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Abstract of the contribution: This contribution proposes a new solution to address mobility aspects of MWAB.

Proposal
The following solution is proposed for TR 23.700-06:
* * * Start of change * * * 
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* * * Next change * * * 
[bookmark: _Toc93529807][bookmark: _Hlk93877873]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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* * * Next change (All new) * * * 
6.x	Solution #x: New solution to address mobility aspects of an MWAB 
[bookmark: _Toc93529808]6.x.1	General
This solution addresses the below highlighted aspects for Key Issue#4 defined as:
When the moving vehicles are equipped with MWAB, the MWAB-gNB can provide 5G coverage and communication to UEs (inside the vehicle and/or in its vicinity), and connected wirelessly to the 5G network via a macro NG-RAN node. When one or a group of UEs are already served by the MWAB, there are two mobility scenarios to be studied as the following:
-	Scenario A (mobility within the same 5GC node): When the UEs are continuously served by a MWAB (e.g. inside the vehicle and/or in its vicinity), and this MWAB-gNB is moving around within a limited geographical area while keeping connecting with the same 5GC nodes (e.g. AMF and UPF). In this case, the UE keeps the connection with the MWAB, and there is no change of the connections as in figure 5.4.1-1. However, the change of the NG-RAN nodes serving the MWAB-UE and the MWAB location may have impact on the mobility or service restrictions to the UE served by the MWAB.
-	Scenario B (mobility between different 5GC nodes): When the UEs are continuously served by a MWAB (e.g. inside the vehicle and/or in its vicinity), and this MWAB is moving around over a long distance. To continue to provide services to the UEs, the MWAB needs to change the 5GC nodes it connects to. In this case, the UE keeps the connection with the MWAB-gNB, but there is a possible change of the AMF and UPF.
The following aspects need to be studied for UEs served by the MWAB in the case of mobility in the scenarios A and B:
-	Whether and how to enhance current procedures of mobility and service continuity for a UE. The following aspects need to be considered in potential solutions:
-	how to efficiently manage the mobility of the UEs served by the MWAB, when 5GC node change is necessary.
-	how to manage the RAN-CN interfaces.

[bookmark: _Toc93529809]6.x.2	Functional descriptions

6.x.2.1	Solution for mobility aspects related to Scenario A (mobility within the same 5GC node)
Figure 6.x.2.1 covers mobility of MWAB nodes between different gNBs but the 5GC nodes serving the UEs doesn’t change in this scenario. MWAB-UE’s backhaul PDU session is established via gNB1 terminating at MWAB-UPF which is the PDU Session Anchor for MWAB-UE. As the MWAB moves, signal strength received at MWAB-UE from gNB1 reduces. MWAB-UE detects better signal strength from gNB2, so the MWAB gets handed over to gNB2. This is a conventional inter-gNB handover, as described in clause 4.9.1.2  of TS 23.502. The backhaul PDU session of MWAB-UE is now established via gNB2 to the MWAB-UPF (PSA).
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Figure 6.x.2.1: Mobility of MWAB and UEs within the same 5GC nodes
Although, MWAB gNB’s backhaul PDU session is being handed over in this scenario, it doesn’t have any impact on the UE’s ongoing (N1) signalling exchange with UE-AMF and data transfer via UE-UPF.

NOTE: Handover procedures as described in clause 4.9.1.3 of TS 23.502 apply here (for MWAB-UE backhaul PDU session) for home routed roaming scenario. However, those handovers shall not have any impact on the UE’s ongoing N1 signalling or PDU sessions.

[bookmark: _Toc93529810]6.x.2.2	Solution for mobility aspects related to Scenario B (mobility between different 5GC nodes)
Figure 6.x.2.2 covers mobility aspects between different 5GC nodes, for the UEs being served by an MWAB. For the MWABs moving over a long distance, there are 2 stages of handover, first being the handover between different NG-RAN nodes serving the MWAB and second, the handover of UEs between different 5GC nodes. As discussed in previous section, first handover is between different NG-RAN nodes and doesn’t have any impact on the UE.
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Figure 6.x.2.2: Mobility of MWAB and UEs between different 5GC nodes
The second handover between 5GC nodes may happen due to service area restrictions when the MWAB has moved over a long distance. UEs being served by MWAB are initially connected to UE-AMF1 and UE-UPF (PSA) via UE-UPF1 for signalling and data paths. As the MWAB moves, UE-AMF1 cannot serve the UEs anymore, so it triggers a handover based on the location information reporting from the MWAB. UEs get handed over from UE-AMF1 to UE-AMF2. In the case of PDU sessions, UE-UPF (PSA) doesn’t change since is the PDU session anchor, only the intermediate UPFs change from UE-UPF1 to UE-UPF2. The detailed handover procedure between the different 5GC nodes are covered in next section.

NOTE: Handover procedures as described in clause 4.9.1.3 of TS 23.502 apply here for home routed roaming scenario.

