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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#98-bis-e, it was agreed to update the link level simulation assumptions to cover more SRS configurations with respect to number of symbols and comb. size and to account for a SCS setting of 60kHz. [1][2] 
Furthermore, it was also agreed to define SRS-RSRP and gNB Rx-Tx measurement accuracy requirements only for AWGN channel profile.
This contribution summarizes and analyses the link level simulation results where simulations where performed according to the updated link level simulation assumptions [2].
The results are displayed as the 90-percentile of the error-CDF in units of Tc or dB, respectively.
Link level simulation results gNB TOA for FR1
In table Table 1, gNB TOA accuracies from the link level simulation results for FR1 are depicted. 
[bookmark: _Ref71185473][bookmark: _Ref71185467]Table 1 Simulated gNB TOA accuracy for FR1
	BW (MHz)
	SCS (kHz)
	SRS BW (RB)
	FFT size
	Sampling rate (Tc)
	UL-SRS-NumSymbols
	UL-SRS-CombSizeN
	Accuracy @ 90% (Tc), SINR >= -13dB
	Accuracy @ 90% (Tc), SINR >=  +3dB

	5
	15
	24
	512
	256
	1
	2
	170
	110

	
	
	
	
	
	2
	2
	131
	110

	
	
	
	
	
	4
	4
	118
	110

	
	
	
	
	
	8
	8
	114
	110

	
	
	
	
	
	12
	4
	110
	110

	
	
	
	
	
	12
	8
	110
	110

	10
	15
	52
	1024
	128
	1
	2
	65
	58

	
	
	
	
	
	2
	2
	60
	58

	
	
	
	
	
	4
	4
	58
	58

	
	
	
	
	
	8
	8
	58
	58

	
	
	
	
	
	12
	4
	58
	58

	
	
	
	
	
	12
	8
	58
	58

	20
	15
	104
	2048
	64
	1
	2
	32
	30

	
	
	
	
	
	2
	2
	31
	30

	
	
	
	
	
	4
	4
	30
	30

	
	
	
	
	
	8
	8
	30
	30

	
	
	
	
	
	12
	4
	30
	30

	
	
	
	
	
	12
	8
	30
	30

	50
	15
	264
	4096
	32
	1
	2
	15
	15

	
	
	
	
	
	2
	2
	15
	15

	
	
	
	
	
	4
	4
	15
	15

	
	
	
	
	
	8
	8
	15
	15

	
	
	
	
	
	12
	4
	15
	15

	
	
	
	
	
	12
	8
	15
	15

	20
	30
	48
	1024
	64
	1
	2
	31
	30

	
	
	
	
	
	2
	2
	31
	30

	
	
	
	
	
	4
	4
	30
	30

	
	
	
	
	
	8
	8
	30
	30

	
	
	
	
	
	12
	4
	30
	30

	
	
	
	
	
	12
	8
	30
	30

	50
	30
	132
	2048
	32
	1
	2
	15
	15

	
	
	
	
	
	2
	2
	15
	15

	
	
	
	
	
	4
	4
	15
	15

	
	
	
	
	
	8
	8
	15
	15

	
	
	
	
	
	12
	4
	15
	15

	
	
	
	
	
	12
	8
	15
	15

	100
	30
	272
	4096
	16
	1
	2
	7
	7

	
	
	
	
	
	2
	2
	7
	7

	
	
	
	
	
	4
	4
	7
	7

	
	
	
	
	
	8
	8
	7
	7

	
	
	
	
	
	12
	4
	7
	7

	
	
	
	
	
	12
	8
	7
	7

	40
	60
	48
	1024
	32
	1
	2
	18
	15

	
	
	
	
	
	2
	2
	17
	15

	
	
	
	
	
	4
	4
	15
	15

	
	
	
	
	
	8
	8
	15
	15

	
	
	
	
	
	12
	4
	15
	15

	
	
	
	
	
	12
	8
	15
	15

	100
	60
	132
	2048
	16
	1
	2
	8
	8

	
	
	
	
	
	2
	2
	8
	8

	
	
	
	
	
	4
	4
	8
	8

	
	
