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Introduction
During the last RAN3 meeting, topology adaptation was discussed and some agreements were achieved on inter donor IAB node migration and CHO/DAPS. In this contribution, we first discuss the stage 2 procedure for full migration and gradual migration respectively. And then we discuss potential enhancements for each migration procedure. At last, we discuss whether to how to support CHO and DAPS-like solution in IAB and give our proposals. 
Inter donor IAB node migration
During RAN3#110-e meeting, an email discussion CB# 11_IABinterDonorMigration was initiated and discussed [1]. Based on the discussion on the email discussion, the following  agreements were reached: 

	For IAB nodes connected to a single donor, IAB-MT migration between IAB-donors can support robustness and load balancing; the Xn handover preparation procedure is taken as baseline.

For IAB nodes connected to 2 donors, robustness and load balancing can be supported by using simultaneous connectivity
It is not precluded for an IAB node to have simultaneous F1 interfaces to 2 donor CUs using the concept of separate logical IAB-DUs in the same physical node
Given that the IAB-DU cells can only be configured by one donor at a time, the timing for the switching of such cells with respect to the migration of the collocated IAB-MT are FFS
As a consequence of adopting the Xn HO prep procedure as BL, the new IAB-donor needs to have an F1AP association with the IAB-DU holding the target cell before responding to the initiating message of the UE migration procedure 

E-migration to the new IAB-donor requires security context/key change
For IAB-MT migration, continue to discuss full and gradual sequences to migrate IAB-MT, UEs and descendent nodes


As agreed in RAN3 agreements, we shall continue to discuss full and gradual sequences to migrate IAB-MT, UEs and descendent nodes. As discussed in [1], in full migration, IAB-node, UEs and descendent nodes are migrated in shortest possible time, as illustrated by the purple arrow in figure 1. With gradual migration, IAB-MT, UEs and descendent nodes are migrated to the new IAB-donor over an extended period of time with intermediate stages, as illustrated by the pink and orange arrows in figure 1. More specifically, the orange arrow (i.e. option 1) shows the top-down sequence and the pink arrow (i.e. option 2) shows the bottom-up sequence. Both top-down and bottom-up sequence could be used for gradual migration. With regard to full migration, not only top-down and bottom-up sequences, but also nested sequence could be considered, which means the migrating IAB-MT is the last in receiving the RRC Reconfiguration but the first in executing the RRC Reconfiguration and the descendant nodes therefore receive the RRC Reconfiguration via the source path but execute the reconfiguration top-down after the IAB-MT handover has succeeded.  
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 Figure 1. Example for full migration (purple arrow) and two alternatives for gradual migration (pink and orange arrows) [R3-206256]
Top-down migration sequence
Stage 2 procedure
In top-down migration sequence, migrating IAB-MT performs migration before that of child/descendant IAB nodes and UEs. That means the migrating IAB-MT firstly receives handover command, disconnects to source parent node and access to target parent node. And then the UEs and the descendant-nodes can then be migrated in top-down sequence over an extended period time. The example migration procedure is illustrated in Figure 2.
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Figure 2. Stage 2 migration procedure for top-down sequence

The key steps are described in the below: 
Step 1: migrating IAB-MT migration procedure is performed, which is similar as normal UE’s handover procedure. In this step, the contexts of migrating IAB-MT, backhaul and topology information, IP address information, identities of all IAB-MTs/UEs should be included in the XnAP handover request message and sent to target donor CU. 
Step 2: migrating IAB-DU migration procedure is performed. In our understanding, the migration of IAB-DU is comprised of DU context transfer, F1-C migration and F1-U migration procedures. Identity of IAB-MT collocated with the IAB-DU could be indicated from source donor CU to target donor CU.  

In top-down migration sequence, migrating IAB-DU need to maintain two F1-C connection with both source and target donor CUs. The F1-C connection with source CU is required to be maintained to deliver RRCreconfiguration message to its serving IAB-MTs/UEs which didn’t migrated yet. The F1-C connection with target CU is required for RRCreconfigurationcomplete message delivery for its serving IAB-MTs/UEs which have migrated. Since we assume that we won’t break F1 interface principles, one possible solution is that two logical IAB-DUs are located in one IAB node. 

After F1 connection has been established between migrating IAB-DU and target donor CU, target donor CU could initiate the migration of F1-U to update the TNL addresses and GTP TEID of GTP tunnel. In addition, routing and traffic mapping configuration could also be reconfigured by target donor CU in this step. 

Observation 1: In top-down migration sequence, migrating IAB-DU and all child/descendant IAB-DUs need to maintain two F1-C connection with both source and target donor CUs, which requires two logical IAB-DUs in one IAB node.

Step 3: child IAB-MT migration procedure is performed. This step is similar to the migration of IAB-MT in step 1. Child IAB-MT’s migration procedure could be initiated after source donor CU receives handover success message for its parent IAB node from target donor CU. Since migrating IAB-MT has migrated to target path which is connected to target donor CU, the HO cmd message for child IAB-MT needs to be transmitted via target path.
Step 4: child IAB-DU migration procedure is performed which is similar to step 2.  

