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1 Introduction
In the previous TSG-RAN WG3 meeting [1], following text was captured for mobile IAB as an inconclusive item:
In the same meeting, a TP for NR_mobile_IAB BL CR for TS 38.401[2] was also agreed. The goal of this submission is to discuss the concurrent MT migration and DU migration and capture additional text for TS 38.401.When MT migration is conducted during DU migration, the source-DU’s CU and the target-DU’s CU need to be informed about the gNB-ID of the MT’s target CU and the MT-ID selected by the MT’s target CU.

2 Discussion
During previous meetings, the following two observations have been made for mIAB MT and DU migrations by the participants:
a) DU migration can take much longer because it involves handover of the connected UE to the second DU.
b) MT migration is faster to complete than DU migration.
Because of the independent triggers for MT migration and DU migration, it is possible that they overlap. Let us consider the following cases: 
a) Uninterrupted DU migration.
b) MT migration triggered while DU migration is already in progress.
c) DU migration triggered while MT migration is already in progress.

Uninterrupted DU Migration
We first consider the case, when DU migration starts and completes without any mIAB-MT migration being triggered in the middle. This case is shown in Figure 1. In this diagram, the source and target nodes are abbreviated as SRC and TRG respectively. The nodes directly involved in MT migration are mIAB-MT; and RRC-terminating SRC MT-CU/DU and TRG MT-CU/DU. The nodes directly involved in DU migration are SRC mIAB-DU, TRG mIAB-DU; and F1-terminating SRC F1-CU and TRG F1-CU. The user data traffic flow between the User Equipment (UE) and Next Generation Core (NGC) at different stages is shown by the green lines. For brevity, the intermediate IAB nodes (if any) are not shown.
In Figure 1, TRG MT-CU/DU is shown greyed out to imply that no mIAB-MT migration is involved.
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It may be noted that before the DU migration, mIAB-MT’s CU has only a single context of UE’s IAB TNL with source logical mIAB-DU. 
1. In step 0, mIAB-DU migration is triggered between OAM, source DU’s CU and target DU’s CU.
2. In steps 1-5, mIAB-DU F1 setup is triggered, and target logical mIAB-DU sets up F1 link with target donor CU.
3. When a UE is handed over between mIAB-DU’s source and target CU, mIAB-DU’s target CU performs IAB TRANSPORT MIGRATION in steps 6-7. As a result, the mIAB-MT’s CU needs to support two contexts of IAB TNLs for the same UE.
4. NGC path for UE is switched in step 8.
5. mIAB-DU’s source CU performs IAB TRANSPORT MIGRATION to release old IAB TNL for the UE in steps 9-10. After this, mIAB-MT’s CU has a single IAB TNL context for the UE again.
6. In step 11, mIAB-DU’s source F1 link is removed after all UEs are handed over.
Following observations can be made from the above sequence:
Observation 1: The mIAB-MT’s CU needs to support two contexts of IAB TNLs for the same UE during the UE handover.
Observation 2: After the UE handover is completed, the mIAB-MT’s CU may have single context of UE’s IAB TNL again. 
Based on the above observations, we make the following proposal:
Proposal 1: During the UE handover phase of mIAB-DU migration, mIAB-MT’s donor CU should be able to handle two contexts of UE’s IAB TNLs with mIAB-DUs two donor CUs.

