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RAN2 received the following liaison from RAN3 [1] on reduction of service interruption during intra-donor IAB-node migration:
	1. Overall Description:
RAN3 is currently evaluating the following two solutions for reduction of service interruption during INTRA-donor IAB-node migration. In both solutions, the transfer of RRCReconfiguration for TNL migration of a descendent IAB node occurs over the source path. The goal of these solutions is to initiate execution of RRCReconfiguration by the descendent nodes as soon as the target path has become available.   
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. The indication of buffering and conditional delivery may be provided by the IAB-donor-CU to the parent IAB-DU via an F1AP message including the RRCReconfiguration message.  The condition is set so that a sequential delivery and execution of RRCReconfigurations is created downstream.
While exact details of Solution 1 are still FFS, an example procedure is provided in Figure 1. 



Figure 1. Example procedure for Solution 1 (R3-211740)
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. The indication of buffering and conditional execution may be included in the RRCReconfiguration. The condition for initiation and propagation of this indication is set so that it causes a sequential execution of RRCReconfigurations downstream.
While exact details of Solution 2 are still FFS, an example procedure is provided in Figure 2. 



Figure 2. Example procedure for Solution 2 (R3-211740)

RAN3 would like to ask RAN2 to provide feedback on Solutions 1 and 2.


ACTION: RAN3 kindly asks RAN2 to provide feedback on Solutions 1 and 2 



TSG RAN3#110e [2] has made the following agreements on the topic:
	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.



TSG RAN3#111e [3] has made the following agreements on the topic:
	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.



TSG RAN3#112e [4] has made the following agreements on the topic:
	For intra-donor migration, the solution set to support transfer of RRCReconfiguration for descendent IAB node over source path is limited to solutions 1 and 2. Further down-selection is expected.



This paper discusses the two solutions in the RAN3 LS 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. 
Discussion


Figure 3. Example of intra-donor migration of an IAB-node with descendant nodes
Figure 3 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 and the descendant nodes in Figure 3 receives an RRC Reconfiguration message which it uses to switch its F1-C connection and F1-U tunnels to the target path via the target IAB-donor-DU. In the LS by RAN3, two solutions are considered for transferring the RRC Reconfiguration messages to the descendant nodes over the source path, allowing for concurrent TNL migration of the descendant nodes to reduce interruption time.
· Solution 1: RRC Reconfiguration message is withheld by the parent node until a condition is met for delivery.
· Solution 2: RRC Reconfiguration execution is made dependent on a condition that needs to be met.
Solution 1: RRC Reconfiguration withheld by parent IAB-DU
Figure 1 shows an example of a reconfiguration for the topology in Figure 3, where the RRC Reconfiguration messages to the descendant nodes are sent by the IAB-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 propagation of indications 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: Solution 1 for reconfiguring descendant nodes over the source path enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 2: Solution 1 for reconfiguring descendant nodes over the source path requires an explicit indication in the F1AP message to the parent IAB-DU to withhold the RRC message for the child IAB-MT. Defining such indication is in RAN3 scope.
Observation 3: For Solution 1, the parent IAB-DU releases the child IAB-MT’s RRC message upon determining target path availability. How to make this determination is in RAN3 scope. 
In case the IAB-node migration fails, the procedure shown in Figure 1 falls back to the BH RLF recovery procedure for IAB-nodes. In this case:
· The boundary IAB-MT receives an RRC message with new default UL mapping and potentially new TNL address(es) as part of the BH RLF recovery procedure. This triggers the boundary parent IAB-DU to release the buffered RRC message for its child IAB-MT.
· 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
The released RRC messages may carry an obsolete configuration which will be overwritten by the BH RLF recovery procedure.
Based on the above, Solution 1 has no RAN2 impact.

