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Introduction
In previous RAN4 meetings, UE UL timing adjustment when there is a UE UL timing change due to Rx beam change or due to any other general timing shift is discussed. It was agreed that UE could do gradual and one shot timing adjustment based on the magnitude of timing change. In this contribution, we provide our views one shot timing adjustment. 
Discussion
Timing adjustment behaviour that was agreed and captured in TS 38.133 [2] is shown in Figure.1.  
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Figure 1: UE UL timing adjustment behavior in terms of UL timing change
Before going to solution, let’s look at the problem origin closely by analysing Rx beam sweeping and problem scenario. 
Rx beam sweeping: Figure 2: Rx beam sweeping


When SMTC window periodicity/SMTC periodicity is 160ms, UE will be measuring each beam (beam 0, 1, etc. at every 160ms) as shown figure 1 once in 1280 ms (8*160ms). For example, let’s consider UE’s best Rx beam is the beam in beam 0 direction. UE does Rx beam sweeping every SMTC periodicity (160ms in this case) in each beam direction. Whenever UE finds better beam than serving beam, UE switches to that beam. The process of Rx beam sweeping and Rx beam switching is agnostic to gNB. For example, let’s say, when UE completes one full round of Rx beam sweeping, beam 0 is no longer the best beam and beam 1 is the next best beam. However, UE do not know the latest timing of beam 1, since it was measured 1120ms ago. 

[image: ]When UE performs Rx beam switch to beam 1, with the timing of 1120ms before, there can be multiple factors contributing to total UE timing error, which is analysed in following sections. We use figure 3, which was agreed in the RAN4#92-Bis to analyse the scenario further. Figure 3: Beam path difference


In the figure 3, path1 corresponds to beam 0 of figure 2 and path 2 corresponds to beam 1 of figure 2.  
Let’s represent the path “x” DL and UL timing as TDLx and TULx and gNB transmit timing can be represented by TgNB. 
Path2 timing 1120ms back can be represented as TDL2’=TgNB+Tprop_path2; 
After 1120 ms, at present the timing of path 2 can be represented as TDL2= TgNB+Tprop_path2+TUE_timing_drift; Where TUE_timing_drift is the drift in UE timing due to clock error/inaccuracy, which can be positive or negative.

Timing of path 1 at present is the latest timing information UE has and it is TDL1= TgNB + Tprop_path1;
By subtracting timing advance (TTA_path1) from DL timing gives us the UE UL timing. Which can be represented asTUL1 = TgNB + Tprop_path1 –TTA_path1

Until gNB sends Timing advance, UE has to use the same timing advance information related to path 1. If there is any small deviation in timing, this old timing advance should be sufficient along with gradual timing adjustment. However, whenever there is a significant timing deviation, same timing advance may cause error at gNB. To avoid this, there needs a mechanism either UE based or network based to correct the UE UL timing as fast as possible, so that UE UL timing drift will not degrade the gNB demodulation performance. One shot timing advance proposed in RAN4 is UE based timing correction mechanism to improve UE UL timing when there is a significant timing shift due to Rx beam switch or any other mechanism.

One shot timing adjustment
If UE knows there is a timing change, and also if UE can figure out the amount of timing change by itself, it can apply that timing change to adjust its UL transmit timing. The main principle followed here is, estimate the new TA and apply that estimated TA to DL timing. 

For example, let’s see how UE computes the one shot timing for the scenario shown figure 3. 

By assuming TA is the 2×propagation delay, timing advance related to path 2 can be computed as TTA_path1 + 2* path difference.

TTA_path2= TTA_path1 +2 (TDL2-TDL1)
 UE UL timing of path 2 is given by DL timing –TA, which can be represented as,
TUL2= TDL2 - TTA_path2
TUL2 = TDL2 - (TTA_path1 + 2 (TDL2-TDL1)) 
TUL2= TDL2 - TTA_path1 +2 (TDL1-TDL2) …. Equation (1)

Since it is the estimated timing, there can be errors in the timing estimation, which leads to errors at gNB. Let’s look at the corresponding timing errors seen at gNB due to new timing at UE. Timing error corresponding to each of the component of equation (1) is given below.  

