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Introduction
At RAN4 #97-e, it was agreed to investigate performance for candidate SRS configurations as listed in [1] in order to identify suitable SRS configurations for specifying gNB accuracy requirements for NR positioning in TS 38.133. 
This contribution lists initial preliminary link simulation results for gNB Rx-Tx time difference accuracy for some of the given candidate SRS configurations in [1].
Simulation assumptions 
The simulation assumptions are widely aligned to [2]. According to [1] accuracy will be defined for two different side conditions (two sets of Ês/Iot). In particular a high Ês/Iot corresponds to for example typical serving cell conditions or low interference neighbor cell conditions, whilst a low Ês/Iot corresponds to for example typical neighbor conditions [1]. At RAN4 #97-e, a range of -17 dB to +7 dB was discussed based on system level evaluations [3][4][5]. 
In this contribution, the high Ês/Iot ratio was set to +3 dB and the low Ês/Iot ratio to -6 dB and -13 dB, respectively. Thus, all figures are well within the discussed range at RAN4 #97-e.
The simulated SRS configurations for FR1 are taken from [1] and depicted in Table 1. The settings for SRS comb size and # SRS symbols are taken from [2]. 
Table 1: Simulated candidate SRS configurations. 
	SRS Configuration
	CBW [MHz]
	SCS [kHz]
	# PRB
	SRS comb size
	# SRS symbols
	SRS resource periodicity TSRS [slots]

	1
	5 
	15
	24
	2
	2
	160

	
	
	
	
	4
	4
	

	
	
	
	
	8
	8
	

	
	
	
	
	8
	12
	

	2
	10
	15
	52
	2
	2
	160

	
	
	
	
	4
	4
	

	
	
	
	
	8
	8
	

	
	
	
	
	8
	12
	

	3
	20
	30
	48
	2
	2
	40

	
	
	
	
	4
	4
	

	
	
	
	
	8
	8
	

	
	
	
	
	8
	12
	

	4
	100
	30
	272
	2
	2
	40

	
	
	
	
	4
	4
	

	
	
	
	
	8
	8
	

	
	
	
	
	8
	12
	



Other adopted simulation assumptions: 
· Synchronous network operation (fixed time shift: 2.33 us)
· Considered radio channels: AWGN, TDL-A and TDL-B
· 5000 samples were evaluated for each given figure in section 3.
· No RF impairments are included.
Simulation results 
Simulation results for gNB Rx-Tx time difference accuracy for the above described candidate SRS configurations are depicted below. The results are reported for 90 percentile CDF of the timing error, i.e. 90% of measurements for given Ês/Iot ratio experience a timing error less than the given figure.
AWGN 
The gNB Rx-Tx time difference accuracy for AWGN channel, derived from the 90-percentile of the CDF for measured timing error according to [2], is listed in Table 2.
Table 2: gNB Rx-Tx time difference accuracy in Tc units (AWGN).
	SRS Configuration
	SRS comb size /     # SRS symbols
	AWGN

	
	
	Ês/Iot = +3 dB
	Ês/Iot = -6 dB
	Ês/Iot = -13 dB

	1
	2 /2
	27
	27
	27

	
	4 / 4
	27
	27
	101

	
	8 / 8
	37
	37
	91

	
	8 / 12
	37
	37
	37

	2
	2 /2
	27
	27
	27

	
	4 / 4
	27
	27
	27

	
	8 / 8
	37
	37
	37

	
	8 / 12
	37
	37
	37

	3
	2 /2
	27
	27
	27

	
	4 / 4
	37
	37
	37

	
	8 / 8
	5
	5
	5

	
	8 / 12
	5
	5
	5

	4
	2 /2
	27
	27
	27

	
	4 / 4
	37
	37
	37

	
	8 / 8
	5
	5
	5

	
	8 / 12
	5
	5
	5



TDL-A
The gNB Rx-Tx time difference accuracy for TDL-A, derived from the 90-percentile of the CDF for measured timing error according to [2], is listed in Table 3.
Table 3: gNB Rx-Tx time difference accuracy in Tc units (TDL-A).
	SRS Configuration
	SRS comb size /     # SRS symbols
	TDL-A

	
	