	
	
	
	8
	8
	8
	8

	
	
	
	
	
	12
	4
	8
	8

	
	
	
	
	
	12
	8
	8
	8



Analyzing Table 1, one can observe that gNB TOA accuracy is in most cases agnostic to UL-SRS-NumSymbols and UL-SRS-CombSizeN parameters. Slightly dependent behavior can be observed for low side condition Ês/Iot ≥ -13dB in combination with low number of RBs allocated e.g. 5MHz carrier, 15kHz subcarrier spacing and 24RB SRS bandwidth. This accuracy dependence on UL-SRS-NumSymbols and UL-SRS-CombSizeN is negligible even for the low Ês/Iot side condition in SRS configurations with bandwidths larger than 48RB or carrier bandwidths larger than 10MHz.
gNB TOA accuracy is agnostic to UL-SRS-NumSymbols and UL-SRS-CombSizeN for most SRS configurations and only shows dependent behaviour for very low channel bandwidth and SRS bandwidth configurations.
Since we only apply AWGN channel profile properties and do not perform any kind of oversampling or refinement, the maximum accuracy is dependent on the FFT size, dictating the sampling rate. Therefore, for certain configurations with an SRS bandwidth above a threshold value, the TOA accuracies are quite similar for both Ês/Iot side conditions. Note that FFT sizes were used as discussed in last meeting RAN4-bis-e.
Without any oversampling or refinement taking place, the gNB TOA accuracies lower bound is dependent on the FFT size.
Link level simulation results gNB TOA for FR2
In table Table 2, gNB TOA accuracies from the link level simulation results for FR2 are depicted. 
[bookmark: _Ref71185694]Table 2 Simulated gNB TOA accuracy for FR2
	BW (MHz)
	SCS (kHz)
	SRS BW (RB)
	FFT size
	Sampling rate (Tc)
	UL-SRS-NumSymbols
	UL-SRS-CombSizeN
	Accuracy @ 90% (Tc), SINR >= -13dB
	Accuracy @ 90% (Tc), SINR >=  +3dB

	100
	60
	132
	2048
	16
	1
	2
	8
	8

	
	
	
	
	
	2
	2
	8
	8

	
	
	
	
	
	4
	4
	8
	8

	
	
	
	
	
	8
	8
	8
	8

	
	
	
	
	
	12
	4
	8
	8

	
	
	
	
	
	12
	8
	8
	8

	200
	60
	264
	4096
	8
	1
	2
	4
	4

	
	
	
	
	
	2
	2
	4
	4

	
	
	
	
	
	4
	4
	4
	4

	
	
	
	
	
	8
	8
	4
	4

	
	
	
	
	
	12
	4
	4
	4

	
	
	
	
	
	12
	8
	4
	4

	50
	120
	32
	512
	32
	1
	2
	25
	15

	
	
	
	
	
	2
	2
	15
	15

	
	
	
	
	
	4
	4
	15
	15

	
	
	
	
	
	8
	8
	15
	15

	
	
	
	
	
	12
	4
	15
	15

	
	
	
	
	
	12
	8
	15
	15

	100
	120
	64
	1024
	16
	1
	2
	8
	8

	
	
	
	
	
	2
	2
	8
	8

	
	
	
	
	
	4
	4
	8
	8

	
	
	
	
	
	8
	8
	8
	8

	
	
	
	
	
	12
	4
	8
	8

	
	
	
	
	
	12
	8
	8
	8

	200
	120
	132
	2048
	8
	1
	2
	4
	4

	
	
	
	
	
	2
	2
	4
	4

	
	
	
	
	
	4
	4
	4
	4

	
	
	
	
	
	8
	8
	4
	4

	
	
	
	
	
	12
	4
	4
	4

	
	
	
	