Step 5: UE handover procedure is performed. UE’s handover procedure is initiated after source donor CU receives handover success message for its serving IAB node from target donor CU. Similarly, UE identity in the DU (e.g. gNB-DU F1AP ID), and the identity of its serving IAB-DU could be contained in the handover request message. As analyzed in step 3, RRCreconfiguration message for UE need to be delivered via target path. 
Observation 2:  In top-down migration sequence, the HO cmd messages for child/descendant IAB-MTs and UEs need to be transmitted via target path.

Potential enhancements for top-down gradual migration

For top-down gradual migration sequence, the UEs/IAB-MTs remain at the source IAB-donor, but their F1-U connections are rerouted to the target path during intermediate stage. the potential issues which need to be considered are listed in the below. 

Issue 1: how to set the target cell ID field in XnAP handover request message. 

Issue 2: how to deliver F1-C/F1-U packets between source donor CU and IAB-DU via target path. 

Issue 3: when to switch DU cell configuration?
Issue 1: how to set the target cell ID field in XnAP handover request message

As we know, source donor CU shall include target cell ID in the XnAP handover request message and send it to target donor CU to initiate the migration procedure. However, the cell ID of parent IAB-DU cell shall be re-configured by OAM or target donor CU after inter donor migration. As a result, source donor CU is not aware of the re-configured cell ID of parent IAB-DU and have no idea of how to set the target cell ID field in XnAP handover request message. In the top-down gradual sequence, IAB node migration procedure is performed before the its child node’s migration. As one possible solution, source donor CU could obtain re-configured DU cell ID from target donor CU if the DU cell ID is re-configured by target donor CU. Or the re-configured DU cell ID could be reported from IAB-DU to source donor CU after the IAB-DU obtains re-configured DU cell ID via OAM or from target donor CU. Alternatively, as proposed in [1], source cell ID rather than the target cell together with an indicator that the target cell may not yet be available or serving cell is not changed could be included in the XnAP handover request message.

Observation 3: Source donor CU is not aware of the re-configured cell ID of parent IAB-DU and have no idea of how to set the target cell ID field in XnAP handover request message.
Proposal 1: Source donor CU could obtain re-configured DU cell ID from target donor CU or IAB-DU. 
Issue 2: how to deliver packets between source donor CU and IAB-DU via target path

For F1-C packets 

As analyzed above, in top-down gradual sequence, the HO cmd messages for child/descendant IAB-MTs or UEs need to be transmitted via target path since migrating IAB-MT has migrated to target path and disconnect with source path. The following options could be considered for the delivery of the F1AP message delivery which includes the HO cmd message: 

Option 1:  delivered via target donor CU

Similar as in R16 IAB, F1-C packets between source donor CU and IAB-DU could be delivered via target donor CU. For example, F1-C packets containing the HO cmd messages for child/descendant IAB-MTs or UEs could be transmitted between source donor CU and target donor CU via XnAP message, and transmitted between target donor CU and IAB-DU via NR RRC message. 
Option 2: delivered via target donor DU

During last RAN3 meeting, it was agreed that in inter-donor topology redundancy, the traffic may be sent from one donor CU directly to the donor DU of another donor and further towards the IAB node, without passing through additional donor CU(s). Similarly, during inter donor migration, it could be considered that F1-C packets between source donor CU and IAB-DU could be transmitted via target donor DU without passing through target donor CU. In this option, IP routing could be used for the F1-C traffic delivery,as illustrated in figure 3. In order that these packets could be delivered via target path, IP address allocated by target donor needs to be set as the target IP address for these IP packets. So it should be discussed how could source donor CU obtain IAB-DU’s IP address allocated by target donor. Another issue is how to configure downlink traffic mapping at target donor DU for the packets from source donor CU. In other view, similar solution as in R16 IAB for EN-DC deployment could be discussed as baseline. 
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Figure 3 Packet delivery between source donor CU and IAB node via target donor DU 
Proposal 2: Downlink F1-C packets between source donor CU and IAB-DU could be delivered via target donor CU or via target donor DU without passing through target donor CU. 
For F1-U packets 
On the other hand, in top-down gradual sequence, F1-U packets for the UEs which are not migrated to target donor CU needs to be transmitted via target path between source donor CU and IAB-DU during intermediate stage. For uplink packets, BAP routing ID configured by source donor CU is contained in the BAP header. So it should be discussed how could packets with source BAP routing ID be delivered via target path. Another challenge is that if source IP filtering is deployed, these packets may be discarded by target donor DU or routers. 

For downlink packets, similar issues exist as for F1-C packets which are analyzed above. Specifically, IP address allocated by target donor needs to be set as the target IP address for these IP packets. And downlink traffic mapping at target donor DU needs to be updated for the packets from source donor CU. 
Proposal 3: Uplink/Down F1-U packets between source donor CU and IAB-DU could be delivered via target donor DU without passing through target donor CU.

Proposal 4: Assuming uplink F1-U packets between source donor CU and IAB-DU are delivered via target donor DU, it should be discussed how could packets with source BAP routing ID be delivered via target path and how to avoid  packets with source IP address allocated by source donor be discarded by target donor DU or routers. 
Proposal 5: If downlink F1-C or F1-U packets between source donor CU and IAB-DU are delivered via target donor DU, it should be discussed how to set and obtain the target IP address of these packets and how to configure downlink traffic mapping at target donor DU. 
Issue 3: when to switch DU cells
During last RAN3 meeting, it was agreed that given that the IAB-DU cells can only be configured by one donor at a time, the timing for the switching of such cells with respect to the migration of the collocated IAB-MT are FFS. As discussed during the email discussion [1] in last RAN3 meeting, there seems to be consensus that the cell’s NCI has to change but that PCI may not need to change, in particular when the IAB-node is physically stationary. In addition, cell specific Uplink/Downlink TDD configuration of the DU cell may need to be re-configured by target donor CU. The IAB-DU could obtain re-configured NCI and DU cell specific Uplink/Downlink TDD configuration from donor CU via F1AP message or from HO cmd message. 

