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Introduction
Last RAN3 meeting discussed whether need enhancements to address the unnecessary UL/DL transmission, but not agreement. This contribution further analyses the issue. 
Unnecessary DL transmission
During the intra-Donor topology adaptation, the UL packets can still be sent to the Donor-CU-UP, e.g. via the inter-Donor-DU re-routing. So the unnecessary transmission is only applicable to DL. The issue may be divided into two aspects:
· Issue 1: How to reduce the number of DL data packets sent via source path, which may cause unnecessary transmission? 
Ideally, the Donor-CU should stop the DL transmission just before the migration IAB-MT detach from source parent node. In case the Donor-CU cannot know when the IAB-MT detach from source parent node, it should stop the DL transmission as soon as possible once it know the IAB-MT has detached from source parent node.
In case normal handover procedure is used for the migration IAB-MT, the Donor-CU-CP can ask CU-UP to suspend the DL transmission for all UEs connected with the migration IAB or the descendant IAB, just before the Donor-CU-CP send the HO Command to the migrating IAB. After the migration is completed, the Donor-CU-CP can ask the CU-UP to resume the DL transmission. 
In case conditional handover procedure is used for the migration IAB-MT, the Donor-CU cannot know when the migrating IAB detached from the source parent. It can only know the migrating IAB is connected with target parent after the Donor-CU receive the F1AP Access Success message from target parent-DU. For same reason, Donor-CU-CP need to ask the CU-UP to stop the DL transmission as soon as possible once it know the migrating IAB is connected with target parent. 

In both cases, it is necessary to reduce the number of DL data sent via the source path. The existing E1AP UE-associated Bearer Context Modification procedure can be reused. However, when there are many UE affected by the migration, it may take some time to complete the E1AP Bearer Context Modification procedure for all related UEs. Considering F1 and E1 have already introduced the specific IAB procedure to modify the context for a group of UEs, it may be beneficial to extend the E1 IAB procedure to stop/resume the DL transmission for all UEs connected with the migration IAB (or descendant IAB).

Observation 1: it is beneficial to stop the DL transmission as soon as possible to reduce the number of DL packets that may cause unnecessary transmission. 

Proposal 1: enhance E1AP to stop/resume the DL transmission for all affected UEs via one E1AP procedure. 

· Issue 2: How to address the DL data packets buffered in the nodes of the source path?
Even the Donor-CU-UP can stop the DL transmission, there are some DL packets already sent over the source path. The packets may be destined to the migration IAB or the descendant IAB. These packets may be buffered in the nodes along the source path, e.g. source Donor-DU, source Patent DU, etc. Following options were discussed in last meeting:
· Option 1: Ancestors of migrating IAB node can discard packets that are currently traversing the source path but not received yet at the destination
· Option 2: Network can prioritize delivery of in-flight packets pertaining to IAB nodes that are about to undergo migration
· Option 3: Keep source path till final packet indication is received
· Option 4: Other (please describe)
For Option 1, if the ancestor of the migrating IAB node know the IAB has detached from source parent, it can discard the DL packets destinated to the migrating IAB. This can be implemented that Donor-CU-CP initiate a F1AP procedure to remove the configured routing in the nodes of the source path once the Donor-CU-CP know the migrating IAB has detached from source parent cell. This may be slow when CHO is used for the migrating IAB.
For Option 2, it is questionable that the network can know the IABs that are about to undergo migration, especially when CHO is used for the migration IAB. If the prioritization is performed well before the actual migration, it may cause unnecessary performance issue, e.g. degraded QoS experience for those UEs connected to the migrating IAB or descendant IAB(s). The only possible way to mitigate the performance issue is the Donor-CU-CP provides an indication to the intermediate IAB node once the migrating IAB has detached from the source parent. But then it may be similar to Option 1 to discard those DL packets. 
For Option 3, the intermediate node can only decode the BAP header. So this indication can only be in BAP header. This is impractical, since there is no in-sequence delivery in BAP layer. Also, it is questionable on how Donor-DU can set the final packet indication. The IP header does not give an indication for the Donor-DU to set the final packet indication. 
In a summary, there is no good solution to address those DL packets buffered in the intermediate nodes. If the Donor-CU-UP can stop the DL transmission as soon as possible, the number of the affected DL packets may be small. Discard those packets may not cause a big issue. So we propose to study how to reduce the number of DL packets that may cause unnecessary transmission. 
Proposal 2: No enhancement to address the DL packets buffered in the intermediate nodes. 
Proposal 3: RAN3 focus the discussion on how to reduce the number of DL packets that may cause unnecessary transmission. 
MOBIKE
Previous RAN3 meeting agreed the WA on MOBIKE and sent a LS asking SA3 to provide feedback.
WA: MOBIKE can be used to reduce service interruption during Intra-Donor-CU Inter-Donor-DU Topology Adaptation. FFS whether it affects RAN3 specification.
SA3 reply LS ([5]) states
SA3 sees no security issue with the RAN3 proposal to use MOBIKE for the Intra-Donor-CU Inter-Donor-DU topology adoption in IAB. The end points of the IPsec SA have to remain on the same nodes and only IP addresses change in MOBIKE. This seems to be a feasible solution to address the IAB node change and reduce the exchange address re-synchronization messages.
Based on the feedback from SA3, we propose to turn this WA into an agreement.
Proposal 4: turn the “WA: MOBIKE can be used to reduce service interruption during Intra-Donor-CU Inter-Donor-DU Topology Adaptation.” into an agreement.
It is necessary to capture the MOBIKE in the Stage-2 procedure. The current intra-CU topology adaptation procedure (as shown below). 

