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Introduction
During RAN3#117 meeting, the potential mobility enhancement for IAB-node together with its served UEs was discussed and the following agreements were reached:
	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.
The donor CU should know that the IAB node is “mobile”. 
RAN3 to discuss whether the target IAB-donor should know the migrating IAB-node is “mobile IAB-node” from the source IAB-donor.
RAN3 to discuss whether to support means to identify onboard UEs.


On the other hand, the following open issues are summarized:
	It is FFS whether the network can identify on-board UEs or surrounding UEs.
For mobile DU migration, RAN3 to discuss the benefit and whether to support the sharing info of configuration and/ or UE context between two logical DUs in the mobile IAB-node. 
RAN3 to discuss whether the location info (e.g. TAC/RANAC) broadcasted by cell on mobile IAB-DU changes or not due to mobile IAB movement. The solution should align with SA2. Consider configuration aspects.


In this paper, we will discuss the following issues and give our proposals on RAN3 design.
1) Whether the network can identify on-board UEs or surrounding UEs.
2) Whether the target IAB-donor should know the migrating IAB node is “mobile IAB node from the source IAB-donor”.
3) Whether the location info (e.g. TAC/RNAC) broadcast by cell on mobile IAB-DU changes or not.
Discussion
On-board UE vs. surrounding UE
According to the progress of RAN3#117 meeting, it is FFS whether the network can identify on-board UEs or surrounding UEs. The identification of on-board RRC_CONNECTED UE may be used by donor CU to determine which RRC_CONNECTED UE should perform group HO together with the mobile IAB node. On the other hand, it is agreed in RAN2#119 meeting that RAN2 to discuss scenarios, if and where enhancements to cell (re-)selection to/from the mobile IAB-node apply, e.g. based on mobile IAB-node broadcast parameter. The motivation for such enhancements is that the on-board RRC_IDLE/INACTIVE UE may not perform unnecessary cell re-selection after it camps on a cell of mobile IAB as well as re-selecting from/to a stationary gNB’s cell when it is getting on/off of the vehicle. From this perspective, the identification of on-board UE is essential from both the network and UE side. 
Observation 1: The identification of on-board RRC_CONNECTED UE may be used by donor CU to determine which RRC_CONNECTED UE should perform group HO together with the mobile IAB node. 
Observation 2: The identification of on-board RRC_IDLE/INACTIVE UE can enable the UE not to perform unnecessary cell re-selection after it camps on a cell of mobile IAB. 
Generally speaking, the on-board UE should have the same mobility speed as the mobile IAB node mounted on the vehicle. Some companies propose to identify whether the UE is on-board based on the relative mobility between mobile IAB node and UE. According to TS 38.304, the mechanisms for the stationary evaluation and low mobility evaluation have been specified. The fundamental idea is for UE to detect the jitters of RSRP measurement result of the serving cell. If the jitters is lower than a given threshold for stationary/low mobility, the UE regards it fulfills the stationary/low mobility criteria for relaxed measurement. However, we think the UE’s stationary or low mobility detection is not enough for the on-board UE identification. In fact, there may be some UEs on other vehicles which have a similar speed with the mobile IAB node. These UEs are actually surrounding UEs instead of on-board UE for this vehicle. After a while, these surrounding UEs may be far away from the mobile IAB node since the trajectory of these vehicles are not the same. 
Observation 3: The detection of stationary or low relative mobility between UE and its serving cell is not reliable for the on-board UE identification.
Based on this observation, it is suggested to consider the access control for UEs which is authorized or subscribed to the mobile IAB node. For example, the cell of a specific mobile IAB node only allow the access of a certain group of UEs. To support this restricted access of certain group of UEs, the design of PNI-NPN and CAG(Close Access Group) may be leveraged. For example, UEs which are entitled to access a mobile IAB node mounted on a vehicle can be configured with allowed CAG ID list. The allowed CAG IDs can be broadcast by the cell of mobile IAB-DU. Based on this, UEs may select mobile IAB cells that broadcast a CAG ID contained in the UE’s allowed CAG list. For the surrounding UE not associated with this vehicle, it is not configured with the corresponding CAG ID and thus can not access the mobile IAB node. On the other hand, when the UE leaves the vehicle, the UE may be reconfigured to remove the corresponding CAG ID. After that, the UE can only be served by non mobile IAB cells. 
