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Introduction
During RAN#94 meeting, R18 mobile IAB WI was approved [1]. According to the WID, the mobile IAB is built on the R17 IAB and will focus on the scenario of mobile-IAB-nodes mounted on vehicles providing 5G coverage/capacity enhancement to on-board and/or surrounding UEs. One of the objectives is to specify the potential enhancements for mobility of an IAB-node together with its served UEs, including aspects related to group mobility as shown below:
	· 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.


As far as we know, the RRC_IDLE/INACTIVE 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 mobile IAB-node-MT has been configured. Similarly, the RRC_INACTIVE UE does not need to resume to RRC_Connected state when it moves within the RAN-based Notification Area (RNA). RRC_INACIVE UE may send periodic RAN-based Notification Area Update (RNAU) or send RNAU when UE re-selects a cell that does not belong to the configured RNA. 
With it comes to the mobile IAB scenario, the mobile IAB node moves together with the vehicles, which may be across different TAs and RNAs. The TAU and  RNAU in mobile IAB scenario have to deal with a large group of UEs on the vehicles and should be kept to minimum level. In this paper, we discuss the potential RAN3 impacts of UE group TAU/RNAUs in mobile IAB scenario. 
Discussion
Overview of TAU and RNAU
In this section, a brief overview of TAU and RNAU procedure is presented.
· TAU
For the cellular system, the gNB broadcast a TAC (tracking area code) for each subset of PLMNs within a cell. The TAC broadcast by gNB is generally configured by OAM and the corresponding tracking area is Earth-stationary. The gNB sends the supported TA list of its serving cell to the AMF. Based on this info, AMF can be aware of the tracking area supported by each gNB. From the perspective of UE, it receives a list of TAI configured by AMF when it registers with the network. 
Once UE enters RRC_IDLE state, it does not need to perform HO when it moves across different cells. Instead, the RRC_IDLE UE only need to perform: 1) periodic TAU, 2) event-triggered TAU when accessing a radio cell where none of the TAIs is within the list of TAIs that the UE has received from the network. When RRC_IDLE UE performs TAU, it may initiate the RRC connection setup procedure toward gNB. It should be noted that the RRC_Connected UE may also perform even-triggered TAU if the current TAI of the serving cell is not in the list of TAIs that the UE has received from the network.
Suppose the DL data for RRC_IDLE UE arrives, the AMF may send paging message to all the gNBs involved in the TAs previously configured for this UE. Upon receiving the paging message from AMF, gNB can further determine which cell(s) should be involved and send paging message over the involved cell(s). When the RRC_IDLE UE receive the paging message, the RRC_IDLE UE will setup RRC connection, enter RRC_Connected state and be ready for the DL data reception. 
Observation 1: UE may perform: 1) periodic TAU (RRC_IDLE state), 2) event-triggered TAU when the TAI of current serving cell is not within the list of TAIs that the UE has received from the network (either RRC_IDLE or RRC_Connected state).
· RNAU of RRC_INACTIVE UE
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 RAN Notification Area (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. 
A RAN-based Notification Area Update (RNAU) is periodically sent by the UE. In addition, the RNAU is also sent 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, e.g., RAN notification area update. 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.
Observation 2: RRC_INACTIVE UE may perform: 1) periodic RNAU, 2) event-triggered RNAU when the UE re-selects a cell that does not belong to its previously configured RNA.
Analysis of TAU and RNAU for UEs served by mobile IAB
For the mobile IAB scenario, the mobile IAB node moves together with the vehicles, which may be across different TAs, as shown in Figure 1. In this case, all the on-board RRC_IDLE UEs may be involved in the TAU procedure. Similarly, the mobile IAB node mounted on the vehicle and on-board UEs may move across different RNAs and thus the on-board RRC_INACTIVE UEs need to perform RNAU. Considering that the on-board RRC_IDLE/INACTIVE UEs may detect the TA/RNA change simultaneously, a large group of on-board UEs may perform the event-triggered TAU/RNAU procedure at the same time, which leads to signaling storm. On the other hand, the periodic TAU/RNAU is performed sporadically by on-board RRC_IDLE/INACTIVE UEs, which is less harmful than even-triggered TAU/RNAU. So we will focus on the reduction of event-triggered TAU/RNAU in this paper.


