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Introduction
At RAN1 #92bis meeting a LS is sent to RAN4 to ask RAN4’s opinion on Rx beam selection for RRM measurements:
	RAN1 LS R1-1805760
RAN1 has discussed following proposals regarding Rx beam selection for RRM measurements in the context of requiring the UE to provide more stable measurements. 
· Measurement to be reported is the best among the measurements based on each RX beam in the selected set
· Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· The selection of Rx beam set to perform measurement on carrier is left to the UE implementation with the limitation that the same Rx beam set is used to measure the same carrier
RAN1 have not concluded on a specific proposal and believes that the selection and/or definition of the Rx beam for measurement should be determined by RAN4.
The following are agreements from RAN1 2017 Adhoc #3 that may be relevant for RAN4:
	Agreements:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
· Other alternatives are not precluded


RAN1 would like kindly ask RAN4 to consider the above in their further work.


Companies has discussed this topic at RAN4 #87. However, no agreements are reached. So in this contribution we continue to discuss this issue.
Discussion on Selecting Rx beams for RRM measurements.
The main concern in RAN1’s discussion is how to ensure the stability of the measurement results. In our opinion, deriving measurement result based on the average of measurements based on each RX beam in the selected set may be more numerically stable but cannot reflect the real channel quality between NW and UE. In RAN4’s discussion on RRM measurement delay requirements the impact of Rx beam sweeping has been taken into account. To be more specific, PSS/SSS sync time, SSB index acquisition time and measurement period in FR2 shall be scaled by Rx beam scaling factor N1, N2 and N3 respectively. 
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Table 1. Agreed RRM measurement delay requirements for FR2
So one can assume enough time has been reserved for UE to perform measurements with every Rx beam in candidate beam set and find the best beam for reception in set. 
In our opinion, any form of averaging among measurements based on different Rx beams is unnecessary and even misleading since the channel quality reflected by averaged measurement result differs from the channel quality UE actually experiences. 
For example, consider a scenario in which UEis equipped with 4 Rx beams. For some Tx beam, the results obtained when using the4 Rx beams are respectively given by: 
· Rx beam #1: 100dB
· Rx beam #2: 20dB
· Rx beam #3: 20dB
· Rx beam #4: 20dB
If the measurement result indicated to higher layer is derived based on averaging over 4 Rx beams. The final result will be significantly lower than the result obtained by using Rx beam #1. NW will underestimate the quality of the channel between UE and NW when it receives the measurements reported by UE. Then it intends to use a lower MCS for the transmission. Although the actual channel quality is capable of supporting higher-rate transmissions when using Rx beam #1。
In addition, RRM measurements also serve to support mobility processes such as handover. A measurement that deviates from the actual channel quality may mislead NW to make a wrong decision. For example, the UE is asked to handover to a cell that is actually worse in channel quality. This is something to avoid.
So we think that measurement to report should be the best among the measurements based on each RX beam in the selected set.
Observation 1: Measurement to be reported should be the best among the measurements with all RX beams in the selected set.
Possible UE implementations of best beam selection.
In each measurement period, UE will use several Rx beam directions to perform a total of 24 measurements for each SSB. How to derive the measurement result for this SSB is highly UE implementation-dependent. Here we list two possible ways: 


Fig.1 demonstration of measurement samples obtained in each measurement period
1. UE averages the samples measured by using the same Rx beam direction to get the measurement result for each Tx-Rx beam pair. Then it chooses the best results from all beam pairs as the result for this SSB.


Fig.2 demonstration of possible implementation #1
2. UE divides samples into several groups. For each Rx beam direction there is at most one sample using it in each group. UE firstly chooses a best beam from each group as the results for this group. Then UE averages results for groups to obtain the result for this SSB.


Fig.2 demonstration of possible implementation #2
In our opinion, solution #1 makes more sense. However, as we have said how to derive the measurement result for this SSB is highly UE implementation-dependent. So we think RAN4 would better to reach agreements in high-level that measurement L1 reports to L3 is the best among the measurements among all RX beams in the selected set and leave implementation to UE.
Proposal 1: RAN4 reach agreements that measurement to be reported is the best among the measurements with all RX beams in the selected set. The way to implement is left to UE. 
Corresponding draft reply LS is given in [2].
Conclusion
In this contribution Rx beam selection for RRM measurements is discussed and the following proposal is given. 
Observation 1: Measurement to be reported should be the best among the measurements with all RX beams in the selected set.
Proposal 1: RAN4 reach agreements that measurement to be reported is the best among the measurements with all RX beams in the selected set. The way to implement is left to UE. 
Corresponding draft reply LS is given in [2].
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