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Introduction
It was agreed in RAN2 #121 meeting that RAN2 will specify UE behavior when it receives a broadcast information of “mobile IAB cell type indication” in SIB.
	· Regarding the assumed mobile-IAB cell type indication, RAN2 assumes is may be specified if some related UE behaviour is specified. 


Moreover, SA2 has concluded the study on architecture enhancement for VMR, where KI #7 is about the control of UE’s access to 5GS via a mobile IAB-node. In this contribution, we first discuss the UE behaviour of cell (re)selection towards a mobile IAB-cell. 
Additionally, other mobility enhancements are also discussed, e.g. measurement configuration optimization, additional broadcast information by mobile IAB-node, and RACH-less handover.
Discussion
RRC_IDLE/INACTIVE UE behaviour
On one hand, since the mobile IAB-node does not prevent joining request from a surrounding UE, therefore, one may concern that those UEs may wrongly select a mobile IAB-node if the vehicle is moving closer, which further cause frequent cell reselection. However, in our understanding, there’s no need to optimize, as the UE only temporarily connect to the mobile IAB-node, and multiple IAB-nodes continuously passing by is not frequent to happen. Additionally, as captured in WID [1], there’s no need to further optimize for this scenario. 
	· 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]


Proposal 1: No optimization to prevent surrounding UEs to perform cell (re)selection towards a mobile IAB-cell.
On the other hand, the following scenarios and limitations should be considered when defining the UE behavior of cell (re)selection towards a mobile IAB-cell: 
Scenario 1: The onboard UE is moving together with the vehicle equipped with a mobile IAB-node
Scenario 2: The onboard UE is moving inside the vehicle equipped with multiple mobile IAB-nodes
For scenario 1, one may concern the UE may unintentionally select other cells. However, it’s not always true that the UE shall stick on the same mobile IAB-cell after it gets onboard of a vehicle. In scenario 2, the cell (re)selection mechanism should also allow the onboard UEs to connect another mobile IAB-cell if a certain condition(s) is met. 
As defined in TS 38.304 [2], the UE mobility state is determined by how frequent cell reselection does a UE perform during a time period.
	Normal-mobility state criteria:
- If number of cell reselections during time period TCRmax is less than NCR_M.
Medium-mobility state criteria:
- If number of cell reselections during time period TCRmax is greater than or equal to NCR_M but less than or equal to NCR_H.
High-mobility state criteria:
- If number of cell reselections during time period TCRmax is greater than NCR_H.


Considering the UE which moves together with mobile IAB-cell, if the UE in scenario 1 (i.e. moving together with the vehicle) is determined as medium/high-mobility state, it indicates that this UE is frequently switched between different gNBs rather than stick on the mobile IAB-cell on the vehicle. On the other hand, if a UE is in normal-mobility state, it is either connected to right mIAB-cell when it is on the vehicle (including UE is moving out of the vehicle), or it is a surrounding UE (including UE is going to be onboard).
Observation 1: Mobility state of a UE can help to identify whether a UE camps on mobile IAB-cell when it is on the vehicle. An onboard normal-mobility UE is highly likely camped on a mobile IAB-cell and hence not in Medium or High-mobility states.
Therefore, in below section, we discuss how the UE behaves during cell (re)selection by considering UE mobility state.
Recalling that HSDN introduced the concept of prioritising an HSDN cell based on UE mobility state to facilitate camping on an HSDN cell (when available) for UEs in high mobility state [2]. 
	When the HSDN capable UE is not in High-mobility state, the UE shall always consider HSDN cells to be the lowest priority (i.e., lower than any other network configured priorities)


Similar concept can be applied to allow UEs onboard the vehicle camping on neighbouring cells to prioritise an mIAB cell.  
Proposal 2: Discuss if HSDN like prioritisation of mIAB cell should be considered for mIAB.  
Once the UE has selected the mIAB cell, it will drop to normal mobility state as there are no cell crossings to count, but HSDN solution cannot keep the onboard UE camped on the mIAB cell and other enhancements could be looked at.
As defined in TS38.304 [2]:
	the UE shall reselect the new cell, only if the following conditions are met:
- the new cell is better than the serving cell according to the cell reselection criteria specified above during a time
interval TreselectionRAT;
- more than 1 second has elapsed since the UE camped on the current serving cell.


