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Introduction
A new WI has been agreed in RAN#82 to work on NR based access in unlicensed spectrum. One of the WI scope is to support mobility between NR-u and between NR-u and 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, the UE measurement reporting of neighbour NR-u cell and whether channel load metric should be considered as triggering events is discussed
Discussion
Reporting of neighbour NR-u cells
In an unlicensed carrier, it is quite likely that more than 1 operator may be operating in the same carrier frequency. In such deployment, the UE is quite likely to detect and measure neighbour NR-u cells that do not belong to its registered PLMN (or E-PLMN). With Rel-15 ANR mechanism and network listening, the NR network can build up the necessary neighbour cell relationship. Based on this knowledge of neighbour cell relationship, the network can avoid handover the UE to cell not belonging to the UE registered PLMN. To prevent the UE from unnecessarily reporting neighbour cells not belonging to its registered PLMN, the network can also generate a list of neighbour cells for the UE to measure based on the neighbour cell relationship and use the existing white listing of cell to provide to the UE. If PCI confusion may occur (e.g. from NR cell to NR-u small cell), the network can also request the UE to perform CG reporting prior to the handover. No further mechanism is thus needed for this purpose.
Observation#1: With Rel-15 ANR mechanism and network listening, the network knows the full neighbour cell relationship. This can be used to prevent handover UE to cells not belonging to registered PLMN by the network or via white listing of neighbour cells. If PCI confusion may occur, the network can request the UE to perform CG reporting prior to the handover.
Proposal#1: Existing ANR, CGI reporting and white listing of neighbour cells can be used by the network to prevent UE from reporting neighbour NR-u cells not belonging to the registered PLMN (or E-PLMN) and prevent PCI confusion in RRC Connected mode. No further mechanism is thus needed.
The need of channel load metrics as a reporting trigger
During the study item phase, it is agreed that channel occupancy and RSSI, similar to the ones adopted for LTE-LAA are considered beneficial for unlicensed operation in RRC Connected. It is thus stated in the TR as one potential modification:
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.
Mobility between NR-u cells
For intra-frequency handover purpose, we do not see the need to use channel load metrics as a measurement trigger since the mobility is in the same frequency and the event for such mobility should be purely based on the existing Event A3 and A4 where the trigger quantity is based on RSRP/RSRQ/SNIR.
For inter-frequency handover, on the other hand, it is typically used for offloading to another frequency and one of the possible factors to initiate an inter-frequency load balancing is the channel load metrics. When channel load metrics of the current PCell frequency is quite high, the network may need the UE to find another frequency to reduce potential LBT failure in the current serving frequency.
Observation#2: Channel load of the current PCell frequency is useful as a trigger to initiate inter-frequency offloading measurement to offload from a high usage channel to a low usage channel.
Based on Observation#2, it would be good to define event trigger associated with the channel load of PCell frequency. An example of such event to initiate inter-frequency offloading measurement can be as follow:
Event Ax: Channel load of PCell frequency is above a configured threshold
A report on leave can also be set for stopping the inter-frequency measurement. Alternative is to have an event for reporting when the Channel load of PCell frequency is below a configured threshold (i.e. Event Ay: Channel load of PCell frequency is below a configured threshold)
Proposal#2: Channel load metrics should be introduced as report trigger for reporting to network about the PCell frequency channel load condition, which can then be used by the network to decide whether to initiate inter-frequency measurement for offloading purpose or to perform offloading via handover to another frequency.
Once inter-frequency measurement is initiated, in order for the network to be able to offload to a cell in another frequency that are better in terms of channel load metrics, it would be beneficial to provide the channel load metrics measurement of the serving frequency as well as of the offloading frequencies so that the network can use this information to make the offloading decision.
Proposal#3: Include the channel load measurement result for serving frequency and neighbour frequencies in the measurement report triggered for inter-frequency measurement (e.g. A4 and A5).
SCG addition/change and SCell management
Another scenario where channel load measurement may be useful is in the EN-DC and NR-NR DC case.
In the EN-DC case where MN is LTE, B1 event (i.e. Inter-RAT neighbour cell is better than a configured threshold) or B2 event (i.e. Inter-RAT neighbour cell is better than a configured threshold and PCell is below a configured threshold) is used as the event to trigger a report of the inter-RAT neighbour cell for SCG addition or change. Currently, the trigger is cell-based measurement on RSRP, RSRQ and SNIR. If the purpose of the SCG addition is for offloading purpose, just providing RSRP/RSRQ/SNIR measurement may not be sufficient for selecting a NR unlicensed cell for SCG addition/change as the target cell may not have good channel load. 

