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1. Introduction

In RAN4#90, the requirements for L1-RSRP measurement for beam reporting were further discussed, and following agreements were captured in the chairman notes and implemented in the endorsed CR [1].
	Agreement: 
· For L1-RSRP measurement period, 

· If the IE timeRestrictionForChannelMeasurement is configured, then only one sample is defined as the measurement period. 

· Otherwise, the maximum delay is 3 samples for measurements
· For measurement accuracy, 

· The accuracy is defined based on the single sample.


In our view, the remaining open issues for L1-RSRP measurement is the value of parameter N (which account for Rx beam sweeping) in measurement period requirements. In this paper we will provide our views on this issues.
2. Discussion

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. In RAN4#90, it was captured in [1] that N=8 applies for SSB based beam reporting. 

Next, we will discuss the N value for L1-RSRP measurement based on CSI-RS.

2.1. Aperiodic CSI-RS
Measurement on aperiodic CSI-RS is triggered by DCI. For aperiodic CSI-RS, there is no way to do any Rx beam sweeping across different resource periods, so it was agreed in RAN4#89 that N=1. 

In RAN4#90, some companies proposed that the requirements should be applied on the condition that TCI is configured for all resources in the resource set. We think this is a valid proposal and should be captured in the requirements since TCI configuration is mandatory for aperiodic CSI-RS following RAN2 spec 38.331.

[image: image1.png]CSI-AperiodicTriggerStateList :

SEQUENCE (SIZE (1..maxNrOfCSI-AperiodicTriggers)) OF CSI-AperiodicTriggerStater

CSI-AperiodicTriggerstate

SEQUENCE {+

associatedReportConfigInfolist SEQUENCE (SIZE (1..maxNrofReportConfigPerAperiodicTrigger)) OF CSI-AssociatedReportConfigInfo,«
3o
CsI-AssociatedReportConfigInfo SEQUENCE {+
reportConfigld CSI-ReportConfigld,«
resourcesForChannel CHOICE {v
nzp-CSI-RS SEQUENCE {v
resourceset INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerconfig),e
Yoo
csi-SSB-Resourceset INTEGER (1..maxNrofCSI-SSB-ResourceSetsPerConfig)v
Fre
csi-IM-ResourcesForInterference INTEGER (1. .maxNrofCSI-IM-ResourceSetsPerConfig) OPTIONAL, —- Cond CSI-IM-ForInterferences

nzp-CSI-RS-ResourcesForInterference INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)  OPTIONAL, -- Cond NZE-CSI-RS-ForInterferences

}e




[image: image2.png]- Conditional Presence- Explanation-

rApenadmv The field is mandatory present if the NZP-CSI-RS-Resources in the associated resourceSet have the resourceType
aperiodic. The field is absent otherwise. .





One additional issue with aperiodic CSI-RS is related to measurement on a resource set with repetition ON. UE will report the preferred number of CSI-RS resource repetitions per CSI-RS resource set with capability signalling maxNumberRxBeam. If the number of actually transmitted repetitions is smaller than maxNumberRxBeam, UE would not be able to try all Rx beams and find the best. We think in this case UE should not be required to meet the accuracy requirements, which are defined under the assumption that UE has enough resources to do Rx beamforming. 
Proposal 1: For aperiodic CSI-RS with repetition OFF, N=1. The requirements apply provided TCI is configured for all resources in the resource set.

Proposal 2: For aperiodic CSI-RS with repetition ON, N=1. UE is not required to meet the accuracy requirements if number of transmitted repetitions is smaller than maxNumberRxBeam. The requirements apply provided TCI is configured for all resources in the resource set. 
2.2. Semi-persistent CSI-RS
Measurement on semi-persistent CSI-RS is (de)activated by MAC CE. For semi-persistent CSI-RS, it is possible to do Rx beam sweeping across resource periods.

For semi-persistent CSI-RS, TCI is always provided via the MAC CE activating the resource set following RAN2 spec 38.321. Similarly as for aperiodic CSI-RS, we think the measurement requirements for semi-persistent CSI-RS are applied on the condition that TCI is provided for all the resources in the resource set.
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For measurement on resource set with repetition OFF, our view is that N=1 since UE can always get the Rx beam information for measuring the CSI-RS from the RS indicated by the TCI, so there is no need for UE to do Rx sweeping on the CSI-RS itself.

