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Introduction
This contribution discusses the mobility enhancements, as described in the WID ([1]). 
· Enhancements for mobility of an IAB-node together with its served UEs, including aspects related to group mobility. No optimizations for the targeting of surrounding UEs. [RAN3, RAN2]
Note: Solutions should avoid touching upon topics where Rel-17 discussions already occurred and where the topic was excluded from Rel-17, except for enhancements that are specific to IAB-node mobility.

Last meeting agreed 
For group mobility enhancement, RAN3 to discuss the benefit and whether to support signaling of information related to multiple UE contexts in a single message, during e.g. the handover preparation, path switch, and context release procedures.

Group mobility
The group mobility was proposed to handover the connected UEs together from source donor to target donor during the full migration. The partial migration is first performed to migrate the IAB-MT to target donor. After Rel-17 partial migration is completed, the F1-C/U can be routed via the target donor’s topology before the full migration is performed. 

If using current handover, the source donor initiate the Xn HO procedure to migrate the connected UE. It is up to the source donor’s implementation, e.g. initiate the Xn HO procedure for the connected UEs one by one, or initiate parallel Xn HO procedures for multiple connected UEs or all connected UEs. The handover procedure based on TS 38.401 8.9.4 Inter-gNB handover involving gNB-CU-UP change is shown below. The intermediate node/donor-DU is not shown for simplicity.


Figure 1: handover procedure for the UE

Question 1: whether the group handover can reduce signaling
No matter whether introducing the group handover or using existing handover procedure, the context for all the UEs need to be transferred to target donor. The related signaling include following
XnAP signaling:
· XnAP handover preparation
· Source donor -> Target donor: target cell ID, GUAMI, NG-C information, UE security capabilities, AS security information, UE AMBR, PDU session resource to setup, RRC context, etc. 
· Target donor -> Source donor: PDU session resource admitted list/not admitted list, handovercommand, etc. 
There are some IEs, e.g. target cell ID, may be common for the connected UEs, but it is a very small piece of the whole UE context. 
· XnAP handover execution
· Source donor -> target donor: SN status transfer
The SN status is unique per UE. 
· XnAP UE Context release
· Target donor -> source donor: source/target NG-RAN node UE XnAP ID
The XnAP ID is unique per UE.

NGAP signaling:
· Path switch 
· Target donor -> AMF: ULI, UE security capabilities, PDU session resource to be switched in DL, PDU session resource failed to setup
· AMF -> target donor: security context, 
There is very little common information (e.g. TNL address for NG-U) for UEs. 

Based on the above analysis, there is very little information over XnAP and NGAP that are common for the connected UEs. In addition, saving some bytes over the NG/Xn was never considered as a valid argument in RAN3. So it is not justified to introduce group handover signaling to reduce the signaling load. 

Observation 1: There is very little information over XnAP/NGAP that are common for the connected UEs. 
Observation 2: it is not justified to introduce group handover signaling to reduce the signaling load. 

Question 2: whether the group handover can reduce the latency
As discussed in previous section, the UE is served by IAB-DU1/Donor1 before it is handover to IAB-DU2/Donor2. 
· If using current handover procedure: at a specific time before the full migration is completed, there may be some UEs served by IAB-DU1/Donor1, while the other UEs served by IAB-DU2/Donor2. 
· If using group handover procedure: This depends on whether there is a group handovercommand sent over the air interface which enables all UEs switch to target donor simultaneously. If RAN2 agreed a group handovercommand, all UEs may be either connected with IAB-DU1/Donor1, or with IAB-DU2/Donor2.

In both approach, the target donor need to handle all connected UEs (e.g. 50 UEs) in a period. It is hard to say that group handover can reduce the latency. This may be also related to the target donor’s implementation. For example, target donor may have multiple virtual machines (e.g. 10 virtual machines) and each virtual machine handles one XnAP message. In case existing handover is used, the handover signaling for all UEs are distributed among the virtual machines and each virtual machine handle some UEs (e.g. each virtual machine handle 5 UEs.). While in group handle signaling, the information for all connected UEs (e.g. 50 UEs) are included in one XnAP group handover signaling. Only one virtual machine can handle this group handover signaling, i.e. information for 50 UEs. So using group handover may actually increase the time to complete processing the group handover preparation procedure for all connected UEs. 