With the CAG like access control, all the UEs served by the cell of mobile IAB node should be on-board UE. Donor CU can easily identify the RRC_Connected UE served by mobile IAB node is on-board and then perform the group HO. For the RRC_IDLE/INACTIVE UE, if it is allowed to select/re-select a CAG enabled mobile IAB cell, it can regard itself as on-board UE. In order to avoid unnecessary inter-frequency measurement with high priority, the on-board UE may regard the frequency which provide mobile IAB cell to be the highest priority. On the other hand,  if the UE is aware that it is no longer on-board, it may no longer prioritize the mobile IAB cells or corresponding frequency for cell re-selection. In this case, the UE may perform the intra/inter-frequency measurement and re-select other non mobile IAB cells. 
Proposal 1: In order to differentiate the on-board UE from surrounding UE, it is suggested to consider that the mobile IAB cell only allow the access of UE which is authorized or subscribed to this mobile IAB node.
Proposal 2: The CAG mechanism in PNI-NPN may be leveraged for the on-board UE identification of mobile IAB scenario.  
Awareness of mobile IAB node
It has been agreed during RAN3#117 meeting that the donor CU should know that the IAB node is “mobile”. Then the next issue is how to support this. One potential way has been discussed in RAN2. To be specific, RAN2 has agreed to discuss whether the mobile IAB-MT need to send a mobile-IAB indication (capability or mobility) to the donor CU. In our opinion, it is feasible for the mobile IAB-MT to send the mobile-IAB indication during RRC setup procedure to the donor CU. Based on the mobile-IAB indication, the donor CU may decide whether to allow the access of the mobile IAB node. The mobile IAB indication may also keep the donor CU informed that the cells of the collocated mobile IAB-DU are mobile in nature and thus the UEs which connect to network via the cells of the collocated mobile IAB-DU are served by MBSR. Then the donor CU may take this into account when configuring the UEs served by MBSR. For example, the donor CU may configure the UE to reduce the measurement and potential report of neighboring cells. 
As a matter of fact, an LS (R3-225317) was sent by SA2 which ask RAN2 and RAN3 to review the solutions identified in TR 23.700 and provide feedback on feasibility or issues of the solutions.  One of the question is whether it is feasible for the IAB-donor gNB to identify that a UE is served by a MBSR. Based on the above analysis, it is safe to draw the conclusion that it is feasible for the IAB-donor gNB to identify that a UE is served by a MBSR.
	-	With regard to Key Issue#5 (as defined in clause 5.5), is it feasible for the IAB-donor gNB to identify that a UE is served by a MBSR (e.g. indicate TRP is mobile and the reference point is a MBSR/mobile). 


Proposal 3: Mobile IAB-MT may send the mobile-IAB indication to the donor CU, which helps the donor CU to identify that a UE served by the mobile IAB node is actually served by a MBSR. 
On the other hand, it is agreed that RAN3 to discuss whether the target IAB-donor should know the migrating IAB-node is “mobile IAB-node” from the source IAB-donor. In our opinion, it is reasonable for the source IAB-donor to deliver the “mobile IAB-node” indication to the target donor gNB during the HO preparation phase. Then it is feasible for the target donor gNB to identify whether the UEs are served by a MBSR.
Proposal 4: Source IAB-donor can deliver the “mobile IAB-node” indication to the target IAB-donor during the HO preparation phase of mobile IAB-MT.
TA configuration
As far as we know, the RRC_IDLE state is introduced for power saving purpose of UE. To be specific, the RRC_IDLE UE does not need to perform HO when it moves across different cells. Instead, it only need to perform periodic Tracking Area Update (TAU) and event-triggered TAU when accessing a radio cell where none of the supported TAI is within the list of TAIs that the UE has been configured. With it comes to the mobile IAB scenario, the mobile IAB node moves together with the vehicles, which may be across different TAs. The TAU in mobile IAB scenario have to deal with a large group of UEs on the vehicles and should be avoided.
According to the progress in RAN3#117 meeting, one open issue is that RAN3 to discuss whether the location info (e.g. TAC/RANAC) broadcast by cell on mobile IAB-DU changes or not due to mobile IAB movement. The solution should align with SA2. On the other hand, the LS (R3-225317) sent by SA2 also ask RAN2 if the MBSR, i.e. mobile-IAB node, would keep the same TAC, and Cell ID, when it changes serving donor gNB.
