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1 Introduction

In TSG RAN Meeting #110e [1], the following agreements have been achieved:
	The RRCReconfiguration to the descendant IAB can be transferred via the source path, i.e. before the migrating IAB detach from source parent cell.
The issue on Reduction of Service Interruption for inter-Donor case will be discussed after the basic migration procedure is determined.


In TSG RAN Meeting #111e [2], the following agreements have been achieved:

	For intra-donor migration:

Use concurrent TNL migration of all descendant nodes during intra-donor topology adaptation to reduce interruption time. 

Consider the following options to support transferring RRCReconfiguration for descendant IAB over source path 

-
Sol1: the RRCReconfiguration for the child IAB is buffered in the parent DU, and it is only sent to the child IAB when a prerequisite step is satisfied/performed.

-
Sol2: the RRCReconfiguration for the child IAB is buffered in the child IAB-MT, and it is only executed when a prerequisite step is satisfied/performed.

-
Sol3: the RRCReconfiguration for the child IAB is not buffered in the parent DU or child IAB-MT, and is executed by the child IAB-MT upon reception. 

-
Sol4: by CU proper implementation. CU control the time to send RRCreconfiguration for each descendent IAB-node, the parent node of each IAB-node does not need to buffer their RRCReconfiguration, and each IAB-node can apply the RRCReconfiguration just when receiving it.   

Agree inter-donor-DU re-routing can be used to address UL packet loss. FFS on other enhancement when re-routing cannot address UL packet loss or re-routing is unavailable; FFS on enhancement to address unnecessary DL transmission

WA: MOBIKE can be used to reduce service interruption during Intra-Donor-CU Inter-Donor-DU Topology Adaptation. FFS whether it affects RAN3 specification.


This paper discusses the options in the agreement above to support transferring the RRC reconfiguration messages to the descendant nodes via the source path to reduce interruption time in intra-donor topology adaptation. 
2 Discussion
2.1 Reducing Interruption Time for Intra-donor Topology Adaptation

Rel-16 IAB already supports intra-CU topology adaptation, where the IAB-donor-DU and/or the IAB-donor-CU-UP may change under the same IAB-donor-CU-CP. Rel-16 IAB also describes the steps that should be performed by the descendant nodes of the migrating IAB-node.
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Figure 1: Example of intra-donor migration of an IAB-node with descendant nodes
Figure 1 shows an example IAB topology with several IAB-nodes under the same IAB-donor. One IAB-node in this topology, referred to as migrating IAB-node, changes its attachment point from a source parent node served by one IAB-donor-DU to a target parent node served by a different IAB-donor-DU, both connected to the same IAB-donor-CU. 
As described in Rel-16 IAB, each of the migrating IAB-node’s and the descendant nodes’ IAB-MT receives an RRC Reconfiguration message that includes a new default UL mapping for the target path. The RRC message may also allocate new TNL address(es) that is(are) routable via the target IAB-donor-DU. In addition, receiving the RRC message with new TNL address(es) by each of the IAB-MTs triggers the corresponding IAB-DU to redirect the F1 association to the new TNL address(es). 
Rel-16 IAB indicates that the steps of performing RRC Reconfiguration and switching F1-C connections and F1-U tunnels to new TNL addresses can be performed by the descendant IAB-nodes after or in parallel with the handover of the migrating IAB-node.
RAN3#110e agreed that “the RRCReconfiguration to the descendant IAB can be transferred via the source path, i.e. before the migrating IAB detach from source parent cell.” In the following, we examine the four options discussed in the last RAN3 meeting for descendant-node reconfiguration via the source path and evaluate the corresponding interruption time of UEs during topology adaptation.
2.1.1 Sol1: RRC Reconfiguration buffered in parent IAB-DU
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Figure 2: Example of procedure for reconfiguration of the descendant nodes via source path based on buffering the RRC reconfiguration message for the child IAB-MT in the parent IAB-DU (Sol1)
Figure 2 shows an example of a reconfiguration for the topology in Figure 1, where the RRC Reconfiguration messages to the descendant nodes are sent by the donor-CU via the source path before the handover of the migrating IAB-node, but the messages are held back by the respective parent nodes until they receive indication that the handover has been successfully executed and the target path has become available. This can be achieved in the following manner: 

· The IAB-donor-CU indicates to the parent IAB-DU to buffer the RRC Reconfiguration message for its child IAB-MT. 

· The migrating IAB-node releases the RRC Reconfiguration message for its child IAB-MT upon successful RA procedure.

