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1 Introduction
In last RAN3 meeting, the baseline procedure for partial migration was agreed. However, several open issues are left w.r.t. partial migration, e.g., IP address allocation, step order of the procedure. Meanwhile, several technical issues are identified for full migration. In this contribution, we will further address these issues.
2 Discussions
2.1. Partial migration
- Issue 1: IP address allocation
We reached the following agreements or FFS in last RAN3 meeting.

	For IP address assignment of boundary IAB node (outer IP address assignment for IPSec tunnel mode) during inter-donor migration (regardless of Partial migration or Full migration)

- IP address request via RRC container relies on RAN2 inputs

- The new IP address(es) should be explicitly provided to the source donor CU for IPSec transport mode (non-IPSec case FFS). 

-- FFS on which signaling is used (Handover Request ACK message vs. GNB-DU CONFIGURATION UPDATE message)

-- FFS on whether it is applied for IPSec tunnel mode 

- FFS on providing the coupling of IP addresses used in the CU1 network and in the CU2 network

- FFS on updating IP address of source IAB donor CU


For inter-donor migration, in case of (outer) IP address allocation via network, the migrating IAB-node can request the new IP address and the target donor CU allocates the new IP address via RRC containers in Xn Handover procedure. Specifically, in the HANDOVER REQUEST message sent by the source donor CU, the RRC Context container carries the HandoverPreparationInformation message, which includes the rrcReconfiguration IE of the boundary IAB-MT. In the rrcRecofiguration IE, the IAB IP address used by the boundary IAB-DU is included in IAB-IP-AddressConfiguration-r16 IE. In the HANDOVER REQUEST ACKNOWLEDGE message sent by the target donor CU, the RRC container carries the HandoverCommand message, which includes a generated rrcRecofiguration IE for the boundary IAB-MT. In the rrcRecofiguration IE, the new IAB IP address(es) used by the boundary IAB-DU is(are) included in IAB-IP-AddressConfiguration-r16 IE.
Proposal 1-1: For inter-donor migration, in case of (outer) IP address allocation via network, the HO Req/HO Req Ack legacy signalling can cover the boundary IAB node new IP address request and new IP address allocation via RRC containers.

The new IP address(es) should be explicitly provided to the source donor CU for IPSec transport mode and for IPSec tunnel mode also on Xn message. The target donor CU can provide the new IAB IP address index(es) and corresponding IP address(es) for the migrating IAB-node in enhanced HANDOVER REQUEST ACKNOWLEDGE message. And the source donor CU will know the coupling of IP addresses used in the source donor CU network and in the target donor CU network.

As to be discussed below, the step12 of partial migration procedure can be performed at earlier stage. With the new IP addresses from the target donor CU and the indicated coupling between IP addresses in source and target, the boundary IAB node can perform (outer) IP address update for all F1-C TNL association, F1-U tunnels, and non-F1 traffic. Moreover, as agreed to use MOBIKE, after receiving the new (outer) IP addresses, the boundary IAB node can trigger the MOBIKE procedure to update the outer address without changing inner addresses. Thus, after the migrating IAB-MT accesses to the target parent node, it can start UL data transmission and DL packet reception. The service interruption will be reduced. However, if the GNB-DU-CONFIGURATION-UPDATE message by the IAB-DU is used to transfer the new IP address to the source donor CU, the IP coupling and data packet forwarding have to be started after the new SCTP association is established with the source IAB donor CU. It results in the longer service interruption.

Proposal 1-2: The target donor CU sends the new IP address(es) to the source donor CU in the enhanced HO Req Ack message explicitly for IPSec transport mode and for IPSec tunnel mode also. 

Proposal 1-3: The coupling of IP addresses used in the source donor CU network and in the target donor CU network can be provided by the above HO Req ACK message, i.e., by including address index and new IP address. The source donor CU could use the coupling information to forward the DL data earlier.

With respect to the IP address update for the source IAB donor CU, if the IP routing reachability cannot be ensured to the source IAB donor CU, the new IP address at source IAB donor CU side should be sent to the migrating IAB node. For example, the RRCReconfiguration message can be used to indicate the new IP address of source IAB donor CU. However, if the IP routing reachability can be ensured, no additional enhancement is needed. At this moment, we are open for this. If it is not updated, the operator should ensure the IP routing reachability when IAB node changes the IP address.

