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Introduction
During RAN3#117bis-e meeting, the migration of mobile IAB node was discussed and some agreements were reached regarding the IAB node mobility. And there are still some open issues needs further discussion, e.g., the signaling procedure for partial migration and full migration, the support of mIAB-node mobility over NGAP. In this contribution, we discuss some open issues regarding the mobility of mobile IAB node. 
Discussion
Procedure of partial migration
During RAN3#117bis-e meeting, the following agreements were achieved on the procedure of partial migration of the mobile IAB node. 

	For partial migration of mIAB-node, the inter-donor HO of mIAB-MT is decided and triggered by the donor CU serving the mIAB-MT.

The donor CU serving the mIAB-DU decides whether to execute mIAB-DU migration or inter-donor F1 transport migration for the mIAB-DU.

For inter-donor partial migration, the donor CU serving the mIAB-DU is informed about the mIAB-MT HO. FFS on signalling details concerning the indication.
WA: The source donor CU for the mIAB-MT HO provides to the donor CU serving the mIAB-DU at least the:

•
gNB ID of the target donor CU for the mIAB-MT HO.

•
ID(s) of the mIAB-MT. How the mIAB-MT ID is maintained across migrations needs to be further discussed

•
FFS: the TNL address of the target donor CU for the mIAB-MT HO. 

It can be further discussed which node provides information to the donor CU serving the mIAB-DU
For partial migration of mIAB-node, the donor CU serving the mIAB-DU and the target donor CU for the mIAB-MT HO can directly exchange Xn IAB Transport Migration messages, in case direct Xn connectivity exists (or is established) between the two donor CUs.


Figure 1 shows an example of partial migration after one partial migration. Firstly, the mobile IAB node performs partial migration from donor CU1 to donor CU2. After MT migration from donor CU1 to donor CU2, the F1-C/U traffic between donor CU1 and mobile IAB node is transferred via donor DU2, which is the same as in R17 partial migration. And then the mobile IAB node performs partial migration from donor CU2 to donor CU3. In this case, the mobile IAB-DU is still connected with donor CU1 and all the UEs are served by donor CU1. After MT migration from donor CU2 to donor CU3, the F1-C/U traffic between donor CU1 and mobile IAB node is transferred via donor DU3.  
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Figure 1. Multiple consecutive partial migrations without DU/UE migration
Figure 2 shows an example of partial migration procedure for the mobile IAB node, where the F1-terminating donor and the source IAB donor of the IAB-MT HO are different IAB donors. As we can see, two types of migration procedure are supported for the mobile IAB node, i.e. partial migration and full migration. So it should be discussed how to determine the migration type of mobile IAB node. As agreed in RAN3#117bis meeting, the donor CU serving the mIAB-DU decides whether to execute mIAB-DU migration or inter-donor F1 transport migration for the mIAB-DU. It implies that the donor CU serving the mobile IAB-DU (i.e. the F1-terminating donor) is responsible of the determination of the migration type. And it was agreed that the donor CU serving the mIAB-DU is informed about the mIAB-MT HO. On the other hand, it was working assumption that the source donor CU for the mIAB-MT HO provides to the donor CU serving the mIAB-DU at least the gNB ID of the target donor CU and the IAB-MT ID. And which node provides information to the donor CU serving the mIAB-DU needs to be further discussed. In our view, source donor or the mobile IAB node could provide the MT HO info to the F1-terminating donor. And it is suggested that the source donor sends the target cell info of the MT handover to the F1-terminating donor after it determines the target cell of the MT handover based on the measurement report from the mobile IAB node. And then, after receiving the IAB-MT HO info, the F1 terminating donor could determine the migration type based on the distance between the F1 terminating donor and target donor of mobile IAB-MT. Alternatively, the F1 terminating donor may decide to initiate full migration when there is no IP connectivity between F1-terminating donor CU and target donor DU. On the other hand, it is FFS whether the TNL address of the target donor CU for the mIAB-MT HO needs to be informed to the donor CU serving the mIAB-DU. In our view, the TNL address of the target donor is not needed to be informed to the donor CU serving the mIAB-DU. The donor CU serving the mIAB-DU could obtain the TNL address of the target donor via OAM or TNL discovery procedure using existing mechanism. 
On the other hand, the migration type needs to be indicated to the target donor, e.g., for the corresponding IP address request. As we know, if partial migration is to be executed, only one set of IP addresses needs to be allocated by the target donor; Otherwise, if full migration is to be executed, two sets of IP addresses may be needed to be allocated by the target donor, i.e. one for inter-donor traffic transfer for F1-terminating donor and the other one for traffic transfer for target donor. In our view, the migration type could be indicated from the F1-terminating donor to the source donor and then sent from the source donor to the target donor, e.g. via the handover request message for the mobile IAB-MT. And then after receiving XnAP ID allocated by the target donor for the mobile IAB-MT via the handover request ACK message, the source donor sends the mobile IAB-MT ID (i.e. XnAP ID) to the F1-terminating donor.  
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Figure 2. Partial migration procedure for mobile IAB node
Proposal 1: The source donor of the mobile IAB-MT HO sends the IAB-MT HO info (including gNB ID of the target donor CU, IAB-MT ID) to the donor CU serving the mIAB-DU. 