Observation 3: the group handover does not reduce the latency for handover all connected UEs. 

Question 3: whether the group handover can help in admission control
Target donor performs admission control, e.g. accept/reject a PDU session resource for a specific UE. In case no resource, target donor may reject a PDU session resource or reject a UE. For example, if target donor does not have enough resource, it may only accept 30 UEs and reject the other 20 UEs. This should be the same result no matter whether using current handover procedure or new group handover procedure. 
· If using current handover procedure, source donor knows the admission control result during the handover preparation procedure for each UE. For example, if source donor know target donor does not have resource during the XnAP handover preparation for the 31st UE, source donor may stop the further handover preparation procedure for the other UEs, e.g. the 32nd UE, …the 50th UE, and not send the XnAP HANDOVER REQUEST message for the other UEs. 

· If using group handover procedure, source donor send a XnAP GROUP HANDOVER REQUEST message including the context for all connected UEs (e.g. 50 UEs). Target donor handle the received XnAP GROUP HANDOVER REQUEST message. When it knows that it does not have resource during the processing the 31st UE, target donor send back the admission control result. 

There is no difference for the admission control processing. The group handover approach may take slightly longer time than the normal handover, since the target donor only start the processing after it receive the large XnAP GROUP HANDOVER REQUEST message including all connected UEs (i.e. 50 UEs). While in case of existing handover approach, target donor only needs to receive the “small” XnAP HANDOVER REQUEST message for the first 30 UEs. 

Observation 4: group handover does not have benefit on admission control.

Sending a super large XnAP GROUP HANDOVER REQUEST message is inefficient in transport layer, e.g. additional time for fragmentation and reassembly, cause head-of-line blocking in the receiver, etc. In addition, it can cause sudden overload in the target donor. For example,  target donor may only be able to handle 30 HO/second, the XnAP GROUP HANDOVER REQUEST includes 50 UEs and target donor will not be able to handle other incoming handover from other source gNB/donor. As mentioned early, there is no urgency to handover all connected UEs in a single shot, there is no issue to complete the handover of all connected UEs in a period. This also avoid the sudden overload in the target donor, e.g. the handover of 50 UEs are distributed in 5-second and target donor still can handle the incoming handover from other neighboring gNB/donors.
Observation 5: group handover may prevent target donor to handle the incoming handover request initiated by other neighboring gNB/donors.

In addition, the group handover was discussed in 3GPP, e.g. LTE FeD2D Relay ([4]) that the Remote-UE(s) and Relay-UE need to be handover together, but not agreed in WI due to the lack of clear benefit. 
Observation 6: Group handover was discussed in 3GPP for other SI, but not agreed due to the lack of clear benefit.

In a summary, Group handover does not introduce any benefit, but it actually causes other issues (e.g. cause sudden overload in target donor, less efficient in transport layer, cause head-of-line blocking in target donor, etc). It is preferred to reuse current handover procedure.

Proposal 1: reuse current handover procedure, and not introduce group handover.



Signalling reduction over F1
UE context sharing between DU1 and DU2. It is worthy to note that the UE’s source DU (IAB-DU1) and target DU (IAB-DU2) are co-located at the migrating IAB. In case both DU use same context/configuration for the UE, there may be no need to exchange the context/configuration between IAB-DU2 and target IAB-donor-CU, and between target IAB-donor-CU and source IAB-donor-CU. 
Observation 7: the co-located source DU and target DU can share the UE context/configuration. 
Proposal 2: RAN3 study the mobility enhancement to reduce signalling, considering the UE’s source DU and target DU are co-located. 

