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Introduction
RAN2 has received a liaison R3-212973 [1] from RAN3 on service interruption reduction during intra-donor IAB-node migration. RAN2 is asked to provide feedback on solution 1 and 2. In this contribution, from RAN2 point of view, we analyze RAN2 impacts for each solution and provide our views accordingly. Besides, one may also consider adopting solution 1 and/or solution 2 in [1] for conditional handover. Further analysis on how this approach is not suitable to be used in conditional handover is discussed.
Discussion
Interruption reduction during intra-donor topology migration
In Rel-16, during intra-donor topology migration, RRC Reconfiguration messages of descendant IAB-nodes are sent via target path, after the migrating IAB-node’s RACH access procedure is successful.  It is observed that there’s a short period of service interruption between migrating IAB-node’s RRC Reconfiguration complete and descendant IAB-nodes’ RRC Reconfiguration complete and resume traffic. To reduce service interruption and allow concurrent TNL migration of the descendant IAB-nodes, two solutions are discussed in RAN3:
Solution 1: The RRCReconfiguration message for TNL migration of a descendent node IAB-MT is withheld by this descendant node’s parent IAB-DU, and it is delivered only when a condition is satisfied.
Solution 2: The RRCReconfiguration message for TNL migration of the descendant-node IAB-MT is buffered by the descendent-node’s IAB-MT itself, and it is executed only when an indication is received from the parent IAB-DU.
In following context, we analyze the standards impact from RAN2 point of view.
Solution 1
Figure 1 shows an example procedure of solution 1, where descendant IAB-nodes’ RRCReconfiguration messages are sent via source path to their parent IAB-node(s). Different with Rel-16, the parent IAB-node will not send this RRCReconfiguration immediately to the corresponding child IAB-node. It can withhold the message and deliver to the child IAB-node in later stage. 


Figure 1. Example procedure for Solution 1
Recalling intra-donor topology migration procedure in Rel-16 (TS38.401 Figure 8.2.3.1-1), after receiving MeasurementReport from the migrating IAB-node, IAB-donor will send a UE CONTEXT SETUP REQUEST to the target IAB-node. If the target IAB-node is ok to handle the migration, a UE CONTEXT MODIFICATION REQUEST will be sent to the source IAB-node in Step 5. The source IAB-node will respond to the IAB-donor CU in Step 7 and perform RACH procedure in Step 8. 
To support this functionality for service interruption and avoid unnecessary storage of RRCReconfiguration at parent IAB-nodes, all UE CONTEXT MODIFICATION REQUEST messages should be sent to each parent IAB-node in step 5.  
Proposal 1: [bookmark: _Ref79003400]The withheld RRCReconfiguration is sent to each parent IAB-node via corresponding UE CONTEXT MODIFICATION REQUEST message simultaneously via source path in IAB intra-CU topology adaptation procedure Step 5.
During the IAB-node topology migration, the source node will send the RRCReconfiguration message to the migrating IAB-node upon receiving UE CONTEXT MODIFICATION REQUEST from IAB-donor CU (i.e. Step 6 in TS38.401 Figure 8.2.3.1-1). It is important to make sure the migration is successful before its descendant IAB-nodes start their TNL migration. This can help to avoid unnecessary configuration change of descendant IAB-nodes in case the migration is failed. Hence, the migrating IAB-nodes should send withheld RRCReconfiguration messages to its child nodes after its RACH procedure is successful. 
Proposal 2: [bookmark: _Ref79003404]The migrating IAB-node forwards the stored RRCReconfiguration of its direct child nodes after RACH success.
As shown in Figure 1, the child IAB-node may also withhold its own child IAB-node(s)’ RRCReconfiguration messages. As their connected IAB-donor CU and connected parent IAB-DU is not changed during intra-donor migration, descendant IAB-nodes don’t need to perform RACH after receiving the RRCReconfiguration message. Hence, the IAB-node (e.g. child IAB-node of the migrating IAB-node, and descendant IAB-nodes) should send withheld RRCReconfiguration messages to its child node if any after receiving its own RRCReconfiguration message from its parent IAB-node.
Proposal 3: [bookmark: _Ref79003409]If descendant IAB-node of the migrating IAB-node is also a parent IAB-node, the descendant IAB-node forwards the stored RRCReconfiguration of its direct child nodes after receiving its own RRCReconfiguration message from its parent IAB-node.
