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1 Introduction

A study Item on NR-based access to unlicensed spectrum [1] was approved at RAN#75 and discussions started in RAN1#92. In RAN2#AH1807 [2], initial TR structure for RAN2 aspects in 38.889 are agreed as follows:
2.1
Inactive and Idle procedures (38.304 related)

2.2
L2 impacts


2.2.1 RACH (4 step, 2 step)


2.2.2 MAC (except RACH)


2.2.3 Other

2.3 RRC Impacts


2.3.1 RLM/RLF and Mobility (conn mode)

2.3.2
Other
In NR AH1807, it was agreed that channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1 and that NR licensed measurement framework is used as baseline for NR-U.
In this contribution, we discuss RRM framework for NR-U such as further enhancements on channel occupancy and RSSI measurement and reporting framework, cell quality derivation and L3 filtering.
2 RRM for NR-U 
2.1 Channel occupancy and RSSI measurements
In the last meeting, channel occupancy and RSSI measurements were agreed to be adopted for NR-U. In LAA, these two metrics were measured and reported at frequency level. 

Observation 1 In LTE LAA, RSSI and channel occupancy were measured at frequency level.

In NR-U since the UE may operate in both above and below 6GHz, and given that the NR licensed measurement framework (cell and beam results) has been agreed as a baseline for NR-U, the same should be adopted for RSSI and channel occupancy measurements in NR-U.
Moreover, an indication of the channel occupancy at the beam level may give an indication to the network if a low beam quality result is due to blockage and hidden nodes or LBT failure. 

Observation 2 In NR-U, beam level RSRP/RSRQ/SINR may be measured and reported by the UE. 

Proposal 1: NR-U supports channel occupancy and RSSI measurements at frequency level and beam level.

In NR-U, given the large bandwidth of the carriers, it is considered that LBT will be performed at a sub-band granularity. This sub-band may correspond to a bandwidth part if confirmed to be supported as in NR.

In order to configure the UE with an active sub-band or BWP, it may be useful for the network to obtain measurement results of the corresponding sub-band. This aspect could be further studied.
Observation 3 Given that the granularity of LBT may be smaller than the carrier bandwidth in NR-U, it may be useful to measure and report cell/beam quality for a certain sub-band.
2.2 Cell quality derivation and measurement events
RRM in NR-U may be impacted by the uncertainties on the transmission of reference signals due to LBT. Since cell quality is based on the average value of the N best beams above a threshold, the measurements at cell level may be impacted by LBT failure on certain beams.
Observation 4 Cell quality derivation at serving and neighbouring cells may be impacted by non-transmission of RS due to LBT.

The UE consolidates beam results for cell quality derivation and for cell selection (HO or IDLE/INACTIVE). If the beams are subject to channel unavailability, the quality of the cell may drop quickly if the best beams of the cells become often unavailable.  

Channel occupancy and RSSI at the beam level may be used in order to only select the beams that are available for a certain period and robust to interference (less subject to LBT failure and hidden nodes).
Proposal 2: Cell quality is derived with beams satisfying channel occupancy and/or RSSI criteria.
Measurement reports triggered by events are used by the network for handover, SCell activation/deactivation and PSCell addition and change. For that purpose, in NR-U, the network may only want to consider cells that have satisfied a certain level of channel availability. Thus, it can be considered that the same reporting events as NR are supported, with additional enhancements such as not only quality results (RSRP/RSRQ/SINR) but also channel occupancy and/or RSSI. 
Proposal 3: Consider support for additional events incorporating channel occupancy and/or RSSI in the evaluation criteria. 
2.3 Layer 3 filtering

In NR, it is supported that the UE for each cell measurement quantity and for each beam measurement quantity, filter the measured result, before using for evaluation of reporting criteria or for measurement reporting.
Some reference signal samples may not be transmitted due to LBT and when the UE performs the L3 filtering it may apply a high weight to the old measurement while it was measured significantly earlier than the current measurement.  
It was argued that L3 filtering was left to UE implementation in LAA and that the UE shall compensate for the missing samples due to LBT by changing the L3 filtering coefficient and hence giving a lower weight for the old measurements. 

However, in NR-U, with high frequency operation and beamforming, significant channel variations may occur due to blockage. As a result, a UE not detecting RS may not be able to determine whether this is due to LBT failure or true channel impairment. 
Observation 5 In NR-U, the UE may not be able to differentiate LBT failure from blockage for L3 filtering purposes. 
Moreover, in LAA, the measurement results were only used for SCell operation and thus these measurements were not critical. In the case of NR-U, these measurements are not only used for handover purposes but also for beam selection and associated random access resources configuration. Thus, a more robust solution should be discussed for L3 filtering in NR-U compared to LAA. 

Proposal 4: Consider enhancements to L3 filtering in NR-U.
For example, one solution could be to calibrate the filter coefficient based on RSSI in order to give a lower weight to samples associated to a high RSSI. 

3 Conclusion

In this contribution the following observations were made on RRM for NR-U:

Observation 6 In LTE LAA, RSSI and channel occupancy were measured at frequency level.

Observation 7 In NR, beam level RSRP/RSRQ/SINR may be measured and reported by the UE. 

Observation 8 Given that the granularity of LBT may be smaller than the carrier bandwidth in NR-U, it may be useful to measure and report cell/beam quality for a certain sub-band.
Observation 9 Cell quality derivation at serving and neighbouring cells may be impacted by non-transmission of RS due to LBT.

Observation 10 In NR-U, the UE may not be able to differentiate LBT failure from blockage for L3 filtering purposes. 
And the following proposals were made:
Proposal 5: NR-U supports channel occupancy and RSSI measurements at frequency level and beam level.

Proposal 6: Cell quality is derived with beams satisfying channel occupancy and/or RSSI criteria.

Proposal 7: Consider support for additional events incorporating channel occupancy and/or RSSI in the evaluation criteria. 

Proposal 8: Consider enhancements to L3 filtering in NR-U.
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