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Introduction
In the RAN4#83 meeting, RAN4 had some initial discussion on UE transmit timing requirement for NR. The transmit timing requirement may depends on the uplink signal, thus different CP length should be considered. Base on such consensus, some further discussion on the impact of downlink and uplink subcarrier spacing is needed, and as well as the RF margin for initial transmit timing requirement. The related WF [1] is captured as follows.     

	1.3   UE TX timing
· Further analysis on the impact of downlink and uplink subcarrier spacing, and RF/implementation margin for initial TX timing requirements
· Further analysis on NR timing advance requirements



In this contribution, we would like to further discuss UE transmit timing requirements for different length of CP for NR 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. And also the use of larger downlink bandwidth improves the timing measurement accuracy.
The requirements of initial transmission timing error should ensure that the timing error is within half a CP length, hence, different length of CP can have different sensitivity with respect to transmit timing errors. In NR, different CP length should be considered due to different subcarrier spacing supported, as illustrated in table 2, as consequence, we observed that the magnitude of the UE transmit timing requirements should be scaled with respect to the SCS of uplink signal compared to the baseline SCS (15 KHz).  
Observation: The magnitudes of the UE transmit timing requirements should be scaled with respect to the SCS of uplink signal compared to the baseline SCS (15 KHz).

Table 2: 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



In LTE, the legacy downlink timing tracking algorithms are generally based on finding the sample position that maximizes the correlation to a prior known reference signal, e.g. CRS signal. And, in NR, the frame/slot/symbol timing of the cell can be obtained from PSS/SSS signals. Therefore, 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 3.
Table 3: 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



From table 3, it is shown that the PSS/SSS bandwidth varies between 1.905 MHz to 30.48 MHz. And the initial transmission timing error accuracy is proportionate to the downlink PSS/SSS bandwidth. In LTE, as shown in table 1, for downlink bandwidth equal to 1.4 MHz, the timing error (Te) is ±24 Ts, and for DL BW ≥3 MHz, the timing error (Te) is ±12 Ts. Since the definition of exact value of SCS for PSS/SSS signal for different frequency ranges is still ongoing in RAN4. Once the SCS of PSS/SSS is determined, the UE transmit timing requirements could therefore be specified with different SCS of uplink signal.

Based on above analysis, we propose that the UE transmit timing requirements should be scaled with the SCS of uplink signal which the UE transmits, and for frequency range up to 6GHz, the proposed requirements are summarised in following table 4, and for frequency range between 6GHz and 52.6GHz, the proposed requirements are summarised in following table 5.

Proposal 1: For frequency range up to 6GHz, the UE transmit timing requirements are proposed in table 4:
Table 4: UE Transmit Timing Requirements for frequency range up to 6GHz (Assuming SCS of DL PSS/SSS = 15 KHz)
	No.
	SCS of UL signal (KHz)
	SCS of DL SS signal (KHz)
	PSS/SSS bandwidth (MHz)
	Timing error limit (Te)
	Maximum autonomous adjustment step size (Ts)
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	15
	15
	1.905
	20*Ts
	13.5
	7
	13.5

	2
	30
	15
	1.905
	10*Ts
	13.5/2 
	7/2
	13.5/2

	3
	60
	15
	1.905
	5*Ts
	13.5/4
	7/4
	13.5/4




Proposal 2: For frequency range between 24 GHz and 52.6 GHz, the UE transmit timing requirements are proposed in table 5:
Table 5: UE Transmit Timing Requirements for frequency range between 6GHz and 52.6GHz (Assuming SCS of DL PSS/SSS = 120 KHz)
	No.
	SCS of UL signal (KHz)
	SCS of DL SS signal (KHz)
	PSS/SSS bandwidth (MHz)
	Timing error limit (Te)
	Maximum autonomous adjustment step size (Ts)
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	60
	120
	15.24
	3*Ts
	3.5/4
	7/4
	3.5/4

	2
	120
	120
	15.24
	3*Ts/2
	3.5/8
	7/8
	3.5/8




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

Observation: The magnitudes of the UE transmit timing requirements should be scaled with respect to the SCS of uplink signal compared to the baseline SCS (15 KHz).


Proposal 1: For frequency range up to 6GHz, the UE transmit timing requirements are proposed in table 4:
Table 4: UE Transmit Timing Requirements for frequency range up to 6GHz (Assuming SCS of DL PSS/SSS = 15 KHz)
	No.
	SCS of UL signal (KHz)
	SCS of DL SS signal (KHz)
	PSS/SSS bandwidth (MHz)
	Timing error limit (Te)
	Maximum autonomous adjustment step size (Ts)
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	15
	15
	1.905
	20*Ts
	13.5
	7
	13.5

	2
	30
	15
	1.905
	10*Ts
	13.5/2 
	7/2
	13.5/2

	3
	60
	15
	1.905
	5*Ts
	13.5/4
	7/4
	13.5/4




Proposal 2: For frequency range between 6GHz and 52.6GHz, the UE transmit timing requirements are proposed in table 5:
Table 5: UE Transmit Timing Requirements for frequency range between 6GHz and 52.6GHz (Assuming SCS of DL PSS/SSS = 120 KHz)
	No.
	SCS of UL signal (KHz)
	SCS of DL SS signal (KHz)
	PSS/SSS bandwidth (MHz)
	Timing error limit (Te)
	Maximum autonomous adjustment step size (Ts)
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	60
	120
	15.24
	3*Ts
	3.5/4
	7/4
	3.5/4

	2
	120
	120
	15.24
	3*Ts/2
	3.5/8
	7/8
	3.5/8
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