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Introduction
During RAN3#120 meeting, topics on enhancements for mobility of a mIAB-node together with its served UEs were discussed and some agreements on NCGI reconfiguration were reached. In this contribution, we discuss the open issues on DU cell configuration and provide our considerations. 

Discussion
DU ID reconfiguration

As agreed in RAN3#120 meeting, the the mIAB-DU’s NCGI may be re-configured by the donor CU via F1. The motivation for the donor-CU-based NCI reconfiguration is to avoid NCI collision, i.e., the situation where a mobile IAB-node performs IAB-DU migration to a target donor-CU, and a logical mobile IAB-DU of the mobile IAB-node initiates the F1 Setup procedure with an NCI that is already used by another mobile IAB-DU connected with the target donor-CU. This may happen especially when the two mobile IAB-DUs have different OAM systems. It’s hard to coordinate between different OAM systems on the cell configurations timely for mobile IAB cells. 

	RAN3#120 agreement:

The mIAB-DU’s NCGI is configured by OAM, and, e.g. to avoid CGI collision, it may be re-configured by the donor CU via F1 based on a list of NCGIs that has been configured on this donor CU by OAM or by pre-configuration.


Similar issue exists for the gNB-DU ID configuration. According to TS 38.473, the gNB-DU ID uniquely identifies the gNB-DU at least within a gNB-CU. That means different gNB-DUs connected with the same donor CU cannot use the same gNB-DU ID. Otherwise, the donor CU may have problem differentiating these gNB-DUs. After mIAB-DU migration is triggered, the target logical DU initiates F1 setup procedure after it obtained cell configruations (including gNB-DU ID) from OAM. The target logical DU would include the gNB-DU ID configured via OAM in the F1 setup request message. As illustrated in figure 1, mIAB node 1 initiates F1 setup procedure to the target IAB donor CU using gNB-DU ID1 which has already been used by another mobile IAB-DU (i.e. mIAB node 2). In this case, the IAB donor CU would not be able to determine whether they are the same gNB-DU. To solve this issue, we think analogous solution to NCGI reconfigruation could be applied for gNB-DU ID reconfiguration, i.e. the gNB-DU ID could be reconfigured by IAB donor CU via F1 to avoid collision. 
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Figure 1. DU ID collision between two mIAB nodes
Observation 1: A target logical DU may initiate F1 Setup procedure using a gNB-DU ID that is already used by another mobile IAB-DU connected with the target donor-CU. 

Proposal 1: gNB-DU ID of mIAB-DU could be reconfigured by IAB donor CU via F1 to avoid collision. 

TAC (re)configuration
Based on TS 23.501, TAC broadcasted by the MBSR cells can be configured by the OAM or donor-CU. When MBSR moves to a serving cell with a different TAC, the TAC to be broadcasted by the MBSR may also change. How to configure the TAC and further updates will be added based on RAN WG inputs. 
	TS 23.501 v 18.1.0
The TAC broadcasted by the MBSR cell(s) can be configured by the OAM or donor-CU. When MBSR moves to a serving cell with a different TAC, the TAC to be broadcasted by the MBSR may also change.

For a UE served by a MBSR cell, it may observe change of TAC and/or cell IDs, even if it is still connected to the same MBSR. This can trigger mobility registrations, as defined in TS 23.502 [3], if the new TAC is not in the TAI list in the RA.

Editor's note:
How to configure the TAC and further updates will be added based on RAN WG inputs.


Observation 2: Based on TS 23.501, the TAC broadcast by the mobile IAB cell can be configured by the OAM or donor-CU. 

During RAN3#119 and RAN3#119bis meeting, TAC/RANAC issue were discussed and the following agreements were reached:
	RAN3#119 agreement
Capture on stage 2 that the TAC/RANAC broadcast by the mobile IAB-DU can be changed in order to reflect the mIAB-node’s physical location. It needs to be further discussed how the mobile IAB-DU’s TAC/RANAC is changed and what Stage 3 impacts are (if any). 

RAN3#119bis agreement
The IAB-DU’s TAC can have the same or a different value than the TAC of the mIAB-MT’s serving cell.