Observation#3: If the purpose of SCG addition to NR-u SCG is for offloading purpose, it is beneficial to pick an unlicensed SCG cell that is not loaded.

Based on Observation#3, there is a need to provide trigger that take into consideration of channel load metrics. There are a few ways to implement this:

a. Introduce a new reporting event that takes into account the channel load when reporting inter-RAT neighbour in the unlicensed carrier. For example

Event Bx = Inter-RAT neighbour (RSRP/RSRQ/SNIR) is better than a configured threshold and channel load (RSSI measurement and/or channel occupancy) of the inter-RAT neighbour is below a configured threshold

Event By = Inter-RAT neighbour (RSRP/RSRQ/SNIR) is better than a configured threshold and channel load (RSSI measurement and/or channel occupancy) of the inter-RAT neighbour is better than best NR serving cell/PSCell

Event Bz = Inter-RAT neighbour (RSRP/RSRQ/SNIR) is better than best NR serving cell/NR PSCell and channel load (RSSI measurement and/or channel occupancy) of the inter-RAT neighbour is better than best NR serving cell/PSCell
 Etc.
 
b. No new event are introduced but the channel load of the inter-RAT neighbour in the unlicensed carrier is included as part of the measurement report for the existing B1 and/or B2 events, including the channel load of the best NR serving cell/PSCell in the reporting. For example, the report configuration for B1 and B2 event can be optionally configured with channel load configuration for the inter-RAT neighbour cell and/or the best NR serving cell/PSCell. When reporting B1 and B2 event, the UE will also report channel load of neighbour cell and/or best NR serving cell/PSCell 

The above can also be extended to other DC deployments (such as NR-NR DC case)

Proposal#4: Request RAN2 to discuss whether new events are needed or the measurements are piggybacked on the reporting upon existing events for SCG addition or change.

In the case of SCell management, it is beneficial for the network to be able to activate/deactivate or configure/deconfigure just based on the channel load metric of a SCell. This can simply be done by extending the Ax and Ay event in Section 2.1.1 to also include any serving frequency, other than the PCell frequency. This event trigger report from the UE is also useful as a trigger to initiate inter-frequency measurement of neighbour frequencies. 
Proposal#5: Channel load metrics should be introduced as a trigger to report to network for decision of activation/deactivation or add/release SCell and as a trigger to initiate inter-frequency measurement of neighbour frequencies other than the serving frequencies.
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following observations and proposals:
Observation#1: With Rel-15 ANR mechanism and network listening, the network knows the full neighbour cell relationship. This can be used to prevent handover UE to cells not belonging to registered PLMN by the network or via white listing of neighbour cells. If PCI confusion may occur, the network can request the UE to perform CG reporting prior to the handover.
Proposal#1: Existing ANR, CGI reporting and white listing of neighbour cells can be used by the network to prevent UE from reporting neighbour NR-u cells not belonging to the registered PLMN (or E-PLMN) and prevent PCI confusion in RRC Connected mode. No further mechanism is thus needed
Observation#2: Channel load of the current PCell frequency is useful as a trigger to initiate inter-frequency offloading measurement to offload from a high usage channel to a low usage channel.
Proposal#2: Channel load metrics should be introduced as report trigger for reporting to network about the PCell frequency channel load condition, which can then be used by the network to decide whether to initiate inter-frequency measurement for offloading purpose or to perform offloading via handover to another frequency.
Proposal#3: Include the channel load measurement result for serving frequency and neighbour frequencies in the measurement report triggered for inter-frequency measurement (e.g. A4 and A5).
Observation#3: If the purpose of SCG addition to NR-u SCG is for offloading purpose, it is beneficial to pick an unlicensed SCG cell that is not loaded.

Proposal#4: Request RAN2 to discuss whether new events are needed or the measurements are piggybacked on the reporting upon existing events for SCG addition or change.

Proposal#5: Channel load metrics should be introduced as a trigger to report to network for decision of activation/deactivation or add/release SCell and as a trigger to initiate inter-frequency measurement of neighbour frequencies other than the serving frequencies.

