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1. Introduction
In RAN2#96, RAN2 reached the following agreements in relation to the measurements in connected active for cell level mobility: 
	RRM measurements (DL)

Agreements for connected active

1: 
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.

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


This document briefly highlights potential pros and cons of the different options, and provides arguments in favour of the UE selecting the ‘N best beams’ to derive the cell level quality. 
2. Discussion

2.1 Assumptions on Beam Configuration    

For a multiple beams cell, the number of beams and beams patterns in that cell could be defined by the Beam Configuration. This way, different cells will have different beam configurations depending on the coverage requirement of each cell. For example, a high number of very narrow beams would give the larger cell radius, but fewer wider beams would allow faster cell acquisition. Moreover, in order to differentiate the cell beams, each beam has an identifier (e.g., Beam ID) which is unique within that cell, as shown in Figure 1.
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Figure 1: Multiple beams Cell with N beams (Beam ID 1 to N)

Observation 1: A NR cell will consist of one or multiple beams, and each beam should have a unique identity (e.g., Beam ID).
2.2 Inter-cell beam Measurements and Derivation of Cell Level Quality 
In RAN2#96, RAN2 agreed to study some possible options for the UE to select from beams measurements and combine these measurements to derive the cell level quality. The UE could perform beam measurement (e.g. RSRP or SINR) using the beam reference signal. These options are: 
a. best beam, 
b. N best beams, 
c. all detected beams, 
d. beams above a threshold.
The option ‘a/ best beam’ may provide a good indication of the cell quality assuming that the gNB will be using the best beam (i.e. strongest signal received on the beam) in a cell to communicate with the UE. This indication, however, may be susceptible to channel variations, especially in the case of using high frequency and very narrow beam width. It is also possible to have similar problem of changing beam quality in the case of a wider beam but it could be less problematic than in the case of a narrow beam.
As a result, the UE may find that the best beam is changing very frequently and this could lead to fluctuation in the derived cell level quality, and high signalling overhead including measurement reporting [2]. Therefore, the UE selection of the best beam to derive the cell level quality may not be a reliable option.
Moreover, the beam selection could happen very quickly compared to the much slower process of the cell level quality derivation and reporting to the network. This also means that the UE selection of a single best beam to derive the cell level quality may not be a good choice. 
Observation 2: The UE selection of the best beam to derive a cell level quality may not be a reliable option considering the short availability of the best beam. 

The option ‘c/ all detected beams’ may solve the problem of possible fluctuation of the derived cell level quality (due to frequent change of the best beam) in the option ‘a/best beam’, since multiple beams measurements are used to derive the cell level quality. However, in this case, the UE could be deriving the cell quality based on a mix of good and bad quality beams and this could lead to an underestimate of the actual cell quality. In other words, the combined value of measurements of all detected beams may not provide appropriate indication of the cell level quality. More importantly, derivation of the cell level quality from large number of beams could be complex and power consuming to the UE. 
Observation 3: The UE selection of all detected beams to derive a cell level quality may not provide an appropriate indication of the cell level quality. 

The case of option ‘d/ beams above a threshold’ may solve the problem of the option ‘a/best beam’, as well as provide an appropriate indication of the cell level quality, experienced by the UE, where each beam quality goes above a threshold for a certain period of time. This is assuming that the threshold is configured properly, so the threshold should not be configured at a low value in order to avoid the case of the UE selecting large number of beams to derive the cell level quality (i.e. similar to the option ‘c/ all detected beams’). At the same time, setting the threshold at a high value could result in the problem of beam unavailability for the derivation of the cell level quality. 

Additionally, different scenarios may need different thresholds, and that will complicate the configuration of a proper threshold.
The option ‘b/ N best beams’ may solve the problem of the option ‘a/best beam’, as well as provide an appropriate indication of the cell level quality, experienced by the UE, and can avoid the complicated configuration of a proper threshold in the option ‘d/ beams above a threshold’. 
It is possible to use a fixed value for the number of best beams N (e.g. N=3), however, the issue of configuration of N is FFS.
Observation 4: The option ‘b/ N best beams’ may solve the problem of the option ‘a/best beam’, as well as provide an appropriate indication of the cell level quality, experienced by the UE, and can avoid the complicated configuration of a proper threshold in the option ‘d/ beams above a threshold’.
Proposal 1: The UE should select the ‘N best beams’ to derive the cell level quality.
One way to avoid the case of the UE selecting N best beams of largely different quality, is to select the N best beams within a specific beam quality offset (or beam quality range), e.g. N best beams within an offset = 3dB, from the best quality beam.
Proposal 2: The selected N best beams should be within a specific beam quality offset (or beam quality range) from the best beam.
The UE can combine the beams measurements in a cell (i.e. serving or neighbouring), using summation or averaging, in to order to derive the cell level quality [3]. The exact method of derivation should be decided by RAN4.
3. Conclusion

In this document we briefly discuss the UE options on selection of beam measurements, to use in the derivation of cell level quality. Then we provide arguments in favour of the option ‘b/ N best beams’ that may offer a good indication of the cell level quality. The following are the observations and proposals in this document:

Observation 1: A NR cell will consist of one or multiple beams, and each beam should have a unique identity (e.g., Beam ID).
Observation 2: The UE selection of the best beam to derive a cell level quality may not be a reliable option considering the short availability of the best beam. 

Observation 3: The UE selection of all detected beams to derive a cell level quality may not provide an appropriate indication of the cell level quality. 

Observation 4: The option ‘b/ N best beams’ may solve the problem of the option ‘a/best beam’, as well as provide an appropriate indication of the cell level quality, experienced by the UE, and can avoid the complicated configuration of a proper threshold in the option ‘d/ beams above a threshold’.
Proposal 1: The UE should select the ‘N best beams’ to derive the cell level quality.
Proposal 2: The selected N best beams should be within a specific beam quality offset (or beam quality range) from the best beam.
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