Here we discuss the (re)configuration of TAC for mobile IAB-DU so that the TAC broadcast by the mobile IAB cell can be changed to reflect the mIAB-node’s physical location. As agreed in RAN3#119bis meeting, the IAB-DU’s TAC can have the same or a different value than the TAC of the mIAB-MT’s serving cell. In our understanding, that means both the two deployments (same or different TAC values) need to be supported. If the IAB-DU’s TAC has the same value as the TAC of the mIAB-MT’s serving cell, the IAB-DU copies and broadcasts the TAC of the mIAB-MT’s serving cell by implementation. If the IAB-DU’s TAC has a different value than the TAC of the mIAB-MT’s serving cell, it needs to be discussed how to (re)configure the TAC for mobile IAB cell. OAM based and donor-CU basesd (re)configuration are discussed during RAN3#119bis meeting. Similar as the (re)configuration of NCGI, the OAM based (re)configuration may not be able to work well in mobile IAB scenario while the CU-based (re)configuration is much more efficient and flexible. Moreover, the mIAB-DU cell’s TAC may need to be reconfigured much more frequently than NCGI, i.e. the TAC needs to be reconfigured upon MT migration while NCGI needs to be reconfigured upon DU migration. So we suggest that the TAC of the mobile IAB-DU cell can be (re)configured by mobile IAB-MT’s target donor. 

Observation 3: For the (re)configuration of NCGI and TAC, the OAM based mechanism may not be able to work well in mobile IAB scenario while the CU-based mechanism is much more efficient and flexible.
Observation 4: The mIAB-DU cell’s TAC needs to be reconfigured much more frequently than NCGI, i.e. the TAC may need to be reconfigured upon MT migration while NCGI needs to be reconfigured upon DU migration.
Proposal 2: The TAC of the mobile IAB-DU cell can be (re)configured by IAB donor CU upon MT migration. 
Here we discuss how to configure the TAC broadcast by the mobile IAB cell by IAB-donor. Specifically it needs to be discussed whether the TAC for mobile IAB cell is configured by the MT’s CU via RRC or by the DU’s CU via F1. As we know, the TAC broadcast by mobile IAB cell may need to change after intra-donor migration, inter-donor partial migration or full migration. In the scenario where intra-donor migration and full migration where MT and co-located DU are migrated to the same donor, the MT and co-located DU are connected to the same donor. In this scenario, the two options has similar standardization effort, i.e. both RRC and F1 signaling needs to be enhanced to include the configured TAC for mobile IAB cell.
Observation 5: In the scenario where MT and co-located DU are connected to the same donor, the two options (configuration of TAC via RRC or F1) has similar standardization effort, i.e. RRC or F1 signaling needs to be enhanced to include the configured TAC for mobile IAB cell.
For inter-donor partial migration and full migration where MT and co-located DU are migrated to different donors, the MT and co-located DU are connected to different donors. The two options for CU based TAC reconfiguration are analyzed in the below.  

Option 1: the TAC broadcast by the mobile IAB cell is configured by DU’s donor via F1

In this option, the TAC broadcast by the mobile IAB cell is configured by DU’s donor and the TAC needs to reflect the mIAB-node’s physical location. The fact is that the MT’s donor has more information about the mIAB-node’s physical location. For example, the MT’s donor can determine the mIAB-node’s physical location based on the cell ID and/or TAC of MT’s serving cell. On the contrary, the DU’s donor CU may be far away from MT’s donor and be not aware of mIAB-node’s location, especially when there is no Xn connection between the MT’s donor and DU’s donor. In this case, the DU’s donor is not able to configure the TAC for the mobile IAB node. One potential solution is that the DU’s donor could coordinate with the MT’s donor so that the DU’s donor can determine how to configure the TAC for mobile IAB cell. That means both XnAP and NGAP needs to be enhanced to support the TAC configuration for mobile IAB cell by the DU’s donor. 
Observation 6: In the scenario where MT and co-located DU are connected to the different donors, the MT’s donor has more information about the mIAB-node’s physical location. While the DU’s donor may be far away from MT’s donor and be not aware of mIAB-node’s location, especially when there is no Xn connection between the MT’s donor and DU’s donor.
Observation 7: If the TAC broadcast by the mobile IAB cell is configured by DU’s donor via F1, DU’s donor needs to coordinate with the MT’s donor in order to determine the TAC for mobile IAB cell. That means F1AP, XnAP and NGAP needs to be enhanced to support the TAC configuration for mobile IAB cell by the DU’s donor. 
Option 2: the TAC broadcast by the mobile IAB cell is configured by MT’s donor via RRC

In this option, , the MT’s target donor can determine whether to reconfigure the TAC for mobile IAB cell and configures the TAC if needed via RRC during MT migration, e.g., via HO cmd message. In this option, only RRC signaling needs to be enhanced to include the configured TAC for mobile IAB cell, while no Xn/NG enhancement is needed since no coordination between MT’s donor and DU’s donor is needed.