TDL2  UE transmit timing error seen at gNB is, Te + TUE_timing_drift 
TTA_path1 -> Timing command resolution error (TACE) and TA adjustment accuracy error (TAAE) [3] and the corresponding table from [3] are 

Table 1: Timing command resolution and adjustment errors
	UL SCS [kHz]
	 TACE [Tc]
	TAAE [Tc] 

	15 
	± 512
	± 256

	30
	± 256
	± 256

	60
	± 128
	± 128

	120
	± 64
	± 32



And the component “2 × (TDL1-TDL2)” is the time difference due to path difference of beams.

Total error seen at gNB can be written as TBSE = Te +TUE_timing_drift + TACE + TAAE +2× (TDL1-TDL2) … Equation (2)

Te is given in the table of Table 7.1.2-1of TS 38.133. 
TUE_timing_drift can be 252Tc (calculated by assuming UE clock accuracy of 0.1ppm)
TACE and TAAE are given in the above table 1. 

We have to decide on 2× (TDL1-TDL2) by deciding on what is the reasonable TBSE so that enough margin is available at BS to deal with multipath propagation errors. As a ballpark number let’s assume TBSE can be upto half CP, so that other half CP can serve as margin for multipath propagation conditions of wireless channel.

TBSE analysis in terms of CP
 
Table 2: TBSE analysis for different length of path difference
	SSB SCS (kHz)
	UL SCS (kHz)
	Te +TUE_timing_drift [Tc]
	BS error (TBSE) [Tc]
	UL CP in [TC]
	BS error (TBSE) without path difference as percentage of UL CP length (%)
	BS error (TBSE)  with adding 2(TDL1-TDL2) as different fraction of CP

	
	
	
	
	
	
	2(TDL1-TDL2)= CP/2
	2(TDL1-TDL2)=
CP/3
	2(TDL1-TDL2)=
CP/5

	15
	15
	1020
	1788
	9216
	19
	70
	53
	40

	
	30
	892
	1404
	4608
	30
	80
	64
	50

	
	60
	892
	1148
	2304
	50
	100
	83
	70

	30
	15
	764
	1532
	9216
	17
	67
	50
	37

	
	30
	764
	1276
	4608
	28
	78
	61
	47

	
	60
	700
	956
	2304
	42
	92
	75
	62

	120
	60
	476
	732
	2304
	32
	82
	65
	52

	
	120
	476
	572
	1152
	50
	100
	83
	70

	240
	60
	444
	700
	2304
	30
	80
	64
	50

	
	120
	444
	540
	1152
	47
	97
	80
	67



In table 2, few columns we highlighted (in red); thereby we draw few observations as below.

Observation 1: When SMTC window periodicity is 160 ms, for some SCS without any path shift of path difference also, there was around half CP of error seen at gNB. Which is highlighted in Red.

Observation 2: After applying one shot adjustment at 2× (TDL1-TDL2) = CP/2, for most of the SCS (highlighted in Yellow), error seen at BS is above 70%. Which is clearly above permissible ballpark number assumed. 

Observation 3: After applying one shot adjustment at 2× (TDL1-TDL2) = CP/3, for some of the SCS (highlighted in Gray colour), error seen at BS is above 50%. Which is clearly above permissible ballpark number assumed.

Observation 4: After applying one shot adjustment at 2× (TDL1-TDL2) = CP/5, for some of the SCS (highlighted in Turquoise), error seen at BS is above 50%. Which is clearly above permissible ballpark number assumed. 

From observations 1, 2, 3 and 4 for SMTC of 160ms, one shot timing adjustment is not going to work well for all SCS. Since it is already late in Rel-15, we feel RAN4 do not have enough time to discuss different solutions for different SCS. Hence, we propose to drop this feature or Rel-15 and discuss it in Rel-16 timeframe. 

Proposal 1: RAN4 to drop one shot timing adjustment feature for Rel-15 and look at it in Rel-16 timeframe to tackle the timing adjustment problem for SMTC of 160ms as one shot timing adjustment may not work well for all SCS. 
 

1. Conclusion
In this contribution, we have discussed threshold value for one shot timing adjustment and we make following proposals:
Proposal 1: RAN4 to drop one shot timing adjustment feature for Rel-15 and look at it in Rel-16 timeframe to tackle the timing adjustment problem for SMTC of 160ms as one shot timing adjustment may not work well for all SCS. 
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