[bookmark: OLE_LINK3][bookmark: _Hlk16780442]Figure 8.2.3.1-1: IAB intra-CU topology adaptation procedure (TS38.401)
In Rel-16 (Without MOBIKE), Step 12 contains multiple sub-steps:
• 12a: IAB setup/update IPSec tunnel and get a new inner IP address. This is a 4-way handshake.
• 12b: IAB-DU use new inner IP address to setup new SCTP association with CU. This is a 4-way handshake.
• 12c: IAB-DU initiate F1 procedure to inform CU for the new SCTP association and migrate F1-C to new SCTP association. This is a 2-way handshake.
• 12d: CU initiate F1 IAB UP Configuration Update, to get IAB’s new inner IP address for DL F1-U, etc. This is a 2-way handshake.
• 12e: CU-CP inform CU-UP for IAB’s new inner IP address for DL F1-U. The UL/DL F1-U can be resumed over the target path. This is a 2-way handshake.

With MOBIKE, Step 12 can be optimized with following sub-steps:
· 12a: IAB initiates MOBIKE procedure to update the outer IP address. The previous assigned inner IP address can be reused with the new outer IP address. This is a 2-way handshake. 
· 12b: this sub-step can be omitted. Since the inner IP address is unchanged, the previously established SCTP association can be used over the new outer IP address.
· 12c: IAB-DU initiates a F1AP procedure to inform CU that inner IP address is reused, and F1-C/U can be resumed via current SCTP association and F1-U tunnel. This is a 2-way handshake.
· 12d: this sub-step can be omitted. Since the inner IP address is unchanged, no change to DL F1-U tunnel. 
· 12e: CU-CP informs CU-UP to resume DL F1-U transmission. 2-way handshake. This is a 2-way handshake.

In a summary, Step 12 can be reduced to 6-way handshake by using MOBIKE. This is a major reduction to the service interruption. 

It is necessary to update Step 12 to allow the use of MOBIKE. For example

12.	The F1-C connections are switched to use the migrating IAB-node’s new TNL address(es), IAB-donor-CU updates the UL BH information associated to each GTP-tunnel to migrating IAB-node. This step may also update UL FTEID and DL FTEID associated to each GTP-tunnel. All F1-U tunnels are switched to use the migrating IAB-node’s new TNL address(es). This step may use non-UE associated signaling in E1 and/or F1 interface to provide updated UP configuration for F1-U tunnels of multiple connected UEs or child IAB-MTs. The IAB-donor-CU may also update the UL BH information associated with non-UP traffic. Implementation must ensure the avoidance of potential race conditions, i.e. no conflicting configurations are concurrently performed using UE-associated and non-UE-associated procedures. 
	In case IPsec tunnel mode is used to protect the F1 and non-F1 traffic, the IAB node may initiate the MOBIKE procedure to update the IPSec tunnel using the new outer IP address and reuse the inner IP address. After the completion of the MOBIKE procedure, the existing SCTP association and the DL FTEID can be reused. The F1-C/F1-U is migrated to target path using the new outer IP address, without the need to initiate F1/E1 procedure to update the DL F-TEID. The E1AP procedure may be initiated to resume the DL transmission. 

Proposal 5: Update Stage-2 to capture MOBIKE in Step 12.

Conclusion
In this contribution, we have analysed the unnecessary DL transmission during the inter-Donor migration. Our proposals are:

Observation 1: it is beneficial to stop the DL transmission as soon as possible to reduce the number of DL packets that may cause unnecessary transmission. 

Proposal 1: enhance E1AP to stop/resume the DL transmission for all affected UEs via one E1AP procedure. 
Proposal 2: No enhancement to address the DL packets buffered in the intermediate nodes. 
Proposal 3: RAN3 focus the discussion on how to reduce the number of DL packets that may cause unnecessary transmission. 
Proposal 4: turn the “WA: MOBIKE can be used to reduce service interruption during Intra-Donor-CU Inter-Donor-DU Topology Adaptation.” into an agreement.
Proposal 5: Update Stage-2 to capture MOBIKE in Step 12.
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