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1 Introduction
In last RAN4 meeting, measurement timing error, side condition, etc. were discussed and some agreements were made [1], and simulation assumption [2] for SRS-RSRP measurement was agreed. In this contribution, we provide simulation results and measurement accuracy for SRS-RSRP.
2 SRS-RSRP measurement 
2.1 Simulation results
SRS-RSRP measurement are summarized in Table 2-1~2-10 based on agreed simulation assumption in Appendix. 

- The number of RB for SRS = 24

Table 2‑1 SRS-RSRP for FR1 [SCS=15kHz, number of SRS RB = 24]

	Propagation model
	SINR
	# of samples
	SCS = 15kHz for FR1

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-0.99
	-0.15
	0.61

	
	
	3
	-0.64
	-0.16
	0.27

	
	
	5
	-0.52
	-0.16
	0.19

	
	-3
	1
	-0.99
	-0.15
	0.61

	
	
	3
	-0.64
	-0.16
	0.27

	
	
	5
	-0.52
	-0.16
	0.19

	TDL-A10
	-1
	1
	-0.87
	0.00
	1.31

	
	
	3
	-0.51
	-0.02
	1.02

	
	
	5
	-0.40
	-0.01
	0.92

	
	-3
	1
	-0.88
	0.22
	3.50

	
	
	3
	-0.42
	0.37
	2.35

	
	
	5
	-0.28
	0.44
	1.94

	TDL-C100
	-1
	1
	-1.01
	-0.11
	0.85

	
	
	3
	-0.63
	-0.10
	0.45

	
	
	5
	-0.51
	-0.10
	0.32

	
	-3
	1
	-1.03
	0.01
	1.52

	
	
	3
	-0.58
	0.05
	0.91

	
	
	5
	-0.44
	0.05
	0.73


Table 2‑2 SRS-RSRP for FR1 [SCS=30kHz, number of SRS RB = 24]

	Propagation model
	SINR
	# of samples
	SCS = 30kHz for FR1

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-1.23
	-0.32
	0.51

	
	
	3
	-0.85
	-0.33
	0.16

	
	
	5
	-0.74
	-0.33
	0.04

	
	-3
	1
	-1.23
	-0.32
	0.51

	
	
	3
	-0.85
	-0.33
	0.16

	
	
	5
	-0.74
	-0.33
	0.04

	TDL-A10
	-1
	1
	-0.92
	-0.03
	1.09

	
	
	3
	-0.55
	-0.03
	0.73

	
	
	5
	-0.43
	-0.04
	0.64

	
	-3
	1
	-0.88
	0.09
	2.25

	
	
	3
	-0.49
	0.11
	1.73

	
	
	5
	-0.36
	0.14
	1.50

	TDL-C100
	-1
	1
	-1.11
	-0.19
	0.68

	
	
	3
	-0.72
	-0.20
	0.33

	
	
	5
	-0.61
	-0.20
	0.21

	
	-3
	1
	-1.20
	-0.06
	1.32

	
	
	3
	-0.72
	-0.04
	0.77

	
	
	5
	-0.57
	-0.03
	0.61


Table 2‑3 SRS-RSRP for FR1 [SCS=60kHz, number of SRS RB = 24]

	Propagation model
	SINR
	# of samples
	SCS = 60kHz for FR1

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-1.21
	-0.33
	0.48

	
	
	3
	-0.83
	-0.34
	0.13

	
	
	5
	-0.72
	-0.34
	0.02

	
	-3
	1
	-1.21
	-0.33
	0.48

	
	
	3
	-0.83
	-0.34
	0.13

	
	
	5
	-0.72
	-0.34
	0.02

	TDL-A10
	-1
	1
	-1.05
	-0.14
	0.86

	
	
	3
	-0.67
	-0.15
	0.50

	
	
	5
	-0.57
	-0.15
	0.39

	
	-3
	1
	-1.11
	0.04
	2.33

	
	
	3
	-0.67
	0.02
	1.90

	
	