During RAN3 #112e meeting, there’s also some concerns about what should the parent node do if another RRCReconfiguration message is received before the condition has been met (e.g. in case IAB-node migration failed and a new RRCReconfiguration is sent after recovery occurred somewhere else)? From our understanding, this scenario has a very low opportunity to happen, as RRCReconfiguration procedure only requires a very short time to complete. There’s no need to optimize for an abnormal scenario. Even it occurs, the IAB-node can follow the same procedure as a normal UE. The IAB-node processes the received RRCReconfiguration messages in sequence order, that is, IAB-node will first process the first received one and withhold the second one.
Proposal 4: [bookmark: _Ref79003414]If the parent IAB-node receives another RRCReconfiguration message before the condition has been met, same as normal UE, IAB-node should process the received RRCReconfiguration messages in sequence order.
Proposal 5: [bookmark: _Ref79003418]Reply LS to RAN3 that there’s no RAN2 impact to support Solution 1 as it can follow UE’s existing procedure and RRCReconfiguration message(s) of child IAB-node(s) is sent to their parent IAB-node(s) via source path concurrently before migrating IAB-node starts RACH procedure.
Solution 2
Figure 2 shows an example procedure of solution 2, where descendant IAB-nodes’ RRCReconfiguration messages are sent via source path to the IAB-node itself. The IAB-node will not apply the received RRCReconfiguration until it receives an indication from its parent IAB-node. 


Figure 2. Example procedure for Solution 2
As the baseline, IAB-node should follow the same procedure as defined for normal UE. For a normal UE, it will apply the received RRCReconfiguration immediately once it receives one, except the RRCReconfiguration in ConditionalReconfiguration (which is used for conditional handover). Currently, there’s no existing messages to a normal UE indicating when one stored RRCReconfiguration should be applied. From our understanding, it requires to define a new indication from parent IAB-node to child IAB-node, indicating the migrating IAB-node’s RACH success or descendant IAB-nodes’ parent node(s) receives the indication from their parent IAB-node. This can be supported either by a direct indication from the migrating IAB-node to each descendant IAB-node via a IAB-DU<-> IAB-DU message or by a hop-by-hop message. However, both solutions will introduce a significant impact to RAN2.
Observation 1: [bookmark: _Ref79003426]For Solution 2, RAN2 need to define a new message/indication to indicate the successful RACH procedure of the migrating IAB-node, so that the child IAB-node can execute the stored RRCReconfiguration message. 
We further compared the service interruption time of both solutions. For both solutions, the service interruption starts when the migrating IAB-node receives a RRCReconfiguration message from its source parent and ends when all RRC reconfigurations are completed. During this period, it includes 1) messages from each parent IAB-nodes to their child IAB-nodes (for Solution 1, message is RRCReconfiguration; for Solution 2, message is indication of RACH success of migrating IAB-node); 2) RRC reconfiguration at child IAB-nodes; 3) RRC reconfiguration complete and TNL migration success. It is noticed that both Solution 1 and Solution 2 have the same service interruption time. Hence, the solution with less standard impact should be prioritized, i.e. Solution 1.
Proposal 6: [bookmark: _Ref79003431]Reply LS to RAN3 that Solution 1 and Solution 2 has the same service interruption time for a UE. Solution 1 should be prioritized, as it will introduce no impact to RAN2.
CHO
RAN2 agreed to consider CHO to reduce service interruption in Rel-17. One may also consider whether Solution 1 and Solution 2 can also be adopted for conditional RRCReconfiguration or not. In this section, we further discussed that it is not suitable to further extend Solution 1 or Solution 2 to CHO.  CHO is different to the discussion in the previous section in that the multiple CHO configurations are stored for potentially long periods until the CHO trigger.  In the migration discussion in the previous section, the forwarding happens immediately with only a limited delay for the execution of the procedures.  The complexity of below two scenarios for CHO are compared:
1) Early prepared RRCReconfiguration messages for descendant IAB-nodes during CHO preparation of the migrating IAB node (Solution 1 as an example)
2) Sending RRCReconfiguration for descendant IAB-nodes after CHO completion.
Figure 3 shows a topology of IAB network. We consider IAB-node 5 is configured with CHO and IAB-node 3 is a  CHO candidate IAB-nodes for IAB-node 5. During CHO preparation for IAB-node 5, IAB-node 3 will perform admission control and reserve resources for IAB-node 5 based on its measurement report. Once the UE context setup request for IAB-node 5 is granted at each candidate IAB nodes, IAB-donor-CU needs to send DL RRC MESSAGE TRANSFER to IAB-node 2 (current parent IAB node for IAB-node 5), carrying conditional RRCReconfiguration messages of IAB-node 5. 


