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1. Introduction
In the RAN 3 #109-e meeting, the following agreement has approved 

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.

Base on the agreement above, this paper discusses the enhancement of service interruption and packet loss.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]2. Discussion
2.1 Reconfiguration on Descendant Nodes
Referring IAB donor-CU topology adaptation in [1] and [2], the parent node of migrating IAB node stops transfer user data to the migrating IAB node in migration prepare procedure, which would lead to service interruption for migrating IAB node. It further causes the descendant nodes cannot receive DL data. For UL data, descendant nodes would deliver data to their parent node and buffered in there. Basically, descendant nodes only could work until their parent nodes migrate successfully.
Observation 1: The migration of migrating IAB node would lead to descendant nodes service interruption.
2.1.1 Migrate all descendant nodes without IAB dual connections
1. Inter-CU migration
There are two ways to migrate descendant nodes without IAB dual connections, one is migration from bottom to top and the other is from top to bottom. The method of reconfigure descendant node from the bottom up could avoid the situation that the parent node has been switched into target path, and the descendant node cannot receive RRC reconfiguration message. 
The major issue of migration descendant nodes form bottom to top is that the RRC reconfiguration complete message and F1 setup procedure can only be sent and triggered until all top tier nodes migration are completed. Specifically, descendant nodes can only send the RRC reconfiguration complete message to its parent node when the F1 connection of parent node is complete. The F1 setup procedure for descendant nodes have to wait for the top tier nodes complete RRC reconfiguration and F1 setup procedure. It causes long service interruption. 
The flow chart of migration descendant nodes from bottom to top is shown as below.


Figure 1 Inter-CU migration descendant nodes from bottom to top
To reduce the service interruption, we propose to send the RRC reconfiguration complete message and F1 setup associated signalling by default BH RLC channel and default BAP routing ID. Default configuration of IAB node is conveyed in RRC reconfiguration messages from source CU. The benefit is that migrating IAB node and its descendant nodes could send RRC reconfiguration messages concurrently and/or execute F1 setup procedure at the same time, which reduce service interruption effectively. Specifically, after migrating IAB node random access to target path IAB node, the RRC reconfiguration complete messages of migrating IAB node and its descendant nodes could send to target CU via default configuration concurrently, which means that step 8, 9, 10 occur in parallel in figure 2. Furthermore, F1 setup procedure for migrating IAB node and its descendant nodes also can execute at the same time after their MT part reconfigure completely, which means that step 11, 12,13 can occur in parallel in figure 2.
When considering the above method to migrate descendant nodes as figure 2, the reconfiguration order of descendant nodes e.g., migration descendant nodes from bottom to top or from top to bottom would not impact full migration procedure. Because source CU sends the RRC reconfiguration message to descendant node via source path can concurrently, but the child node receives RRC reconfiguration message should before parent node has started RRC reconfiguration procedure.
To reduce service interruption, the principle of migration descendant nodes from top to bottom is similar as migration them from bottom to top. RRC reconfiguration complete messages and F1 setup association signalling of descendant nodes are sent by default BH RLC channel and default BAP routing ID. After IAB nodes and UEs send RRC reconfiguration complete messages concurrently, all descendant nodes also can execute F1 setup procedure at same time.
Proposal 1: RRC reconfiguration complete message is conveyed in UL RRC message transfer, which is sent by default BH RLC channel and default BAP routing ID to the target CU to reduce service interruption.
Proposal 2: F1 setup association signalling is sent by default BH RLC channel and default BAP routing ID to reduce service interruption.
Proposal 3: To reduce the service interruption, the following methods can be considered:
1) Migrating IAB node and its descendant node send RRC reconfiguration complete messages concurrently.
2) F1 setup procedures of migrating IAB node and its descendant node execute concurrently.