Figure 1 Illustration of mobile IAB across different TAs
It should be noted that the tracking area handling of NR satellite access with moving cells has been discussed in R17. 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. As we can see, both NR satellite access and mobile IAB considers moving cells. However, the mobile IAB need to further consider a group of UEs move together with the mobile IAB node, which is different from NR satellite access. 
Observation 3: For NR satellite access with moving cells, the gNB may change the TAC values that are broadcast or broadcast in a cell more than one TAC for a PLMN 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: RAN3 to consider the enhancements for reducing the event-triggered TAU/RNAU of a large group of on-board UEs served by mobile IAB. 
Potential RAN3 impacts for TAU enhancement
As we mentioned before, the TAU in mobile IAB scenario has to deal with a large group of UEs and should be kept to minimum level. Generally speaking, the following options may be considered: 
· Option 1-1: change the TAC values that are broadcast in mobile IAB-node-DU’s cells
This option 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 parent DU1 to target parent DU2, the mobile IAB-node-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-node-MT has received from AMF. On the other hand, the co-located mobile IAB-node-DU’s cell may change the broadcast TAC value to align with the the one broadcast by target parent DU’s cell. Alternatively, the donor CU may send the TAC configuration to mobile IAB-node-DU and then mobile IAB-node-DU’s cell broadcast this TAC value in system information. In this case, the UEs served by the mobile IAB-node-DU’s cell may initiate the TAU procedure if the UE finds that the broadcast TAC of the serving cell is not within the TAI list received from the UE’s AMF. 
· Option 1-2: configure dedicated TAC for mobile IAB-node-DU and inform donor node
For this option, mobile IAB-node-DU’s cell may be configured with a dedicated TAC for mobile IAB and mobile IAB-node-DU’s cell broadcast this dedicated TAC in SIB1. When the mobile IAB connects to a target donor CU, the mobile IAB-node-DU may send the served cells information (including the TAC and NCGI) to target donor CU. Upon receiving the mobile IAB-node-DU’s served cell information, the target donor CU sends the supported TA list (including the dedicated TAC) to AMF via legacy RAN configuration update procedure. For the UEs served by the mobile IAB-node-DU, the TAI list assigned by the UE’s AMF should contain this dedicated TAC for mobile IAB. 
Suppose the AMF need to page the UE served by the mobile IAB-node-DU, AMF may send the paging message to the donor CU involved in the dedicated TAC. Donor CU then send the paging message to mobile IAB-node-DU. Finally the UE served by the mobile IAB-node-DU may receive the paging message. As we can see, since the dedicated TAC broadcast by the mobile IAB node does not change with the movement, the UE served by the mobile IAB node will not detect the TAC change and event-triggered TAU can be avoided. 
· Option 1-3: configure dedicated TAC for parent node along the trajectory of mobile IAB node 
Suppose the trajectory of mobile IAB node is predictable, both the mobile IAB node’s DU and the potential parent DUs along the trajectory of mobile IAB node can be pre-configured with the dedicated TAC for mobile IAB. In this case, when the mobile IAB node performs HO to a new target parent DU, the TAC broadcast by mobile IAB-node-DU’s cell is included in the TACs broadcast by parent DU’s cell. Thus the mobile IAB-node-DU does not need to change the TAC broadcast in its served cell. Hence, the UE served by the mobile IAB node does not detect the tracking area change and the the TAU can be avoided. 
In a sum, the potential RAN3 impacts for different TAU enhancements in mobile IAB scenario is categorized in Table 1. As we can see, Option 1-1 is similar to the NR satellite solution. However, it involves potential RAN3 impacts. Option 1-2 can leverage existing F1/NG signalling for TAC configuration and paging. Option 1-3 can be up to network implementation.  
Table 1 Potential RAN3 impacts for different TAU enhancements in mobile IAB scenario
	Options for TAU
	RAN3 impacts

	Option 1-1
	1) mobile IAB-node-DU update the broadcast TAC value in the cell’s system information to align with the the one broadcast by target parent DU’s cell, or
2) donor CU send the TAC configuration to mobile IAB-node-DU and then mobile IAB-node-DU broadcast this configured TAC value the cell’s system information.

	Option 1-2
	No RAN3 specification impacts is anticipated.

	Option 1-3
	No RAN3 specification impacts is anticipated.