	With regard to Key Issue#3 (as defined in clause 5.3), SA2 would like to understand if the MBSR, i.e. mobile-IAB node, would keep the same TAC, and Cell ID, when it changes serving donor gNB. SA2 has documented different solutions based on different options and needs RAN2 and RAN3 feedbacks for down selection.


According to the TR 23.700, the potential solutions for TA configuration are summarized as follows:
	-	Solution #4: Solution #4 assumes that the TACs allowed to be broadcasted by the Mobile Base Station Relay (MBSR) are pre-configured, and the gNB-CU is able to instruct the MBSR to broadcast one of them, which can be changed when the gNB-CU changed or determined by the gNB-CU. TACs potentially will be broadcasted by the MBSR are provided to the UE by the AMF of the UE served by the MBSR, so that the UEs do not need to perform mobility registration when the MBSR changes TACs.
-    Solution #16: It proposes that the MBSR is configured by the donor gNB to broadcast the TAC of its serving cell. For a UE served by the MBSR, it would observe the TAC change when it moves together with the MBSR across different serving cells, even if it camps on the same MBSR cell. On the other hand, a UE would not be triggered to perform mobility registration when it camps on or leaves the MBSR cell temporarily.
-	Solution #17: It proposes that the MBSR uses a dedicated TAC, and the TAC remains the same when MBSR moves across different donor gNBs. The donor gNB will add or remove the TAC of the MBSR to UE's AMF(s) when the MBSR connects to leaves it. With this solution, the UE served by MBSR would not perform mobility registration, even when the MBSR changes donor gNBs.


As we can see, Solution#4 and Solution#16 are essentially similar since both requires the change of TAC broadcast by the cells on mobile IAB-DU while Solution#17 uses a dedicated TAC and the TAC remains the same along the movement of mobile IAB node. 
As far as we know, the TA handling of moving cells has been discussed in R17 for NR satellite access. According to TS 23.501, the NG-RAN may change the TAC values that are broadcast in a cell's system information as the cell moves in order to ensure that each TA is Earth-stationary. Alternatively, the NG-RAN may broadcast in a cell more than one TAC for a PLMN and add or remove TAC values as the cell moves. In addition, the gNB provides the TAI where the UE is geographically located to AMF and AMF may take the TAI where the UE is geographically located into account to generate a suitable tracking Area for the UE.
Observation 4: For NR satellite access with moving cells, the gNB may change the TAC values that are broadcast in a cell's system information as the cell moves. In addition, the gNB provides the TAI where the UE is geographically located to AMF and AMF may take the TAI where the UE is geographically located into account to generate a suitable tracking area for the UE.
In order to keep align with the Earth-stationary TA concept, it is suggested that RAN3 leverage the tracking area handling of NR satellite access, i.e . change the TAC values that are broadcast in a cell's system information as the cell moves. When the mobile IAB-node performs HO from source donor to target donor, the mobile IAB-MT may perform TAU if it detects that the current TAI of the serving cell is not in the list of TAIs that the mobile IAB-MT has received from AMF. On the other hand, the collocated mobile IAB-DU’s cell may change the broadcast TAC value to align with the one broadcast by target parent cell. On the other hand, AMF may provide the UEs served by the mobile IAB-DU’s cell with a list TACs, which potentially will be broadcast by the mobile IAB along the movement. In this way, the UEs served by the mobile IAB do not need to perform mobility registration when the MBSR changes TACs. 
Proposal 5: To ensure the Earth-stationary TA concept, it is suggested that RAN3 leverage the tracking area handling of NR satellite access for mobile IAB, i.e . change the TAC values that are broadcast in a mobile IAB cell's system information as the mobile IAB moves. 
On the other hand, based on the previous discussion in RAN2 and RAN3, majority companies think that the cell ID(e.g. PCI, NCGI) collision may happen along the movement of mobile IAB node’s cell. So it has been agreed that RAN3 to discuss whether mobile IAB needs any enhancements to the existing mechanisms for PCI collision avoidance and/or optimization. Actually, the existing mechanism is that the gNB-CU may be configured with a PCI list and the gNB-CU may select a new PCI value from the pre-configured PCI list for the NR cell and send it to the gNB-DU if the gNB-CU detects PCI conflict. When it comes to the mobile IAB scenario, the mobile IAB-DU’s cell may change to the new PCI assigned by the target donor CU. Similarly, the cell ID broadcast by the cells on mobile IAB may also change with the serving donor-CU changes. 