Figure 2 Inter-CU migration descendant nodes from bottom to top via default configuration
2. Intra-CU migration
Based on Rel-16, the intra-CU migration procedure has been specified. While a detailed flow for migration descendant nodes and UEs was not captured. In this contribution, we consider the similar migration concept with the above inter-CU migration. 
RRC reconfiguration messages for migrating IAB node and its descendant node are sent via UE context modification request message firstly. After the descendant nodes receive the default configuration in RRC reconfiguration message, the UE context modification response and RRC reconfiguration complete message could be sent to CU via default BH RLC channel and default BAP routing ID.
Proposal 4: UE context modification response message is sent by default BH RLC channel and default BAP routing ID to CU to reduce service interruption.
Then redirection of  descendant IAB node DU’s F1 association to new TNL address(es) via default BH RLC channel and default BAP routing ID. When RRC reconfiguration procedure and redirection of descendant node F1 TNL address(es) completed, CU configure BH RLC channel ,BAP route and mapping rules along target path for descendant nodes.
Proposal 5: Redirection of  IAB node DU’s F1 association to new TNL address(es) via default BH RLC channel and default BAP routing ID.
To reduce the service interruption, all descendant nodes can send UE context modification response message and/or RRC reconfiguration complete message to CU concurrently. Because all of these signalling are sent by default configuration, which means no need to wait the parent node migration complete. Furthermore, CU redirects all descendant nodes’ DU F1 association to new TNL address (es) also could at same time. After all IAB nodes MT reconfiguration and F1 setup procedure complete, CU configure BH RLC channel, BAP route and mapping rules for all IAB nodes simultaneously.
Proposal 6: To reduce the service interruption in intra-CU migration, the following methods can be considered:
1)	Descendant nodes send UE context modification response message to CU concurrently.
2)	Descendant nodes send RRC reconfiguration complete message to CU concurrently.
3)	CU redirect descendant nodes’ DU F1 association to new TNL address (es) concurrently.
4)	CU configuration BH RLC channel, BAP route and mapping rules concurrently.


Figure 3 Intra-CU migration via default configuration to reduce service interruption
2.1.2 IAB node dual connections 
As the agreement in RAN3#109-e meeting, RAN3 supports IAB-MT is simultaneously connected to two IAB parent nodes and IAB DU is simultaneously connected to 2 donor-CUs in inter-CU migration. For intra-CU migration, IAB-MT could connect to two IAB parent nodes and two IAB DUs simultaneously connect to 1 donor CU. Base on IAB node dual connections, migrating descendant nodes concurrent is workable because the source path is not changed. IAB node dual connections make the migration procedure more flexible.
Proposal 7: Descendant nodes could migrate concurrently when top tier IAB nodes dual connections. 
2.2 Mitigation of Packet Loss
1. Intra-CU migration
For DL packet, if the packet arrives at the parent node after the migrating IAB node has started migration execution, the packet would not be delivered to the migrating IAB node or its descendant node because the connection with migrating IAB node has been interrupted. There is a DDDS message from the descendant node DU to CU to indicate CU the in-flight packets, CU can retransmit in-flight packet in target path. The DDDS in IAB is discussed in [3].
For UL packet, if the packet arrives at the CU after the migrating IAB node has started migration execution, the packet would not deliver to migrating IAB node. There are three ways to enhancement UL inflight packet:
1) Introduce an UL version DDDS. Specifically, IAB node DU report to CU that whether has data packet is delivering. After all in-flight packets arrive at CU, migration IAB node starts handover execution procedure. However, RAN3 should consider whether the DDDS need to be enhanced in IAB firstly, and then discuss UL DDDS.
2) CU would receive in-flight packet finally. After sending UE context modification request message to migrating IAB node, CU changes the data packet path ID to target path for each received in-flight packet, and further deliver these packet back to IAB node or UE.
3) UE DAPS or IAB-MT dual connections.
2. Inter-CU migration
The same packet loss issues as intra-CU migration. There are three ways to enhancement inflight packet:
1) Introduce an UL version DDDS. RAN3 should consider whether the DDDS need to be enhanced in IAB firstly.
2) CU request packet retransmission base on the received packet from target path. Migrating IAB node resend the in-flight packet to target CU after migration complete. However, it causes long service interruption.
3) Consider to address in-flight packet encryption and decryption.
4) UE DAPS or IAB-MT dual connections. 
Proposal 8: How to mitigate of packet loss can be further discussed in RAN3.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1: The migration of migrating IAB node would lead to descendant node service interruption.
Proposal 1: RRC reconfiguration complete message is conveyed in UL RRC message transfer, which is sent by default BH RLC channel and default BAP routing ID to the target CU to reduce service interruption.
Proposal 2: F1 setup association signalling is sent by default BH RLC channel and default BAP routing ID to reduce service interruption.
Proposal 3: To reduce the service interruption, the following methods can be considered:
1) Migrating IAB node and its descendant node send RRC reconfiguration complete messages concurrently.
2) F1 setup procedure of migrating IAB node and its descendant node execute concurrently.
Proposal 4: UE context modification response message is sent by default BH RLC channel and default BAP routing ID to CU to reduce service interruption.
Proposal 5: Redirection of  IAB node DU’s F1 association to new TNL address(es) via default BH RLC channel and default BAP routing ID.
Proposal 6: To reduce the service interruption in intra-CU migration, the following methods can be considered:
1) Descendant nodes send UE context modification response message to CU concurrently.
2) Descendant nodes send RRC reconfiguration complete message to CU concurrently. 
3) CU redirect descendant nodes’ DU F1 association to new TNL address (es) concurrently.
4) CU configuration BH RLC channel, BAP route and mapping rules concurrently.
Proposal 7: Descendant nodes could migrate concurrently when top tier IAB nodes dual connections. 
Proposal 8: Mitigation of packet loss can be further discussed in RAN3.
4. Reference
[1] R3-206294, Inter IAB donor-CU topology adaptation, CATT.
[2] [bookmark: OLE_LINK30]R3-204462, BL CR to 38.401 Support for IAB.
[3] R3-206297, Discuss the improvements to DDDS for IAB UP-based congestion mitigation, CATT.
3GPP
oleObject1.bin
文本�

IAB-NODE 6


IAB-NODE 5


IAB-NODE 3


IAB DONOR DU 1


IAB DONOR CU 1


IAB NODE 4


UE


IAB DONOR DU 2


IAB DONOR CU 2


6.RRC reconfiguration complete



4.RRC reconfiguration complete


1. Xn handover request


7.RRC reconfiguration complete



2. Xn handover request ACK 


12.RRC reconfiguration complete


IAB-NODE 7


5.RRC reconfiguration


10.RRC reconfiguration complete


3.RRC reconfiguration 


14.RRC reconfiguration complete


16.RRC reconfiguration complete


11. F1 setup procedure


13. F1 setup procedure


15. F1 setup procedure


9.RRC reconfiguration


8.RRC reconfiguration


9. Node 5 random access



image2.emf
IAB-NODE 6 IAB-NODE 5 IAB-NODE 3

IAB DONOR DU 

1

IAB DONOR CU 

1

IAB NODE 4

IAB DONOR DU 

2

IAB DONOR CU 

2

IAB-NODE 7

1. Xn handover request

2. Xn handover request ACK 

UE

4.RRC reconfiguration

3.RRC reconfiguration 

8.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID

5.RRC reconfiguration

11.RRC reconfiguration complete

14.F1 setup procedure for IAB node 7  via default BH RLC channel and default BAP routing ID

10.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID

12.F1 setup procedure for IAB node 5 

6.RRC reconfiguration

7. Node 5 random access

13.F1 setup procedure for IAB node 6  via default BH RLC channel and default BAP routing ID

9.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID


oleObject2.bin
文本�

IAB-NODE 6


IAB-NODE 5


IAB-NODE 3


IAB DONOR DU 1


IAB DONOR CU 1


IAB NODE 4


UE


IAB DONOR DU 2


IAB DONOR CU 2


1. Xn handover request


2. Xn handover request ACK 


13.F1 setup procedure for IAB node 6  via default BH RLC channel and default BAP routing ID



8.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID


IAB-NODE 7


4.RRC reconfiguration


11.RRC reconfiguration complete


3.RRC reconfiguration 


5.RRC reconfiguration


6.RRC reconfiguration


7. Node 5 random access


14.F1 setup procedure for IAB node 7  via default BH RLC channel and default BAP routing ID


