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1. Introduction 
In RAN2#97 the following agreements were made:

Agreements

1
An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 

2
An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).

3
Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 

Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.

RAN1#88 agreed that the additional measurements are CSI-RS measurements.

Agreement:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS

· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS
In addition, RAN2#97 made the following agreements:

 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)

2. Discussion

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 good beam, compared to a cell with 3 good beams, as illustrated in figure 1.
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Figure 1: Cells with a different number of good beams. 

There are some situations in which it may be better to select the cell with the best beam, even though only 1 beam is detected – for example a stationary user in a coffee shop, able to connect using one good beam. In other scenarios it may be better to select a cell which has more beams, but not necessarily the best beam overall – for example a pedestrian walking through the city needs to be able to select the cell which is able to provide a more consistent service during mobility. For each of these cases, we need to be able to determine which cell best suits the UE in its current conditions. One approach is to use the existing methods such as time-to-trigger – for example, to report a single good beam using a measurement event with a longer TTT than a measurement event for reporting a cell on which multiple beams are detected. Another approach would be to use a larger offset for cells on which more beams are detected. Overall, we expect that those measurement events and approaches already used in other systems, particularly LTE, can be re-used with some relatively small changes to account for multiple beams.
There are 3 main factors to take into account for measurement evaluation. 

1) How to determine the number of good beams in that cell. 

2) How to determine the overall cell quality based on the individual beams.

3) How to compare the cell quality of cells with a different number of good beams. 

2.1
How to determine the number of good beams. 

· FFS: Whether to only consider beams above a threshold ('good' beams)

The most logical approach would be to compare beam measurements against an absolute threshold (e.g. RSRP/RSRQ threshold). Beams above this configurable threshold are considered in the cell quality evaluation, and the number of good beams associated with a cell quality measurement would be defined as the number of beams measured which are identified and above the threshold (to a maximum of N). 

Proposal 1: Beams belonging to a cell which are above a configurable threshold can be considered as “good beams” and used in the cell quality evaluation. 

2.2
How to determine the overall cell quality based on the individual beams. 

· 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.

There are different approaches, all of which should be possible to configure in measurement events. As mentioned above, it should be possible to limit the number of beams considered in a measurement. If the limit would be set to “1” then this would be a measurement of the best beam of a cell. The same type of measurement can therefore be configurable to consider best beam only, or best “N” beams. 
Proposal 2: Measurement quantity for cell quality measurement should include a configurable number of N best beams to consider 
Proposal 2a: Agreement applies for both serving and neighbour cell (may have different values of N) 
Proposal 2b: Agreement applies for both idle RS and CSI-RS

· FFS: Details of filtering to be applied

In case multiple beams are considered, then we must also define a way to determine the overall cell quality. One approach is to use a simple average cell quality, or a weighted average/sum. For example, UMTS uses a frequency quality estimate taking into account multiple individual cell qualities – used to determine whether to perform inter-frequency (soft) handover. The virtual active set is the “N” best cells considered on the other frequency.
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Qfrequency j is the estimated quality of the virtual active set on frequency j.

Mfrequency j is the estimated quality of the virtual active set on frequency j.

Mi j is a measurement result of cell i in the virtual active set on frequency j.

NA j is the number of cells in the virtual active set on frequency j.

MBest j is the measurement result of the cell in the virtual active set on frequency j with the highest measurement result.

Wj is a parameter sent from UTRAN to UE and used for frequency j.

We expect a similar cell quality estimate to be possible, and useful, for NR – rather than considering the frequency quality estimate based on N cells in the virtual active set, we should consider the best N beams in the beam set to estimate cell quality. Note that this approach provides most weight to the best cell (for NR, best beam) and allowing additional cells (beams) to contribute to the overall quality. It is possible to configure the set size to 1 in order to consider only the best cell (beam).

Proposal 3: Consider re-use of the UMTS approach of frequency quality estimate using a set of N cells, to perform cell quality estimate on a set of N beams which puts the greatest weight on the best beam.
2.3
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 earlier, 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 4: 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. It’s FFS whether the number of beams as a triggering condition alone is needed. 
It was also proposed in [4] that a new measurement event should be introduced, which is a combination of events A2 and A3 (Serving becomes worse than threshold and Neighbour becomes offset better than PCell/ PSCell). However, the advantage of using separate events is that the UE does not need to waste effort performing evaluation of e.g. event A3 as long as the serving cell measurement is above the threshold for A2. The network can then configure e.g. event A3 once event A2 has been reported, which is more efficient because it reduces the amount of measurement effort in the UE. However, as noted in [4], in order to reduce the overhead and handover preparation time it could be beneficial to combine events. Rather than introducing new events, we propose interaction between the already agreed events. For example, the evaluation of a configured measurement event would be started only once the other event is triggered – such as event A3 evaluation starting when event A2 is triggered, without necessarily sending a measurement report. 
Proposal 5: Study the possibility for interaction between configured measurement events, activating one measurement event evaluation when another is triggered.
It has been agreed that CSI-RS can be used, in addition to IDLE mode RS in connected mode, so we should look at the possibility for configuring different measurement events using different types of reference signal. One possibility is to perform (less demanding) measurements of the idle mode RS while coverage is reasonably good, only triggering the (more demanding) CSI-RS measurements when the UE reaches cell edge. For example, measurement event A2 can be evaluated using the cell specific reference signals, and when event A3 is evaluated, the CSI-RS should be used in order to provide a more accurate evaluation. 
Another way is to define separate events for CSI-RS like in LTE. 

This way, we can trade-off between the overall measurement effort from the UE, while still overcoming some of the drawbacks highlighted in [5].

Proposal 6: It should be possible to configure reference signal type used in the individual measurement event evaluation, or to have different measurement events for different reference signal types (like in LTE), so that CSI-RS measurements are only performed when necessary.
3. Conclusion
Proposal 1: Beams belonging to a cell which are above a configurable threshold can be considered as “good beams” and used in the cell quality evaluation. 

Proposal 2: Measurement quantity for cell quality measurement should include a configurable number of N best beams to consider 

Proposal 2a: Agreement applies for both serving and neighbour cell (may have different values of N) 

Proposal 2b: Agreement applies for both idle RS and CSI-RS

Proposal 3: Consider re-use of the UMTS approach of frequency quality estimate using a set of N cells, to perform cell quality estimate on a set of N beams which puts the greatest weight on the best beam.
Proposal 4: 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. It’s FFS whether the number of beams as a triggering condition alone is needed. 

Proposal 5: Study the possibility for interaction between configured measurement events, activating one measurement event evaluation when another is triggered.
Proposal 6: It should be possible to configure reference signal type used in the individual measurement event evaluation, or to have different measurement events for different reference signal types (like in LTE), so that CSI-RS measurements are only performed when necessary.
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