Proposal 1: LS to RAN3 that no RAN2 impact is foreseen for Solution 1 (RRC message is withheld by parent IAB-DU until a condition for delivery is met).
Solution 2: RRC Reconfiguration execution postponed by child IAB-MT
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 IAB-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 message to the child IAB-MT upon successful RA procedure.
· The descendant IAB-node sends an indication message to its respective child node upon receiving an indication message from its parent node. Since this indication message is sent from parent-to-child, it must be sent on L1 or L2.
This procedure creates a hop-by-hop propagation of indications 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: Solution 2 for reconfiguring descendant nodes over the source path enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 5: Solution 2 for reconfiguring descendant nodes over the source path requires an a condition to be included in the RRC Reconfiguration message for the  execution of this RRC message. It also requires a separate L1/2 indication message that triggers the execution of the RRC Reconfiguration by the child IAB-MT. Defining these indications is in RAN2 scope.
Observation 6: For Solution 2, the parent IAB-DU triggers the execution of the RRC message at the child IAB-MT upon determining target path availability. How to make this determination is in RAN3 scope.
In case the IAB-node migration fails, the procedure shown in Figure 2 falls back to the BH RLF recovery procedure for IAB-nodes. In this case, each IAB-MT 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.
The following proposal captures RAN2 impact of Solution 2:
Proposal 2: LS to RAN3 that the following RAN2 impact is foreseen for Solution 2 (RRC message not executed by child IAB-MT until a condition for execution is met):
· A condition is required in the RRC Reconfiguration message to the child IAB-MT for the execution of this RRC message.
· A L1/L2 indication message needs to be defined which is transmitted by the parent IAB-DU to the child IAB-MT to trigger the execution of the RRC Reconfiguration message. 
Conclusion
This paper discussed the two solutions in LS R3-212973 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: Solution 1 for reconfiguring descendant nodes over the source path enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 2: Solution 1 for reconfiguring descendant nodes over the source path requires an explicit indication in the F1AP message to the parent IAB-DU to withhold the RRC message for the child IAB-MT. Defining such indication is in RAN3 scope.
Observation 3: For Solution 1, the parent IAB-DU releases the child IAB-MT’s RRC message upon determining target path availability. How to make this determination is in RAN3 scope. 
Observation 4: Solution 2 for reconfiguring descendant nodes over the source path enables concurrent TNL and F1-C migration across all tiers, which substantially reduces interruption times.
Observation 5: Solution 2 for reconfiguring descendant nodes over the source path requires an a condition to be included in the RRC Reconfiguration message for the  execution of this RRC message. It also requires a separate L1/2 indication message that triggers the execution of the RRC Reconfiguration by the child IAB-MT. Defining these indications is in RAN2 scope.
Observation 6: For Solution 2, the parent IAB-DU triggers the execution of the RRC message at the child IAB-MT upon determining target path availability. How to make this determination is in RAN3 scope.

Proposal 1: LS to RAN3 that no RAN2 impact is foreseen for Solution 1 (RRC message is withheld by parent IAB-DU until a condition for delivery is met).
Proposal 2: LS to RAN3 that the following RAN2 impact is foreseen for Solution 2 (RRC message not executed by child IAB-MT until a condition for execution is met):
· A condition is required in the RRC Reconfiguration message to the child IAB-MT for the execution of this RRC message.
· A L1/L2 indication message needs to be defined which is transmitted by the parent IAB-DU to the child IAB-MT to trigger the execution of the RRC Reconfiguration message. 
[bookmark: OLE_LINK3]References
[1] R3-212973, “LS to RAN2 on reduction of service interruption during intra-donor IAB-node migration”
[2] Chairman report, 3GPP RAN TSG WG3 Meeting #110e, Electronic Meeting, November 2 – 12, 2020 
[3] Chairman report, 3GPP RAN TSG WG3 Meeting #111e, Electronic Meeting, January 25 – February 5, 2021
[4] Chairman report, 3GPP RAN TSG WG3 Meeting #112e, Electronic Meeting, May 17 – 28, 2021
	4/4	
image2.emf
IAB-node

DU1   MT1

Source 

Parent

IAB-donor-CU

Target 

Parent

UE

RRC Reconfiguration Complete via target path

Child

DU2   MT2

Grand child

DU3   MT3

RRC Reconfiguration via source path

RRC Reconfiguration Complete 

RRC Reconfiguration via source path

Synch and Random Access procedure

RRC Reconfiguration via source path

TNL migration (IKE setup, SCTP migration)

TNL migration (IKE setup, SCTP migration)

TNL migration (IKE setup, SCTP migration)

Interruption 

Time for UE

RRC Reconfiguration Complete 

F1AP: UL RRC message transfer

F1AP: UL RRC message transfer

Indication

Indication


Microsoft_Visio_2003-2010_Drawing1.vsd

image3.emf
IAB-donor-

CU

IAB-donor- 

DU1

IAB-donor-

DU2

IP network

DU

DU

IAB-MT1

IAB-DU1

UE

Source 

Parent

Target 

Parent

Migrating 

IAB-node

Grand child 

IAB-node

Child 

IAB-node

IAB-MT2

IAB-DU2

IAB-MT3

IAB-DU3

Source

IAB-donor-DU

Target

IAB-donor-DU


Microsoft_Visio_2003-2010_Drawing2.vsd

image1.emf
IAB-node

DU1   MT1

Source 

Parent

IAB-donor-CU

Target 

Parent

UE

RRC Reconfiguration Complete via target path

Child

DU2   MT2

Grand child

DU3   MT3

RRC Reconfiguration via source path

RRC Reconfiguration Complete

F1AP (RRC Reconfiguration for MT3) via source path

Synch and Random Access procedure

F1AP (RRC Reconfiguration for MT2) via source path

TNL migration (IKE setup, SCTP migration)

TNL migration (IKE setup, SCTP migration)

TNL migration (IKE setup, SCTP migration)

Interruption 

Time for UE

Withhold 

delivery

Withhold 

delivery

RRC Reconfiguration Complete

F1AP: UL RRC message transfer

F1AP: UL RRC message transfer


Microsoft_Visio_2003-2010_Drawing.vsd