Proposal 2: The TNL address of the target donor is not needed to be informed to the donor CU serving the mIAB-DU since existing mechanism could be used, i.e. via OAM or TNL discovery procedure.

Proposal 3: The donor CU serving the mobile IAB-DU (i.e. the F1-terminating donor) is responsible of the determination of the migration type.
Proposal 4: The migration type is informed to the target donor of the mobile IAB node. 
Full migration of mobile IAB node
The independence of DU migration and MT migration
During RAN3#117e and RAN3#117bis-e meeting, the independence of DU migration and MT migration has been discussed. And it was agreed that mIAB-DU migration and mIAB-MT handover can be executed independently from each other. And Details on the scenarios need to be further discussed. Based on the discussion in the last meeting, some company proposes to introduce a dedicated (“anchor”) donor CU covering a large area (e.g., an entire city), where the mIAB node would maintain the F1 connection to the “anchor” CU during the time the mIAB is located within this area. And it is proposed that in some scenario, it may be needed to hand over the mIAB-DU at some point, e.g., when the train leaves the area of the currently serving “anchor” CU. Once the mIAB-node approaches the border of the area under the “anchor CU”, the mIAB-DU is handed over to another “anchor CU”, independently of the mIAB-MT HO. In our view, for the anchor CU scenario, the traffic between the anchor CU and the mobile IAB-DU is transferred via the IAB donor serving the mobile IAB-MT, e.g. via IP routing as in R17 partial migration. In this situation, the anchor CU can keep unchanged when the mobile IAB node is connected with the same IAB donor considering that the traffic between the anchor CU and the mobile IAB-DU can always be transmitted via the IAB donor. So we don’t see motivation for a mobile IAB-DU execute inter-donor migration while the co-located mobile IAB-MT stays connected to the same donor in the anchor CU scenario. In other words, DU migration is performed only during full migration procedure due to MT migration. 
However, as analyzed in section 2.3, in some cases, DU migration may need to be performed before MT migration, e.g., when there is no IP connectivity between F1 terminating CU and target donor DU. Otherwise, if DU migration is performed after MT migration in this scenario, RRCreconfiguration message for UE sent from F1-terminating donor to mobile IAB node needs to be delivered via target path. Assume that IP connectivity between F1 terminating CU and target donor DU is not available, F1AP message transfer via NGAP needs to be supported. 
Proposal 5: DU migration is performed only during full migration procedure. 

Procedure of full migration 
During RAN3#117bis meeting, the procedure for full migration of mobile IAB node was discussed and the following agreements were made:
	To hand over the UEs between the logical mIAB-DUs, the source donor CU for mIAB-DU migration should be notified about the cell IDs served by the second (target) logical mIAB-DU.

The source donor CU for mIAB-DU migration should be informed that the second logical mIAB-DU has successfully established an F1 connection towards the target CU. Details are FFS.


As we can see, for the target cell ID of the UE handover, it was agreed that the source donor CU for mIAB-DU migration should be notified about the cell IDs served by the second (target) logical mIAB-DU. And for the trigger of UE HO, it was agreed that the source donor CU for mIAB-DU migration should be informed that the second logical mIAB-DU has successfully established an F1 connection towards the target CU. Figure 3 shows an example of full migration procedure for the mobile IAB node based on R17 partial migration, where the F1-terminating donor and the source IAB donor of the IAB-MT HO are different IAB donors. 
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Figure 3. Full migration procedure based on R17 partial migration
Currently, the cell ID (i.e. NCGI) of an NR cell is configured by the OAM. In mobile IAB scenario, the NCGI of the mobile IAB-DU cell shall contain the gNB ID of the F1-terminating donor CU. That means the NCGI of the target logical DU should contain the gNB ID of the F1-terminating donor CU. If follow the legacy mechanism, the target logical DU could obtain its cell configurations (including PCI, NCGI, etc) after MT connects to the target donor and connects to the OAM. As we can see, it would bring significant latency to the IAB node migration procedure. So it is suggested that the cell configuration of the target logical DU cell is allocated by the target donor, e.g., during the handover preparation phase of the MT migration. And the cell configuration of the source logical DU cell is informed from the source donor to the target donor during the handover preparation phase of the MT migration. In this way, the target donor could allocate cell configuration for the target logical DU cell and send the old and new cell mapping information to the source donor so that the source donor could determine the target cell for the UE handover. 
Proposal 6: It is suggested that the cell configuration of the target logical DU cell is allocated by the target donor instead of OAM. 

