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Introduction
During RAN#86 meeting, a new WI [1] for Enhancements to Integrated Access and Backhaul for NR was approved. And one of the objectives is topology adaptation enhancements including specification of procedures for inter-donor IAB-node migration. In this contribution, we first discuss inter-donor migration scenarios. And then we present our initial considerations on the migration procedure and potential key issues. 
	Topology adaptation enhancements [RAN3-led, RAN2]:
Specification of procedures for inter-donor IAB-node migration to enhance robustness and load-balancing, including enhancements to reduce signalling load.   

Specification of enhancements to reduce service interruption due to IAB-node migration and BH RLF recovery.

Specification of enhancements to topological redundancy, including support of CP/UP separation. 




Discussion
Scenarios
In  R16, we mainly focus on intra-CU migration procedure, i.e. donor CU unchanged and donor DU changed or unchanged. Inter-CU migration was touched in R15/R16 but there was no much discussion on it. Generally, the following three scenarios could be considered for inter-CU migration. 
Scenario 1: IAB node is single connected before migration 

In this scenario, the migrating IAB node is single connected before migration as illustrated in Figure 1. And handover procedure needs to be performed for the single connected IAB node. Similarly, handover procedure needs to be performed for the descendant IAB node and UE which are single connected to network.
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Figure 1. Inter-CU migration scenario 1
Scenario 2: IAB node is EN-DC connected before migration 
In this scenario, the migrating IAB node connects to network via EN-DC before migration, i.e. connects to an eNB and a donor CU simultaneously. As illustrated in Figure 2, the IAB node migrates from source parent IAB node 1 to target IAB node 2 which connects to a different donor CU. In this situation, SN change procedure needs to be performed for the migrating IAB node. As for the descendant nodes and served UEs of the migrating IAB node, they may be single connected to network or connected via MR-DC or NR-DC. Similarly, SN change procedure needs to be performed for the descendant nodes and UEs which are EN-DC connected. And handover procedure needs to be performed for the descendant nodes and UEs which are single connected to network.
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Figure 2. Inter-CU migration scenario 2
Scenario 3: migrating IAB node is single connected, child IAB-MT is dual-connected 

In scenario 3, the migrating IAB node is single connected before migration as illustrated in Figure 3. And handover procedure needs to be performed for the migrating IAB node. However, the child IAB node may be dual-connected to network by connecting to two parent IAB nodes simultaneously. In this situation, handover procedure shall not be performed for the child IAB node, otherwise the child IAB node may connects to two different IAB donor CUs after migration. Instead, IAB donor CU could switch UE traffics which pass through the migrating node to the other path before migration. And then the child IAB node could disconnect from the migrating IAB node and connect to only one parent IAB node.   
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Figure 3. Inter-CU migration scenario 3
Observation 1: The following scenarios need to be considered for inter-donor migration taking different connection types into account: 1) IAB node is single connected before migration; 2) IAB node is EN-DC connected before migration; 3) IAB node is dual-connected before migration. 
Baseline procedure
As we know, inter-CU topology adaptation procedure was considered in R15 IAB SI phase. Several solutions were presented by companies and an example procedure for inter-CU migration was captured in TR38.874 which is copied in the below in Figure 4. In our opinion, the procedure captured in TR38.874 could be the starting point for the study of inter-CU migration. As illustrated in Figure 4, the inter-CU IAB-node migration procedure takes the steps of Inter-gNB handover described in TS 38.401 as the baseline. And additional procedures shall be performed for routing and traffic mapping addition/release and DU setup. In this procedure, the DU on the migrating IAB node discontinues service upon the collocated IAB-MT receives HO Command. And then the migrating IAB node’s child MT and served UEs would detect RLF and need to perform cell selection and RRC re-establishment procedure if there is no redundant link.
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Figure4: inter-CU migration procedure 

Proposal 1: The inter-CU topology adaptation procedure captured in TR38.874 could be the starting point for the study of inter-CU migration. 
Control plane handling
Behaviour of the DU of migrating/desendant IAB node 
During the migration procedure of IAB-MT(i.e. inter-CU migration scenario 1 and 2 stated in section 2.1), the behaviour of collocated IAB-DU shall be also investigated. Generally there are three options regarding the behaviour of the DU of migrating/descendant IAB node during inter-CU migration: 

