-configuration of TACs for a MBSR is able to be obtained by the AMF serving the UE if the UE camps on the MBSR, and the Registration Area (RA) configured for the UE includes those TACs so that the UE will not perform mobility registration.
Following figure shows an example of moving scenario:


Figure 6.Y.1-1: Example of moving scenarioUE stopping mobility registration when moving with MBSR
1.	The UE first is serving by AMF1, the RA configured in UE does not include any TAC that is allowed to be broadcasted by any MBSR.
2.	The UE onboards a vehicle equipped with a MBSR, the MBSR is serving by AMF2. The MBSR is pre-configured with allowed TAC list that includes TAC1, TAC2, and TAC3, which is not included in the current RA of the UE, and the NG-RAN selects TAC1 for the MBSR to broadcast. The UE performs mobility registration via the MBSR due to RA change, the AMF1 provides new RA to the UE, which includes TAC1, TAC2, and TAC3, so the UE will not perform mobility registration again until the UE leaves the MBSR.
3.	The MBSR moves together with the UE, the MBSR performs mobility registration and is instructed to broadcast TAC2. The serving NG-RAN does not have connection with the AMF1, so the serving NG-RAN determines to change serving AMF for the UE to AMF3, the AMF3 requests UE Context transfer from AMF1 without temporary UE ID (5G-GUTI) change, i.e., no NAS signalling. After the UE Context transfer, the NG-RAN is able to sends message to the AMF3 for the UE.
4.	The MBSR continues to move and performs mobility registration, and the serving AMF for the MBSR is changed to AMF4. The NG-RAN selects TAC3 for the MBSR to broadcast (the NG-RAN may also select TAC1 or TAC2).
5.	The UE gets off the vehicle, camps on macro cell, and the TAC broadcasted by the cell is not in the current RA of the UE, so the UE performs mobility registration, which changes the serving AMF to AMF5.
6.Y.2	Functional descriptions
The following figure shows the data model for the mobility management:
[bookmark: _Toc97289439]Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.




Figure 6.Y.2-1: Data model for mobility management
Each UE is served by an AMF (AMF serving UE, A.K.A. AMF-UE), which holds the UE Context. When the UE is relayed by a MBSR, the UE Context will include a Link ID linking to the MBSR that is dynamically assigned by the AMF. The Link ID includes AMF ID indicating the AMF assigning the Link ID, and includes a unique number assigned by the AMF indicated by the AMF ID. The UEs served by the same AMF and relayed by the same MBSR will be assigned with same Link ID. The UE Context also includes an AMF ID associating with the Link ID, the AMF ID indicates the AMF serving the MBSR. The 5G-GUTI included in the UE Context may be assigned by another AMF-UE if the UE does not perform mobility registration when moving with the MBSR (c.f. clause 6.Y.3.1, 6.Y.3.3, and 6.Y.3.4).
The NG-RAN serving a MBSR holds the MBSR Context that includes one or more Link IDs, each Link ID associates with one or more UEs. In case the UE does not perform mobility registration when moving together with MBSR and AMF-UE changed, the 5G-GUTI of the UE may refer to the old AMF-UE, while the Link ID refers to the new AMF-UE (c.f. clause 6.Y.3.1, 6.Y.3.3, and 6.Y.3.4).
6.Y.3	Procedures
6.Y.3.1	UE performs Service Request or Registration Request via Mobile Base Station Relay
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration. As described in step 3 of clause 6.Y.1, the AMF serving the UE may need to be changed later without NAS signalling exchange, so the 5G-GUTI of the UE is unchanged but serving AMF is changed.
The Link ID is introduced to map to the MBSR in the procedure, which is sent to NG-RAN via N2 message, and the Link ID includes the AMF ID of the current serving AMF for the UE, so that when the serving AMF need to be changed during MBRS mobility (step 3 of clause 6.Y.1), the NG-RAN can use the Link ID to ask the new AMF to interact with the old serving AMF indicated by the AMF ID in the Link ID to transfer the UE context (described in clause 6.Y.3.2), because the AMF ID in the 5G-GUTI may not indicate the correct AMF that stores the UE context.
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.


