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Introduction
[bookmark: _Ref481671177]In this paper, NTN RRM timing requirements are discussed, including the NTN timing error (Te,NTN) requirement, common TA, and gradual timing adjustment requirements.  
NTN UE initial transmit timing error and GNSS inaccuracy
In last meeting, the considerations of initial transmit timing requirement in NTN (Te,NTN) and the GNSS position error assumption were discussed as in WF [2]. The following considerations of initial transmit timing requirement have been mentioned: 
· Legacy Te. 
· UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy)
· UE position estimation error, GNSS inaccuracy
· Serving-satellite position estimation error 
Since the legacy Te has been agreed to be captured in the Te,NTN, the views on the other composites are further provided in this section. 
We believe all the above points can be considered when defining the requirement of Te,NTN to meet the overall timing error budget. However, regarding the “composite” of Te,NTN, at least the first 2 bullets, i.e. the legacy Te (already agreed) and UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy) can be included Te,NTN.
GNSS inaccuracy is not necessary to be a part of Te,NTN, while it can be considered as assumption when defining Te,NTN requirement, in order to check the overall timing error budget is kept. 
Similar, the serving-satellite position estimation error should not be part of Te,NTN requirement, because the error depends on the information provided by networks and it should not be the UE requirement. This error can also be considered as one assumption to ensure the overall timing error budget is under control. 
[bookmark: _Ref78818377]Observation 1:  The following can be considered when defining the requirement of Te,NTN
· Legacy Te. 
· UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy)
· UE position estimation error, GNSS inaccuracy
· Serving-satellite position estimation error 
[bookmark: _Ref78818386]Observation 2: Serving-satellite position estimation error is inherent in the information provided by network and it should not be a UE requirement. 
[bookmark: _Ref78818451]Proposal 1: Composite of Te,NTN  includes the legacy Te and UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy). While the GNSS accuracy and serving-satellite position estimation error can be considered as the assumption when defining the requirement of Te,NTN.



To decide the proper assumption of GNSS accuracy and serving-satellite position estimation error, an analysis on the overall UL timing error budget is provided as follows. The overall timing error budget should be kept as 0.5 CP to ensure the system robustness. 
Firstly, the existing TN UL timing error at BS reception is provided in the Table 1, including the TN UE timing error (Te, section 7.1.2, TS 38.133), TA command resolution error (section 4.2, TS 38.213), and TA adjustment accuracy (section 7.3.2, TS 38.133). It can be observed the overall timing error in TN is less than 0.5 CP. 
[bookmark: _Ref78818389]Observation 3: In TN, the overall UL timing error in is less than 0.5 CP, including legacy Te, TA command resolution error and TA adjustment accuracy.
Table 1: Existing TN timing error at BS reception
	TN

	SSB SCS
	UL SCS
	Legacy UE timing error (Te)  
	TAC step size error 
	TA adj. accuracy 
	Legacy error @ BS

	
	
	 (A) 
	 (B) 
	 (C) 
	(D)=(A)+(B)+(C) 

	[kHz]
	[kHz]
	[Tc]
	 [Tc]
	[Tc]
	[Tc]
	[us]
	CP%

	15
	15
	768
	± 512
	± 256
	1536
	0.78
	17%

	
	30
	640
	± 256
	± 256
	1152
	0.59
	25%

	
	60
	640
	± 128
	± 128
	896
	0.46
	39%

	30
	15
	512
	± 512
	± 256
	1280
	0.65
	14%

	
	30
	512
	± 256
	± 256
	1024
	0.52
	22%

	
	60
	448
	± 128
	± 128
	704
	0.36
	31%

	120
	60
	224
	± 128
	± 128
	480
	0.24
	21%

	
	120
	224
	± 64
	± 32
	320
	0.16
	28%

	240
	60
	192
	± 128
	± 128
	448
	0.23
	19%

	
	120
	192
	± 64
	± 32
	288
	0.15
	25%




Table 2 shows the timing error caused by GNSS inaccuracy. This timing error can be expressed by Δp/c* cos 10, where Δp is the UE (GNSS) positioning accuracy. 

