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1. Introduction

In RAN4#90, the requirements for L1-RSRP measurement accuracy was discussed, and WF [1] was approved. The main proposal in [1] is

	· RAN4 is to decide the minimum BW used for deriving the CSI-RS based L1-RSRP measurement accuacy based on the simulation results.
· Interested companies are encouraged to provide L1-RSRP accuracy simulation results based on the simulation assumptions in this WF.


We have provided our simulation results for SSB and CSI-RS with 24 PRB BW in [2]. In this paper we will provide additional results for CSI-RS with 48 and 96 PRB BW. Based on the results in this paper and [2], we will provide our views on how to define the accuracy requirements for L1-RSRP measurement.

2. Discussion

The full simulation assumption for CSI-RS based L1-RSRP measurement are re-produced in Table 1. We conducted simulation for a down-selected subset of combinations, as marked in red. For the propagation conditions, in order to align with what is used in RLM test cases, we in addition simulated TDL-C channel for FR1 as highlighted in yellow. 

Table 2-1: Parameters for CSI-RS based L1-RSRP Measurements
	Parameters
	Value

	
	Sub-6GHz
	Above 6GHz

	Carrier frequency
	4GHz
	30GHz

	Subcarrier Spacing for CSI-RS
	15KHz, 30KHz, 60KHz
	60KHz, 120KHz

	CSI-RS bandwidth
	Baseline: 24RBs, 48RBs
Optional: 96RBs, 192 RBs.

	RB utilization
	100%

	Data Modulation
	QPSK

	Data and control PSD relative to CSI-RS
	0 dB

	Number of transmitted CSI-RS resource 
	K=1.

	CSI-RS RE-Mapping-Pattern
	Row#2 defined in Table 7.4.1.5.2-1 of TS38.211

	CSI-RS Density
	D=3

	CSI-RS Periodicity
	Baseline: 20ms;

Optional: 2ms, 5ms, 10ms.

	Number of samples in L1 averaging
	1 sample, 3 samples, 5 samples, 10 samples

Others are not precluded.

	Transmit antennas
	1

	Receive antennas
	2

	Propagation conditions
	AWGN, EPA5, ETU30 (for 15 kHz SCS only), ETU70 (for 15 kHz SCS only);

In addition TDL-C (delay spread: 30 ns and 300 ns; UE speed: 3 km/h and 30 km/h)
	Baseline: CDL-C, 

Optional: TDL-A/B/C 
(delay spread: 30 ns and 300 ns; UE speed: 3 km/h and 30 km/h)

	CP type
	Normal CP

	Es/Noc
	[-3~0] dB


2.1. Results with 48-PRB CSI-RS

The simulation results are summarized in Table 1-1 to 1-5 for different CSI-RS SCSs with 48 PRB BW.

Table 1-1: Simulation results for CSI-RS with 15kHz SCS
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-1.18
	0.07
	0.83
	1.18
	1.25

	EPA5
	-1.38
	0.07
	1.02
	1.38
	1.45

	ETU30
	-1.96
	-0.47
	0.47
	1.96
	1.49

	ETU70
	-1.86
	-0.58
	0.51
	1.86
	1.28

	TDL-C, 30ns, 3km/h
	-1.27
	-0.06
	1.11
	1.27
	1.21

	TDL-C, 300ns, 3km/h
	-1.18
	-0.08
	0.86
	1.18
	1.1

	TDL-C, 30ns, 30km/h
	-1.62
	-0.16
	0.97
	1.62
	1.46

	TDL-C, 300ns, 30km/h
	-1.36
	-0.16
	0.79
	1.36
	1.2


Table 1-2: Simulation results for CSI-RS with 30kHz SCS
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-1.04
	-0.03
	0.83
	1.04
	1.01

	EPA5
	-1.26
	-0.06
	0.83
	1.26
	1.2

	TDL-C, 30ns, 3km/h
	-1.33
	-0.09
	1.03
	1.33
	1.24

	TDL-C, 300ns, 3km/h
	-1.37
	-0.25
	0.74
	1.37
	1.12

	TDL-C, 30ns, 30km/h
	-1.37
	-0.09
	1.28
	1.37
	1.37

	TDL-C, 300ns, 30km/h
	-1.44
	-0.24
	0.69
	1.44
	1.2


Table 1-3: Simulation results for CSI-RS with 60kHz SCS in FR1
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-1.10
	-0.03
	0.87
	1.1
	1.07