Observation 8: If the TAC broadcast by the mobile IAB cell is configured by MT’s donor via RRC, only RRC signaling (e.g., HO cmd message) needs to be enhanced to include TAC for mobile IAB cell, while no Xn/NG enhancement is needed since no coordination between MT’s donor and DU’s donor is needed. 
In a sum, more standardization effort and spec impact (i.e. including F1/Xn/NG impact) is needed if the TAC of mobile IAB cell is configured by DU’s donor via F1 in the scenario where MT and co-located DU are connected to the different donors. So we suggest that the TAC broadcast by the mobile IAB cell is configured by MT’s donor via RRC for all scenarios. As we can see, the configuration of TAC by MT’s donor via RRC needs to be discussed in RAN2. So we suggest to send an LS to RAN2 to trigger the corresponding work in RAN2. 
Proposal 3: RAN3 assumes that the TAC broadcast by the mobile IAB cell is configured by MT’s donor via RRC. 
Proposal 4: Send an LS to RAN2 to inform the progress in RAN3 and trigger the discussion on TAC (re)configuration in RAN2.
RNA (re)configuration
For NR system, the UE is allowed to enter RRC_INACTIVE state. Before entering the RRC_INACTIVE state, the UE is configured by the last serving gNB with an RNA. The RNA can cover one or multiple cells, and should be a subset of or equal to a CN Tracking Area. To be specific, the RNA may be configured via a list of cells or a list of RAN Area Code (RANAC) or TAC. The involved cells will broadcast one RANAC in the SIB1 if the RNA is defined via RANAC. UE needs to perform RNAU when the UE re-selects a cell that does not belong to its previously configured RNA. When UE performs RNAU, it may initiate the RRC connection resumption procedure toward gNB, providing the I-RNTI allocated by the last serving gNB and appropriate cause value. 
When it comes to the mobile IAB scenario, the mobile IAB node moves together with the vehicles, which may be across different RNAs. As agreed in RAN3, the TAC/RANAC broadcast by the mobile IAB-DU can be changed in order to reflect the mIAB-node’s physical location. To be specific, when the mobile IAB-node performs HO from source donor to target donor, the mobile IAB-MT may detect that the RANAC of target donor’s cell is different from the RANAC broadcast by co-located mobile IAB-DU. In order to keep the UE reachability within RAN area, the mobile IAB-DU’s cells may change the RANAC values broadcast in system information to keep align with the cell of parent donor. Alternatively, the target donor CU may send the RANAC configuration to mobile IAB-MT via RRC signalling during mobile IAB-MT migration procedure and then mobile IAB-DU’s cell broadcast this RANAC value in system information. 
In order to reduce the RNAU of RRC_INACTIVE UEs served by the mobile IAB-DU’s cell, it is suggested that the donor CU of mobile IAB node provide UEs served by the mobile IAB-DU’s cell with a list of RANACs, which potentially will be broadcast by the mobile IAB node along the movement and where the Xn connection is available between donor CU and potential target CUs for mobile IAB node. In this way, the UEs served by the mobile IAB node do not need to perform RNAU when the mobile IAB-DU changes RANACs. 
Proposal 5: To support the dynamic change of RANAC, the following two options can be considered: 

1)The mobile IAB-DU cell changes the RANAC value broadcast in system information to keep align with the cell serving the co-located mIAB-MT. 
2)The target donor CU sends the new RANAC configuration to be used by the mIAB-DU to its co-located mIAB-MT via RRC, e.g., HO command message.
On the other hand, RNA may be configured via a list of NCGIs. Suppose the UE is configured with a list of cells for RNA when entering into RRC_INACTIVE state, the UEs served by the mobile IAB-DU may detect that the NCGI change of mobile IAB-DU when the mobile IAB node performs HO. It is very likely that the new NCGI of mobile IAB-DU is not included in the list of cells for UE's RNA and the RRC_INACTIVE UE served by the mobile IAB-DU will perform the RNAU procedure. In order to reduce unnecessary RNAU, it is suggested that the RRC_INACTIVE UE served by the cells of mobile IAB-node-DU replace the old NCGI with the new one in its cell list of RAN area.  
Proposal 6: If the RNA configuration comprises a list of NCGIs, the UE replaces the old NCGI with new NCGI of mobile IAB-node-DU’s cell for the cells included in the RNA configuration.

