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1. Introduction

In RAN4 84bis meeting, a TP on UE timing requirements [1] has been agreed. The maximum autonomous timing adjustment step size Tq is defined as UL SCS-specific, however the value of Tq still need to be further discussed. In this contribution, we will provide our further considerations on the requirement of Tq for NR.
2. Discussion
The requirement on maximum autonomous timing adjustment step size Tq is related to the time drift of reference timing (i.e. downlink frame timing of the reference cell).
The downlink timing might change due to UE movement and frequency error of operating carrier. Table 1 shows the calculation of time drift with different UE speeds, where ±0.1 PPM frequency error is assumed.
Table 1: Calculation of time drift due to UE movement and frequency error
	Time Drift

	Frequency error
	±0.1 PPM

	Time drift due to frequency error per 200ms
	20 ns

	Supported max speed of UE movement
	30 km/h
	60 km/h
	120 km/h
	250 km/h
	350 km/h

	Time drift due to UE movement per 200ms
	5.6ns
	11.1 ns
	22.2 ns
	46.3 ns
	64.8 ns

	Total time drift per 200ms
	25.6 ns
(0.78 Ts)
	31.1 ns
(0.95 Ts)
	42.2 ns
(1.29 Ts)
	66.3 ns
(2.04 Ts)
	84.8 ns
(2.61 Ts)

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)


As shown in Table 1, if the supported mobile speed in NR is up to 350 km/h, the total time drift due to UE movement and frequency error is 84.8 ns (≈ 2.61 Ts) per 200ms. If the supported mobile speed in NR is up to 250 km/h, the total time drift due to UE movement and frequency error is 66.3 ns (≈ 2.04 Ts) per 200ms. However, for above 6GHz, UE maximum speed may not be very high and more likely be a medium speed, e.g. 30km/h, in which case the total time drift is 25.6 ns (≈ 0.78 Ts) per 200ms.

In baseband, the UE transmit signals is quantized in time domain and the sampling rate relies on uplink bandwidth. The UE in typical implementation will use lower sampling rate for smaller bandwidths. The time adjustment step in baseband shall be an integral number of sampling period. Besides, the RF margin shall also be considered and the DigRF error in LTE (i.e. 1.5Ts) could be used as start point.
Table 2: Restricts of maximum autonomous timing adjustment step size (Tq)

	Parameters
	Values

	Frequency range
	Sub 6GHz
	Above 6GHz

	UL SCS 
	15KHz
	30 KHz
	60 KHz
	60 KHz
	120 KHz

	Minimum Bandwidth of UL transmission
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz

	Sample period of UL transmission
	4Ts
	4Ts
	2Ts
	0.5Ts
	0.5Ts

	Supporting Max UE speed
	30 km/h
	-
	-
	-
	0.78 Ts
	0.78 Ts

	
	250 km/h
	2.04 Ts
	2.04 Ts
	2.04 Ts
	-
	-

	Tq (without DigRF error)
	4Ts
	4Ts
	4Ts
	1Ts
	1Ts

	Tq (with 1.5Ts DigRF error)
	5.5 Ts
	5.5 Ts
	5.5 Ts
	2.5 Ts
	2.5 Ts

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)


For sub-6GHz, if UE supported speed is up to 250km/h, then the total timing drift is 66.3ns (≈ 2.04 Ts) per 200ms. In case of SCS = 15/30 KHz, the value of Tq is suggested as 4 Ts (equivalent to 1 sampling interval considering 5 MHz minimum bandwidth), since the timing adjustment should not be less than 1 sampling interval. In case of SCS = 60 KHz, the value of Tq is suggested as 2 Ts (equivalent to 1 sampling interval considering 10 MHz minimum bandwidth).
For above 6GHz, UE supported speed may be up to 30km/h, and the total timing drift is 25.6ns (≈ 0.78 Ts) per 200ms. The value of Tq is suggested as 1 Ts (equivalent to 2 sampling intervals considering 50 MHz minimum bandwidth).
As we analyse above, the UE timing adjustment rate is relate to the time drift rate and baseband timing quantization. Hence, the following is proposed for the requirement on maximum autonomous timing adjustment step size:
Proposal: Considering 1.5Ts DigRF error, the maximum autonomous timing adjustment step Tq (per 200ms) is suggested to be defined as follows:
Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Subcarrier Spacing for uplink (KHz)
	Tq

	15
	5.5*64Tc

	30
	5.5*64Tc

	60
	5.5*64Tc

	120
	2.5*64Tc

	Note:
Tc is the basic timing unit defined in TS 38.211


3. Conclusions

This contribution provides the analysis on UE transmit timing requirements for NR. The following proposal is given:
Proposal: Considering 1.5Ts DigRF error, the maximum autonomous timing adjustment step Tq (per 200ms) is suggested to be defined as follows:
Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Subcarrier Spacing for uplink (KHz)
	Tq

	15
	5.5*64Tc

	30
	5.5*64Tc

	60
	5.5*64Tc

	120
	2.5*64Tc

	Note:
Tc is the basic timing unit defined in TS 38.211


4. Reference
[1]. R4-1711687, “TP for TS38.133 on UE transmit timing requirements”, Huawei, HiSilicon
8
2

