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The requirement related to one shot timing adjustment under the beam switch was agreed and incorporated in section 7.1.2.2 of TS 38.133. However, there are two main open issues:
· Threshold (H) values above which the UE adjusts its transmission timing in one adjustment 
· Interruption time due to one-shot timing adjustment
The following was agreed in the WF in RAN4#92bis [1]:
· Companies should analyse and give input on the open issues on page 2 for RAN4#93.
· The impacts of uplink reception at gNB side due to one-shot adjustment
· The accuracy of one-shot timing adjustment (Te1)
· The threshold H for applying one-shot adjustment
· Interruption requirement due to one-shot adjustment
· Maximum value limitation for one-shot timing adjustment
· Following should be considered:
RS available for time tracking
· Rel-15 solution or potentially later
The above remaining issues were discussed extensively in the last RAN4 meeting but there was no consensus [2-6]. In this paper we provide further analysis and address the above open issues in order to finalize the remaining requirements. 
Analysis of Threshold
Background
In section 7.1.2.2 the timing adjustment requirements based on one-shot or gradual change and its relation with the threshold, H, are specified as follows:
When the magnitude of the T exceeds H then the UE shall adjust its transmission timing in one adjustment only once provided that the following conditions are met at the UE. Otherwise when the the magnitude of the T ≤ H then the UE shall adjust its transmission timing according to the rules defined in clause 7.1.2.1.
Where: 
· T = |T1-T2|
· T1 is the DL reception reference time of the former beam at the UE just before UE Rx beam switch
· T2 is the DL reception reference time of the new beam at the UE just after the UE Rx beam switch
· One shot UE transmit timing adjustment = 2*(T1-T2)
· The UE transmit timing immediately after the one shot adjustment: T2-(NTA+NTA_offset)Tc + 2*(T1-T2)
This means, H, is the threshold value beyond which the UE shall apply one shot adjustment in the uplink timing. If the threshold, H, is large then more often the UE will have to apply gradual adjustment. This in turn will take significantly longer for the UE to adjust the UE transmit timing to appropriate level i.e. to fully compensate its due to the beam switch. The delay in bringing the UE transmit timing to appropriate level means the base station reception quality will be degraded. The CP length also needs to account for timing drift due to other factors such as multipaths etc. Secondly the uplink error at the base station due to beam switch will also be caused due to other factors such as UE initial timing error (Te), TA resolution step errors, TA adjustment error from the previous beam etc. Therefore, in our opinion the threshold, H, should be small fraction of the CP length. However, both UE and BS implementation aspects need to be considered. 
Impact on BS reception performance
Impact of existing UE timing error on BS reception error
Without considering any beam switch the existing timing error at BS reception (TBSE) comprises of at least UE initial timing error (Te), TA resolution step errors, TA adjustment error and can be expressed as follows:
TBSE = Te + TACE + TAAE                                                                                                            (1)
Where:
· Te = UE transmit timing error (section 7.1.2, TS 38.133)
· TACE = TA command resolution error (section 4.2, TS 38.213)
· TAAE = TA adjustment accuracy (section 7.3.2, TS 38.133)
Table 1: TA command resolution error and TA adjustment accuracy as function of UL SCS
	UL SCS [kHz]
	 TACE [Tc]
	TAAE [Tc]

	15 
	± 512
	± 256

	30
	± 256
	± 256

	60
	± 128
	± 128

	120
	± 64
	± 32



The existing timing error at the BS reception (TBSE), without considering any beam based on Eq. (1) is shown in table 2. The results show that the BS timing error is quite substantial e.g. as large as 39% of UL CP for 60 kHz UL SCS. 
Table 2: Relation between CP length and existing timing errors at the BS reception
	SSB SCS (kHz)
	UL SCS (kHz)
	UE timing error (Te) [Tc]
	BS error (TBSE) [Tc]
	BS error (TBSE) as percentage of UL CP length (%)

	
	
	
	
	

	15
	15
	768
	1536
	17

	
	30
	640
	1152
	25

	
	60
	640
	896
	39

	30
	15
	512
	1280
	14

	
	30
	512
	1024
	22

	
	60
	448
	704
	31

	120
	60
	224
	480
	21

	
	120
	224
	320
	28

	240
	60
	192
	448
	19

	
	120
	192
	288
	25


Impact of different H values on BS reception error
Let us now considering the impact of beam switching on the BS reception errors. 

When T ≤ Te then the UE will NOT apply one-shot timing adjustment. In this case there will be an additional bias of 2*T in terms of timing error at the BS reception. Therefore, the total BS error (BSRE_beam) considering beam switching aspect can be expressed by (2):
TBSE_beam = TBSE + 2*T                                                               (2)
Where TBSE is defined in Eq. (1).
Example # 1: H = Te
Consider an example with H=Te. For H = Te, 2*T = 2*Te. Therefore, the total timing error at the BS reception according to (2) will be sum of TBSE and 2*Te. 

