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Introduction
At RAN4 #98-bis-e, further discussion was carried out on how to specify gNB accuracy requirements for NR positioning in TS 38.133 and agreements were captured in the WF [1]. 
Following further agreements on gNB Rx-Tx time difference were achieved in view of simulating link performance: 
· Simulations are to be aligned to updated link simulation assumptions [2], adding SCS=60 kHz and two SRS symbol and comb size combinations.  
· gNB Rx-Tx time difference accuracy is dependent on SRS SCS.
· Accuracy requirements for gNB measurements will be specified for AWGN propagation channel. 
· Accuracy requirements will be specified for single sample/shot. For the lowest SRS BW group per SCS, performance for multiple shots can be investigated, if single shot performance is not satisfactory.
· Preliminary SRS BW grouping for gNB Rx-Tx time difference were agreed and shall follow Table 1.
Table 1: SRS BW grouping in FR1 and FR2
	SRS bandwidth in RB
	SRS SCS [kHz]

	gNB Rx-Tx time difference accuracy [Tc] 

	
	
	Ês/Iot ≥ -13 dB
	Ês/Iot ≥ +3 dB

	24 ≤ BW ≤ 40
	15
	TBD
	TBD

	 44 ≤ BW ≤ 84
	
	TBD
	TBD

	 88 ≤ BW ≤ 168
	
	TBD
	TBD

	176 ≤ BW ≤ 264
	
	TBD
	TBD

	48 ≤ BW ≤ 84
	
30
	TBD
	TBD

	88 ≤ BW ≤ 168
	
	TBD
	TBD

	176 ≤ BW ≤ 272
	
	TBD
	TBD

	32 ≤ BW ≤ 40
	
120
	TBD
	TBD

	44 ≤ BW ≤ 84
	
	TBD
	TBD

	88 ≤ BW
	
	TBD
	TBD


Note 1: 60kHz SCS can be added based on the simulation results
Note 2: Lower bound of BW ranges can be updated based on simulation results
· SRS BW grouping for gNB Rx-Tx time difference measurement accuracy will be decided based on link simulation results (from RAN4 #98-e).
· Baseline gNB Rx-Tx time difference measurement accuracy without margin is based on link simulation results (from RAN4 #98-e).
This contribution lists our baseline simulation results for gNB Rx-Tx time difference measurement accuracy for agreed SRS configurations in [2].
Simulation assumptions 
The SRS configurations based on SRS BW grouping in Table 1 and including the settings for SRS comb size and # SRS symbols for FR1 and FR 2 in [2] were simulated. 
In addition to Table 1, following SRS configurations for SCS=60 kHz were simulated:
· FR1: SRS BW of 48 RBs (40 MHz), 132 RBs (100 MHz), 
· FR2: SRS BW of 132 RBs (100 MHz) and 264 RBs (200 MHz). 
The simulations were carried out for the lower bound of each SRS BW group. No RF and implementation impairments are included.
Simulation results 
Simulation results for gNB Rx-Tx time difference accuracy for the SRS configurations agreed in [2] are depicted below for FR1 and FR2. The results are reported for 90 percentile CDF of the timing error, i.e. 90% of measurements for given Ês/Iot ratios (+3 dB, -13 dB) experience a timing error less than the given figure. Results are derived for the lower bound of each SRS BW group in Table 1. 
FR1 
SCS = 15 kHz
The gNB Rx-Tx time difference accuracy for AWGN channel, derived from the 90-percentile of the CDF for the measured timing error according to [2], is listed in Table 2. 
Table 2: gNB Rx-Tx time difference accuracy in Tc units (AWGN, SCS= 15 kHz).
	SRS BW in RB

	FFT size
	SRS comb size /     # SRS symbols
	AWGN (SCS = 15 kHz)

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

	24
	512

	2 / 1
	 128
	 128

	
	
	2 / 2
	128
	128

	
	
	4 / 4
	128
	128

	
	
	4 / 12
	 128
	 128

	
	
	8 / 8
	128
	128

	
	
	8 / 12
	128
	128

	44 
	1024

	2 / 1
	 64
	 64

	
	
	2 / 2
	 64
	 64

	
	
	4 / 4
	 64
	 64

	
	
	4 / 12
	 64
	 64

	
	
	8 / 8
	 64
	 64

	
	
	8 / 12
	 64
	 64

	88
	2048

	2 / 1
	 32
	 32

	
	
	 2 / 2
	 32
	 32

	
	
	4 / 4
	 32
	 32

	
	
	4 / 12
	 32
	 32

	
	
	8 / 8
	 32
	 32

	
	
	8 / 12
	 32
	 32

	176
	4096

	2 / 1
	 16
	 16

	
	
	2 / 2
	16
	16

	
	
	4 / 4
	16
	16

	
	
	4 / 12
	16
	16

	
	
	8 / 8
	16
	16

	
	
	8 / 12
	16
	16





SCS = 30 kHz
The gNB Rx-Tx time difference accuracy for AWGN channel, derived from the 90-percentile of the CDF for the measured timing error according to [2], is listed in Table 3.
Table 3: gNB Rx-Tx time difference accuracy in Tc units (AWGN, SCS= 30 kHz).
	SRS BW in RB

	FFT size
	SRS comb size /     # SRS symbols
	AWGN (SCS = 30 kHz)

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

	48 
	1024

	2 / 1
	 64
	 64

	
	
	2 / 2
	 64
	 64

	
	
	4 / 4
	 64
	 64

	
	
	4 / 12
	 64
	 64

	
	
	8 / 8
	 64
	 64

	
	
	8 / 12
	 64
	 64

	88
	2048

	2 / 1
	 16
	 16

	
	