Option 1: The DU of migrating/desendant IAB node discontinues service upon the collocated IAB-MT receives HO Command as illustrated in the procedure in TR38.874. And then the IAB node’s child MT and served UEs would detect RLF and perform RRC re-establishment procedure if there is no redundant link. This would introduce long service interruption with RLF detection and RRC-re-establishment procedure. 
Option 2: Before the migrating IAB-node performs inter-CU migration, donor CU initiate migration for all the downstream IAB-nodes and UEs based on the their measurements report. In this option, the IAB node could perform migration only after its downstream IAB-nodes and UEs finished migration procedure. This would bring long latency to the migration procedure of migrating IAB node. And the migrating IAB node may even declare RLF before all its downstream IAB-nodes and UEs finish migration procedure. 
Option 3: The DU of migrating/desendant IAB node continues serving child IAB-MTs/UEs during inter-CU IAB-node migration. In this option, migrating IAB node performs migration procedure along with its downstream IAB nodes and served UEs, i.e. group mobility procedure could be investigated. In this option, there won’t be long service interruption for IAB nodes and UEs during migration procedure. And signaling load due to migration could be reduced considering that one message may be designed to contain HO information for multiple IAB nodes and UEs. As we know, service interruption and signaling load reduction are both objectives listed in the WID for R17 IAB enhancements, it is suggested that migrating IAB-node continues serving child IAB-MTs/UEs during inter-CU IAB-node migration and group mobility procedure is investigated for inter-CU migration scenario. 
Proposal 2: Migrating/descendant IAB-node continues serving child IAB-MTs/UEs during inter-CU IAB-node migration.

Proposal 3: Group mobility procedure needs to be studied for inter-CU migration scenario 1 and 2. 
Initiation of the migration
In inter-CU migration scenario 1 and 2 stated in section 2.1, the migration procedure for migrating IAB node could be initiated after the donor CU receives measurement report from the migrating IAB node. However the link quality of serving cell measured by migrating IAB node’s downstream node may not decrease after the migrating IAB node initiates inter-CU migration procedure since its parent node and serving cell are unchanged actually. And the migrating IAB node’s downstream nodes may not perform measurement on non-serving cell at all if S-measure is configured. In our opinion, downstream nodes also need to be aware of the migration and need to perform measurement in advance. In this situation, enhancement needs to be investigated to inform the downstream node of the migration and trigger the measurement. 
Proposal 4: Enhancement needs to be investigated to inform the downstream node of the migration and trigger the measurement for inter-CU migration scenario 1 and 2. 
Handover sequence of UEs/IAB nodes 
In inter-CU migration scenario 1stated in section 2.1, not only the migrating IAB node, but also its downstream nodes and served UEs shall be migrated to the new donor CU. In other words, RRC reconfiguration message including HO command message shall be delivered to each downstream IAB nodes and UEs. Once migrating IAB node receives HO command message, it would stop communication with source parent node and perform random access with target parent node. In this situation, if the migrating IAB node receives HO command message before the delivery of HO command message to downstream IAB node/UE, the HO command message for downstream IAB node/UE would not be able to reach the downstream IAB node/UE. Taking this into account, it would be better to ensured that HO , command message is delivered to each downstream IAB node/UE before HO command message is delivered to the migrating IAB node. 

Observation 2: If the migrating IAB node receives HO command message before the delivery of HO command message to downstream IAB node/UE, the HO command message for downstream IAB node/UE would not be able to reach the downstream IAB node/UE.
Proposal 5: In inter-CU migration scenario 1, it should be ensured that HO cmd message for donwstream node is delivered to each downstream IAB node/UE before HO cmd message for migrating IAB node is delivered to the migrating IAB node. 

Furthermore, after receiving HO command message, UE/IAB-MT shall send RRCReconfigurationcomplete to the target donor CU and use the new ciphering key in inter-CU migration scenario. As stated above, HO command message for downstream IAB node/UE shall be delivered before HO command message for the migrating IAB node. In this manner, it is possible that migrating IAB node still connects to source parent node after UE/IAB node receives HO cmd message. In this situation, RRCReconfigurationcomplete message sent from the UE/IAB node which needs to be delivered to the target donor CU may be delivered to the source donor CU. So enhancement should be investigated to avoid that RRCReconfigurationcomplete message is delivered to the source donor CU. 

Observation 3: RRCReconfigurationcomplete message sent from the UE/IAB node which needs to be delivered to the target donor CU may be delivered to the source donor CU considering that migrating IAB node may still connects to source parent node after UE/IAB node receives HO cmd message.
Proposal 6: In inter-CU migration scenario 1, enhancement should be investigated to avoid that RRCReconfigurationcomplete message is delivered to the source donor CU.
User plane handling

With regard to user plane handling, it should be investigated how to ensure lossless delivery during inter-donor migration. As we know, the topic of lossless delivery was discussed in R15 SI/R16 WI phase and packet re-routing mechanism was endorsed to reduce packet loss in RLF scenario. More specifically, IAB node reroutes the packets that has not been acknowledged by RLC before the BH RLF to the new parent node in case of BH RLF. However no agreement is achieved for lossless delivery in intra-CU migration scenario. 

