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Introduction
In this paper, we review the initial transmit timing error and timing adjust accuracy for LTE and propose extensions to NR. The timing adjustment accuracy is dependent on the natural sampling rate (NSR) which in turn depends on BW of UL signal. For initial timing error, we propose to scale it based on the number of tones that are used in DL timing estimation. 
Discussion
Timing Adjustment Accuracy
The timing adjustment accuracy in LTE can be derived from the natural sampling rate (NSR) which is multiple of FFT size and sub-carrier spacing (SCS). For example, for 20MHz (see Table 1), the NSR is 2048*15KHz = 30.72 MHz. The timing can be maintained accurately to at most one sample, which gives a timing accuracy of 1/ (30.72 MHz) =Ts 

[bookmark: _Ref492552218][bookmark: _Ref492552230]Table 1: LTE Timing Accuracy
	BW (in MHz)
	FFT Size
	SCS (in KHz)
	Natural Sampling Rate (in MHz)
	Timing Adjustment Accuracy (+/-)

	5
	512
	15
	7.68
	4 Ts

	10
	1024
	15
	15.36
	2 Ts

	15
	2048
	15
	30.72
	1 Ts

	20
	2048
	15
	30.72
	1 Ts



It can be easily seen that worst timing accuracy comes from the smallest BW that is supported.  Thus, for 5G NR, the proposed timing accuracy, as specified in Table 2, depends on the smallest BW supported for each SCS.
Proposal 1: The timing adjustment accuracy should be based on NSR of the smallest BW at each SCS in NR. 
[bookmark: _Ref492552823]Table 2: Proposed Timing Adjustment Accuracy Requirement for each SCS
	SCS
	Smallest BW Supported (in MHz)
	NSR (in MHz)
	Timing Adjustment Accuracy (+/-)

	15
	5
	7.68
	4 Ts

	30
	5
	7.68
	4 Ts

	60
	10
	15.36
	2 Ts

	120
	50
	61.44
	0.5 Ts


Initial Transmit Timing Error
For LTE, where the initial transmit timing error is as specified in Table 3
[bookmark: _Ref492653335]Table 3: Initial Timing Error for LTE
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

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



Proposal 2: Scale the initial transmit timing error as Te = 12* PG  Ts where processing gain PG = nCRS3MHz/ nSSBNR; nCRS3MHz is the number of CRS tones in LTE 3MHz and nSSBNR is the number of tones in SSB used in DL timing estimation.  
The processing gain comes from the number of tones that are used for DL timing estimation in LTE vs NR. In LTE, CRS tones are used for DL timing estimation and the worst-case number of CRS tones will be in 3MHz BW. In NR, the corresponding DL timing estimation is done using SSB. Potentially the UE could use PBCH DMRS, PSS or SSS for this purpose. The number of tones in each of these blocks in giving in Table 4

[bookmark: _Ref492906797]Table 4: Number of tones in SSB elements
	Block
	Number of Tones

	PBCH DMRS
	72

	PSS
	127

	SSS
	127



[bookmark: _GoBack]The overall processing gain would depend which of the sub-blocks in SSB can be used for DL timing estimation. Note that CRS tones are present in every sub-frame whereas the SS block has a larger temporal periodicity. The above proposal assumes that DL timing accuracy based on SSB will be similar to that using CRS tones. If DL timing accuracy does not scale due to larger periodicity, then we may need to reduce the processing gain. 

Conclusions

Proposal 1: The timing adjustment accuracy should be based on NSR of the smallest BW at each SCS in NR. 
	SCS
	Smallest BW Supported (in MHz)
	NSR (in MHz)
	Timing Adjustment Accuracy (+/-)

	15
	5
	7.68
	4 Ts

	30
	5
	7.68
	4 Ts

	60
	10
	15.36
	2 Ts

	120
	50
	61.44
	0.5 Ts



Proposal 2: Scale the initial transmit timing error as Te = 12* PG  Ts where processing gain PG = nCRS3MHz/ nSSBNR; nCRS3MHz is the number of CRS tones in LTE 3MHz and nSSBNR is the number of tones in SSB used in DL timing estimation.  

