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1 Introduction
In this contribution, we will discuss the CSI-RS based L1-RSRP accuracy and provide some simulation results. 
2 CSI-RS based L1-RSRP for FR1
L1-RSRP can be used for beam management. For CSI-RS based L1-RSRP, UE will calculate the L1-RSRP and report it to network. How to handle the L1-RSRP is left to network implementation. Regarding L1-RSRP reporting, one possibility is UE reports instantons results which represent the instantaneous channel condition. This required UE to report L1-RSRP with short measurement duration, e.g. 1 slot. The other possibility is to let UE report the measurement based on the statistics of channel realization. In this case, the measurement duration can cross tens or hundreds of milliseconds. 
Observation: There are two possible L1-RSRP reporting:
1. L1-RSRP reporting based on instantaneous channel realization, e.g. single slot based reporting
2. L1-RSRP reporting based on channel statistics, e.g. multiple slot based reporting within 200ms. 
For the first scheme, UE will estimate the L1-RSRP within the duration which is less than the correlation time of channel and report it to the network. Network can get all the reporting results and filter the results to choose the beam. Considering NW can further filter the instantaneous L1-RSRP in 1) to obtain the statistic L1-RSRP, 1) seems more versatile compared to 2) since NW cannot obtain any instantaneous channel condition based on the reported information in 2).  With this observation, it is proposed
Proposal 1: L1-RSRP for beam management should be based on the measurement on instantaneous channel realization. The corresponding measurement period should be much less than the coherent time of channel.
 One obvious solution based on proposal 1 is to obtain the L1-RSRP based on single slot measurement in FR1. However, depending on the density of CSI-RS, measurement bandwidth, Doppler and numerology, the L1-RSRP estimation accuracy cannot be guaranteed all the time.  Some preliminary simulation results in Section 4 provide more details on the observations. 
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3 CSI-RS based L1-RSRP for FR1
Compared to FR1, L1-RSRP for FR2 should also target on the measurement based on instantaneous channel realization. The key difference between FR1 and FR2 is Rx beamforming is assumed for FR2 and should be considered in the corresponding L1-RSRP measurement.
Due to Rx beamforming, the corresponding delay due to beam sweeping should be considered. Rx beam sweeping can be realized either in frequency domain or time domain or both. Depending on if different CSI-RS resources are QCL, UE can sweep Rx beam based on CSI-RS resource with the same CRI or different CRI, which are QCL. In any cases, it seems single slot based measurement becomes more challenging in FR2 compared to FR1.
Proposal 3: Rx beam sweeping should be considered in the corresponding L1-RSRP measurement delay in FR2. 
Regarding the concern on measurement accuracy, similar as FR1, more samples may be needed to guarantee the related performance. RAN4 should focus on defining the accuracy requirements first and then determine the exact number of samples to fulfil the requirements. 
Proposal 4: RAN4 should determine the performance requirements for L1-RSRP, e.g. accuracy, first. Then it is can be further determined on the number of samples, measurement bandwidth and CSI-RS density needed for L1-RSRP in FR2

4 Simulation results
For L1-RSRP based on CSI-RS, there is no agreed simulation assumptions. Here, we apply the agreed simulation parameter in [1] and change the SNR range to 0~12dB. The CSI-RS Periodicity is changed to 5ms from 40ms. The number of samples are changed to 1,2,4,5.
Table 1: General parameters
	Simulation parameters
	Comments/values

	Carrier frequency
	4 GHz; 30 GHz

	DRX
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions

	UE receive antennas
	Case A: 2  rx (uncorrelated with equal gain, no rx beamforming);
Case B: 2 rx with rx beamforming Note

	Number of samples
	1, 2, 4, 5; other number of samples may also be studied upon a need

	Slot length
	14 symbols

	CP Length
	Normal

	Propagation conditions
	For 4 GHz: AWGN, EPA5, ETU30 (for 15 kHz SCS), ETU70 (for 15 kHz SCS);
For 30 GHz: AWGN, CDL-C, optional TDL-A/B/C Note (delay spread: 30 ns and 300 ns; UE speed: 3 km/h and 30 km/h)

	SINR
	[0,2,…,12] dB

	NOTE: companies are encouraged to state the rx beamforming assumptions



Table 2: CSI-RS configuration parameters
	Parameter
	4 GHz
	30 GHz

	CSI-RS bandwidth
	24 PRBs, 96 PRBs;
optional: 48 PRBs, 192 PRBs (not for 60 kHz), 264 PRBs (not for 60 kHz)
	24 PRBs, 96 PRBs;
optional: 48 PRBs, 192 PRBs, and 264 PRBs

