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1. Introduction

Currently, NR UE transmit timing requirements have been defined in specification of TS 38.133, and the adjustment requirements of UE uplink timing were stated as follows:
	When the transmission timing error between the UE and the reference timing exceeds (Te, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell, and is required to adjust its timing to within (Te. The reference timing shall be 
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 before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.

2)
The minimum aggregate adjustment rate shall be [TBD]*Tc per second.

3)
The maximum aggregate adjustment rate shall be Tq per [200]ms.
um autonomous time adjustment step Tq is specified in Table 7.1.2-3.

Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step
Frequency Range
SCS of uplink signals (KHz)

Tq
1

15
[5.5]*64*Tc
30
[5.5]*64*Tc
60

[5.5]*64*Tc
2

60

[2.5]*64*Tc
120

[2.5]*64*Tc
Note 1:

Tc is the basic timing unit defined in TS 38.211
 


It can be seen that the requirement on minimum aggregate adjustment rate is still not clarified. In this contribution, we will provide our considerations on minimum aggregate adjustment rate for NR UE transmit timing.
2. Discussion
In [1], the requirement on maximum aggregate timing adjustment rate was discussed. It was suggested that maximum aggregate timing adjustment rate does not need to be faster than the time drift rate due to UE movement and frequency error. The maximum timing adjustment rate for FR1 is defined as 352*TC per 200 ms, which is equivalent to a time drift rate due to a speed of ≥350 km/h. The maximum timing adjustment rate for FR2 is defined as 160*TC per 200 ms, which is equivalent to a time drift rate due to a speed of ≥120 km/h.
Table 1: Time drift due to UE movement
	Parameters
	Values

	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 second
	Unit: ns
	27.78ns
	55.56ns
	111.11ns
	231.48
	324.07

	
	Unit: TC
	0.85*64* TC
	1.71*64*TC
	3.41*64*TC
	7.11*64*TC
	9.96*64*TC

	Note:

TC is the basic timing unit defined in TS 38.211.


However, when UE moves with a speed of 60km/h, it seems not that UE should need to be capable of adjusting the transmit timing with a rate of at least 55.56ns per second (equivalent to 109.5*TC per second). If the minimum timing adjustment rate was not applied, for an extreme case, the UE which did not change the transmit timing at all would still meet the requirements. Hence, the requirement on minimum timing adjustment rate requires that UE would not take too long to complete transmit timing adjustment.
For FR1, the minimum timing adjustment rate is suggested to be defined as 7*64*TC per second (equivalent to the time drift rate due to UE movement at 250km/h), i.e., the requirement in LTE is reused.

For FR2, the minimum timing adjustment rate is suggested to be defined as 1.75*64*TC per second (equivalent to the time drift rate due to UE movement at 60km/h)
Based on the above analysis, the following is proposed:

Proposal: For NR UE timing adjustment, the minimum aggregated adjustment rate is suggested to be defined as 7*64*TC per second for FR1 and 1.75*64*TC per second for FR2.
3. Conclusions

This contribution provides the analysis on the requirements on NR UE transmit timing. The following proposal is given:
Proposal: For NR UE timing adjustment, the minimum aggregated adjustment rate is suggested to be defined as 7*64*TC per second for FR1 and 1.75*64*TC per second for FR2.
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