[bookmark: _Ref67041972][bookmark: _Ref67041963]Figure 3. IAB network topology
Pre-configuration of descendant IAB-nodes’ and buffered in their parent IAB-nodes
Figure 4 shows an example of message flow during IAB-node 5 CHO preparation considering Sol1 (RRCReconfiguration for the child IAB is buffered in the parent DU and send to the child IAB when a prerequisite step is satisfied). Compared with Rel-16 CHO, besides DL RRC MESSAGE TRASFER message in step 5, IAB-donor-CU also need to send additional DL RRC MESSAGE TRANSFER messages to each parent node under the branch of IAB-node 5 (i.e. step 9 and 10 in Figure 4). 
In Solution 1 scenario, different from Rel-16 CHO where conditional RRCReconfiguration is stored at UE itself, one IAB node will store conditional RRCReconfiguration messages of its own and its direct child nodes. In Solution 2 scenario, the RRCReconfiguration for the child IAB is buffered in the child IAB-MT itself. Both scenarios require additional DL RRC MESSAGE TRANSFER messages to descendant nodes’ parent nodes.
Observation 2: [bookmark: _Ref71589378]For IAB node configured with a CHO target, additional DL RRC MESSAGE TRANSFER messages carrying the corresponding conditional RRCReconfiguration along with ancestor CHO-configured IAB identity need to be sent to each descendant nodes’ parent node.


Figure 4. IAB node 5 CHO messages flow with Solution1: pre-configuration of descendant IAB-node during CHO preparation and reconfiguration after CHO
Each IAB-node in the IAB network can be configured with CHO independently, it is possible that one IAB-node stores multiple conditional RRCReconfiguration messages caused by different ancestor IAB-nodes CHO migration as well as its own CHO.  Here we use IAB-node 7 as an example of a second IAB-node that is configured with CHO. If IAB-node 7 is also configured with CHO, it receives both conditional RRCReconfiguration messages of its own CHO and conditional RRCReconfiguration messages of its own for IAB-node 5’s CHO. 
Observation 3: [bookmark: _Ref71589383]One IAB node may have multiple conditional RRCReconfiguration messages (of its own or child nodes) if CHO is configured at itself and its ancestor IAB nodes. The number of RRCReconfiguration messages multiplies as the number of ancestor IAB-nodes’ increases.
During CHO execution, to select the right RRCReconfiguration for the descendant nodes, the descendant nodes of the migrating IAB nodes or the parent nodes who stores the descendant nodes’ conditional RRCReconfiguration messages need to be notified with the migrating IAB node identity. A new CHO execution indication message should be introduced and sent to each descendant nodes, which is beyond Rel-16 CHO configuration.
Observation 4: [bookmark: _Ref71589388]Different from Rel-16 CHO, the performing CHO IAB node identity also need to be informed to its descendant nodes to help the selection of a suitable RRCReconfiguration message for the descendant nodes.
Pre-configuration of descendant IAB-nodes’ and buffered at CHO-configured IAB-node
One may also consider that the conditional RRC reconfiguration of descendant IAB-nodes can also be stored at the CHO-configured IAB-node (i.e. IAB-node 5 in Figure 4). This option avoids the need for the notification messages during CHO execution mentioned above (as the RRCReconfiguration message is sent to the descendant nodes after CHO execution). However, it still suffers from the similar complexity (i.e. multiple conditional RRCReconfiguration for one IAB-node) as the above analysis, without reducing the interruption time.
Observation 5: [bookmark: _Ref71589397]Sending RRCReconfiguration of descendant IAB nodes via source path is complex and not efficient for intra-donor CHO. 
Descendant IAB-nodes’ configuration after CHO completion


Figure 5. CHO message flow RRCReconfiguration for descendant nodes after CHO completion
In contrast to the previous solutions, sending RRCReconfiguration of descendant IAB-nodes after CHO completion would be much easier. As shown in Figure 5, message flow of CHO preparation is the same as Rel-16 CHO. Besides, message flow of CHO execution in step 13~20 follow the same procedure as Rel-16 IAB topology adaptation for descendant nodes. This solution has less signaling exchanges and less impact to specification. 
From service interruption point of view, compared with receiving RRCReconfiguration message during CHO preparation, sending RRCReconfiguration messages for descendant IAB-nodes via target path has similar delay in service interruption. As shown in Figure 4 and Figure 5, with local re-routing, the service interruption only happens in upstream, starting from CHO condition evaluation and execution, till RRCReconfiguration Complete. For upstream traffic, during the migration, the descendant IAB-nodes can keep sending upstream packets to the migrating IAB-node. Once CHO is completed, the migrating IAB-node can update the BAP header (for inter-donor DU or change routing path ID) if needed and resume upstream traffic (of packets received during migration) after CHO completion.