	5
	-0.53
	0.03
	1.81

	TDL-C100
	-1
	1
	-1.52
	-0.48
	0.42

	
	
	3
	-1.10
	-0.50
	0.05

	
	
	5
	-0.97
	-0.50
	-0.07

	
	-3
	1
	-1.77
	-0.40
	0.97

	
	
	3
	-1.19
	-0.41
	0.48

	
	
	5
	-1.02
	-0.41
	0.26


Table 2‑4 SRS-RSRP for FR2 [SCS=60kHz, number of SRS RB = 24]

	Propagation model
	SINR
	# of samples
	SCS = 60kHz for FR2

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-1.00
	-0.17
	0.60

	
	
	3
	-0.66
	-0.18
	0.27

	
	
	5
	-0.54
	-0.18
	0.17

	
	-3
	1
	-1.01
	-0.17
	0.59

	
	
	3
	-0.66
	-0.18
	0.27

	
	
	5
	-0.54
	-0.18
	0.16

	TDL-A75
	-1
	1
	-0.95
	-0.04
	1.00

	
	
	3
	-0.58
	-0.04
	0.62

	
	
	5
	-0.45
	-0.03
	0.49

	
	-3
	1
	-1.02
	0.06
	1.94

	
	
	3
	-0.58
	0.08
	1.45

	
	
	5
	-0.45
	0.09
	1.22

	TDL-C300
	-1
	1
	-1.05
	-0.15
	0.78

	
	
	3
	-0.67
	-0.15
	0.41

	
	
	5
	-0.56
	-0.15
	0.29

	
	-3
	1
	-1.07
	0.03
	1.85

	
	
	3
	-0.62
	0.10
	1.12

	
	
	5
	-0.47
	0.12
	0.91


Table 2‑5 SRS-RSRP for FR2 [SCS=120kHz, number of SRS RB = 24]

	Propagation model
	SINR
	# of samples
	SCS = 120kHz for FR2

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-1.08
	-0.24
	0.53

	
	
	3
	-0.73
	-0.25
	0.20

	
	
	5
	-0.62
	-0.25
	0.11

	
	-3
	1
	-1.08
	-0.23
	0.54

	
	
	3
	-0.72
	-0.24
	0.21

	
	
	5
	-0.61
	-0.25
	0.10

	TDL-A75
	-1
	1
	-1.09
	-0.18
	0.77

	
	
	3
	-0.73
	-0.19
	0.43

	
	
	5
	-0.60
	-0.19
	0.31

	
	-3
	1
	-1.18
	-0.06
	1.70

	
	
	3
	-0.75
	-0.08
	1.28

	
	
	5
	-0.61
	-0.07
	1.11

	TDL-C300
	-1
	1
	-1.19
	-0.25
	0.62

	
	
	3
	-0.81
	-0.26
	0.24

	
	
	5
	-0.70
	-0.26
	0.13

	
	-3
	1
	-1.26
	-0.12
	1.34

	
	
	3
	-0.78
	-0.09
	0.76

	
	
	5
	-0.64
	-0.08
	0.60


- The number of RB for SRS = 48

Table 2‑6 SRS-RSRP for FR1 [SCS=15kHz, number of SRS RB = 48]

	Propagation model
	SINR
	# of samples
	SCS = 15kHz for FR1

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-0.74
	-0.15
	0.39

	
	
	3
	-0.49
	-0.16
	0.16

	
	
	5
	-0.41
	-0.16
	0.09

	
	-3
	1
	-0.74
	-0.15
	0.39

	
	
	3
	-0.49
	-0.16
	0.16

	
	
	5
	-0.41
	-0.16
	0.09

	TDL-A10
	-1
	1
	-0.65
	-0.07
	0.77

	
	
	3
	-0.41
	-0.07
	0.58

	
	
	5
	-0.35
	-0.07
	0.52

	
	-3
	1
	-0.67
	0.06
	2.47

	
	
	3
	-0.37
	0.15
	1.70

	
	
	5
	-0.27
	0.20
	1.40

	TDL-C100
	-1
	1
	-0.77
	-0.14
	0.50

	
	
