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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In [1], the link-level simulation assumptions for SSB-based measurement accuracy was agreed. The measurement accuracy to be studied are listed as follows:
· SS-RSRP based on NR SSS,
· SS-RSRQ based on NR SSS, and
· SS-SINR based on NR SSS.
Besides, the SS-RSRP absolute and relative accuracies of intra-frequency measurement were also agreed in last meeting [2]. In FR1, similar with LTE spec, ±[4.5] dB RSRP intra-frequency absolute accuracy when side condition Es/IoT = -6 dB and ±[2] dB RSRP intra-frequency relative accuracy when side condition Es/IoT = -3 dB are re-used; however, the corresponding operating band groups are not decided yet. 
In this contribution, the RSRP and SINR accuracies for both sub-6 and mmWave bands are investigated. The operating band groups of agreed RSRP intra-frequency absolute and relative accuracies are discussed. Considering the RF impairment in wider bandwidth (BW), the accuracies should be further studied when NR BW ≥ 20MHz.
2	RSRP simulation results
In this section, we compare the measurement accuracy of NR-SSS based RSRP on different sub-scarrier spacing (SCS), sample number (N) and channel type, with detail setting parameters shown in Section 7. Here, Table 1 and Table 3 summarizes the absolute accuracies and values of 5%, 50%,95% points on the CDF curves of Delta RSRP in FR1 and FR2, respectively. Table 2 and Table 4 summarizes the relative accuracies and values of 5%, 50%,95% points on the CDF curves of Delta RSRP in FR1 and FR2, respectively. 
Table 1: NR-SSS based RSRP measurement absolute accuracy in FR1, side condition Es/IoT = -6 dB 
	Channel
	N
	Distribution of delta RSRP [dB]

	
	
	SCS = 15 kHz
	SCS = 30 kHz

	
	
	5%
	50%
	95%
	Absolute
accuracy
	5%
	50%
	95%
	Absolute
accuracy

	AWGN
	1
	-0.99
	0.0
	0.95
	0.96
	-1.06
	-0.07
	0.91
	0.99

	
	3
	-0.8
	-0.12
	0.57
	0.73
	-0.87
	-0.16
	0.53
	0.76

	
	5
	-0.74
	-0.15
	0.48
	0.68
	-0.81
	-0.18
	0.17
	0.74

	EPA5
	1
	-1.42
	-0.26
	0.98
	1.39
	-1.74
	-0.51
	0.77
	1.52

	
	3
	-1.16
	-0.26
	0.59
	1.01
	-1.41
	-0.51
	0.43
	1.27

	
	5
	-1.02
	-0.26
	0.45
	0.89
	-1.34
	-0.49
	0.33
	1.22

	ETU30
	1
	-1.53
	-0.27
	1.11
	1.36
	N/A
	N/A
	N/A
	N/A

	
	3
	-1.15
	-0.29
	0.84
	1.08
	N/A
	N/A
	N/A
	N/A

	
	5
	-1.09
	-0.29
	0.77
	1
	N/A
	N/A
	N/A
	N/A

	ETU70
	1
	-1.5
	-0.19
	1.06
	1.34
	N/A
	N/A
	N/A
	N/A

	
	3
	-1.22
	-0.23
	0.77
	1.04
	N/A
	N/A
	N/A
	N/A

	
	5
	-1.09
	-0.24
	0.68
	0.97
	N/A
	N/A
	N/A
	N/A



Table 2: NR-SSS based RSRP measurement relative accuracy in FR1, side condition Es/IoT = -3 dB 
	Channel
	N
	Distribution of delta RSRP [dB]

	
	
	SCS = 15 kHz
	SCS = 30 kHz

	
	