Observation 6: [bookmark: _Ref71589404]Pre-configuration RRCReconfiguration messages to descendant IAB-node does not reduce the upstream traffic service interruption during CHO execution of the migrating IAB-node. Follow existing procedures (i.e. send RRCReconfiguration messages for the descendant nodes via target path) is simpler without additional interruption. 
Moreover, intra-donor topology migration without CHO only need to send one RRCReconfiguration message for each descendant IAB-nodes via source path. However, for CHO, due to CHO configured at the IAB-node itself, and CHO configured for its ancestor IAB-node, one IAB-node may receive multiple CHO configurations and trigger conditions. Storing and managing many RRCReconfiguration messages in either parent IAB-node or child IAB-node will introduce a huge overhead.
Besides, compared with intra-donor topology migration with CHO, a pre-configured CHO RRCReconfiguration messages also need to be stored at IAB-node much longer period. This also increase the complexity of adopting Solution 1 and Solution 2 with CHO.
Observation 7: [bookmark: _Ref79003543]   Pre-configuration RRCReconfiguration messages to descendant IAB-node during CHO is much complex than Solution 1/2, due to longer storage time and multiple conditional configurations from different CHO candidate cells. 
Proposal 7: [bookmark: _Ref71589409]RRCReconfiguration messages for the descendant nodes is configured via target path after migrating IAB node’s CHO completion.
Conclusion
In this contribution, we analyzed RAN2 standards impact of Solution 1 and Solution 2 in RAN3 LS. Based on analysis, Solution 1 is preferred as it has less standard impact. We further discussed whether it is possible to use Solution 1 and Solution 2 in the scenario of CHO.
We propose following observations and proposals:
Proposal 1:The withheld RRCReconfiguration is sent to each parent IAB-node via corresponding UE CONTEXT MODIFICATION REQUEST message simultaneously via source path in IAB intra-CU topology adaptation procedure Step 5.
Proposal 2:The migrating IAB-node forwards the stored RRCReconfiguration of its direct child nodes after RACH success.
Proposal 3:If descendant IAB-node of the migrating IAB-node is also a parent IAB-node, the descendant IAB-node forwards the stored RRCReconfiguration of its direct child nodes after receiving its own RRCReconfiguration message from its parent IAB-node.
Proposal 4:If the parent IAB-node receives another RRCReconfiguration message before the condition has been met, same as normal UE, IAB-node should process the received RRCReconfiguration messages in sequence order.
Proposal 5:Reply LS to RAN3 that there’s no RAN2 impact to support Solution 1 as it can follow UE’s existing procedure and RRCReconfiguration message of child IAB-node is sent to its parent IAB-node via source path concurrently before migrating IAB-node starts RACH procedure.
Observation 1:For Solution 2, RAN 2 need to define a new message/indication to indicate the successful RACH procedure of the migrating IAB-node, so that the child IAB-node can execute the stored RRCReconfiguration message.
Proposal 6:Reply LS to RAN3 that Solution 1 and Solution 2 has the same service interruption time for a UE. Solution 1 should be prioritized, as it will introduce no impact to RAN2.
Observation 2:For IAB node configured with a CHO target, additional DL RRC MESSAGE TRANSFER messages carrying the corresponding conditional RRCReconfiguration along with ancestor CHO-configured IAB identity need to be sent to each descendant nodes’ parent node.
Observation 3:One IAB node may have multiple conditional RRCReconfiguration messages (of its own or child nodes) if CHO is configured at itself and its ancestor IAB nodes. The number of RRCReconfiguration messages multiplies as the number of ancestor IAB-nodes’ increases.
Observation 4:Different from Rel-16 CHO, the performing CHO IAB node identity also need to be informed to its descendant nodes to help the selection of a suitable RRCReconfiguration message for the descendant nodes.
Observation 5:Sending RRCReconfiguration of descendant IAB nodes via source path is complex and not efficient for intra-donor CHO.
Observation 6:Pre-configuration RRCReconfiguration messages to descendant IAB-node does not reduce the upstream traffic service interruption during CHO execution of the migrating IAB-node. Follow existing procedures (i.e. send RRCReconfiguration messages for the descendant nodes via target path) is simpler without additional interruption.
Observation 7:Pre-configuration RRCReconfiguration messages to descendant IAB-node during CHO is much complex than Solution 1/2, due to longer storage time and multiple conditional configurations from different CHO candidate cells.
Proposal 7:RRCReconfiguration messages for the descendant nodes is configured via target path after migrating IAB node’s CHO completion.
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