Table 3 show the total timing error at the BS reception in terms of absolute values (in Tc) and also in terms of percentage of the UL CP length. The BS reception error as percentage of the UL CP is extremely large. In several cases (e.g. 60 kHz, 120 kHz) almost the entire CP or substantial part of it is lost due to the timing errors. The UL CP length at the base station also needs to account for timing drift due to multipaths. Therefore the level of error shown in table 3 is not acceptable from the BS performance point of view.
Table 3: Total timing error at BS when T ≤ H; where H = Te
	SSB SCS (kHz)
	UL SCS (kHz)
	H=Te [Tc]
	BS error (TBSE_beam) [Tc]
	BS error (TBSE_beam) as percentage of UL CP length (%)

	
	
	
	
	

	15
	15
	768
	3072
	33

	
	30
	640
	2432
	53

	
	60
	640
	2176
	94

	30
	15
	512
	2304
	25

	
	30
	512
	2048
	44

	
	60
	448
	1600
	69

	120
	60
	224
	928
	40

	
	120
	224
	768
	67

	240
	60
	192
	832
	36

	
	120
	192
	672
	58



Example # 2: H = Te/2
Now consider another example with H=Te/2. For H = Te, 2*T = Te. Therefore, the total timing error at the BS reception according to (2) will be sum of TBSE and Te. 

Table 4 show the total timing error at the BS reception in terms of absolute values (in Tc) and also in terms of percentage of the UL CP length. The total BS reception timing errors as percentage of the UL CP compared to those in previous example (#2) is substantially reduced. Even though in some cases the error is still high but considering also UE implementation aspect, H = Te/2 can be acceptable from the BS performance point of view. 
Table 4: Total timing error at BS when T ≤ H; where H = Te/2
	SSB SCS (kHz)
	UL SCS (kHz)
	H=Te/2 [Tc]
	BS error (TBSE_beam) [Tc]
	BS error (TBSE_beam) as percentage of UL CP length (%)

	
	
	
	
	

	15
	15
	384
	2304
	25

	
	30
	320
	1792
	39

	
	60
	320
	1536
	67

	30
	15
	256
	1792
	19

	
	30
	256
	1536
	33

	
	60
	224
	1152
	50

	120
	60
	112
	704
	31

	
	120
	112
	544
	47

	240
	60
	96
	640
	28

	
	120
	96
	480
	42




Consideration of UE implementation and performance
The values of H proposed in [5-6] were very large (e.g. CP/2) compared to those in [2-4]. 
Proponents of large H values expect that the BS handles the one shot adjustment by sending new TA command upon experiencing large change in the reception timing i.e. when T ≤ H. However, the main problem is that the BS is not likely to even correctly demodulate the signal if the one shot consumes most of the CP. There will be additional delay due to multi-paths etc. The BS sending TA command to compensate for large change in the UE timing also involves delay which will be much longer than the time needed by the UE to apply the one shot adjustment. 
UE transmit timing error after one shot adjustment
According to [2-3] the timing error should be the same as in the existing requirements in section 7.1.2.  But in [5-6] it has been proposed to relaxe the Te based on the argument that the UE has not refined the DL timing using the new RX beam. Our conclusion from analysis in section 2.2 is that there is no margin for any relaxation of Te. 

The UE has 8 RX beams and there is requirement to have at least one SSB every 160 ms. This means the UE sweeps one RX beam once every 8*160 = 1280 ms as shown in figure 1. The RX beam remains known if swept once every 1280ms. For SSBs shorter than 160 ms there is no problem for the UE to maintain and track DL timings wrt all its 8 RX beams. However, for the SSB periodicity = 160 ms there can be a situation where the earliest of the 8 RX beam was last swept slightly over 1280 ms. Therefore, for SSB periodicity = 160 ms the UE can be allowed to apply one shot adjustment no later than 160 ms from the moment the one shot adjustment is required. During this time if the UE receives TA command then the UE will apply that TA command which UE has to always apply. After applying the new TA the UE should re-evaluate whether one shot adjustment is needed. Therefore, the UE will use the new transmit timing (after applying the TA) for determining the amount of the one shot adjustment to be applied (if any). Even then if the UE cannot meet the Te error requirement after the one shot adjustment then we propose that the UE should send random access for enabling the BS to estimate new TA. 
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Figure 1: UE tracking SSB at least once every 160 ms.

