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1 Introduction
In this contribution we continue the discussion regarding timing advance for NR and examine some of the observations in [1], when it comes to developing requirements based on RAN1 decisions and comment on initial access and mobility.
2 Discussion
2.1 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 measures the UE uplink timing and determines the difference between UE actual timing and TA0
2. gNB determines a TA command to apply
3. 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 measures the UE uplink timing and determines the difference between UE actual timing and TA0
	36.133 section 10.3 has requirements for Tadv reporting “The reporting range of TADV is defined from 0 to 49232Ts with 2Ts resolution for timing advance less or equal to 4096Ts and 8Ts for timing advance greater than 4096Ts.” This is for reporting between network nodes, so it does not directly specify the accuracy within a gNB. Nevertheless, we use ±1Ts as an optimistic value
	±1Ts

	2.	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

	3. 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)
	±13Ts



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 eNB 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 ±13 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 36/144 to 44/144 ≈ 20%. (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 subcarrier 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

	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

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



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

	Cyclic prefix, duration (Ts)
	144
	72
	36
	18

	TA uncertainty (Ts), 
for 20% of normal CP
	±13
	±6.5
	±3.25
	±1.6



Table 3: TA uncertainty
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

	1.  gNB measures the UE uplink timing and determines the difference between UE actual timing and TA0
	36.133 section 10.3
	1
	0.5
	0.25
	0.125

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

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

	Total
	 
	±13
	±6.5
	±3.25
	±1.6



Table 4: TA uncertainty budget examples
[bookmark: _GoBack]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.
Observation 2: The reporting granularity should improve.
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. 
Observation 3: It should be investigated if time stamping accuracy (measurement) could be improved (BS and UE) 
2.2 The initial phase
In TS 36.133 7.1.2 it is stated:
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX, eDRX_CONN cycle for PUCCH, PUSCH and SRS or it is the first transmission after RACH-less handover or it is the PRACH transmission
Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

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



The same scaling with relation to the new CP lengths should be considered for this case, as for the case in section 2.1
Observation 4: Te error limit should scale in relation to subcarrier spacing.
2.3 Mobility 
The eNodeB provides the UE with a configurable timer called timeAlignmentTimer. TimeAlignmentTimer is used to control how long the UE is considered uplink time aligned
The value of the timer is either UE specific (timeAlignmentTimerDedicated) and managed through dedicated signalling between the UE and the eNodeB, or cell specific (timeAlignmentTimerCommon) which is indicated in SIB2. In both cases, the timer is normally restarted whenever a new Timing Advance is given by the eNodeB. At the time of restart, the timer is restarted to a UE specific value if configured; otherwise it is restarted to a cell specific value
As discussed before, the eNodeB continuously measures timing of uplink signal from the UE and adjusts the uplink transmission timing by sending the Timing Advance Command to the UE. If the UE has not received a Timing Advance Command until the expiry of timeAlignmentTimer, the UE assumes that it has lost the uplink synchronization.
Observation 5: Worst case TA error is set by Initial error just after TA applied (measurement and reporting) + a drift part (mobility and TA periodicity)
It is up to eNB implementation to maintain accurate TA tracking and adjust by command to UE, with the shorter symbols of NR due to bigger subcarrier spacing of NR it is expected that this tracking has to be done in a more accurate way and with more commands per time unit to mitigate the drift part of the error.
2.4 TDD GP allocation and uplink transmission in the short-duration
The TA accuracy is also a factor when it comes related to adjacent in time UE UL transmission with transient discussion based on RAN 1 question in [3], the TA error would add to the issue (and probably be most significant), given that, for 15 kHz sub carrier spacing, we would have ±13 Ts which corresponds to ±0.4 µs.
LS R1-1703782, where RAN1 asked RAN4 the following questions, 
RAN1 asks RAN4 to study transient period (including feasible values especially the one(s) smaller than that of LTE) considering uplink transmission in the short-duration.
RAN1 also asks RAN4 whether or not the transient period(s) relates to transmission characteristics e.g., bandwidth and frequency location in a bandwidth, PSD, frequency-hopping during the transmission, carrier frequency.
Finally, In the TDD time budget [3], we discuss margin for TA errors, if significant. In this contribution we start at ±13 Ts which corresponds to ±0.4 µs and then scale. This keeps the impact of TA error to a minimum.
Observation 6: Impacts budget for TDD GP allocation AND uplink transmission in the short-duration transient behaviour.
3 Conclusion	

Observation 1: The TA error must scale with numerology to keep the TA error fraction of CP constant.
Observation 2: The reporting granularity should improve.
Observation 3: It should be investigated if time stamping accuracy (measurement) could be improved (BS and UE) 
Observation 4: Te error limit should scale inversely proportional to subcarrier spacing.
Observation 5: Worst case TA error is set by Initial error just after TA applied (measurement and reporting) + a drift part (mobility and TA periodicity)
Observation 6: Impacts budget for TDD GP allocation AND uplink transmission in the short-duration transient behaviour.
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