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1 Introduction

One of the objectives of the NR-U study item [1] is to address the following architectural scenarios:
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

In this contribution, we will discuss the impact of connected mobility as it applies to NR-U standalone operation.
2 Discussion
During the last AHG meeting, RAN2 reached the following conclusions and the portion highlighted is particularly critical to mobility operations.
· R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)

· The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.

· Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.
One of distinct differences of eLAA with NR-U standalone is the lack of reliable channel for delivery control signalling critical to reliable operation.  Due to the need for LBT operation for every signalling transmission the reliability and latency of the control signalling may be significantly impacted due to mobility operation in the unlicensed band.  Currently the NR mobility procedure is designed to combat radio link problems and/or interference from neighbouring cells but not due to channel that is occupied due to other systems.  

Observation 1: 
NR-licensed SA mobility is designed to operate under variable radio link and inter-cell interference conditions but not when the channel is occupied.
It is difficult to know whether the signalling failure is due to radio link issues or whether the channel is just temporary occupied.  This issue is especially critical under mobility since it is expected that handovers are completed prior to T310 expiry.  However upon T310 expiry the UE will anyway go to IDLE if security is not activated regardless of whether the cause of the physical layer problem was due to radio link issue or occupied channel.    
Observation 2: 
UE will go to IDLE upon T310 expiry regardless if the cause of the failure is due to radio link issue or occupied channel. 
To have a more robust mobility procedure for NR-U SA, we believe two general approaches may be taken.  One is to allow more opportunities to find channels that may not be busy. The other approach is to modify the mobility procedure to take into account of the possibility of a busy channel.  With the first approach, several papers have already suggested how the RS such as DRS should be made available to allow the UE to determine signal quality for both RLM and RRM [2][3][4]. Another approach is to allow more flexibility within the mobility procedure.  As such, it was discussed in the email discussion [5] that conditional handover could be considered as a way to improve the robustness of mobility procedure in NR-U SA. This is depicted in Figure 1.  
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Figure 1: Handover procedure for SA NR-U with 
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Although conditional handover is not yet specified in NR licensed, we believe it is more critical for NR-U due to LBT uncertainties and can be discussed for NR-U.  Without the option for the gNB to configure conditional handover to the UE, HOF may become a regular occurrence rather than an exception and even with the advent of MRO, the issue with occupied channel cannot be handled by the network.  The gNB should also have the option to configure a conditional HO timer such that the UE should declare RLF or transition to RRC_Inactive in case the conditional HO is not successful.
Proposal 1: 
RAN2 should agree to introduce conditional handover as one of the solutions for NR-U SA.
Even if RAN2 agrees to introduce conditional handover, it should not be assumed that the NW should always configure conditional handover for NR-U SA as the means for mobility management.  In some cases, when the channel is unoccupied it may be undesirable to configure the UE with conditional handover.  Instead the NW should simply configure the UE with the existing mobility mechanism for NR licensed as it should be the most efficient mechanism for handovers.  This would also support the idea that the existing handover mechanism should be the baseline even for NR-U SA.
Observation 3: 
Configuring the UE with the existing handover mechanism for NR-licensed is more efficient when the channel is unoccupied. 

In some MTC scenario, it may be beneficial not to apply NW-based mobility for NR-U cells, esp. if there is only one unlicensed band that is available to the UE.  In this case, it may be simpler if the mobility is UE-based, i.e., RRC re-establishment will be used in case of RLF, similar to the NB-IoT scenario.

Observation 4: 
In some MTC scenario, it may be simpler to rely on UE-based mobility for NR-U, whereby RRC re-establishment will be used in case of RLF. 

Considering Proposal 1 and Observations 3, 4 and the agreement that channel occupancy should be should be adopted for NR-U, it becomes clearer that the NW may need more than one mechanism for mobility configuration for the UE.  In addition to the reporting of channel occupancy RAN2 should also consider the UE’s mobility status, power consumption requirements and the option to indicate changes to the application requirements, such as critical communication that may require the use of licensed spectrum for better reliability, so that the gNB can properly configure the right handover requirements to the UE.

Proposal 2: 
UE assisted information including mobility status, power consumption requirement, licensed spectrum request should also be provided to the NW to determine the proper mobility configuration. 
Regardless of the mobility configuration, the possibility of experiencing HOF may not always be avoidable, esp. if the target cell’s channel is occupied. If the UE experiences HOF it will attempt to re-establish connection.  However, if the target cell’s channel remains occupied the UE may reselect another cell that is not occupied, but such a cell may not be prepared with the UE’s context so that re-establishment may fail as there is currently no Xn procedure in NR for the target cell to request UE context through the re-establishment procedure. And even if such an Xn procedure gets adopted in NR similar to LTE [7], it assumes the new gNB will be able to identify the old gNB using the PCI and the old gNB is able to match the UE context with ShortMAC-I and C-RNTI. Furthermore, once the UE initiates connection re-establishment and triggers T311, if the UE cannot find a suitable cell due to LBT at the target gNB before timer expiry the UE will need to go to IDLE and start a new connection.  This increases the latency that should be avoided as the new connection will also require additional LBT procedure for the RA procedure.  

Observation 5: 
Connection Re-establishment may fail if the reselected target cell with unoccupied channel is not prepared with UE’s context information or if the T311 timer expires. 
To avoid this unnecessary interruption to an ongoing service, esp. considering that LBT operation is needed prior to each transmission attempt, RAN2 should allow the UE to transition to RRC_Inactive upon HOF. When the UE resumes from the RRC_Inactive, it provides the I-RNTI allocated by the last serving gNB which may be used by the target gNB to retrieve the UE context from the last serving gNB, as long as the UE reselects a cell that is within the RNA [6]. Unlike the timer for re-establishment, the UE may resume the connection when the channel becomes unoccupied.  This is depicted in Figure 2.  
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Figure 2: Handover procedure with Inactivity indication
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With the above procedure the serving gNB will configure the UE to transition to RRC_Inactive state in case of HOF. However, not all HOF should result in the UE moving to the RRC_Inactive state.  This should only apply to the case when the target gNB’s channel is occupied. HOF as a result of RLF should still trigger RRC Re-establishment.  
Proposal 3: 
The serving gNB should have the option to configure the UE in the HO command to transition to the RRC_Inactive state in case the HOF is due to occupied channel in the target gNB.  
3 Conclusion

In this contribution, we discuss the issues with the current mobility procedure for NR-U SA. We have following observations and proposals.
Observation 1: 
NR-licensed SA mobility is designed to operate under variable radio link and inter-cell interference conditions but not when the channel is occupied.

Observation 2: 
UE will go to IDLE upon T310 expiry regardless if the cause of the failure is due to radio link issue or occupied channel. 
Proposal 1: 
RAN2 should agree to introduce conditional handover as one of the solutions for NR-U SA.

Observation 3: 
Configuring the UE with the existing handover mechanism for NR-licensed is more efficient when the channel is unoccupied. 

Observation 4: 
In some MTC scenario, it may be simpler to rely on UE-based mobility for NR-U, whereby RRC re-establishment will be used in case of RLF. 

Proposal 2: 
UE assisted information including mobility status, power consumption requirement, licensed spectrum request  should also be provided to the NW to determine the proper mobility configuration.  
Observation 5: 
Connection Re-establishment may fail if the reselected target cell with unoccupied channel is not prepared with UE’s context information or if the T311 timer expires. 

Proposal 3: 
The serving gNB should have the option to configure the UE in the HO command to transition to the RRC_Inactive state in case the HOF is due to occupied channel in the target gNB.  
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