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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 a new SI on solutions evaluation for NR to support Non-Terrestrial Network was approved [1]. The objectives of the SI for physical-layer are reported as follows. 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 [2] and identification of related solutions if needed  [RAN1]: 
· 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.

One target is to study the timing advance as the most significant difference of Non-Terrestrial Network (NTN) compared to terrestrial network is the much larger round-trip propagation delay (up to hundreds of milliseconds) and fast delay variation due to the fast moving of satellites. To support NTN in NR, this contribution discusses the key impact regarding the timing advance for UL transmission.
[bookmark: _Ref129681832]Discussion
Timing advance is the time offset between the start of a received downlink subframe and a transmitted uplink subframe. A UE has to apply this time offset for UL transmissions so that the UL reception from different UEs are synchronized at the gNB within the accuracy of cyclic prefix (CP) length. 
Consideration on timing advance for initial access
During initial access, the gNB estimates the initial timing advance from Physical Random Access Channel (PRACH) sent by UE and the UE obtains the time advance command (TAC) in random access response. In NR, the TAC indicates the maximum index value of TA=3846 [3], where the granularity of TA for subcarrier spacing  kHz is  with the time unit time units  where  Hz and  (Tc=0.509ⅹ10-6ms). For SCS of 15 KHz, up to 2ms timing advance can be indicated corresponding to 300 km supportable cell radius and this value is scaled down with the increase of SCS [3]. 
In NTN, the RTT of GEO system can be as large as hundreds of milliseconds and the variation of delay for MEO, LEO and HAPS systems can be much faster than terrestrial network due to the fast moving of satellite/HAPS. 
The issues related to TA alignment in satellite communications are summarized as follows [2]:
1.	A fast delay variation is caused by moving satellites generating a fast change in the overall distance of the propagation from UE over Satellite to BS.
2.	The delay is much longer over a satellite link than one TTI.
With GNSS, the UE is able to estimate the RTT for TA adjustment and NR PRACH can be directly used. Without GNSS, new mechanisms need to be considered to deal with the large propagation delay and fast delay variation. For some use cases, the latter option is preferred as low-cost UE is much favored. Since both solutions have advantages and disadvantages, the detailed comparison of the above two solutions need further investigation.
Observation 1: In NTN, the mechanism of timing advance for initial access needs to be further studied to deal with the large propagation delay.
Consideration on timing advance adjustment
After initial access, the UE shall have the capability to follow the frame timing change of the serving gNB. A TA adjustment of the current NTA will be indicated by the TAC by index value of TA=0,1,2,…,63. The new TA is calculated as [5]. For SCS of, a maximum TA adjustment of  can be indicated. Upon receiving a TAC in time slot n, UE shall adjust the timing from the beginning of slot n+6.
In NR, some requirements for TA adjustment have been defined in [6]:
· The UE initial transmission timing error shall be within ±Te and the values of Te depends on the SCS. The specification is given in Appendix B. 
· When transmission timing error exceeds ±Te , the UE has to adjust TA with the following three rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp  per second.
3)	The maximum aggregate adjustment rate shall be Tq per [200]ms.
The specification of Tp and Tq under different SCS can be referred in Appendix C. 
· The UE shall adjust TA with accuracy no worse than the requirements given in Appendix D.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]The constraints on timing adjustment relate to the timing drift of the downlink frame timing of the reference cell and the value shall be an integral number of sampling period. In terrestrial network, timing drift is mainly due to UE movement and frequency error as gNodeB is static. If the assumed frequency error is ±0.1 PPM and the supported max speed of UE movement is 350km/h, corresponding to 20 ns and 84.8 ns per 200ms, respectively, the total time drift per 200ms is 2.61Ts as given in Table 1[7]. The evaluated time drift is relatively small as it is less than 1 sampling interval (4Ts) considering 5MHz minimum bandwidth. Considering 1.5Ts DigRF error, the maximum autonomous timing adjustment step Tq (per 200ms) is 5.5Ts as defined in Appendix C 
Table 1: Calculation of time drift due to UE movement and frequency error[7]
	Time Drift

	Frequency error
	±0.1 PPM

	Time drift due to frequency error per 200ms
	20 ns

	Supported max speed of UE movement
	30 km/h
	60 km/h
	120 km/h
	250 km/h
	350 km/h