With regard to UE, it could obtain new NCI configured by target donor CU or OAM via SIB1. On the other hand, DU cell specific Uplink/Downlink TDD configuration configured by target donor CU could be included in HO cmd message for SpCell and sent to UE. As discussed above, in gradual migration, IAB-MT, UEs and descendent nodes are migrated to the new IAB-donor over an extended period of time. Considering that there may be large numbers of UEs served by IAB-DU involved in the migration, the time interval between two UEs receiving HO cmd message may be very long. So it is not appropriate for IAB-DU to switch cells upon sending HO cmd message to UE. And it is not suggested to include cell specific Uplink/Downlink TDD configuration configured by target donor CU in HO cmd message. In our view, after IAB-DU receives the updated configurations from target donor CU, it could transmit updated configurations to UEs via system information modification procedure. In this way, IAB-DU could switch DU cells in the next modification period after receiving the updated configurations. 
Proposal 6: In gradual migration, IAB-DU transmit updated configurations to UEs via system information modification procedure. In this way, IAB-DU could switch DU cells in the next modification period after receiving the updated configurations from target donor CU.

Potential enhancements for top-down full migration
For top-down full migration sequence, as discussed in [1], the migrating IAB-MT is handed over before UEs/child nodes. Descendant nodes are migrated tier by tier from top to bottom. Comparing to top-down gradual migration sequence, there is no intermediate stage in top-down full migration sequence, i.e. F1-U packets between source donor CU and IAB node are not delivered via target path. However, RRC Reconfiguration message for UEs/descendent nodes needs to be delivered via target path from source donor CU to IAB node. Similarly, two logical IAB-DUs are needed in one IAB node. The F1-C connection with source CU is required to be maintained to deliver RRCreconfiguration message to its serving IAB-MTs/UEs which didn’t migrated yet. While the F1-C connection with target CU is required for RRCreconfigurationcomplete message delivery for its serving IAB-MTs/UEs which have migrated. As a result, issue 1 and issue 3 discussed above also exist in the top-down full migration sequence. 

Observation 4: Comparing to top-down gradual migration sequence, there is no intermediate stage in top-down full migration sequence, i.e. F1-U packets between source donor CU and IAB node are not delivered via target path. However, RRC Reconfiguration message for UEs/descendent nodes needs to be delivered via target path.
Bottom-up migration sequence
Stage 2 procedure
In bottom-up migration sequence, the UE and descendent IAB-nodes are migrated in bottom-up sequence to the new IAB-donor. And then migrating IAB node performs migration at last. The example migration procedure is illustrated in Figure 4.
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Figure 4. Stage 2 migration procedure for bottom-up sequence
The key steps are described in the below: 
Step 1: UE’s serving IAB-DU (i.e. access IAB-DU) migration procedure is performed. 

In bottom-up migration sequence, UE migration procedure are performed firstly. During last RAN3 meeting, it was agreed that as a consequence of adopting the Xn HO prep procedure as BL, the new IAB-donor needs to have an F1AP association with the IAB-DU holding the target cell before responding to the initiating message of the UE migration procedure. As a result, access IAB-DU migration procedure could be performed before or in parallel with UE handover procedure as a baseline procedure. And the target donor CU could send HO request ACK to source donor CU after it has F1AP association with UE’s access IAB-DU. However, the migrating IAB node’s child/descendant IAB node may be not aware that its upstream IAB node is about to migrate to another donor CU, e.g. the radio link quality is quite good. In this situation, it should be discussed how could the establishment of F1AP association between descendant IAB-DU and target donor CU be triggered. For example, it could be triggered by source donor CU or by migrating IAB node. 

Observation 5: In bottom-up migration sequence, as a baseline procedure, target donor CU could send HO request ACK to source donor CU after it has F1AP association with UE’s access IAB-DU.

Observation 6: In bottom-up migration sequence, the migrating IAB node’s child/descendant IAB node may be not aware that its upstream IAB node is about to migrate to another donor CU. So it should be discussed how could the F1 setup procedure of child/descendant IAB-DUs be triggered.

Similar as in top-down migration sequence, migrating IAB-DU need to maintain two F1-C connection with both source and target donor CUs. The F1-C connection with source CU is required to be maintained to deliver RRCreconfiguration message to its serving IAB-MTs/UEs which didn’t migrated yet. The F1-C connection with target CU is required for RRCreconfigurationcomplete message delivery for its serving IAB-MTs/UEs which have migrated. Since we assume that we won’t break F1 interface principles, one possible solution is that two logical IAB-DUs are located in one IAB node. 

