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1. Introduction

In RAN4#89 the requirements for L1-RSRP based beam reporting were discussed extensively. The related agreements are copied as follows.
	· Single slot based CSI-RS/SSB L1-RSRP accuracy requirements are defined on aperiodic, semi-persistent and periodic resources.

· No test cases are introduced for semi-persistent case for Rel-15

Side condition of L1-RSRP measurement accuracy requirements is defined as -3dB.
· Evaluation period for L1-RSRP measurement for beam reporting based on aperiodic CSI-RS is single slot.

· For periodic CSI-RS reporting in FR1, 

· Measurement period=max(reporting period, M*CSI-RS resource period)

· Value of M is TBD e.g. 1 or 3

· If UE receives multiple samples for a single reporting, it is FFS how UE processes these samples (e.g. averaging across all samples or select one or some of samples or up to UE implementation).

· Depending on the conclusion on how UE process multiple samples within measurement period, it is FFS if additional accuracy requirement based on L1-averaging should be introduced. 

· For periodic CSI-RS reporting in FR2

· Measurement period=max(reporting period, M*N *resource period)

· M is the number of samples per Rx beam. Value of M is TBD e.g. 1 or 3

· N is the Rx beam sweeping factor. N is FFS

· for SSB based L-RSRP requirement for beam reporting, no requirement will be specified for the case of N=1
· in case of collision between beam reporting RS and SMTC, P factor specified for RLM can be reused for L-RSRP measurement for beam reporting.

· RAN4 does not need to define requirement on number of SSB/CSI-RS resources UE should be able to measure for L1-RSRP reporting.

· No requirements with D=1 for CSI-RS based L1-RSRP reporting requirements


There are still some open issues in the measurement period requirements:

· L1 filtering for SSB and periodic/semi-persistent CSI-RS 
· Rx beam sweeping for periodic/semi-persistent CSI-RS
In this paper we will address the remaining issues in L1-RSRP measurement period requirements.
2. Discussion
2.1. L1 filtering
In RAN4#89 there are different views from companies whether the measurement period should allow UE to use L1 filtering, or the L1-RSRP should be single-shot. 

· Option 1: L1 filtering is not allowed. Some companies suggested that in order to reflect the dynamic change of channel condition, the measurement should be single-shot without any averaging. Correspondingly, the accuracy of the measurement is defined also based on single-shot.

· Option 2: L1 filtering is allowed based on implementation. Some companies suggested that UE should be allowed to decide whether to apply L1 filtering in the L1-RSRP measurement, e.g. UE may determine it is not moving or rotating so L1 filtering may be used. As filtering is not always used, the accuracy should be also defined based on single-shot.

During the discussion, some companies mentioned that the UE measurement behaviour should be clarified if there are multiple resources (samples) during the reporting period. In addition, some companies proposed that if L1 filtering is assumed, the accuracy should be defined based on multi-shot. 
Our original preference was option 2, but we understand the discussion would get complicated if L1 filtering is involved, especially regarding how to define accuracy requirements and applicability of single-shot and multi-shot requirements. To make progress, we would compromise to option 1, i.e. both measurement period and accuracy are defined based on single-shot measurement.
In RAN4#89 it was also discussed if RRC parameters timeRestrictionForChannelMeasurements applies to L1-RSRP measurement for beam reporting, or only CQI measurement. We understand this is under discussion in RAN1, but the conclusion does not matter if RAN4 can agree the measurement period and accuracy are defined based on single-shot measurement.
Proposal 1: The measurement period and accuracy of L1-RSRP for beam reporting are defined based on single-shot measurement, i.e. M=1.
For UE measurement behaviour with different reporting periods, we think RAN4 should consider the relationship between the reporting period and N*P resource periods, as UE only gets one complete measurement once per N*P samples, where N is the factor for Rx beam sweeping in FR2, and P is the factor to account for resource collision with SMTC and measurement gap. 