Proposal 1-4: the migrating IAB node should be aware of the new IP address(es) of source donor CU in case the IP routing reachability cannot be achieved after migration. 
When the boundary IAB node is in partial migration state (IAB-MT is connected with the IAB target donor CU and F1 traffic is connected with the source IAB donor CU), if the boundary IAB-node needs the additional new IP address(es) for some reasons, e.g. new service, the IAB-MT can send the IABotherinformation message to request the IAB donor CU2 to allocate IP address(es) for the collocated IAB-DU. When IAB-DU gets the new IP address(es) from CU2 via IAB-MT. The legacy signalling can cover the scenario. No specific enhancement is needed.

Proposal 1-5: No specific enhancement is needed for the boundary IAB node to request the additional new IP address after partial migration is completed.
- Issue 2: Default configurations
RAN3 reach the following agreements

	Xn signaling for IAB-MT’s migration may include information for the migration of F1 transport to the target path such as new IP addresses and/or default mappings; default mappings are used for F1-C and non-F1; exact XnAP procedure to be used is FFS


In the container of HO Req. ACK message, the default mappings for F1-C and non-F1 can be included. However, this is not enough for the transmission of F1-C and non-F1 traffic since the source donor CU does not know the DSCP/flow label setting for F1-C and non-F1 traffic via the default mappings. Thus, in the HO Req. ACK message, a default DSCP/flow label should be contained to help the F1-C and non-F1 traffic transmission via default mapping before the dedicated BH mapping is configured to F1-C and non-F1 traffic via F1AP. 
Proposal 1-6: to support the default mapping for F1-C and non-F1 traffic, the target donor CU can provide the default DSCP/flow label setting to the source donor CU in HO REQ ACK message. 

With the above default configurations, the F1-C/non-F1 traffic can be transmitted between source donor CU and boundary IAB-DU right after the boundary IAB-MT successfully accesses to the target parent node (i.e., after step 8). However, at this moment, the F1-U traffic cannot be resumed since step 12 is not performed. To implement step 12, the source donor CU should provide all F1-U context to the target donor CU (the details is also related to the discussion for inter-donor topology redundancy, and it will be discussed in another contribution), and the target donor CU should provide the mapping information for the F1-U traffic. Moreover, the target donor CU should configure the routing and bearer mapping for the migrated F1-U traffic over the target path. If there are large volume of F1-U context, all F1-U context may not be able to be provided to target donor CU in one XnAP message due to message size limitation. Thus, it can be foreseen that step 12 cannot simply and quickly be finished in few steps.  In other words, before finishing step 12, the F1-U traffic has to be suspended, which thereby causes the service interruption of F1-U. To solve this issue, the following options can be considered:
· Option 1: perform step 12 at early stage

In this option, step 12 can be started after step 4. This is a feasible solution, and the F1-U context can be migrated to the target donor CU in parallel to IAB-MT migration procedure. On one hand, step 12 may be not finished before IAB-MT migration, which thereby cannot avoid the F1-U interruption. On the other hand, if IAB-MT failed to access the target parent node, such advanced F1-U context migration becomes meaningless and causes unnecessary signalling overhead/resource reservation. 
· Option 2: F1-U context migration via HO procedure of IAB-MT

In this option, the HO REQ can include the F1-U context. Since F1-U context contains all F1-U tunnels at the boundary IAB node, one HO REQ message may not be able to contain all F1-U context. Moreover, this option is not a clean solution from specification point of view, i.e., this option mixed IAB-MT context with other UE context in the HO REQ message (normally, HO REQ message is an UE-associated signalling).

· Option 3: define default F1-U BH mapping

In this option, similar to F1-C/non-F1 traffic, the target donor CU can provide default mapping for F1-U traffic, and default DSCP/flow label for all F1-U traffic to source donor CU, and the source donor CU can provide default configurations for F1-U (i.e., default BAP routing ID, default BH RLC CH, next-hop node) to the boundary IAB node. Such default configurations can be used by boundary IAB node to perform F1-U traffic transmission with the source donor CU right after accessing to the parent node. In other words, the F1-U traffic transmission can be resumed right after step 8. However, this option is concerned by QoS guarantee for F1-U traffic since all F1-U traffic is transmitted via the same BH RLC CH. To deal with this problem, the default BH RLC CH for F1-U traffic can be set to the highest priority. 
Among those options, we prefer to Option 3, and propose:

Proposal 1-7: Similar to F1-C and non-F1, the target donor CU can provide the default configuration for F1-U traffic during IAB-MT migration procedure, i.e., the target donor CU includes the default configurations for all F1-U traffic of the boundary IAB node in the HO command message, and default DSCP/flow label for all F1-U traffic in HO REQ ACK message. 