Figure 6.Y.3.1-1: UE performs Service Request or Registration Request via Mobile Base Station Relay
1.	The UE camps on a MBSR.
2.	The UE initiates Service Request or Registration Request towards 5GC. The MBSR forwards the N1 message to the NG-RAN.
3.	The NG-RAN forwards the N1 message and includes the MBSR ID, e.g., 5G-GUTI of the MBSR, and may include the TAI of the MBSR in the underlayer N2 message. In the case of registration procedure, the NG-RAN may select a new AMF-UE.
4.	In case new AMF-UE is selected, the AMF-UE requests UE Context transfer from the old AMF-UE.
5.	When the UE Context includes a Link ID and associated AMF ID, if the associated AMF ID is different from the AMF ID in the received MBSR ID, the AMF-UE unsubscribes to the AMF-MBSR indicated by the associated AMF ID with the Link ID, meanwhile allocates a Link ID, which includes the AMF ID of the AMF-UE, associates the UE with the allocated Link ID, maps the allocated Link ID to the AMF ID in the received MBSR ID, and subscribes to the AMF-MBSR indicated by the received MBSR ID with the allocated Link ID and the received MBSR ID, the AMF-MBSR associates the MBSR with the Link ID. 
If the associated AMF ID is same as the AMF ID in the received MBSR ID, the AMF-UE allocates a Link ID and performs the following:
-	If AMF-UE does not change, the AMF-UE update the subscription to the AMF-MBSR with the Link ID, the allocated Link ID, and the received MBSR ID (conditional update). If the MBSR indicated by the received MBSR ID has been subscribed with the Link ID, the AMF-MBSR returns an indication to the AMF-UE and keeps the subscription with the Link ID and the association between the Link ID and the MBSR, otherwise the AMF-MBSR decrease the count for the Link ID, associate the MBSR with the allocated Link ID, and increase the count for the allocated Link ID. If the indication is received, the AMF-UE releases the allocated Link ID and keeps the association between the Link ID and the UE, otherwise, the AMF-UE associates the UE with the allocated Link ID.
-	If AMF-UE changed, the AMF-UE unsubscribed to the AMF-MBSR with the Link ID, meanwhile the AMF-UE subscribes to the AMF-MBSR with the allocated Link ID and the received MBSR ID, associates the UE with the allocated Link ID, and associates the allocated Link ID with the AMF ID in the received MBSR ID. The AMF-MBSR maps the allocated Link ID to the MBSR.
When the UE Context does not include a Link ID, the AMF-UE allocates a Link ID, which includes the AMF ID, for the received MBSR ID, and subscribe to the AMF-MBSR with the allocated Link ID and the received MBSR ID.
When subscribe request with a Link ID is received, the AMF-MBSR increase the count for the Link ID, and when unsubscribe request with a Link ID, the AMF-MBSR decrease the count of the Link ID.
56.	The new AMF-UE sends a N2 message with the Link ID obtained in step 5, the N2 message may include a N1 message. In case of registration procedure, if the TAI of the MBSR does not change, for the sake of saving mobility registration for UEs behind the MBSR, the AMF-UE may send Registration Accept to the UE with TAI List that only includes the TAI received in step 3.
67.	The NG-RAN associates the Link ID with the MBSR ID and the UE ID. The NG-RAN sends an RRC message to the UE, the RRC message may include the N1 message. The usage of Link ID is refered to clause 6.Y.3.3, 6.Y.3.4, and 6.Y.3.5.
78.	If the UE camps on a MBSR, the UE may suspend the mobile registration if the UE keeps camping on the MBSR (e.g., the TAI/TAC broadcasted by the MBSR does not change and the NG-RAN sends the TAI to the AMF-UE).
9.	When the event met, the AMF-MBSR notifies the AMF-UE with the Link ID and associated information, c.f. clause 6.Y.3.3 and 6.Y.3.4.
810.	The UE camps on another MBSR or NG-RAN.
911.	When the mobile registration is suspended, the UE resumes the mobile registration (e.g., the TAI/TAC broadcasted by a MBSR is not provisioned to the UE before the UE camps on the MBSR and when UE camps on a MBSR, only the TAI/TAC of the MBSR is provisioned to the UE). If the UE camps on another MBSR, the steps 2-9 are performed with a different Link ID, different MBSR ID, and a possibly different AMF-MBSR, if the UE camps on NG-RAN directly, the registration procedure described in TS 23.502 [x] clause 4.2.2 is performed.
102.	If no MBSR ID is received and a Link ID and associated AMF ID exist in the UE Context, the AMF-UE unsubscribes towards the AMF-MBSR indicated by the associated AMF ID with the Link ID.
[bookmark: _Toc97289444]6.Y.3.2	UE handover to connect/disconnect to/from Mobile Base Station Relay
[bookmark: _Toc20149644][bookmark: _Toc27846435][bookmark: _Toc36187559][bookmark: _Toc45183463][bookmark: _Toc47342305][bookmark: _Toc51769003][bookmark: _Toc59095353]6.Y.3.2.1	N2 handover


