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Abstract of the contribution: This contribution proposes a new solution for KI#4 for the study of FS_VMR_Ph2.  
1. Proposal
It is proposed to accept the following changes to TR 23.700-06 as a new solution to address the KI#4.
1st 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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More Changes (All new text)
6.x
Solution #x: UE mobility handling due to MWAB mobility
6.X.1
Introduction

This solution addresses issues related to KI#4. It provides methods to support UE mobility handling in combination with the MWAB node mobility.
6.X.2
Functional Description

When the MWAB node moves nationally and internationally, the MWAB-gNB and MWAB-UE may be connected to different networks e.g., MWAB-UE may select PLMN A to register and establish PDU sessions for backhaul communication, while the MWAB-gNB may broadcast/serve a different PLMN B and be connected to the 5GC of the broadcasted PLMN B. The MWAB-UE may also change UPF and/or AMF used for BH connections upon mobility, and upon mobility the TAC and/or cell ID advertised by the MWAB-gNB may change as well as the AMF serving the UE at the new MWAB-gNB cell TAC and/or Cell ID.
It is proposed that no UE impact should be expected to support mobility involving a MWAB, so that there is no need to support MWAB specific features at the UE. Any N2 and Xn handover impacts on the MWAB gNB and the other gNBs should be studied also in RAN WGs but from SA2 perspective  existing procedures are considered applicable unless the need is identified to do otherwise.

For UEs in RRC_IDLE and RRC_INACTIVE any optional MWAB-specific optimization of procedures for cell (re‑) selection should be in scope of RAN WGs. But from SA2 perspective normal Cell selection and reselection should be sufficient for a UE to be able to select and reselect cells in presence of MWABs.

For UEs in RRC_CONNECTED state, if the MWAB-gNB goes out-of-service due to e.g. MWAB-UE moves to an area where the MWAB is not allowed to provide the relay service, the procedures for MWAB authorization state change are followed.

The TAC/Cell ID broadcasted by the MWAB-gNB cell(s) can be reconfigured by the OAM server used by the MWAB when MWAB-UE moves to a serving cell with a different TAC or also other reasons ro reconfigured the TAC/Cell ID, e.g. the need to change the PCI (the potential change of PCI without change of Cell ID could be supported but is not considered necessary in this solution). The gNB ID may change as well.
For a UE served by a MWAB cell, it may observe change of TAC and/or cell IDs, even if it is still connected to the same MWAB. This can trigger mobility registrations, as defined in TS 23.502 [2], if the new TAC is not in the TAI list in the RA.
6.X.2.1
MWAB mobility

When MWAB node moves nationally, the MWAB-UE selects either its HPLMN to register or another PLMN to register when there is no HPLMN coverage. The MWAB-gNB connects to the  core network based on configuration (e.g., the HPLMN of the MWAB-UE).
When MWAB node moves internationally, it is assumed that based on current regulations the MWAB-gNB may need to broadcast PLMN IDs with the MCC and MNC of network of the visited county. Since the OAM of the gNB has to be associated to one such PLMN it is assumed the MWAB has to be authorized to obtain backhaul connectivity in the visited country.
The scenarios of interest are as follows:

-
The MWAB-gNB connects to the same AMF as it moves (scenarios A, B, C in Figure 6.x.2.1-1).
-
The MWAB-gNB connects to different AMFs in the same PLMN as it moves (scenarios D, E in Figure 6.x.2.1-1).

-
The MWAB-gNB connects to different AMFs in different PLMNs as it moves (scenario F in Figure 6.x.2.1-2).
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Figure 6.x.2.1-1: MWAB-gNB in same PLMN 
When MWAB node moves internationally, the MWAB-gNB is required to be connected to a local network (e.g., broadcast the local network PLMN ID). Figure 6.x.2.1-2 below illustrates such possibility.
Editor's note: It’s FFS if this scenario F needs to be supported.
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Figure 6.x.2.1-2: MWAB-gNB in different networks 
When MWAB node moves nationally or internationally, the MWAB-UE performs the normal CONNECTED mobility procedures as specified in TS 23.502 [X] and, based on PDU session continuity function provided by handover procedures, the IP connectivity established by the MWAB-UE for backhaul communication is maintained if the UPF does not change. If the UPF changes adjustment of BH connections is required and SSC mode 3 may help to minimize interruption. See more BH connection handling in clause 6.x.2.3 below.
6.X.2.2
UE mobility

When MWAB node moves, the mobility for the UEs that are registered to network via the MWAB is handled in two different and separate ways:
-
The UEs do not move together with the MWAB cell (i.e. UE moves away from MWAB) and will be served by other cells.
-
The UEs moves together with the MWAB cell and continue to be served by the MWAB cell.

