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1 Introduction

One of the objectives of the NR-U work item [1] is to address the following mobility protocol architectural procedures:
· Mobility: For non-standalone NR-U deployments, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR). For standalone NR-U deployments, specify mechanisms for inter-cell handover between NR-U and NR-U, inter-cell handover between NR-U and NR, and Inter-RAT handover between NR-U and LTE (connected to either EPC of 5GC). Extensions of mobility-related measurement reporting for unlicensed operation including channel occupancy indication and RSSI measurements.
In this contribution, we will discuss the impact of connected mobility as it applies to NR-U standalone operation.
2 Discussion
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 T304 expiry.  However upon T304 expiry the UE will start the re-establishment procedure, but it is unclear whether this timer expiry is due to radio link issue or occupied channel.   
Observation 2: 
Upon T304 expiry the UE will begin the re-establishment procedure regardless of whether the problem 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, conditional handover (CHO) could be considered as a way to improve the robustness of mobility procedure in NR-U SA based on the result from the NR mobility enhancement work, with the following agreements from RAN2#106:

Agreements

1:
Separate CHO execution condition(s) can be configured for each individual candidate cells.

2
Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering)

3
As a baseline CHO can be triggered based on a condition consisting of a single event, single RS type, singe quantity.

3.1
The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR

3.2
The single RS type can be configured to be SSB or CSI-RS

FFS Whether multiple triggering conditions are required.

Agreements

1
Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates)

2
Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).

However, just using CHO alone will not work for SA NR-U.  It will be necessary to extend the mobility procedure to include channel occupancy and RSSI measurements and reporting.  This information will allow the network to select the cell/frequency that works best for the channel occupancy condition reported. 
Proposal 1: 
RAN2 should agree to support the configuration of channel occupancy and RSSI as one of the triggering conditions for conditional handover to support NR-U SA.
Assuming Proposal 1 is agreeable, the measurement report based on channel occupancy and RSSI will at least allow the source cell to transmit the CHO before the source cell’s frequency becomes fully occupied. And as stated previously, one of the main advantages of CHO is that the UE doesn’t need to send measurement report to the source cell when the UE moves within range of the target cell for handover. However, this doesn’t guarantee that when the UE is ready to handover to the configured target cell, the target cell wouldn’t be occupied.  
Observation 3: 
With CHO, there is no guarantee that the target frequency will not be occupied. 

In case the target cell’s frequency is occupied the UE may choose to remain at the source cell.  Currently there is no timer associated with the configuration of CHO.  According to the agreements above:

Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates)
Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).

So the UE will either complete the handover or it will wait for the source cell to deconfigure the CHO or reconfigure the UE with an updated HO/CHO.  However, unless the UE informs the source cell of the issue with the occupied channel in the target frequency, the source cell may not know the configured CHO is not working for the UE.  Two options may be considered:
Option 1: 
The UE should be allowed to send a measurement report to the source cell with channel occupancy and RSSI measurement associated with the target frequency(ies) that was occupied. 

Option 2: 
The UE is allowed to send an indication to the source cell informing the source cell the target frequency(ies) configured in the CHO is occupied.
Option 3: 
The CHO may include the source cell as one of the target cells.  The UE may select the source cell as the target cell if only the source cell’s frequency is not occupied.

Proposal 2: 
The UE should be allowed to inform the serving cell if the target frequency is occupied based on one of the three options.  
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 [2], 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 channel occupancy 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 4: 
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 [3]. Unlike the timer for re-establishment, the UE may resume the connection when the channel becomes unoccupied.  This is depicted in Figure 1.  
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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 support the configuration of channel occupancy and RSSI as one of the triggering conditions for conditional handover to support NR-U SA.
Observation 3: 
With CHO, there is no guarantee that the target frequency will not be occupied. 

Proposal 2: 
The UE should be allowed to inform the serving cell if the target frequency is occupied based on one of the three options.  

Observation 4: 
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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