Figure 6.Y.3.2.1-1: UE N2 handover to connect/disconnect to/from Mobile Base Station Relay
1.	The UE is in CM-CONNECTED state and may be relayed by a MBSR.
2.	The source NG-RAN determines to perform handover for the UE and sends the Handover Required (UE info) message to the AMF-UE. The AMF-UE may select a new AMF-UE for the handover procedure. The UE info does not include MBSR ID.
3.	In case new AMF-UE is selected, the AMF-UE invokes Create UE Context Request (UE Context, UE info) towards the new AMF-UE. The UE Context does not include the Link ID and the associated AMF ID if the UE was relayed by a MBSR and no Link ID is received.
4.	The handover procedure for the UE continues. 
5.	In case step 3 is performed, the new AMF-UE responds to the AMF-UE. 
6.	In case step 3 is performed and Link ID is included in the UE Context, the AMF-UE unsubscribes to the AMF-MBSR indicated by the associated AMF ID with the Link ID.
7.	The AMF-UE sends Handover Command (UE info) to the target NG-RAN.
8.	The target NG-RAN sends the Handover Command to the UE.
9.	The UE tunes to the target NG-RAN, which may be via another MBSR.
10.	The target NG-RAN sends Handover Confirm to the (new) AMF-UE. If another MBSR is used, the target NG-RAN includes the MBSR ID and may include the TAI/TAC of the MBSR in the Handover Confirm.
11.	The handover procedure for the UE continues.
12.	If MBSR ID is received and the UE will not perform mobility registration, the AMF-UE allocates a Link ID for the received MBSR ID, and subscribe to the AMF-MBSR with the allocated Link ID and the received MBSR ID.
6.Y.3.2.2	Xn handover


Figure 6.Y.3.2.2-1: UE Xn handover to connect/disconnect to/from Mobile Base Station Relay
1.	The UE handover to leave a MBSR from direct NG-RAN connection or from another MBSR, or to connect to a MBSR from direct NG-RAN connection or from another MBSR. The Xn handover is performed
2.	The target NG-RAN sends the Path Switch ([MBSR ID], UE info) message to the AMF-UE. If the UE handover to directly connect to NG-RAN, the MBSR ID is not included. If the UE handover to a MBSR, the MBSR ID is included.
3.	Considering that UE will not handover to the same MBSR, the new AMF-UE may perform conditional subscription update as described in step 5 of clause 6.Y.3.1, or unsubscribe and then subscribe to the AMF-MBSR as described in step 5 of clause 6.Y.3.1.
4.	The handover procedure for the UE continues. The AMF-UE sends the Link ID obtained in step 3.
6.Y.3.23	Mobile Base Station Relay mobility registration procedure
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration. As described in step 3 of clause 6.Y.1, the AMF serving the UE may need to be changed later without NAS signalling exchange, so the NG-RAN needs to ask the new AMF to interact with old serving AMF for UE context transfer.
As described in step 3 of clause 6.Y.1, the 5G-GUTI of the UE is unchanged, hence the AMF ID in the 5G-GUTI may not indicate to the old AMF that stores the UE context, this procedure sends the Link ID received in clause 6.Y.3.1 to the new AMF, the AMF ID in the Link ID indicates the old AMF, and considering that the Link ID is associated with the MBSR, and old AMF stores the UE context with the Link ID, so bulk UE context transfer can be done.
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.


Figure 6.Y.3.23-1: Mobile Base Station Relay mobility registration procedure
1.	The MBSR sends Registration Request towards the 5GC via the NG-RAN.
2.	The NG-RAN may select a AMF-MBSR different from the old AMF-MBSR, the AMF-MBSR queries UE Context for the MBSR from the old AMF-MBSR and the old AMF-MBSR returns MBSR Context with the Link IDs.
3.	If AMF-MBSR is changed, the AMF-MBSR notifies the AMF change event with the Link ID to the AMF-UE. The AMF-UE associates the Link ID with the AMF ID of the AMF-MBSR.
34.	The AMF-MBSR sends Registration Accept to the MBSR, whose underlayer N2 message includes the Link ID.
45.	The NG-RAN decides whether to change the AMF serving the UEs associated with a Link ID according to the Link ID.
56.	If new AMF-UE is selected, the NG-RAN sends AMF Relocation Request (Link ID) to the new AMF-UE.
67.	The new AMF-UE invokes Bulk UE Context Transfer Request (Link ID) towards the AMF-UE according to the Link ID. The AMF-UE responds the context of UEs associated with the Link ID. The UE context includes the Link ID and the associated AMF ID indicating the AMF-MBSR that the AMF-UE has subscribed event to.
78.	The new AMF-UE allocate a new Link ID, associates the new Link ID with the UEs, and responds to the NG-RAN with the new Link ID. The NG-RAN replace the Link ID with the new Link ID.
9.	The new AMF-UE updates the subscription with the Link ID and the new Link ID (unconditional update) towards the AMF-MBSR associated with the Link ID. The AMF-MBSR replace the Link ID with the new Link ID.
6.Y.3.34	Mobile Base Station Relay handover with UEs
6.Y.3.3.1	General
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration. As described in step 3 of clause 6.Y.1, the AMF serving the UE may need to be changed during the MBSR handover without UE NAS signalling exchange, so the NG-RAN needs to indicate the old AMF to transfer UE context to the new AMF.
As described in step 3 of clause 6.Y.1, the 5G-GUTI of the UE is unchanged, hence the AMF ID in the 5G-GUTI may not indicate to the old AMF that stores the UE context, in this procedure, the NG-RAN sends handover required message to the old AMF of the UE according to the stored Link ID, the AMF ID in the Link ID indicates the old AMF, the new AMF needs to sends a new Link ID to the NG-RAN, the AMF ID in the new Link ID indicates the new AMF.
Considering Xn handover does not change AMF, so there’s no impact on Xn handover.
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.
Editor's note:	The MBSR handover together with UEs needs coordination with RAN WGs.
6.Y.3.34.21	N2 handover