Table 2:  Timing error caused by GNSS inaccuracy
	
	Timing error caused by GNSS in accuracy

	Δp = 15 m
	0.05 us

	  Δp = 30 m
	0.10 us

	Δp = 50 m
	0.167 us

	  Δp = 100 m
	0.33 us



Table 3 shows the overall timing uncertainty of NTN, on top of the legacy error at BS (D), it further includes
· the UE specific TA estimation error (without GNSS inaccuracy) of 0.012 us, based the prediction every 10s, as the simulation result in section 4 [5]. (E)
· UE GNSS inaccuracy of 50 m. (0.167 us) (F)
· Serving-satellite position estimation error of 30 ms (0.1 us) (G)
· Channel delay spread of 0.25us in FR1 and 0.025us in FR2 [3]. (H) 
Table 3:  Overall NTN UL timing uncertainty [us]
	SSB SCS
	UL SCS
	Legacy BS error
	UE specific TA est. error
	Delay error caused by GNSS
 (Δp= 50 m )
	Serving-satellite position estimation error
(Δp,sat= 30 m )
	NTN Channel delay spread
	Timing Error @ satellite

	
	
	(D)
	(E)
	(F)
	(G)
	(H)
	(D)+(E)+(F)+(G)+(H)

	[kHz]
	[kHz]
	[us]
	[us]
	[us]
	[us]
	[us]
	[us]
	CP%

	15
	15
	0.78
	0.012
	0.167
	0.1
	0.25
	1.31 
	28%

	
	30
	0.59
	
	
	
	
	1.11 
	48%

	
	60
	0.46
	
	
	
	
	0.98 
	84%

	30
	15
	0.65
	
	
	
	
	1.18 
	25%

	
	30
	0.52
	
	
	
	
	1.05 
	45%

	
	60
	0.36
	
	
	
	
	0.89 
	76%

	120
	60
	0.24
	
	
	
	0.025
	0.55 
	47%

	
	120
	0.16
	
	
	
	
	0.47 
	80%

	240
	60
	0.23
	
	
	
	
	0.53 
	45%

	
	120
	0.15
	
	
	
	
	0.45 
	77%



It can be observed that the overall UL timing uncertainty can be kept below 0.5*CP for UL SCS of 15kHz and 30kHz, assuming UE GNSS accuracy of 50 m and serving-satellite position estimation error of 30 ms. 
[bookmark: _Ref71301594][bookmark: _Ref78818391]Observation 4: UL timing uncertainty can be within 0.5*CP for UL SCS of 15kHz and 30kHz, assuming UE GNSS accuracy of 50 m and serving-satellite position estimation error of 30 m.
[bookmark: _Ref68096034][bookmark: _Ref71301620][bookmark: _Ref78818456]Proposal 2: Te,NTN requirement for UL SCS of 15kHz and 30kHz can be defined, based on assuming GNSS inaccuracy of 50 m and serving-satellite position estimation error of 30 m. FFS for the case of UL SCS of 60Hz in FR1 and UL SCS of 120kHz in FR2.

