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1. Introduction

The requirements for beam reporting were discussed in last meetings, but there are still open issues. This contribution provides discussion on L1-RSRP measurement requirements for beam management.
2. Discussion 
For L1-RSRP computation, the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH block resources. For CSI-RS based beam reporting, aperiodic, semi-persistent and periodic CSI-RS can be used. Regarding measurement delay and measurement accuracy of LI-RSRP measurement, following agreements are achieved.

· Single slot based CSI-RS/SSB L1-RSRP accuracy requirements are defined on aperiodic, semi-persistent and periodic resources.

· 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 aperiodic CSI-RS resource, according to the agreements, both the measurement delay and measurement accuracy are based on single shot. Table 1 is the simulation results for L1-RSRP with SNR =-3dB, which is agreed to be the side condition of L1-RSRP measurement accuracy requirements. As for the one shot case, it can be seen that the baseband measurement performance of RSRP at SNR = -3 dB is within +-3.5dB. Taking RF calibration margin into consideration, it is proposed to define the L1-RSRP measurement absolute accuracy as +- 6dB. And the relative accuracy is suggested to be +- 3dB for one short measurement based on the simulation results.

Proposal 1: For one-shot measurement case, the absolute accuracy and relative accuracy are proposed to be +- 6dB and +- 3dB respectively.
Table 1 simulation results for L1-RSRP
	SCS
	Channel
	SNR
	Sample=1
	Sample=3

	
	
	
	5%
	50%
	95%
	Abso
	Rela
	5%
	50%
	95%
	Abso
	Rela

	15KHz
	AWGN
	-3
	-1.26
	-0.01
	0.98
	1.26
	1.25
	-0.68
	0.00
	0.60
	0.68
	0.68

	
	EPA5
	-3
	-3.04
	-0.13
	2.04
	3.04
	2.91
	-1.09
	-0.01
	0.64
	1.09
	1.08

	
	ETU30
	-3
	-2.13
	-0.19
	1.10
	2.13
	1.94
	-0.99
	-0.18
	0.46
	0.99
	0.81

	
	ETU70
	-3
	-2.09
	-0.21
	1.08
	2.09
	1.88
	-0.99
	-0.20
	0.45
	0.99
	0.79

	30KHz
	AWGN
	-3
	-0.86
	-0.01
	0.71
	0.86
	0.85
	-0.46
	0.01
	0.43
	0.46
	0.47

	
	EPA5
	-3
	-1.89
	-0.01
	1.43
	1.89
	1.88
	-0.58
	0.00
	0.51
	0.58
	0.58


For semi-persistent CSI-RS resource, it is similar with periodic resource except with MAC CE activating/deactivating the resource. So the same evaluation delay and accuracy requirements could apply to both semi-persistent resource and periodic resource. 
Proposal 2: it is proposed to specify the same evaluation delay and accuracy requirements for periodic CSI-RS resource and semi-persistent CSI-RS resource.
For periodic resource based L1-RSRP, from our point of view, it is preferred to specify the evaluation delay based on one shot measurement to simplify the requirements. Another consideration is that L1-RSRP reporting is similar to CQI and network may use it to select TX beam. Report L1-RSRP timely could reflect the latest channel state to network [1]. However, some companies suggest allowing the average of multiple samples to improve the measurement performance. And the evaluation delay of periodic CSI-RS is agreed to be max (reporting period, M*CSI-RS resource period), and value of M is TBD e.g. 1 or 3. 
According to the simulation results shown in Table 1, it can be seen that when the number of samples increase from 1 to 3, the performance gap is about 2dB. Since L1-averaging is for the better measurement performance, it is suggested to define measurement accuracy based on 3 samples for the L1-averaging case.  
Observation 1: the number of samples increase from 1 to 3, the performance gap is about 2dB.    

Proposal 3: if L1 averaging is in use, the evaluation delay of periodic CSI-RS is proposed to be 3 *CSI-RS resource period.
From the simulation results, for L1-averaging based on 3 samples, the baseband measurement performance is within +-1.5dB. Taking RF calibration margin of 2.5dB into consideration, the L1-RSRP measurement absolute accuracy could be +- 4dB. And the relative accuracy is suggested to be +- 1.5dB according to the simulation results.

Proposal 4: for the case of 3 samples in use, the absolute accuracy and relative accuracy for L1-RSRP measurement are proposed to be +- 4dB and +- 1.5dB respectively.
In last meeting, some companies propose that L1-averaging is up to UE implementation. This may have impact on system performance. For example, some UEs use one shot while other UEs’ report is based on multiple samples, since the measurement performance gap is about 2dB between one-shot and L1 averaging, if network use the same algorithm to handle these two types of UE, it may have negative impact on the selection of TX beam and scheduling. 
Observation 2: for the case that L1-averaging is up to UE implementation, since the measurement performance gap is about 2dB between one-shot and L1 averaging, if network use the same algorithm to handle these two types of UE, it may have negative impact on the selection of TX beam and network scheduling, which reduce the system performance.
Taking above concern into account, it is better that network and UE share same understanding on whether L1-averaging is in use or not. From our point of view, the higher layer parameter timeRestrictionForChannelMeasurements could be used to indicate when the L1-averaging could be used. According to [2], L1-RSRP is included by CSI and the timeRestrictionForChannelMeasurements parameter in CSI-ReportConfig can be configured to enable time domain restriction for channel measurements. If a UE is not configured with higher layer parameter timeRestrictionForChannelMeasurements, L1-averaging is allowed. If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements, only one-shot measurement can be adopted. 
The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI) and/or L1-RSRP.
Proposal 6: it is proposed that network and UE shall have same understanding on whether L1-averaging is in use or not.

Proposal 7: if timeRestrictionForChannelMeasurements is not configured, L1-averaging is in use. If timeRestrictionForChannelMeasurements is configured, only one-shot measurement can be adopted.
3. Conclusion
This contribution provides discussion on L1-RSRP measurement requirements. The observations and proposals are:
Proposal 1: For one-shot measurement case, the absolute accuracy and relative accuracy are proposed to be +- 6dB and +- 3dB respectively.
Proposal 2: it is proposed to specify the same evaluation delay and accuracy requirements for periodic CSI-RS resource and semi-persistent CSI-RS resource.
Observation 1: the number of samples increase from 1 to 3, the performance gap is about 2dB.    

Proposal 3: if L1 averaging is in use, the evaluation delay of periodic CSI-RS is proposed to be 3 *CSI-RS resource period.
Proposal 4: for the case of 3 samples in use, the absolute accuracy and relative accuracy for L1-RSRP measurement are proposed to be +- 4dB and +- 1.5dB respectively.
Observation 2: for the case that L1-averaging is up to UE implementation, since the measurement performance gap is about 2dB between one-shot and L1 averaging, if network use the same algorithm to handle these two types of UE, it may have negative impact on the selection of TX beam and network scheduling, which reduce the system performance.

Proposal 6: it is proposed that network and UE shall have same understanding on whether L1-averaging is in use or not.

Proposal 7: if timeRestrictionForChannelMeasurements is not configured, L1-averaging is in use. If timeRestrictionForChannelMeasurements is configured, only one-shot measurement can be adopted.
4. Reference
[1] R4-1814737, Discussion on beam reporting, CMCC
[2] 3GPP TS 38.214, NR physical layer procedures for data, v15.4.0

