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1. Introduction

There was a discussion on the measurement accuracy of inter-frequency measurement for FR1 and a WF was approved [1]. This contribution provides simulation results on the RSRP/RSRQ/SINR measurement and provides suggested accuracy requirements.
2. Discussion 
For NR, SS-RSRP, SS-RSRQ, SS-SINR are measured on the secondary synchronization signals. NR SSS is carried by 20RBs with 240 resource elements. Compared with RSRP, RSRQ, SINR for LTE, which are normally measured on the CRS of 6 PRBs, the NR measurement is expected to have better measurement performance. And this expectation can also be reflected in the simulation results shown in the following sections. However, the current inter-frequency measurement accuracy requirements for NR are specified to have the same accuracy requirements but with higher side condition without taking simulation results into consideration, which results in relaxed requirements. Taking RSRQ inter-frequency measurement accuracy as an example, the current requirements are duplicated in the following table. It can be seen that the accuracy requirements is +-2.5 dB at side condition of SNR >=-3 dB, while the accuracy requirements is +-3.5 dB at side condition of SNR >=-4. The measurement performance gap between two adjacent SNR is 1 dB, which is not rational.
Table 1: SS-RSRQ Inter frequency absolute accuracy in FR1
	Accuracy
	Conditions

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

	
	
	
	NR operating band groups Note 3
	Minimum Io
	Maximum Io

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

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	(2.5
	(4
	([-3] dB
	NR_FDD_FR1_A, NR_TDD_FR1_A
	-121
	-118
	N/A
	-50

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-50

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-50

	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-50

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-50

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-50

	(3.5
	(4
	([-4] dB
	Note 2
	Note 2
	Note 2
	Note 2
	Note 2

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

NOTE 2:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 3:
NR operating band groups in FR1 are as defined in Section 3.5.2.


Observation 1: According to the design of measurement reference signal, NR is expected to have better measurement performance than LTE. However, the current NR inter-frequency measurement accuracy is specified with un-reasonable requirements.
According to the agreed WF, following options are provided. From our point of view, both of the options can help to specify more rational requirements. However, according to the discussion in the last meeting, some companies prefer to align the side condition between measurement delay and measurement accuracy. Taking above discussion into consideration, option 2 can be adopted.
· Option 1: If the side condition is -6dB, the LTE inter-frequency measurement accuracy is reused for NR FR1 inter-frequency measurement.

· Option 2: If the side condition is -4dB, the NR FR1 inter-frequency measurement accuracy need to be updated according to the simulation results.
Table 1 is the SS-RSRP simulation results based on the agreed simulation assumption [2]. It can be seen that the baseband measurement performance is about +-1.5 dB at side condition of -4 dB. Taking RF calibration margin of 2.5 dB into consideration, the inter-frequency absolute accuracy and relative accuracy could be +-4 dB at SNR >= -4 dB. 
Proposal 1: it is proposed to specify the SS-RSRP inter-frequency absolute accuracy and relative accuracy as +-4 dB at SNR >= -4 dB.
Table 1 SS-RSRP simulation results
	case
	SS-RSRP  15KHz SCS
	SS-RSRP  30KHz SCS

	Propagation condition
	SINR
	5%
	50%
	95%
	absolute
	relative
	5%
	50%
	95%
	absolute
	relative

	AWGN
	-6
	-0.60
	-0.12
	0.29
	0.60
	0.48
	-0.43
	-0.12
	0.18
	0.43
	0.31

	
	-4
	-0.48
	-0.10
	0.27
	0.48
	0.38
	-0.37
	-0.1
	0.14
	0.37
	0.27

	
	-3
	-0.44
	-0.08
	0.26
	0.44
	0.36
	-0.34
	-0.07
	0.17
	0.34
	0.27

	EPA5
	-6
	-1.50
	-0.15
	1.03
	1.50
	1.35
	-1.36
	0.00
	1.11
	1.36
	1.36

	
	-4
	-1.05
	-0.15
	0.67
	1.05
	0.90
	-0.83
	-0.01
	0.72
	0.83
	0.82

	
	-3
	-0.93
	-0.13
	0.55
	0.93
	0.80
	-0.68
	0.00
	0.59
	0.68
	0.68

	ETU30
	-6
	-1.60
	-0.08
	1.17
	1.60
	1.52
	-1.37
	-0.19
	0.90
	1.37
	1.18

	
	-4
	-1.04
	-0.14
	0.69
	1.04
	0.90
	-0.88
	-0.15
	0.59
	0.88
	0.74

	
	-3
	-0.86
	-0.17
	0.49
	0.86
	0.69
	-0.74
	-0.13
	0.44
	0.74
	0.61


Table 2 is the SS-RSRQ simulation results based on the agreed simulation assumption [3]. It can be seen that the baseband measurement performance is about +-1.5 dB at the side condition of -4 dB. Taking some implementation margin into consideration, the SS-RSRQ inter-frequency absolute accuracy is suggested to be +-3 dB at side condition of -4 dB. And the SS-RSRQ inter-frequency relative accuracy is suggested to be +-3.5 dB side condition of -4 dB.
Proposal 2: it is proposed to specify the SS-RSRQ inter-frequency absolute accuracy as +-3 dB at SNR = -4 dB. And the SS-RSRQ inter-frequency relative accuracy as +-3.5 dB at SNR >= -4 dB.
Table 2 SS-RSRQ simulation results

	case
	SS-RSRQ  15KHz SCS
	SS-RSRQ  30KHz SCS

	Propagation condition
	SINR
	5%
	50%
	95%
	absolute
	relative
	5%
	50%
	95%
	absolute
	relative