Figure 6.Y.3.34.21-1: Mobile Base Station Relay N2 handover with UEs
1.	The source NG-RAN determines to perform handover for the MBSR and sends the Handover Required (MBSR info) message to the AMF-MBSR. The AMF-MBSR may select a new AMF-MBSR for the handover procedure.
2.	The source NG-RAN also sends Handover Required (UE info (MBSR ID), Link ID) per the UE associated with the MBSR towards the AMF-UE according to the Link ID. The target NG-RAN can combine multiple Handover Required messages in a bulk way sending to the same destination. The Link ID indicates that the UE is moving together with the MBSR associated with the Link ID.
The AMF-UE obtains the context of UEs associated with the Link ID, and performs following steps 3-58 per UE.
3.	The AMF-UE may determine to select a new AMF-UE for the specific UE, and invokes Create UE Context Request (UE Context (Link ID, AMF ID), UE info) towards the new AMF-UE. The UE info includes the MBSR ID, the UE Context includes the Link ID and the associated AMF ID indicating the AMF-MBSR.
4.	The handover procedure for the UE continues. In case new AMF-UE is not selected and Link ID is included in step 3, the AMF-UE sends the Link ID and the UE info, which includes the MBSR ID, to the target NG-RAN. In case new AMF-UE is selected and Link ID is included in step 3, if the new Link ID related to the Link ID has not been allocated, the new AMF-UE allocates a new Link ID. The new AMF-UE sends the new Link ID and the UE info, which includes the MBSR ID, to the target NG-RAN. The target NG-RAN associates the MBSR with the Link ID, or the new Link ID if received.
5.	In case step 3 is performed, the new AMF-UE responds to the AMF-UE. 
6.	In case step 3 is performed, the new AMF-UE updates the subscription towards the AMF-MBSR with the Link ID and the new Link ID (unconditional update).
7.	If the AMF-MBSR is in handover procedure, when the AMF-MBSR does not select a new AMF-MBSR, the AMF-MBSR decreases the count for the Link ID, increases the count for the new Link ID, and associates the MBSR indicated by the Link ID with the new Link ID. When the AMF-MBSR selects a new AMF-MBSR in step 1, the AMF-MBSR forwards the subscription update towards the new AMF-MBSR, and the new AMF-MBSR decreases the count for the Link ID, increases the count for the new Link ID, and associates the MBSR indicated by the Link ID with the new Link ID.
8.	The AMF-MBSR responds to the subscription update.
69.	The handover procedure for the MBSR continues.
10.	If the new AMF-MBSR is selected, the new AMF-MBSR gets the MBSR context during the handover procedure, which includes the Link ID. The new AMF-MBSR notifies the AMF change event with the Link ID. If the new AMF-MBSR receives subscription update in step 7, the new AMF-MBSR notifies the AMF change event with the new Link ID.
711.	The AMF-UE sends Handover Command (UE info) to the source NG-RAN. The UE info includes the associated MBSR info.
812.	The AMF-MBSR sends the Handover Command (MBSR info) to the source NG-RAN.
913.	The source NG-RAN aggregates the Handover Command for the MBSR and the Handover Command for the UEs, and sends Handover Command to the MBSR with MBSR info and UEs info. The MBSR holds all UL packets of the UEs until the MBSR tunes to the target NG-RAN.
If there’re some updates on a UE’s resources, the source NG-RAN also sends Handover Command to the UE via the MBSR. 
[bookmark: _Toc97289442]104.	The MBSR confirms the handover with the target NG-RAN. If there’re some updates on a UE’s resources, the UE confirms the handover, which will be forwarded by the MBSR to the target NG-RAN.
115.	The target NG-RAN sends Bulk Handover Notify to the (new) AMF-UE.
126.	The handover procedures for the UEs continue.
137.	The target NG-RAN sends Handover Notify to the (new) AMF-MBSR.
148.	The handover procedure for the MBSR continues.
6.Y.3.4.2	Xn handover


Figure 6.Y.3.4.2-1: Mobile Base Station Relay Xn handover with UEs
1.	The MBSR performs Xn handover together with the UEs.
2.	The target NG-RAN sends the Path Switch (MBSR info) message to the AMF-MBSR. 
3.	The target NG-RAN also sends Path Switch (UE info (MBSR ID), Link ID) per the UEs associated with the MBSR towards the AMF-UE according to the Link ID. The target NG-RAN can combine the Path Switch messages in a bulk way sending to the same destination. The Link ID indicates that the UE is moving together with the MBSR associated with the Link ID.
4.	The AMF-MBSR and the AMF-UE continues the Xn handover procedure for MBSR and UEs respectively.
6.Y.3.5	Mobile termination when UE moves with Mobile Base Station Relay