Proposal 6: In order to avoid cell ID collision, the cell ID broadcast by the cells on mobile IAB may also change with the serving donor-CU changes.  
RNA configuration
In addition to TA configuration, the RNA(RAN Notification Area) configuration should be discussed in RAN. 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 need 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. If gNB is able to resolve the gNB identity contained in the I-RNTI, gNB may request the last serving gNB to provide UE Context. Moreover, a RAN paging may be triggered due to incoming DL user plane data, DL signaling from 5GC, etc. In this case, the RAN paging may be triggered in the cells controlled by the last serving gNB. In addition, it may be triggered by means of Xn RAN Paging in cells controlled by other gNBs, configured to the UE in the RNA. Suppose UE receive the paging with the I-RNTI of itself, the UE attempts to resume from RRC_INACTIVE to RRC_CONNECTED.
With it comes to the mobile IAB scenario, the mobile IAB node moves together with the vehicles, which may be across different RNAs. Similar to the TAU, the RNAU in mobile IAB scenario also involves a large group of UEs and should be avoided. Generally speaking, the following two cases should be considered: 
· RNA is configured via RANAC
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 serving cell of parent donor. Alternatively, the target donor CU may send the RANAC configuration to mobile IAB-DU and then mobile IAB-DU’s cell broadcast this RANAC value in system information. 
In this case, the RRC_INACTIVE UEs served by the mobile IAB-DU’s cell may initiate the RNAU procedure if the UE finds that the broadcast RANAC of the served cell is different from the RANAC configured by the UE’s last serving gNB. In order to reduce the RNAU, it is suggested that the donor CU of mobile IAB node provide UEs served by the mobile IAB-DU’s cell with a list 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 7: For the RNA configuration via RANAC, the RANAC values that are broadcast by mobile IAB-DU’s cells may change with the serving donor.
· RNA is 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. In this way, UE does not need to perform RNAU any more. 
Proposal 8: For the RNA configuration via RANAC, the UE may replace the old NCGI with new NCGI of mobile IAB-node-DU’s cell for the cells included in the RNA configuration. 
Conclusion
In this paper, we discussed the remaining issues for mobility enhancement and give our proposals on RAN3 design. The following observations and proposals are given:
Observation 1: The identification of on-board RRC_CONNECTED UE may be used by donor CU to determine which RRC_CONNECTED UE should perform group HO together with the mobile IAB node. 
Observation 2: The identification of on-board RRC_IDLE/INACTIVE UE can enable the UE not to perform unnecessary cell re-selection after it camps on a cell of mobile IAB. 
Observation 3: The detection of stationary or low relative mobility between UE and its serving cell is not reliable for the on-board UE identification.
Observation 4: For NR satellite access with moving cells, the gNB may change the TAC values that are broadcast in a cell's system information as the cell moves. In addition, the gNB provides the TAI where the UE is geographically located to AMF and AMF may take the TAI where the UE is geographically located into account to generate a suitable tracking area for the UE.


Proposal 1: In order to differentiate the on-board UE from surrounding UE, it is suggested to consider that the mobile IAB cell only allow the access of UE which is authorized or subscribed to this mobile IAB node.
Proposal 2: The CAG mechanism in PNI-NPN may be leveraged for the on-board UE identification of mobile IAB scenario.  
Proposal 3: Mobile IAB-MT may send the mobile-IAB indication to the donor CU, which helps the donor CU to identify that a UE served by the mobile IAB node is actually served by a MBSR. 
Proposal 4: Source IAB-donor can deliver the “mobile IAB-node” indication to the target IAB-donor during the HO preparation phase of mobile IAB-MT.
Proposal 5: To ensure the Earth-stationary TA concept, it is suggested that RAN3 leverage the tracking area handling of NR satellite access for mobile IAB, i.e . change the TAC values that are broadcast in a mobile IAB cell's system information as the mobile IAB moves. 
Proposal 6: In order to avoid cell ID collision, the cell ID broadcast by the cells on mobile IAB may also change with the serving donor-CU changes.  
Proposal 7: For the RNA configuration via RANAC, the RANAC values that are broadcast by mobile IAB-DU’s cells may change with the serving donor.
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