	
	12
	8
	4
	4



Same observations as for FR1 gNB TOA accuracy can be made for FR2.
Link level simulation results SRS-RSRP for FR1
In table Table 3, SRS-RSRP accuracies from the link level simulation results for FR1 are depicted. 
[bookmark: _Ref71186008]Table 3 Simulated SRS-RSRP accuracy for FR1
	BW (MHz)
	SCS (kHz)
	SRS BW (RB)
	FFT size
	Sampling rate (Tc)
	UL-SRS-NumSymbols
	UL-SRS-CombSizeN
	Accuracy @ 90% (dB), SINR >= -13dB
	Accuracy @ 90% (dB), SINR >=  +3dB

	5
	15
	24
	512
	256
	1
	2
	3,3
	1

	
	
	
	
	
	2
	2
	1,9
	0,9

	
	
	
	
	
	4
	4
	1,6
	0,86

	
	
	
	
	
	8
	8
	1,1
	0,86

	
	
	
	
	
	12
	4
	0,93
	0,86

	
	
	
	
	
	12
	8
	1,1
	0,86

	10
	15
	52
	1024
	128
	1
	2
	2,1
	1

	
	
	
	
	
	2
	2
	1,45
	1

	
	
	
	
	
	4
	4
	1,3
	1,1

	
	
	
	
	
	8
	8
	1,2
	1,1

	
	
	
	
	
	12
	4
	1,2
	1,1

	
	
	
	
	
	12
	8
	1,2
	1,1

	20
	15
	104
	2048
	64
	1
	2
	1,6
	1,1

	
	
	
	
	
	2
	2
	1,3
	1,1

	
	
	
	
	
	4
	4
	1,27
	2,1

	
	
	
	
	
	8
	8
	1,1
	1,1

	
	
	
	
	
	12
	4
	1,2
	1,1

	
	
	
	
	
	12
	8
	1,1
	1,1

	50
	15
	264
	4096
	32
	1
	2
	1,9
	1,8

	
	
	
	
	
	2
	2
	1,9
	1,8

	
	
	
	
	
	4
	4
	1,7
	1,7

	
	
	
	
	
	8
	8
	1,8
	1,8

	
	
	
	
	
	12
	4
	1,8
	1,8

	
	
	
	
	
	12
	8
	1,8
	1,8

	20
	30
	48
	1024
	64
	1
	2
	1,85
	1

	
	
	
	
	
	2
	2
	1,32
	1

	
	
	
	
	
	4
	4
	1,1
	0,95

	
	
	
	
	
	8
	8
	1,2
	0,95

	
	
	
	
	
	12
	4
	1,1
	0,98

	
	
	
	
	
	12
	8
	1,2
	0,95

	50
	30
	132
	2048
	32
	1
	2
	2,1
	1,7

	
	
	
	
	
	2
	2
	1,9
	1,8

	
	
	
	
	
	4
	4
	1,8
	1,8

	
	
	
	
	
	8
	8
	1,8
	1,8

	
	
	
	
	
	12
	4
	1,8
	1,8

	
	
	
	
	
	12
	8
	1,8
	1,8

	100
	30
	272
	4096
	16
	1
	2
	1,8
	1,8

	
	
	
	
	
	2
	2
	1,8
	1,8

	
	
	
	
	
	4
	4
	1,8
	1,8

	
	
	
	
	
	8
	8
	1,8
	1,8

	
	
	
	
	
	12
	4
	1,7
	1,7

	
	
	
	
	
	12
	8
	1,8
	1,8

	40
	60
	48
	1024
	32
	1
	2
	2,1
	0,9

	
	
	
	
	
	2
	2
	1,5
	0,9

	
	
	
	
	
	4
	4
	1,2
	0,9

	
	
	
	
	
	8
	8
	1,1
	0,9

	
	
	
	
	
	12
	4
	0,9
	0,9

	
	
	
	
	
	12
	8
	1,1
	0,9

	100
	60
	132
	2048
	16
	1
	2
	2
	1,8

	
	
	
	
	
	2
	2
	1,8
	1,8

	
	
	
	
	
	4
	4
	1,7
	1,7

	
	
	
	
	
	8
	8
	1,8
	1,8

	
	
	
	
	
	12
	4
	1,8
	1,8

	
	
	
	
