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1 Introduction
NR-U cells can get heavily loaded by many un-licensed networks nodes, (e.g. WLAN nodes and un-licensed UEs). In connected mode, a heavily loaded cell might cause high interference, thus increasing the possibility of service quality degradation, LBT failure and even session interruption or session drop, eventually leading to Radio Link Failure (RLF). Hence, the measurement and report configurations in connected mode need to be enhanced to capture and report channel metrics of WLANs nodes and neighboring NR-U cells. Recent studies in 38.889 [1] have clearly identified this necessity for including channel occupancy in connected mode mobility in NR-U.

	For connected mode mobility, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signalling due to LBT failure.
The following modifications to mobility-related procedures have been identified as beneficial to study:
· Modifications to mobility-related measurements and/or triggers considering limitations related to high channel occupancy. NR-U needs to consider techniques to handle increased interference levels in the unlicensed channel for mobility-related decisions. 

· Potential modifications to the measurement reporting quantities, to the measurement reporting triggers and to the condition used by the UE when delaying the time at which it applies a reconfiguration for mobility that are based at least on channel occupancy and RSSI should be studied.
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In this paper we observe that some NR-U cells in un-licensed frequency bands might be shared with many WLAN nodes. Hence, such un-licensed cells may be heavily loaded by many WLAN and other NR-U UEs. On the other hand, as shown in figure, some neighboring unlicensed cell might have a relatively low load. Thus, un-licensed channel metrics, like channel utilization or interference measure of WLAN and channel occupancy of NR-U cells need to be considered for efficient handover of an ongoing session.

Observation 1: Connected mode mobility in NR-U needs to consider some type of channel load of un-licensed channels, as un-licensed channels might be heavily loaded by many WLAN nodes and other NR-U UEs.

2 Discussion
Measurement objects for connected mode channel measurements are configured by gNB. UEs use this measurement objects to measure channels and report the channel measurement results to the gNB. gNBs also configure the report intervals and other necessary parameters. Considering 3GPP TR 38.889 [1], we agree that connected mode channel measurements in NR-U will re-use existing NR channel measurements as the base line.

2.1 WLAN Channel Measurements and Reporting
Connected mode channel measurements for NR-U [2] will include different WLAN-specific channel parameters like, carrier frequency, measurement bandwidth, WLAN network identity and some details of measurement parameters and procedure. NR-U gNB will configure the enhance measurement object “measObjecNR” with suitable L3 filtering, where filter-configurations for different measurement parameters can be either same or different.

Proposal 1: NR-U gNB will configure UEs to perform connected mode channel measurements for measuring WLAN channels. 

NR-U UE will estimate interference levels of WLANs, operating in the frequency range, which includes the mentioned carrier frequency of the NR-U cell. NR-U UEs can use WLAN channel utilization [3], captured from WLAN beacons and estimate WLAN interference level and WLAN channel summary statistics. NR-U UEs will report this WLAN interference and channel statistics summary to the NR-U gNB for possible handover. Further details of WLAN channel measurements and interference estimation can be found in [4].

Proposal 2:  NR-U UEs will estimate and report interference levels and channel statistics summary of WLANs, operating in the frequency range, which includes the carrier frequency of the NR-U cell. 

2.2 NR-U Channel Occupancy for Inter-Cell Handover
Besides existing measurement parameters, like RSRP, RSRQ and SINR, NR-U gNBs will also configure channel availability of neighboring NR-U cells for measurements and reporting. NR-U UEs will measure and report channel statistics summary and channel availability of neighboring NR-U cells where channel availability can be measured as: 100% - channel occupancy. Channel Occupancy in connected mode is measured as percentage of samples, when RSSI is above the configured channelOccupancyThreshold.  

Proposal 3: NR-U cells will measure and report channel statistics summary (e.g. channel availability of neighboring NR-U cells), where channel availability can be measured as: 100% - channel Occupancy.

Apart from existing measurements, involving RSRP and RSRQ, NR-U gNB will use this statistics summary (e.g. channel availability of neighboring NR-U cells) for Inter-cell handover between NR-U and NR-U. Similarly, NR-U gNB can use WLAN Interference and NR-U channel availability for Inter-cell handover from NR-U cell to neighboring NR cells.

Proposal 4: NR-U gNB will use NR-U and WLAN channel statistics summary (e.g. channel availability of neighboring NR-U cells) for Inter-cell handover between NR-U and NR-U and NR-U and NR.

2.3 Channel Measurements for Inter-RAT Handover
The channel statistics summary can be included in Inter-RAT measurements, involving NR-U (e.g. NR-U to LTE HO).  UE in NR-U cells will report channel availability, which the NR-U gNB can use for Inter-RAT HO to less loaded, neighboring LTE cells. Similarly, during Inter-RAT handover from LTE cells to target NR-U cells, the channel availability of the target NR-U cells will also be considered and Inter-RAT handover to highly loaded NR-U cells will be avoided.

Proposal 5: NR-U cells channel statistics summary can be included in Inter-RAT measurements, between NR-U and LTE.  
 
3 Conclusions
In this contribution, we point out the necessity of improving handover in NR-U. We point out that UE can re-use the existing channel measurements and subsequently explore new WLAN channel statistics summary for improved Inter-cell and Inter-RAT handover. Our observations and proposals are summarized below:
Observation 1: Connected mode mobility in NR-U needs to consider channel load of un-licensed channels, as un-licensed channels might be heavily loaded by many WLAN and other NR-U devices.

Proposal 1: NR-U gNB will configure UEs to perform connected mode channel measurements for measuring WLAN channels. 

Proposal 2:  NR-U UEs will estimate and report interference levels and channel statistics summary of WLANs, operating in the frequency range, which includes the carrier frequency of the NR-U cell. 

Proposal 3: NR-U UEs will measure and report channel statistics summary (e.g. channel availability of neighboring NR-U cells), where channel availability can be measured as: 100% - channel Occupancy.

Proposal 4: NR-U gNB will use WLAN channel statistics summary and NR-U channel statistics summary (e.g. channel availability of neighboring NR-U cells) for Inter-cell handover between NR-U – NR-U and NR-U – NR. 

Proposal 5: NR-U cells channel statistics summary can be included in Inter-RAT measurements, between NR-U and LTE.  
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