MT Migration during DU Migration
The sequence chart for this case is shown in Figure 2.
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Various steps in the above sequence chart are described below.
1. As mentioned in the previous section, during mIAB-DU migration, mIAB-MT’s source CU has dual context of IAB TNLs with source and logical mIAB-DUs CUs (step 1).
2. Steps 2-9 are the mIAB MT’s migration from source to target CU. 
3. Old BAP route is released, and new BAP route is setup in steps 10-11.
4. Source and target mIAB-DUs update the new F1-U TNL info, gNBID of mIAB-MT’s target CU and new BAP address with their respective donor CUs in steps 12-15.
5. For the UEs that have not yet handed over to TRG F1-CU, the SRC F1-CU performs IAB TRANSPORT MIGRATION with the TRG MT-CU (for setup) and the SRC F1-CU (for release) in steps 16-19. First IAB TNL context for UE is established at the TRG MT-CU. 
6. When a UE is handed over between mIAB-DU’s source and target CU, mIAB-DU’s target CU performs IAB TRANSPORT MIGRATION in steps 20-21. As a result, the mIAB-MT’s target CU needs to support two contexts of IAB TNLs for the same UE.
7. NGC path for UE is switched in step 22.
8. mIAB-DU’s source CU performs IAB TRANSPORT MIGRATION to release old IAB TNL for the UE in steps 23-24. After this, mIAB-MT’s target CU has a single IAB TNL context for the UE again.
9. In step 25, all UEs are handed over and source logical mIAB-DU’s F1 may be removed.
Following observations can be made from the above sequence:
Observation 3: If mIAB-MT migration occurs in the middle of mIAB-DU migration, both source and target mIAB-DUs need to update the gNBID of mIAB-MT’s target CU and mIAB-MT’s new BAP address with their respective donor CUs. 
Observation 4: When a UE is handed over between source and target mIAB-DUs’ CUs, mIAB-MT’s target CU transitions from single IAB TNL context to dual IAB TNL context for the UE. 
Observation 5: When the UE handover completes after MT migration, the mIAB-MT’s target CU may have single context of UE’s IAB TNLs again. 
Based on the above observations, we make the following proposal:
Proposal 2: If the mIAB-MT migration occurs concurrently with an ongoing mIAB-DU migration, both the source and the target mIAB-DUs should update their respective donor CUs with the gNBID of mIAB-MT's target CU and mIAB-MT's new BAP address. During the UE handover phase of mIAB-DU migration, mIAB-MT’s target donor CU should be able to handle two contexts of IAB TNLs for a UE with mIAB-DUs two donor CUs.

DU Migration during MT Migration
In this case, the current understanding is that F1AP is robust enough to handle interruption and switching of the paths between mIAB-DUs and the donor CUs. Hence no special handling is needed.
Observation 6: F1AP is robust enough to handle interruption and switching of the paths between mIAB-DUs and the donor CUs. Hence no special handling is needed for DU migration triggering during MT migration.

3 Conclusions
In this contribution, we have discussed the concurrent MT and DU migrations of mIAB. Based on this discussion, we made following observations and proposals: 
Observation 1: The mIAB-MT’s CU needs to support two contexts of IAB TNLs for the same UE during the UE handover.
Observation 2: After the UE handover is completed, the mIAB-MT’s CU may have single context of UE’s IAB TNL again. 
Observation 3: If mIAB-MT migration occurs in the middle of mIAB-DU migration, both source and target mIAB-DUs need to update the gNBID of mIAB-MT’s target CU and mIAB-MT’s new BAP address with their respective donor CUs. 
Observation 4: When a UE is handed over between source and target mIAB-DUs’ CUs, mIAB-MT’s target CU transitions from single IAB TNL context to dual IAB TNL context for the UE. 
Observation 5: When the UE handover completes after MT migration, the mIAB-MT’s target CU may have single context of UE’s IAB TNLs again. 
Observation 6: F1AP is robust enough to handle interruption and switching of the paths between mIAB-DUs and the donor CUs. Hence no special handling is needed for DU migration triggering during MT migration.
Based on the above observations, we make the following proposal:
Proposal 1: During the UE handover phase of mIAB-DU migration, mIAB-MT’s donor CU should be able to handle two contexts of UE’s IAB TNLs with mIAB-DUs two donor CUs.
Proposal 2: If the mIAB-MT migration occurs concurrently with an ongoing mIAB-DU migration, both the source and the target mIAB-DUs should update their respective donor CUs with the gNBID of mIAB-MT's target CU and mIAB-MT's new BAP address. During the UE handover phase of mIAB-DU migration, mIAB-MT’s target donor CU should be able to handle two contexts of IAB TNLs for a UE with mIAB-DUs two donor CUs.
Finally, the above proposals are captured in the Annex as a revision of [2].
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8.9.X Mobile IAB node authorization
During mobile IAB-node integration procedure, the RRC-terminating IAB-donor-CU receives the authorization status of the mobile IAB-node from the 5GC. If the authorization status is “not authorized”, the RRC-terminating IAB-donor-CU will not establish any backhaul resources (including BAP address, TNL address and default BAP configuration) for this mobile IAB-node. If the authorization status for the mobile IAB-node changes, the 5GC sends an updated authorization status to the RRC-terminating IAB-donor. 
In case the mobile IAB-MT and its co-located mIAB-DU connect to different IAB-donor-CUs, i.e. the RRC-terminating IAB-donor is different from the F1-terminating IAB-donor, the RRC-terminating IAB-donor will inform the F1-terminating IAB-donor about the authorization status of the mobile IAB-node via XnAP signalling once the authorization status has been updated. 
NOTE: In absence of Xn between RRC-terminating IAB-donor-CU and F1-terminating IAB-donor-CU, the passing of the authorization status is left up to implementation.
If the updated authorization status for the mobile IAB node is “not authorized”, the F1-terminating donor may hand over the UEs served by the mobile IAB-node, and should releases the F1 interface towards the mobile IAB-DU. After that, the F1-terminating IAB-donor requests from the RRC-terminating donor the release of all the offloaded traffics, and then the RRC-terminating donor releases all backhaul resources (including BAP address, TNL address and default BAP reconfiguration) for this mobile IAB node. 																																			
-------------------------------------------Next change-------------------------------------------

