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1 Introduction
The study item on non-terrestrial Networks (NTN) has indentified the objectives for RAN1 study:

· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
In this contribution, we discussed the Doppler issues for NTN and the processing on fast changing of time advance. 
2 DL and UL Doppler operations
For GEO, UE relative motion is generally slow and mostly in tangent direction to the satellite. Thus, the relative distant between UE and satellite changed slowly. For LEO, distant between UE and satellite are very fast. The worst could happen in LEO600. 

Table 1: Summary of Doppler shift and shift variation for different altitudes

	Frequency (GHz)
	Max doppler
	Relative Doppler
	Max Doppler shift variation
	

	2
	+/- 48 kHz
	0.0024 %
	- 544 Hz/s
	LEO at 600 km altitude

	20
	+/- 480 kHz
	0.0024 %
	-5.44 kHz/s
	

	30
	+/- 720 kHz
	0.0024 %
	-8.16 kHz/s
	

	2
	+/- 40 kHz
	0.002 %
	-180 Hz/s
	LEO at 1500 km altitude

	20
	+/- 400 kHz
	0.002 %
	-1.8 kHZ/s
	

	30
	+/- 600 kHz
	0.002 %
	-2.7 kHz/s
	


In Table 1 [2], it has been indentified the maximum Doppler frequency drift and variation speed in different frequency band.

As a general transmission side method, satellite system use pre-compensation to reduce the Doppler shift. For DL, the satellite blindly compensates the Doppler shift in the beam centre. Then at bore sight of each beam shown in Figure 1, the Doppler shift can be assumed to be minimal. The UE can assume normal frequency synchronization in bore sight.

In LEO, the maximum beam radius is 250 km. UE spend 33s to go from edge to centre, assuming 7.5 km/s satellite velocity of LEO600. Then the residual Doppler shift after compensation in the d2 in Figure 1 can be as much as 544*33 Hz in 2GHz frequency, e.g. around 18 kHz.  It is exceed the maximum range of frequency error. Thus, some autonomous frequency adjustment can be introduced, considering the relative change speed is slower than DL without pre-compensation.
For UL, the pre-compensation is needed for UE side. Different UEs should ensure certain level of accuracy of frequency at the receiver side in gNB. The high complexity in UE side to calculate the motion information should be avoided or reduced.  
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Figure1. Beam size in NTN systems
Proposal 1: Introducing autonomous frequency adjustment to quickly adapt the residual Doppler shift in DL receiving, in case DL is with pre-compensation.
Proposal 2: Evaluating the gNB assistant UL pre-compensation mechanism for UE transmission in UL.
3 Timing Advance operation
Timing Advance is commonly used in legacy system. It is the time between the start of a received downlink frame and a transmitted uplink frame from the UE perspective. That time could be but not necessarily be the UL propagation delay of UE. UE has to apply that time offset for UL transmissions and all the UL signals among UEs in the cell will be aligned from the perspective of gNB receiving.
For LEO system the delay different within satellite coverage would be more than 16ms due to it large coverage area. For LEO system the delay different would be more than 7ms, depending on the orbit high. This means 16 ms has to be indicated in the initial access response, even after a common TA be excluded from TA command. The NR has give a TAG indication of 
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Table2: Differential Delay for GEO satellite

	GEO at 35786 km

	
	Delta D (km)
	Delta Time (ms)

	Differential One way delay between nadir and EOC paths
	4800
	16

	Percentage of the difference compared to maximum delay (bent pipe)
	
	5.9 %

	Percentage of the difference compared to maximum delay (regenerative satellite)
	
	11.9 %


UE’s velocity is very high especially in LEO. Thus the UL timing advance needs to be updated frequently. NTN can use more Timing advance adjustment of NR in addition to the initial TA.

Table 3: NTN scenarios versus delay constraints
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	Maximum Delay variation as seen by the UE

(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec


In NR, A MAC-CE command can be used to indicate timing adjustment and the indication range is by index values of 
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s. It is around 16.7us. For LEO, worst case can be +/- 40 µs/sec. Then, a UE has to be sent with MAC-CE command 3 times per second as maximum. 

Also, it is defined in NR that UE can adjust the timing autonomously. The autonomous adjustment would be base on UE’s measurement on signal including CSI-RS, SSB and others. In NR, the minimum aggregate adjustment rate shall be Tp  per second. The maximum aggregate adjustment rate shall be Tq per 200ms
Table 4: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate

	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE 1:
Tc is the basic timing unit defined in TS 38.211 [6]


Further there could be more advanced solution for higher end UE to calculate based on satellite ephemeris and UE location. Since the calculation requires higher complexity and accuracy, it may not be assumed for all UEs.
Under the assumption of only using NR existing schemes to support NTN timing advance operation, there are several aspects should be studied. The initial timing advance indication should be able to indicate larger range to support up to 16ms. The TAC other than MAC-CE should be able to adapt more dynamic signalling scheme to tracking the fast changing TA in NTN. Higher speed for autonomous time adjustment should be introduced in NTN.
4 Adjustment for Doppler and Timing Advance
Assuming the NLOS is considered as the dominant case, it is also reasonable to process the Doppler compensation together with Timing Advance. 
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Figure2. The relation between Doppler shift and TA change rate.

In Figure 2, suppose there is Doppler compression of delta, the UE side can expand signal by delta in the moment. The next slot timing advance can be reduced with that delta. The Doppler shift is actually compensated with the corresponding TA change. That mean, if gNB indicate a real time Doppler shift value, UE can use that adjust both. 
Within the coverage of a beam, a range of Doppler shift can be also signalled to UE to help UE adjust to the Doppler shift curve in a periodic manner.

Proposal 3: UE can be indicated with an instant Doppler shift. The indication can be applied to TA change.
5 Conclusion

In this contribution, we discussed the Doppler and Timing Advance operation of NR NTN. As summary, we made the following proposals.
Proposal 1: Introducing autonomous frequency adjustment to quickly adapt the residual Doppler shift in DL receiving, in case DL is with pre-compensation.
Proposal 2: Evaluating the gNB assistant UL pre-compensation mechanism for UE transmission in UL.

Proposal 3: UE can be indicated with an instant Doppler shift. The indication can be applied to TA change.
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