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1 	Introduction
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 last RAN4 meeting, the issue of UE UL Tx timing adjustment due to Rx beam change was further discussed without reaching conclusion. Analyses from [1] and [2] provided views from the aspect of BS, while papers [3][4][5] are from UE’s perspective. In this paper, we discuss above remaining issues. We also provide the analysis on the observed BS timing error when UE takes one-shot timing adjustment and when UE does not take one-shot timing adjustment.
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.
[image: ] 
[bookmark: _Ref7635242]Figure 1. Three different UE behaviors on UL timing adjustment to deal with DL timing change.

One discussion point in last meeting in on the total BS UL Rx timing error. Companies seemed to have different understanding on the timing error experience at BS when UE takes one-shot timing adjustment and when UE does not take one-shot timing adjustment. Therefore, we provide some analysis through the following example. Here, we first ignore the error due to TA and UE UL timing, in order to simplify the example. In Figure 2, BS is transmitting DL signals with propagation delay Tp. 
· At UE side, the received timing is used to define the DL slot boundary of UE: TUE_DL_ref_before. (Without loss of generality, we take the boundary between slot #3 and #4 in Figure 2) 
· Assuming that perfect timing advance can be achieved, the ideal UE UL timing is 
TUE_UL_before = TUE_DL_ref_before- 2*Tp.
· If we further assume the UL propagation delay is also Tp, then the UL receive timing at BS is
TBS_UL_Rx_before = TUE_UL_before + Tp = TUE_DL_ref_before - Tp.
This receive timing shall fall perfectly within a slot at BS side.
[image: ]
[bookmark: _Ref23542805]Figure 2. Relation between UE and BS’s transmit and receive timing.

Now, let’s assume UE switched its Rx beam so that the received timing is further delayed by TΔ, but UE keeps the same UL transmit timing as before. In this case, BS will suffer an additional timing error TΔ.
· At UE side, the new DL received timing is updated as: TUE_DL_ref_after = TUE_DL_ref_before + TΔ 
· Assuming that UE’s UL timing remains unchanged: 
TUE_UL_after = TUE_UL_before = TUE_DL_ref_before- 2*Tp.
· UE is also using a new Tx beam for UL transmission (beam correspondence). Therefore, we assume the UL propagation delay is also further extended by TΔ, then the UL receive timing at BS is 
TBS_UL_Rx_after = TUE_UL_after + (Tp+ TΔ) = TUE_DL_ref_before - Tp+ TΔ = TBS_UL_Rx_before+ TΔ.
[image: ] 
Figure 3. UE keeps the same UL timing even if the propagation delay is extended by TΔ, after observing large timing delay in DL

Another assumption is that UE switched its Rx beam so that the received timing is further delayed by TΔ, and UE performs one-shot adjustment for its UL transmission. In this case, BS sees no additional timing error. 
· At UE side, the new DL received timing is updated as: TUE_DL_ref_after = TUE_DL_ref_before + TΔ 
· For one shot timing adjustment, UE will further advance its UL timing based on the new DL timing  by 2* TΔ (on top of the existing TA 2*Tp): 
TUE_UL_after = TUE_DL_ref_after - 2* TΔ - 2*Tp = TUE_DL_ref_before - TΔ - 2*Tp 
· UE is also using a new Tx beam for transmission (beam correspondence). Therefore, we assume the UL propagation delay is also extended by TΔ, then the UL receive timing at BS is 
TBS_UL_Rx_after = TUE_UL_after + (Tp+ TΔ) = TUE_DL_ref_before - Tp= TBS_UL_Rx_before.
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Figure 4. UE performs one-shot timing adjustment, after observing large timing delay in DL.

With above analysis, we can see that
· If UE keeps the same UL timing but uses a new Tx beam for transmission, then BS will suffer from additional TΔ timing error.
· If UE performs one shot timing adjustment with perfect accuracy, BS sees no additional timing error. So, if the timing accuracy of this one-shot adjustment is Te1, then BS will suffer from additional Te1 timing error.
Therefore, as long as Te1 is smaller than TΔ, BS will always benefit from UE’s one-shot adjustment.
[bookmark: _Ref24050545]Observation 1: As long as Te1 is smaller than TΔ, BS will always benefit from UE’s one-shot adjustment.

The threshold H
From network side, the basic idea from [1] and [2] is that the threshold H is somehow to largest DL timing difference that UE will still perform small step UL Tx timing adjustment. When such a difference is resulted from the change of DL propagation delay, then one can also expect similar change in UL propagation delay. One-shot adjust is one efficient way to directly compensate the change in both DL and UL propagation delay. However, for small step adjustment, network will still see some UL timing jump at its receiver side, according to above analysis. If this UL timing jump is too large, e.g., larger than CP, then the UL decoding performance cannot be guaranteed, leading some degradation in UL throughput as well as the waste of UE’s transmitting power.
The overall timing error of UL reception is calculated in Table 1. (The detail can be found in [1] and [2]). We add some column (F) to consider the impact of different H on the overall BS error. We see that if H is somehow within the range of 25~30% of the UL CP, then the overall BS error could be roughly controlled around half of CP.
[bookmark: _Ref20656676]Table 1. Calculation of overall BS timing error in reception
	SSB SCS [kHz]
	UL SCS [kHz]
	A: 
UE timing error [Ts]
	B: 
TA command resolution [Ts]
	C: 
TA adjustment accuracy [Ts]
	D: 
Overall BS error without H [Ts]
	UL CP
[Ts]
	E: D over UL CP length
	F: Overall BS error with H over CP

	
	