8.12.X    Mobile IAB node integration
During the integration, the mobile IAB-MT and mobile IAB-DU can connect to the same IAB-donor or to different IAB-donors. The procedure for the latter case is shown in Figure 8.12.X-1.

Figure 8.12.X-1: Decoupled mobile IAB node integration procedure 
Phase 1: Equivalent procedure to Phase 1 of the IAB-node integration in SA mode in section 8.12.1, where the mobile IAB-node and the RRC-terminating IAB-donor correspond to IAB-node 2 and the IAB-donor, respectively. The mobile IAB-node selects the parent node based on a mobile-IAB-specific over-the-air indication (transmitted in SIB1). The mobile IAB-MT includes a mobile-IAB-node-specific indication in the RRCSetupComplete message to assist the RRC-terminating IAB-donor to select an AMF supporting mobile IAB. 
Phase 2-1: Same as Phase 2-1 of procedure in section 8.12.1.
Phase 2-2: Same as Phase 2-2 of procedure in section 8.12.1.
Phase 3: Mobile IAB-DU part setup. In this phase, the mobile IAB-DU is configured via OAM. This configuration includes the information for the establishment of F1-C to the F1-terminating IAB-donor-CU.  The mobile IAB-DU initiates the TNL establishment, and F1 setup (as defined in clause 8.5) with the F1-terminating IAB-donor-CU using the default BAP routing ID and default BH RLC channel configured by the RRC terminating IAB-donor-CU in Phase 2-1 for upstream traffic. During the F1 setup, the mobile IAB-DU includes the gNB ID of the RRC-terminating IAB-donor-CU and its BAP address in the F1 SETUP REQUEST message. The mobile IAB-node obtains this gNB ID from the over-the-air broadcast by the RRC-terminating IAB-donor (SIB1). 
After the F1 is set up, the mobile IAB-node can start serving UEs. The F1-terminating IAB-donor-CU can initiate the IAB Transport Migration Management procedure towards the RRC-terminating IAB-donor-CU as defined in section 8.17.3.1. 
-------------------------------------------Next change-------------------------------------------
8.YY	Mobile IAB migration procedures
8.YY.1 Migration of mobile IAB-MT via Xn handover
The mIAB-MT of a mobile IAB-node can be migrated from a source RRC-terminating IAB-donor-CU to a target RRC-terminating IAB-donor-CU using the Xn handover procedure. During this migration, the mIAB-DU co-located with the mIAB-MT is connected to an F1-terminating IAB-donor-CU, which may be the same as the source RRC-terminating IAB-donor-CU or the target RRC-terminating IAB-donor-CU, or it can be different from both the source and the target RRC-terminating IAB-donor-CU.
Figure 8.YY.1.1-1 shows an example of mIAB-MT migration via Xn handover. In this example, the mIAB-MT is connected to the source RRC-terminating IAB-donor-CU via a source path of an IAB topology before the migration, and it is connected to the target RRC-terminating IAB-donor-CU via a target path of a different IAB topology after the migration. 