Observation 7: In bottom-up migration sequence, IAB-DU need to maintain two F1-C connection with both source and target donor CUs, which requires two logical IAB-DUs in one IAB node.
Step 2: UE handover procedure is performed. UE’s handover procedure is initiated after source donor CU receives handover success message for its serving IAB node from target donor CU. Similarly, UE identity in the DU (e.g. gNB-DU F1AP ID), and the identity of its serving IAB-DU could be contained in the handover request message. In bottom-up migration sequence, RRCreconfiguration and RRCreconfigurationcomplete message for UE need to be delivered via source path. 
Step 3-4: After access IAB node’s all served UEs are migrated to target donor CU, access IAB-MT’s migration procedure is performed. As analyzed above, as a baseline procedure, the target donor CU could send HO request ACK to source donor CU after it has F1AP association with the IAB-DU holding the target cell. As a result, access IAB-MT’s serving IAB-DU’s migration procedure could be performed before or in parallel with access IAB-MT migration procedure as a baseline procedure. 

Step 5: migrating IAB-MT migration procedure is performed at last, which is similar as normal UE’s handover procedure. In this step, the contexts of migrating IAB-MT, IP address information should be included in the XnAP handover request message and sent to target donor CU. 
Potential enhancement for bottom-up gradual migration sequence
For top-down gradual migration sequence, the UEs/IAB-MTs are handed over to the target IAB-donor, but their F1-U connections are rerouted via the source path during intermediate stage. The potential issues which need to be considered are listed in the below. 

Issue 1: how to set the target cell ID field in XnAP handover request message. 

As analyzed in top-down gradual migration procedure, source donor CU is not aware of the re-configured cell ID of parent IAB-DU and have no idea of how to set the target cell ID field in XnAP handover request message. As one possible solution, source donor CU could obtain re-configured DU cell ID from target donor CU if the DU cell ID is re-configured by target donor CU. Or the re-configured DU cell ID could be reported from IAB-DU to source donor CU after the IAB-DU obtains re-configured DU cell ID via OAM or from target donor CU. Alternatively, as proposed in [1], source cell ID rather than the target cell together with an indicator that the target cell may not yet be available or serving cell is not changed could be included in the XnAP handover request message.

Issue 2: how to deliver F1-C/F1-U packets between target donor CU and IAB-DU via source path. 

For F1-C packets 
Similar as in top-down gradual migration procedure, in bottom-up gradual sequence, the RRCreconfigurationcomplete message for child/descendant IAB-MTs or UEs need to be transmitted via source path. The following two options could be considered:  

Option 1:  delivered via target donor CU

Similar as in R16 IAB, F1-C packets  between target donor CU and IAB-DU could be delivered via source donor CU. For example, F1-C packets containing the containing RRCreconfigurationcomplete message for child/descendant IAB-MTs or UEs could be transmitted between IAB-DU and source donor CU via NR RRC message, and transmitted between source donor CU and target donor CU via XnAP message.
Option 2: delivered via target donor DU
In this option, F1-C packets containing RRCreconfigurationcomplete message are delivered via target donor DU without passing through target donor CU, as illustrated in Figure 5. In this situation, BAP routing ID configured by target donor CU is contained in the BAP header. So it should be discussed how could packets with target BAP routing ID be delivered via source path. Another challenge is that if source IP filtering is deployed, these packets may be discarded by source donor DU or routers. 
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Figure 5. Packet delivery between target donor CU and IAB node via source donor DU 
For F1-U packets 
On the other hand, in bottom-up gradual sequence, F1-U packets for the UEs which have migrated to target donor CU needs to be transmitted via source path between target donor CU and IAB-DU during intermediate stage. For uplink packets, IP routing could be used, which means uplink packets are transmitted via source donor DU without passing through source donor CU. The same challenges as for F1-C packets exists for F1-U packets, e.g. how could packets with source BAP routing ID be delivered via target path, the source IP filtering issue. 
For downlink packets, IP routing via source donor DU without passing through source donor CU could also be used. Similar issues exist as analyzed in top-down gradual migration procedure. Specifically, IP address allocated by source donor needs to be set as the target IP address for these IP packets. And downlink traffic mapping at source donor DU needs to be updated for the packets from target donor CU. 

Proposal 7: Uplink F1-C packets between target donor CU and IAB-DU could be delivered via source donor CU or via source donor DU without passing through source  donor CU. 
Proposal 8: Uplink/Down F1-U packets between target donor CU and IAB-DU could be delivered via source donor DU without passing through source donor CU.

Proposal 9: Assuming uplink F1-C/F1-U packets between target donor CU and IAB-DU are delivered via source donor DU, it should be discussed how could packets with target BAP routing ID be delivered via source path and how to avoid  packets with target IP address allocated by target donor be discarded by source donor DU or routers. 
Proposal 10: If downlink F1-U packets between target donor CU and IAB-DU are delivered via source donor DU, it should be discussed how to set and obtain the target IP address of these packets and how to configure downlink traffic mapping at source donor DU. 
Issue 3: when to switch DU cell configuration?
The same as in top-down gradual migration, in bottom-up gradual migration, IAB-MT, UEs and descendent nodes are migrated to the new IAB-donor over an extended period of time. Considering that there may be large numbers of UEs served by IAB-DU involved in the migration, the time interval between two UEs receiving HO cmd message may be very long. So it is not appropriate for IAB-DU to switch cells upon sending HO cmd message to UE. And it is not suggested to include cell specific Uplink/Downlink TDD configuration configured by target donor CU in HO cmd message. In our view, after IAB-DU receives the updated configurations from target donor CU, it could transmit updated configurations to UEs via system information modification procedure. In this way, IAB-DU could switch DU cells in the next modification period after receiving the updated configurations. 