Figure 6.Y.3.5-1: Mobile termination when UE moves with Mobile Base Station Relay
1.	UE moves with the MBSR, the AMF-UE is triggered to send N1 message or N2 message to UE.
2.	(a) If the UE is in CM-CONNECTED state, the AMF-UE sends the N1/N2 message towards the NG-RAN. If N1 message is received, the NG-RAN sends the N1 message to the UE via the MBSR.
(b) If the UE is in CM-IDLE state and the UE context includes a Link ID, as well as the AMF-UE knows the serving RAN node for the MBSR related to the Link ID (e.g., the MBSR just performed registration with AMF-UE change, c.f. 6.Y.3.3, or the MBSR just performed handover), the AMF-UE may send Paging request (UE ID, Link ID) to the NG-RAN. The NG-RAN maps the Link ID to the MBSR.
(c) The AMF-UE may invoke Page Relay (Link ID, UE ID) towards the AMF-MBSR.
3.	If 2c is performed, the AMF-MBSR maps the Link ID to the MBSR. The AMF-MBSR sends the Paging request (UE ID) to the NG-RAN.
4.	The NG-RAN sends the Paging request (UE ID) to the MBSR, and the MBSR pages the UE.
6.Y.4	Impacts on services, entities and interfaces.
[bookmark: _Hlk500857602][bookmark: _Toc500949103][bookmark: _Toc20473562]AMF (serving UE):
-	Support mapping UE context with Link ID.
-	Support invoking (un)subscribe operation with Link ID and MBSR ID for AMF change event towards the AMF serving MBSR, and receiving notification of AMF change from AMF serving MBSR.
-	Support sending and receiving Link ID along with the UE information to/from NG-RAN.
-	Support sending Registration Area information to UE according to the TAI list configuration of MBSR received from NG-RAN.
-	Support bulk UE context transfer operation according to Link ID.
-	Support paging UE with Link ID and/or redirecting the Paging message to AMF serving MBSR.
AMF (serving MBSR):
-	Support mapping MBSR context with Link ID.
-	Support (un)subscribe operation with Link ID and MBSR ID for AMF change event, and sending notification of AMF change to subscriber.
-	Support redirecting the Paging message from AMF serving UE to the NG-RAN serving the MBSR.
NG-RAN:
-	Support sending and receiving MBSR information along with the UE information to AMF.
-	Support mapping MBSR context with Link ID.
-	Support sending and receiving Link ID along with the UE information to/from AMF.
-	Support aggregating handover procedures for UEs and MBSR.
Editor's note:	Additional impacts are FFS.
* * * * Fourth change (NEW TEXT) * * * *
6.Z	Solution #Z: Mobile termination procedure due to mobility
6.Z.1	General
This solution addresses Key Issue #2 and Key Issue #3 for mobility. This solution is based on solution Y, i.e., the UE will perform mobility registration when camps on a MBSR or leaves a MBSR, and after the UE performs mobility registration when camps on a MBSR, the UE will not perform mobility registration again until the UE leaves the MBSR. In the concept of UE will not perform successive mobile registration when moving with MBSR, the AMF serving the UE may not know the place of the UE for paging. 
This solution addresses the mobile termination when UE moves together with MBSR without performing successive mobile registration.
6.Z.2	Functional descriptions
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.
The following figure shows the data model for the mobile termination when UE moves together with MBSR without performing successive mobile registrationmobility management:


Figure 6.Z.2-1: Data model for mobility management
Each UE is served by an AMF (AMF serving UE, A.K.A. AMF-UE), which holds the UE Context. When the UE is relayed by a MBSR, the UE Context will include a Link ID linking to the MBSR that is dynamically assigned by the AMF. The Link ID includes AMF ID indicating the AMF assigning the Link ID, and includes a unique number assigned by the AMF indicated by the AMF ID. The UEs served by the same AMF and relayed by the same MBSR will be assigned with same Link ID. The UE Context also includes an AMF ID associating with the Link ID, the AMF ID indicates the AMF serving the MBSR. The 5G-GUTI included in the UE Context may be assigned by another AMF-UE if the UE does not perform mobility registration when moving with the MBSR (c.f. clause 6.Z.3.1, 6.Z.3.3, and 6.Z.3.4).
Each Mobile Base Station Relay (MBSR) is served by an AMF (AMF serving MBSR, A.K.A. AMF-MBSR), which holds the MBSR Context. The MBSR Context includes the dynamic MBSR ID (i.e., 5G-GUTI) that known by NG-RAN, and includes multiple Link IDs that dynamically assigned by AMFs serving the UEs that relayed by the MBSR. Different Link ID in the MBSR Context indicates different AMF.
6.Z.3	Procedures
6.Z.3.1	UE performs Service Request or Registration Request via Mobile Base Station Relay
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration, so the AMF serving the UE may not know where the UE is, but the AMF knows the UE is with MBSR without knowing where MBSR is.
The Link ID is introduced to map to the MBSR in the AMF of UE in the procedure because the 5G-GUTI of the MBSR will be changed without notifying to the AMF of UE. In order to make the serving AMF of UE know the serving AMF of the MBSR, whenever the serving AMF of MBSR is changed, the serving AMF of UE need to be notified according to the Link ID. And whenever the serving AMF of UE is changed, the serving AMF of MBSR also needs to be informed, so that the notification can be sent to the correct AMF of UE.
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.