For measurement on resource set with repetition ON, N=1 if the number of actually transmitted repetitions is equal to or larger than maxNumberRxBeam since UE can try all its Rx beams within a single resource period. Otherwise, UE has to try Rx beams across multiple resource periods, and N should be >1. In RAN4#90, some companies in offline discussion suggested that in the latter case N=8 should apply to leave more flexibility in UE implementation and simplify the specification. In our view, this approach is reasonable. 

Proposal 3: For semi-persistent CSI-RS with repetition OFF, N=1. The requirements apply provided TCI is provided for all resources in the resource set.

Proposal 4: For semi-persistent CSI-RS with repetition ON, N=1 if number of transmitted repetitions is equal to or larger than maxNumberRxBeam, otherwise N=8. The requirements apply provided TCI is provided for all resources in the resource set.
2.3. Periodic CSI-RS
Measurement on periodic CSI-RS is (de)configured by RRC. For periodic CSI-RS, it is possible to do Rx beam sweeping across resource periods.

For periodic CSI-RS, TCI is optionally configured following RAN2 spec 38.331.
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One of the controversial issues in RAN4#90 was whether TCI configuration should be considered or not in determining the N value in measurement period of periodic CSI-RS. 

For measurement on resource set with repetition OFF, our view is that 

N=1 if TCI is configured for all resources in the resource set, since UE can get the Rx beam information for measuring the CSI-RS from the RS indicated by the TCI, and there is no need for UE to do Rx sweeping on the CSI-RS itself, and 

N=8 if TCI is provided to none of the resources in the resource set, in which case UE has to determine the Rx beam for measuring the CSI-RS by Rx beam sweeping across different resource periods, which is same as UE does for measuring SSB for L1-RSRP. 
For measurement on resource set with repetition ON, our understanding is that UE is not expected to do a global (full-sphere) search to find best fine Rx beam, instead it is for Rx beam refinement in a relative small angular area, e.g. within a rough Rx beam determined based on measurement on SSB. Therefore, TCI state should be configured to all resources in the resource set. The exact value of N can be determined in the same way as for semi-persistent CSI-RS, i.e. based on the comparison between number of actually transmitted repetitions and maxNumberRxBeam.
Proposal 5: For periodic CSI-RS with repetition OFF, N=1 if TCI is configured for all resources in the resource set, and N=8 is TCI is configured for none resource in the resource set.

Proposal 6: For periodic CSI-RS with repetition ON, N=1 if number of transmitted repetitions is equal to or larger than maxNumberRxBeam, otherwise N=8. The requirements apply provided TCI is provided for all resources in the resource set.

3. Conclusions

In this paper we provided our views on the N value in CSI-RS based L1-RSRP measurement for beam reporting.

Proposal 1: For aperiodic CSI-RS with repetition OFF, N=1. The requirements apply provided TCI is configured for all resources in the resource set.

Proposal 2: For aperiodic CSI-RS with repetition ON, N=1. UE is not required to meet the accuracy requirements if number of transmitted repetitions is smaller than maxNumberRxBeam. The requirements apply provided TCI is configured for all resources in the resource set.
Proposal 3: For semi-persistent CSI-RS with repetition OFF, N=1. The requirements apply provided TCI is provided for all resources in the resource set.

Proposal 4: For semi-persistent CSI-RS with repetition ON, N=1 if number of transmitted repetitions is equal to or larger than maxNumberRxBeam, otherwise N=8. The requirements apply provided TCI is provided for all resources in the resource set.
Proposal 5: For periodic CSI-RS with repetition OFF, N=1 if TCI is configured for all resources in the resource set, and N=8 is TCI is configured for none resource in the resource set.

Proposal 6: For periodic CSI-RS with repetition ON, N=1 if number of transmitted repetitions is equal to or larger than maxNumberRxBeam, otherwise N=8. The requirements apply provided TCI is provided for all resources in the resource set.
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