	CSI-RS SCS
	15 kHz, 30 kHz, 60 kHz
	60 kHz; 120 kHz

	Periodicity
	5 ms (optional); 40 ms
	5 ms (optional); 40 ms

	CSI-RS configuration:
<X,D,N,(Y,Z),CDM>, where:
X=number of CSI-RS ports,
D=density [RE/RB/port],
N=number of OFDM symbols in the same slot,
Y=adjacent in frequency REs in PRB,
Z=adjacent in time REs in PRB
	<1,1,1,N/A,noCDM>
<1,3,1,N/A,noCDM>
	<1,1,1,N/A,noCDM>
<1,3,1,N/A,noCDM>



Simulation results for EPA5 for 15KHz are shown below. RSRP estimation delta is corresponding to the max RSRP estimation error in CDF of 5% or 95%.
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Obervation 1: the L1-RSRP accuracy will improve with 96RB compared with 24RB.
Obervation 2: the L1-RSRP accuracy will degrade in ETU channel compared with EPA channel.
Obervation 3:  the L1-RSRP accuracy based on D=1 performs much worse than that based on D=3 in ETU channel for both 24RB and 96 RB.

Simulation results for SCS=30K Hz are in following figures:
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Obervation 4:  the L1-RSRP accuracy will decrease when SCS = 30K compaed with SCS=15K.
Obervation 5:  For 24 RB with D=1, the worst L1-RSRP accuracy will be 4.5dB for one sample will be larger than 2.5dB with 5 samples at SNR= 0dB in ETU channel .
Proposal 5: Discuss the L1-RSRP accuracy requirement, if the accuracy requirement is needed, define D=3 as the baseline.
Proposal 6: Discuss the sample needed to achieve the required accuracy. e.g. For 24RB and 96 RB, the required sample number may be different.

For FR2, the simulation results for CDL-C with SCS=120K Hz and 30ns are shown in following figures where only results for D=3 are provided:
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For FR2, the simulation results for CDL-C with SCS=120K Hz and 300ns are shown in following figures where only results for D=3 are provide:
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Observation 6: For FR2, CDL-C with 300ns delay, the L1-RSRP accuracy error will be larger than 3.5dB for single sample with RB=24 when SNR=0dB. When 4 samples is used, the error can be reduced to less than 2dB.
Observation 7: For FR2, CDL-C with 300ns delay, for 96RB with D=3, the error can be less than 2dB with single sample.
5 Conclusion
In this contribution some NR link level simulation results for NR SINR estimation was provided. The following observation can be drawn: 
Obervation 1: the L1-RSRP accuracy will improve with 96RB compared with 24RB.
Obervation 2: the L1-RSRP accuracy will degrade in ETU channel compared with EPA channel.
Obervation 3:  the L1-RSRP accuracy based on D=1 performs much worse than that based on D=3 in ETU channel.
Obervation 4:  the L1-RSRP accuracy will decrease when SCS = 30K compaed with SCS=15K.
Obervation 5:  For 24 RB with D=1, the worst L1-RSRP accuracy will be larger than 2.5dB with 5 samples at SNR= 0dB in ETU channel .
Observation 6: For FR2, CDL-C with 300ns delay, the L1-RSRP accuracy error will be larger than 3.5dB for single sample with RB=24 when SNR=0dB. When 4 samples is used, the error can be reduced to less than 2dB.
Observation 7: For FR2, CDL-C with 300ns delay, for 96RB with D=3, the error can be less than 2dB with single sample.
Proposal 1: L1-RSRP for beam management should be based on the measurement on instantaneous channel realization for both FR1 and FR2. The corresponding measurement period should be much less than the coherent time of channel.
Proposal 4: RAN4 should determine the performance requirements for L1-RSRP, e.g. accuracy, first. Then it is can be further determined on the number of samples, measurement bandwidth and CSI-RS density needed for L1-RSRP in FR1
Proposal 3: Rx beam sweeping should be considered in the corresponding L1-RSRP measurement delay in FR2. 
Proposal 4: RAN4 should determine the performance requirements for L1-RSRP, e.g. accuracy, first. Then it is can be further determined on the number of samples, measurement bandwidth and CSI-RS density needed for L1-RSRP in FR2
Proposal 5: Discuss the L1-RSRP accuracy requirement, if the accuracy requirement is needed, define D=3 as the baseline.
Proposal 6: Discuss the sample needed to achieve the required accuracy. e.g. For 24RB and 96 RB, the required sample number may be different.
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