· The descendant IAB-node interprets the reception of the RRC Reconfiguration message from its parent node as an indication to release the RRC Reconfiguration message it holds for its respective child node. 

This procedure creates a hop-by-hop indication for the migration of TNL and F1-C, which is very fast. Further, TNL/F1-C migration can be conducted concurrently by the migrating IAB-node and its descendant node, which reduces the interruption time for the UE.

Observation 1: Reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol1) and releasing the message conditioned on successful handover execution enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 2: Reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol1) requires an explicit indication to the parent IAB-DU to buffer the RRC message for the child IAB-MT. No separate indication is needed for the parent IAB-DU to release the message.
Buffering an RRC message at the parent IAB-DU is transparent to RRC. This implies Sol1 can also be considered for reduction of service interruption in inter-donor topology adaptation, which will be discussed by RAN3 based on the RAN3 agreement “The issue on Reduction of Service Interruption for inter-Donor case will be discussed after the basic migration procedure is determined”.  
Observation 3: Reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol1) is transparent to RRC. This can be used as basis for a common solution for reduction of service interruption in intra-donor and inter-donor migration that has no UE impact.
Based on observations 1 to 3, the following proposal is made:
Proposal 1: RAN3 to support reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol 1).
If the handover of the migrating IAB-MT fails, the procedure shown in Figure 2 falls back to the BH RLF recovery procedure for IAB-nodes. The IAB-node undergoing recovery or a descendant node of the IAB-node undergoing recovery receives an RRC message with new default UL mapping and potentially new TNL address(es) as part of the BH RLF recovery procedure. This may trigger the following actions at the receiving node:

· Option 1: Release the child node’s buffered RRC Reconfiguration message to the respective child node. The released message may carry an obsolete configuration which will be overwritten by the BH RLF recovery procedure.
· Option 2: Forward a buffered dummy message to the child node and discard the child node’s buffered RRC Reconfiguration message. The dummy message carries the same PDCP SN as the child node’s buffered RRC Reconfiguration message and is received from the IAB-donor-CU as part of the same F1AP message as the child node’s RRC Reconfiguration message. A child node that receives a dummy message may further release a dummy message for its own grand-child node.
2.1.2 Sol2: RRC Reconfiguration buffered in child IAB-MT
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Figure 3: Example of procedure for reconfiguration of the descendant nodes via source path based on buffering the RRC reconfiguration message for the child IAB-MT in the child IAB-MT (Sol2)
Figure 3 shows an example of a reconfiguration for the topology in Figure 1, where the RRC Reconfiguration messages to the descendant nodes are sent by the donor-CU via the source path before the handover of the migrating IAB-node, but the new configurations are not executed by the descendant nodes until they receive indication that the handover has been successfully executed and the target path has become available. This can be achieved in the following manner: 

· The IAB-donor-CU indicates to the child IAB-MT to buffer its own RRC Reconfiguration message and delay its execution. 

· The migrating IAB-node sends an indication to the child IAB-MT upon successful RA procedure.

· The descendant IAB-node sends an indication to its respective child node upon receiving the indication from its parent node. 

This procedure creates a hop-by-hop indication for the migration of TNL and F1-C, which is very fast. Further, TNL/F1-C migration can be conducted concurrently by the migrating IAB-node and its descendant node, which reduces the interruption time for the UE.
Observation 4: Reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol2) and executing the message conditioned on successful handover execution enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 5: Reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol2) requires an explicit indication to the child IAB-MT to buffer the RRC message. It also requires a separate indication to trigger execution of the message by the child IAB-MT.
Buffering an RRC message at the child IAB-MT is not transparent to RRC. This implies Sol2 cannot be considered for reduction of service interruption in inter-donor topology adaptation because it has UE impact.
Observation 6: Reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol2) cannot be considered for reduction of service interruption in inter-donor migration because it introduces UE impact.

Based on observations 5 and 6, Sol2 has no advantage over Sol1. Sol2 requires an additional indication and cannot be extended to inter-donor migration. The following proposal is made:

Proposal 2: RAN3 to deprioritize reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol 2).