In inter-donor CU migration scenario, the situation is more complex and there are more challenges. First of all, the BAP address of source and target donor DU are different between source and target path, so the re-routed packets containing source donor CU’s BAP address in BAP header may be discard by target parent IAB node. Secondly, the IP address of migrating IAB node and donor CU on the source and target path are different. So the source and target IP address in IP header of the re-routed F1-U packets which are used on the source path couldn’t be identified by the target donor DU, i.e. no entries could be find in the target donor DU for the re-routed F1-U packets. Moreover, if source IP filtering is deployed in the wireline intra-donor F1 network, the re-routed F1-U packets would be discarded by the router. Lastly, the PDCP ciphering keys used on source and target path are different. So the re-routed F1-U packets ciphered with old key couldn’t be deciphered by the target donor CU. 

Observation 4: Assuming R16 re-routing mechanism is reused for inter-CU migration, the re-routed packets may be discarded by target parent IAB node since the BAP address of source and target donor DU are different. 

Observation 5: Assuming R16 re-routing mechanism is reused for inter-CU migration, the re-routed packets may be discarded by the target donor DU since the IP address of migrating IAB node and donor CU on the source and target path are different. And if source IP filtering is deployed in the wireline intra-donor F1 network, the re-routed F1-U packets would be discarded by the router.

Observation 6: Assuming R16 re-routing mechanism is reused for inter-CU migration, the re-routed F1-U packets ciphered with old key couldn’t be deciphered by the target donor CU since the PDCP ciphering keys used on source and target path are different. 
Proposal 7: Enhancements should be investigated to ensure lossless delivery during inter-CU migration scenario 1 and 2
Conclusion
In this contribution, we discussed inter donor migration scenarios, and then we presented our initial considerations on the migration procedure and key issues. And we have the following proposals:

Observation 1: The following scenarios need to be considered for inter-donor migration taking different connection types into account: 1) IAB node is single connected before migration; 2) IAB node is EN-DC connected before migration; 3) IAB node is dual-connected before migration. 
Proposal 1: The inter-CU topology adaptation procedure captured in TR38.874 could be the starting point for the study of inter-CU migration. 
Proposal 2: Migrating/descendant IAB-node continues serving child IAB-MTs/UEs during inter-CU IAB-node migration.

Proposal 3: Group mobility procedure needs to be studied for inter-CU migration scenario 1 and 2. 
Proposal 4: Enhancement needs to be investigated to inform the downstream node of the migration and trigger the measurement for inter-CU migration scenario 1 and 2. 

Observation 2: If the migrating IAB node receives HO command message before the delivery of HO command message to downstream IAB node/UE, the HO command message for downstream IAB node/UE would not be able to reach the downstream IAB node/UE.
Proposal 5: In inter-CU migration scenario 1, it should be ensured that HO cmd message for donwstream node is delivered to each downstream IAB node/UE before HO cmd message for migrating IAB node is delivered to the migrating IAB node. 

Observation 3: RRCReconfigurationcomplete message sent from the UE/IAB node which needs to be delivered to the target donor CU may be delivered to the source donor CU considering that migrating IAB node may still connects to source parent node after UE/IAB node receives HO cmd message.
Proposal 6: In inter-CU migration scenario 1, enhancement should be investigated to avoid that RRCReconfigurationcomplete message is delivered to the source donor CU.
Observation 4: Assuming R16 re-routing mechanism is reused for inter-CU migration, the re-routed packets may be discarded by target parent IAB node since the BAP address of source and target donor DU are different. 

Observation 5: Assuming R16 re-routing mechanism is reused for inter-CU migration, the re-routed packets may be discarded by the target donor DU since the IP address of migrating IAB node and donor CU on the source and target path are different. And if source IP filtering is deployed in the wireline intra-donor F1 network, the re-routed F1-U packets would be discarded by the router.

Observation 6: Assuming R16 re-routing mechanism is reused for inter-CU migration, the re-routed F1-U packets ciphered with old key couldn’t be deciphered by the target donor CU since the PDCP ciphering keys used on source and target path are different. 
Proposal 7: Enhancements should be investigated to ensure lossless delivery during inter-CU migration scenario 1 and 2.
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