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1. Introduction 
In RAN2#97bis the following papers were treated, and the corresponding agreements were made:

Filtering
[2] R2-1703721
RRM Measurement in NR: The Details of Filtering
Samsung Electronics

[3] R2-1703417
Filter, serving cell quality and remaining issues in RRM
Intel Corporation

[4] R2-1702796
Measurement model and cell quality derivation in NR
Ericsson

Agreements:
· 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.

· The L1 filter filters signal quality corresponding to gNB beams detected by the UE

· The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:

· L1 filtering of beam measurements 

· FFS Whether there is any additional specified filtering of the beam measurements

· Derivation of cell quality from one or more gNB beam quality

· L3 filter (RRC configured) of cell quality 

· Evaluation reporting criteria (RRC configured)
Averaging
[5] R2-1703386
Cell quality derivation from multiple beam quality
Huawei, HiSilicon

[6] R2-1703722
RRM Measurement in NR: The Details of Cell Quality Derivation
Samsung Electronics

Agreement: 
· Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS
Serving cell
[7] R2-1702922
On the Quality of Serving Cell
CMCC

Agreements:
· 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.
CSI-RS

[8] R2-1703724
Cell measurement with NR-SS and CSI-RS
Samsung Electronics

Agreements:
· NR UE shall not consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. 
· NR UE shall compare cell level measurements of different cells using the same type of RS(s). In another words, NR does not support comparison between NR-SS based measurement of a cell and CSI-RS based measurement of another cell.
Measurement Events and Report:

[9] R2-1702798
Reporting triggering for A1-A6 events
Ericsson

[10] R2-1702799
Measurement report content
Ericsson

Agreements
· In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
· UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 
· FFS whether it is needed for all events. 
· FFS how the UE can choose the best beams. 
· FFS whether quality of the beams are also reported
· FFS whether the same applies for CSI-RS
[11] R2-1703387
Measurement configuration and reporting for additional RS
Huawei, HiSilicon

Agreements
· CSI-RS configured for RRM purpose can be used to derive a cell level quality
· Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality.
· Previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
· When the serving cell quality is above S-Measure, the UE is not required to measure the IDLR RS and CSI-RS for neighbour cells.
Measurement Configuration:

[12] R2-1702771
RRM Measurement in CONNECTED based on NR-SS and CSI-RS
MediaTek Inc.

Agreements
· In NR, a measurement object is corresponding to one carrier frequency. 
· As part of the Measurement Object it is possible to configure a list of CSI-RS resource specific configurations for RRM measurement. (If this CSI-RS configuration is found to be usable for other purposes then its placement in the measurement object can be reconsidered)
In this document we address the points which are FFS.

2. Discussion

Filtering

· FFS Whether there is any additional specified filtering of the beam measurements
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Figure 1: Agreed filtering for RRM measurements (Ref: [2])
Figure 1 above shows the 4 steps in the agreed measurement model when performing RRC evaluation of cell quality based on individual beam RSRP measurements. One of the other FFS from the last meeting is whether individual beam measurements may be reported to the network. In our understanding this can be useful, not only to support mobility (for example the NW may take into account the beam measurements when configuring the target cell) but also to support SON (e.g. use of reported beam measurements in different locations to optimise network deployment). As such, the beam filtering should be consistent between different UE implementations. In addition the cell quality evaluation can be more consistent if a configured (L3) filter is applied, therefore we propose:
Proposal 1: Individual beam measurements are subject to a configurable L3 filter before the beam consolidation/cell quality evaluation function. 

Averaging

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

As agreed, it should be possible to derive a cell quality based on measurements from N best beams, if detected. In addition it should be possible to derive a cell quality based on a single beam (N=1) measurement. 
It follows, therefore that it should also be possible to compare cell qualities of cells on which different numbers of beams are measured - e.g. a cell with 1 detected good beam, compared to a cell with 3 detected good beams, as illustrated in figure 1.
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Figure 2: Cells with a different number of good beams. 

