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1. Introduction

In RAN4 NR#3 meeting, the UE timing related requirements for NR have been discussed and a way forward on UE transmit timing was agreed. The agreements for timing advance adjustment are stated as follow:

	· Both UE implementation and network UL performance should be taken into account when discussing requirement for TA accuracy:
· From network aspect, with larger SCS UE is required to maintain finer TA accuracy in order to guarantee UL performance.
· The TA accuracy in NR is scaled 

· Option 1: with UL SCS
· Option 2: with UL BW and UL SCS.


In this contribution, we will provide our further considerations on timing advance adjustment requirements for NR.
2. Discussion
The UE timing requirements for NR have been discussed for several meetings. Timing advance RRM requirements consist of timing advance adjustment step and accuracy. In this section, we analyse how to derive UE timing advance requirements.
TA adjustment step
UE shall adjust the timing of its uplink transmission timing when received a timing advance command which is expressed in multiples of TA adjustment step. From UE implementation point of view, at least the TA adjustment step is not expected to be smaller than one sampling interval, so TA adjustment step shall take into account the sampling interval for minimum bandwidth.
Table 1: Sampling intervals for minimum BW with different SCS
	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

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


From the perspective of network performance, the TA adjustment step is required to be much smaller than the CP length such that the BS demodulation performance will not be impacted a lot. The smaller the TA adjustment step is, the smaller BLER the UE can achieve for UL data transmission, however the greater the signalling overhead is. Hence, the TA adjustment step shall be properly defined. In LTE, TA adjustment step equals to 16Ts, which can be reused for the case of SCS = 15KHz. Table 2 shows the TA adjustment step which is scaled by UL SCS.
Table 2: Values for TA adjustment step in NR

	Parameters
	Values

	UL SCS
	15KHz
	30 KHz
	60 KHz
	120 KHz

	TA adjustment step
	16Ts
	8Ts
	4Ts
	2Ts

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


From Table 1 and 2, it can be seen that the TA adjustment step equals to two or four sampling intervals considering the corresponding minimum UL bandwidth.
TA adjustment accuracy

The TA adjustment accuracy is written in relative manner. In LTE, UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4Ts seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. Obviously a stricter requirement on TA adjustment accuracy is required for a smaller TA adjustment step. So, the TA adjustment accuracy is suggested to be scaled with UL SCS when TA adjustment step is scaled with UL SCS. Table 3 shows the TA adjustment accuracy which is scaled by UL SCS, where the TA adjustment accuracy within ±4Ts in LTE is reused for the case of SCS = 15KHz.
Table 3: Values for TA adjustment accuracy in NR

	Parameters
	Values

	UL SCS
	15KHz
	30 KHz
	60 KHz
	120 KHz

	TA adjustment accuracy
	±4Ts
	±2Ts
	±1Ts
	±0.5Ts

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


From Table 3, it can be seen that the TA adjustment accuracy is within half or one sampling interval considering the corresponding minimum UL bandwidth.

Based on the above discussion and analysis, the following is proposed for TA adjustment requirements in NR:

Proposal 1: The TA adjustment requirements in NR are suggested to be defined as Table 4.
Table 4: TA requirements in NR

	Parameters
	Values

	UL SCS
	15KHz
	30 KHz
	60 KHz
	120 KHz

	TA adjustment step
	16Ts
	8Ts
	4Ts
	2Ts

	TA adjustment accuracy
	±4Ts
	±2Ts
	±1Ts
	±0.5Ts

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


As for NR, the resolution of TA command has not been decided yet in RAN2. Thus, the corresponding RRM requirement might be revisited in future once the decision is made in RAN2.
3. Conclusions

This contribution provides the analysis on the requirements on TA adjustment requirements in NR. The following is provided:
Proposal 1: The TA adjustment requirements in NR are suggested to be defined as Table 4.
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