	
	
	
	
	
	
	H=50%
	H=33%
	H=30%
	H=25%

	15
	15
	12
	8
	4
	24
	144
	17%
	67%
	50%
	47%
	42%

	
	30
	10
	4
	4
	18
	72
	25%
	75%
	58%
	55%
	50%

	
	60
	10
	2
	2
	14
	36
	39%
	89%
	72%
	69%
	64%

	30
	15
	8
	8
	4
	20
	144
	14%
	64%
	47%
	44%
	39%

	
	30
	8
	4
	4
	16
	72
	22%
	72%
	55%
	52%
	47%

	
	60
	7
	2
	2
	11
	36
	31%
	81%
	64%
	61%
	56%

	120
	60
	3.5
	2
	2
	7.5
	36
	21%
	71%
	54%
	51%
	46%

	
	120
	3.5
	1
	0.5
	5
	18
	28%
	78%
	61%
	58%
	53%

	240
	60
	3
	2
	2
	7
	36
	19%
	69%
	52%
	49%
	44%

	
	120
	3
	1
	0.5
	4.5
	18
	25%
	75%
	58%
	55%
	50%

	Note
	
	
	
	
	D = A+B+C
	
	E=D/CP
	F = E+H



[bookmark: _Ref20659371]Observation 2: When H is somehow within the range of 25~30% of the UL CP, then the overall BS error could be roughly controlled around half of CP.

From UE side, the threshold H should be at least larger than the sum of DL timing estimation error on serving Tx-Rx beam pair and target Tx-Rx beam pair, as shown in Figure 5. So that we can guarantee that the UL timing accuracy will not introduce problem in UE’s behaviour on choosing between small-step or one-shot timing adjustments. 
[image: ] 
[bookmark: _Ref7640285]Figure 5. Criterion to determine H from UE perspective

Table 2 provides the ratios of H over UL CP are calculated for different cases base on H=2*Te. The largest ratio is 56% when DL SCS is 15KHz and UL SCS is 60KHz. For the other cases, the largest ratio is no larger than 40% of CP. Therefore, from UE perspective, reasonable H is within the range of 40~56%.

[bookmark: _Ref16017399]Table 2. H and Ratio of H over CP
	FR
	SCS of SSB [KHz]
	SCS of UL signals [KHz]
	Te
	H = 2* Te
	UL CP
	Ratio: H over CP

	
	
	
	[Ts]
	[Ts]
	[Ts]
	

	1
	15
	15
	12
	24
	144
	17%

	
	
	30
	10
	20
	72
	28%

	
	
	60
	10
	20
	36
	56%

	
	30
	15
	8
	16
	144
	11%

	
	
	30
	8
	16
	72
	22%

	
	
	60
	7
	14
	36
	39%

	2
	120
	60
	3.5
	7
	36
	19%

	
	
	120
	3.5
	7
	18
	39%

	
	240
	60
	3
	6
	36
	17%

	
	
	120
	3
	6
	18
	33%



[bookmark: _Ref20659373]Observation 3: From UE’s perspective, reasonable H is within the range of 40~56%.

Based on above analysis, we can see that the range of wanted H is different from network and UE perspectives. Some compromise in both sides are needed. Our suggestion is to try to agree on 33% of the CP for all SCSs. If this is not possible, then SCS-specific H can be considered.
[bookmark: _Ref20659376]Proposal 1: RAN4 tries to agree on H to be 33% of the CP for all SCSs. If not possible, try to work on SCS-specific H.

The accuracy (Te1) of one-shot adjustment
From above discussion of H, we can see that the DL timing estimation accuracy requirement of non-serving beam is already implicitly introduced when we decide the value U. Therefore, we suggest that there is no need to further explicitly specify the accuracy requirement for Te1.
[bookmark: _Ref20659657]Proposal 2: No explicit accuracy requirement is specified for UL Tx transmit timing on non-serving beam, because it is already implicitly considered in the threshold H.

Interruption requirement
The one-shot timing adjustment could happen upon TCI-state switch or UE’s autonomous Rx beam change. For the former one, the interruption requirements are already address in the TCI-state switch section 8.10 of TS38.133. For the later one, we are thinking that perhaps the interruption requirements is not needed. The time that UE will take autonomous Rx beam change is completely unknown to the network. Therefore, there is no corresponding network action to handle this autonomous interruption. Similar discussions and conclusions happened when RAN4 was discussing the interruption requirements of BWP switch due to RACH. 
[bookmark: _Ref20659380]Proposal 3: No requirements are specified for one-shot UL timing adjustment due to UE’s autonomous Rx beam change.

3 Summary
In this paper, we provide the analysis on the observed BS timing error when UE takes one-shot timing adjustment and when UE does not take one-shot timing adjustment, and we discuss the issue of UE UL timing change due to Rx beam change. We have the following observation and proposal:
Observation 1: As long as Te1 is smaller than TΔ, BS will always benefit from UE’s one-shot adjustment.
[bookmark: _GoBack]Observation 2: When H is somehow within the range of 25~30% of the UL CP, then the overall BS error could be roughly controlled around half of CP.
Observation 3: From UE’s perspective, reasonable H is within the range of 40~56%.
Proposal 1: RAN4 tries to agree on H to be 33% of the CP for all SCSs. If not possible, try to work on SCS-specific H.
Proposal 2: No explicit accuracy requirement is specified for UL Tx transmit timing on non-serving beam, because it is already implicitly considered in the threshold H.
Proposal 3: No requirements are specified for one-shot UL timing adjustment due to UE’s autonomous Rx beam change.
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