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1 Introduction
In RAN4 NR Ad Hoc #2 it was decided in [1], to further specify timing advance accuracy. In this contribution, we discuss and propose how this could be done.
2 Discussion
2.1 Previous meeting
In [1], 3.5.3 UE transmit timing[Renewal] it was decided that.
	Issue #2
	Further analysis on NR timing advance requirements

	Ericsson
	Proposal 1: Scale TA command resolution with SCS, from 16 Ts for 15 kHz SCS.

Proposal 2: Scale UE relative error relative to ordered TA value, from 4 Ts for 15 kHz SCS.

	Huawei
	Observation 3: from UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.

	Agreement
	· Specify the timing advance adjustment accuracy considering the factors including 

· uplink normal CP length of the signal transmitted,
· uplink bandwidth in Hz.


Furthermore, as was pointed out in RAN4 ad hoc #2, the TA command is not under RAN4 specification control. For LTE, the RAN1 TS 36.213 states that:

	The timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG as multiples of 16. The start timing of the random-access preamble is specified in [3].


However, regardless how we proceed, by LS to RAN1 and other groups, like RAN2 (Random Access Response message) it is important that we reach an understanding in RAN4 with regards to the needed TA resolution. 
2.2 TA loop, steady state

In [1] we evaluated how accurately each UE’s timing can be set to the ideal timing TA0, from the gNB perspective, for the steady state case of an attached, non-mobile, UE that receives TA commands from the gNB.
The feedback loop consists of the following steps

1. gNB determines a TA command to apply

2. UE receives the TA command and applies it to its transmit timing

For each of these steps, an uncertainty budget is shown it table 1 for LTE

	Source of uncertainty
	Reference
	Budget
LTE Ts = 1/(15000 x 2048) seconds

	1.
gNB determines a TA command to apply
	36.133 section 7.3 indicates “The timing advance command is expressed in multiples of 16* TS and is relative to the current uplink timing. “
	±8Ts

	2. UE applies TA command
	36.133 section 7.3 indicates “The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission.”
	±4Ts

	TOTAL (ideal case)
	±12Ts


Table 1: Uncertainty budget for timing advance setting
When different numerologies are considered (e.g. with shorter symbol duration/Ts), it could be expected that many of the uncertainties would scale according to the shorter Ts. In other words, in absolute time terms the gNB should be able to measure the signal with greater granularity, TA commands should support setting the UE timing advance with smaller steps, and the UE should also be able to implement finer adjustment for the uplink. Another way of stating this is simply that Ts becomes shorter as the subcarrier spacing is increased.

We get a total uncertainty of ±12 Ts. If we compare this with the LTE CP length of 144 Ts, we see that the fraction of CP used by TA uncertainty is 24/144 ≈ 16.7%. (There will be some added uncertainty from the UE extracting DL timing reference, especially in poor SNR, but it is not modelled here).

For NR, we will have several subcarriers spacing possibilities. They are listed in table 2.

The CP length is inversely proportional to Subcarrier Spacing as per RAN1 decision.

	Subcarrier spacing (kHz)
	15
	30
	60
	120
	240

	Slot duration (µs)
	500
	250
	125
	62.5
	31.25

	OFDM symbol, duration (µs)
	66.67
	33.33
	16.67
	8.34
	4.17

	Cyclic prefix, duration (µs)
	4.69
	2.34
	1.17
	0.59
	0.29

	OFDM symbol including cyclic prefix (µs)
	71.35
	35.68
	17.84
	8.92
	4.46



Table 2: CP lengths for normal CP.
If we assume that TA uncertainty is allocated the same fraction of the CP, 20%, as current LTE at 15 kHz subcarrier spacing, then we get the total TA uncertainty, for the higher subcarrier spacing of NR, 30, 60, 230 and 240 kHz, listed in table 3:

	Subcarrier spacing (kHz)
	15
	30
	60
	120
	240

	Cyclic prefix, duration (Ts)
	144
	72
	36
	18
	9

	TA uncertainty (Ts), 
for 16.7% of normal CP
	±12
	±6
	±3
	±1.5
	±0.75



Table 3: TA uncertainty
In RAN4#83 there was a discussion with regards to the DigRF specification (from MIPI) between RF and baseband will give an uncertainty that does not scale with subcarrier spacing. However, historically, MIMI specification has been updated every time a new technology has been introduced (GSM, WCDMA, LTE). What we do here is to specify the new 3GPP starting point as input to other specification groups like MIPI.  
Observation 1: The TA error must scale with numerology to keep the TA error fraction of CP constant.

If we continue to scale the budget from table 1 we get table 4.
	Source of uncertainty
	Reference
	15
	30
	60
	120
	240

	1. gNB determines a TA command to apply
	36.133 section 7.3 
	8
	4
	2
	1
	0.5

	2. UE applies TA command
	36.133 section 7.3 
	4
	2
	1
	0.5
	0.25

	Total
	 
	±12
	±6.0
	±3.0
	±1.5
	±0.75



Table 4: TA uncertainty budget examples

If we start to analyse table 4, based on the biggest contributors to the uncertainty we notice that the reporting granularity should improve. It is ±8 Ts today in LTE. The quantization uncertainty is scaled in table 4 above, but in an actual standard this would be defined by protocol and the strictest requirement would be used all over, i.e. ±1 Ts quantization granularity. Scaling requirements beyond 1 Ts in BS measurement and UE allocation of TA command leads to very strict requirements and might not be feasible.
There will be some added uncertainty from the UE extracting DL timing reference, especially in poor SNR. Time stamping normally depends on 1) SNR and 2) BW.  NR have higher minimum BW, so we can expect better time stamp accuracy. 
The uplink bandwidth in Hz does affect accuracy insofar that higher bandwidth requires higher sample rates, which leads to increased resolution in timing, even if it is the downlink timing and the downlink bandwidth which is the primary source in this regard. The expected effect would be less accuracy for a narrow band system. However, LTE manages UE relative error relative to ordered TA value of 4 Ts for a 1.4 MHz channel bandwidth. With NR bandwidths of 5 to 100 MHz, for sub 6 MHz and 50 MHz to 400 MHz for mmW, we have bandwidths from 4-40 times to 300 times that of the narrowest LTE. This give some headroom for accuracy improvement (of UE relative error) in NR compared to LTE. However, in the end the UE internal sampling frequency must be adapted to the actual NR uncertainty requirement.
It is also important that the TA command permits an increased accuracy for the smaller CP lengths of the subcarrier spacing. 
If we specify shorter symbols in UL and correspondingly shorter CP, without the increase in TA command resolution and UE relative TA error, then we will break coherency of UL resources and get a capacity loss. 

Finally, we need an increased resolution when SCS increase and CP decrease, but the range of the cell will most likely be smaller (hence the smaller CP), so the total amount of bits needed will be a balance of these factors.

Proposal 1: Scale TA command resolution with uplink normal CP length of the signal transmitted, from 16 Ts for 15 kHz SCS. 
Proposal 2: Scale UE relative error relative to ordered TA value with uplink normal CP length of the signal transmitted, from 4 Ts for 15 kHz SCS.
3 Conclusion

If we specify shorter symbols in UL and correspondingly shorter CP, without the increase in TA command resolution and UE relative TA error, then we will break coherency of UL resources and get a capacity loss. 

Proposal 1: Scale TA command resolution with uplink normal CP length of the signal transmitted, from 16 Ts for 15 kHz SCS. 

Proposal 2: Scale UE relative error relative to ordered TA value with uplink normal CP length of the signal transmitted, from 4 Ts for 15 kHz SCS.
4 References

[1] RAN4-NR#2 Meeting report,  http://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_AHs/TSGR4_NR_Jun2017/Report/RAN4-NR%232_Meeting%20report_v2.zip