Figure 6.Z.3.1-1: UE performs Service Request or Registration Request via Mobile Base Station Relay
1.	Steps 1-4 in clause 6.Y.3.1 of solution Y are performed.
2.	When the UE Context includes a Link ID and associated AMF ID, if the associated AMF ID is different from the AMF ID in the received MBSR ID, the AMF-UE unsubscribes to the AMF-MBSR indicated by the associated AMF ID with the Link ID, meanwhile allocates a Link ID, which includes the AMF ID of the AMF-UE, associates the UE with the allocated Link ID, maps the allocated Link ID to the AMF ID in the received MBSR ID, and subscribes to the AMF-MBSR indicated by the received MBSR ID with the allocated Link ID and the received MBSR ID, the AMF-MBSR associates the MBSR with the Link ID. 
If the associated AMF ID is same as the AMF ID in the received MBSR ID, the AMF-UE allocates a Link ID and performs the following:
-	If AMF-UE does not change, the AMF-UE update the subscription to the AMF-MBSR with the Link ID, the allocated Link ID, and the received MBSR ID (conditional update). If the MBSR indicated by the received MBSR ID has been subscribed with the Link ID, the AMF-MBSR returns an indication to the AMF-UE and keeps the subscription with the Link ID and the association between the Link ID and the MBSR, otherwise the AMF-MBSR decrease the count for the Link ID, associate the MBSR with the allocated Link ID, and increase the count for the allocated Link ID. If the indication is received, the AMF-UE releases the allocated Link ID and keeps the association between the Link ID and the UE, otherwise, the AMF-UE associates the UE with the allocated Link ID.
-	If AMF-UE changed, the AMF-UE unsubscribed to the AMF-MBSR with the Link ID, meanwhile the AMF-UE subscribes to the AMF-MBSR with the allocated Link ID and the received MBSR ID, associates the UE with the allocated Link ID, and associates the allocated Link ID with the AMF ID in the received MBSR ID. The AMF-MBSR maps the allocated Link ID to the MBSR.
When the UE Context does not include a Link ID, the AMF-UE allocates a Link ID, which includes the AMF ID, for the received MBSR ID, and subscribe to the AMF-MBSR with the allocated Link ID and the received MBSR ID.
When subscribe request with a Link ID is received, the AMF-MBSR increase the count for the Link ID, and when unsubscribe request with a Link ID, the AMF-MBSR decrease the count of the Link ID.
3.	Steps 5-7 in clause 6.Y.3.1 of solution Y are performed.
4.	When the event met, the AMF-MBSR notifies the AMF-UE with the Link ID and associated information, c.f. clause 6.Y.3.3 and 6.Y.3.4.
5.	Steps 8-9 in clause 6.Y.3.1 of solution Y are performed.
6.	If no MBSR ID is received and a Link ID and associated AMF ID exist in the UE Context, the AMF-UE unsubscribes towards the AMF-MBSR indicated by the associated AMF ID with the Link ID.
6.Z.3.2	UE handover to connect/disconnect to/from Mobile Base Station Relay
6.Z.3.2.0	General
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration, so the AMF serving the UE may not know where the UE is, but the AMF knows the UE is with MBSR without knowing where MBSR is.
The Link ID is introduced to map to the MBSR in the AMF of UE in the procedure because the 5G-GUTI of the MBSR will be changed without notifying to the AMF of UE. In order to make the serving AMF of UE know the serving AMF of the MBSR, whenever the serving AMF of MBSR is changed, the serving AMF of UE need to be notified according to the Link ID. And whenever the serving AMF of UE is changed, the serving AMF of MBSR also needs to be informed, so that the notification can be sent to the correct AMF of UE.
For the UE handover from one MBSR to another MBSR, the serving AMF of UE may change, the AMF of MBSR needs to know one UE is leaving the old MBSR and one UE (the same one) is joining the new MBSR by the means of received Link ID. 
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.
6.Z.3.2.1	N2 handover