	3
	-0.50
	-0.13
	0.23

	
	
	5
	-0.42
	-0.13
	0.16

	
	-3
	1
	-0.79
	-0.04
	0.99

	
	
	3
	-0.48
	-0.02
	0.60

	
	
	5
	-0.38
	-0.01
	0.46


Table 2‑7 SRS-RSRP for FR1 [SCS=30kHz, number of SRS RB = 48]

	Propagation model
	SINR
	# of samples
	SCS = 30kHz for FR1

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-0.78
	-0.19
	0.35

	
	
	3
	-0.53
	-0.19
	0.13

	
	
	5
	-0.45
	-0.20
	0.05

	
	-3
	1
	-0.78
	-0.19
	0.35

	
	
	3
	-0.53
	-0.19
	0.13

	
	
	5
	-0.45
	-0.20
	0.05

	TDL-A10
	-1
	1
	-0.65
	-0.05
	0.74

	
	
	3
	-0.41
	-0.06
	0.53

	
	
	5
	-0.34
	-0.06
	0.46

	
	-3
	1
	-0.69
	0.03
	1.63

	
	
	3
	-0.40
	0.05
	1.28

	
	
	5
	-0.31
	0.08
	1.11

	TDL-C100
	-1
	1
	-0.83
	-0.21
	0.41

	
	
	3
	-0.58
	-0.21
	0.16

	
	
	5
	-0.49
	-0.21
	0.07

	
	-3
	1
	-0.91
	-0.10
	0.96

	
	
	3
	-0.56
	-0.07
	0.55

	
	
	5
	-0.46
	-0.07
	0.41


Table 2‑8 SRS-RSRP for FR1 [SCS=60kHz, number of SRS RB = 48]

	Propagation model
	SINR
	# of samples
	SCS = 60kHz for FR1

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-0.84
	-0.27
	0.28

	
	
	3
	-0.59
	-0.27
	0.04

	
	
	5
	-0.52
	-0.28
	-0.02

	
	-3
	1
	-0.84
	-0.27
	0.28

	
	
	3
	-0.59
	-0.27
	0.04

	
	
	5
	-0.52
	-0.28
	-0.02

	TDL-A10
	-1
	1
	-0.78
	-0.14
	0.61

	
	
	3
	-0.52
	-0.14
	0.35

	
	
	5
	-0.44
	-0.15
	0.30

	
	-3
	1
	-0.81
	-0.03
	1.45

	
	
	3
	-0.52
	-0.04
	1.23

	
	
	5
	-0.45
	-0.03
	1.05

	TDL-C100
	-1
	1
	-1.18
	-0.47
	0.16

	
	
	3
	-0.90
	-0.48
	-0.10

	
	
	5
	-0.80
	-0.48
	-0.19

	
	-3
	1
	-1.25
	-0.36
	0.66

	
	
	3
	-0.89
	-0.36
	0.29

	
	
	5
	-0.79
	-0.35
	0.16


Table 2‑9 SRS-RSRP for FR2 [SCS=60kHz, number of SRS RB = 48]

	Propagation model
	SINR
	# of samples
	SCS = 60kHz for FR2

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-0.76
	-0.17
	0.36

	
	
	3
	-0.51
	-0.18
	0.14

	
	
	5
	-0.44
	-0.19
	0.07

	
	-3
	1
	-0.76
	-0.17
	0.36

	
	
	3
	-0.51
	-0.18
	0.14

	
	
	5
	-0.44
	-0.19
	0.07

	TDL-A75
	-1
	1
	-0.68
	-0.08
	0.61

	
	
	3
	-0.43
	-0.08
	0.34

	
	
	5
	-0.35
	-0.08
	0.26

	
	-3
	1
	-0.72
	0.05
	1.60

	
	
	3
	-0.43
	0.05
	1.27

	
	
	5
	-0.32
	0.07
	1.06

	TDL-C300
	-1
	1
	-0.76
	-0.15
	0.47

	
	