Potential enhancement for bottom-up full migration sequence
For bottom-up full migration sequence, as discussed in [1], descendant nodes and UEs are migrated tier by tier from bottom to top before the IAB-MT is migrated. Comparing to bottom-up gradual migration sequence, there is no intermediate stage in bottom-up full migration sequence, i.e. F1-U packets between target donor CU and IAB node are not delivered via source path. However, RRC Reconfiguration complete message for UEs/descendent nodes needs to be delivered via source path from IAB node to target donor CU. Similarly, two logical IAB-DUs are needed in one IAB node. The F1-C connection with source CU is required to be maintained to deliver RRCreconfiguration message to its serving IAB-MTs/UEs which didn’t migrated yet. While the F1-C connection with target CU is required for RRCreconfigurationcomplete message delivery for its serving IAB-MTs/UEs which have migrated. As a result, issue 1 and issue 3 discussed above also exist in the bottom-up full migration sequence. 

Observation 8: Comparing to bottom-up gradual migration sequence, there is no intermediate stage in bottom-up full migration sequence, i.e. F1-U packets between target donor CU and IAB node are not delivered via source path. However, RRC Reconfiguration complete message for UEs/descendent nodes needs to be delivered via source path from IAB node to target donor CU.
Nested full sequence
Stage 2 procedure
As discussed in [1], in nested full migration sequence, the migrating IAB-MT is the last in receiving the RRC Reconfiguration but the first in executing the RRC Reconfiguration. The descendant nodes therefore receive the RRC Reconfiguration via the source path but execute the reconfiguration top-down after the IAB-MT handover has succeeded. The example migration procedure is illustrated in Figure 6. The key steps are analyzed in the below: 

Step 2. Source donor CU performs mobility decision based on the measurement report and determine which IAB-nodes and UEs need to perform inter-donor CU migration along with the migrating IAB node. 
Step 3. Source donor CU initiates the migration procedure by sending handover request message for migrating IAB-MT, migrating IAB-DU, each child/descendant IAB-MT/DU and UE separately to target donor CU. 
As agreed in RAN3#109-e meeting, the following information should be made available to the new donor: Contexts of all involved UEs/MTs/DUs, backhaul and topology-related information, IP address information. In addition, identity of IAB-MT collocated with the involved IAB-DU could be included in the handover request message for the IAB-DU.  As agreed in last RAN3 meeting, we assume that all parent-child relations are retained at the new donor. So identity of IAB-MT or IAB-DU serving the IAB-MT/UE could be included in the handover request message for the IAB-MT or UE. 
In addition, identities of all IAB-MTs/UEs which would migrate along with the migrating IAB node could be included in the handover request message for migrating IAB-MT, so that target donor CU could determine whether the IAB node migration for all involved IAB-MTs/UEs have already been initiated. Alternatively, source donor CU could indicate that the IAB node migration for all involved IAB-MTs/UEs have already been initiated to target donor CU.
Step 4. Target donor CU initiates UE context setup procedure for migrating IAB-MT with target parent node. 

Step 5. Target donor CU sends handover request ACK message for migrating IAB-MT, migrating IAB-DU, each child/descendant IAB-MT/DU and UE separately to source donor CU. And RRCReconfiguration message generated by target donor CU is contained in the handover request ACK message.
Step 6-7: Source donor CU sends RRCreconfiguration messages to descendant IAB nodes and UEs individually. RRCreconfiguration messages for descendant IAB nodes and UEs could be sent via source path in parallel. After source donor CU confirm that RRCReconfiguration messages for descendant IAB nodes and UEs have already been delivered successfully, donor DU sends RRCReconfiguration messages to migrating IAB-MT. As we know, source donor CU could determine whether RRCReconfiguration messages for descendant IAB nodes and UEs have already been delivered successfully by existing RRC DELIVERY REPORT procedure. 

Step 8: After receiving RRCReconfiguration messages from source donor CU, descendant nodes and UEs performs reconfiguration. However, since their serving cells are not actually changed, random access procedure could be skipped to accelerate the migration procedure. Descendant IAB nodes and UEs could perform the RRC reconfiguration and descendant IAB-DU could release F1-C connection with source donor CU after receiving RRCreconfiguration message.
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Figure 6. Stage 2 migration procedure for nested full migration sequence
Step 10: After receiving RRCReconfiguration message from source donor CU, migrating IAB node disconnect with source parent node and performs random access with target parent node. Migrating IAB-DU could release F1-C connection with source donor CU after receiving RRCReconfiguration message.
Step 11a-11b: After accessing to the target cell, migrating IAB-MT sends RRCReconfigurationComplete message to target donor CU.
Step 12. Target donor CU configures BH RLC channels and BAP-sublayer routing entries on the target path between the target parent IAB-node and target IAB-donor-DU as well as DL mappings on the target IAB-donor-DU. These configurations may also be performed at an earlier stage, e.g. immediately after step 5. 