Suppose the RRC_INACTIVE UE’s context is stored in the last serving gNB of RRC_INACTIVE UE, when the mobile IAB-DU migrates from source donor CU to target donor CU, the source donor CU may only send the I-RNTI of RRC_INACTIVE UE served by the mobile IAB node to target donor CU during the HO preparation procedure. And the target donor CU may send the location info (such as gNB ID, I-RNTI, NCGI, etc) of RRC_INACTIVE UE to last serving gNB. In this way, the RRC_INACTIVE UE’s context is stored in the last serving gNB of RRC_INACTIVE UE  until the new target donor CU may not have Xn connection with the last serving gNB. At this time, the target donor CU may request the source donor CU to retrieve the RRC_INACTIVE UE’s context from last serving gNB. 
On the other hand, source donor CU may always send the UE context of RRC_INACTIVE UE served by the mobile IAB-DU to target donor CU of mobile IAB node when mobile IAB node migrates. In addition, the path switch may be performed and switch the NG path from source gNB to target gNB. In this way, when the DL data of RRC_INACTIVE UE arrives at UPF, it may be delivered to the donor CU currently serves the mobile IAB-node-DU. Then the donor CU may deliver the RAN paging message to the mobile IAB-DU and the mobile IAB-DU broadcast the RAN paging message to RRC_INACTIVE UE.

Proposal 7: For the purpose of UE reachability, source donor CU of mobile IAB node sends the UE context of RRC_INACTIVE UE served by the mobile IAB-DU to target donor CU during the mIAB-DU migration procedure. 
Conclusion
In this contribution, we discussed the open issues on enhancements to IAB node migration. And we have the following observations and proposals:

DU ID reconfiguration

Observation 1: A target logical DU may initiate F1 Setup procedure using a gNB-DU ID that is already used by another mobile IAB-DU connected with the target donor-CU. 

Proposal 1: gNB-DU ID of mIAB-DU could be reconfigured by IAB donor CU via F1 to avoid collision. 

TAC (re)configuration

Observation 2: Based on TS 23.501, the TAC broadcast by the mobile IAB cell can be configured by the OAM or donor-CU. 

Observation 3: For the (re)configuration of NCGI and TAC, the OAM based mechanism may not be able to work well in mobile IAB scenario while the CU-based mechanism is much more efficient and flexible.
Observation 4: The mIAB-DU cell’s TAC needs to be reconfigured much more frequently than NCGI, i.e. the TAC may need to be reconfigured upon MT migration while NCGI needs to be reconfigured upon DU migration.
Proposal 2: The TAC of the mobile IAB-DU cell can be (re)configured by IAB donor CU upon MT migration. 
Observation 5: In the scenario where MT and co-located DU are connected to the same donor, the two options (configuration of TAC via RRC or F1) has similar standardization effort, i.e. RRC or F1 signaling needs to be enhanced to include the configured TAC for mobile IAB cell.
Observation 6: In the scenario where MT and co-located DU are connected to the different donors, the MT’s donor has more information about the mIAB-node’s physical location. While the DU’s donor may be far away from MT’s donor and be not aware of mIAB-node’s location, especially when there is no Xn connection between the MT’s donor and DU’s donor.
Observation 7: If the TAC broadcast by the mobile IAB cell is configured by DU’s donor via F1, DU’s donor needs to coordinate with the MT’s donor in order to determine the TAC for mobile IAB cell. That means F1AP, XnAP and NGAP needs to be enhanced to support the TAC configuration for mobile IAB cell by the DU’s donor. 
Observation 8: If the TAC broadcast by the mobile IAB cell is configured by MT’s donor via RRC, only RRC signaling (e.g., HO cmd message) needs to be enhanced to include TAC for mobile IAB cell, while no Xn/NG enhancement is needed since no coordination between MT’s donor and DU’s donor is needed. 
Proposal 3: RAN3 assumes that the TAC broadcast by the mobile IAB cell is configured by MT’s donor via RRC. 
Proposal 4: Send an LS to RAN2 to inform the progress in RAN3 and trigger the discussion on TAC (re)configuration in RAN2.

RNA (re)configuration

Proposal 5: To support the dynamic change of RANAC, the following two options can be considered: 

1)The mobile IAB-DU cell changes the RANAC value broadcast in system information to keep align with the cell serving the co-located mIAB-MT. 
2)The target donor CU sends the new RANAC configuration to be used by the mIAB-DU to its co-located mIAB-MT via RRC, e.g., HO command message.
Proposal 6: If the RNA configuration comprises a list of NCGIs, the UE replaces the old NCGI with new NCGI of mobile IAB-node-DU’s cell for the cells included in the RNA configuration.

Proposal 7: For the purpose of UE reachability, source donor CU of mobile IAB node sends the UE context of RRC_INACTIVE UE served by the mobile IAB-DU to target donor CU during the mIAB-DU migration procedure. 
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