	3
	-0.50
	-0.15
	0.22

	
	
	5
	-0.43
	-0.15
	0.13

	
	-3
	1
	-0.82
	-0.03
	1.12

	
	
	3
	-0.48
	0.00
	0.67

	
	
	5
	-0.38
	0.02
	0.52


Table 2‑10 SRS-RSRP for FR2 [SCS=120kHz, number of SRS RB = 48]

	Propagation model
	SINR
	# of samples
	`SCS = 120kHz for FR2

	
	
	
	5%
	50%
	95%

	AWGN
	-1
	1
	-0.85
	-0.21
	0.45

	
	
	3
	-0.58
	-0.21
	0.21

	
	
	5
	-0.50
	-0.22
	0.14

	
	-3
	1
	-0.88
	-0.10
	1.11

	
	
	3
	-0.58
	-0.12
	0.85

	
	
	5
	-0.49
	-0.11
	0.73

	TDL-A75
	-1
	1
	-0.89
	-0.26
	0.35

	
	
	3
	-0.62
	-0.26
	0.10

	
	
	5
	-0.54
	-0.27
	0.02

	
	-3
	1
	-0.95
	-0.14
	0.90

	
	
	3
	-0.59
	-0.12
	0.52

	
	
	5
	-0.50
	-0.12
	0.39

	TDL-C300
	-1
	1
	-0.85
	-0.21
	0.45

	
	
	3
	-0.58
	-0.21
	0.21

	
	
	5
	-0.50
	-0.22
	0.14

	
	-3
	1
	-0.88
	-0.10
	1.11

	
	
	3
	-0.58
	-0.12
	0.85

	
	
	5
	-0.49
	-0.11
	0.73


2.2 Measurement accuracy

To measure interference from neighbor cell’s UE for CLI, too low side condition like SS-RSRP is not necessary. So -3dB side condition is suitable for SRS-RSRP measurement accuracy. Based on simulation results for SRS-RSRP measurement in clause 2.1, we can observe 2~2.5dB measurement accuracy at -3dB SINR side condition with 24RB SRS and 5 samples. Considering RF margin, 4~4.5dB measurement accuracy for SRS-RSRP measurement could be used.  
· Proposal 1: For SRS-RSRP measurement accuracy, use following conditions

· Side condition : -3dB 

· The number of SRS RB : 24 

· The number of samples for accuracy : 5

Based on the proposal, the measurement period for SRS-RSRP can be [SRS_periodicity X 5]ms for no DRX.
SRS-RSRP measurement accuracy takes into account constant offset value to compensate for DL timing error (Te_CLI). For the DL timing error, Te_CLI needs to be defined in the specification as follows: 
· Te_CLI = (NTA_offset + NTA)A X Tc+ Dpropagation_V – Dpropagtion_V2A
· (NTA_offset + NTA)A : timing advance for aggressor(A) UE
· Dpropagation_V : downlink propagation delay for victim(V) UE from the gNB of the victim UE 
· Dpropagtion_V2A : propagation delay from aggressor(A) UE to victim(V) UE
And for example, the accuracy requirement in FR1 can be 
	AccuracyNote3
	Conditions

	Normal condition
	Extreme condition
	SRS Ês/Iot 
	Io Note 1 range

	
	
	
	NR operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	SCSSSB = 60 kHz
	
	

	[(4.5]
	TBD
	([-3] dB
	NR_TDD_FR1_A,
	-121
	-118
	-115
	N/A
	-70

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	-114
	N/A
	-70

	
	
	
	NR_TDD_FR1_D
	-119.5
	-116.5
	-113.5
	N/A
	-70

	
	
	
	NR_TDD_FR1_E
	-119
	-116
	-113
	N/A
	-70

	TBD
	TBD
	([-3] dB
	NR_TDD_FR1_A, 

NR_TDD_FR1_C, NR_TDD_FR1_D, NR_TDD_FR1_E
	N/A
	N/A
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
NR operating band groups in FR1 are as defined in clause 3.5.2.
NOTE 3: 
The accuracy takes into account constant offset value to compensate for DL timing error (Te_CLI). The constant offset value for the timing error compensation is up to UE implementation.


