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Introduction

In RAN2#97, cell quality derivation from multiple beams was discussed and the following has been agreed [1]:
Agreement
1	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
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)

In the following meeting, RAN2#97bis, it was agreed that averaging should be used to derive the cell quality from multiple beams [2]:
Agreements

1	Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS

Concerning the second FFS from RAN2#97, about how to determine the quality of the serving cell, the following agreement was made [2]:
Agreement
1	Serving cell quality is derived in the same way as neighbour cell quality (i.e. N best).
FFS whether a UE can be configured with a different values of N for the serving cell, and for specific neighbour cells.

In this paper we discuss details of the cell quality derivation and address the remaining open issues highlighted above.
[bookmark: _Ref178064866]Discussion
Cell quality derivation
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 and 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 based on the best beam, selected based on beam-level filtered measurements. In option a/, if the quality of the best beam is below that absolute threshold, the UE would simply not compute the cell quality at all. However, we see no reason to disable the UE to compute the cell quality and possibly use it as input to trigger mobility events. If the network wants to avoid too frequent measurement reports, that can always be controlled by the thresholds that trigger events A1-A6 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 poor signal quality to derive cell quality. However, it is quite unclear how the network would set that absolute threshold without biasing the triggering of the events. In other words, only considering beams above an absolute threshold would again introduce a bias to the triggering of measurement events, which anyway have their own triggering thresholds. Hence, introducing an absolute threshold at this stage to define ‘good’ beams seems unnecessary.
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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 is not worse than the best by a relative threshold. With that approach the network has the flexibility to only consider good candidate beams and filter out some uncertainty on exactly which beam the UE might be served with in the case of a handover. In practice, it is very likely that the value of N would be set to a low number by the network and the relative threshold would not be set too high. In simulations, good performance was seen with N=1, and almost as good performance with N=3 or 4 [3,4] even with a simple handover algorihtm. 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 this 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). 
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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. For example, the network could transmit the RS configured for L3 mobility (e.g. IDLE RS) in wide beams so that the UE most likely detect few or only a single beam within a cell. 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.
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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 average seems to be sufficient, to avoid further configuration of additional parameters (e.g. in the case of a weighted average) with questionable benefits. Hence, we propose the following:
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Configuration of the cell quality derivation
In the last RAN2#97bis meeting in Spokane, the following has been agreed [2] concerning the RRM measurement model in NR:
Agreements
1	The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.
2	The L1 filter filters signal quality corresponding to gNB beams detected by the UE
3: The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:
a-	L1 filtering of beam measurements 
FFS Whether there is any additional specified filtering of the beam measurements
b-	Derivation of cell quality from one or more gNB beam quality
c-	L3 filter (RRC configured) of cell quality 
d-	Evaluation reporting criteria (RRC configured)

As can be seen, the cell quality derivation function and the consolidation function (i.e. the one selecting the N best beams described in Section 2.1) is RRC configured. In other words, for N>1, the parameters to be configured are the following: i) the maximum number of beams N to be considered in the cell quality derivation and ii) the relative threshold for selecting the remaining N-1 beams. In RAN2#97bis, it remained as an open question whether the UE can be configured with different values of N for the serving cell and neighbor cells. Let’s take N as an example, although the same reasoning could apply to the relative threshold for the beam selection.
One alternative could be to say that N configured for the serving cell is the same as the N used for all the neighbors that the UE may detect. One possible advantage of that approach would certainly be that different gNodeBs would not have to coordinate before the UE can perform cell level measurements for neighbor cells. That is especially a challenge in the case of unknown neighbor cells, where that inter-gNodeB coordination would not be possible. However, it has been argued that configuring N>1 has the potential to reduce the number of measurement reports and, consequently, simplify the handover ping-pong avoidance. Hence, if we anyway have such a parameter N, it would be unnecessarily limiting to enforce the UE to use the same N configured for the serving cell to measure all other cells in all carrier frequencies especially considering that different cells or carriers may define its coverage based on a different number of beams (e.g. SS Blocks in a SS Block Set) and consequently the beam width.
Another alternative would be to define N per carrier frequency, which seems to be a reasonable choice. The point to define an N>1 was that the UE might detect multiple good beams in certain cases, especially for cells from different carriers where the number of beams per cell in the SS Block Set could be different. As agreed in RAN1, the maximum number of beams per SS Block Burst Set in higher frequencies would be higher than in lower frequencies. In addition to that, enabling the configuration of N per carrier avoids the need for inter-gNodeB coordination, especially important in the case of unknown neighbors. Hence, the following is proposed:
The parameters for the cell quality derivation (i.e. N and the relative threshold) can be configured at least per carrier.

There could potentially be a value to further optimize N per cell, in the case of known neighbors and in the case for the same carrier a different number of beams for the SS Block Set can be defined. However, it remains FFS whether that provides yet further benefits.
It is FFS whether N and the relative threshold could have cell-specific values.




Additional configuration for CSI-RS based cell quality derivation
In the previous sections, it has been discussed how the UE should perform cell quality derivation for multi-beam scenarios using the term “beam”, term widely used during the NR study item. Although the term is quite intuitive for discussions and common understanding, the specifications will define measurements based on reference signals. Then, it has agreed that cell quality can either be derived based on an IDLE RS (RS defined in RAN1 encoding at least partially a cell ID) or CSI-RS, configured at least via dedicated signalling for RRM measurements.

In our view, the previous proposals are applicable for the cell quality derived based on CSI-RS or the IDLE RS. However, to derive the cell quality based on CSI-RS, additional configuration compared to the IDLE RS is required. For example, if the network configures UE to compute the quality of multiple cells based on CSI-RS the UE should be configured at least with the exact mapping of CSI-RS resources to be monitored and the notion that that set forms a given group. That could be avoided, eventually, if the CSI-RS would encode a cell identifier, which is not the RAN1 assumption. Hence, to have the same notion of group provided by the IDLE RS to compute the cell quality, the network must configure the UE with CSI-RS resource groups, where each group could be interpreted as a “cell” for the purposes of RRM measurements for cell quality derivation and triggering of events. Hence, the following is proposed: 
CSI-RS group configuration is required in the case cell quality is derived based on CSI-RS.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Cell quality derivation should not be limited to only consider beams above an absolute threshold ('good' beams).
Proposal 2	The N best beams considered for cell quality derivation should be: i) the best beam and ii) the other N-1 best beams with quality within a relative threshold to the best.
Proposal 3	The parameter N should be interpreted as the maximum number of beams to be considered in the cell quality derivation.
Proposal 4	Linear average is used to derive cell quality from the N best beams if N>1.
Proposal 5	The parameters for the cell quality derivation (i.e. N and the relative threshold) can be configured at least per carrier.
Proposal 6	It is FFS whether N and the relative threshold could have cell-specific values.
Proposal 7	CSI-RS group configuration is required in the case cell quality is derived based on CSI-RS.
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