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Introduction

In RAN4#91 the initial simulation results on SRS-RSRP measurement performance are submitted. During the meeting, the simulation assumptions are further updated in [1]. In this paper we will provide further simulation results.
Discussion
Simulation assumption
The agreed simulation assumptions in [1] are copied as in Table 1. 

· Only UE0 and UE1 are modelled. 

· The simulations are only conducted for 30kHz in FR1 and 120kHz in FR2. 

· For the timing error, in [1] only the timing error before applying the constant offset is defined, but for the performance what matters is the residual timing error after applying the constant offset. We simulated residual timing error of {0.5us, 2.3us, 4.6us} for FR1, and {0.2us, 0.58us, 1.17us} for FR2.

Table 1: Simulation assumption
	Parameters
	Value 

	
	UE0 (cell 0)

[victim UE]
	UE1 (cell 1)

[aggressor UE]
	UE2 (cell 1)

[aggressor UE]

	Carrier frequency
	4GHz for FR1,
30GHz for FR2

	Subcarrier spacing
	15kHz, 30kHz,60kHz for FR1
60kHz, 120kHz for FR2
	same as UE0
	same as UE0

	SRS configuration
	Number of port
	N/A
	1
	1

	
	TransmissionComb
	
	2
	2

	
	combOffset
	
	0
	0

	
	Cyclic shift
	
	0
	0

	
	StartPosition (SRS symbol start position)
	
	0
	0

	
	Number of symbol
	
	1
	1

	
	Number of RB Note1
	
	24 or 48
	same as UE1

	
	Frequency domain position and shift
	
	0
	0

	
	Periodicity [slot]
	
	5
	same as UE1

	Timing errorNote2 for UE 1 and UE2
	[13.5]usec for FR1,
[7.2]usec for FR2
	-
	-

	CP Length
	Normal

	Number of measurement samples
	3 or 5
	N/A
	N/A

	Measurement bandwidth [RB]
	Same as SRS transmission RB
	
	

	Measurement period [slot]
	5
	N/A
	N/A

	Number of UE receive antennas
	2 Rx
	N/A
	N/A

	Propagation conditions
	AWGN, TDL-A10, TDL-C100 for FR1,
AWGN, TDL-A75, TDL-C300 for FR2

	
	

	SINR
	-3dB or -1dB
	N/A
	N/A

	Note 1: Allocated RBs are within active BWP for measurement UE.

Note 2: Timing error without constant offset is (NTA_offset + NTA)A + Dpropagation_V – Dpropagtion_V2A . (NTA_offset + NTA)A is timing advance for aggressor(A) UE. Dpropagation_V is downlink propagation delay for victim(V) UE from the gNB of the victim UE. Dpropagtion_V2A is propagation delay from aggressor(A) UE to victim(V) UE.

Note 3: No frequency hopping is assumed.


Simulation results for 30kHz
The simulation results are shown in Table 2-7 for 30kHz SCS with different numbers of samples and in different propagation channels.

Table 2: Delta RSRP for 30kHz and 3 measurement sample in AWGN
	BW (PRB)
	Timing error (us)

error
	SNR (dB)
	5%
	50%
	95%

	24
	0.5
	-3
	-0.69
	0.06
	0.81

	
	
	-1
	-0.56
	0
	0.63

	
	2.3
	-3
	-0.75
	0.06
	0.75

	
	
	-1
	-0.63
	0
	0.56

	
	4.6
	-3
	-1.31
	-0.50
	0.25

	
	
	-1
	-1.19
	-0.56
	0.06

	48
	0.5
	-3
	-0.56
	0
	0.5

	
	
	-1
	-0.44
	0
	0.38

	
	2.3
	-3
	-0.56
	0
	0.5

	
	
	-1
	-0.44
	0
	0.38

	
	4.6
	-3
	-1.19
	-0.63
	-0.06

	
	
	-1
	-1.06
	-0.63
	-0.19


Table 3: Delta RSRP for 30kHz and 5 measurement sample in AWGN
	BW (PRB)
	Timing error (us)

error
	SNR (dB)
	5%
	50%
	95%

	24
	0.5
	-3
	-0.44
	0.13
	0.69

	
	
	-1
	-0.38
	0.06
	0.50

	
	2.3
	-3
	-0.50
	0.06
	0.63

	
	
