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Introduction
During RAN2 #119e meeting, following points are agreed to be further discussed or considered in Rel-18 for mobility enhancement of mobile IAB-node an served UEs:
	· The following Points are Endorsed, i.e. for the plan for next meeting (after one round of discussion at R2 119-e): 
· P1: 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 (this point doesn’t preclude other potential usage of Bcast info).
· P2: Can discuss whether The mobile IAB-MT need to send a mobile-IAB indication (capability or mobility) to the IAB-donor-CU,
· R2 assumes RACH-less procedure may be considered for on-board RRC_CONNECTED UEs, which are to be handed over together with the mobile IAB-node (would depend also on the assumptions for UL synch). 
· R2 assumes that CHO or delayed RRC config could be the baseline for group mobility (FFS if could be applicable for mobility of IAB MT), i.e. with a preparation in advance (not immediately) of the execution. 


In this contribution, we mainly discuss and analyze above points and propose the corresponding solutions.
Discussion
Mobility Scenario and Enhancement
During RAN2 #119e meeting, using broadcast information to enhance cell (re-)selection was agreed to be further discuss based on scenario.
	· P1: 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 (this point doesn’t preclude other potential usage of Bcast info).


In this section, we first discuss the mobility scenario of mobile IAB-node for its served UEs, following up by enhancement approaches.
Mobility scenario for cell (re-)selection/handover enhancement
In general, there are four mobility scenarios of onboard UEs of a mobile IAB-node. 
Scenario 1 (stationary network -> mobile IAB-node): The UE is moving inside the vehicle equipped with a mobile IAB-node 
	

                                     
          1) before moving inside the vehicle                                     2) after moving inside the vehicle


In this scenario, before the UE moves inside the vehicle (e.g. waiting in the bus station), the UE is originally connected/camped on a normal gNB/stationary network. When the vehicle is stopped and the UE gets onboard of the vehicle, the UE connects to the network via the mobile IAB-node equipped on the vehicle. 
Scenario 2 (mobile IAB-node -> stationary network): The UE is moving out of the vehicle equipped with a mobile IAB-node
	

                            
1) before moving out of the vehicle                2) after moving out of the vehicle


On the other hand, when the UE moves out of the vehicle (when the vehicle is stopped) that is equipped with a mobile IAB-node, the UE cannot connect to the mobile IAB-node anymore. The UE will reselect another cell (i.e. a normal gNB/stationary network) to remain its connection to the network.  
Both scenarios 1 and 2 normally happens when the vehicle has stopped.
Observation 1: The UE moves inside/out of the vehicle and switches between mobile IAB-node and normal gNB when the vehicle (mIAB node) is stationary.
Scenario 3 (stay with one mobile IAB-node): The onboard UE is moving together with the vehicle equipped with a mobile IAB-node


In this scenario, the onboard UEs are moving together with the mobile IAB-node. During this period, there might be multiple normal gNBs/stationary network along the trajectory of this moving vehicle. Moreover, it is also possible that other moving vehicles are moving in the same direction with the one that the UE is onboard. The onboard UEs may be subject to handed-over among the normal gNBs/stationary network and/or other mobile IAB-nodes equipped on another moving vehicle based on the measurement report. However, such behavior is not optimal for the onboard UEs, as the connection towards other network (expect the onboarded mobile IAB-node) can only exist temporarily and can fade away in a short time when the vehicle moves away. 
To reduce service interruption caused by frequent handover and avoid unnecessary handover/cell reselection for the on-board UEs, it is desirable that the onboard UEs always connect to the mobile IAB-node that it initially selected when the vehicle is moving. Therefore, the onboard UEs can maintain its connection to the network without being handover to another gNB/stationary network or mobile IAB-node equipped on another vehicle. 
Observation 2: When the vehicle is moving and the UE is onboard, the UE should remain its connection to the mobile IAB-node and not perform handover/cell reselection towards other gNBs/stationary network or mobile IAB-nodes equipped on another vehicle.
Scenario 4 (mobile IAB-node -> mobile IAB-node): The onboard UE is moving inside the vehicle equipped with multiple mobile IAB-nodes
	                          1) before UE’s mobility                                                       2) after UE’s mobility


