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Introduction
In last meeting RAN4 initiated discussions related to UE Rx beam selection as addressed in RAN1 LS [1]. The discussion was initiated in the RAN4 Busan meeting but did not conclude. In this paper, we continue the discussion regarding Rx beam selection for RRM measurements.

Discussion
In RAN1 NR AH#3 the need to ensure consistent UE behavior in terms of RX spatial filtering for RRM measurements was discussed. In RAN4 meeting in Montreal the discussion continued in RAN4 [8] without agreement. The issue under discussion is twofold. Firstly, it need to be discussed how to ensure UE measurement requirement under UE Rx beam forming operation, and secondly it need to be discussed is the UE spatial coverage requirements when performing measurement. 
Figure 1 illustrates an example scenario where a UE, employing four RX beams uses different RX spatial filters to obtain measurement results from two cells. The obtained results are naturally affected by the Rx beam gain corresponding to each used UE RX beams. 
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Figure 1Illustration of UE measurement with RX beam set
For FR2 it is assumed, that the UE has multiple directive antenna panels, and it is expected to use to all of them to obtain representative picture of the spatial propagation conditions (via RX beam sweep). To enable this RAN4 has introduced UE Rx beam sweeping relaxation factor, N1 and N3, in the requirements. Through the RX sweep process carried out for measurement, the UE should be able to obtain measurement samples from a given SS block corresponding to different RX beam. 
From RAN4 requirements perspective, the scaling factor N is introduced to the measurement delay requirements, to allow the UE to have enough time to perform Rx sweeping to allow measuring using each of its Rx beams during the RRM measurement period. This relaxation is introduced in the requirements to ensure UE has time to perform Rx beam sweeping, and it is therefore also expected that the UE will use Rx beam sweeping when performing measurements and to determine the best Rx beam for each measured cell.


2.1	Rx beam selection for RRM measurements
Currently, RAN4 has agreed following intra-frequency measurement requirements for non-DRX case:
· TPSS/SSS_sync:		max[ 600ms, ceil( [5] x Kp x KRLM) x N1 x SMTC period ]
· T SSB_measurement_period:	max[ 400ms, ceil( 5 x Kp x KRLM) x N3 x SMTC period ]
Accounting these agreements, the discussion in former section based on RAN1 LS [1]:
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
RAN4 need to discuss and agree on the assumed Rx beam selection and measurement averaging for RRM. In general, RAN4 does not define how the UE should perform the measurements. It is however important that UEs under similar conditions perform similar within the defined accuracies.
When discussing the RRM core requirements allowing the UE Rx beam forming relaxation, it is expected that the UE use Rx beam sweeping and perform RRM measurements covering all Rx beams – i.e. 360 degrees spherical coverage. 
As by the core requirements, the UE is expected (or assumed) to average the measured RRM measurement samples using a certain number of samples – which is currently assumed to be 5 samples. This can however be done different ways as illustrated next.
There are at least two different approaches to perform RRM measurements in FR2:
1. UE performs measurements by taking e.g. 5 consecutive samples using Rx beam 1 and averaging these samples. Hereafter, UE performs 5 consecutive samples using Rx beam 2 etc.
2. UE perform measurement by taking 1 sample using Rx beam 1. Hereafter, UE takes 1 sample using Rx beam 2 etc. The measurement samples are then averaged.
How the UE would perform the physical measurement – e.g. using one of the two above examples – are for UE implementation. However, the overall measurement period is defined by T SSB_measurement_period and it is expected that the results is based on the average of at least 5 samples.
Current RAN4 specification is not clear concerning how the UE is expected to average the measurement samples and which samples to use in the averaging when applying UE Rx beam forming. Based on how the UE would perform the measurement – e.g. as illustrated with the two examples – the measurements could be done as follows:
· UE measures according to 1) and averages measurements measured per Rx beam. I.e. UE measures 5 consecutive samples using one and same Rx beam and averages the measurements samples per SSB. Hereafter UE measures using Rx beam 2. UE continues until all e.g. 4 Rx beams have been used for measuring. Averaging of results are done per SSB per Rx beam.
· UE measures according to 2) and averages measurements measured per Rx beam. I.e. UE measures 1 sample using one Rx beam followed by measuring 1 sample using Rx beam 2 etc. UE continues this until it has measured 5 samples from each Rx beam. Averaging is done per SSB over different Rx beams.
Both implementations are currently possible as there are no related requirements.
Observation 1: It is not clear in the RAN4 requirements how UE measurement averaging is expected to be done when applying UE Rx beam forming.