	Ês/Iot = +3 dB
	Ês/Iot = -6 dB
	Ês/Iot = -13 dB

	1
	2 /2
	37
	53
	13022

	
	4 / 4
	85
	117
	7933

	
	8 / 8
	69
	69
	4135

	
	8 / 12
	69
	69
	101

	2
	2 /2
	37
	37
	69

	
	4 / 4
	53
	53
	91

	
	8 / 8
	59
	59
	101

	
	8 / 12
	59
	59
	69

	3
	2 /2
	37
	37
	77

	
	4 / 4
	45
	45
	75

	
	8 / 8
	37
	37
	99

	
	8 / 12
	37
	37
	67

	4
	2 /2
	37
	37
	131

	
	4 / 4
	37
	37
	45

	
	8 / 8
	29
	29
	37

	
	8 / 12
	29
	29
	29



TDL-B
The gNB Rx-Tx time difference accuracy for TDL-B, derived from the 90-percentile of the CDF for measured timing error according to [2], is listed in Table 4.
Table 4: gNB Rx-Tx time difference accuracy in Tc units (TDL-B).
	SRS Configuration
	SRS comb size / SRS symbols
	TDL-B

	
	
	Ês/Iot = +3 dB
	Ês/Iot = -6 dB
	Ês/Iot = -13 dB

	1
	2 /2
	235
	251
	9965

	
	4 / 4
	203
	219
	6891

	
	8 / 8
	181
	203
	4123

	
	8 / 12
	181
	187
	1836

	2
	2 /2
	219
	219
	251

	
	4 / 4
	181
	181
	215

	
	8 / 8
	181
	181
	283

	
	8 / 12
	181
	181
	235

	3
	2 /2
	189
	189
	251

	
	4 / 4
	163
	171
	246

	
	8 / 8
	157
	157
	299

	
	8 / 12
	157
	157
	195

	4
	2 /2
	189
	189
	259

	
	4 / 4
	149
	149
	173

	
	8 / 8
	157
	157
	157

	
	8 / 12
	149
	149
	155



Discussion
From the simulation results reported above, we observe a dependency of the gNB Rx-Tx time difference accuracy on the radio channel type, SRS bandwidth and Ês/Iot ratio, whilst performance impact due to comb size / number of continuous SRS symbols is rather limited. Thus, following observation is made:
	The gNB Rx-Tx time difference accuracy for all SRS configurations depends majorly on the radio channel type, SRS bandwidth and Ês/Iot ratio.
In our view the investigated range for Ês/Iot is sufficient for specifying performance requirements. We propose to select Ês/Iot = +3 dB for the high Ês/Iot ratio and Ês/Iot = -13 dB for the low Ês/Iot ratio.
Following proposal for agreement is made: 
Proposal 1: 	For link simulations to determine gNB Rx-Tx time difference accuracy at gNB: 
1a) Select Ês/Iot = +3 dB dB as side condition for high Ês/Iot (i.e. for serving cell) in FR1 and FR2.
1b) Select Ês/Iot = -13 dB as side condition for low Ês/Iot (i.e. for neighbor cell) in FR1 and FR2.
Regarding time shifts defined in [2], e.g. 0 for UE in serving cell and 3 us for UE in neighbor cell, respectively, for the synchronous case, our understanding is that no additional propagation delay is configured on top and this time shift is fixed throughout the simulation. Hence regarding modelling of transmitter chain and radio channel, i.e. to keep impact of modelling differences low, it is proposed to agree few assumptions on sampling rates / FFT sizes for them or at least require a description as part of the reported simulation assumptions.
Following proposal for agreement is made: 
Proposal 2: 	No additional propagation delay is configured on top of the defined time shifts in R4-2012142. Some assumptions on sampling rates / FFT sizes used in the transmitter chain and radio channel should be defined or at least be described as part of the reported simulation assumptions to reduce impact of modelling differences.
Conclusion
This contribution lists our initial preliminary link simulation results for gNB Rx-Tx time difference accuracy for some of the given candidate SRS configurations in [1] as depicted in section 2 and evaluated in section 3. 
Based on above evaluations, following observation is made:
1. 	The gNB Rx-Tx time difference accuracy for all SRS configurations depends majorly on the radio channel type, SRS bandwidth and Ês/Iot ratio.
Following proposals for agreement are made: 
Proposal 1: 	For link simulations to determine gNB Rx-Tx time difference accuracy at gNB: 
1a) Select Ês/Iot = +3 dB dB as side condition for high Ês/Iot (i.e. for serving cell) in FR1 and FR2.
1b) Select Ês/Iot = -13 dB as side condition for low Ês/Iot (i.e. for neighbor cell) in FR1 and FR2.
Proposal 2: 	No additional propagation delay is configured on top of the defined time shifts in R4-2012142. Some assumptions on sampling rates / FFT sizes used in the transmitter chain and radio channel should be defined or at least be described as part of the reported simulation assumptions to reduce impact of modelling differences.
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