It has been agreed that some form of averaging is used to determine cell quality. In our understanding a pure linear average may result in fact in a cell with only one good beam being evaluated as a better quality cell than a cell with multiple good beams, even if the best beam is significantly worse. In order to avoid this effect, we have a couple of options. 
Option 1) Linear average + offset which is scaled depending on the number of good beams. In this case a simple linear average can be used, however an offset is added to the cell quality depending on the number of good beams (e.g. above a threshold). The offset would apply equally regardless of the measurement of each non-best (good) beam and would depend only on the number of non-best (good) beams.
Option 2) Weighted average (or weighted sum). In this case, more weight can be assigned to the best beam and less weight to other non-best (good) beams and an offset isn’t needed because this is taken into account more accurately by using the measurement from each non-best beam. An example is as follows:  
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Q cell j is the estimated quality of the cell j in dBm/dB.

M cell j is the estimated quality of the cell j in mW (if RSRP is used) or a ratio (if RSRQ is used).

Mi j is a measurement result of beam i on cell j in mW (if RSRP is used) or a ratio (if RSRQ is used).

NA j is the number of measured beams in on cell j.

MBest j is the measurement result of the beam on cell j with the highest measurement result in mW (if RSRP is used) or a ratio (if RSRQ is used).

Wj is the weight parameter configured by the gNB to UE and used for cell j.

The above function is flexible and adaptable to various situations. In particular the weight factor, W, allows the network to control how much weight is given to the best beam, and to other non-best beams. If W is set to 0 then this has the effect of considering only the best beam in the cell quality evaluation (because the left-hand part of the function results in the value 0, and the right-hand part is 1 * best beam). If W = 0.1 then 10% weight is given to the average of non-best beams, and the best beam has 90% weight, and so on.
This function allows for a fair comparison between cells with different values of N or different numbers of detected beams and lets the network control how much the non-best beams bias the cell quality measurement. In fact the average part in the left-hand part of the function can be replaced by a linear sum and let W do the “averaging” so the function may be simplified further by using a linear sum instead of linear average.
Proposal 2: A weighted sum or average of non-best beams and best beam is used for cell quality estimate, according to the function shown above. The weight factor W is configurable by the network. 

Serving cell

· FFS whether a UE can be configured with a different values of N for the serving cell, and for specific neighbour cells.

If proposal 2 is agreed, then there is no technical reason not to allow the network to configure different values of N (maximum cells considered in the cell quality evaluation) for different cells. Different cell configurations and different deployments may require different values of N.

Proposal 3: The network may configure different values of N for different cells.

Measurement Events and Report:

· In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.

· UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 

· FFS whether it is needed for all events. 

· FFS how the UE can choose the best beams. 

· FFS whether quality of the beams are also reported

· FFS whether the same applies for CSI-RS
As discussed earlier, it can be useful to report beam quality measurements, not only to support mobility (for example the NW may take into account the beam measurements when configuring the target cell) but also to support SON (e.g. use of reported beam measurements in different locations to optimise network deployment). At the very least, it should be an option for the network to configure a value of W=0 such that only the best beam affects the cell quality measurement, and also configure reporting of individual beam quality measurements such that the target cell can be configured according to the network evaluation. Therefore we believe that the flexibility should be there for the nework to configure measurement events appropriate for different nework RRM strategeies and deployments.

Proposal 4a: Network can optionally configure reporting of the N best beam SS index/identifier for any measurement event, and UE shall include the available information in a measurement report triggered by that measurement event.
Proposal 4b: Network can optionally configure reporting of the beam quality of those N best beams.

Proposal 4c: Proposals 4a and 4b apply whether the measurement event is configured to use idle mode RS or CSI-RS.

If proposal 2 is agreed, then the weighted averaging or sum makes an offset based on number of beams (as per averaging option 1 described above) less important for the purpose of cell quality evaluation. However, we believe the number of beams used in the evaluation may also be taken into account for other measurement event parameters as will be discussed in the following section and as a pre-requisite it needs to be possible to determine the number of good beams. The obvious way to do this is to include beams above a threshold, which is either absolute, or relative to the best beam. 