Step 13. Migrating IAB-DU and descendant IAB-DU shall establish F1 connection with target donor CU using the IP addresses received via RRCReconfiguration message. These messages could be initiated in parallel in order to reduce service interruption time.
Step 14. After migrating IAB-DU or descendant IAB-DU established F1-C connection with target donor CU successfully, target donor CU could initiate F1-U migration procedure to update the corresponding F1AP ID, TNL addresses, and GTP TEID of F1-U GTP tunnel. In addition, routing and traffic mapping configuration could also be reconfigured by target donor CU via F1 message in this step. In order to reduce service interruption time, the F1AP configurations information could be sent from target donor CU to IAB-DU at an earlier stage, e.g. via RRCReconfiguration message. For example, IAB-DU cell’s new NCGI, routing and traffic mapping information configured by target donor CU could be sent by target donor CU to source donor CU during handover preparation phase.  
Step 15. after migrating IAB-DU and descendant IAB-DU established F1 connection with target donor CU, RRCReconfigurationComplete message sent from descendant IAB-MT and UEs could be encapsulated in UE associated F1AP message (e.g. UL RRC message transfer message) and sent to target donor CU. 
Step 16-17. UE/migrating IAB node/descendant IAB node’s context is released in the source donor CU. And routing/traffic mapping/BH RLC channel configurations are released or reconfigured in the source path. 
Observation 9: For nested full migration, RRCReconfiguration messages for descendant IAB nodes and UEs could be delivered via source path in parallel. 

Observation 10: For nested full migration, handover preparation, F1 setup and F1-U migration procedure could be performed in parallel, which could reduce service interruption time. 

Proposal 11: For nested full migration, IAB-DU maintain only one F1-C connection with source or target donor CU, i.e. IAB-DU establish F1 connection with target donor CU after releasing F1 connection with source donor CU.

Potential enhancement
As analyzed above, in nested full migration, there is no intermediate stage, so F1-C/F1-U packets between IAB-DU and source/target donor CU don’t need to be delivered via target/source path. And IAB-DU only need to maintain one F1-C connection with source or target donor CU, so there is no need for two logical IAB-DUs in one IAB node. With regard to the target cell ID issue analyzed above, it is preferred that source cell ID rather than the target cell together with an indicator that the target cell may not yet be available or serving cell is not changed could be included in the XnAP handover request message.

Proposal 12: For nested full migration, source cell ID rather than the target cell together with an indicator that the target cell may not yet be available or serving cell is not changed could be included in the XnAP handover request message.
Supporting of CHO in IAB
In RAN3#110-e meeting, it was agreed Rel-16 CHO could be considered as baseline for the discussion of CHO for IAB[2]. And further analysis is expected. Assuming CHO is used in IAB node migration procedure, the IAB-donor-CU may perform early preparation of candidate cells on the target parent IAB-DU for the migrating IAB-MT. And then,  migrating IAB-MT could receive the CHO configuration of candidate cells and CHO execution conditions in advance. When one or more CHO execution conditions are met, the migrating IAB-MT could decide to access to the target cell by itself. In this way, it is benefit at reducing the HO failure rate and improving handover robustness. In addition, in RLF scenario, when RLF is detected for IAB-MT, the IAB-MT may choose to sync with a available candidate parent IAB-DU based on CHO configuration sent by source IAB-donor-CU, which may reduce the interruption time compared to traditional RLF recovery procedure via RRC Reestablishment. Based on the analysis above, it is benefit to support the CHO for migrating IAB-MT.

Observation 11: It is benefit to support CHO for migrating IAB node.

With regard to the descendant IAB nodes of migration IAB-node, since IAB-donor-CU does not know which IAB node may suffer channel deterioration or perform migration in advance, it is suggested that CHO configuration is configured for both migration IAB-node and descendant IAB-nodes. The CHO configuration of the descendant IAB-nodes may contain the target cells from either migration IAB-DU or other candidate IAB-DUs. 

Proposal 13: CHO is supported for the migrating IAB node and descendant IAB nodes. 

In addition, from the email of Rel-17 IAB topics sent by the rapporteur, it is suggested to discuss reduction of service interruption primarily for intra-donor migration procedures in the next meeting. As we know that intra-donor migration can be divided into intra-donor-DU and inter-donor-DU. In our opinion, if the migration IAB node perform intra-donor-DU HO, the descendant IAB node and UE could keep the connection with migration IAB node without triggering CHO. Donor CU only need to reconfigure the BH RLC channels and BAP routing entries for descendant IAB node after migration IAB node completes the CHO. 

Observation 12: For intra-donor-DU migration procedures, the descendant IAB node and UE could keep the connection with migration IAB node without triggering CHO.
On the other hand, if the migration IAB node perform inter-donor-DU HO, the descendant node need to be configured with default UL BH RLC channel, default UL BAP routing ID, and new IP address from the new donor DU. These configurations could be delivered to descendant IAB nodes after the migration IAB node completes the CHO. Alternatively, these configuration may be delivered to descendant IAB nodes as part of the CHO configuration. We think the second solution can be a good choice for reducing interruption time.
Proposal 14: For inter-donor-DU migration, the descendant IAB nodes need to be configured with default UL-BAP-RoutingID, default UL-BH-RLC-channel, and new IP address which is included in CHO configuration from donor-CU.

Supporting of “DAPS-Like” solution in IAB
During RAN3#110-e meeting, DAPS was discussed and the following agreements were reached. 