While the averaging requirement is not clear, it should be clarified whether the UE is allowed – or not allowed – to average measurement samples from different Rx beams or if UE is expected only to average measurement samples only from the same Rx beam. 
As an example, using figure 1, if we consider a UE measuring SSB1 using e.g. 4 Rx beams. If UE in 1st measurement measures SSB1 using Rx beams #1 and #2. Measurement result from measuring SSB1 using Rx beam #1 is better than the result measured with Rx beam #2. The UE in 2nd measurement also measures SSB1 using Rx beams #1 and #2. However, the measurement result from measuring SSB1 using Rx beam #2 is better than the result measured with Rx beam #1. The outcome of the averaged measurement results of SSB1 will likely not be the same if SSB1 measurements are averaged per Rx beam or independently by Rx beam.
Proposal 1: [bookmark: _Hlk517701842]RAN4 need to clarify how the UE is expected to average measurement samples when measuring using Rx beam forming.
While RAN4 should not define when the UE measures, it is still important that the UE requirements are such that the different UEs has similar performance in the field under similar conditions. As the UE measurement outcome most likely would not be the same in the two examples, depending on whether the UE would apply averaging method 1 or 2 above, we see it necessary to clarify this behaviour as also requested by RAN1. 
Based on the discussion we propose following:
Proposal 2: [bookmark: _Hlk517701900]The selection of Rx beam set to perform measurement on carrier is left to the UE implementation.
Proposal 3: Measurements for a given SSB should be based on the best obtained samples among the UE Rx beams.
In last meeting it was discussed how the UE assumptions could be clarified without restricting the UE implementation. One approach would be to account this in the measurement definition. However, the issue of how the UE averages the measured samples is not necessarily part of the measurement definition (how the UE shall perform a single physical sample) but more a UE core requirement. Next is to discuss how to define that the SS-RSRP averaging should be done among best measurement samples taken among the different UE receiver branches. Such assumption would need to be reflected in the UE measurement requirements, e.g. by adding that the SSB-based measurement for a given SSB, shall be the average of the best samples from any of the UE receiver branches
I.e. the RRM SS-RSRP is based on the average of the best SS-RSRP measurement samples among the different UE receiver branches.
A similar clarification will then be needed also for other L3 RRM measurements. I.e. SS-RSRQ and CSI-RS for L3 mobility.
In [5] we have provided a draft CR for capturing the SS-RSRP requirements. Once an agreement is reached the CR would need to capture also SS-RSRQ and CSI-RS for L3 mobility.
In [6] we have additionally provided a draft reply LS to RAN1.

2.2	UE spherical coverage requirement for RRM measurements
In Addion to the measurement averaging discussion, RAN4 also discussed the aspect of UE spherical coverage in the Montreal meeting. As mention, and also reflected in basic UE measurement core requirements, the UE is allowed a certain relaxation in the requirements in order to allow UE RX beam sweeping. For FR2 it is clear that it is expected that UEs will need to apply UE Rx beam forming and for this reason the relaxation has been introduced. 
However, it is also clear that during the core requirements discussion, it has also been assumed and expected that the UE also should apply UE Rx beam sweeping. The basic understanding is, that if the UE is not applying Rx beam sweeping it would not be possible for the UE to measure in all direction – covering in a manner similar to what we know from omni-directional antennas. If UE is not measuring in a way covering a 360-spherical coverage it would not be possible for the UE to detect and measure cells in the direction not measured. 
We believe that it is important to clarify the UE measurement requirement concerning spherical coverage to ensure proper system operation. As the UE requirements already account the UE Rx beam sweeping the requirements are already assuming this and allowing the necessary UE relaxation. 
It is however not yet captured that the UE should also perform measurements covering all Rx beams. As the Rx beam forming relaxation is already accounted in the requirements, we also believe that it is expected that the UE measurements covers all Rx beam – i.e. a 360 degrees spherical coverage - within a given time which should be the same as TSSB_measurement_period.
Proposal 4: UE shall measure such that it covers all UE Rx beam directions (spherical coverage) at least every TSSB_measurement_period.
If such behaviour is not common understanding it is not clear why the UE Rx beam relaxation factor. N1 and N3, would be needed.
In [7] we have provided a draft CR for capturing the requirement for UE measurements. Similar assumption may also have to be made for cell detection in FR2.

Conclusion
Discussions related to UE Rx beam selection was addressed in RAN1 LS [1] and discussed in Busan and Montreal. The discussions have not concluded and in this paper, we have continued the discussion regarding Rx beam selection for RRM measurements and spherical coverage. Based on the discussion we propose:
1. RAN4 need to clarify how the UE is expected to average measurement samples when measuring using Rx beam forming.
Proposal 6: The selection of Rx beam set to perform measurement on carrier is left to the UE implementation.
Proposal 7: Measurements for a given SSB should be based on the best obtained samples among the UE Rx beams.
Proposal 8: UE shall measure such that it covers all UE Rx beam directions (spherical coverage) at least every TSSB_measurement_period.
In [5, 6 and 7] we have provided draft CR’s and a draft reply LS to RAN1.
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