	AWGN
	-6
	-0.58
	-0.12
	0.29
	0.58
	0.46
	-0.43
	-0.12
	0.16
	0.43
	0.31

	
	-4
	-0.47
	-0.1
	0.26
	0.47
	0.37
	-0.36
	-0.10
	0.14
	0.36
	0.26

	
	-3
	-0.42
	-0.08
	0.24
	0.42
	0.34
	-0.33
	-0.07
	0.16
	0.33
	0.26

	EPA5
	-6
	-1.57
	-0.17
	1.05
	1.57
	1.40
	-1.38
	-0.01
	1.14
	1.38
	1.37

	
	-4
	-1.12
	-0.17
	0.68
	1.12
	0.95
	-0.88
	-0.02
	0.75
	0.88
	0.86

	
	-3
	-0.95
	-0.15
	0.56
	0.95
	0.80
	-0.70
	-0.01
	0.61
	0.70
	0.69

	ETU30
	-6
	-1.54
	-0.1
	1.06
	1.54
	1.44
	-1.34
	-0.20
	0.84
	1.34
	1.14

	
	-4
	-1.01
	-0.15
	0.65
	1.01
	0.86
	-0.86
	-0.17
	0.54
	0.86
	0.71

	
	-3
	-0.87
	-0.17
	0.46
	0.87
	0.70
	-0.75
	-0.14
	0.40
	0.75
	0.61


Table 3 is the SS-SINR simulation results based on the agreed simulation assumption [3]. It can be seen that the baseband measurement performance is about +-1.5 dB at the side condition of -4 dB. Taking some implementation margin into consideration, the SS-SINR inter-frequency absolute accuracy is suggested to be +-3 dB at side condition of -4 dB. And the SS-SINR inter-frequency relative accuracy is suggested to be +-3.5 dB side condition of -4 dB.

Proposal 3: it is proposed to specify the SS-SINR inter-frequency absolute accuracy as +-3 dB at SNR = -4 dB. And the SS-SINR inter-frequency relative accuracy as +-3.5 dB at SNR >= -4 dB.
Table 3 SS-SINR simulation results

	case
	SS-SINR  15KHz SCS
	SS-SINR  30KHz SCS

	Propagation condition
	SINR
	5%
	50%
	95%
	absolute
	relative
	5%
	50%
	95%
	absolute
	relative

	AWGN
	-6
	-0.60
	-0.11
	0.33
	0.60
	0.49
	-0.45
	-0.12
	0.19
	0.45
	0.33

	
	-4
	-0.51
	-0.08
	0.29
	0.51
	0.43
	-0.38
	-0.10
	0.16
	0.38
	0.28

	
	-3
	-0.45
	-0.08
	0.30
	0.45
	0.38
	-0.34
	-0.07
	0.19
	0.34
	0.27

	EPA5
	-6
	-1.26
	-0.14
	0.89
	1.26
	1.12
	-1.39
	0.01
	1.11
	1.39
	1.40

	
	-4
	-0.85
	-0.13
	0.62
	0.85
	0.75
	-0.84
	0.00
	0.74
	0.84
	0.84

	
	-3
	-0.77
	-0.10
	0.54
	0.77
	0.67
	-0.71
	0.00
	0.62
	0.71
	0.71

	ETU30
	-6
	-1.61
	-0.09
	1.19
	1.61
	1.52
	-1.35
	-0.18
	0.94
	1.35
	1.17

	
	-4
	-1.03
	-0.14
	0.70
	1.03
	0.89
	-0.89
	-0.14
	0.6
	0.89
	0.75

	
	-3
	-0.89
	-0.17
	0.52
	0.89
	0.72
	-0.74
	-0.13
	0.46
	0.74
	0.61


3. Conclusion
This contribution provides simulation results of SS-RSRP, SS-RSRQ, SS-SINR measurement. The observation and proposals are:
Observation 1: According to the design of measurement reference signal, NR is expected to have better measurement performance than LTE. However, the current NR inter-frequency measurement accuracy is specified with un-reasonable requirements.

Proposal 1: it is proposed to specify the SS-RSRP inter-frequency absolute accuracy and relative accuracy as +-4 dB at SNR >= -4 dB.
Proposal 2: it is proposed to specify the SS-RSRQ inter-frequency absolute accuracy as +-3 dB at SNR = -4 dB. And the SS-RSRQ inter-frequency relative accuracy as +-3.5 dB at SNR >= -4 dB.
Proposal 3: it is proposed to specify the SS-SINR inter-frequency absolute accuracy as +-3 dB at SNR = -4 dB. And the SS-SINR inter-frequency relative accuracy as +-3.5 dB at SNR >= -4 dB.
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