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Introduction
During RAN3#112-e meeting, an LS [1] was sent to RAN1 to ask RAN1 to discuss the issue on resource coordination between parent link and child link or between parent links. During RAN3#113-e meeting, inter-donor resource multiplexing was discussed and some agreements were reached as below [2]. During RAN1#106e meeting, the resource coordination issue was discussed and a reply LS was sent to RAN3. In this contribution, we discuss the signaling design on inter-donor resource multiplexing based on the agreements in last RAN3 meeting and the reply LS from RAN1. 

	WA: The F1-terminating donor of the boundary node forwards the boundary IAB node’s multiplexing info and the boundary IAB-DU’s activated cell list to the non-F1-terminating donor, via following XnAP procedures:
- retrieve UE context procedure,

- handover preparation procedure, 
- SN addition procedure, 

- MN initiated SN modification procedure

- SN initiated SN modification procedure

Wait for RAN1 progress on whether need to forward additional information. 

FFS on whether need new XnAP procedure.

WA: parent node is aware of boundary IAB-DU cell configurations via the F1AP GNB-DU RESOURCE CONFIGURATION message
Whether XnAP enhancement is needed to support the H/S/NA configuration information exchange can be discussed after RAN1 make a decision.


Discussion 
Boundary IAB-DU resource configuration transfer between donors 
During RAN3#113e meeting, it was agreed that RAN3 needs to wait for RAN1 progress on whether need to forward additional information and whether XnAP enhancement is needed to support the H/S/NA configuration information exchange can be discussed after RAN1 make a decision. During RAN1#106e, it was agreed that a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node in inter-donor DU scenario. And it was agreed to support the exchange of semi-static Rel-16 IAB-DU H/S/NA resource configuration information and Rel-17 frequency domain IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors. However, there is no explicit agreement on transferring boundary IAB-DU resource configuration (including UL/DL/FL, H/S/NA configuration, etc) from F1 terminating donor to non-F1 terminating donor in RAN1. 
	RAN1#106e agreements

To support extension of CA TDD prioritization rules to NR-DC, the following resource coordination mechanisms between parents/donors are supported: 
For intra-donor and inter-donor DC scenarios, in addition to coordination at the donor CU(s), a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.
For intra-donor and inter-donor DC scenarios, coordinating the semi-static and/or cell-common higher layer configuration (e.g. SSB, CORESET 0, and RACH and configurations) from/for different parent nodes.
Support the exchange of semi-static Rel-16 IAB-DU H/S/NA resource configuration information and Rel-17 frequency domain IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors.


In our view, it could be implicitly deduced that boundary IAB-DU resource configuration needs to be transferred from F1 terminating donor to non-F1 terminating donor  based on R16 IAB principle and agreements made in RAN3#112e meeting. As agreed in RAN3#112e meeting, the parent node controlled by the non-F1 terminating donor should be aware of the boundary IAB-DU’s cell configurations which includes H/S/NA resource configurations, DL/UL resource configurations, the multiplexing info, and cell specific signal/channel configurations of boundary IAB-DU’s cells. As we know, the parent node needs to obtain boundary IAB-DU’s cell configurations from the donor node. However, the non-F1 terminating donor has no F1 connection with the boundary node and is not aware of the boundary IAB-DU’s cell configurations. As a result, the F1-terminating donor needs to transfer the boundary IAB-DU’s cell configurations to the non-F1 terminating donor which includes H/S/NA resource configurations, DL/UL resource configurations, the multiplexing info, and cell specific signal/channel configurations of boundary IAB-DU’s cells. However, only the  boundary IAB node’s multiplexing info and the boundary IAB-DU’s activated cell list is agreed to be transferred from the F1-terminating donor to the non-F1-terminating donor. So XnAP signaling is enhanced to transfer boundary IAB-DU resource configuration, including TDD configuration, HSNA configuration, cell specific signal/channel configuration. And an LS could be sent to RAN1 for confirmation if needed and a draft LS was provided in [3]. 
	The F1-terminating donor of the boundary node forwards the boundary IAB node’s multiplexing info and the boundary IAB-DU’s activated cell list to the non-F1-terminating donor.

The parent node, which is controlled by the non-F1 terminating donor of the boundary IAB node, should also be aware of the boundary IAB-DU’s cell configurations.

The content of the boundary IAB-DU’s cell configurations to be sent to boundary node’s parent node should include: H/S/NA resource configurations, DL/UL resource configurations, the multiplexing info, and cell specific signal/channel configurations of boundary IAB-DU’s cells.