As the resource period and reporting period are separately configured, it may happen that the reporting period is larger than or smaller than N*P resource period.
· If the reporting period is smaller than N*P resource periods, UE should still report as configured by the network, but the accuracy requirement cannot apply for every report instance, as UE cannot complete one measurement during the reporting period. When the measurement is not fully updated, UE may report historical measurement or partially updated measurement based on its implementation. For the requirements, UE should be required to report the accurate L1-RSRP in only one reporting instance per measurement period. 
· If the reporting period is larger than N*P resource periods, UE should use the latest N*P resources to generate the measurement. However, UE should still be allowed to measure on the other resources, e.g. to do L1 filtering or beam refinement. This means the scheduling restriction, if applicable, should be allowed on the other resources. If scheduling restriction is a concern for the network, network can configure either smaller reporting period or larger resource period.
Proposal 2: If the reporting period is smaller than N*P resource periods, UE is required to report the accurate L1-RSRP in only one reporting instance per measurement period. 

Proposal 3: If the reporting period is larger than N*P resource periods, UE should use the latest N*P resources to generate the measurement, while scheduling restriction, if applicable, should be allowed on the other resources.
2.2. Rx beam sweeping
In RAN4#89 it was agreed that for SSB based beam reporting, N=1 does not apply, i.e. Rx beam sweeping is always assumed for SSB based L1-RSRP measurement. For aperiodic CSI-RS, there is no way to do any Rx beam sweeping, so it was agreed that N=1 always applies. 

The remaining issue is when Rx beam sweeping is assumed for periodic and semi-persistent CSI-RS. There are 2 types of CSI-RS resource set for beam reporting, and we will discuss them separately.
CSI-RS resource set with repetition on
Network configures this type of CSI-RS resource set to enable UE to do Rx beam refinement, i.e. to find the best Rx fine beam for the Tx beam that is used to transmit the CSI-RS resources. We understand UE is not expected to do a global (full-sphere) search to find best Rx beam, so TCI state must be configured to the resources in this type of resource set. This condition applies for all periodic, aperiodic and semi-persistent resources.
For beam reporting, UE would report the suggested number of resources per set via maxNumberRxBeam, and if the number of resources in the resource set is larger than this capability, UE could try different Rx beams and find the best one within one resource period. Therefore, N=1 applies for this type of resource set. 
Proposal 4: For CSI-RS resource in a resource set with repetition on, N=1 applies. Requirements apply provided that TCI state is configured to all resources in the set, and the number of resources in the set is larger than maxNumberRxBeam.
CSI-RS resource set with repetition off
This type of resource set is typically used to enable UE to compare different Tx beams. There are two cases in terms of TCI state configuration:

· TCI state is configured

· TCI state is not configured
Since the beam reporting is per resource set basis, either all resources in the resource set are configure with TCI state or none of the resource is configured, otherwise UE cannot make the comparison between resources. 

For the case where TCI state is configured, in RAN4#89 there was no conclusion whether UE is allowed to do Rx beam sweeping. Our understanding is that since type of resource set is not intended for beam refinement, and network already provides TCI state from which UE could get the Rx beam, Rx beam sweeping is not needed, so the measurement period can be defined with N=1. For the case where TCI state is not configured, UE has no information what Rx beam to use for the measurement, so Rx beam sweeping is needed.
Proposal 5: For CSI-RS resource in a resource set with repetition off, N=1 applies if the resource is configured with TCI state, otherwise N=8. Requirements apply provided that TCI state is either configured to all resources in the set or none resource in the set. 

3. Conclusions

In this paper we provided our views on the remaining issues for measurement period for L1-RSRP for beam reporting.
Proposal 1: The measurement period and accuracy of L1-RSRP for beam reporting are defined based on single-shot measurement, i.e. M=1.
Proposal 2: If the reporting period is smaller than N*P resource periods, UE is required to report the accurate L1-RSRP in only one reporting instance per measurement period. 

Proposal 3: If the reporting period is larger than N*P resource periods, UE should use the latest N*P resources to generate the measurement, while scheduling restriction, if applicable, should be allowed on the other resources.
Proposal 4: For CSI-RS resource in a resource set with repetition on, N=1 applies. Requirements apply provided that TCI state is configured to all resources in the set, and the number of resources in the set is larger than maxNumberRxBeam.
Proposal 5: For CSI-RS resource in a resource set with repetition off, N=1 applies if the resource is configured with TCI state, otherwise N=8. Requirements apply provided that TCI state is either configured to all resources in the set or none resource in the set. 
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