Proposal 5: Beams above a threshold are considered in the cell quality evaluation in proposal 2, and in the additional reporting discussed in proposal 4. The threshold can be configured to either be an absolute threshold or a relative threshold (relative to the best beam of that cell, or relative to the best beam of the best cell).
How to compare the cell quality of cells with a different number of good beams. 

The measurement events agreed to be supported in NR are based on the following LTE measurement events: 

· Event A1 (Serving becomes better than threshold)


· Event A2 (Serving becomes worse than threshold)


· Event A3 (Neighbour becomes offset better than PCell/ PSCell)


· Event A4 (Neighbour becomes better than threshold)


· Event A5 (PCell/ PSCell becomes worse than threshold1 and neighbour becomes better than threshold2)


· Event A6 (Neighbour becomes offset better than SCell)


By introducing at least event A1-A6, and using a configurable beam set size, then it is possible to do most of the intra-NR measurement evaluation. It has been proposed for example to include a triggering condition that the neighbour cell must have at least a given number of qualified beams. We consider that it should also be possible to configure the cell quality and measurement event parameters to take this into account. The time-to-trigger can be configured to be increased if the number of beams is lower in order that a UE reports a cell with fewer beams only if the event criteria is met for a longer duration (for the coffee shop scenario described in [13], to verify stability of that cell for that UE), or the cell individual offset could be configured to be adjusted based on the number of good beams on that cell (to favour reporting of a cell with more beams). It should also be possible for a cell to only be considered for the event trigger (e.g. quality above a threshold) or for reporting if it has at least a given number of good beams. It’s not clear that the number of beams needs to directly be a triggering condition on its own.

Proposal 6: It should be possible to take the number of good beams into account in the time to trigger and offset for some measurement events, and for determining if a cell should be evaluated against the event criteria. 
Finally, it was agreed that “When the serving cell quality is above S-Measure, the UE is not required to measure the IDLR RS and CSI-RS for neighbour cells.”. 
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Figure 3: xSS and CSI-RS (Ref: [11]). 

It was not specified what S-Measure is. In our understanding, it is beneficial to always base S-measure on the idle mode RS (of the serving cell) even when the measurement event is configured to use CSI-RS. This is because the measurement effort can be reduced, especially when multiple events are configured which use different measurement quantities. The UE can monitor only the idle mode RS when in a relatively good cell, and activate CSI-RS measurements only when the current cell quality (S-measure) drops below a threshold (S-Measure). 

Proposal 7: S-Measure is always based on idle mode RS measurements, even for events configured to use CSI-RS. 

3. Conclusion
In this paper we have addressed the FFS points related to RRM measurements and propose the following:
Proposal 1: Individual beam measurements are subject to a configurable L3 filter before the beam consolidation/cell quality evaluation function. 

Proposal 2: A weighted sum or average of non-best beams and best beam is used for cell quality estimate, according to the function shown above. The weight factor W is configurable by the network. 
Proposal 3: The network may configure different values of N for different cells.

Proposal 4a: Network can optionally configure reporting of the N best beam SS index/identifier for any measurement event, and UE shall include the available information in a measurement report triggered by that measurement event.

Proposal 4b: Network can optionally configure reporting of the beam quality of those N best beams.

Proposal 4c: Proposals 4a and 4b apply whether the measurement event is configured to use idle mode RS or CSI-RS.

Proposal 5: Beams above a threshold are considered in the cell quality evaluation in proposal 2, and in the additional reporting discussed in proposal 4. The threshold can be configured to either be an absolute threshold or a relative threshold (relative to the best beam of that cell, or relative to the best beam of the best cell).
Proposal 6: It should be possible to take the number of good beams into account in the time to trigger and offset for some measurement events, and for determining if a cell should be evaluated against the event criteria. 

Proposal 7: S-Measure is always based on idle mode RS measurements, even for events configured to use CSI-RS. 
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Linear average of non-best beam measurements, multiplied by W and converted to dB





Best beam measurement, multiplied by (1 – W) and converted to dB
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