Proposed Values of Threshold
Based on the above analysis provided in section 2, the proposed values of H for different SCS are shown in table 5.
Table 5: The value of H
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	H [Tc]

	1
	15
	15
	384

	
	
	30
	320

	
	
	60
	320

	
	30
	15
	256

	
	
	30
	256

	
	
	60
	224

	2
	120
	60
	112

	
	
	120
	112

	
	240
	60
	96

	
	
	120
	96


· Observation # 1: The threshold, H, beyond which the UE applies single shot adjustment should be small fraction of UL CP length to prevent BS reception problem. 
· Observation # 2: For SSB periodicity = 160 ms there can be a situation where the has not swept all of its 8 RX beam over the last 1280 ms leading to timing degradation.
· Proposal # 1: The threshold, H, beyond which the UE applies single shot timing adjustment shall be small fraction of UL CP length; table 5. 
· Proposal # 2: The transmission after the one shot adjustment shall meet the existing timing error, Te, defined in Table 7.1.2-1
· Proposal # 3: To enable UE to meet the existing timing error Te, for SSB periodicity = 160 ms the UE is allowed to apply one shot adjustment no later than 160 ms from the moment the UE is required to apply the one shot adjustment (i.e. when UE detects T > H).
· Proposal # 4: After the one shot adjustment if the UE cannot meet the existing timing error, Te, then the UE shall send random access in the reference cell for enabling the reference cell to estimate the new TA command.
Analysis of interruption
As discussed in the previous section the value of H should be small fraction of CP. With H = Te/2 the one-shot adjustment will be done when time difference is much smaller than CP length. Therefore, even in the worst case where the difference between the old beam and the new beam becomes much larger than H (e.g. in order of CP length such as 0.57µs for 120 kHz SCS) the interruption should not be larger than 1 symbol. However, one problem is that the beam switching is done by the UE autonomously. Therefore, it is not possible to define reference time when the actual interruption will occur. 
One possibility is to specify that the UE is allowed an interruption of 1 symbol in UL and 1 symbol in DL at specific symbol within the slot e.g. the last symbol of the slot. The rationale is that it is better to avoid interruption in the first symbol, which carriers the control channel. Howevr, the interruption may occur on all serving cells and even on FR1 serving cell if the UE does not support per-FR gap. Furthermore, due to MRTD it cannot be guaranteed that the interruption occurs in the last symbol of the slot in all the serving cells. The fact that one-shot timing adjustment may rarely cause interruption and it is not realistic to define exact location in time where the interruption occurs, we propose not to introduce any interruption requirement. 
· Observation # 3: Upon applying one-shot timing adjustment the UE may rarely cause interruption. 
· Proposal # 5: No interruption requirement due to one-shot adjustment is specified. 
Summary
In this paper we have analysed the remaining issues in order to finalize the one-shot UE transmit timing requirements. The following are the main proposals:
· Observation # 1: The threshold, H, beyond which the UE applies single shot adjustment should be small fraction of UL CP length to prevent BS reception problem. 
· Observation # 2: For SSB periodicity = 160 ms there can be a situation where the has not swept all of its 8 RX beam over the last 1280 ms leading to timing degradation.
· Proposal # 1: The threshold, H, beyond which the UE applies single shot adjustment shall be small fraction of UL CP length as shown in table below:
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	H [Tc]

	1
	15
	15
	384

	
	
	30
	320

	
	
	60
	320

	
	30
	15
	256

	
	
	30
	256

	
	
	60
	224

	2
	120
	60
	112

	
	
	120
	112

	
	240
	60
	96

	
	
	120
	96


· Proposal # 2: The transmission after the one shot adjustment shall meet the existing timing error, Te, defined in Table 7.1.2-1
· Proposal # 3: To enable UE to meet the existing timing error Te, for SSB periodicity = 160 ms the UE is allowed to apply one shot adjustment no later than 160 ms from the moment the UE is required to apply the one shot adjustment (i.e. when UE detects T > H).
· Proposal # 4: After the one shot adjustment if the UE cannot meet the existing timing error, Te, then the UE shall send random access in the reference cell for enabling the reference cell to estimate the new TA command.
· Observation # 3: Upon applying one-shot timing adjustment the UE may rarely cause interruption. 
· Proposal # 4: No interruption requirement due to one-shot timing adjustment is specified. 
A CR to update the requirements based on the above proposals is provided in [7].
References
[1] R4-1912763, Way Forward on One-time UE transmit timing adjustment, Nokia, Nokia Shanghai Bell.
[2] R4-1912197, Further analysis of one shot timing adjustment requirements, Ericsson
[3] R4-1909533, Discussion on one shot timing adjustment requirements, ZTE
[4] R4-1908179, Remaining issues for beam switching on timing requirements for FR2, MediaTek inc.
[5] R4-1909609, Discussion on remaining issues on UE one-shot timing adjustment requirements, Huawei, HiSilicon
[6] R4-1909950, UL one shot timing adjustment, Qualcomm
[7] [bookmark: _GoBack]R4-1915002, Threshold for one shot UE timing adjustment requirements, Ericsson