- Issue 3: Details of step 12 
As indicated above, in step 12, all F1-U context should be migrated to the target donor CU. The intention is to inform the context of the migrated F1-U traffic to the target donor CU. So, a new non-UE associated procedure can be used. Moreover, such new procedure can be common for both inter-donor partial migration and inter-donor topology redundancy. In addition, step 12 can be performed at the early stage, e.g., after step 4, to speed up the F1-U context migration. 

Proposal 1-8: in step 12, a new non-UE associated procedure can be defined to migrate the F1-U context to the target donor CU, and step 12 can be performed at the early stage, e.g., after step 4. 

- Issue 4: details of step 13

The intention of step 13 is to switch the F1-C/F1-U/non-F1 connection to the new addresses of boundary IAB node. As discussed above, if MOBIKE is applied, the inner address update (similar to Rel-16 text) can be omitted, which can speed up step 13. Specifically, with the default configuration for F1-C and non-F1, the MOBIKE can be performed as long as the boundary IAB-MT accesses to the target parent node.

Proposal 1-9: in step 13, the MOBIKE procedure is applied to update the outer address without change of inner address 
- Issue 5: impact to descendant nodes

In last meeting, RAN3 raises several options to avoid the impact of the descendant nodes. However, in our understanding, before considering the avoidance of impact to descendant nodes, we need figure what’s the impact to the descendant nodes, and the specification effort to solve these impacts: 

· IP address allocation of descendant nodes

The IP addresses should be updated since the donor DU is changed, which can be achieved via the RRCReconfiguration message. Specifically, an non-UE associated message can be used to facilitate the IP address request from the target donor CU. After that, the source donor CU can use RRCReconfiguration message to configure the new IP addresses for each descendant node.
· Bearer mapping and routing

Since BAP header rewriting has been agreed, the boundary IAB node can perform the transformation between two topology. Thus, the routing and bearer mapping at the descendant node can be kept. 
Observation 1:  the above analysis indicate that the main impact is the IP address request from the target donor CU. 

The above observation indicates that the impact is limited. However, if we want to avoid the impact, the 6 options on the table should be further discussed and the specification impact is larger than the above impact on IP address request over XnAP. Thus, we prefer to not consider the solutions avoiding descendant node impact at this stage. 

Proposal 1-10: RAN3 is focused on the baseline procedure without considering to avoid the impact of descendant nodes.
2.2. Full migration
In the last meeting, RAN3 discussed two alternatives for IAB-DU migration. The alternatives are:

- Alt1: the two logical DUs use separate physical cell resources

- Alt2: the two logical DUs use the same physical cell resources
Compared to Alt. 1, Alt. 2 introduces more issues for further study, e.g., Cell switching (when and how to active the DU2 cells, PCI/NCGI of the logical DUs is the same or not?), F1 setup procedure (when to setup F1 interface between logical DU2 and the target donor CU), traffic interruption (when to start the descendant nodes and UE handover, how to resolve the burst signaling transmit for descendant nodes and UE handover procedure onXn/Uu/BH link, how to resolve the congestion on RACH of the DU2). Moreover, the above issues need coordination across multiple WGs. Given we only have three meeting left, we prefer to postpone the study on Alt. 2 in Rel-17. 

Proposal 2-1: In Rel-17, the study of full migration is focused on Alt. 1, i.e., the two logical DUs use separate physical cell resources.

For Alt. 1, since the two logical DUs at the boundary IAB node can be considered as two independent entities, the second logical DU can be set up without impact to the first logical DU. The baseline procedure should be:

· Step 1: the second logical DU starts the F1 setup procedure with the target donor CU

· Step 2: the source donor CU performs UE handover procedure to move UE to the target donor CU 

The above 2 steps can reuse the legacy F1 setup procedure and UE handover procedure, respectively. However, we also identify some issues for further discussion. Depending on when the decision of migration type is made, we can consider two cases: 

- Case 1: the full migration is decided after partial migration

- Case 2: the full migration is decided when starting IAB-MT migration procedure

For each case, the following two issues should be discussed: 1) who decide migration method, and 2) when to start the UE handover procedure

