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Introduction
RAN3 meeting #109e discussed the reduction of service interruption, and agreed following
· Topological redundancy should be considered as one mean among others for service interruption reduction.
· We shall consider how to reconfigure descendant nodes in order to reduce service interruption during migration.
· Discuss mitigation of packet loss and reduction of unnecessary transmissions during IAB-node migration.   
And in RAN3 meeting #110e the following was agreed for intra-Donor case:
· [bookmark: _Hlk60947488]The RRCReconfiguration to the descendant IAB can be transferred via the source path, i.e. before the migrating IAB detach from source parent cell.
· Study the packet loss mitigation in intra-donor migration, e.g. further clarify the scenario for packet loss and possible solutions. 
· Discuss the avoidance of unnecessary transmissions in intra-donor migration (including the scenario of RLF recovery), with focus on RAN3 impact.
This contribution analyses the possible technical details to reduce the service interruption during the intra-Donor topology adaptation. 
Discussion
1.1 RRCReconfiguration to the descendant IAB-node transferred via the source path
In order to allow parallel migration of F1-C (including new IPsec and SCTP associations), it was agreed in last RAN3 meeting that the RRCReconfiguration to the descendant IAB-node can be transferred via the source path, i.e., before the migrating IAB-node detach from source parent cell.
We will discuss how to enable transferring the RRCReconfiguration message to the descendant IAB-node via the source path. We will discuss two solutions. 
· Solution 1 was proposed during the last RAN3 meeting [1], [2]. In Solution 1, the parent DU would buffer the RRCReconfiguration message, and deliver it to the descendant IAB-node when a given condition is met, for instance, the parent IAB-MT performs successful random access to the target DU. 
· Solution 2: the RRCReconfiguration message could be delivered to the descendant IAB-node but it would be conditional (similar to conditional HO) and executed only when a preconfigured condition is met. 
For Solution 1, there are certain issues to be solved since parent DU is supposed to buffer the RRCReconfiguration message. 
· how does the parent DU know which RRCReconfiguration message should be buffered?
· if the migration of the parent node fails: are the RRCReconfigs of the child nodes delivered anyway, or discarded?
· what happens if Donor-CU wants to send another RRCReconfiguration message to the descendant IAB-MT while the RRCReconfiguration message due to parent IAB-node migration is still pending?
For the first issue, the content of the PDCP PDU carrying the RRC message is encrypted and thus not visible to the parent DU. Thus, the parent DU cannot read the contents. A simple solution is to introduce a new indication in the F1AP message(s) carrying the RRCReconfiguration message.
Observation 1: For Solution 1, a new indication needs to be added to F1AP messages carrying the RRCReconfiguration message to be delayed.
The other issues are more serious since discarding an undelivered RRC message is not straightforward since that would create a gap in the PDCP SN of SRB1. A gap in PDCP SN normally causes extra delay due to reordering but for SRB, the reordering timer is typically set to infinity and therefore, the PDCP receiver does not proceed if a PDCP PDU is missing. 
Observation 2: For Solution 1, discarding the pending RRCReconfiguration message has issues.
For Solution 2, the RRCReconfiguration message is delivered to the descendant IAB-node but it is not executed immediately. It is executed when a condition is met, e.g., the parent IAB-node successfully connects to target. Since the descendant IAB-node is not aware when the parent IAB-node has successfully connected to the target, a new indication from the parent DU to descendant IAB-node has to be introduced. This indication could, for instance, be a BAP control PDU.
Observation 3: For Solution 2, a new indication from the parent DU to the descendant IAB-MT is needed to indicate that the parent-DU has migrated successfully. The indication could be, e.g., a BAP control PDU.
Solution 2 can reuse principles of conditional HO. Only a new trigger needs to be added. 
Observation 4: Solution 2 reuses principles of CHO.
An issue for Solution 2 is that the BAP layer indication is not integrity protected. The same issue applies to RLF indication sent using BAP control PDU.
Observation 5: The new BAP layer indication required for Solution 2 is not integrity protected (similar to BH RLF indication).
Based on the above analysis we propose:
Proposal 1: RAN3 to discuss whether the conditional RRC message delivered via the source path is stored in the migrating IAB-DU or delivered to descendant IAB-nodes.
1.2 Reduction of F1-U interruption for intra-CU topology adaptation
During the intra-CU topology adaptation as shown in below figure, the IAB node may continue the DL with the UE (if the IAB node has the buffered DL data), and continue the UL with the UE (if the IAB node can buffer the UL data). However, the UL/DL F1-U is stopped when the IAB node detach from the source cell and can only be restarted after step 11 and step 12. 

[image: ]
Actually, 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.

Step 12 has 14-way handshake in total. The main contribution is the 2 4-way handshake used in IPSec establishment and new SCTP establishment. As discussed in contribution ([3]), using MOBIKE ([4]) can avoid the SCTP establishment. By using MOBIKE, the IAB-DU can inform the security gateway (SEG) for using the new outer IP address and reusing the previously assigned inner IP address. Since the inner IP address can be reused, it avoids the SCTP establishment and no need to migrate the F1-C to the new SCTP association. 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.
· [bookmark: _GoBack]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. 
Observation 6: by using MOBIKE, Step 12 in intra-CU TA procedure can be reduced from 14-way handshake to 6-way handshake. 
Proposal 2: RAN3 agree to use MOBIKE to reduce the service interruption during inter-Donor-DU topology adaptation.

Conclusion
In this contribution, we have analysed possible solutions to enable transferring the RRCReconfiguration message to the descendant IAB-node via the source path. We discussed two solutions: 
· In Solution 1, the parent DU would buffer the RRCReconfiguration message, and deliver it to the descendant IAB-node when a given condition is met, for instance, the parent IAB-MT performs successful random access to the target DU. 
· In Solution 2, the RRCReconfiguration message is delivered to the descendant IAB-node but it would be conditional (similar to conditional HO) and executed only when a preconfigured condition is met.
We observed: 
[bookmark: _Hlk61197291]Observation 1: For Solution 1, a new indication needs to be added to F1AP messages carrying the RRCReconfiguration message to be delayed.
Observation 2: For Solution 1, discarding the pending RRCReconfiguration message has issues.
Observation 3: For Solution 2, a new indication from the parent DU to the descendant IAB-MT is needed to indicate that the parent-DU has migrated successfully. The indication could be, e.g., a BAP control PDU.
Observation 4: Solution 2 reuses principles of CHO.
Observation 5: The new BAP layer indication required for solution 2 is not integrity protected (similar to BH RLF indication).
Based on the above observations we propose:
Proposal 1: RAN3 to discuss whether the conditional RRC message delivered via the source path is stored in the migrating IAB-DU or delivered to descendant IAB-nodes.
Further reduction in F1-U interruption can be achieved by optimising the F1 migration.
Observation 6: by using MOBIKE, Step 12 in intra-CU TA procedure can be reduced from 14-way handshake to 6-way handshake.
Proposal 2: RAN3 agree to use MOBIKE to reduce the service interruption during inter-Donor-DU topology adaptation.
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