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Introduction
In the RAN4#83 NR Adhoc#2 meeting, RAN4 had some discussion on UE transmit timing requirement for NR. The initial UE transmit timing error (Te) and the maximum autonomous adjustment step size (Tq) should consider the factors of downlink bandwidth of reference signal, uplink normal CP length and uplink bandwidth. The related agreements were captured in WF [1] as follows.     

	Initial Transmit timing and autonomous adjustment step size
· It is agreed to specify the initial UE transmit timing error (Te) and the maximum autonomous adjustment step size (Tq) considering the factors including
· downlink bandwidth of the reference signals in Hz, which are used to derive the timing,
· uplink normal CP length of the signal transmitted,
· uplink bandwidth in Hz. 
· Interested companies are invited to investigate the detailed impact of the factors listed



In this contribution, we would like to further discuss the initial UE transmit timing requirements on considering above factors and provide our proposals.
UE Transmit Timing Requirements

As defined in TS 36.133 [2], the UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in the following table. 
Table 1: Te Timing Error Limit (in TS 36.133)
	Downlink Bandwidth (MHz)
	Te

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211




 As shown above, in LTE, the initial transmission timing error (Te) mainly comes from the error of downlink timing detecting and the error of Tx chain setting. The requirement of  12*TS was derived from WCDMA, the corresponding requirement is  1.5 chips = 390.625ns, which is the same as   12*TS. In NR, PSS/SSS signals can play the same role as CRS does in LTE with regard to the UE transmit timing. According to RAN1 agreement, the number of subcarriers for PSS/SSS is 127 while the subcarrier spacing (SCS) of SS block can be different for different frequency ranges, as summarised in following table 2.
Table 2: PSS/SSS Bandwidth for different frequency ranges
	Frequency ranges
	Subcarrier spacing of PSS/SSS (KHz)
	Number of PSS/SSS subcarriers 
	PSS/SSS Bandwidth (MHz)

	≤ 6 GHz
	15
	127
	1.905

	
	30 
	127
	3.81

	6 GHz < F ≤ 52.6 GHz
	120 
	127
	15.24

	
	240 
	127
	30.48



For the minimum LTE system bandwidth of 1.08MHz, the equivalent chip duration is 926ns, which is more than twice the required timing accuracy.  Even though it would be possible to obtain such accuracy in good DL signal conditions, such a requirement represents an implementation burden due to the need for timing interpolation while it provides little demonstrable benefit. Therefore, the UE timing requirement shall consider the sampling rate of transmit signal. 
In NR, different CP length should be considered due to different subcarrier spacing supported, as illustrated in table 3, as consequence, in order to guarantee the timing error consume the same percentage of CP length with different SCS, the UE transmit timing requirements should be scaled with respect to the SCS of uplink signal compared to the baseline SCS (15 KHz).  
Table 3: CP length and symbol duration
	Subcarrier spacing (kHz)
	15
	30
	60
	120

	Slot duration (µs)
	500
	250
	125
	62.5

	OFDM symbol, duration (µs)
	66.67
	33.33
	16.67
	8.34

	Cyclic prefix, duration (µs)
	4.69
	2.34
	1.17
	0.59



Based on above analysis, we propose that the UE transmit timing requirements could be determined with following procedures:
· For sub 6GHz
With SCS of 15 KHz and 30 KHz, the PSS/SSS bandwidth will be 1.905MHz and 3.81MHz respectively. The UE initial transmission timing error shall be limited to Te, where.

where,
 is the downlink PSS/SSS bandwidth
 is the UL transmit signal bandwidth
 is the subcarrier spacing of downlink PSS/SSS signals
 is the subcarrier spacing of uplink transmit signal
 is the PRB number of uplink transmit signal
· For above 24GHz
With SCS of 120 KHz and 240 KHz, the PSS/SSS bandwidth will be 15.24MHz and 30.48MHz respectively. The UE initial transmission timing error shall be limited to Te, where .




Proposal 1: For sub 6GHz, the UE initial transmission timing error shall be limited to Te, where



Proposal 2: For above 24 GHz, the UE initial transmission timing error shall be limited to Te, where .

Conclusions
In this contribution, we analyse the UE initial transmit timing requirements for different SCS and for different frequency range, and we made the proposals as follows:

Proposal 1: For sub 6GHz, the UE initial transmission timing error shall be limited to Te, where



Proposal 2: For above 24 GHz, the UE initial transmission timing error shall be limited to Te, where .
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