10.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID


12.F1 setup procedure for IAB node 5 


9.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID




image3.emf
IAB-NODE 6 IAB-NODE 5

IAB-NODE 3 (source 

parent node)

IAB NODE 4 (target 

parent node)

IAB DONOR DU  IAB DONOR CU 

IAB-NODE 7

1. UE context setup request

2.UE context setup response 

UE

4.UE context modification request (RRC reconfiguration)

3.UE context modification request (RRC reconfiguration)

12.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID

5.UE context modification request (RRC reconfiguration)

15.RRC reconfiguration complete

18.

 R

edirection of  IAB node 7 DU

’

s F1 association to new TNL address(es) via default BH RLC channel and default BAP routing ID

，

and 

configure all descendant nodes BH RLC channel, BAP route and mapping rule along target path

14.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID

16. Redirection of  IAB node 5 DU

’

s F1 association to new TNL address(es)

，

andconfigure all 

descendant nodes BH RLC channel, BAP route and mapping rule along target path

6.UE context modification request (RRC reconfiguration)

11. Node 5 random access

17. Redirection of  IAB node 6 DU

’

s F1 association to new TNL address(es) via default BH RLC channel and default BAP 

routing ID

，

andconfigure all descendant nodes BH RLC channel, BAP route and mapping rule along target path

7. UE context modification response via default BH RLC channel and default BAP routing ID

8. UE context modification response via default BH RLC channel and default BAP routing ID

9. UE context modification response via default BH RLC channel and default BAP routing ID

10. UE context modification response via default BH RLC channel and default BAP routing ID

13.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID


oleObject3.bin
文本�

IAB-NODE 6


IAB-NODE 5


IAB-NODE 3 (source parent node)


8. UE context modification response via default BH RLC channel and default BAP routing ID



IAB NODE 4 (target parent node)


UE


IAB DONOR DU 


IAB DONOR CU 


9. UE context modification response via default BH RLC channel and default BAP routing ID



10. UE context modification response via default BH RLC channel and default BAP routing ID



1. UE context setup request


2.UE context setup response 


17. Redirection of  IAB node 6 DU’s F1 association to new TNL address(es) via default BH RLC channel and default BAP routing ID，andconfigure all descendant nodes BH RLC channel, BAP route and mapping rule along target path



12.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID


IAB-NODE 7


4.UE context modification request (RRC reconfiguration)


15.RRC reconfiguration complete


7. UE context modification response via default BH RLC channel and default BAP routing ID


3.UE context modification request (RRC reconfiguration)


5.UE context modification request (RRC reconfiguration)


6.UE context modification request (RRC reconfiguration)


11. Node 5 random access


18. Redirection of  IAB node 7 DU’s F1 association to new TNL address(es) via default BH RLC channel and default BAP routing ID，and configure all descendant nodes BH RLC channel, BAP route and mapping rule along target path


14.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID


16. Redirection of  IAB node 5 DU’s F1 association to new TNL address(es)，and configure all descendant nodes BH RLC channel, BAP route and mapping rule along target path


13.RRC reconfiguration complete via default BH RLC channel and default BAP routing ID




image1.emf
IAB-NODE 6 IAB-NODE 5 IAB-NODE 3

IAB DONOR DU 

1

IAB DONOR CU 

1

IAB NODE 4

IAB DONOR DU 

2

IAB DONOR CU 

2

IAB-NODE 7

1. Xn handover request

2. Xn handover request ACK 

UE

5.RRC reconfiguration

3.RRC reconfiguration 

4.RRC reconfiguration complete

9.RRC reconfiguration

8.RRC reconfiguration

10.RRC reconfiguration complete

9. Node 5 random access

6.RRC reconfiguration complete

7.RRC reconfiguration complete

12.RRC reconfiguration complete

14.RRC reconfiguration complete

16.RRC reconfiguration complete

11. F1 setup procedure

13. F1 setup procedure

15. F1 setup procedure


