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Introduction
[bookmark: _Ref178064866][bookmark: _GoBack]In RAN2#97 meeting in Athens, cell quality derivation from multiple beams was discussed for RRM measurements and the following has been agreed [1]:
Agreements
1	For cell reselection, cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied (e.g. for the case N=1, the best beam is filtered by a single filter as the best beam changes)
FFS: Whether to only consider beams above a threshold ('good' beams)

The agreement indicates that in deployments where beamforming is used, a single cell-level quality value (e.g. RSRP) should be determined based on measurement results from a configurable number of beams, which can be 1 or more. In our understanding, it is still to be decided at what stage/layer of the protocol stack the cell quality should be derived, how filtering should be applied and what steps should be standardized. That is typically what is referred to as measurement model in LTE and should also be defined in NR. An additional step seems necessary since the cell quality may need to be derived from multiple beams.
In this contribution we discuss the measurement model in NR and how RRC_IDLE and RRC_INACTIVE UEs should perform the RRM measurements in order to define the cell level quality for neighbor cells. 
Discussion
Here we bring a similar discussion we also brought up in a companion contribution, but now for IDLE and INACTIVE UEs. As agreed in RAN2#97, cell quality can be derived based on N best beams where value of N can be configured to 1 or more than 1. One of the open issues discussed in the last meeting was how the UE should select these N best beams. The following options were considered:
· a/ UE selects N beams out of the beams above an absolute threshold;
· b/ UE selects the best beam and the N-1 beams whose quality is not worse than the best by a relative threshold.
For N=1 the cell quality is computed from the best beam based on beam-level filtered measurements. In option a/, if the quality of the best beam is below that absolute threshold, we see no reason to disable the UE to compute the cell quality. If the network wants to avoid too frequent cell reselection, that can always be controlled by the thresholds that perform cell reselection based on cell level quality measurements. For N>1, one could argue that defining an absolute threshold to consider only ‘good’ beams to derive the cell quality would prevent the UE to consider beams with ‘bad’ signal quality to derive cell quality. However, it is quite unclear how the network would set that absolute threshold without biasing the triggering of cell reselection. In other words, only considering beams above an absolute threshold would basically introduce a bias to the triggering of cell reselection, which anyway have their own triggering thresholds. Hence, introducing an absolute threshold at this stage to define ‘good’ beams seems unnecessary.
[bookmark: _Toc481531906][bookmark: _Toc481533025][bookmark: _Toc481533051]Cell quality derivation should not be limited to only consider beams above an absolute threshold ('good' beams).
For N=1, option b/ also seems unnecessary since the cell quality is derived from the best beam i.e. the one with the highest quality. If N>1, the beam measurements considered for the cell quality derivation are the best beam (i.e. the one with the highest quality) and the other N-1 beams whose quality are not worse than the best by a relative threshold. With that approach the network has the flexibility to only consider good candidate beams. In simulations, excellent performance was seen with N=1, and almost as good performance with N=3 or 4 [3,4]. Hence, in practice it will anyway be mainly the best beam that really matters for the cell quality derivation. Another potential alternative could be a combination of a/ and b/, but we believe that is also unnecessary since the best beam should always be considered regardless what its quality is, if the UE has started to perform measurements (e.g. based on the sMeasure threshold). 
[bookmark: _Toc481531907][bookmark: _Toc481533026][bookmark: _Toc481533052]The N best beams considered for cell quality derivation should be the best beam and the N-1 beams whose quality is not worse than the best by a relative threshold (configurable by the network).
Another aspect to be considered is the fact that although a detectable cell will always have at least one (best) beam, it is uncertain whether the UE can detect additional beams. Hence, in the case of N>1 the UE may detect different number of beams for different detected cells, including its serving cell. Hence, the parameter N should be interpreted as the maximum number of beams to be considered in the cell quality derivation.
[bookmark: _Toc481531908][bookmark: _Toc481533027][bookmark: _Toc481533053]The parameter N should be interpreted as the maximum number of beams to be considered in the cell quality derivation.
It has also been agreed that for N>1, once the UE has selected the N best beams for a given cell that it has detected, the UE should derive the cell quality by averaging the beam-level filtered measurements, although details have not been discussed. In our view, a linear averaging seems to be the most appropriate approach especially in the idle mode to reduce the need of transmitting any further parameters to carry out the averaging. In our view, in most of the cases, only the best beam will really matter since that would be the one the UE would anyway access if it decides to connect to the cell. Hence, we propose the following: 
Linear average is used to derive cell quality from the N best beams if N>1 
Since no other parameters (such as thresholds) are needed for the case N=1, N could even be an optional parameter, and an implicit configuration of N=1 should be possible, especially in IDLE or INACTIVE state where parameters would likely need to be broadcast. If no configuration for N is provided, the UE should simply assume N=1. This would simplify the network configuration even further and avoid the broadcast of unnecessary parameters. When N was introduced for RRC_CONNECTED UEs, the main argument was the ping-pong reductions. As explained, N has fundamentally no impact on the ping-pong performance, since that is a network decision not necessarily mandate by the content of the measurement reports, but it impacts the timing the UE sends measurement reports. If N>1, measurement will be later since averages will under estimate the cell quality. In the IDLE or INACTIVE case, on the other hand, ping-pong is less of a problem which makes the parameter N even less relevant. Hence, we propose as a compromise the following:
[bookmark: _Toc481533032][bookmark: _Toc481533058]If no configuration for the parameter N is provided, the UE should assume N=1. 
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]We made the following proposals in Section 2:

1. Cell quality derivation should not be limited to only consider beams above an absolute threshold ('good' beams).
1. The N best beams considered for cell quality derivation should be the best beam and the N-1 beams whose quality is not worse than the best by a relative threshold (configurable by the network).
1. The parameter N should be interpreted as the maximum number of beams to be considered in the cell quality derivation.
Linear average is used to derive cell quality from the N best beams if N>1.
If no configuration for the parameter N is provided, the UE should assume N=1.
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