Figure 6.Z.3.2.1-1: UE N2 handover to connect/disconnect to/from Mobile Base Station Relay
1.	The UE is in CM-CONNECTED state and may be relayed by a MBSR.
2.	The source NG-RAN determines to perform handover for the UE and sends the Handover Required (UE info) message to the AMF-UE. The AMF-UE may select a new AMF-UE for the handover procedure. The UE info does not include MBSR ID.
3.	In case new AMF-UE is selected, the AMF-UE invokes Create UE Context Request (UE Context, UE info) towards the new AMF-UE. The UE Context does not include the Link ID and the associated AMF ID if the UE was relayed by a MBSR and no Link ID is received.
4.	The handover procedure for the UE continues. 
5.	In case step 3 is performed, the new AMF-UE responds to the AMF-UE. 
6.	In case step 3 is performed and Link ID is included in the UE Context, the AMF-UE unsubscribes to the AMF-MBSR indicated by the associated AMF ID with the Link ID.
7.	The AMF-UE sends Handover Command (UE info) to the target NG-RAN.
8.	The target NG-RAN sends the Handover Command to the UE.
9.	The UE tunes to the target NG-RAN, which may be via another MBSR.
10.	The target NG-RAN sends Handover Confirm to the (new) AMF-UE. If another MBSR is used, the target NG-RAN includes the MBSR ID and may include the TAI/TAC of the MBSR in the Handover Confirm.
11.	The handover procedure for the UE continues.
12.	If MBSR ID is received and the UE will not perform mobility registration, the AMF-UE allocates a Link ID for the received MBSR ID, and subscribe to the AMF-MBSR with the allocated Link ID and the received MBSR ID.
6.Z.3.2.2	Xn handover


Figure 6.Z.3.2.2-1: UE Xn handover to connect/disconnect to/from Mobile Base Station Relay
1.	The UE handover to leave a MBSR from direct NG-RAN connection or from another MBSR, or to connect to a MBSR from direct NG-RAN connection or from another MBSR. The Xn handover is performed
2.	The target NG-RAN sends the Path Switch ([MBSR ID], UE info) message to the AMF-UE. If the UE handover to directly connect to NG-RAN, the MBSR ID is not included. If the UE handover to a MBSR, the MBSR ID is included.
3.	Considering that UE will not handover to the same MBSR, the new AMF-UE may perform conditional subscription update as described in step 2 of clause 6.Z.3.1, or unsubscribe and then subscribe to the AMF-MBSR as described in step 2 of clause 6.Z.3.1.
4.	The handover procedure for the UE continues.
6.Z.3.3	Mobile Base Station Relay mobility registration procedure
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration, so the AMF serving the UE may not know where the UE is, but the AMF knows the UE is with MBSR without knowing where MBSR is.
The Link ID is introduced to map to the MBSR in the AMF of UE in the procedure because the 5G-GUTI of the MBSR will be changed without notifying to the AMF of UE. In order to make the serving AMF of UE know the serving AMF of the MBSR, whenever the serving AMF of MBSR is changed, the serving AMF of UE need to be notified according to the Link ID. And whenever the serving AMF of UE is changed, the serving AMF of MBSR also needs to be informed, so that the notification can be sent to the correct AMF of UE.
For the mobility registration of the MBSR, the AMF of the MBSR may change, the new AMF of MBSR needs to notify the AMF of UE with Link ID, which indicates the MBSR in the AMF of UE. 
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.


Figure 6.Z.3.3-1: Mobile Base Station Relay mobility registration procedure
1.	The MBSR sends Registration Request towards the 5GC via the NG-RAN.
2.	The NG-RAN may select a AMF-MBSR different from the old AMF-MBSR, the AMF-MBSR queries UE Context for the MBSR from the old AMF-MBSR and the old AMF-MBSR returns MBSR Context with the Link IDs.
3.	If AMF-MBSR is changed, the AMF-MBSR notifies the AMF change event with the Link ID to the AMF-UE. The AMF-UE associates the Link ID with the AMF ID of the AMF-MBSR.
4.	The AMF-MBSR sends Registration Accept to the MBSR.
5.	Steps 4-7 in clause 6.Y.3.1 of solution Y are performed.
6.	The new AMF-UE updates the subscription with the Link ID and the new Link ID (unconditional update) towards the AMF-MBSR associated with the Link ID. The AMF-MBSR replace the Link ID with the new Link ID.
6.Z.3.4	Mobile Base Station Relay handover with UEs
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration, so the AMF serving the UE may not know where the UE is, but the AMF knows the UE is with MBSR without knowing where MBSR is.
The Link ID is introduced to map to the MBSR in the AMF of UE in the procedure because the 5G-GUTI of the MBSR will be changed without notifying to the AMF of UE. In order to make the serving AMF of UE know the serving AMF of the MBSR, whenever the serving AMF of MBSR is changed, the serving AMF of UE need to be notified according to the Link ID. And whenever the serving AMF of UE is changed, the serving AMF of MBSR also needs to be informed, so that the notification can be sent to the correct AMF of UE.
For the N2 handover of MBSR, both the AMF of the MBSR and the AMF of UE may change, the new AMF of MBSR needs to notify the AMF of UE with Link ID, which indicates the MBSR in the AMF of UE. The new AMF of UE also needs to inform the AMF of MBSR the change of the AMF with the Link ID. 
Editor's note:	it is FFS why the Link ID is necessary to solve the problem, and the purpose of using Link ID is FFS.
The following procedure is for N2 handover, no extension needed for Xn handover.