The maximum value of T-Reselection is 7 secs, as captured in TS38.331 [3]:
	-- ASN1START
-- TAG-TRESELECTION-START
T-Reselection ::= INTEGER (0..7)
-- TAG-TRESELECTION-STOP
-- ASN1STOP


However, when the vehicle is moving around, the vehicle together with its served UEs may be exposed under a normal gNB that may has a better signal strength than the mobile IAB-cell temporarily but longer than 7 secs. If the vehicle is temporarily stopped (due to traffic jam, at bus stop, etc), the onboard UEs may reselect that normal gNB rather than staying with its mobile IAB-cell. 
If we extend T-Reselection timer and allow the UE to measure the cell signaling strength in a longer period, the signaling strength of the neighbouring normal gNB(s) will naturally become lower, as it includes and averages the normal gNB’s signaling strength from weak to strong, and back to weak again (i.e. vehicle moves closer to the normal gNB and then moves away).
With that, when multiple mobile IAB-cell presents in intra-frequency neighbouring cell list or with equal priority in inter-frequency neighbouring cell list, the UE could naturally select the cell with highest cell ranking based on the measurement result which is averaged over a longer period. That selected cell (no matter mobile IAB-cell or normal gNB) is the best camping cell for the UE.
Proposal 3: Extend T-Reselection to a longer period to weaken neighbouring non-mIAB cells’ signaling strength, FFS on the exact value.
Broadcast System Information to Enhance Mobility
Besides above two scenarios discussed in Section 2.2, to perform more accurate cell (re)selection criteria for RRC_IDLE/INACTIVE UEs, below two scenarios should also be considered and discussed:
Scenario 3: The UE is moving inside the vehicle equipped with a mobile IAB-node
	

                                     2) after moving inside the vehicle, vehicle is moving
1) before moving inside the vehicle when vehicle is stationary                                     

          


