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1 	Introduction
In last RAN4 meeting, the issue of UE UL Tx timing adjustment due to Rx beam change was discussed. A CR [1] and a WF [2] were agreed. UE will take either gradual or one-shot UL Tx timing adjustment, depending on how large the timing difference UE observed. There are still some open issues left, e.g.,
1) The threshold H
2) The accuracy (Te1) of one-shot adjustment
3) interruption requirement (duration and location)
In this paper, we discuss above remaining issues. We will start with 2).
2 Discussion
Based on the agreed CR [1], UE’s behavior on how to adjust its UL timing can be illustrated as Figure 1. 
· When the timing difference between new and old beams are smaller than Te, UE does not need to take any actions
· When the timing difference is larger than Te but smaller than H, UE adjustment its UL Tx timing based on legacy requirement (gradual small-step adjustment)
· When the timing difference is larger than H, UE will conduct a one-shot big-step timing adjustment along the opposite direction of DL timing change and with twice the amount of difference between new and old DL timing. After this one-shot adjustment, UE fallbacks to gradual small-step adjustment. In the same time, it is expected that BS will also send TA commands to maintain a proper UL Rx timing at BS’s receiver.
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[bookmark: _Ref7635242]Figure 1. Three different UE behaviors on UL timing adjustment to deal with DL timing change.

Accuracy (Te1) of one-shot adjustment
UE will perform a more accurate timing tracking on the serving beam (TX-RX beam pair) in order to meet the need for demodulation performance such as high QAM and avoid ISI as much as possible. Also, on this serving beam, there are DMRS for PDCCH/PDSCH that can optionally be used for timing tracking in addition to SSB. However, for non-serving beams, UE usually only needs to perform L3/L1 measurements. Typically, measurements are based on signal power, which is relatively more robust to timing error. Therefore, there is no intention for UE to perform timing tracking as accurate as that on the serving beam. 
As a result, if the UL timing requirements is Te for serving beam, then the requirement for non-serving beam should certainly be larger than Te. In based on our evaluation, the UL timing accuracy could be up to 2*Te at SNR -3dB for 90% of the time. 
[bookmark: _Ref7721572]Proposal 1: The accuracy of one-shot timing adjustment (Te1) is 2*Te at SNR -3dB for 90% of the time.

The threshold H
In our understanding, the threshold H should be at least larger than the sum of Te and Te1, as shown in Figure 2. So that we can guarantee that the UL timing accuracy will not introduce problem in UE’s behaviour on choosing between gradual or one-shot timing adjustments. In this case, H should be 3*Te.
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[bookmark: _Ref7640285]Figure 2. H should be larger than Te + Te1

Table 1 provides the ratios of H over UL CP are calculated for different cases. The largest ratio is 83% when DL SCS is 15KHz and UL SCS is 60KHz. For the other cases, the largest ratio is roughly half of CP (58%). To keep simplicity in specification, it is also fine to simply define H equals half of the UL CP.

[bookmark: _Ref16017399]Table 1. H and Ratio of H over CP
	FR
	SCS of SSB (KHz)
	SCS of UL signals (KHz)
	Te
(in # of Ts)
	H = 3* Te
(in # of Ts)
	UL CP
(in # of Ts)
	Ratio of H over CP

	1
	15
	15
	12
	36
	144
	25%

	
	
	30
	10
	30
	72
	42%

	
	
	60
	10
	30
	36
	83%

	
	30
	15
	8
	24
	144
	17%

	
	
	30
	8
	24
	72
	33%

	
	
	60
	7
	21
	36
	58%

	2
	120
	60
	3.5
	10.5
	36
	29%

	
	
	120
	3.5
	10.5
	18
	58%

	
	240
	60
	3
	9
	36
	25%

	
	
	120
	3
	9
	18
	50%



[bookmark: _Ref7721574]Proposal 2: H = 3*Te or half of the UL CP.

Interruption requirement
The larger value of H implies the less likely UE needs to conduct this one-shot timing adjustment, but it also implies that an interruption to UL transmission may occur upon one-shot timing adjustment. Given H=3*Te, we think it is fine to introduce the interruption requirement only when UE needs to perform one-shot timing adjustment. To us, it is more like a mechanism to handle a corner situation. 

The amount of one-shot timing advance could be larger than 2*H, which could be larger than the UL CP. If the one-shot timing adjustment is a delay, then of course interruption is not required. Thus, the interruption should only occur when UE advances its UL timing via this one-shot timing adjustment. For an example in Figure 3, advancing UL slot #n leads to overlapping between UL slots #n-1 and #n. In our view, UE should not interrupt what is already being transmitted. Therefore, the interruption should be limited to the next slot (#n). 
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[bookmark: _Ref16018170]Figure 3. An example when interruption occurs
The other issue is about the duration of this interruption. In our view, it is hardly that the amount of this timing advance is larger than an OFDM symbol. Therefore, we think it is fine to limit the interruption only on the 1st OFDM symbol of slot #n.

[bookmark: _Ref7721575][bookmark: _GoBack]Proposal 3: When UE is performing one-shot timing advance as specified in Section 7.1.2.2 on a UL slot #n, UE is allowed to cause interruption on the 1st OFDM symbol of UL slot #n. 
3 Summary
In this paper, we discuss the issue of UE UL timing change due to Rx beam change. We have the following observation and proposal:
Proposal 1: The accuracy of one-shot timing adjustment (Te1) is 2*Te at SNR -3dB for 90% of the time.
Proposal 2: H = 3*Te or half of the UL CP
Proposal 3: When UE is performing one-shot timing advance as specified in Section 7.1.2.2 on a UL slot #n, UE is allowed to cause interruption on the 1st OFDM symbol of UL slot #n.
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