Observation 1: There is no explicit agreement on transferring boundary IAB-DU resource configuration (including UL/DL/FL, H/S/NA configuration, etc) from F1 terminating donor to non-F1 terminating donor in RAN1.
Observation 2: It could be implicitly deduced that boundary IAB-DU resource configuration (including H/S/NA resource configurations, DL/UL resource configurations, the multiplexing info, and cell specific signal/channel configurations of boundary IAB-DU’s cells) needs to be exchanged between donor CUs.

Proposal 1: XnAP signaling is enhanced to transfer boundary IAB-DU resource configuration, including TDD configuration, HSNA configuration, cell specific signal/channel configuration from F1-terminating donor to non-F1 terminating donor. 
Proposal 2: An LS could be sent to RAN1 for confirmation if needed.
XnAP signaling design for resource multiplexing
During RAN3#113e meeting, a working assumption was achieved that the F1-terminating donor of the boundary node forwards the boundary IAB node’s multiplexing info and the boundary IAB-DU’s activated cell list to the non-F1-terminating donor, via following XnAP procedures: retrieve UE context procedure, handover preparation procedure, SN addition procedure, MN initiated SN modification procedure, SN initiated SN modification procedure. Some company propose to use one common non-UE associated XnAP procedure instead of above UE associated XnAP procedures to forward these IAB-DU specific configurations to avoid the specification impact to these UE associated XnAP procedures. In our view, UE associated XnAP procedures are preferred to forward these IAB-DU specific configurations. As we know, the target/new donor has no F1-C connection with boundary IAB-DU. If non-UE associated XnAP procedure (e.g. existing NG-RAN node configuration update procedure) is used to transfer these IAB-DU specific configurations, it’s not clear how to identify the corresponding IAB-MT in this XnAP message. In our understanding, the source/initial donor CU is not aware of the IAB-MT identity used in the target/new donor CU’s topology. As a result, additional enhancement is needed to resolve this issue. So using UE associated XnAP messages is more simple though multiple XnAP messages are impacted. And boundary IAB-MT can be regarded as a kind of UE, so it’s reasonable to transfer its boundary IAB-MT’s collocated DU configuration in UE associated XnAP messages. 

Observation 3: If non-UE associated XnAP procedure is used to transfer boundary IAB node’s multiplexing info and activated cell list, additional enhancement is needed in order to inform source donor CU of the boundary IAB-MT identity used in the target/new donor CU’s topology. 
Proposal 3: UE associated XnAP messages are used to transfer boundary IAB node’s multiplexing info and activated cell list from F1-terminating donor to non F1-terminating donor.
New XnAP signaling for configuration update

During RAN3#113e meeting, it was FFS whether new XnAP procedure is needed. As we know, the boundary IAB-DU resource configuration may change, e.g., upon the F1 terminating donor updates activated cell list. And the updated resource configuration of boundary IAB-DU should be informed to the non F1-terminating donor. In inter-donor topology redundancy scenario, XnAP S-NODE modification request could be considered to transfer the updated IAB-DU configuration. When it comes to inter-donor migration/RLF recovery scenario, assuming that IAB-DU maintains F1-connection with source/initial IAB donor, after boundary IAB-DU’s F1-transport is redirected to target path, the XnAP UE CONTEXT RELEASE message would be sent from target/new donor CU to the source/initial donor CU. According to TS38.423, for handover/UE context retrieval, the UE Context Release procedure is initiated by the target/new NG-RAN node to indicate to the source NG-RAN node that radio and control plane resources for the associated UE context are allowed to be released. That means the resources related to the UE-associated signalling connection between the F1-terminating and the non F1-terminating donor-CU may be released by the source/initial donor CU after receiving XnAP UE CONTEXT RELEASE message. In this situation, it should be further discussed how to transfer updated IAB-DU configuration from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios. In our view, the following two cases can be further discussed for transferring updated IAB-DU configuration in inter-donor migration/RLF recovery scenarios: 
Case 1: UE associated Xn connection is kept after receiving XnAP UE CONTEXT RELEASE message
In this case, the target/new donor CU could indicate that UE associated Xn connection between source/initial and target/new donor needs to be kept, so that the resources related to the UE-associated signalling connection between the source/initial and the target/new donor CU could be kept at the source/initial donor after receiving XnAP UE CONTEXT RELEASE message. In this way, a new UE associated XnAP message (e.g. XnAP GNB-DU RESOURCE CONFIGURATION update message) could to be introduced to transfer updated IAB-DU configuration from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios. 

