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1. Introduction

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

	· Both UE implementation and network UL performance should be taken into account when discussing requirement for Te:
· From UE aspect, Te is determined by BW of DL RS used for timing estimation
· From network aspect, with larger SCS UE is required to maintain finer Te in order to guarantee UL performance.
· The initial UE transmit timing error in NR is scaled 

· Option 1: with UL SCS, provided that network can provide enough DL RS BW. 
· Option 2: with BW of DL RS and UL SCS.


In this contribution, we will provide our further considerations on UE transmit timing for NR.
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.
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).

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
	(12Ts
	(6Ts
	(24Ts
	(12Ts
	(6Ts

	
	(6 DL sample period
	(3 DL sample period
	(1.5 DL sample period
	(12 DL sample period
	(6 DL sample period
	(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
	(3Ts
	(6Ts
	(3Ts

	
	(12 DL sample period
	(6 DL sample period
	(24 DL sample period
	(12 DL sample period

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


According to Table 2, it can be observed that the biggest challenge for UE capability in sub-6GHz is when SS block SCS is 15KHz and UL SCS is 60KHz. In this case, the UE transmit timing error Te is required to be within ±1.5 sample periods. For sub-6GHz, it seems that NR UE can achieve the equivalent LTE initial timing accuracy due to similar working frequency range.
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

3. Conclusions

This contribution provides the analysis on the requirements on NR UE transmit timing. The following observations are given:
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
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