	5%
	50%
	95%
	Relative
accuracy
	5%
	50%
	95%
	Relative
accuracy

	AWGN
	1
	-1.08
	0.14
	1.41
	1.3
	-1.01
	0.26
	1.46
	1.32

	
	3
	-0.71
	0.13
	1.02
	0.92
	-0.6
	0.23
	1.08
	0.98

	
	5
	-0.58
	0.14
	0.93
	0.82
	-0.49
	0.22
	0.94
	0.86

	EPA5
	1
	-1.59
	0.10
	1.95
	1.81
	-1.33
	0.34
	1.91
	1.7

	
	3
	-1.04
	0.10
	1.31
	1.18
	-0.7
	0.34
	1.37
	1.2

	
	5
	-0.89
	0.12
	1.12
	1.03
	-0.56
	0.36
	1.17
	1.06

	ETU30
	1
	-1.53
	0.23
	2.05
	1.88
	N/A
	N/A
	N/A
	N/A 

	
	3
	-1.16
	0.26
	1.78
	1.52
	N/A
	N/A
	N/A
	N/A 

	
	5
	-1.01
	0.26
	1.62
	1.42
	N/A
	N/A
	N/A
	N/A 

	ETU70
	1
	-1.66
	0.21
	2.03
	1.89
	N/A
	N/A
	N/A
	N/A 

	
	3
	-1.25
	0.23
	1.63
	1.49
	N/A
	N/A
	N/A
	N/A 

	
	5
	-1.03
	0.275
	1.46
	1.34
	N/A
	N/A
	N/A
	N/A 


 

Table 3: NR-SSS based RSRP measurement absolute accuracy in FR2, side condition Es/IoT = -6 dB 
	Channel
	N
	Distribution of delta RSRP [dB]

	
	
	SCS = 120 kHz

	
	
	5%
	50%
	95%
	Absolute
accuracy

	TDL-A
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.52
	-0.28
	0.78
	1.04

	
	3
	-1.14
	-0.29
	0.48
	0.83

	
	5
	-1.02
	-0.28
	0.36
	0.79

	TDL-B
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.58
	-0.3
	1.06
	1.1

	
	3
	-1.19
	-0.28
	0.63
	0.84

	
	5
	-1.06
	-0.30
	0.45
	0.78

	TDL-C
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.42
	-0.28
	0.88
	1.02

	
	3
	-1.12
	-0.29
	0.5
	0.81

	
	5
	-1.04
	-0.28
	0.4
	0.74

	TDL-A
delay spread: 300 ns
UE speed: 30 km/h
	1
	-2.46
	-0.67
	0.96
	1.57

	
	3
	-2.04
	-0.37
	0.5
	1.41

	
	5
	-1.8
	-0.68
	0.365
	1.32

	TDL-B
delay spread: 300 ns
UE speed: 30 km/h
	1
	-2.67
	-0.80
	0.73
	1.77

	
	3
	-2.25
	-0.84
	0.26
	1.62

	
	5
	-2.02
	-0.88
	0.11
	1.56

	TDL-C
delay spread: 300 ns
UE speed: 30 km/h
	1
	-2.05
	-0.56
	0.65
	1.35

	
	3
	-1.52
	-0.55
	0.42
	1.15

	
	5
	-1.4
	-0.53
	0.28
	1.06




Table 4: NR-SSS based RSRP measurement relative accuracy in FR2, side condition Es/IoT = -3 dB 
	Channel
	N
	Distribution of delta RSRP [dB]

	
	
	SCS = 120 kHz

	
	
	5%
	50%
	95%
	Relative
accuracy

	TDL-A
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.4
	0.23
	1.98
	1.77

	
	3
	-1.07
	0.19
	1.62
	1.36

	
	5
	-0.92
	0.22
	1.38
	1.18

	TDL-B
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.6
	0.22
	2.05
	1.81

	
	3
	-1
	0.17
	1.61
	1.37

	
	5
	-0.88
	0.17
	1.38
	1.12

	TDL-C
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.6
	0.21
	1.91
	1.75

	
	3
	-0.91
	0.19
	1.34
	1.2

	
	5
	-0.77
	0.21
	1.25
	1.05

	TDL-A
delay spread: 300 ns
UE speed: 30 km/h
	1
	-1.51
	0.20
	1.95
	1.72

	
	3
	-1.04
	0.19
	1.38
	1.29

	
	5
	-0.93
	0.17
	1.23
	1.13

	TDL-B
delay spread: 300 ns
UE speed: 30 km/h
	1
	-1.38
	0.29
	2.24
	1.9

	
	3
	-0.85
	0.32
	1.65
	1.43

	
	5
	-1.68
	0.35
	1.44
	1.23

	TDL-C
delay spread: 300 ns
UE speed: 30 km/h
	1
	-1.61
	0.14
	2.01
	1.86

	
	3
	-1.15
	0.16
	1.49
	1.34

	
	5
	-0.93
	0.18
	1.26
	1.14






3	SINR simulation results
In this section, we compare the measurement accuracy of NR-SSS based SINR on different sub-scarrier spacing (SCS), sample number (N) and channel type, with detail setting parameters shown in Section 7. Here, Table 5 and Table 6 summarizes the absolute accuracies and values of 5%, 50%,95% points on the CDF curves of Delta SINR in FR1 and FR2, respectively. 
Table 5: NR-SSS based SINR measurement absolute accuracy in FR1, side condition Es/IoT = -6 dB 
	Channel
	N
	Distribution of delta SINR [dB]