	-1
	-0.44
	0.06
	0.50

	
	4.6
	-3
	-1.06
	-0.44
	0.13

	
	
	-1
	-1.00
	-0.50
	-0.06

	48
	0.5
	-3
	-0.38
	0
	0.44

	
	
	-1
	-0.31
	0
	0.38

	
	2.3
	-3
	-0.38
	0
	0.44

	
	
	-1
	-0.31
	0
	0.31

	
	4.6
	-3
	-1
	-0.56
	-0.13

	
	
	-1
	-0.94
	-0.56
	-0.25


Table 4: Delta RSRP for 30kHz and 3 measurement sample in TDL-A10
	BW (PRB)
	Timing error (us)

error
	SNR (dB)
	5%
	50%
	95%

	24
	0.5
	-3
	-0.78
	0.15
	2.41

	
	
	-1
	-0.67
	0.06
	1.66

	
	2.3
	-3
	-0.82
	0.13
	2.45

	
	
	-1
	-0.72
	0.06
	1.74

	
	4.6
	-3
	-1.42
	-0.34
	1.97

	
	
	-1
	-1.27
	-0.49
	1.29

	48
	0.5
	-3
	-0.71
	0.04
	1.11

	
	
	-1
	-0.59
	0
	0.81

	
	2.3
	-3
	-0.72
	0.04
	1.10

	
	
	-1
	-0.61
	0
	0.77

	
	4.6
	-3
	-1.33
	-0.55
	0.64

	
	
	-1
	-1.21
	-0.59
	0.22


Table 5: Delta RSRP for 30kHz and 5 measurement sample in TDL-A10
	BW (PRB)
	Timing error (us)

error
	SNR (dB)
	5%
	50%
	95%

	24
	0.5
	-3
	-0.48
	0.20
	2.54

	
	
	-1
	-0.43
	0.11
	1.77

	
	2.3
	-3
	-0.52
	0.19
	2.57

	
	
	-1
	-0.47
	0.10
	1.73

	
	4.6
	-3
	-1.10
	-0.35
	2.31

	
	
	-1
	-1.07
	-0.46
	1.36

	48
	0.5
	-3
	-0.49
	0.07
	1.17

	
	
	-1
	-0.44
	0.03
	0.81

	
	2.3
	-3
	-0.50
	0.06
	1.17

	
	
	-1
	-0.44
	0.02
	0.80

	
	4.6
	-3
	-1.12
	-0.50
	0.58

	
	
	-1
	-1.06
	-0.53
	0.16


Table 6: Delta RSRP for 30kHz and 3 measurement sample in TDL-C100
	BW (PRB)
	Timing error (us)

error
	SNR (dB)
	5%
	50%
	95%

	24
	0.5
	-3
	-1.09
	-0.01
	0.01

	
	
	-1
	-0.84
	-0.04
	0.72

	
	2.3
	-3
	-1.04
	-0.03
	0.93

	
	
	-1
	-0.88
	-0.06
	0.69

	
	4.6
	-3
	-1.73
	-0.57
	0.51

	
	
	-1
	-1.56
	-0.61
	0.18

	48
	0.5
	-3
	-0.85
	-0.10
	0.48

	
	
	-1
	-0.70
	-0.09
	0.35

	
	2.3
	-3
	-0.87
	-0.12
	0.47

	
	
	-1
	-0.68
	-0.12
	0.33

	
	4.6
	-3
	-1.51
	-0.72
	-0.09

	
	
	-1
	-1.32
	-0.71
	-0.21


Table 7: Delta RSRP for 30kHz and 5 measurement sample in TDL-C100
	BW (PRB)
	Timing error (us)

error
	SNR (dB)
	5%
	50%
	95%

	24
	0.5
	-3
	-0.78
	0.04
	0.92

	
	
	-1
	-0.67
	0
	0.67

	
	2.3
	-3
	-0.88
	0.02
	0.87

	
	
	-1
	-0.72
	-0.03
	0.60

	
	4.6
	-3
	-1.46
	-0.55
	0.36

	
	
	-1
	-1.32
	-0.59
	0.11

	48
	0.5
	-3
	-0.67
	-0.06
	0.40

	
	
	-1
	-0.54
	-0.06
	0.31

	
	2.3
	-3
	-0.74
	-0.10
	0.37

	
	
	-1
	-0.59
	-0.08
	0.28

	
	4.6
	-3
	-1.36
	-0.67
	-0.16

	
	
	-1
	-1.21
	-0.67
	-0.27


From Table 2-7 we have the following observations.