As captured in [3], some large vehicle, e.g. trains or trams, can be equipped with multiple mobile IAB-nodes to provide good coverage to onboard UEs in different parts of the vehicle. When the onboard UE moves from one carriage/wagon to another, the connection needs to be switched as well. Therefore, the onboard UE can also perform handover from one mIAB-node to another. 
To allow the served UEs select the most suitable cell based on different mobility scenarios, above four scenarios should be considered when designing mobility enhancement for mobile IAB-node’s served UEs. 
For RRC_CONNECTED UEs, mobility enhancement for above four scenarios can help to reduce service interruption and ping-pong handover of the served UEs, especially when they are moving together with the vehicle. 
Mobility enhancement for RRC_IDLE and RRC_INCATIVE UEs for above four scenarios should also be considered to reduce power consumption of those UEs by avoiding performing additional measurements and cell reselection and potentially tracking area update signalling. 
Observation 3: For RRC_CONNECTED/INACTIVE/IDLE UEs, mobility enhancements can avoid the UE connecting to unsuitable cell, which can further help UE to reduce service interruption, ping-pong handover and reduce power consumption.
Proposal 1: Mobility enhancement of mobile IAB-node’s served RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE UEs for handover/cell (re-)selection should be considered for following four scenarios:
Scenario 1: The UE is moving inside the vehicle equipped with a mobile IAB-node
Scenario 2: The UE is moving out of the vehicle equipped with a mobile IAB-node
Scenario 3: The onboard UE is moving together with the vehicle equipped with a mobile IAB-node
Scenario 4: The onboard UE is moving inside the vehicle equipped with multiple mobile IAB-nodes