6.X.2.2.1
UEs moves away from MWAB node 

For the UEs that do not move together with MWAB node and are in IDLE mode or in RRC_INACTIVE state, the UEs perform cell (re-)selection as normal based on TS 23.122 [x] and camp on other cells. For the UEs in CONNECTED mode, the MWAB-gNB applies the existing mobility methods of normal gNB to transfer the UEs to other cells (e.g., Handover procedures). 
6.X.2.2.2
UEs moves together with MWAB node

For the UEs that move together with the MWAB node and therefore continue to connect to cells configured on MWAB-gNB, there are 3 different types of scenarios:

-
The MWAB-gNB remains connected/served by the same AMF as it moves (scenarios A, B, C above in clause 6.x.2.1).
-
The MWAB-gNB needs to be connected/served by a different AMFs in the same PLMN as it moves (scenarios D, E in clause 6.x.2.1).

-
The MWAB-gNB needs to be connected/served by a different AMF in different PLMNs as it moves (scenario F in clause 6.x.2.1).
For the case of MWAB-gNB moving in the same AMF area or different AMF areas but in the same PLMN, the MWAB-gNB configuration parameters may or may not need to be updated and the MWAB-gNB broadcast the same or different TAC/Cell ID. The UEs connected to MWAB-gNB perform UE mobility procedures as described in clause 6.x.3.2.
For the case of MWAB-gNB mobility result in change of serving 5GC in a different PLMN, the MWAB-gNB is configured with different parameters and broadcasts different PLMN ID, TAC/Cell ID. The UEs connected to MWAB-gNB perform the mobility procedures as described in clause 6.x.3.2 and 6.x.3.3.
NOTE: 
How the MWAB-gNB receives needed parameters for operation in same or different PLMNs is addressed by other solutions.

6.X.2.3
Impact on BH connections

There are two possible scenarios that can be considered: the BH connection is retained as the MWAB-UE moves, meaning that the same UPF is kept. In this case the IP address of the MWAB-gNB remains unchanged, hence there is no impact on the BH connection as such.

If however the BH-UPF changes, SSC mode 3 could be beneficial for the BH PDU sessions to ensure a Make before Break approach is used to ensure the NG-AP connections are not disrupted by using SCTP association migration between the original SCTP association to the secondary SCTP association which is taking over as primary upon release of the original BH PDU session.

The GTP-U tunnels used to support the UEs PDU sessions, the MWAB uses PDU Session Resource Modify Indication to each AMF of the UEs it serves as specified in TS 38.413[y]
6.X.3
Procedures

6.X.3.1
Impact on UEs served by a MWAB upon mobility of MWAB or mobility of UE with respect to the MWAB
Existing IDLE mode, RRC_INACTIVE state and CONNECTED mode mobility procedures and existing cell reselection procedures specified in TS 23.122[x]. 
6.X.3.2
Impact on the network when UEs moves together with MWAB node in the same PLMN
For the scenarios A, B, C (i.e., no UE AMF change) described in clause 6.x.2.1. it is assumed there is no need to change the MWAB-gNB gNB ID as there is no change of AMF upon mobility, which can be supported by keeping the same gNB, so the UE is assumed to keep the same AMF and gNB. If there is no new TAC/Cell ID advertised by the MWAB-gNB, it is assumed also there is also no physical cell ID change, and therefore there is no impact for the UEs either in IDLE mode or in CONNECTE mode. No extra action is needed for UEs. 


If TAC changes, the MWAB-gNB has to update its NG-AP connections to the AMFs it is connected with, to advertise it supports the new TAC and does not support the old TAC to such AMFs. Then, as soon as the new TAC is advertised, CM-IDLE UEs may need to perform a Mobility registration update if the new TAC is outside the RA, but all operates as usual for the involved network nodes and the MWAB-gNB (TAC and CELL ID updates works as usual in a gNB).


