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1. Introduction
In the RAN4#93 meeting there were further discussions on requirements for one shot timing adjustment. The considerations at gNB and at UE were captured in way forward [1], and decisions will be made in this meeting.
	· Further discuss one shot timing adjustment in RAN4 #94. If requirements are not finalized in RAN4 #94 then remove one shot timing adjustment requirements from Rel-15.



In this contribution we further provide our views on RRM requirements for one shot timing adjustment and interruption due to UE autonomous timing adjustment.

2. Discussion
2.1. Threshold H and impacts of uplink reception at gNB
The uplink timing adjustment is to ensure uplink signals arrive at BS in an expected timing range which would not degrade BS demodulation performance. There are unavoidable uplink timing errors due to downlink reception timing estimation error, radio propagation delay estimation error and timing adjustment accuracy. The timing error should not exceed certain percentage of uplink CP depending on implementation. The total uplink timing error at BS reception side considering existing timing errors are as in Table 1.  
Table 1. Uplink timing error
	SCS of SSB signals (KHz)
	SCS of uplink signals (KHz)
	Timing errors at BS reception (Tc)
	UL CP length(Tc)
	 Existing timing error in percentage of UL CP length at BS reception (%)

	15
	15
	1536
	9216
	17 

	
	30
	1152
	4608
	25 

	
	60
	896
	2304
	39 

	30
	15
	1280
	9216
	14 

	
	30
	1024
	4608
	22 

	
	60
	704
	2304
	31 

	120
	60
	480
	2304
	21 

	
	120
	320
	1152
	28 

	240
	60
	448
	2304
	19 

	
	120
	288
	1152
	25 



The total uplink timing error at gNB receiver will further increase compared to the values in the Table 1 due to timing drift as DL reference timing estimation may be conducted long time ago. So higher timing error than in Table 1 at BS receiver is expected.
The allowed uplink transmission timing error at gNB receiver are implementation dependent. To derive the requirements assumption has to be made. The options for allowed timing error at gNB receiver side are captured in way forward [1].
	· The assumption to develop one shot timing adjustments requirements is that the total uplink timing error at gNB reception shall not exceed X% of UL CP:
· Option 1 = X is 50
· Other value of X is not precluded.



We don’t think larger than 50% of UL CP can be used to accommodate timing error in practical network.  In most cases the budget for timing error is less than 50% UL CP. However, considering existing timing error in Table 1, the threshold H will be too small if much smaller X is used. To define requirement that is acceptable from both gNB side and UE side, X = 50 is proposed.
Observation 1. The total uplink timing error at gNB receiver shall not exceed 50% UL CP can be assumed.

The candidate of threshold H for applying one-shot adjustment in WF [1] is as follows.
	· Candidate of threshold H for applying one-shot adjustment
· Option 1: [5%] UL CP
· Option 2: [10%] UL CP
· Option 3: [15%] UL CP
· Option 4: [20%] UL CP
· Option 5: [25%] UL CP
· Other options are not precluded



By taking the uplink timing error in Table 1 and assumption of allowable timing error at gNB into account, the maximum threshold H can be 11% of UL CP for the worst case. This may be a little pessimistic if the requirements are defined based on the worst case. In our view 15% UL CP may be a comprised value. It is noted that additional timing error due to, e.g timing drifting, would be added to the total timing error. So the allowable timing error would be further decreased.
Proposal 1. The threshold H to trigger one shot timing adjustment is 15% UL CP.
Proposal 2. The threshold H is calculated as in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	H [Tc]

	1
	15
	20*64*Tc

	
	30
	10*64*Tc

	
	60
	5.5*64*Tc

	2
	60
	5.5*64*Tc

	
	120
	2.5*64*Tc




2.2 The accuracy of one-shot timing adjustment (Te1)
In WF [1] the options for accuracy of one shot timing adjustment is as follows.
	· Accuracy of one shot timing adjustment (Te1)
· Option 1: The baseline is the same as initial timing transmission timing error Te.
· Additional margin for Te1 is TBD
· Potential source of timing errors
· DL reference timing estimation error 
· Timing drift due to DL reference timing estimation may be conducted long time ago during Rx beam sweeping
· Option 2: No accuracy requirements for one shot timing adjustment.




The initial uplink transmission timing error is due to limitation of bandwidth of SSB and implementation margin. The downlink timing estimation error should be the same no matter the timing change is large or small. Then one shot timing adjustment is similar to gradual step timing adjustment except large step is conducted. So the procedure is similar to initial uplink transmission and gradual step timing adjusted uplink transmission. The DL reference timing estimation error and timing drift also exist in gradual step timing adjustment. We don’t see extra error will be introduced due to one shot timing adjustments. So the uplink transmission timing accuracy should keep unchanged.
Proposal 3. The accuracy of one-shot timing adjustment (Te1) is the same as initial uplink transmission accuracy Te.

2.3 Interruptions due to UE autonomous timing adjustment
Companies’ views on interruption requirements due to one shot timing adjustment are captured in WF [1].
	· Interruption requirement due to one shot timing adjustment
· Option 1: an interruption of up to one symbol is allowed due to one shot timing adjustment. (Huawei)
· Option 2: No interruption requirement due to one shot timing adjustment is specified. (Ericsson, ZTE, MediaTek)



The one shot timing adjustment is depicted as in Figure 1. It can be seen from Figure 1 that when the timing change Tdelta is larger enough the UE Rx-Tx switching timing may be compromised. This may be the only extreme case that interruptions may happen. However in our view such case should happen in practical network rarely, if it could happen. The UE Rx-Tx switching time, BS Tx-Rx switching time and propagation delay in the cell coverage are all taken into account when guard period is configured. The guard period should be long enough to cover all UEs in the cell coverage. It is also noted that guard period is configured in symbol granularity which means there is usually enough margin for timing advance.
If large downlink timing change happens, as long as the UE is still in the coverage of the cell the timing advance after one shot timing adjustment could not consume all of the guard period except the part for UE and BS Rx/Tx switching. Therefore no interruption is foreseen during UE one shot timing adjustment.
Proposal 4. No interruption is allowed during one shot timing adjustment.



[image: ]
Figure 1. One shot adjustment

3. Conclusion
In this contribution, we further provided our views on threshold H for one shot timing adjustment and interruption due to UE autonomous timing adjustment. Based on the observations following proposals are present. 
Proposal 1. The threshold H to trigger one shot timing adjustment is 15% UL CP.
Proposal 2. The threshold H is calculated as in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	H [Tc]

	1
	15
	20*64*Tc

	
	30
	10*64*Tc

	
	60
	5.5*64*Tc

	2
	60
	5.5*64*Tc

	
	120
	2.5*64*Tc


Proposal 3. The accuracy of one-shot timing adjustment (Te1) is the same as initial uplink transmission accuracy Te.
Proposal 4. No interruption is allowed during one shot timing adjustment.
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