· Issue 1：who decide migration method?
In case the partial migration is completed, the inter-donor F1 transport may face some problem : 1) the source donor CU may be overloaded, 2)  there will be frequent message exchange on over Xn interface which results in heavy signaling load, and 3) the partial migration might cause mixed topology which is addressed in R3-211939[1], and thereby increases the complexity of the network. To resolve these problem of partial migration, both target donor CU and source donor CU have the possibility to decide to trigger the full migration. For example, when source donor CU is overloaded, the source donor CU can trigger full migration; when the mixed topology appears due to partial migration of other IAB node, the target donor CU can trigger the full migration.  In above case, both source donor CU and target donor CU can send an indication to the boundary IAB node to trigger the full migration procedure. Specifically, the source donor CU can use F1AP to trigger the full migration, while the target donor CU can use RRC message to trigger the full migration. 

In case that the full migration is determined during the IAB-MT migration procedure, the source donor CU can coordinate with target donor CU on the migration method. Specifically, the source donor CU indicates the request migration method in the HO REQ message, and as a response, the target donor CU can response the acceptable migration method. Moreover, such acceptable migration method can be sent to the boundary IAB node via the HO CMD message.
Proposal 2-2: after completing partial migration, both source donor CU and target donor CU can trigger the full migration by sending an indication to the boundary IAB node

Proposal 2-3: before IAB-MT migration, the source donor CU and target donor CU can coordinate the migration method via HO REQ and HO REQ ACK messages: 
· Source sends the request of migration method, and the target can response the acceptable migration method. 
· The final decision can be sent to the boundary IAB node via HO CMD message. 
· Issue 2：when to start the UE handover procedure

For this issue, no matter of case 1 or case 2, the UE handover procedure should be triggered after the boundary IAB-DU2 established F1 interface with the target donor CU. Apparently, only boundary IAB node has such knowledge. Thus, the boundary IAB node can send an indication to source donor CU to trigger the UE handover. 

Proposal 2-4: the boundary IAB node can send an indication to source donor CU to trigger the UE handover during full migration procedure. 
3 Conclusions
In this contribution, we discuss the baseline procedure for inter-CU IAB node migration, and propose:
 Proposal 1-1: For inter-donor migration, in case of (outer) IP address allocation via network, the HO Req/HO Req Ack legacy signalling can cover the boundary IAB node new IP address request and new IP address allocation via RRC containers.

Proposal 1-2: The target donor CU sends the new IP address(es) to the source donor CU in the enhanced HO Req Ack message explicitly for IPSec transport mode and for IPSec tunnel mode also. 

Proposal 1-3: The coupling of IP addresses used in the source donor CU network and in the target donor CU network can be provided by the above HO Req ACK message, i.e., by including address index and new IP address. The source donor CU could use the coupling information to forward the DL data earlier.

Proposal 1-4: the migrating IAB node should be aware of the new IP address(es) of source donor CU in case the IP routing reachability cannot be achieved after migration. 
Proposal 1-5: No specific enhancement is needed for the boundary IAB node to request the additional new IP address after partial migration is completed.
Proposal 1-6: to support the default mapping for F1-C and non-F1 traffic, the target donor CU can provide the default DSCP/flow label setting to the source donor CU in HO REQ ACK message. 

Proposal 1-7: Similar to F1-C and non-F1, the target donor CU can provide the default configuration for F1-U traffic during IAB-MT migration procedure, i.e., the target donor CU includes the default configurations for all F1-U traffic of the boundary IAB node in the HO command message, and default DSCP/flow label for all F1-U traffic in HO REQ ACK message. 

Proposal 1-8: in step 12, a new non-UE associated procedure can be defined to migrate the F1-U context to the target donor CU, and step 12 can be performed at the early stage, e.g., after step 4. 

Proposal 1-9: in step 13, the MOBIKE procedure is applied to update the outer address without change of inner address 

Proposal 1-10: RAN3 is focused on the baseline procedure without considering to avoid the impact of descendant nodes.
Proposal 2-1: In Rel-17, the study of full migration is focused on Alt. 1, i.e., the two logical DUs use separate physical cell resources.

