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Introduction
In the WID [1] the following scenarios are to be supported: 
This work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.

The work on Scenario E, in particular, will also leverage the work conducted as part of the parallel WI on “Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements” (LTE_NR_DC_CA_enh-Core) and will be treated with a lower priority in the context of this WI. Note that carrier aggregation across NR-U cells is in the scope of all the above scenarios. 

Then the WID [1] specifies the following detailed objectives concerning mobility: 
-	Radio interface protocol architecture and procedures (ref. TR 38.889 section 7.2.2) [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. 
-	…

Further in the TR 38.889 [2] we have: 
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, the following mobility scenarios shall be supported:
-	Inter-cell handover between NR-U and NR-U;
-	Inter-cell handover between NR-U and NR.
In addition, the following mobility scenarios shall be supported based on the mobility between NR-U and NR and and the mobility between NR and (e)LTE, however further optimizations to this scenarios will be considered possibly with lower priority:
-	Inter-RAT handover between NR-U and LTE connected to EPC;
-	Inter-RAT handover between NR-U and LTE connected to 5GC.
For connected mode mobility, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signalings due to LBT failure.
The following modifications to mobility-related procedures have been identified as beneficial to study:
-	Modifications to mobility-related measurements considering limitations to the transmission of reference signals due to LBT. NR-U needs to consider techniques to handle reduced RS (e.g. SS/PBCH block and CSI-RS) transmission opportunities due to LBT failure.
-	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.
-	Modifications to mobility-related procedures and/or triggers considering limitations related to the transmission of control plane signalling due to LBT. NR-U needs to consider whether NR-U specific techniques to handle additional signaling delays due to LBT failure are required, if not resolved by general mobility enhancement solutions [RP-181433].

Here we will study the modifications to mobility procedures. 
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Measurements on reference signals subject to LBT
In the TR [2] it is further noted that 
For UE measurements, it is assumed that recurring transmissions of SSB/PBCH and RMSI will be available with possibly reduced opportunities due to LBT. 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. The handling of missing measurements due to LBT are expected to be captured at physical layer specifications.
We note that in licensed NR, RRM measurements are based on SSBs and/or CSI-RS, and RAN1has agreed that inclusion of SSB and CSI-RS in NR-U DRS is beneficial. 
At RAN2#105bis this related agreements were made
R2 assumes that missing measurements due to LBT failures do not impact the R2 specification of L3 filtering and the subsequent steps. 
Handling of delayed SSB transmissions due to LBT does not impact L3
FFS: A new RLF trigger mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue
But how the measurements shall be made is still open. 
In combination the above indicates that we may wait until further progress in RAN1 to decide if RAN2 will need to make any changes for taking LBT into account for reference signal measurements. 
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Due to the nature of the unlicensed spectrum, the channel may be occupied when measurements are to be made, or when they shall be reported. 
When the channel is highly occupied both gNBs and UEs may have problem accessing the channel and communication quality may suffer. 
From the WID [1] we note the following objectives: 
-	Physical layer procedure(s) including [RAN1, RAN2]:
-	…
-	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)

At the RAN1 Ad-Hoc in January there were proposals [3] for defining a channel occupancy or medium contention metric, but no agreements on these were made [4]. In LTE LAA we had similar metrics for channel occupancy, where UEs can measure the average RSSI and the percentage of time that the RSSI is above a threshold. 
We can assume that in NR-U we will have an average RSSI measurement and probably another measurement that is similar to LTE LAA channel occupancy metric. The configuration and reporting of these can be the same as in LTE LAA independent of what metrics are chosen in RAN1. 
As stated in the above objective, RSSI and channel occupancy/medium contention should be added in the NR-U work item. Such metrics are already defined in LTE LAA and we assume RAN2 can use what is defined for LTE as baseline. 
At RAN2#105bis thje following was agreed
RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval (at least for CO) and periodical reporting, are used as a baseline for NR-U
Measurement and reporting of WLAN nodes are not supported in NR-U

Further what is special in NR-U is that the UEs may have to perform listen-before-talk, LBT, to access the channel. It may be beneficial for the gNB to know the LBT situation at the UEs to enable handling of resources, for example what carriers users shall camp on or be connected to, and which to use for carrier aggregation or dual connectivity. 
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Mobility procedures and triggers when control plane signalling is subject to LBT
One way to avoid signalling when the channel is heavily occupied is to have a lower threshold for reporting measurements (measurements as mentioned in 2.2 or other traditional handover measurements) then the gNB may prepare a different cell for the UE and send the configuration to the UE with instructions to execute the handover only if the measurement get worse. That is, a delayed conditional handover execution that is triggered by RSSI or channel occupancy is beneficial for NR-U. 
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Idle and Inactive mode mobility
The idle and inactive mode mobility is supported on the licensed carriers for non-standalone Scenario A, B and E. 
Thus, here we only consider the standalone scenarios C and D where the UE will camp on an NR-U cell. 
The UEs must be provided with configuration of the signals to measure on, and as RAN1 have not decided on some DRS signal, we must wait for their progress on this as noted in proposal 1 above. The same is true for the cell quality derivation and ranking as well as for cell (re)selection criteria. This was briefly discussed at RAN2#105 [5].
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These areas need further studies.
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Conclusion
In section 2 we made the following observations:
Observation 1	UE measurements of LBT will be beneficial for gNB resource management.
Observation 2	Conditional handover is especially beneficial in NR-U to decrease the need for critical RRC signalling over a highly congested channel.
Observation 3	Reachability, power consumption and delay of accessing the system are critical areas for the cell (re)selection in NR-U where cells might belong to different non-allowed PLMNs.
Observation 4	Barring of all cells on a carrier might exclude good enough cells with an allowed PLMN in NR-U.

Based on the discussion in section 2 we propose the following:
Proposal 1	Wait for further RAN1 progress on the NR-U DRS before deciding on additional measures to handle missing reference signals due to failed LBT.
Proposal 2	UL LBT failure statistics shall be reported to gNB, on demand or periodic or for example after RLF due to LBT failures it may be included in the a RLF report.
Proposal 3	RSSI and channel occupancy can be used as triggers for conditional handover.
Proposal 4	RAN2 to study if changes are need for cell quality derivation, cell quality ranking and cell (re)selection criteria.
Proposal 5	RAN2 to study cell barring, cell black listing and white listing and adapt Rel 15 to NR-U requirements.
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