Proposal 7: It is suggested that the cell configuration of the source logical DU cell is informed from the source donor to the target donor. 

Proposal 8: It is suggested that the target donor sends the old and new cell mapping information to the source donor so that the source donor could determine the target cell for the UE handover.
Topology adaptation in absence of Xn and/or IP connectivity
During RAN3#117bis-e meeting, the scenario where there is no Xn and/or IP connectivity between source and target donor was discussed and the following agreements were reached:
	Focus first on the scenarios where Xn and IP connectivity are available between the source and target donors for IAB-MT HO and mIAB-DU migration.

RAN3 to discuss support of mIAB-node mobility over NGAP. Which type of migration needs to be further discussed


In our view, the following scenarios could be considered: 
Scenario 1: there is no Xn interface between source (or F1-terminating) donor and target CU, while there is IP connectivity between source (F1-terminating) donor CU and target donor DU.
As we know, partial migration based on Xn handover procedure has been specified in R17, which assumes that there is IP connectivity between source donor CU and target donor DU. In  R18 mobile IAB scenario,  there may be no Xn connection between source donor (or F1-terminating donor) and target donor CU, especially after multiple consecutive partial migration procedures. In order to support mobility of IAB node in absence of Xn interface, partial or full migration procedure based on N2 handover could be considered. In this situation, enhancements to NGAP signaling needs to be investigated to support migration procedure via NGAP. For instance, new NGAP message needs to be defined since inter-donor transport migration signaling (e.g. IAB transport migration management/modification request/response messages) needs to be transferred via NGAP. If there is IP connectivity between source CU(or F1-terminating donor) and target donor DU, F1-C and F1-U traffic between source donor CU(or F1-terminating donor) and mobile IAB node can be transmitted via the IP connection through the target path. 
Proposal 9: NG-based partial and full migration (with inter-donor transport migration) is supported when there is IP connectivity between source (F1-terminating) donor CU and target donor DU but no Xn interface between source (or F1-terminating) donor and target CU.
Scenario 2: there is neither Xn interface between source and target CU, nor IP connectivity between source donor CU and target donor DU
As we know, IP connectivity is needed between target donor DU and source CU in R17 partial migration procedure so that F1-C/U traffic between target donor DU and source CU could be transmitted via IP routing. Assume that there is no IP connectivity between source donor CU and target donor DU, it should be discussed how could F1-C/U traffic be transmitted via NGAP. In R16/17, F1-C traffic via X2/Xn interface has been discussed and specified based on dual-connectivity. However it has never been discussed how to transmit F1-U traffic via X2/Xn interface. As analyzed above, large specification work is needed to support  F1-C/U traffic transfer via NGAP if partial migration is performed when there is no IP connectivity between source donor CU and target donor DU. 
Observation 1: If R17 partial migration is used when IP connectivity between source CU (or F1-terminating donor) and target donor DU is not available, enhancements are needed to transmit F1-C/U traffic via NGAP. 

Proposal 10: Partial migration is not supported when IP connectivity between source CU (or F1-terminating donor) and target donor DU is not available. 