Proposal 2-2: after completing partial migration, both source donor CU and target donor CU can trigger the full migration by sending an indication to the boundary IAB node

Proposal 2-3: before IAB-MT migration, the source donor CU and target donor CU can coordinate the migration method via HO REQ and HO REQ ACK messages: 
· Source sends the request of migration method, and the target can response the acceptable migration method. 
· The final decision can be sent to the boundary IAB node via HO CMD message.
Proposal 2-4: the boundary IAB node can send an indication to source donor CU to trigger the UE handover during full migration procedure. 
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TP for TS38.401 on Rel-17 IAB

8.xx
IAB Inter-gNB-CU Topology Adaptation

8.xx.1  IAB inter-CU topology adaptation procedure 

During the inter-CU topology adaptation for single-connected IAB-node, the IAB-MT switches connection from an old parent node to a new parent node, where the old and the new parent nodes are served by different IAB-donor-CUs. Without loss of generality, the old parent node can be referred to as source parent node, and the new parent node can be referred to as target parent node. 

Figure 8.xx.1-1 shows an example of the topology adaptation procedure where the migrating IAB-MT is migrated from one IAB-donor-CU to another IAB-donor-CU. In case the IAB-DU of the migrating IAB-node retains its F1 connection with the first IAB-donor-CU (i.e. the source IAB-donor-CU) after the migrating IAB-MT connects to the second IAB-donor-CU (i.e. the target IAB-donor-CU), this procedure renders the migrating IAB-node as a boundary IAB-node.
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Figure 8.xx.1-1: IAB inter-CU topology adaptation procedure 

1. The source IAB-donor-CU sends a HANDOVER REQUEST message to the target IAB-donor-CU over the Xn interface. The contained HandoverPreparationInformation message can include the IP address information used at migrating IAB-node. 
2. The target IAB-donor-CU sends a UE CONTEXT SETUP REQUEST message to the target parent node IAB-DU to create the UE context for the migrating IAB-MT and set up one or more bearers. These bearers can be used by the migrating IAB-MT for its own signalling, and, optionally, data traffic. 

3. The target parent node IAB-DU responds to the target IAB-donor-CU with a UE CONTEXT SETUP RESPONSE message. 

4. The target IAB-donor-CU performs admission control and provides the new RRC configuration as part of the HANDOVER REQUEST ACKNOWLEDGE message. As legacy handover, the contained HandoverCommand message can include the new IP address(es) allocated to the migrating IAB-node. In addition, the new IP address(es) allocated to the migrating IAB-node can be explicitly provided in HANDOVER REQUEST ACKNOWLEDGE message so that the source IAB-donor-CU can update the IP address accordingly for F1-C/F1-U/non-F1 traffic. Moreover, the HandoverCommand message can contain the default configurations for F1-C/non-F1 and default configurations for F1-U traffic.
5. The source IAB-donor-CU sends a UE CONTEXT MODIFICATION REQUEST message to the source parent node IAB-DU, which includes the received RRCReconfiguration message from the target IAB-donor-CU. 

6. The source parent node IAB-DU forwards the received RRCReconfiguration message to the migrating IAB-MT.

7. The source parent node IAB-DU responds to the source IAB-donor-CU with the UE CONTEXT MODIFICATION RESPONSE message. 

8. A random access procedure is performed at the target parent node IAB-DU.

9. The migrating IAB-MT responds to the target parent node IAB-DU with an RRCReconfigurationComplete message. 

10. The target parent node IAB-DU sends an UL RRC MESSAGE TRANSFER message to the target IAB-donor-CU to convey the received RRCReconfigurationComplete message. 

11. The target IAB-donor-CU triggers path switch procedure for the migrating IAB-MT, if needed.

12. The target IAB-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 for the migrating IAB-node’s target path. During this step, the signalling exchange between the source IAB-donor-CU and the target IAB-donor-CU is needed to help the target IAB-donor-CU configure the BAP routing and BH RLC CH mapping at the target path, and help the target IAB-donor-CU perform the configuration for traffic transmission via the target path. To reduce the service interruption, the step 12 can be performed at earlier stage, e.g., after step 4. 

Editor’s Note: In step 12, the details of signalling exchange between the source IAB-donor-CU and the target IAB-donor-CU is FFS. 

13. The F1-C and F1-U are switched to the target path. To speed up this step, the MOBIKE can be used to update the outer address without changing inner address so that the update of UL FTEID and DL FETIED associated to each GTP-U tunnel can be omitted. Nevertheless, this step may also update the UL BH information associated with UP and non-UP traffic. 



14. The target IAB-donor-CU sends UE CONTEXT RELEASE message to the source IAB-donor-CU.

15. The source IAB-donor-CU may release BH RLC channels and BAP-sublayer routing entries on the source path between source parent IAB-node and source IAB-donor-DU. 
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