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Introduction
[bookmark: _Ref481671177]In this paper, NTN RRM timing requirements are discussed, including the gradual timing adjustment requirements.  
NTN UE gradual timing adjustment requirements
To specify the gradual timing adjustment for the NTN UE, the amount of gradual timing adjustment should be clarified, as UE performs autonomous timing pre-compensation at the same time. 
In the legacy gradual timing adjustment, UE is required to adjust timing when “DL timing of the reference cell is changed”, while the UE cannot predict the DL timing changes based on the distance between the UE and the base station, because the location of base station is unknown to UE. However, although the timing drift is large in NTN LEO, the main part of DL timing change is predictable because the satellite’s position is known. Besides, a NTN UE is required to perform autonomous timing pre-compensation and to meet Te_NTN requirement. Thus, there is fundamental difference between the NTN timing drift and TN gradual timing adjustment.
[bookmark: _Ref92717945]Observation 1: There is fundamental difference between the NTN timing drift and TN gradual timing adjustment. The main part of NTN DL timing change is predictable and can be compensated via UE specific TA while the TN DL timing change is unpredictable because BS location is unknown to the UE. 

On the other hand, it can be observed that the timing drift of LEO will be 30x larger than the TN gradual timing adjustment rate (25us/sec vs. 0.9us/sec), as shown in Table 1 and Table 2. If the gradual timing adjustment rate is dramatically increased based on the NTN timing drift, then the timing adjustment doesn’t seem gradual. 


[bookmark: _Ref78799680][bookmark: _Ref78799670]Table 1:  Timing Drift in NTN, referring to TR 38.811 [3]
	
	GEO satellite at 35786 km
	LEO at 600 km
	LEO at 1500 km

	Satellite  speed 
	Negligible
	7.6 km/s
	7.1 km/s

	Timing drift 
	Negligible
	0.5 us/20ms
2 us / 80ms
25 us/sec
	0.47 us/20ms
1.88 us/80ms
23 us/sec



[bookmark: _Ref78799822]Table 2:  R15 gradual timing adjustment rate
	Tq and Tp
(Table 7.1.2-3)
	Min Rate
	Max Rate

	FR1
	5.5  *64*Tc
	180 ns/sec
	0.9 us/sec



Besides, the TN gradual timing adjustment (as shown in Figure 1) and the NTN UE autonomous TA adjustment (as shown in Figure 2) are in the opposite directions. As shown in Figure 1, when the delay is increased by  due to the longer distance, the TN UE shall delay its UL timing by , and the timing received at satellite/gNB will be 2 x , because the travelling time for UL will also be increased by . On the other hand, as shown in Figure 2, when the delay is increased by , the NTN UE shall perform autonomous TA adjustment/pre-compensate for this  in the opposite direction to the predicted reception timing drifting. Therefore, it will cause reception problem at the satellite side if UE doesn’t pre-compensate the timing drifting in the right direction with the dramatically increased adjustment rate.

[image: ]
[bookmark: _Ref78800800]Figure 1 UE behaviour of Gradual timing adjustment in TN


[image: ]
Figure 2: UE behaviour of timing pre-compensation in NTN

[bookmark: _Ref78818396][bookmark: _Ref85752317][bookmark: _Ref92717948]Observation 2: If the gradual timing adjustment rate is dramatically increased based on the NTN timing drift, then the timing adjustment doesn’t seem gradual, and it may cause reception problem at the satellite side if UE doesn’t pre-compensate the timing drifting in the right direction.

Thus, in our view, the timing drift which has been pre-compensated by the UE autonomous TA adjustment should not be accounted in the adjustment rate and it should be accounted in the reference timing definition of the gradual timing adjustment. 

[bookmark: _Ref92717969][bookmark: _Ref85752431]Proposal 1: For NTN gradual timing adjustment requirement, the timing reference should account for the UE autonomous TA adjustment, i.e. reuse the timing reference as used in Te_NTN requirement, and the adjustment rate should not be dramatically increased by the LEO timing drift. 
Conclusion
[bookmark: _GoBack]In this contribution, we summarize issues and discuss impact on specifications for solutions for the NTN gradual timing adjustment requirements. 
Observation 1: There is fundamental difference between the NTN timing drift and TN gradual timing adjustment. The main part of NTN DL timing change is predictable and can be compensated via UE specific TA while the TN DL timing change is unpredictable because BS location is unknown to the UE.
Observation 2: If the gradual timing adjustment rate is dramatically increased based on the NTN timing drift, then the timing adjustment doesn’t seem gradual, and it may cause reception problem at the satellite side if UE doesn’t pre-compensate the timing drifting in the right direction.
Proposal 1: For NTN gradual timing adjustment requirement, the timing reference should account for the UE autonomous TA adjustment, i.e. reuse the timing reference as used in Te_NTN requirement
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