Broadcast System Information to Enhance Mobility
For UEs in RRC_IDLE/INACTIVE mode, the cell (re)selection is decided by the UE based on IDLE mode measurements. To differentiate mobile IAB-node and stationary node (e.g. gNB, stationary IAB-node), the mobile IAB-node can also indicate it is a mobile IAB-cell in its broadcast information. By knowing the type of cell over the broadcast information, the RRC_IDLE/INACTIVE UEs inside the vehicle can avoid reselecting another normal cell (i.e. a cell without mobile IAB-cell indication in broadcast information). 
Proposal 2: For cell (re-)selection, to differentiate from stationary network nodes, mobile IAB-node broadcasts “miab-cell” indication in its system information.
As discussed earlier, for the served UEs, different types of target cell (i.e. gNB/stationary network or another mobile IAB-node) can be selected depends on the behaviour of the served UE(s) e.g., scenario 1/2/4. It is observed that the UE will switch between stationary network and mobile IAB-node in Scenario 1/2 when the vehicle is stopped. Moreover, when the vehicle is moving, the served UEs should remain connected to the original mobile IAB-node or switch to another mobile IAB-node based on measurements if it’s moving inside a vehicle. For Scenario 4, since the other mobile IAB-node are equipped on the same moving vehicle as the original mobile IAB-node the UE is connected to, the moving speed/direction of both mobile IAB-nodes are the same. 
Therefore, based on the above analysis, the key information to differentiate UE behaviours for the 4 scenarios discussed above (e.g. on/off the vehicle, etc) and select suitable target cell for UE’s handover is based on whether the mobile IAB-node is moving or not (i.e. velocity of the mobile IAB-node). 
For RRC_INACTIVE/IDLE UEs, if the velocity of a mobile IAB-cell is not zero, one RRC_IDLE/INACTIVE UE will not select a cell with mobile IAB-cell indication to camp on, as it is not going to be onboard when the vehicle is moving.
For RRC_CONNECTED UEs, velocity information of one mobile IAB-node can also be used to enhance its measurement procedure, e.g. as new measurement event. By knowing mobile IAB-node’s velocity, if a new measurement event (e.g. velocity-based measurement report) is configured to the served UEs, the UE can then decide whether to send measurement reports by itself based on such information. For example, the served UE(s) only sends its measurement report to the network when its connected mobile IAB-node’s velocity is zero/lower than certain threshold/becomes in the low level. 
The velocity of mobile IAB-node can either be an accurate value (e.g. as defined in TS37.355) or a granular level (e.g. high/low).
Alternatively, for RRC_CONNECTED UEs, when they are moving together with the mobile IAB-node, TA of the served UEs are not changed. However, if a UE is getting on/off the vehicle, the TA of its own will become smaller/larger than before. Therefore, TA of the UE can also be used as reference to evaluate the UE’s moving behavior. Moreover, if the UE can estimate its relative speed to the mIAB based on doppler shift estimation, such information may also be useful for UE’s movement estimation.
With such information, the suitable cell can be selected for the served UEs for cell (re-)selection and/or handover.  
Proposal 3: Mobile IAB-node broadcasts its velocity (details FFS) in its system information to enhance handover, cell (re-)selection decision.
Proposal 4: For Rel-18 UEs, consider new information/measurement event based on mIAB node’s velocity, TA, UE’s relative speed estimated by doppler shift, etc, as mobility enhancement for served UEs during their cell (re)selection, handover and conditional handover. 
Measurement configuration and reporting handling
Additionally, to accommodate for all UEs before and after Rel-18, on top of broadcasting velocity information of itself, the mobile IAB-node can also send its velocity information to IAB-donor CU. With such information, the IAB-donor CU can configure suitable measurement configuration towards the served UEs and avoid unnecessary handover or selecting unsuitable type of target cell for the UEs.
For example, when velocity of mobile IAB-node is not zero or high, based on such information, IAB-donor CU may configure the served UEs to only perform measurement towards other mIAB nodes with the same velocity (a mobile IAB-node with different velocity is assumed to be equipped on another vehicle). Or, when the vehicle is moving, the IAB-donor CU will not select those unsuitable stationary cells as targets for the served UEs. On the other hand, when the vehicle is going to stop, the served UE may move out of the vehicle and switch to a normal gNB/stationary node. When observing mobile IAB-node’s velocity becomes zero/lower than certain threshold/becomes in the low level, the IAB-donor CU may send reconfiguration messages towards the served UEs, which includes measurement configuration towards neighbouring normal gNBs/stationary nodes. Hence, when the UE gets out of the vehicle, a normal gNB/stationary node can be selected as target.
Alternatively, the IAB-donor CU can also ignore the measurement reports from the served UEs, when their connected mobile IAB-node’s velocity is not zero/in the high level.
Observation 4: It is useful for the mobile IAB-node reports its velocity to IAB-donor CU to allow IAB-donor CU to decide a suitable type of target cell (mIAB or stationary normal cell) for the served UEs based on different UE mobility scenarios.  Network can either configure suitable measurement configuration(s) for the served UE(s) or ignore served UEs’ measurement reports based on mobile IAB-node’s velocity information, avoiding handover to unsuitable target cells.

Proposal 5: The mobile IAB-node reports its velocity to IAB-donor CU.  Granularity of the reported velocity, frequency of reporting can be FFS.
Mobile IAB-node Indication 
Mobile IAB-node indication to IAB-donor CU
In Rel-16 and Rel-17, “iab-NodeIndication-r16” IE in RRCCompleteSetup message is used to indicate that the connection is being established by an IAB-node (i.e. stationary IAB-node), in order to differentiate with normal UEs. 
During RAN3 #117e meeting, RAN3 reached following agreement:
	The donor CU should know that the IAB node is “mobile”. 