If the handover of the migrating IAB-MT fails, the procedure shown in Figure 3 falls back to the BH RLF recovery procedure for IAB-nodes. The IAB-node undergoing recovery or a descendant node of the IAB-node undergoing recovery receives an RRC message with new default UL mapping and potentially new TNL address(es) as part of the BH RLF recovery procedure. The new RRC message overwrites the configuration of the old RRC message.
2.1.3 Sol3: RRC Reconfiguration not buffered and executed upon reception
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Figure 4: Example of procedure for reconfiguration of the descendant nodes via source path based on not buffering the RRC Reconfiguration message for the child IAB-MT and executing the message by the child IAB-MT upon reception (Sol3)
Figure 4 shows an example of a reconfiguration for the topology in Figure 1, where the RRC Reconfiguration messages to the descendant nodes are sent by the donor-CU via the source path before the handover of the migrating IAB-node, and the new configurations are executed by the descendant nodes upon reception. The RRC Reconfiguration Complete messages are sent back to the IAB-donor-CU along the target path after the handover of the migrating IAB-MT. 
This procedure has the following issues:

· The procedure incurs interruption before the migrating IAB-MT’s handover because the descendant IAB-DUs’ TNLs and F1-Cs cannot be migrated.
· The procedure also incurs interruption after the migrating IAB-MT’s handover because the migration of the descendant IAB-DUs’ TNLs and F1-Cs awaits the trigger of the IKE_SA_INIT packet retransmission timer configured by the upper layers.
Observation 7: Reconfiguration via source path based on not buffering the RRC message and executing the message by the child IAB-MT upon reception (Sol3) may incur large delays if the TNL migration is attempted before the target path becomes available. 
Note that this procedure may entirely fail if a descendant IAB-DU terminates retransmission attempts of IKE_SA_INIT before the target path has become available.
Based on observation 7, the following proposal is made:

Proposal 3: RAN3 to deprioritize reconfiguration via source path based on not buffering the RRC message and executing the message by the child IAB-MT upon reception (Sol3).

If the handover of the migrating IAB-MT fails, the procedure shown in Figure 4 falls back to the BH RLF recovery procedure for IAB-nodes.
2.1.4 Sol4: RRC Reconfiguration sent by donor-CU based on implementation
The fourth solution based on the RAN3 agreement says: “Sol4: by CU proper implementation. CU control the time to send RRCreconfiguration for each descendent IAB-node, the parent node of each IAB-node does not need to buffer their RRCReconfiguration, and each IAB-node can apply the RRCReconfiguration just when receiving it”.

This solution does not work. While the donor-CU can control the time to send an RRC message to a descendant node, the donor-CU cannot control the order of delivery of the messages to the descendant nodes nor the order of their execution by the descendant nodes. This is because BAP does not support in-order delivery of BAP PDUs.

Observation 8: Reconfiguring the descendant nodes via the source path based on CU implementation (Sol 4) does not work because BAP does not provide in-order delivery of BAP PDUs to the descendant nodes and the migrating node.

Based on observation 8, the following proposal is made:

Proposal 4: RAN3 to deprioritize reconfiguration of descendant nodes via source path based on CU implementation (Sol4).

3 Conclusion
This paper discusses options to support transferring the RRC reconfiguration messages to the descendant nodes via the source path to reduce interruption time in intra-donor topology adaptation. The following observations and proposals have been made:
Observation 1: Reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol1) and releasing the message conditioned on successful handover execution enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 2: Reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol1) requires an explicit indication to the parent IAB-DU to buffer the RRC message for the child IAB-MT. No separate indication is needed for the parent IAB-DU to release the message.

Observation 3: Reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol1) is transparent to RRC. This can be used as basis for a common solution for reduction of service interruption in intra-donor and inter-donor migration that has no UE impact.
Observation 4: Reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol2) and executing the message conditioned on successful handover execution enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 5: Reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol2) requires an explicit indication to the child IAB-MT to buffer the RRC message. It also requires a separate indication to trigger execution of the message by the child IAB-MT.

Observation 6: Reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol2) cannot be considered for reduction of service interruption in inter-donor migration because it introduces UE impact.
Observation 7: Reconfiguration via source path based on not buffering the RRC message and executing the message by the child IAB-MT upon reception (Sol3) may incur large delays if the TNL migration is attempted before the target path becomes available.
Observation 8: Reconfiguring the descendant nodes via the source path based on CU implementation (Sol 4) does not work because BAP does not provide in-order delivery of BAP PDUs to the descendant nodes and the migrating node.

Proposal 1: RAN3 to support reconfiguration via source path based on buffering RRC message in parent IAB-DU (Sol 1).

Proposal 2: RAN3 to deprioritize reconfiguration via source path based on buffering RRC message in child IAB-MT (Sol 2).

Proposal 3: RAN3 to deprioritize reconfiguration via source path based on not buffering the RRC message and executing the message by the child IAB-MT upon reception (Sol3).
Proposal 4: RAN3 to deprioritize reconfiguration of descendant nodes via source path based on CU implementation (Sol4).
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