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1. Introduction

In this contribution, we will provide our further considerations on NR UE transmit timing and timing advance.
2. Discussion
The UE timing requirements for NR have been discussed for several meetings. In this section, we analyse the impacts of DL/UL bandwidth and UL CP length on UE transmit timing requirements.
2.1. Initial UE transmit timing error (Te)
UE detects the path after averaging the fading profile over several tens of downlink frames, where the fading profile of a frame is detected based on time tracking reference signals. The value of Te depends on the UE capability of estimating the first detected path of downlink frame. The more accurately UE estimate the downlink timing, the smaller the value of Te is. The accuracy for UE estimating downlink timing is related to baseband sampling rate used for receiving time tracking reference signals.
In LTE, the UE can obtain the synchronization timing of the downlink radio frame based on the detection of CRS which is transmitted over downlink bandwidth. For ≥3MHz bandwidth, the requirement of Te is derived from the equivalent WCDMA initial timing error which is up to ( 1.5 chips (( 0.4 (s ( 12Ts). 12Ts equals to 1.5 sample periods for 3MHz bandwidth. For 1.4MHz bandwidth, the requirement of Te is relaxed to (24Ts (equivalent of 1.5 sample periods).
Observation 1: From UE baseband capability point of view, the initial UE transmit timing error (Te) is impacted by the bandwidth used for UE estimating downlink timing.

From the perspective of network performance, the UE transmit timing error is desired to be much smaller than the CP length such that the BS demodulation performance will not be impacted a lot. The CP length used for UL transmission is scaled with the subcarrier spacing of UL transmission. A shorter CP is applied for a larger subcarrier spacing, which requires the UE to have a better capability of estimating downlink timing. In LTE, the CP length is 144Ts and the requirement of Te is defined as (24Ts for 1.4MHz bandwidth. Then, the ratio of Te to CP length equals to 1/6. Hence, the UE transmit timing error within 1/6 CP length appears to be acceptable on the premise of ensuring the BS demodulation performance of the uplink transmission.

In NR, the SS block contains NR-SSS and DMRS for NR-PBCH, which can be utilized for estimating the downlink timing of NR cells. Table 1 shows the UE transmit timing error calculation based on SS block, where the UE transmit timing error with 1/6 CP length is assumed.
Table 1: UE transmit timing error calculation based on SS block
	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)


Based on the above analysis, the initial UE transmit timing error shall be considered from perspectives of both UE capability and network performance, and the following is proposed:

Proposal 1: The initial UE transmit timing error in NR is suggested to be defined as follows:
· For UL SCS=15KHz, Te = ±24Ts 
· For UL SCS=30KHz, Te = ±12Ts 

· For UL SCS=60KHz, Te = ±6Ts 

· For UL SCS=120KHz, Te = ±3Ts

2.2. Maximum autonomous adjustment step size (Tq)
The UE shall be capable of changing the transmission timing according to the received downlink frame when the timing advance is not considered. In other words, the UE shall adjust the uplink transmission timing in order to follow the change of downlink frame timing has been detected. So the adjustment rate of uplink transmission timing shall follow the downlink timing change rate of the reference cell.
The downlink timing might change due to UE movement, changes in the channel condition or the frequency difference between BS and UE. The time drift of downlink timing due to propagations changing is random and unpredictable, which is not suggested to be considered. Table 2 shows the calculation of time drift with different UE speeds, where ±0.1 PPM frequency error in LTE is assumed as and multiple UE speed are assumed.
Table 2: 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
	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)

	Sample interval

	Bandwidth of UL transmission
	5MHz
	10MHz
	50MHz
	100MHz

	Sample period of UL transmission
	4Ts
	2Ts
	0.5Ts
	0.25Ts

	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 500 km/h, the total time drift due to UE movement and frequency error is 112.6 ns (≈ 3.46 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. 60km/h, in which case the total time drift is 31.1 ns (≈ 0.95 Ts) per 200ms.
Observation 2: The requirements on maximum timing adjustment step is related to the time drift due to frequency error and UE movements.
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. 
For example, if the total timing drift due to UE movement and frequency error was 112.6ns (≈ 3.46 Ts) per 200ms, then the maximum time adjustment step is suggested as 4 Ts (equivalent to 1 sampling period for 5 MHz bandwidth, 2 sampling periods for 10 MHz bandwidth, etc.). If the total timing drift due to UE movement and frequency error was 66.3 ns (≈ 2.04 Ts) per 200ms, then the maximum time adjustment step is suggested as 4 Ts for 5 MHz bandwidth (equivalent to 1 sampling period) and 2 Ts for ≥10 MHz bandwidth (equivalent to 1 sampling period for 10 MHz bandwidth, 2 sampling periods for 20 MHz bandwidth, etc.).
As we mentioned above, the duration of sample period is only determined by system bandwidth rather than subcarrier spacing. Thus, the baseband sampling quantization would not strongly depend on subcarrier spacing.
Observation 3: The timing adjustment step in baseband is suggested to be an integral number of UL sampling period and not smaller than one UL sampling period.
2.3. Timing advance 
Timing advance RRM requirements consist of timing advance adjustment delay and accuracy.
Timing advance adjustment delay

UE shall adjust the timing of its uplink transmission timing at sub-frame n+6 for a timing advance command received in sub-frame n. Actually this part was first decided in RAN1 (in TS36.213), and then duplicated in TS36.133. The source of n+6 is the consideration of 4.333ms processing delay of MAC message and propagation delay. Note that processing delay has nothing to do with sub-carrier spacing.
Timing advance adjustment accuracy

The TA adjustment accuracy is written in relative manner, i.e. UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* Ts seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. Note that in LTE TA command is expressed in multiples of 16*Ts. As for NR, the resolution of TA command is not decided yet in RAN2. Thus the corresponding RRM requirement might be revisited in future once the decision is made in RAN2. However, from UE implementation point of view, we don’t see the technical reason to link this ±4Ts with sub-carrier spacing.

Observation 4: from UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.
3. Conclusions

This contribution provides the analysis on the requirements on NR UE transmit timing. The following observations are given:
Observation 1: From UE capability point of view, the initial UE transmit timing error (Te) is impacted by the bandwidth used for UE estimating downlink timing.

Proposal 1: The initial UE transmit timing error in NR is suggested to be defined as follows:

· For UL SCS=15KHz, Te = ±24Ts 

· For UL SCS=30KHz, Te = ±12Ts 

· For UL SCS=60KHz, Te = ±6Ts 

· For UL SCS=120KHz, Te = ±3Ts

Observation 2: The requirements on maximum timing adjustment step is related to the time drift due to frequency error and UE movements.
Observation 3: The timing adjustment step in baseband is suggested to be an integral number of UL sampling period and not smaller than one UL sampling period.
Observation 4: from UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.
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