	
	
	SCS = 15 kHz
	SCS = 30 kHz

	
	
	5%
	50%
	95%
	Absolute
accuracy
	5%
	50%
	95%
	Absolute
accuracy

	AWGN
	1
	-1.12
	-0.08
	1
	1.06
	-1.14
	-0.12
	0.96
	1.06

	
	3
	-0.94
	-0.20
	0.55
	0.85
	-0.95
	-0.23
	0.51
	0.86

	
	5
	-0.88
	-0.23
	0.45
	0.8
	-0.89
	-0.36
	0.36
	0.81

	EPA5
	1
	-1.72
	-0.25
	1.12
	1.44
	-1.65
	-0.35
	0.87
	1.45

	
	3
	-1.28
	-0.29
	0.59
	1.1
	-1.33
	-0.43
	0.44
	1.18

	
	5
	-1.13
	-0.33
	0.48
	1
	-1.25
	-0.45
	0.29
	1.09

	ETU30
	1
	-1.62
	-0.20
	1.17
	1.42
	N/A
	N/A
	N/A
	N/A

	
	3
	-1.33
	-0.29
	0.76
	1.18
	N/A
	N/A
	N/A
	N/A

	
	5
	-1.25
	-0.30
	0.67
	1.12
	N/A
	N/A
	N/A
	N/A

	ETU70
	1
	-1.59
	-0.20
	1.11
	1.4
	N/A
	N/A
	N/A
	N/A

	
	3
	-1.38
	-0.26
	0.66
	1.16
	N/A
	N/A
	N/A
	N/A

	
	5
	-1.25
	-0.28
	0.55
	1.08
	N/A
	N/A
	N/A
	N/A




Table 6: NR-SSS based SINR measurement absolute accuracy in FR2, side condition Es/IoT = -6 dB 
	Channel
	N
	Distribution of delta SINR [dB]

	
	
	SCS = 120 kHz

	
	
	5%
	50%
	95%
	Absolute
accuracy

	TDL-A
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.53
	-0.27
	0.94
	1.34

	
	3
	-1.3
	-0.34
	0.55
	1.11

	
	5
	-1.17
	-0.34
	0.44
	1.02

	TDL-B
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.6
	-0.28
	1.08
	1.4

	
	3
	-1.24
	-0.32
	0.62
	1.11

	
	5
	-1.13
	-0.34
	0.49
	1.02

	TDL-C
delay spread: 30 ns
UE speed: 3 km/h
	1
	-1.54
	-0.30
	0.93
	1.37

	
	3
	-1.19
	-0.33
	0.48
	1.06

	
	5
	-1.1
	-0.35
	0.37
	0.96

	TDL-A
delay spread: 300 ns
UE speed: 30 km/h
	1
	-2.35
	-0.72
	0.82
	2.02

	
	3
	-1.97
	-0.77
	0.38
	1.69

	
	5
	-1.73
	-0.80
	0.2
	1.59

	TDL-B
delay spread: 300 ns
UE speed: 30 km/h
	1
	-2.52
	-0.80
	0.72
	2.2

	
	3
	-2.21
	-0.89
	0.15
	1.94

	
	5
	-1.99
	-0.94
	-0.04
	1.84

	TDL-C
delay spread: 300 ns
UE speed: 30 km/h
	1
	-2.05
	-0.55
	0.72
	1.7

	
	3
	-1.67
	-1.62
	0.46
	1.48

	
	5
	-1.48
	-0.61
	0.31
	1.38




4	RF impairment in NR wide bandwidth 
In this section, the SS-RSRP absolute and relative accuracies of intra-frequency measurement agreed in last meeting [2] are discussed. In LTE, the bandwidth of PSS, SSS and the measurement bandwidth for CRS are aligned with the carrier center. This makes the RF calibration easier. However, in NR the SSB can be located at any possible frequency location within a carrier bandwidth. The more effort for RF calibration is needed, and it is more difficult to achieve the same accuracy as LTE. 