Proposal 2: For the TAU of UE’s served by mobile IAB node, the following options may be considered and the potential RAN3 impacts need to be further discussed. 
Option 1-1: change the TAC values that are broadcast in mobile IAB-node-DU’s cells; 
Option 1-2: configure dedicated TAC for mobile IAB-node-DU and inform donor node; 
Option 1-3: configure dedicated TAC for mobile IAB node and parent node along the trajectory of mobile IAB node.  
Potential RAN3 impacts for RNAU enhancement
Similar to TAU, the RNAU in mobile IAB scenario also involves a large group of UEs and should be avoided. Generally speaking, the following options may be considered: 
· Option 2-1: change the RANAC values that are broadcast in mobile IAB-node-DU’s cells
When the mobile IAB-node performs HO from source parent DU1 to target parent DU2, the mobile IAB-MT may detect that the RANAC of target parent DU2’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 to keep align with the serving cell of parent DU2. Alternatively, the donor CU may send the RANAC configuration to mobile IAB-node-DU and then mobile IAB-node-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. During the RNAU procedure, the RRC_INACTIVE UE1’s context may be retrieved from last serving gNB to target donor CU2. After the RNAU procedure, the UE may be reconfigured with the new RANAC and re-enter RRC_INACTIVE state. Now the target donor CU2 become the last serving gNB.
· Option 2-2: configure dedicated RANAC for mobile IAB-node-DU’s cell and transfer context of RRC_INACTIVE UE to new donor CU
Considering that the mobile IAB mode moves along with the vehicles, a specific RAN area which include the served cells of mobile IAB-node-DU can be defined. In this case, the RRC_INACTIVE UEs served by the mobile IAB-node-DU’s cell does not need to perform RNAU when it moves within the coverage area of mobile IAB-node-DU. However, when RRC_INACTIVE UE moves out of this area, it needs to perform RNAU since the RAN area for mobile IAB node and other stationary node is different. 
It is not clear if the potential donor DUs along the trajectory of mobile IAB node have Xn connection or not. If yes, the current serving donor CU can always retrieve the RRC_INACTIVE UE’s context from the last serving donor DU when necessary. Otherwise, it is necessary for the source donor CU to send the context of RRC_INACTIVE UE to target donor CU when the mobile IAB node performs HO. In addition, the path switch for the RRC_INACTIVE UE from source donor CU to target donor CU should be performed.  
· Option 2-3: configure dedicated RANAC for parent node along the trajectory of mobile IAB node 
Suppose the trajectory of mobile IAB node is predictable, the potential parent DUs along the trajectory of mobile IAB node may be pre-configured with the dedicated RANAC for mobile IAB node. On the other hand, the mobile IAB-node-DU may be configured with the dedicated RANAC for mobile IAB and mobile IAB-node-DU broadcast this dedicated RANAC in SIB1. When the mobile IAB node performs HO to a new target parent DU, the mobile IAB-node-MT always detects that the current RANAC of the serving cell is same with that of the co-located mobile IAB-node-DU has received from AMF. In this case, the mobile IAB-node-DU does not need to change the RANAC broadcast in its served cell. Hence, the UE served by the mobile IAB node does not detect the RNA change and the event-triggered RNAU can be avoided. 
Suppose the potential donor DUs along the trajectory of mobile IAB node have Xn connection, it is safe to conclude that the current donor CU can always retrieve the RRC_INACTIVE UE’s context from the last serving donor CU when necessary. Otherwise, when the mobile IAB node performs HO from source donor CU to target donor CU, source donor CU may send the context of RRC_INACTIVE UE to target donor CU and the path switch for the RRC_INACTIVE UE needs to be performed.  
· Option 2-4: replace the old NCGI with new NCGI of moble IAB-node-DU’s cell for the cells within the RNA configured at UE
Suppose the RAN area is defined in terms of a list of cells and UE is configured with a list of cells for RNA when entering into RRC_INACTIVE state, the UEs served by the mobile IAB-node-DU may detect that the NCGI change of mobile IAB-node-DU when the mobile IAB node performs HO. It is very likely that the new NCGI of mobile IAB-node-DU is not included in the list of cells for UE's RNA and the RRC_INACTIVE UE served by the mobile IAB-node-DU will perform the RNAU procedure. In order to reduce unnecessary RNAU, it is possible for the RRC_INACTIVE UE served by the cells of mobile IAB-node-DU to replace the old NCGI with the new one in its cell list of RAN area. In this way, UE does not perform RNAU. However, it means the UE need to be enhanced to support this feature. 
Similar to option 2-2, when the mobile IAB node performs HO from source donor CU to target donor CU, it may be necessary for the source donor CU to send the context of RRC_INACTIVE UE to target donor CU. In addition, the path switch for the RRC_INACTIVE UE from source donor CU to target donor CU should be performed. In this way, when the DL data of RRC_INACTIVE UE arrives at UPF, it may be delivered to the target donor CU currently serving the mobile IAB-node-DU. Then the target donor CU may deliver the RAN paging message to the mobile IAB-node-DU which subsequently broadcast the RAN paging message.
In a sum, the potential RAN3 impacts for different RNAU enhancements in mobile IAB scenario is categorized in Table 2. As we can see, Option 1-1 may have F1AP impacts. For option 2-2 to 2-4, it depends on whether the Xn connection between the potential donor CUs along the trajectory of mobile IAB node can be ensured. If not, it may have additional Xn impacts.
Table 2 Potential RAN3 impacts for different RNAU enhancements in mobile IAB scenario
	Options for RNAU
	RAN3 impacts