On number of PRBs: the performance gap between 24 RBs and 48 RBs are ~0.5dB in AWGN and TDL-C100, but can be larger than 1.5dB in TDL-A10. The reason is that in TDL-A10 the delay spread is small, the channel frequency selectivity is weak, so measurement with small BW could be impacted by deep fading. As the scenario for CLI measurement includes two nearby UEs with possibly LOS propagation, fading channel with small delay spread should be considered. Therefore, our suggestion is to define the requirements based on 48 PRBs.
On number of samples: the performance gap between 3 samples and 5 samples are in general small, within 0.25dB. On the other hand, considering the CLI measurement is not time critical, our suggestion is to define the requirements based on 5 samples.
On side conditions: the performance gap between -1dB and -3 dB side condition are within 1dB considering all cases, and within 0.4dB for 48 PRB and 5 samples. Since the gap is small, our suggestion is to define the requirements based on -3dB SNR condition.
On timing error: the performance gap between timing error of 0.5us and 2.3us (CP length) is minor, while there is a 0.6dB degradation with timing error of 4.6us (2xCP length), and there is a bias. On the other hand, the overall absolute baseband accuracy can still be within 1.5dB. Considering that the timing error is difficult to mitigate in CLI measurement, our suggestion is define the requirements based on residual timing error within 2xCP length.
Observation 1: On number of PRBs: the performance gap between 24 RBs and 48 RBs are ~0.5dB in AWGN and TDL-C100, but can be larger than 1.5dB in TDL-A10.

Observation 2: On number of samples: the performance gap between 3 samples and 5 samples are in general small, within 0.25dB.

Observation 3: On side conditions: the performance gap between -1dB and -3 dB side condition are within 1dB considering all cases, and within 0.4dB for 48 PRB and 5 samples.

Observation 4: On timing error: the performance gap between timing error of 0.5us and 2.3us (CP length) is minor, while there is a 0.6dB degradation with timing error of 4.6us (2xCP length), and there is a bias.

Proposal: Define the CLI measurement requirements based on 48 PRBs, 5 samples and -3dB SNR conditions.
Simulation results for 120kHz
The simulation for 120kHz SCS is conducted for selected cases based on the proposal in section 2.2, i.e. 48 PRB, 5 samples and -3dB SNR. The results are shown in Table 8.

Table 8: Delta RSRP for 120kHz with 48 PRB, 5 measurement samples and -3dB SNR
	Channel
	Timing error (us)

error
	5%
	50%
	95%

	AWGN
	0.2
	-0.38
	0
	0.44

	
	0.58
	-0.38
	0
	0.38

	
	1.17
	-1.06
	0.56
	-0.19

	TDL-A75
	0.2
	-1.23
	-0.29
	0.18

	
	0.58
	-1.28
	-0.36
	0.15

	
	1.17
	-2.05
	-0.98
	-0.40

	TDL-C300
	0.2
	-0.38
	0
	0.44

	
	0.58
	-0.38
	0
	0.38

	
	1.17
	-1.06
	-0.56
	-0.19


From Table 8 the similar observations can be made for 120kHz results as 30kHz. However, the absolute accuracy is a bit worse for TDL-A75.
Conclusions

In this paper we provided further simulation results for SRS-RSRP measurements.
Observation 1: On number of PRBs: the performance gap between 24 RBs and 48 RBs are ~0.5dB in AWGN and TDL-C100, but can be larger than 1.5dB in TDL-A10.

Observation 2: On number of samples: the performance gap between 3 samples and 5 samples are in general small, within 0.25dB.

Observation 3: On side conditions: the performance gap between -1dB and -3 dB side condition are within 1dB considering all cases, and within 0.4dB for 48 PRB and 5 samples.

Observation 4: On timing error: the performance gap between timing error of 0.5us and 2.3us (CP length) is minor, while there is a 0.6dB degradation with timing error of 4.6us (2xCP length), and there is a bias.

Proposal: Define the CLI measurement requirements based on 48 PRBs, 5 samples and -3dB SNR conditions.
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