	EPA5
	-1.18
	-0.06
	0.84
	1.18
	1.12

	TDL-C, 30ns, 3km/h
	-1.27
	-0.08
	0.95
	1.27
	1.19

	TDL-C, 300ns, 3km/h
	-1.81
	-0.40
	0.52
	1.81
	1.41

	TDL-C, 30ns, 30km/h
	-1.35
	-0.08
	0.92
	1.35
	1.27

	TDL-C, 300ns, 30km/h
	-1.69
	-0.45
	0.54
	1.69
	1.24


Table 1-4: Simulation results for CSI-RS with 60kHz SCS in FR2
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-1.03
	-0.04
	0.83
	1.03
	0.99

	TDL-A, 30ns, 3km/h
	-1.30
	-0.05
	0.91
	1.3
	1.25

	TDL-A, 300ns, 3km/h
	-3.35
	-1.17
	-0.10
	3.35
	2.18

	TDL-A, 30ns, 30km/h
	-1.83
	-0.29
	0.65
	1.83
	1.54

	TDL-A, 300ns, 30km/h
	-3.69
	-1.42
	-0.20
	3.69
	2.27


Table 1-5: Simulation results for CSI-RS with 120kHz SCS
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-1.14
	-0.06
	0.82
	1.14
	1.08

	TDL-A, 30ns, 3km/h
	-1.20
	-0.08
	0.88
	1.2
	1.12

	TDL-A, 300ns, 3km/h
	-3.04
	-1.21
	-0.07
	3.04
	1.83

	TDL-A, 30ns, 30km/h
	-1.21
	-0.09
	0.89
	1.21
	1.12

	TDL-A, 300ns, 30km/h
	-3.30
	-1.31
	-0.03
	3.3
	1.99


2.2. Results with 96-PRB CSI-RS

The simulation results are summarized in Table 2-1 to 2-5 for different CSI-RS SCSs with 96 PRB BW.

Table 2-1: Simulation results for CSI-RS with 15kHz SCS
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-0.72
	-0.04
	0.60
	0.72
	0.68

	EPA5
	-0.83
	-0.02
	0.68
	0.83
	0.81

	ETU30
	-1.45
	-0.48
	0.27
	1.45
	0.97

	ETU70
	-1.44
	-0.48
	0.22
	1.44
	0.96

	TDL-C, 30ns, 3km/h
	-0.92
	-0.02
	0.72
	0.92
	0.9

	TDL-C, 300ns, 3km/h
	-0.82
	-0.04
	0.61
	0.82
	0.78

	TDL-C, 30ns, 30km/h
	-1.05
	-0.11
	0.62
	1.05
	0.94

	TDL-C, 300ns, 30km/h
	-0.98
	-0.11
	0.57
	0.98
	0.87


Table 2-2: Simulation results for CSI-RS with 30kHz SCS
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-0.74
	-0.02
	0.59
	0.74
	0.72

	EPA5
	-0.77
	-0.04
	0.66
	0.77
	0.73

	TDL-C, 30ns, 3km/h
	-0.89
	-0.02
	0.67
	0.89
	0.87

	TDL-C, 300ns, 3km/h
	-1.01
	-0.20
	0.45
	1.01
	0.81

	TDL-C, 30ns, 30km/h
	-0.85
	-0.06
	0.67
	0.85
	0.79

	TDL-C, 300ns, 30km/h
	-1.10
	-0.25
	0.45
	1.1
	0.85


Table 2-3: Simulation results for CSI-RS with 60kHz SCS in FR1
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-0.76
	-0.04
	0.61
	0.76
	0.72

	EPA5
	-0.86
	-0.04
	0.61
	0.86
	0.82

	TDL-C, 30ns, 3km/h
	-0.83
	-0.05
	0.67
	0.83
	0.78

	TDL-C, 300ns, 3km/h
	-1.26
	-0.38
	0.35
	1.26
	0.88

	TDL-C, 30ns, 30km/h
	-0.85
	-0.01
	0.64
	0.85
	0.84

	TDL-C, 300ns, 30km/h
	-1.34
	-0.39
	0.31
	1.34
	0.95


Table 2-4: Simulation results for CSI-RS with 60kHz SCS in FR2
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-0.80
	-0.03
	0.59
	0.8
	0.77