Case 2: UE associated Xn connection is released after receiving XnAP UE CONTEXT RELEASE message
If UE associated Xn connection is released after receiving XnAP UE CONTEXT RELEASE message. In this situation, new non-UE associated XnAP message needs to be introduced to transfer updated boundary IAB-DU configuration from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios. Considering that non-UE associated XnAP message is used, it should be further discussed how to identify the corresponding IAB-DU’s collocated MT in the non-UE associated XnAP message. 

Observation 4: Whenever boundary IAB-DU configuration changes, the updated IAB-DU configuration needs to be transferred from the F1-terminating donor to the non F1-terminating donor. 

Proposal 4: It should be further discussed how to transfer updated IAB-DU configurations from the F1-terminating donor to the non F1-terminating donor after receiving XnAP UE CONTEXT RELEASE message in inter-donor migration/recovery scenarios. 
Proposal 5: New XnAP message is introduced to transfer updated IAB-DU configurations from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios. FFS whether UE associated or non-UE associated message is introduced. 

Proposal 6: If UE associated Xn connection is kept after receiving XnAP UE CONTEXT RELEASE message, a new UE associated XnAP message could to be introduced to transfer updated IAB-DU configuration from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios.
Proposal 7: If UE associated Xn connection is released after receiving XnAP UE CONTEXT RELEASE message, new non-UE associated XnAP message needs to be introduced to transfer updated boundary IAB-DU configuration from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios.
Resource coordination between parent link and child link or between parent links
During RAN#112e meeting, resource coordination between parent link and child link or between parent links in inter-donor migration/recovery/redundancy scenarios was discussed and an LS [4] was sent to RAN1 to ask RAN1 to discuss solutions and inform RAN3 about the outcome. 

	For scenario 1 and 2, RAN3 considers the following solutions (other solutions are not precluded) for the resource coordination between the parent link and the child link:

Option 1: The child node’s gNB-DU cell resource configuration is matched to the parent node’s gNB-DU’s resource configuration.

Option 2: The parent node’s gNB-DU resource configuration is matched to the child node’s gNB-DU’s resource configuration.

Option 3: A boundary node should connect only to a new parent with which it has a non-conflicting TDD and H/S/NA pattern beforehand.

For Scenario 2, RAN3 considers the following solutions (other solutions are not precluded) for the coordination between two parent links:

Option 1: The gNB-DU cell resource configuration of the parent node controlled by the F1-terminating donor of the boundary node, is matched to another parent’s gNB-DU’s resource configuration. 

Option 2: The gNB-DU cell resource configuration of the parent node controlled by the non-F1-terminating donor of the boundary node, is matched to another parent’s gNB-DU’s resource configuration. 

Option 3: The secondary leg of a boundary node is established only towards a secondary parent whose H/S/NA configuration is compatible with the H/S/NA configuration of the master parent beforehand.


The resource coordination issue was discussed in RAN1 and a reply LS [5] was sent to RAN3 as below. 

	RAN1 thanks RAN3 for the LS on IAB resource multiplexing and would like to provide the following response.

RAN3 asked RAN1 to take two scenarios and three options into account and to inform RAN3 about the outcome of the discussion on inter-donor resource multiplexing.

RAN1 has discussed solutions to inter-donor resource multiplexing and come to the following conclusion:

All three methods are technically feasible. However, RAN1 note that Option 1 and Option 2 may cause service interruption to child IAB nodes and associated UEs for network topologies without proper resource coordination and Option 3 is very restrictive.

RAN1 notes that all above options are feasible also for semi-matched configurations, where not all DL and UL slots match, albeit with a reduced performance. Additionally, reconfigurations of the parent and/or child resource configurations can align resource configurations before or during the inter-donor migration procedures and after to further align the migrating node(s) with its new parent node.