6.x.3	Mobility between different 5GC nodes, when UEs are served by MWAB  
Figure 6.x.3.1 covers the mobility procedure between different 5GC nodes when UEs are served by MWAB traveling over a long distance.
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Figure 6.x.3.1: Mobility between different 5GC nodes, for UEs served by MWAB
1. MWAB can provide regular updates about MWAB-UE location (it also indicates MWAB’s location) to the source AMF (S-AMF) in terms of TAI+ Cell Identity, as defined in clause 4.10 of TS 23.502. Assuming that the MWAB has travelled a long distance, due to which there may be some restrictions on S-AMF related to the change in the service area of MWAB. This could potentially trigger an AMF relocation.
NOTE 1: The location reporting feature shall be enabled by default when a MWAB is authorized to serve.
NOTE 2: This is a single message from the MWAB to AMF based on its location, so the AMF can initiate handover for UEs connected via MWAB-gNB.
2. When the S-AMF cannot serve the UE anymore based on service area restrictions, S-AMF selects a target AMF (T-AMF) as defined in clause 6.3.5 of TS 23.501. 

3. S-AMF initiates a ‘UE Context Create Request’ message to T-AMF including MWAB ID and PDU Session ID information in the message. 

4. S-AMF also initiates a message to MWAB to indicate AMF handover with ‘MWAB Handover Update’ message providing UE ID and T-AMF ID. 

5. [Optional] If the T-AMF is not part of AMF set with which MWAB has N2 association pre-configured with, then MWAB shall follow the N2 configuration procedures defined in clause 4.2.7.1 of TS 23.502.

6. MWAB-gNB and T-AMF exchange NGAP UE association related information as defined in clause 6.4 of TS 38.401. A UE-associated NG logical connection is established between MWAB-gNB and T-AMF.

7. T-AMF sends ‘PDU Session Update Request’ along with UE location information to SMF. This location information is used by the SMF to decide if a new intermediate UPF needs to be allocated. 

8. SMF checks if the UE location is within the service area of the UPF. If it determines that the UE is moved out of that service area, it selects a new intermediate UPF (T-UPF) as defined in clause 6.3.3 of TS 23.501. 
Editor’s Note: Intermediate UPF selection is according to clause 4.9.1.3.2 of TS 23.502, however, its applicability for MWAB scenario is FFS
9. SMF sends ‘Session Modification Request’ to PDU Session Anchor (PSA) UPF to update it about the different CN Tunnel Info based on the new intermediate UPF selection in step 8. This CN tunnel info will be used by the UPF (PSA) to setup the new downlink N9 path to facilitate the handover to T-UPF. 

10. UPF (PSA) sends ‘Session Modification Response’ to SMF by providing CN Tunnel Info for establishing N9 interface (with T-UPF). 

11. SMF sends ‘Session Establishment Request’ with CN Tunnel Info of UPF (PSA) to T-UPF. This information will be used by the T-UPF to establish N9 interface with UPF (PSA). 

12. T-UPF responds SMF with ‘Session Establishment Response’ including UL CN Tunnel Info for N3. 
NOTE : MWAB can also choose to modify its tunnel to facilitate the path switch. This would entail additional steps for both the entities to exchange the updated tunnel information.
13. SMF sends ‘Session Establishment Request’ with N3 forwarding information of MWAB to the T-UPF. This establishes N3 downlink tunnel at T-UPF towards MWAB.

14. T-UPF allocates the Tunnel Info and responds to SMF with ‘Session Establishment Response’. 

15. SMF sends ‘PDU Session Update Response’ to T-AMF including CN Tunnel Info of T-UPF to be forwarded to MWAB. 

16. T-AMF sends ‘MWAB Handover Update’ by providing the CN Tunnel Info of T-UPF received from SMF to MWAB. This information is used by the MWAB to establish the N3 interface with T-UPF.
NOTE : This stage completes the uplink path establishment, after which the uplink data start flowing through the T-UPF to UPF (PSA).
17. MWAB send ‘MWAB Handover Complete’ to T-AMF indicating path establishment with T-UPF.
NOTE : To assist the reordering function in the MWAB, UPF (PSA) sends one or more ‘end marker’ packets for each N3 tunnel on the old path, immediately after switching the path. So, the data flow now happens between UPF(PSA) and UE through T-UPF. 
18. Once the handover is complete on MWAB, T-AMF informs SMF to release the old session tunnels on S-UPF. 
Editor’s Note: Reuse of existing procedures for Mobility Registration Update for UEs with AMF change is FFS
6.x.4	Handover of MWAB-UE 
Editor’s Note:  Mobility of MWAB-UE including the scenario of AMF change for MWAB-UE due to its mobility is FFS
[bookmark: _Toc93529811]6.x.54	Impacts on services, entities, and interfaces
Impacts on existing entities
AMF: Support relevant message exchange and functionality for handling the handover procedure.
Functions required at new entities
MWAB: Support relevant message exchange for handling the handover procedure.

* * * End of Changes * * * 
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