	 2 / 2
	 16
	 16

	
	
	4 / 4
	 16
	 16

	
	
	4 / 12
	 16
	 16

	
	
	8 / 8
	 16
	 16

	
	
	8 / 12
	 16
	 16

	176
	4096

	2 / 1
	 8
	 8

	
	
	2 / 2
	 8
	 8

	
	
	4 / 4
	 8
	 8

	
	
	4 / 12
	 8
	 8

	
	
	8 / 8
	 8
	 8

	
	
	8 / 12
	 8
	 8



SCS = 60 kHz
The gNB Rx-Tx time difference accuracy for AWGN channel, derived from the symmetric 90-percentile of the CDF for the measured timing error according to [2], is listed in Table 4.
Table 4: gNB Rx-Tx time difference accuracy in Tc units (AWGN, SCS= 60 kHz).
	SRS BW in RB

	FFT size
	SRS comb size /     # SRS symbols
	AWGN (SCS = 60 kHz)

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

	48 
	1024

	2 / 1
	 16
	 16

	
	
	2 / 2
	 16
	 16

	
	
	4 / 4
	 16
	 16

	
	
	4 / 12
	 16
	 16

	
	
	8 / 8
	 16
	 16

	
	
	8 / 12
	 16
	 16

	132
	2048

	2 / 1
	 8
	 8

	
	
	 2 / 2
	 8
	 8

	
	
	4 / 4
	 8
	 8

	
	
	4 / 12
	 8
	 8

	
	
	8 / 8
	 8
	 8

	
	
	8 / 12
	 8
	 8



FR2 
SCS = 120 kHz
The gNB Rx-Tx time difference accuracy for AWGN channel, derived from the 90-percentile of the CDF for the measured timing error according to [2], is listed in Table 5.

Table 5: gNB Rx-Tx time difference accuracy in Tc units (AWGN, SCS= 120 kHz).
	SRS BW in RB

	FFT size
	SRS comb size /     # SRS symbols
	AWGN (SCS = 120 kHz)

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

	32
	512

	2 / 1
	16
	16

	
	
	2 / 2
	16
	16

	
	
	4 / 4
	16
	16

	
	
	4 / 12
	16
	16

	
	
	8 / 8
	16
	16

	
	
	8 / 12
	16
	16

	44
	1024

	2 / 1
	 8
	 8

	
	
	2 / 2
	 8
	 8

	
	
	4 / 4
	 8
	 8

	
	
	4 / 12
	 8
	 8

	
	
	8 / 8
	 8
	 8

	
	
	8 / 12
	 8
	 8

	88
	2048

	2 / 1
	 8
	 8

	
	
	 2 / 2
	 8
	 8

	
	
	4 / 4
	 8
	 8

	
	
	4 / 12
	 8
	 8

	
	
	8 / 8
	 8
	 8

	
	
	8 / 12
	 8
	 8



SCS = 60 kHz
The gNB Rx-Tx time difference accuracy for AWGN channel, derived from the symmetric 90-percentile of the CDF for the measured timing error according to [2], is listed in Table 6.
Table 6: gNB Rx-Tx time difference accuracy in Tc units (AWGN, SCS= 60 kHz).
	SRS BW in RB

	FFT size
	SRS comb size /     # SRS symbols
	AWGN (SCS = 60 kHz)

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

	132
	2048

	2 / 1
	 8
	 8

	
	
	2 / 2
	 8
	 8

	
	
	4 / 4
	 8
	 8

	
	
	4 / 12
	 8
	 8

	
	
	8 / 8
	 8
	 8

	
	
	8 / 12
	 8
	 8

	264
	4096

	2 / 1
	 8
	 8

	
	
	2 / 2
	 8
	 8

	
	
	4 / 4
	 8
	 8

	
	
	4 / 12
	 8
	 8

	
	
	8 / 8
	 8
	 8

	
	
	8 / 12
	 8
	 8



Discussion
From the simulation results reported above, we observe:
· a clear dependency of the gNB Rx-Tx time difference accuracy on the SRS bandwidth, i.e. on number of corresponding RB’s and on the SCS, due to larger FFT size;  
· no dependency of the gNB Rx-Tx time difference accuracy on the defined Ês/Iot ratios;
· no dependency of the gNB Rx-Tx time difference accuracy on the SRS symbol and comb size combination for high and low Ês/Iot ratios.  
Thus, following observations are made: 
	There is a clear dependency of the gNB Rx-Tx time difference accuracy on the SRS bandwidth.
	There is no dependency of the gNB Rx-Tx time difference accuracy on the defined Ês/Iot ratios.
	There is no dependency of the gNB Rx-Tx time difference accuracy on the SRS symbol and comb size combination for high and low Ês/Iot ratios.
Following proposal is made: 
	The provided gNB Rx-Tx time difference accuracy results are taken into account in the discussion on SRS BW grouping and other SRS configuration parameter grouping. 
Conclusion
This contribution lists our baseline simulation results for gNB Rx-Tx time difference accuracy for agreed SRS configurations in [2] as evaluated in section 3. 
Based on above evaluations, following observations are made:
1. 	There is a clear dependency of the gNB Rx-Tx time difference accuracy on the SRS bandwidth.
	There is no dependency of the gNB Rx-Tx time difference accuracy on the defined Ês/Iot ratios.
	There is no dependency of the gNB Rx-Tx time difference accuracy on the SRS symbol and comb size combination for high and low Ês/Iot ratios.
Following proposal for agreement is made: 
1. 	The provided gNB Rx-Tx time difference accuracy results are taken into account in the discussion on SRS BW grouping and other SRS configuration parameter grouping. 
References
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