Assume that full migration is performed when there is no Xn and IP connectivity between source (or F1-terminating donor) and target donor, N2 handover based full migration procedure needs to be investigated. Since there is no IP connectivity between source (or F1-terminating donor) and target donor, it is suggested that full migration without inter-donor transport migration is supported as analyzed above. Moreover, it should be discussed how to deliver RRCreconfiguration message to the UEs during full migration. The following two solutions could be discussed:

Solution 1: RRCreconfiguration message for UE is delivered via target path

In this option, UE migration is performed after MT migration. F1APmessage containing RRCreconfiguration message for UE is transmitted from source donor CU to mobile IAB-DU via target donor DU through core network, as shown in Figure 4. In this case, it should be discussed whether F1-C transport over NGAP is investigated to deliver RRCreconfiguration message for UE. 
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Figure 4. F1-C transport via target donor DU through core network
Solution 2: RRCreconfiguration message for UE is delivered via source path

In this solution, RRCreconfiguration message for UE is delivered via source path before MT migration. So there is no need to transfer RRCreconfiguration message for UE via target path. That means no enhancement is needed to transport F1-C traffic via NGAP. The following solutions could be considered to deliver RRCreconfiguration message for UE  via source path. 
- Option 1: RRCreconfiguration for UE is sent to mobile IAB-DU before MT migration, and buffered at mobile IAB-DU. 

In this option, the similar scheme for delivering of RRCreconfiguration for UE as in intra-donor migration procedure is leveraged. Specifically, RRCreconfiguration for UE is sent to mobile IAB-DU before MT migration, and buffered at mobile IAB-DU. And the mobile IAB node releases the buffered RRCreconfiguration to UEs after MT migration when certain condition is met. 
- Option 2: CHO is configured at UE 

In this option, CHO configuration could be generated by the target donor CU before MT migration. And CHO is triggered and executed at UE after MT migration. However, CHO is not supported for NG-C based handover currently. 
- Option 3: normal HO is used for UE
In the above three options, logical DU2 in mobile IAB node needs to establish F1 connection with target donor CU before MT migration, so that CHO/HO configuration could be generated by the target donor CU. That means F1 traffic between mobile IAB-DU and target IAB donor needs to be transferred through source donor DU via source path. In this situation, some enhancements are needed to support transmitting F1 traffic between mobile IAB-DU and target IAB donor via source path. 

Proposal 11: If full migration without inter-donor transport migration is supported when there is no Xn and IP connectivity between source (or F1-terminating donor) and target donor, it should be discussed how to deliver RRCreconfiguration message to UEs:
- Option 1: via source path, some enhancements are needed to support establishing F1 connection with target donor CU before MT migration, i.e. DU migration is executed before MT migration.
- Option 2: via target path, it should be discussed whether to support F1-C transport over NGAP to deliver RRCreconfiguration message for UE. 
Conclusion
In this contribution, we discussed some open issues regarding the mobility of mobile IAB node. And we have the following observations and proposals:

Partial migration:
Proposal 1: The source donor of the mobile IAB-MT HO sends the IAB-MT HO info (including gNB ID of the target donor CU, IAB-MT ID) to the donor CU serving the mIAB-DU. 

Proposal 2: The TNL address of the target donor is not needed to be informed to the donor CU serving the mIAB-DU since existing mechanism could be used, i.e. via OAM or TNL discovery procedure.

Proposal 3: The donor CU serving the mobile IAB-DU (i.e. the F1-terminating donor) is responsible of the determination of the migration type.
Proposal 4: The migration type is informed to the target donor of the mobile IAB node. 
Full migration:
Proposal 5: DU migration is performed only during full migration procedure. 

Proposal 6: It is suggested that the cell configuration of the target logical DU cell is allocated by the target donor instead of OAM. 

Proposal 7: It is suggested that the cell configuration of the source logical DU cell is informed from the source donor to the target donor. 

Proposal 8: It is suggested that the target donor sends the old and new cell mapping information to the source donor so that the source donor could determine the target cell for the UE handover.
Topology adaptation in absence of Xn and/or IP connectivity:
Observation 1: If R17 partial migration is used when IP connectivity between source CU (or F1-terminating donor) and target donor DU is not available, enhancements are needed to transmit F1-C/U traffic via NGAP. 

Proposal 9: NG-based partial and full migration (with inter-donor transport migration) is supported when there is IP connectivity between source (F1-terminating) donor CU and target donor DU but no Xn interface between source (or F1-terminating) donor and target CU.
Proposal 10: Partial migration is not supported when IP connectivity between source CU (or F1-terminating donor) and target donor DU is not available. 

Proposal 11: If full migration without inter-donor transport migration is supported when there is no Xn and IP connectivity between source (or F1-terminating donor) and target donor, it should be discussed how to deliver RRCreconfiguration message to UEs:
- Option 1: via source path, some enhancements are needed to support establishing F1 connection with target donor CU before MT migration, i.e. DU migration is executed before MT migration.
- Option 2: via target path, it should be discussed whether to support F1-C transport over NGAP to deliver RRCreconfiguration message for UE. 
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