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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 can do gradual and one shot timing adjustment based on the magnitude of timing change. In this contribution we provide our views on the threshold beyond which UE should perform one shot timing advance. 
Discussion
Timing adjustment behaviour which was agreed and captured in TS 38.133 [2] is shown in Figure.1.  Te and Tq are described in Table 7.1.2-1 and Table 7.1.2.1-1, respectively of TS 38.133 [2] which are reproduced as Table 2 and Table 3, respectively in the appendix (Section. 5) of this contribution.
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Figure 1: UE UL timing adjustment behavior in terms of UL timing change

Threshold H:

Timing adjustment can be done in two methods. They are, 1) When UE finds that there is a timing shift from previous UL reference timing, UE may perform self-timing adjustment as specified in the Figure 1 or 2) Whenever gNB finds that there is significant timing shift of the UE UL timing, gNB may send TA command to provide correction for UE UL timing.  

If we look at one of the reason for UE to perform self-timing adjustment, it is to avoid gNB from sending TA command, which may take more time. So if we look at this reason, next question that arises is, when will gNB send the TA command? There may be multiple answers to address this question. One important answer that comes to mind is when the UE UL transmission arrival timing is not falling inside the CP. This might result in degraded demodulation performance at gNB. However, gNB may not wait till the point where UE timing shift causes demodulation errors at gNB and may send TA command beforehand itself. 

In our view, the triggering point beyond which gNB sends TA command can be the threshold for UE to do self, one shot timing adjustment to avoid TA command from gNB. 

To determine the threshold beyond which gNB may send TA command, let us look at how timing advance is derived at UE from TA command.  The equation used for deriving the timing advance (TA) is:
TA = (NTA_New + NTA, offset) ×Tc ……equation (1), where Tc=0.509ns, and 
NTA_New = NTA_old + (TA -31) ×16×64/2µ ……equation (2), where, 
TA is received from gNB through MAC CE. 
NTA, offset is a constant offset as per table 4 of appendix.
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Figure 2: Point of trigger for issuing TA command at gNB

As shown in Figure 2 and equation (2), the minimum granularity of TA sent by gNB is 1×16×64/2µ×TC. Which means if the timing shift is upto the minimum granularity, gNB may not send any TA command. gNB may send TA command when the timing shift crosses any one of the possible points of TA trigger as shown in Figure 2. As discussed above, one way of designing H is choosing the possible point of TA trigger as H value, so that gNB won’t send the TA command.

From Figure 2, H can be represented as H = n×16×64/2µ × TC. Since UE can perform gradual timing adjustment when the UE timing difference upto Te + Tq. Whenever timing difference is less than Te+Tq, with one step of gradual adjustment, timing error will come below acceptable level of Te. Therefore, H should not be below Te+Tq which can be represented as, H=max (Te+Tq, n×16×64/2µ ×TC).


Table 1: The value of H
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	H 

	1
	15
	15
	max (Te+Tq, n×16×64×Tc)

	
	
	30
	max (Te+Tq, n×8×64×Tc)

	
	
	60
	max (Te+Tq, n×4×64×Tc)

	
	30
	15
	max (Te+Tq, n×16×64×Tc)

	
	
	30
	max (Te+Tq, n×8×64×Tc)

	
	
	60
	max (Te+Tq, n×4×64×Tc)

	2
	120
	60
	max (Te+Tq, n×4×64×Tc)

	
	
	120
	max (Te+Tq, n×2×64×Tc)

	
	240
	60
	max (Te+Tq, n×4×64×Tc)

	
	
	120
	max (Te+Tq, n×2×64×Tc)



The possible point of TA trigger should not be very small which may be very aggressive and may cause jitter in UE timing. Neither should it be very relaxed also, which may cause severe demodulation performance degradation at gNB. 

In our view gNB may wait for UE to do gradual adjustment if the timing error is upto 1 TA step size and above which gNB may send TA command. Which implies n= [1];

Based on the above analysis, we propose 
Proposal 1: RAN4 to define H= max (Te+Tq, n×16×64/2µ ×TC).
Proposal 2: RAN4 to agree on n as [1]
  
1. Conclusion
In this contribution we have discussed threshold value for one shot timing adjustment and we make following proposals:
Proposal 1: RAN4 to define H= max (Te+Tq, n×16×64/2µ ×TC).
Proposal 2: RAN4 to agree on n as [1]
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Appendix
 Table 2: The value of Te 
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Table 3: The value of Tq (Maximum Autonomous Time Adjustment Step) and Tp (Minimum Aggregate Adjustment rate)
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]








	Frequency range and band of cell used for uplink transmission
	NTA, offset (Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies NTA, offset based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of NTA, offset is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of NTA, offset can also be provided for a FDD serving cell.
Note 2:	Void



Table 4: The value of NTA, offset value
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