Considering different functionality supported by mobile IAB-node and stationary IAB-node, e.g. group mobilty, etc, it is straightforward to understand that the IAB-donor CU needs to know whether an IAB-node is mobile or stationary, so that the right configuration can be provide. There are three possible methods to allow IAB-donor CU has the awareness of the mobile IAB-node:
Option 1: mobile IAB-MT sends “mobile IAB-node indication” to IAB-donor CU over RRC
Option 2: mobile IAB-DU sends “mobile IAB-node indication” to IAB-donor CU over F1 interface
Option 3: IAB-donor CU knows it is a mobile IAB-node implicitly by mobility state of IAB-MT
In Option 1, mobile IAB-MT can provide a new indication, e.g. “miab-NodeIndication”, instead of “iab-NodeIndication” for stationary IAB-node in RRCCompleteSetup message or as part of the UE capability when mobile IAB-MT connects to the network. The IAB-donor CU can directly know it is a mobile IAB-MT by this single bit without waiting for further information. 
However, for both Option 2 and Option 3, the IAB-donor CU can only identify it is a mobile IAB-node by receiving both “iab-NodeIndication” in RRCCompleteSetup message and another information, e.g. mobile indication over F1 or mobility state of mobile IAB-MT. 
In Option 2, compared with replacing indication in RRC message, having another new mobile indication over F1 brings additional signalling overhead, which is unnecessary. Moreover, when mobile IAB-node starts to integrate to the network, if the “mobile indication” is sent over F1 interface, the IAB-donor CU cannot know it is a mobile IAB-node before setting up F1 connection. The IAB-donor CU cannot configure suitable serving cell information considering the mobility of the mobile IAB-DU during initial access. This could also lead to extra configuration signalling overhead after mobile IAB-DU reports it is a mobile IAB-node over F1.
In Option 3, although there’s no new signalling introduced, the mobility state of mobile IAB-MT is known by IAB-donor CU after at least 30s measurement if it is configured, which is unnecessary comparing directly identify from the indication.
Observation 5: mIAB-MT can send a mobile IAB-node indication over RRC to replace “iab-NodeIndication” in RRCCompleteSetup message, directly indicating it is a mobile IAB-node. IAB-donor CU knows it is a mobile IAB-node without waiting for other information.
Therefore, to let IAB-donor CU differentiate stationary IAB-node and a mobile IAB-node, a new indication “miab-NodeIndciation” is proposed to be sent over RRCCompleteSetup message or as part of the UE capability when mobile IAB-MT connects to the network. 
Proposal 6: Mobile IAB-node includes a new indication “miab-NodeIndication” to the network in RRCSetupComplete, indicating that the connection is being established by a mobile IAB-node. “iab-NodeIndication” is not set by a mobile IAB-node.
As the mIAB is mobile, it is useful to also include this indication in the UE capability as it makes easier to provide this capability to the target gNB without impacting Xn-AP.  This can be discussed later.
Observation 6: It is useful to also include miab-NodeIndication in the UE capability as it makes easier to provide this capability to the target gNB without impacting Xn-AP 
Mobile IAB-node support indication broadcast for topology integration
Different from IAB-donor CU in Rel-16 and Rel-17, the IAB-donor CU is required to support full migration functionalities and mobility enhancements (e.g. group mobility, etc) for mobile IAB-node and served UEs. Hence, during mobile IAB-node integration to an IAB topology, it is necessary for mobile IAB-node to know which IAB-DU or IAB-donor DU can be selected as its parent IAB-node. 
The IAB-DU or IAB-donor DU which can support direct integration of a mobile IAB-node (i.e. become the parent IAB-node of a mobile IAB-node) needs to provide the “mobile IAB-node support” indication (e.g. miab-Support) in its broadcast information, e.g. SIB1, so that the mobile IAB-node can select the suitable IAB-node and IAB-donor CU.
Proposal 7: The IAB-DU which can be the parent IAB-node of a mobile IAB-node broadcasts a “mobile IAB-node support” indication in its SIB1, indicating it supports mobile IAB-node integration.

RACH-less Handover of served UEs
As agreed in RAN2 #119e meeting:
	· R2 assumes RACH-less procedure may be considered for on-board RRC_CONNECTED UEs, which are to be handed over together with the mobile IAB-node (would depend also on the assumptions for UL synch). 