	TDL-A, 30ns, 3km/h
	-0.88
	-0.01
	0.61
	0.88
	0.87

	TDL-A, 300ns, 3km/h
	-2.58
	-1.14
	-0.19
	2.58
	1.44

	TDL-A, 30ns, 30km/h
	-1.12
	-0.27
	0.42
	1.12
	0.85

	TDL-A, 300ns, 30km/h
	-3.00
	-1.39
	-0.42
	3
	1.61


Table 2-5: Simulation results for CSI-RS with 120kHz SCS
	
	5%
	50%
	95%
	Absolute
	Relative

	AWGN
	-0.72
	-0.01
	0.64
	0.72
	0.71

	TDL-A, 30ns, 3km/h
	-0.80
	-0.04
	0.64
	0.8
	0.76

	TDL-A, 300ns, 3km/h
	-2.54
	-1.20
	-0.30
	2.54
	1.34

	TDL-A, 30ns, 30km/h
	-0.91
	-0.08
	0.61
	0.91
	0.83

	TDL-A, 300ns, 30km/h
	-2.70
	-1.18
	-0.32
	2.7
	1.52


2.3. Summary
For the results with 48 PRB CSI-RS BW, we have the following observations.

Observation 1: For FR1, the baseband absolute accuracy can be less than 2dB with one sample at -3dB SNR. The relative accuracy can be less than 1.5dB.

Observation 2: For FR2, the baseband absolute accuracy can be less than 4dB with one sample at -3dB SNR, where the worst case is large SCS and large delay spread. The relative accuracy can be less than 2.5dB.

For the results with 96 PRB CSI-RS BW, we have the following observations.

Observation 3: For FR1, the baseband absolute accuracy can be less than 1.5dB with one sample at -3dB SNR, where the worst case is 15kHz SCS and ETU channel. The relative accuracy can be less than 1dB.

Observation 4: For FR2, the baseband absolute accuracy can be less than 3dB with one sample at -3dB SNR, where the worst case is large SCS and large delay spread. The relative accuracy can be less than 2dB.

Comparing the results with 48/96 PRBs with 24 PRBs in [2], we have following observation.

Observation 5: The accuracy can be improved by 1dB when the CSI-RS BW goes from 24 PRBs to 48 PRBs, and by 0.5dB when the CSI-RS BW goes from 48 PRBs to 96 PRBs.

Considering that the improvement in accuracy and the reporting resolution (1dB), our suggestion is that accuracy requirements for CSI-RS based L1-RSRP measurement are defined for 24 PRBs and 48 PRBs.
Based on above and considering 

· the RF margin (which is also assumed in FR2 relative accuracy)
· the existing requirements for L3 measurement
· the step size of measurement reporting (1dB for absolute reporting, 2dB for differential reporting)
our proposal for the L1-RSRP measurement accuracy are as follows.

Proposal 1: For SSB based L1-RSRP measurement,

· In FR1, the absolute accuracy is 5dB, the relative accuracy is 3dB

· In FR2, the absolute accuracy is 6dB, the relative accuracy is 5dB
Proposal 2: For CSI-RS based L1-RSRP measurement with 24≤CSI-RS BW<48,

· In FR1, the absolute accuracy is 6dB, the relative accuracy is 3dB

· In FR2, the absolute accuracy is 8dB, the relative accuracy is 6dB

Proposal 3: For CSI-RS based L1-RSRP measurement with CSI-RS BW≥48,

· In FR1, the absolute accuracy is 5dB, the relative accuracy is 2dB

· In FR2, the absolute accuracy is 7dB, the relative accuracy is 5dB
3. Conclusions

In this paper we provided our views on how to define accuracy requirements for L1-RSRP measurement.

Proposal 1: For SSB based L1-RSRP measurement,

· In FR1, the absolute accuracy is 5dB, the relative accuracy is 3dB

· In FR2, the absolute accuracy is 6dB, the relative accuracy is 5dB
Proposal 2: For CSI-RS based L1-RSRP measurement with 24≤CSI-RS BW<48,

· In FR1, the absolute accuracy is 6dB, the relative accuracy is 3dB

· In FR2, the absolute accuracy is 8dB, the relative accuracy is 6dB

Proposal 3: For CSI-RS based L1-RSRP measurement with CSI-RS BW≥48,

· In FR1, the absolute accuracy is 5dB, the relative accuracy is 2dB

· In FR2, the absolute accuracy is 7dB, the relative accuracy is 5dB
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