As the MWAB-UE moves, if the BH UPF does not change a simple handover procedure for BH connection is executed using SSC mode 1, hence there is no impact on the NG-AP association with AMFs. If the BH UPF changes, then SSC mode 3 procedures are reused by MWAB-UE as described in clause 6.x.2.3 above. 
When BH PDU sessions with the old and new UPFs are established in make before break using SSC mode 3, the MWAB-gNB needs to:

-
For N2, the MWAB triggers the SCTP level associations reconfiguration to use the new IP address for b/h for NG-AP. The MWAB-gNB uses the new IP address associated with the new b/h UPF to establish a SCTP with the AMF(s) it is configured to connect with, then the MWAB-gNB sends NG Configuration Update message (including gNB ID) over the new SCTP association, so that the AMF can know this is the new SCTP association for the MWAB-gNB. Then the MWAB-gNB initiates NG Configuration Update procedure to inform AMF to remove the SCTP association related to the old IP address.

-
For N3 GTP-UE tunnels used for the PDU sessions of the UEs the MWAB serves, the MWAB-gNB uses the PDU session Resource Modify Indication to each AMF of the UEs it serves to update the DL transport network level information for the sessions as specified in TS 38.413[y]. See figure 6.x.3.2-1.
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Figure 6.x.3.2-1: MWAB executes the PDU Session Resource Modify procedure when it is connected to a new UPF for B/H link for N3 GTP-UE tunnels of the UEs the MWAB serves.

Change of TAC only without change of AMF (scenario A, B, C as described in clause 6.x.2.1).
The Figure 6.x.3.2-2 below depicts the case of change of TAC without change of AMF. The MRU is invoked only if the UE exits the RA. For Connected mode UEs the MAWB gNB reconfigures them with the new value of TAC. The Cell ID does not change.
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Figure 6.x.3.2-2: change of TAC without Change of AMF
1.
The MWAB-UE upon mobility may report to MWAB-gNB the new TAC/Cell ID of the gNB that is serving it. Also it may report any new IP address for NG-AP if BH connection changes .

2.
The MWAB-gNB reports new location information (e.g., the new TAC/Cell ID of the gNB serving the MWAB-UE or its geo-location info) to the OAM server

3.
The OAM server, based on location information from MWAB-gNB (e.g., the TAC/Cell ID value or geo-location) provided in step 2, provides configuration parameters to the MWAB-gNB (e.g. with new TAC with same gNB ID and Cell ID). Any update of the NG connection to the AMFs occurs at this time.
4.
The MWAB-gNB advertises the new TAC and reconfigures the CM-CONNECTED UEs with the new value of TAC via RRC reconfiguration procedure.
5. The UEs, if the RA is crossed, perform MRU.
Change of TAC and Cell Id or change of Cell ID, without change of AMF (scenario A, B, C as described in clause 6.x.2.1).
The Figure 6.x.3.2-3 below depicts the case of change of TAC/Cell ID without change of AMF. This case exists if the RAN needs to update e.g. the Physical Cell ID. The MRU is invoked only if the UE exists the RA. The CM Connected UEs are handed oved to the new Cell with an intra-gNB Handover by a RRC reconfiguration. During the Handover two virtual cells are instantiated.
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Figure 6.x.3.2-3: change of TAC without Change of AMF
1.
The MWAB-UE upon mobility may report to MWAB-gNB the new TAC/Cell ID of the gNB that is serving it. Also it may report any new IP address for NG-AP if BH connection changes .

2.
The MWAB-gNB reports the new location information (e.g., TAC/Cell ID of the gNB serving the MWAB-UE or its geo-location info) to the OAM server

3.
The OAM server, based on location information from MWAB-gNB (e.g., TAC/Cell ID value or geo-location) provided in step 2, provides configuration parameters to the MWAB-gNB (e.g., with new TAC with same gNB ID and Cell ID). Any update of the NG connection to the AMFs occurs at this time.
4.
The MWAB-gNB advertises the new TAC and it reconfigures the CM-CONNECTED UEs with the new value of TAC and Cell ID by performing an intra-gNB Handover by emulating two cells.

5. The UEs, if the RA is crossed, perform MRU.
Change of UE AMFs due to mobility (scenario D, E as described in clause 6.x.2.1)
Scenarios D, E (i.e., with AMF change upon mobility, not because of change of AMF due to e.g new slices or due to other reason which can happen even when the gNB does not change) described in clause 6.x.2.1, can happen depends on the deployments (e.g. When there is a mobility over a wide area). This may include the MWAB gNB ID changes (e.g., different gNB IDs towards old and new AMFs).
When there is a mobility over a wide area, the OAM, when it receives the location information of the MWAB-gNB ( e.g., TAC/Cell ID of the gNB serving the MWAB-UE or other geo-location information), may configure the MWAB-gNB with new parameters ( e.g., a new gNB ID and related new TAC/Cell ID ).