When group handover is performed for all served UEs (e.g., due to inter-donor-CU full migration), the RRCReconfiguration messages are almost received at the same time after mobile IAB-node’s full migration. Considering the number of served UEs under a mobile IAB-node can be large, even with gradual HO of UEs with partial migration based full migration (i.e. “dual-DU-way” of doing full migration), it is possible that congestion may happen during served UEs’ handover. 
Considering the served UEs are still connecting to the same mobile IAB-DU cell during full migration procedure, apart from the security key, most of the existing configuration such as Timing Advance, PHY configuration of the served UEs is not changed during mobile IAB-node’s migration. Therefore, the served UEs are UL synchronized with the mobile IAB-DU before and after its migration. A simplification of the HO procedure for the served UEs can be considered to reduce RACH and lower layer configuration.
Due to the change of CU, it is proposed to simply perform a change of security key for the served UEs as part of the group handover. It can be done with only impacting user plane. 
Proposal 8: During mIAB-MT handover, RACH-less HO with a change of security key of the served UEs should be supported.
Conclusion
In this contribution, we discussed the mobility scenarios of the served UEs for mIAB and possible enhancements to mIAB to provide better HO and cell reselection performance for the legacy served UEs moving between mIAB and fixed gNB and also within the vehicle.  Possible enhancements for Rel-18 UEs were also discussed.
We have following observations and proposals:
Observation 1: The UE moves inside/out of the vehicle and switches between mobile IAB-node and normal gNB when the vehicle (mIAB node) is stationary.
Observation 2: When the vehicle is moving and the UE is onboard, the UE should remain its connection to the mobile IAB-node and not perform handover/cell reselection towards other gNBs/stationary network or mobile IAB-nodes equipped on another vehicle.
Observation 3: For RRC_CONNECTED/INACTIVE/IDLE UEs, mobility enhancements can avoid the UE connecting to unsuitable cell, which can further help UE to reduce service interruption, ping-pong handover and reduce power consumption.
Proposal 1: Mobility enhancement of mobile IAB-node’s served RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE UEs for handover/cell (re-)selection should be considered for following four scenarios:
Scenario 1: The UE is moving inside the vehicle equipped with a mobile IAB-node
Scenario 2: The UE is moving out of the vehicle equipped with a mobile IAB-node
Scenario 3: The onboard UE is moving together with the vehicle equipped with a mobile IAB-node
Scenario 4: The onboard UE is moving inside the vehicle equipped with multiple mobile IAB-nodes
Proposal 2: For cell (re-)selection, to differentiate from stationary network nodes, mobile IAB-node broadcasts “miab-cell” indication in its system information.
Proposal 3: Mobile IAB-node broadcasts its velocity (details FFS) in its system information to enhance handover, cell (re-)selection decision.
Proposal 4: For Rel-18 UEs, consider new information/measurement event based on mIAB node’s velocity, TA, UE’s relative speed estimated by doppler shift, etc, as mobility enhancement for served UEs during their cell (re)selection, handover and conditional handover. 
Observation 4: It is useful for the mobile IAB-node reports its velocity to IAB-donor CU to allow IAB-donor CU to decide a suitable type of target cell (mIAB or stationary normal cell) for the served UEs based on different UE mobility scenarios.  Network can either configure suitable measurement configuration(s) for the served UE(s) or ignore served UEs’ measurement reports based on mobile IAB-node’s velocity information, avoiding handover to unsuitable target cells.
Proposal 5: The mobile IAB-node reports its velocity to IAB-donor CU.  Granularity of the reported velocity, frequency of reporting can be FFS.
Observation 5: mIAB-MT can send a mobile IAB-node indication over RRC to replace “iab-NodeIndication” in RRCCompleteSetup message, directly indicating it is a mobile IAB-node. IAB-donor CU knows it is a mobile IAB-node without waiting for other information.
Proposal 6: Mobile IAB-node includes a new indication “miab-NodeIndication” to the network in RRCSetupComplete, indicating that the connection is being established by a mobile IAB-node. “iab-NodeIndication” is not set by a mobile IAB-node.
Observation 6: It is useful to also include miab-NodeIndication in the UE capability as it makes easier to provide this capability to the target gNB without impacting Xn-AP 
Proposal 7: The IAB-DU which can be the parent IAB-node of a mobile IAB-node broadcasts a “mobile IAB-node support” indication in its SIB1, indicating it supports mobile IAB-node integration.
Proposal 8: During mIAB-MT handover, RACH-less HO with a change of security key of the served UEs should be supported.
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