Figure 6.Y.3.4-1: Mobile Base Station Relay N2 handover with UEs
1.	The source NG-RAN performs handover procedure for MBSR and UEs, c.f. steps 1-2 in clause 6.Y.3.4.1 of solution Y.
The AMF-UE obtains the context of UEs associated with the Link ID, and performs following steps 2-7 per UE.
2.	The AMF-UE may determine to select a new AMF-UE for the specific UE, and invokes Create UE Context Request (UE Context (Link ID, AMF ID), UE info) towards the new AMF-UE. The UE info includes the MBSR ID, the UE Context includes the Link ID and the associated AMF ID indicating the AMF-MBSR.
3.	The handover procedure for the UE continues. In case new AMF-UE is not selected and Link ID is included in step 3, the AMF-UE sends the Link ID and the UE info, which includes the MBSR ID, to the target NG-RAN. In case new AMF-UE is selected and Link ID is included in step 3, if the new Link ID related to the Link ID has not been allocated, the new AMF-UE allocates a new Link ID. The new AMF-UE sends the new Link ID and the UE info, which includes the MBSR ID, to the target NG-RAN. The target NG-RAN associates the MBSR with the Link ID, or the new Link ID if received.
4.	In case step 2 is performed, the new AMF-UE responds to the AMF-UE. 
5.	In case step 2 is performed, the new AMF-UE updates the subscription towards the AMF-MBSR with the Link ID and the new Link ID (unconditional update).
6.	If the AMF-MBSR is in handover procedure, when the AMF-MBSR does not select a new AMF-MBSR, the AMF-MBSR decreases the count for the Link ID, increases the count for the new Link ID, and associates the MBSR indicated by the Link ID with the new Link ID. When the AMF-MBSR selects a new AMF-MBSR in step 1, the AMF-MBSR forwards the subscription update towards the new AMF-MBSR, and the new AMF-MBSR decreases the count for the Link ID, increases the count for the new Link ID, and associates the MBSR indicated by the Link ID with the new Link ID.
7.	The AMF-MBSR responds to the subscription update.
8.	The handover procedure for the MBSR continues.
9.	If the new AMF-MBSR is selected, the new AMF-MBSR gets the MBSR context during the handover procedure, which includes the Link ID. The new AMF-MBSR notifies the AMF change event with the Link ID. If the new AMF-MBSR receives subscription update in step 7, the new AMF-MBSR notifies the AMF change event with the new Link ID.
10.	The handover procedure for MBSR and UEs continues, c.f. steps 7-14 in clause 6.Y.3.4.1 of solution Y.
6.Z.3.5	Mobile termination when UE moves with Mobile Base Station Relay
As described in clause 6.Y.1, the UE will keep silent as possible as it can when moving with MBSR, i.e., no mobility registration, so the AMF serving the UE may not know where the UE is, but the AMF knows the UE is with MBSR without knowing where MBSR is.
According to the procedure from clause 6.Z.3.1 to 6.Z.3.4, the AMF of UE knows the AMF of MBSR, and Link ID is used to indicate the MBSR, the AMF of UE can relay paging message with the Link ID to the AMF of MBSR, and AMF of MBSR will page the UE via the MBSR indicated by the Link ID.


Figure 6.Z.3.5-1: Mobile termination when UE moves with Mobile Base Station Relay
1.	UE moves with the MBSR, the AMF-UE is triggered to send N1 message or N2 message to UE.
2.	(a) If the UE is in CM-CONNECTED state, the AMF-UE sends the N1/N2 message towards the NG-RAN. If N1 message is received, the NG-RAN sends the N1 message to the UE via the MBSR.
(b) If the UE is in CM-IDLE state and the UE context includes a Link ID, as well as the AMF-UE knows the serving RAN node for the MBSR related to the Link ID (e.g., the MBSR just performed registration with AMF-UE change, c.f. 6.Y.3.3, or the MBSR just performed handover), the AMF-UE may send Paging request (UE ID, Link ID) to the NG-RAN. The NG-RAN maps the Link ID to the MBSR.
(c) The AMF-UE may invoke Page Relay (Link ID, UE ID) towards the AMF-MBSR.
3.	If 2c is performed, the AMF-MBSR maps the Link ID to the MBSR. The AMF-MBSR sends the Paging request (UE ID) to the NG-RAN.
4.	The NG-RAN sends the Paging request (UE ID) to the MBSR, and the MBSR pages the UE.
6.Y.4	Impacts on services, entities and interfaces.
AMF (serving UE):
-	Support mapping UE context with Link ID.
-	Support invoking (un)subscribe operation with Link ID and MBSR ID for AMF change event towards the AMF serving MBSR, and receiving notification of AMF change from AMF serving MBSR.
-	Support paging UE with Link ID and/or redirecting the Paging message to AMF serving MBSR.
AMF (serving MBSR):
-	Support mapping MBSR context with Link ID.
-	Support (un)subscribe operation with Link ID and MBSR ID for AMF change event, and sending notification of AMF change to subscriber.
-	Support redirecting the Paging message from AMF serving UE to the NG-RAN serving the MBSR.
NG-RAN:
-	Support sending and receiving MBSR information along with the UE information to AMF.
Editor's note:	Additional impacts are FFS.
* * * * End of changes * * * *
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