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1. Introduction

In NR, the requirements on UE timing aspects have been discussed several meeting cycles and interested companies provided lots of contributions [1-19] on this topic. According the discussion and analysis in [1-19], in this contribution TP on UE transmit timing and TA requirements is proposed for TR 38.xxx.
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3. Text proposal for TS 38.xxx 
-----------------------------------------------------------Start of TP---------------------------------------------------------
x.1
UE timing aspects
x.1.1
Requirements on initial transmit timing accuracy
This requirement on UE initial transmission timing accuracy applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The UE initial transmission timing error shall be less than or equal to (Te. The limitation in Table x.1.1 is suggested to be considered when defining the UE timing error value Te.
Table x.1.1: Limitation of UE Timing Error Value Te
	Frequency range
	Sub-6GHz

	Subcarrier spacing of SS Block
	15KHz
	30KHz

	Bandwidth of SS Block
	5MHz (24RBs)
	10MHz (24RBs)

	DL Sample period
	4Ts
	2Ts

	Subcarrier spacing of UL transmission
	15KHz
	30KHz
	60KHz
	15KHz
	30KHz
	60KHz

	CP for UL transmission
	144Ts
	72Ts
	36Ts
	144Ts
	72Ts
	36Ts

	Ratio of Te to CP
	1/6
	1/6
	1/6
	1/6
	1/6
	1/6

	UE Tx timing error (Te)
	(24Ts

(( 6 DL sample period)
	(12Ts

(( 3 DL sample period)
	(6Ts

(( 1.5 DL sample period)
	(24Ts

(( 12 DL sample period)
	(12Ts

(( 6 DL sample period)
	(6Ts

(( 3 DL sample period)

	Frequency range
	Above 6GHz

	Subcarrier spacing of SS Block
	120KHz
	240KHz

	Bandwidth of SS Block
	50MHz (24RBs)
	100MHz (24RBs)

	DL Sample period
	0.5Ts
	0.25Ts

	Subcarrier spacing of UL transmission
	60KHz
	120KHz
	60KHz
	120KHz

	CP for UL transmission
	36Ts
	18Ts
	36Ts
	18Ts

	Ratio of Te to CP
	1/6
	1/6
	1/6
	1/6

	UE Tx timing error (Te)
	(6Ts

(( 12 DL sample period)
	(3Ts

(( 6 DL sample period)
	(6Ts

(( 24 DL sample period)
	(3Ts

((12 DL sample period)

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


x.1.2
Requirements on UE timing adjustment rate
When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame. When the transmission timing error between the UE and the reference timing exceeds (Te, the UE is required to adjust its timing to within (Te. 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 seconds.
2)
The minimum aggregate adjustment rate shall be [TBD]*TS per second. 

3)
The maximum aggregate adjustment rate shall be Tq per 200ms. 

It was observed that the maximum timing adjustment step Tq is related to the time drift due to frequency error and UE movements. The limitation in Table x.1.2 is suggested to be considered when defining the maximum timing adjustment step Tq.
Table x.1.2: Limitation of Maximum Autonomous Time Adjustment Step Tq
	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
	500 km/h

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

	Total time drift
	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)
	112.6 ns

(3.46 Ts)

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