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1. Introduction

In RAN2 #96 meeting [1], agreement was reached for connected active UEs with respect to mobility with RRC involvement as quoted below:

· RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
It is FFS which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied:
a) best beam
b) N best beams
c) all detected beams
d) beams above a threshold
Other options are not precluded.
· At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered).
It is FFS other events may be studied.

· Measurement report will contain cell measurements
It is FFS whether the measurement report contains beams measurements
In this contribution, the FFS of which beams the UE selects from the detected beams in order to derive a cell level quality and the FFS of whether the measurement report contains beams measurements are discussed.
2. Discussion

It has been agreed that NR shall support a state with network controlled mobility and a state with UE controlled mobility. Similar with LTE, network controlled mobility should be used for connected mode UEs in NR. When a UE is in connected mode, it may move from the coverage of the current serving cell to the coverage of another cell. If network controlled mobility is used, the serving gNB of the UE should control the change of UE’s serving cell, e.g. via handover. 

Based on previous meeting agreement, a general procedure for inter-cell handover should be network controlled and possibly based on UE assistance, which is similar with LTE handover procedure, as illustrated in Figure 1:
· Measurement

NR network should provide measurement configuration to a UE. The UE performs measurement based on the measurement configuration. According to the previous RAN2 agreement, the UE should be able to distinguish between beams from its serving cell and beams from non-serving cells for RRM measurements.

· Measurement report

Measurement results with respect to serving cell and non-serving cells can be obtained by the UE based on UE measurement. The UE should process the measurement results and trigger a measurement report when necessary. The criteria of triggering a measurement report should also be configured by network.
· Handover
After receiving a measurement report, NR network can determine whether to initiate a handover for the UE. The NR network should determine the target cell for the UE, and transmits a handover commend to the UE. Upon receiving the handover command, the UE starts to handover to the target cell.
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Figure 1: general procedure for inter-cell handover
To help NR network to determine whether to handover a UE and potential target cells of the UE, the measurement report provided by the UE should include sufficient information to evaluate qualities of serving and neighbour cells. In the last RAN2 meeting, it was agreed that for connected mode UEs, cell level signal quality for RRM measurement can be derived from multiple beams if multiple beams can be detected. It is FFS how to combine beam measurements to a cell level signal quality. 
For network controlled mobility, how to determine cell quality should be decided by network. From a UE point of view, it should provide information based on network need. Currently it is also FFS whether UE report individual and/or combined quality of multiple beams. There are at least the following alternatives that can be considered to be reported for network to derive a cell quality from measurement results of multiple beams:
· Best beam of a cell [3]
It is a simple way to consider the best beam among multiple beams detected by the UE. Most of the criteria or configurations in LTE can be reused. However, it may not be an ideal way and may cause ping-pong effect as explained in [4][5]. Therefore, the alternative may not be preferable.
· Average of multiple beams of a cell [3][5]
Another way to derive cell quality from multiple beams of a cell is to average the measurement results of the beams. The number of beams to be taken into account may be all detected beams, N best beams (N may be fixed or configurable), or the number of beams with quality above a threshold. The benefit of this alternative is that it may better reflect the cell quality due to considering multiple beams instead of a single beam of a cell while the overhead of reporting the information is not too much. However, the average value cannot show how much diversity gain there is since the number of usable beams of a cell cannot be shown. Other information, e.g. number of usable beams, may be beneficial if provided along with the average value.
· Summation of multiple beams of a cell [5]
It may also be considered to use summation of multiple beams.  The alternative can at least show some extent of diversity gain which cannot be shown by average of multiple beams. If there are more usable beams for a cell, a higher value of summation will be reported for the cell. The number of beams to be taken into account may be all detected beams, N best beams (N may be fixed or configurable), or the number of beams with quality above a threshold. However, it may not be very accurate since the value of summation also depends on quality of each beam. Other information, e.g. number of usable beams, may be beneficial if provided along with the summation value.
· Individual beam of a cell [3]
To reflect the cell quality from multiple beams, the most reflective way is to include measurement result of every usable beam. It shows the number of usable beams as well as the quality of each beam. The alternative may enable network to make the most appropriate decision. However, the overhead of reporting the information may be too much. Some method to reduce the overhead for this alternative may be considered, e.g. limit the number of beams to be reported.
A comparison table of different alternatives are provided in Table 1.

	Alternative
	Overhead
	 Information

	Best beam of a cell
	(
	(

	Average of multiple beams of a cell
	(
	(

	Summation of multiple beams of a cell
	(
	(

	Individual beam of a cell
	(
	(


Table 1: comparison of different alternatives
The above alternatives are all useful and have their pros and cons respectively. Whether/how to use the information should be up to network decision. Therefore, we propose that the information derived from measurement results to be provided in a measurement report is configurable, and the above alternatives should be considered in the measurement report configuration. The configuration can indicate a UE to provide one or more information in a measurement report. Whether to provide other information, e.g. number of beams, can also be indicated in the configuration.
 Proposal 1:
NR network should be able to configure what information is included in a measurement report.
Proposal 2: 
RAN2 should discuss whether the following information can be configured to be provided in a measurement report:


    -  Measurement result of the best beam of a cell


  -  Average of measurement results of multiple beams of a cell

 -  Summation of measurement results of multiple beams of a cell 

    -  Measurement result of individual beam of a cell


    -  Number of usable beams of a cell

3. Conclusion

In this contribution, we discuss how to derive cell quality for connected mode UEs in NR beamforming, and have the following proposals:
Proposal 1:
NR network should be able to configure what information is included in a measurement report.
Proposal 2:
RAN2 should discuss whether the following information can be configured to be provided in a measurement report:

    -  Measurement result of the best beam of a cell

    -  Average of measurement results of multiple beams of a cell

    -  Summation of measurement results of multiple beams of a cell

    -  Measurement result of individual beam of a cell
                           -  Number of usable beams of a cell
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