	
	12
	8
	1,8
	1,8



For SRS-RSRP, the same observations regarding dependency on UL-SRS-NumSymbols and UL-SRS-CombSizeN parameters can be observed. Between low and high UL-SRS-NumSymbols and UL-SRS-CombSizeN configurations, a performance gap of roughly 2dB can be identified in the case of low SRS bandwidth. The performance gap becomes neglible for higher SRS bandwidths, therefore agnostic behavior of SRS-RSRP accuracy on UL-SRS-NumSymbols and UL-SRS-CombSizeN can be identified.
SRS-RSRP accuracy is agnostic to UL-SRS-NumSymbols and UL-SRS-CombSizeN for most SRS configurations and only shows dependent behaviour for very low channel bandwidth and SRS bandwidth configurations.
Link level simulation results SRS-RSRP for FR1
In table Table 4, SRS-RSRP accuracies from the link level simulation results for FR2 are depicted. 
[bookmark: _Ref71186026]Table 4 Simulated SRS-RSRP accuracy for FR2
	BW (MHz)
	SCS (kHz)
	SRS BW (RB)
	FFT size
	Sampling rate (Tc)
	UL-SRS-NumSymbols
	UL-SRS-CombSizeN
	Accuracy @ 90% (dB), SINR >= -13dB
	Accuracy @ 90% (dB), SINR >=  +3dB

	100
	60
	132
	2048
	16
	1
	2
	2
	1,8

	
	
	
	
	
	2
	2
	1,8
	1,8

	
	
	
	
	
	4
	4
	1,7
	1,7

	
	
	
	
	
	8
	8
	1,8
	1,8

	
	
	
	
	
	12
	4
	1,8
	1,8

	
	
	
	
	
	12
	8
	1,8
	1,8

	200
	60
	264
	4096
	8
	1
	2
	1,8
	1,8

	
	
	
	
	
	2
	2
	1,8
	1,8

	
	
	
	
	
	4
	4
	1,8
	1,8

	
	
	
	
	
	8
	8
	1,8
	1,8

	
	
	
	
	
	12
	4
	1,8
	1,8

	
	
	
	
	
	12
	8
	1,8
	1,8

	50
	120
	32
	512
	32
	1
	2
	2,94
	1,72

	
	
	
	
	
	2
	2
	2,2
	1,8

	
	
	
	
	
	4
	4
	1,9
	1,6

	
	
	
	
	
	8
	8
	1,8
	1,7

	
	
	
	
	
	12
	4
	1,7
	1,6

	
	
	
	
	
	12
	8
	1,8
	1,7

	100
	120
	64
	1024
	16
	1
	2
	2,1
	1,6

	
	
	
	
	
	2
	2
	1,9
	1,6

	
	
	
	
	
	4
	4
	1,6
	1,6

	
	
	
	
	
	8
	8
	1,6
	1,6

	
	
	
	
	
	12
	4
	1,6
	1,6

	
	
	
	
	
	12
	8
	1,6
	1,6

	200
	120
	132
	2048
	8
	1
	2
	2,4
	1,8

	
	
	
	
	
	2
	2
	2
	1,8

	
	
	
	
	
	4
	4
	2
	1,8

	
	
	
	
	
	8
	8
	1,8
	1,8

	
	
	
	
	
	12
	4
	1,8
	1,8

	
	
	
	
	
	12
	8
	1,8
	1,8



Same observations as for FR1 SRS-RSRP accuracy can be made for FR2.
Conclusion
In this contribution, we further analyzed link level simulation results performed to finalze the definition of gNB Rx-Tx and SRS-RSRP measurement accuracy requirements. Following observations could be made:
1. gNB TOA accuracy is agnostic to UL-SRS-NumSymbols and UL-SRS-CombSizeN for most SRS configurations and only shows dependent behaviour for very low channel bandwidth and SRS bandwidth configurations.
1. Without any oversampling or refinement taking place, the gNB TOA accuracies lower bound is dependent on the FFT size.
1. SRS-RSRP accuracy is agnostic to UL-SRS-NumSymbols and UL-SRS-CombSizeN for most SRS configurations and only shows dependent behaviour for very low channel bandwidth and SRS bandwidth configurations
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