Figure 8.YY.1.1-1: Procedure for Xn-based migration of mobile IAB-MT
1. Steps 1-14 of the topology adaptation procedure of Section 8.17.3.1 are performed to conduct Xn handover of the mIAB-MT from the source parent IAB-node connected to the source RRC-terminating IAB-donor-CU to the target parent IAB-node connected to the target RRC-terminating IAB-donor-CU. In these steps, the mIAB-node corresponds to the migrating IAB-node of Section 8.17.3.1, and the mIAB-MT’s source and target RRC-terminating IAB-donor-CUs correspond to the respective source and target IAB-donor-CUs of Section 8.17.3.1. 
2. Same as step 15 of the topology adaptation procedure of Section 8.17.3.1, where the F1-C connection between the co-located mIAB-DU and its F1-terminating IAB-donor-CU is switched to the target path using the new TNL address information of the IAB-MT. In this step, the mIAB-node corresponds to the migrating IAB-node, and the F1-terminating IAB-donor-CU corresponds to the source IAB-donor-CU.
3. The mIAB-DU passes the gNB ID of the target RRC-terminating IAB-donor-CU and the mIAB-node’s BAP address allocated by the target RRC-terminating IAB-donor-CU to the F1-terminating IAB-donor-CU via F1AP. 
Note: If the mIAB-MT migration occurs concurrently with an ongoing mIAB-DU migration, both the source and the target mIAB logical DUs update their respective F1-terminating IAB-donor-CUs with the gNBID of the target RRC-terminating IAB-donor-CU and the mIAB-node's new BAP address. During the UE handover phase of mIAB-DU migration, the target RRC-terminating IAB-donor-CU should be able to handle two contexts of a UE’s IAB TNLs with mIAB’s two F1-termianting IAB-donor-CUs, if needed.
4. Steps 16-20 of the topology adaptation procedure of Section 8.17.3.1, where the F1-terminating IAB-donor-CU(s) initiate(s) the IAB Transport Migration Management procedure(s) towards the target RRC-terminating IAB-donor-CU to provide the context of the traffic offloaded. The target RRC-terminating IAB-donor-CU reconfigures the BAP sublayer and/or BH RLC channels on the target path accordingly, and provides the UL BH information for UL BH reconfigurations to be conducted by the F1-terminating IAB-donor-CU(s) on the mIAB-node. Then, the F1-U connections of the mIAB-node are migrated to the target path.
-------------------------------------------Next change-------------------------------------------
8.YY.2 Migration of mobile IAB-MT via NG handover
The mIAB-MT of a mobile IAB-node can be migrated from a source RRC-terminating IAB-donor-CU to a target RRC-terminating IAB-donor-CU using the NG handover procedure. During this migration, the mIAB-DU co-located with the mIAB-MT is connected to an F1-terminating IAB-donor-CU, which may be the same as the source RRC-terminating IAB-donor-CU or the target RRC-terminating IAB-donor-CU, or it can be different from both the source and the target RRC-terminating IAB-donor-CU.
Figure 8.YY.2.1-1 shows an example of mIAB-MT migration via NG handover. In this example, the mIAB-MT is connected to the source RRC-terminating IAB-donor-CU via a source path of an IAB topology before the migration, and it is connected to the target RRC-terminating IAB-donor-CU via a target path of a different IAB topology after the migration. 

Figure 8.YY.2.1-1: Procedure for NG-based migration of mobile IAB-MT
1. Similar to Step 1-14 in Section 8.17.3.1, where the NG-based handover procedure is used instead as defined in Section 4.9.1.3.2 and 4.9.1.3.3 in TS 23.502[xx]. 
2. Same as step 2 to step 4 of Section 8.YY.1.
NOTE:     How to exchange the IAB Transport Migration Management/Modification messages between the F1-terminating IAB-donor-CU and the target RRC-terminating IAB-donor-CU without Xn interface is up to implementation. 

-------------------------------------------Next change-------------------------------------------
8.YY.3 Mobile IAB-DU migration procedure
The RAN may perform the mobile IAB-DU migration procedure. During this procedure, the mobile IAB-node concurrently supports two logical mobile IAB-DUs, which have F1AP associations with the source F1-terminating IAB-donor-CU and target F1-terminating IAB-donor-CU, respectively. The mobile IAB-MT’s IAB-donor-CU may be the same as either the source F1-termainting IAB-donor CU or the target F1-terminating IAB-donor-CU, or it may be different from both source and target F1-terminating IAB-donor-CUs. 
UEs connected to the mobile IAB-node are handed over from the cell(s) of the source logical mobile IAB-DU associated with the source F1-terminating IAB-donor-CU to the cell(s) of the target logical mobile IAB-DU associated with the target F1-terminating IAB-donor-CU. After the UEs are handed over, the source logical mobile IAB-DU’s F1AP association with the source F1-terminating IAB-donor-CU may be released. 
Figure 8.YY.3.1-1 shows an example of the mobile-IAB-DU migration procedure. In this example, the source and target F1-terminating IAB-donor-CUs are different from the RRC-terminating IAB-donor-CU. 