· Proposal 2: Define DL timing error for SRS-RSRP measurement in the specification as follows:
· Te_CLI = (NTA_offset + NTA)A X Tc+ Dpropagation_V – Dpropagtion_V2A
· (NTA_offset + NTA)A : timing advance for aggressor(A) UE

· Dpropagation_V : downlink propagation delay for victim(V) UE from the gNB of the victim UE 

· Dpropagtion_V2A : propagation delay from aggressor(A) UE to victim(V) UE

3 Conclusion 
In this contribution, we provide simulation results for delta SRS-RSRP measurement, and based on the simulation results, we propose for measurement accuracy,
· Proposal 1: For SRS-RSRP measurement accuracy, use following conditions

· Side condition : -3dB 

· The number of SRS RB : 24 

· The number of samples for accuracy : 5

· Proposal 2: Define DL timing error for SRS-RSRP measurement in the specification as follows:

· Te_CLI = (NTA_offset + NTA)A X Tc+ Dpropagation_V – Dpropagtion_V2A
· (NTA_offset + NTA)A : timing advance for aggressor(A) UE

· Dpropagation_V : downlink propagation delay for victim(V) UE from the gNB of the victim UE 

· Dpropagtion_V2A : propagation delay from aggressor(A) UE to victim(V) UE
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Appendix
Table 0‑1 Simulation assumption for SRS-RSRP measurement

	Parameters
	Value 

	
	UE0 (cell 0)

[victim UE]
	UE1 (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

	SRS configuration
	Number of port
	N/A
	1

	
	TransmissionComb
	
	2

	
	combOffset
	
	0

	
	Cyclic shift
	
	0

	
	StartPosition (SRS symbol start position)
	
	0

	
	Number of symbol
	
	1

	
	Number of RB Note1
	
	24 or 48

	
	Frequency domain position and shift
	
	0

	
	Periodicity [slot]
	
	5

	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

	Measurement bandwidth [RB]
	Same as SRS transmission RB
	

	Measurement period [slot]
	5
	N/A

	Number of UE receive antennas
	2 Rx
	N/A

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

	
	

	SINR
	-3dB or -1dB
	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 delta SRS-RSRP
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Figure 1 Delta SRS-RSRP [SINR=-1dB, AWGN, FR1, 24 RB(SRS)]
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Figure 2 Delta SRS-RSRP [SINR=-1dB, AWGN, FR2, 24 RB(SRS)]
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Figure 3 Delta SRS-RSRP [SINR=-1dB, TDL-A75, FR1, 24 RB(SRS)]
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Figure 4 Delta SRS-RSRP [SINR=-1dB, TDL-A75, FR2, 24 RB(SRS)]
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Figure 5 Delta SRS-RSRP [SINR=-1dB, TDL-C100, FR1, 24 RB(SRS)]
[image: image14.emf]-3 -2 -1 0 1 2 3

Delta RSRP

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

C

D

F

TDL-C300 FR2 60kHz SINR=-1dB Periodicity=5 slot

1 sample

3 samples

5 samples

 [image: image15.emf]-3 -2 -1 0 1 2 3

Delta RSRP

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

C

D

F

TDL-C300 FR2 120kHz SINR=-1dB Periodicity=5 slot

1 sample

3 samples

5 samples


Figure 6 Delta SRS-RSRP [SINR=-1dB, TDL-C300, FR2, 24 RB(SRS)]
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Figure 7 Delta SRS-RSRP [SINR=-3dB, AWGN, FR1, 24 RB(SRS)]
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Figure 8 Delta SRS-RSRP [SINR=-3dB, AWGN, FR2, 24 RB(SRS)]
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Figure 9 Delta SRS-RSRP [SINR=-3dB, TDL-C100, FR1, 24 RB(SRS)]
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Figure 10 Delta SRS-RSRP [SINR=-3dB, TDL-C300, FR2, 24 RB(SRS)]