	Option 2-1
	1) mobile IAB-node-DU update the broadcast RANAC value in the cell’s system information to align with the the one broadcast by target parent DU’s cell, or
2) donor CU send the RANAC configuration to mobile IAB-node-DU and then mobile IAB-node-DU broadcast this configured RANAC value in the cell’s system information.

	Option 2-2
	depends on whether the Xn connection between the potential donor CUs along the trajectory of mobile IAB node can be ensured.

	Option 2-3
	depends on whether the Xn connection between the potential donor CUs along the trajectory of mobile IAB node can be ensured.

	Option 2-4
	depends on whether the Xn connection between the potential donor CUs along the trajectory of mobile IAB node can be ensured.



Proposal 3: For the RNAU of UE’s served by mobile IAB node, the following options may be considered  and the potential RAN3 impacts may be further discussed. 
Option 2-1: change the RANAC values that are broadcast in mobile IAB-node-DU’s cells; 
Option 2-2: configure dedicated RANAC for mobile IAB-node-DU and transfer context of RRC_INACTIVE UE to new donor CU; 
Option 2-3: configure dedicated RANAC for mobile IAB node and parent node along the trajectory of mobile IAB node;
Option 2-4: replace the old NCGI with new NCGI of moble IAB-node-DU’s cell for the cells within the RNA configured at UE.
Conclusion
In this paper, we discuss the potential RAN2 group mobility impacts of supporting UE TAU/RNAU in mobile IAB scenario And we have the following proposals:
Observation 1: UE may perform: 1) periodic TAU (RRC_IDLE state), 2) event-triggered TAU when the TAI of current serving cell is not within the list of TAIs that the UE has received from the network (either RRC_IDLE or RRC_Connected state).
Observation 2: RRC_INACTIVE UE may perform: 1) periodic RNAU, 2) event-triggered RNAU when the UE re-selects a cell that does not belong to its previously configured RNA.
Observation 3: For NR satellite access with moving cells, the gNB may change the TAC values that are broadcast or broadcast in a cell more than one TAC for a PLMN 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: RAN3 to consider the enhancements for reducing the event-triggered TAU/RNAU of a large group of on-board UEs served by mobile IAB. 
Proposal 2: For the TAU of UE’s served by mobile IAB node, the following options may be considered and the potential RAN3 impacts need to be further discussed. 
Option 1-1: change the TAC values that are broadcast in mobile IAB-node-DU’s cells; 
Option 1-2: configure dedicated TAC for mobile IAB-node-DU and inform donor node; 
Option 1-3: configure dedicated TAC for mobile IAB node and parent node along the trajectory of mobile IAB node.  
Proposal 3: For the RNAU of UE’s served by mobile IAB node, the following options may be considered  and the potential RAN3 impacts may be further discussed. 
Option 2-1: change the RANAC values that are broadcast in mobile IAB-node-DU’s cells; 
Option 2-2: configure dedicated RANAC for mobile IAB-node-DU and transfer context of RRC_INACTIVE UE to new donor CU; 
Option 2-3: configure dedicated RANAC for mobile IAB node and parent node along the trajectory of mobile IAB node;
[bookmark: _GoBack]Option 2-4: replace the old NCGI with new NCGI of moble IAB-node-DU’s cell for the cells within the RNA configured at UE.
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