Figure 8.YY.3.1-1: Mobile IAB-DU inter-CU migration procedure
1. The source F1-terminating IAB-donor-CU sends an MIAB F1 SETUP TRIGGERING to the source logical mIAB-DU to initialize the F1 Setup procedure towards the target F1-terminating IAB-donor-CU. The MIAB F1 SETUP TRIGGERING message includes the gNB ID of the target F1-terminating IAB-donor-CU and the information needed to establish the TNL connection with the target F1-terminating IAB-donor-CU for F1-C.
NOTE:     The mIAB-DU migration can also be triggered by the OAM. In this case, OAM provides the mIAB-node with all information to initiate the F1 Setup procedure toward the target F1-terminating IAB-donor-CU, and step 1 is omitted.
2. The target logical mIAB-DU initiates TNL establishment and F1 setup (as defined in clause 8.5) with the target F1-terminating IAB-donor-CU. During the F1 Setup procedure, the target logical mobile IAB-DU includes the gNB ID of the RRC-terminating IAB-donor-CU, and the BAP address of the mIAB-node in the F1 SETUP REQUEST message. 
3. The target F1-terminating IAB-donor-CU responds to the target logical mIAB-DU with an F1 SETUP RESPONSE message. After F1 setup with the target F1-terminating IAB-donor-CU, the target logical mobile IAB-DU can serve UEs via the target mobile IAB-DU’s activated cell(s).
4. By sending the MIAB F1 SETUP OUTCOME NOTIFICATION, the source logical mIAB-DU informs the source F1-terminating IAB-donor-CU about the outcome of the F1 interface setup between the co-located target logical mIAB-DU and the target F1-terminating IAB-donor-CU. The source logical mIAB-DU may provide the source F1-terminating IAB-donor-CU a mapping between activated cells of the source logical mIAB-DU and those of the target logical mIAB-DU. 
5. The source F1-terminating IAB-donor-CU hands over the UE from a source cell served by the source logical mobile IAB-DU to a target cell served by the target logical mobile IAB-DU. The target F1-termianting IAB-donor-CU initiates IAB Transport Migration management procedure towards the RRC-terminating IAB-donor-CU during this step.
Note: The RRC-terminating IAB-donor-CU should be able to handle two contexts of a UE's IAB TNLs with the two F1-termianting IAB-donor-CUs, if needed.
Editor’s NOTE: The sequence of procedures of UE HO and IAB TMM procedures is FFS.
NOTE: How to exchange the IAB Transport Migration Management/Modification messages between the target F1-terminating IAB-donor-CU and the RRC-terminating IAB-donor-CU without Xn interface is up to implementation. 
6. After all the UEs are handed over, the source F1-terminating IAB-donor-CU may initiate the removal of the F1 interface towards the source logical mIAB-DU.


-------------------------------------------End of changes-------------------------------------------
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2. Step 15 of the topology adaptation procedure of Section 8.17.3.1 to redirect the mIAB-DU͛s F1-C to the target path and report F1-U TNL info to F1-terminating IAB-
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3. Sending info related to target RRC-terminating IAB-donor-CU to the F1-terminating IAB-donor CU

4. Steps 16-20 of the topology adaptation procedure of Section 8.17.3.1, where the  target RRC-terminating IAB-donor-CU performs the IAB Transport Management 

Migration procedure with the F1-terminating IAB-donor-CU and BH RLC channel, BAP route and mapping rules along the target path are reconfigured, and F1-U of the 

mIAB-DU is migrated to the target path.
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4. Steps 16-20 of the topology adaptation procedure of Section 8.17.3.1, where the  target RRC-terminating IAB-donor-CU performs the IAB Transport Management Migration procedure with the F1-terminating IAB-donor-CU and BH RLC channel, BAP route and mapping rules along the target path are reconfigured, and F1-U of the mIAB-DU is migrated to the target path.
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