	[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Time drift due to UE movement per 200ms
	5.6 ns
	11.1 ns
	22.2 ns
	46.3 ns
	64.8 ns

	Total time drift per 200ms
	25.6 ns
(0.78 Ts)
	31.1 ns
(0.95 Ts)
	42.2 ns
(1.29 Ts)
	66.3 ns
(2.04 Ts)
	84.8 ns
(2.61 Ts)

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns) [4]



Observation 2: In NR, a maximum UE speed of 350km/h is suggested when considering the requirements for TA adjustments.
The requirements for TA adjustment after the initial access should be re-evaluated when large propagation delay and strong delay variation are introduced by satellites. In NTN, a large timing drift will be caused by the movement of satellite whose speed will be much higher than UE. Moreover, the timing drift in NTN will be different according to the elevation angle of satellite. For an LEO satellite with 600km orbit altitude, suppose the moving speed is 7.56km/s, the time drift caused by satellite movement is small when the elevation angle is around 90º. However, the time drift per 200ms can be as large as 158Ts with very small or large elevation angle. Obviously, the current maximum autonomous timing adjustment step size Tq (5.5Ts) defined in Appendix C cannot cover such large time drift. Moreover, with high numerology, e.g., the maximum indication of TA adjustment is , which is not enough for indicating the TA adjustment with the suggested satellite moving speed when TA is adjusted every 200ms. However, this issue is more serious as TA adjustment with lower frequency is preferred to reduce the cost of UE.
Another TA issue in NTN is the large misalignment between the indicated TA adjustment and the real TA variation. For LEO regenerative payload with 600km orbit altitude, the maximum round trip delay on the radio between the gNB and the UE is 12.88ms[8], meaning that the real TA has been drift for 324.58ns compared to the received TAC due to long propagation delay and fast moving of satellite. 
From the above analysis, TA related requirements and adjustment for transmission should be reconsidered and carefully evaluated for NTN. New TA adjustment mechanism maybe also needed by taking the long propagation delay and high speed satellite movement into consideration.
Observation 3: In NTN, requirements for TA adjustment should be reconsidered and carefully evaluated.
Observation 4: TA adjustment mechanism for NTN is needed by taking the long propagation delay and high speed satellite movement into consideration.

Conclusion
In this document, we discuss the impact of timing advance on NR for NTN. The following observations were presented:
Observation 1: In NTN, the mechanism of timing advance for initial access needs to be further studied to deal with the large propagation delay.
Observation 2: In NR, a maximum UE speed of 350km/h is suggested when considering the requirements for TA adjustments.
Observation 3: In NTN, requirements for TA adjustment should be reconsidered and carefully evaluated.
Observation 4: TA adjustment mechanism for NTN is needed by taking the long propagation delay and high speed satellite movement into consideration.
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Appendix A. PRACH preamble format of NR
Table 6.3.3.1-1: PRACH preamble formats for  and [3].
	Format
	
	
	
	
	Support for restricted sets

	0
	839
	1.25 kHz
	
	
	Type A, Type B

	1
	839
	1.25 kHz
	
	
	Type A, Type B

	2
	839
	1.25 kHz
	
	
	Type A, Type B

	3
	839
	5 kHz
	
	
	Type A, Type B


Table 6.3.3.1-2: Preamble formats for  and  where .
	Format
	
	
	
	
	Support for restricted sets

	[bookmark: _Hlk494194986]A1
	139
	
	
	
	-

	A2
	139
	
	
	
	-

	A3
	139
	
	
	
	-

	B1
	139
	
	
	
	-

	B2
	139
	
	
	
	-

	B3
	139
	
	
	
	-

	B4
	139
	
	
	
	-

	C0
	139
	
	
	
	-

	C2
	139
	
	
	
	


Appendix B. Timing error limit of NR
Table 7.1.2-1: Te Timing Error Limit [5]
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][3]*64*Tc

	
	
	120
	[3]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211

Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.


Appendix C. NR specification for timing advance adjustment
Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate [5]
	Frequency Range
	SCS of uplink signals (KHz)
	[bookmark: OLE_LINK9]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



Appendix D. Timing advance adjustment accuracy in  NR
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy [5]
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
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