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1 Introduction
In this contribution, we continue the discussion regarding TA-command step size and the UE relative accuracy, with the help of new simulations and the input to previous meeting, RAN4#84. 
2 Discussion
2.1 Link Simulation Results: Impact of timing error on BS demodulation
Table 1 shows link simulation results in terms of relative degradation of UL SNR (( UL-SINR) for 70% uplink throughput for different timing error for different UL SCS. The relative degradation (( UL-SINR) is defined as follows:

( UL-SINR [dB] = UL SINR for Te=0 - UL SNR for (Te ( > 0

The results are provided for QPSK with 1/10 code rate (corresponding to MCS0 in LTE). The fading channel model is EPA5. 

	SCS of Uplink signal (KHz)
	( UL-SNR [dB] for different timing error (Te) at 70% uplink throughput
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	0.81
	1.35
	2.09
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	1.07
	1.79
	2.72
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	0.94
	1.56
	2.44
	
	

	120
	0.82
	1.38
	2.27
	
	
	


Table 1: Impact of timing error for different SCS on uplink demodulation performance [1]

The results show that to ensure that UL SNR degradation does not exceed 1 dB, according to table 1 the magnitude of Te should be scaled down linearly with the increase in the UL SCS.

The results also show, that for a link with poor SNR the timing is rather sensitive when it comes to the amount of timing error that is allowed to have a degradation that is 1 dB or less.
2.2 Scaling of requirements

Given the results from the link simulation in 2.1 which show that the demodulation error scales linearly with the SCS and that the requirement is sensitive to timing error we propose that TA command step and UE relative timing error shall scale with SCS.
	Sub Carrier Spacing, SCS kHz

	Source of uncertainty
	Reference
	15
	30
	60
	120
	240

	1. gNB determines a TA command to apply
	36.133 section 7.3 
	±8 Ts
	±4 Ts
	±2 Ts
	±1 Ts
	±0.5 Ts

	2. UE applies TA command
	36.133 section 7.3 
	±4 Ts
	±2 Ts
	±1 Ts
	±0.5 Ts
	±0.25 Ts

	Total
	 
	±12 Ts
	±6.0 Ts
	±3.0 Ts
	±1.5 Ts
	±0.75 Ts



Table 2: TA command step quantization error and UE relative timing error.
2.3 Comparison with other analysis
In [2] the expected tracking accuracy given the DL SSB was analyzed. It was concluded, in the analysis in [2] that for UE initial timing error, the error was defined as 1.5 times the sampling interval. If we reuse the analysis from [2] with an SSB of 288 subcarriers and a 512 FFT, we get SSB BWs of 4.32 MHz, 8.64 MHz, 34.56 MHz, and 69.12 MHz for SCS of 15, 30, 120 and 240 kHz. In [2] a margin of 3 times the sampling rate was used. In table 3 below, the same margin as LTE has been used, 1.5 times the sampling rate.

	SCS (kHz)
	15
	30
	120
	240

	BW (MHz)
	4.32
	8.64
	34.56
	69.12

	Sampling interval (Ts)
	4
	2
	1/2
	1/4

	Expected tracking accuracy (Ts)
	6
	3
	3/4
	3/8



Table 3: BW, sampling interval of SSB with different SCS, and the expected tracking accuracy. 
The analysis, summarized in table 3 show that it ought to be possible to reach an accuracy in line with what we need in 2.2.
3 Conclusion

In an updated analysis with link simulation and comparison with other company result we conclude that TA command step and UE relative timing error shall scale with SCS.
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