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.  2) after moving inside the vehicle
Scenario 4: 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.  
It is observed that, in normal behaviour, the UE will only switch between stationary network and mobile IAB-node in above scenario when the vehicle is stopped. 
Observation 2: The UE moves inside/out of the vehicle and switches between mobile IAB-node and normal gNB when the vehicle (mIAB node) is stationary.
Moreover, in Scenario 1 and 2 in Section 2.1, 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. 
Therefore, based on the above analysis, the key information to differentiate UE behaviours for the 2 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. real-time mobility status of the mobile IAB-node). Broadcasting a mobile IAB-cell type is not enough for Rel-18 UEs for mobility enhancement. 
For RRC_INACTIVE/IDLE UEs, if the velocity of a mobile IAB-cell is not zero, such UE camped on a fixed gNB should not reselect a cell with mobile IAB-cell indication to camp on, even that mobile IAB-cell may have higher cell ranking or higher priority, as it is not going to be onboard/off-board when the vehicle is moving.  Similarly, an RRC_IDLE/INACTIVE UE camped on a mIAB node should not reselect a fixed gNB when the vehicle is moving.
Observation 3: Broadcasting mobile IAB-cell type in system information is not enough for Rel-18 UEs to enhance mobility and prioritize selection towards a mIAB-cell for the suitable scenarios such to prioritize cell (re)selection towards a mIAB or fixed gNB based on when mIAB is temporarily stopped or not.
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). Sending an accurate value of mobile IAB-node’s velocity may lead to an increase of SIB update frequency. Though it is possible to reduce the SIB update frequency, for example, only update its SIB information if the velocity change is larger than certain threshold, use this mechanism and broadcast velocity only by vehicles that do not go through rapid start/stop etc. With that, mIAB served UEs can know the velocity of mIAB-node in real-time and understand the trend of its moving status.
Alternatively, to avoid SIB frequently update, paging message can also be used to send that information to the UEs.
Proposal 4:  Mobile IAB-node real-time mobility status (details FFS) is provided to the UE to enhance handover, cell (re-)selection decision. FFS via SIB or paging message.
UE measurement enhancement
One of the main objectives utilizing velocity of mobile IAB-node is to reduce UE unnecessary measurement and reduce power consumption for the served UEs, since the onboard UEs should always connect to the mobile IAB-cell. Therefore, based on the real-time mobility status information of the mobile IAB-node, the UE could stop measurement reporting or even measurement that are related to handover in RRC_CONNECTED state, cell reselection in RRC_IDLE/INACTIVE state.
Though it is possible to let network update measurement configuration by implementation and control UE measurement, it is much easier and less signaling overhead if the network (i.e. mobile IAB-cell) can let UE know whether it could temporarily stop measurement reporting or not. If real-time mobility status of the mobile IAB-node is not known by the UE, the network can only send a single bit indication to the UEs and temporarily enable/disable measurement (reporting) at the UE side. Otherwise, the UE should perform measurement and reporting normally based on the configuration from the network. 
Proposal 5: For Rel-18 UEs, to reduce unnecessary measurement and reduce power consumption, (if broadcasting real-time mobility status is not supported), mobile IAB-cell sends a single bit indication to let UE know whether to perform neighbouring cell measurement (/reporting) or not.
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. It can be done with only impacting user plane. 
Normally, upon receiving RRCReconfiguration message during handover, the UE shall execute a reconfiguration with sync, reset MAC entity and re-establish L2. The UE shall also update the security key and use it after successful RACH towards the new cell. However, if RACH-less handover is adopted, there’s no way for the gNB to know when the UE starts to use the new security key.
In LTE, RACH-less is also supported. As captured in TS 36.300 [3], if RACH-less HO is configured, UE performs synchronisation to target eNB and derives target eNB specific keys, then configures the selected security algorithms to be used in the target cell. We think the same mechanism can be used for mIAB served UEs as a baseline, where the security key is updated upon receiving RRCReconfiguration message.
Proposal 6: During mIAB-MT handover, RACH-less HO with a change of security key of the served UEs should be supported. UE starts to use new security key for target cell after receiving RRCReconfiguration message. 
Conclusion
In this contribution, we discussed the scenario of UE’s cell (re)selection and the corresponding UE behaviour. Furthermore, to provide accurate decision of cell (re)selection, real-time mobility status of mIAB is proposed to be broadcasted, following by measurement optimization at UE side. In the end, we discussed RACH-less handover to reduce signaling overhead during full migration.
We have following observations and proposals:
Proposal 1: No optimization to prevent surrounding UEs to perform cell (re)selection towards a mobile IAB-cell.
Observation 1: Mobility state of a UE can help to identify whether a UE camps on mobile IAB-cell when it is on the vehicle. An onboard normal-mobility UE is highly likely camped on a mobile IAB-cell and hence not in Medium or High-mobility states.
Proposal 2: Discuss if HSDN like prioritisation of mIAB cell should be considered for mIAB.  
Proposal 3: Extend T-Reselection to a longer period to weaken neighbouring non-mIAB cells’ signaling strength, FFS on the exact value.
Observation 2: 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 3: Broadcasting mobile IAB-cell type in system information is not enough for Rel-18 UEs to enhance mobility and prioritize selection towards a mIAB-cell for the suitable scenarios such to prioritize cell (re)selection towards a mIAB or fixed gNB based on when mIAB is temporarily stopped or not.
Proposal 4:  Mobile IAB-node real-time mobility status (details FFS) is provided to the UE to enhance handover, cell (re-)selection decision. FFS via SIB or paging message.
Proposal 5: For Rel-18 UEs, to reduce unnecessary measurement and reduce power consumption, (if broadcasting real-time mobility status is not supported), mobile IAB-cell sends a single bit indication to let UE know whether to perform neighbouring cell measurement (/reporting) or not.
Proposal 6: During mIAB-MT handover, RACH-less HO with a change of security key of the served UEs should be supported. UE starts to use new security key for target cell after receiving RRCReconfiguration message. 

References
[1] RP-221815, New WID on mobile IAB
[2] TS38.304, User Equipment (UE) procedures in Idle mode and RRC Inactive state
[3] TS36.300, Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2
image1.emf
IAB-MT

IAB-DU

IAB-donor 1

gNB

Move inside the 

vehicle


Microsoft_Visio_Drawing.vsdx
IAB-MT
IAB-DU
IAB-donor 1
gNB
Move inside the vehicle



image2.emf
IAB-MT

IAB-DU

IAB-donor 1


Microsoft_Visio_Drawing1.vsdx
IAB-MT
IAB-DU
IAB-donor 1



image3.emf
IAB-MT

IAB-DU

IAB-donor 1


Microsoft_Visio_Drawing2.vsdx
IAB-MT
IAB-DU
IAB-donor 1



image4.emf
IAB-MT

IAB-DU

IAB-donor 1

gNB

Move out of the 

vehicle


Microsoft_Visio_Drawing3.vsdx
IAB-MT
IAB-DU
IAB-donor 1
gNB
Move out of the vehicle