IAB-node mobility indication
The source IAB-donor know an IAB is a mobile IAB. During the handover of the IAB-MT to target donor, the “mobile IAB” indication can be transferred to target donor. It is up to RAN2 to design this mobile IAB indication. In case it is part of the RRC Context, the indication can be sent to target donor as part of the RRC container and there may be no further changes to XnAP. 
Proposal 3: during the handover preparation procedure for the mobile IAB, source donor transfer the “mobile IAB” indication to target donor. 

RAN3#117 agreed:
The donor CU should know that the IAB node is “mobile”. 
Given this agreement, upon an incoming Handover Request containing the IAB-node indication, the donor CU is able to rule out mobile-IAB cells as handover target cells, thus adhering to the restriction that a mobile IAB node has no child nodes.
However, RAN3 should discuss whether it should be possible to avoid, or minimize, Handover Requests for IAB nodes indicating a mobile-IAB cell as target cell. This would require that by some mechanism the target donor informs the source donor about mobile-IAB cells under its control.
Currently, XnAP Handover Preparation Failure can indicate e.g. the following Cause values:
	Radio Network Layer cause
	Meaning

	…
	

	Handover Target not Allowed
	Handover to the indicated target cell is not allowed for the UE in question.

	…
	

	Target not Allowed
	Requested action towards the indicated target cell is not allowed for the UE in question.
In the current version of this specification applicable for Dual Connectivity only.



But neither of them seems sufficient for the source donor to conclude that the target cell is a mobile-IAB cell.
Observation 8: The current Cause values in XnAP Handover Preparation Failure do not allow the source donor to conclude that the target cell requested in Handover Request is a mobile-IAB cell.
Proposal 4:	RAN3 discuss whether the source donor should know about mobile-IAB cells under the target donor’s control to avoid, or minimize, Handover Requests for IAB nodes indicating a mobile-IAB cell as target cell.
On-board status
Last RAN3 meeting agreed
The focus of the mobility procedures enhancements is “on-board” UEs. 

There may be a need to identify whether a connected UE is on-board. But this may be difficult. For example, when the train with mobile IAB stops at a station, a UE on the platform may connect with the mobile IAB. When the tarin departs, the UE should be handover to other gNBs. This may need to be discussed in RAN2 on whether the UE provides any indication to the mobile IAB, or whether the mobile IAB may detect a UE is not an on-board UE based on the measurement. For example, when the train departs, the UE on the platform may observe the change of the signal strength of the connected mobile IAB, while an “on-board” UE may not observe the change of the signal strength of the connected mobile IAB. 
In our view, it should be discussed in RAN2 on how to identify “on-board” UEs.

Proposal 5: RAN3 wait for RAN2 discussion on how to identify “on-board” UEs. 

Conclusions
In this contribution, we briefly analyzed the potential mobility enhancements. Our proposals are:

Observation 1: There is very little information over XnAP/NGAP that are common for the connected UEs. 
Observation 2: it is not justified to introduce group handover signaling to reduce the signaling load. 
Observation 3: the group handover does not reduce the latency for handover all connected UEs. 
Observation 4: group handover does not have benefit on admission control.
Observation 5: group handover may prevent target donor to handle the incoming handover request initiated by other neighboring gNB/donors.
Observation 6: Group handover was discussed in 3GPP for other SI, but not agreed due to the lack of clear benefit.

Proposal 1: reuse current handover procedure, and not introduce group handover.

Observation 7: the co-located source DU and target DU can share the UE context/configuration. 
Proposal 2: RAN3 study the mobility enhancement to reduce signalling, considering the UE’s source DU and target DU are co-located. 
Proposal 3: during the handover preparation procedure for the mobile IAB, source donor transfer the “mobile IAB” indication to target donor. 

Observation 8: The current Cause values in XnAP Handover Preparation Failure do not allow the source donor to conclude that the target cell requested in Handover Request is a mobile-IAB cell.
Proposal 4:	RAN3 discuss whether the source donor should know about mobile-IAB cells under the target donor’s control to avoid, or minimize, Handover Requests for IAB nodes indicating a mobile-IAB cell as target cell.

Proposal 5: RAN3 wait for RAN2 discussion on how to identify “on-board” UEs. 
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