As a result, the MWAB may instantiate a new instance of MWAB-gNB for the new virtual cell and keeps the old instance of MWAB-gNB and related virtual cell on, for as long as there are connected UEs that are not transferred to the new MWAB-gNB instance.
As an alternative, e.g. if the MWAB-gNB has only one instance and handles UEs in CONNECTED mode the same way as for scenario A, B, C (i.e., after MWAB-gNB setting up the new NGAP interface towards the new AMF, UEs are handled as intra-MWAB-gNB cell mobility and MWAB-gNB does not trigger specific UE signalling towards AMF to trigger the UE context move between AMFs immediately). However, the UE triggered NAS mobility registration procedure (after AS providing the new TAI info to NAS) can be used by new AMF to trigger the UE context retrieval from old AMF. See  figure 6.x.3.2.-1 for the detailed handling.

NOTE 1: The support of inter-gNB HO procedure or intra-gNB cell mobility will be coordinated with RAN WGs.

The new MWAB-gNB establishes the NG connection with the AMFs it is configured with, and we assume that OAM configures all possible AMFs that any fixed gNB may be configured with in the same service area for the TA that the MWAB-gNB is supporting. So, there is no issue in selecting an AMF for the UE that matches those that are configured in the MWAB-gNB.
The detailed procedures is in figure 6.x.3.2-4.
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Figure 6.x.3.2-4: change of AMF without new MWAB-gNB using same resources as old MWAB-gNB
2.
The MWAB-gNB reports the new location information (e.g., TAC/Cell ID of the gNB serving the MWAB-UE or its geo-location info) to the OAM server

3.
The OAM server provides the new configuration parameters (e.g., MWAB-gNB TAC/Cell ID for new MWAB-gNB instance). The new MWAB-gNB instance proceeds to establish NG to the AMFs it is configured with.
4.
The old MWAB-gNB hands over connected mode UEs to the new MWAB-gNB.
5. 
The Handover completes and UE performs a Mobility registration update (Idle mode UEs camping on MWAB gNB cell will also perform MRU when they detect the new cell of the new MWAB-gNB).
Editor's note: It’s FFS on the need to handle the scenario that MWAB-gNB supports the same TAC/Cell ID during the mobility. Further synch with RAN WG is needed.

















6.X.3.3
UEs move together with MWAB node to different PLMN

For scenario F (i.e., the AMF, that MWAB-gNB connects to, changes in different PLMNs) when MWAB moves, the MWAB-UE needs to establish a BH connection and the MWAB-gNB connects to AMFs in the new PLMN. The issue now is that we need simultaneous registrations in two PLMNs with one credentials (the MWAB-UE credential) to perform connected mode handover in a smooth way across the MWAB-gNB instances in the two PLMNs and this is not supported currently. However it may be possible to cause the UEs to become CM-IDLE and then change PLMN. So, it is proposed that MWAB-gNB may release all the connected UEs. When a UE is in IDLE mode, it may perform the PLMN selection procedure, and it may select the cell of MWAB-gNB in the new PLMN.
Editor's note: It’s FFS if UE needs to be maintained in CONNECTED mode in this scenario. 
6.X.4
Impacts on services, entities, and interfaces
MWAB:

-
support multiple instances of MWAB-gNB as outlined above

- 
Handle UE mobility as outlined above

-
Interact with OAM server as outlined above

-
Rearrange NG connection as needed upon change of UPF
-
Support the UE mobility procedures for UE in CONNECTED mode in case of different or same TAC/Cell ID 


OAM:

-
reconfigure the MWAB as it moves as described above

END OF CHANGES
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�Redundant since the title is impact on Network and UE impact is covered in the previous clause?


�I agree  but I wanted to be complete, hope we can keep this text


�Redundant?
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�Is it correct reference -see yellow


�We need to discuss whether we want to support this case from SA2 perspective.


�Nokia opinion is that this is not working as the UEs that are idle under MWAB will be lost as they ha ve no trigger for MRU but thee TAC has migrated to a new AMF. the MWAB gNB has no way to trigger context transfer either.
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