As we can see, RAN1 responded that all three methods are technically feasible. And RAN1 noted that Option 1 and Option 2 may cause service interruption to child IAB nodes and associated UEs for network topologies without proper resource coordination and Option 3 is very restrictive. Required enhancements for option 1 and option 2 to support the coordination between the parent link and the child link or between two parent links are analyzed in table 1. And it is noted that required enhancement 1, 3 and 4 has already been agreed in RAN1#106e meeting “For intra-donor and inter-donor DC scenarios, in addition to coordination at the donor CU(s), a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.”. And required enhancement 2 could be deduced based on R16 IAB principle and agreements made in RAN3#112e meeting, as analyzed in section 2.1. Besides, we see no reason to exclude any of the two options currently. With regard to option 3, the timing of the resource coordination is still not clear to us. As a result, we propose that option 1 and option 2 are both supported for the resource coordination since the two options can be supported without additional specification impact.  
Table 1. Enhancements needed for option 1 and option 2 to support the resource coordination
	
	Coordination  between the parent link and the child link
	Coordination between parent links

	Option 1 
	The child node’s gNB-DU cell resource configuration is matched to the parent node’s gNB-DU’s resource configuration

Required enhancement 1: F1 terminating donor (and its controlled parent node) needs to be aware of DU resource configuration of the peer parent node. 
	The gNB-DU cell resource configuration of the parent node controlled by the F1-terminating donor of the boundary node, is matched to another parent’s gNB-DU’s resource configuration. 

Required enhancement 3: F1-terminating donor and its controlled parent node needs to be aware of the DU resource configuration of the peer parent node. 

	Option 2
	The parent node’s gNB-DU resource configuration is matched to the child node’s gNB-DU’s resource configuration.

Required enhancement 2: the non-F1 terminating donor needs to be aware of boundary DU resource configuration configured by the F1-terminating donor.
	The gNB-DU cell resource configuration of the parent node controlled by the non-F1-terminating donor of the boundary node, is matched to another parent’s gNB-DU’s resource configuration. 

Required enhancement 4: non F1-terminating donor and its controlled parent node needs to be aware of the DU resource configuration of the peer parent node. 


Proposal 8: For Resource coordination between parent link and child link or between parent links, option 1 and option 2 are both supported for the resource coordination since the two options can be supported without additional specification impact.  
Conclusion
In this contribution, we discussed the signaling design on inter-donor resource multiplexing based on the agreements in last RAN3 meeting and the reply LS from RAN1. And we have the following observations and proposals:

Observation 1: There is no explicit agreement on transferring boundary IAB-DU resource configuration (including UL/DL/FL, H/S/NA configuration, etc) from F1 terminating donor to non-F1 terminating donor in RAN1.
Observation 2: It could be implicitly deduced that boundary IAB-DU resource configuration (including H/S/NA resource configurations, DL/UL resource configurations, the multiplexing info, and cell specific signal/channel configurations of boundary IAB-DU’s cells) needs to be exchanged between donor CUs.

Proposal 1: XnAP signaling is enhanced to transfer boundary IAB-DU resource configuration, including TDD configuration, HSNA configuration, cell specific signal/channel configuration from F1-terminating donor to non-F1 terminating donor. 
Proposal 2: An LS could be sent to RAN1 for confirmation if needed.
Observation 3: If non-UE associated XnAP procedure is used to transfer boundary IAB node’s multiplexing info and activated cell list, additional enhancement is needed in order to inform source donor CU of the boundary IAB-MT identity used in the target/new donor CU’s topology. 
Proposal 3: UE associated XnAP messages are used to transfer boundary IAB node’s multiplexing info and activated cell list from F1-terminating donor to non F1-terminating donor.
Observation 4: Whenever boundary IAB-DU configuration changes, the updated IAB-DU configuration needs to be transferred from the F1-terminating donor to the non F1-terminating donor. 

Proposal 4: It should be further discussed how to transfer updated IAB-DU configurations from the F1-terminating donor to the non F1-terminating donor after receiving XnAP UE CONTEXT RELEASE message in inter-donor migration/recovery scenarios. 
Proposal 5: New XnAP message is introduced to transfer updated IAB-DU configurations from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios. FFS whether UE associated or non-UE associated message is introduced. 

Proposal 6: If UE associated Xn connection is kept after receiving XnAP UE CONTEXT RELEASE message, a new UE associated XnAP message could to be introduced to transfer updated IAB-DU configuration from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios.
Proposal 7: If UE associated Xn connection is released after receiving XnAP UE CONTEXT RELEASE message, new non-UE associated XnAP message needs to be introduced to transfer updated boundary IAB-DU configuration from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios.
Proposal 8: For Resource coordination between parent link and child link or between parent links, option 1 and option 2 are both supported for the resource coordination since the two options can be supported without additional specification impact.  
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