	Discuss how to support simultaneous connectivity with 2 donors, to reduce service interruption; potential solutions may include dual-protocol-stack solutions (“DAPS-like”); FFS whether the same solution also applies to descendant nodes.
The simultaneous connectivity dual-protocol-stack solutions (“DAPS-like”) of an IAB node should allow at least DL simultaneous transmission of BH traffic carried on BH RLC channels, on the paths to both donors.




Assuming “DAPS-Like” is used in IAB node migration procedure, the migrating IAB-MT should keep simultaneous connectivity with two IAB Donor-CUs during migration. That is to say, the migration IAB-MT is allowed to simultaneously receive DL BH traffic from both source and target IAB donors. In this way, the service interruption due to inter donor migration can be reduced. However, whether the same solution also can be applied to descendant nodes is still FFS.

As is shown in Figure 7, migrating IAB-MT migrates from parent IAB 1 to parent IAB 2 which connects to different IAB donor CUs. After migrating IAB-MT completes handover, both DL traffic from the source donor CU and target donor CU can reach to migrating IAB-MT, since dual-protocol-stack is supported by migrating IAB-MT. As we know, the interruption time during handover procedure is very long, and the situation will be more serious for the handover descendent-IAB-MT and UEs in IAB, since the handover associated messages will travel multi-hops until reach to the destination node. In this case, it is valuable to consider supporting DAPS-like solution during handover procedure by the descendent-IAB-MT and UEs in IAB.

Observation 13: It is valuable to consider supporting DAPS-like solution during handover procedure by the descendent-IAB-MT and UEs to reduce the service interruption time during handover procedure.
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Figure 7. DAPS-like solution supported by descendent-IAB-MT and UEs during inter-CU migration 
Suppose DAPS-like solution is supported by descendent-IAB-MT and UEs during inter-CU migration, how to support simultaneously transmitting DL traffic from source and target donor CU to UE needs to be discussed. We think the following two solutions can be considered. It should be noted that UE is also able to support DAPS-like solution in this scenario.
(1) Configuration two set of BAP configurations(e.g., BAP address, IP address, BAP routing information, BAP mapping information) from source donor CU and target donor CU to migration IAB node, descendent IAB node to deal with DL traffic from two paths. What’s more, since descendent IAB DU is an access DU to UE which is responsible for parsing F1-U packets from two donors, it is necessary to configure the descendant IAB-DU with two simultaneous F1-U connections with two donor CUs. Further, as is shown in Figure 8 which illustrate DL packets from two path transmission procedure between access IAB DU and UE with supporting DAPS-like solution. After the access DU completes parsing F1-U packets(i.e., remove GTP/UDP/IP header) and get the PDCP PDUs from two paths, PDCP PDUs from two paths will be delivered to two different RLC entities and associated with two different LCIDs(i.e. LCID 1 and LCID2). And then they will be delivered to the same MAC entity. In this case, LCID1 and LCID2 which are configured by two donor CUs should be different and associated to one MAC entity. Thus, two donor-CUs should negotiate the allocation of LCIDs to avoid LCID conflict. Similarly, the LCIDs allocation from two donor-CUs to UE should also be negotiated to avoid conflict. By this way, DL packets from two paths can be send to UE correctly with DAPS-like supporting during inter-CU migration procedure.
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Figure 8. DL packets process procedure between access IAB DU and UE with supporting DAPS-like solution 

Observation 14: In order to support DAPS-like solution, two set of BAP configurations(e.g., BAP address, IP address, BAP routing information, BAP mapping information) from source donor CU and target donor CU to migration IAB node, descendent IAB node to deal with DL traffic from two paths are necessary.
Observation 15: In order to support DAPS-like solution, access IAB DU need to keep simultaneous F1-U connections with two donor CUs. 

Observation 16:  In order to support DAPS-like solution, the LCIDs allocation from two donor-CUs to access IAB DU and UE should also be negotiated to avoid conflict.
(2) Alternatively, the solution of configuration one set of BAP configurations(e.g., BAP address, IP address, BAP routing information, BAP mapping information) from source donor CU to migration IAB node, descendent IAB node to deal with DL traffic from two paths may also be considered. But there may be BAP address conflict problem. In this case, two donor-CUs should negotiate the allocation of BAP address to avoid BAP address conflict. In addition, the routing configuration between target CU and migration IAB node need to based on the source path which is configured by source donor CU. In this case, source donor CU need to send the routing configuration on source path to target donor CU. Similarly, the access IAB DU also need to keep simultaneous F1-U connections with two donor CUs. And the LCIDs allocation from two donor-CUs to access IAB DU and UE should also be negotiated to avoid conflict. Based on the analysis, we mainly think the two set of BAP configurations solution would be a better choice on supporting the DAPS-like solution during inter-CU migration.
Proposal 15: It is suggested the “DAPS-like” solution also be applied to descendant nodes and UE during inter-CU migration in IAB.
Conclusion
In this contribution, we mainly discussed inter donor IAB node migration, supporting of CHO in IAB, supporting of “DAPS-Like” solution in IAB. And we have the following proposals:

Observation 1: In top-down migration sequence, migrating IAB-DU and all child/descendant IAB-DUs need to maintain two F1-C connection with both source and target donor CUs, which requires two logical IAB-DUs in one IAB node.