It was mentioned in [3] that the calibration errors in FR2 are higher than that in FR1. Therefore, a higher margin is recommended for SS-based RSRP measurements absolute accuracy in FR2. The calibration errors mainly come from the dramatic variation of the cascade ripple response from UE antenna connector to baseband. A mis-match occurs when UE calibrates its RF impairment by utilizing an average gain of a wide BW to approximate the gain in specific sub-band. The wider the bandwidth is used, larger the error is expected. Considering that NR FR1 also has wide bandwidth now, we suggest that the agreed ±[4.5] dB RSRP intra-frequency absolute accuracy when side condition Es/IoT = -6 dB and ±[2] dB RSRP intra-frequency relative accuracy when side condition Es/IoT = -3 dB in [2] should be confined within the operating band groups with NR BW ≤ 20MHz.  
[bookmark: _Ref516845345]Proposal 1: In FR1, the agreed ±[4.5] dB RSRP intra-frequency absolute accuracy when side condition Es/IoT = -6 dB and ±[2] dB RSRP intra-frequency relative accuracy when side condition Es/IoT = -3 dB in [2] should be confined within the operating band groups with NR BW ≤ 20MHz.

[image: ]
Figure 9. Cascade ripple response from UE antenna connector to baseband at n41.

In Figure 9, an example of cascade ripple response from UE antenna connector to baseband at n41 is shown. Based on the numerical result, we evaluate the maximal gain variations of BW 20MHz, BW 40MHz, BW 60MHz, BW 80MHz, and BW 100MHz, accordingly. The results are listed in below table:  
Table 5: Maximal gain variations of cascade ripple response at n41.
	
	BW 20MHz
	BW 40MHz
	BW 60MHz
	BW 80MHz
	BW 100MHz

	maximal gain variations
[dB]
	 1.61
	2.84
	3.44
	4.10
	4.87



The gain variation difference between larger BW (40, 68, 80, and 100MHz) and BW 20MHz can also be calculated and it represents the margin should be added when RAN4 evaluates the accuracy of larger BW. The gain variation differences are shown in Table 6.  



Table 6: Gain variation differences comparing with BW 20MHz at n41.
	
	BW 40MHz
	BW 60MHz
	BW 80MHz
	BW 100MHz

	gain variation differences comparing with BW 20MHz
[dB]
	1.23
	1.83
	2.49
	3.26



Therefore, we suggest to extend the accuracy margin based on these gain variation differences. For example, the RSRP intra-frequency absolute accuracy at BW 100MHz should be extended to ±[7.76] = ±[4.5 + 3.26], when side condition Es/IoT = -6 dB.
[bookmark: _Ref516845357]Proposal 2: In FR1, the RF impairment should be considered when specify the corresponding measurement accuracies. When NR BW > 20MHz, the accuracy margins should be extended based on gain variations differences provided in Table 4.
5	Summary 
In this contribution, the simulation results for NR measurement accuracy are presented. It is observed that
And we propose
Proposal 1: In FR1, the agreed ±[4.5] dB RSRP intra-frequency absolute accuracy when side condition Es/IoT = -6 dB and ±[2] dB RSRP intra-frequency relative accuracy when side condition Es/IoT = -3 dB in [2] should be confined within the operating band groups with NR BW ≤ 20MHz.
Proposal 2: In FR1, the RF impairment should be considered when specify the corresponding measurement accuracies. When NR BW > 20MHz, the accuracy margins should be extended based on gain variations differences provided in Table 4.
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7	Simulation Assumption
Table 1: General parameters
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz
	30 GHz

	System bandwidth
	5 MHz; 10 MHz
	50 MHz; 100 MHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes
	No / Yes

	DRX
	No
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions
	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 Note1)
	Case A: 2 rx (uncorrelated with equal gain, no rx beamforming);
Case B: 2 rx (with rx beamforming Note1)

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	5
	5

	SS burst set configuration in Cell 1 and Cell 2:

	· Subcarrier spacing
	15 kHz; 30 kHz
	120 kHz; 240 kHz

	· Number of SS blocks per SS burst set
	1
	1

	· SS burst periodicity
	5 ms
	5 ms

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· Actual SS block transmissions
	always transmitted
	always transmitted

	NOTE1: For Case B, companies are encouraged to state their assumptions on beamforming and rx antenna configuration together with the provided simulation results



Table 2: Cell-specific parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	To be indicated by companies
	To be indicated by companies

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	1)Relative Delay of 1st Path (synchronous)
	µs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	Ms
	0
	3 ms

	SNR (beamforming gain is included for Case B)
	dB
	6 dB
3.3 dB
	1 dB

	Es/IoT (calculated from SNR)
	dB
	N/A
	-5.97 dB
-3.97 dB

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

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned
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