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1 Introduction

According to RP-182878 [1], NR-U would specify the following RRM and mobility enhancements: 
- 
RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)

-
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. 

This contribution analyses the impacts on RRM and mobility in NR-U and provides our views on these two aspects.
2 Measurement enhancement
In RAN2#104 meeting, it was agreed to reuse the current NR RRM model in NR-U [2]. In NR-U, the main issue is that the gNB cannot transmit reference signals periodically due to unsuccessful LBT. When UE performs measurement, the missing measurement due to LBT failure may result in triggering wrong measurement reports. Take the scenario as one example: UE finds that one neighboring cell (Cell 1) is satisfied with measurement event entering condition (for example, A3 event), so UE initiates TimeToTrigger to monitor whether this cell can meet with entering condition for longer time than TTT. During the TTT is ongoing, the UE should still monitor this neighboring cell according to measurement requirement. But when this UE wants to acquire the new measurement sample of this neighboring cell, the cell does not transmit reference signals due to LBT failure, which is illustrated by the following figure 1. Under this situation, if the UE considers using the previous measurement result of this cell, the UE may send wrong measurement report to the gNB. Meanwhile, if the UE considers this measurement result of this cell is zero, L3 filter result may cause UE to stop TTT and delay the potential measurement report to the gNB. 
Observation 1：In NR-U, missing measurements will occur due to DL LBT failure.
Usually the gNB configures TTT which is a multiple of SMTC periodicity, so that the UE can obtain the enough measurement samples to realize measurement evaluation. Meanwhile, the TTT is not too big to delay measurement report. Take TTT as 3 times of SMTC periodicity as example, the UE had expected to obtain 3 measurement samples of the neighboring cell during TTT at most, but DL LBT failure may cause that the UE cannot obtain one measurement sample. If UE stops TTT, the potential measurement report will be delayed or discarded. The delayed or discarded measurement report would have damage to mobility performance in NR-U.  
Observation 2: During TTT, the UE may not obtain one measurement sample of the neighboring cell.
In order to obtain the precise and timely measurement report, it is reasonable to increase measurement opportunities. But the ongoing TTT may eliminate the measurement opportunity while the expired TTT would trigger measurement report. So it is necessary to extend TTT to permit more measure opportunities for precise measurement performance.
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Fig.1 Measurement with Extended TTT
Proposal 1: UE can extend TTT to ensure to acquire at least one measurement sample when neighboring cell has fulfilled entry condition.
However, the TTT cannot be extended too long, as it will delay measurement report trigger. It is reasonable to extend one or two DRS periodicity so that the UE can have more choices to evaluate neighbouring cell to avoid triggering wrong measurement report.  
3 Handover enhancement

After the gNB receives measurement reports for the UE, the gNB makes handover decision based on measurement reports and cell load condition etc. According to the current handover procedure, the gNB usually selects one target cell as target PCell and configures the handover command. Handover command can also include SCells if UE supports carrier aggregation. Finally, the UE performs a random-access procedure towards the target cell and sends a handover complete message to the target PCell.
According to TR38.889 [3], for standalone NR-U deployments, the following mobility scenarios shall be supported:

-     Inter-cell handover between NR-U and NR-U;

-
Inter-cell handover between NR-U and NR.

Handover latency may be unpredictable introduced due to LBT failure either in the source PCell or in the target PCell. When handover is performed from NR to NR-U, handover command can be sent smoothly, but random access procedure in the target PCell may be delayed due to LBT failure. When handover is performed from NR-U to NR, handover command (including measurement reports) in the source PCell may be delayed due to LBT failure. When handover is performed between NR-U and NR-U, both handover command and random access procedure may be delayed. The following figure 2 illustrates handover procedure between NR-U and NR-U.
Observation 3: Handover latency due to LBT failure may happen either in the source PCell or in the target PCell.
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Fig.2 Handover procedure between NR-U and NR-U
Conditional handover was discussed as it can be used to send conditional handover command a little earlier to UE [4][5]. Once the UE checks that the given handover trigger condition is met, it can perform random access procedure in the target PCell. This solution can deal with LBT failure issue in the source PCell, but it cannot solve the LBT failure issue in the target PCell.
Observation 4: Conditional handover can only alleviate LBT impact in the source PCell, e.g. alleviate the impacts on the measurement report and handover command transmission.

In the current handover command, there is only one unique PCell, and zero or some SCells. SRB can only be configured in the target PCell, and one initial BWP in PCell is configured for access by the UE. If the UE suffers from LBT failure when it performs random access procedure in the target PCell, handover latency is still serious. 
If UE supports carrier aggregation, the target gNB can configure more than one serving cell for UE. But there is only one PCell, other serving cells can be activated by the gNB after the UE has entered the target PCell. During handover, if UE or the target PCell suffers from LBT failure, UE may not send preamble in the target PCell in time or the gNB cannot send random access response to the UE in time. Under this situation, if the UE is configured with multiple serving cells and any serving cell can be candidate PCell, the UE is permitted to select any cell with successful LBT as target Pcell and complete random access procedure in the selected target Pcell, the handover latency can be reduced greatly.
Proposal 2: In order to reduce random access latency during handover, UE is permitted to select the target PCell upon the succeeded LBT if multiple candidate target PCells are configured.
4 Conclusion

In this contribution we analyzed RRM measurement and handover in NR-U, and made the following observations and proposals:
Observation 1: In NR-U, missing measurements will occur due to DL LBT failure.
Observation 2: During TTT, the UE may not obtain one measurement sample of the neighboring cell.
Proposal 1: UE can extend TTT to ensure to acquire at least one measurement sample when neighboring cell has fulfilled entry condition.

Observation 3: Handover latency due to LBT failure may happen either in the source PCell or in the target PCell.

Observation 4: Conditional handover can only alleviate LBT impact in the source PCell, e.g. alleviate the impacts on the measurement report and handover command transmission.

Proposal 2: In order to reduce random access latency during handover, UE is permitted to select the target PCell upon the succeeded LBT if multiple candidate target PCells are configured.
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