Observation 2:  In top-down migration sequence, the HO cmd messages for child/descendant IAB-MTs and UEs need to be transmitted via target path.

Observation 3: Source donor CU is not aware of the re-configured cell ID of parent IAB-DU and have no idea of how to set the target cell ID field in XnAP handover request message.
Proposal 1: Source donor CU could obtain re-configured DU cell ID from target donor CU or IAB-DU. 
Proposal 2: Downlink F1-C packets between source donor CU and IAB-DU could be delivered via target donor CU or via target donor DU without passing through target donor CU. 
Proposal 3: Uplink/Down F1-U packets between source donor CU and IAB-DU could be delivered via target donor DU without passing through target donor CU.

Proposal 4: Assuming uplink F1-U packets between source donor CU and IAB-DU are delivered via target donor DU, it should be discussed how could packets with source BAP routing ID be delivered via target path and how to avoid  packets with source IP address allocated by source donor be discarded by target donor DU or routers. 
Proposal 5: If downlink F1-C or F1-U packets between source donor CU and IAB-DU are delivered via target donor DU, it should be discussed how to set and obtain the target IP address of these packets and how to configure downlink traffic mapping at target donor DU. 
Proposal 6: In gradual migration, IAB-DU transmit updated configurations to UEs via system information modification procedure. In this way, IAB-DU could switch DU cells in the next modification period after receiving the updated configurations from target donor CU.

Observation 4: Comparing to top-down gradual migration sequence, there is no intermediate stage in top-down full migration sequence, i.e. F1-U packets between source donor CU and IAB node are not delivered via target path. However, RRC Reconfiguration message for UEs/descendent nodes needs to be delivered via target path.
Observation 5: In bottom-up migration sequence, as a baseline procedure, target donor CU could send HO request ACK to source donor CU after it has F1AP association with UE’s access IAB-DU.

Observation 6: In bottom-up migration sequence, the migrating IAB node’s child/descendant IAB node may be not aware that its upstream IAB node is about to migrate to another donor CU. So it should be discussed how could the F1 setup procedure of child/descendant IAB-DUs be triggered.

Observation 7: In bottom-up migration sequence, IAB-DU need to maintain two F1-C connection with both source and target donor CUs, which requires two logical IAB-DUs in one IAB node.
Proposal 7: Uplink F1-C packets between target donor CU and IAB-DU could be delivered via source donor CU or via source donor DU without passing through source  donor CU. 
Proposal 8: Uplink/Down F1-U packets between target donor CU and IAB-DU could be delivered via source donor DU without passing through source donor CU.

Proposal 9: Assuming uplink F1-C/F1-U packets between target donor CU and IAB-DU are delivered via source donor DU, it should be discussed how could packets with target BAP routing ID be delivered via source path and how to avoid  packets with target IP address allocated by target donor be discarded by source donor DU or routers. 
Proposal 10: If downlink F1-U packets between target donor CU and IAB-DU are delivered via source donor DU, it should be discussed how to set and obtain the target IP address of these packets and how to configure downlink traffic mapping at source donor DU. 
Observation 8: Comparing to bottom-up gradual migration sequence, there is no intermediate stage in bottom-up full migration sequence, i.e. F1-U packets between target donor CU and IAB node are not delivered via source path. However, RRC Reconfiguration complete message for UEs/descendent nodes needs to be delivered via source path from IAB node to target donor CU.
Observation 9: For nested full migration, RRCReconfiguration messages for descendant IAB nodes and UEs could be delivered via source path in parallel. 

Observation 10: For nested full migration, handover preparation, F1 setup and F1-U migration procedure could be performed in parallel, which could reduce service interruption time. 

Proposal 11: For nested full migration, IAB-DU maintain only one F1-C connection with source or target donor CU, i.e. IAB-DU establish F1 connection with target donor CU after releasing F1 connection with source donor CU.

Proposal 12: For nested full migration, source cell ID rather than the target cell together with an indicator that the target cell may not yet be available or serving cell is not changed could be included in the XnAP handover request message.
Observation 11: It is benefit to support CHO for migrating IAB node.

Proposal 13: CHO is supported for the migrating IAB node and descendant IAB nodes. 

Observation 12: For intra-donor-DU migration procedures, the descendant IAB node and UE could keep the connection with migration IAB node without triggering CHO.
Proposal 14: For inter-donor-DU migration, the descendant IAB nodes need to be configured with default UL-BAP-RoutingID, default UL-BH-RLC-channel, and new IP address  which is included in CHO configuration from donor-CU.

Observation 13: it is valuable to consider supporting DAPS-like solution during handover procedure by the descendent-IAB-MT and UEs to reduce the service interruption time during handover procedure.
Observation 14: In order to support DAPS-like solution, two set of BAP configurations(e.g., BAP address, IP address, BAP routing information, BAP mapping information) from source donor CU and target donor CU to migration IAB node, descendent IAB node to deal with DL traffic from two paths are necessary.
Observation 15: In order to support DAPS-like solution, access IAB DU need to keep simultaneous F1-U connections with two donor CUs. 

Observation 16:  In order to support DAPS-like solution, the LCIDs allocation from two donor-CUs to access IAB DU and UE should also be negotiated to avoid conflict.
Proposal 15: It is suggested the “DAPS-like” solution also be applied to descendant nodes and UE during inter-CU migration in IAB.
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