The common TA NTA,common was also discussed in the last meeting. The corresponding RAN1 agreement is attached below as a reference. 
[image: ]
In our understanding, the NTA,common is indicated by network for the timing delay introduced by feeder link. Since NTA,common is indicated by network and no UE self-estimating is needed, it seems similar to the NTA,offset. In other words, UE can determine the timing based on (NTA,common  + NTA,offset), and thus the requirement of NTA,common can be captured and tested in the Te,NTN requirement, as the approach of NTA,offset.
[bookmark: _Ref78818394]Observation 5: NTA,common  and NTA,offset  are both indicated by the network. 
[bookmark: _Ref78818432]Proposal 3: Similar to NTA,offset, NTA,common can be captured in total advanced timing, and the timing error limit Te,NTN does not need to be relaxed because of NTA,common.
NTN UE gradual timing adjustment requirements
One open issue in the timing requirement WF [2] is on the gradual timing adjustment (GTA) requirements for NTN UE. The timing delay variation (drifting) in NTN is given in Table 4, according to TR 38.811 [3], and the R15 timing adjustment rate is given in Table 5. Based on Table 4 and Table 5, it can be observed a big gap between the timing drift in NTN LEO (25us/sec) and the R15 max timing adjustment rate (0.9us/sec). 
[bookmark: _Ref78818396]Observation 6: Big gap between the timing drift in NTN LEO (25us/sec) and the R15 max timing adjustment rate (0.9us/sec).  
[bookmark: _Ref78799680][bookmark: _Ref78799670]Table 4:  Timing Drift in NTN
	
	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
	0.5us/20ms
2us / 80ms
25us/sec
	0.47us/20ms
1.88 us/80ms
23us/sec





[bookmark: _Ref78799822]Table 5:  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

	FR2
	2.5  *64*Tc
	1.6ns/20ms
80 ns/sec
	0.4 us/sec



Therefore, it seems not practical to rely on the existing gradual timing adjustment to cope with the large timing drift of LEO. At least the timing adjustment will not be gradual, and it may cause reception problem at the satellite side. As shown in Figure 1, when the delay is increased  due to the timing drift (e.g. longer distance between SAT and UE), UE applies the  for UL transmission, the timing received at satellite would be 2 x , because the travelling time for UL will also be increased by . 
[image: ]
[bookmark: _Ref78800800]Figure 1 UE behaviour of Gradual timing adjustment in TN

[bookmark: _Ref78818399]Observation 7: When the UE delayed the transmission timing by , the double amount of delay, i.e.2 x , would be observed at satellite, and this timing jump would cause reception problem. 

On the other hand, if UE pre-compensates the delay drift, the direction of the timing change will be opposite to the legacy gradual timing adjustment, as shown in Figure 2.
[image: ]
[bookmark: _Ref78801403][bookmark: _Ref78801400]Figure 2: UE behaviour of timing pre-compensation in NTN
[bookmark: _Ref71301597]Observation 8: The timing adjustment of NTN UE pre-compensation and legacy gradual timing adjustment are in opposite directions.   
Besides, in NTN LEO, most likely the UE pre-compensation on the timing change will take place and make the exiting GTA useless. Thus the legacy GTA requirement would not be necessary for NTN, since it can be replaced by UE pre-compensation. 
[bookmark: _Ref78818405]Observation 9: The legacy GTA requirement would not be necessary for NTN, since it can be replaced by timing adjustment with UE pre-compensation. 
[bookmark: _Ref78818410]Proposal 4: In NTN, gradual timing adjustment behaviour can be replaced by UE pre-compensation, which can be captured by the timing error limit Te,NTN. 
Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for UE UL transmit timing requirement. 
Observation 1:  The following can be considered when defining the requirement of Te,NTN
· Legacy Te. 
· UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy)
· UE position estimation error, GNSS inaccuracy
· Serving-satellite position estimation error 
Observation 2: Serving-satellite position estimation error is inherent in the information provided by network and it should not be a UE requirement.
Proposal 1: Composite of Te,NTN  includes the legacy Te and UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy). While the GNSS accuracy and serving-satellite position estimation error can be considered as the assumption when defining the requirement of Te,NTN.
Observation 3: In TN, the overall UL timing error in is less than 0.5 CP, including legacy Te, TA command resolution error and TA adjustment accuracy.
Observation 4: UL timing uncertainty can be within 0.5*CP for UL SCS of 15kHz and 30kHz, assuming UE GNSS accuracy of 50 m and serving-satellite position estimation error of 30 m.
Proposal 2: Te,NTN requirement for UL SCS of 15kHz and 30kHz can be defined, based on assuming GNSS inaccuracy of 50 m and serving-satellite position estimation error of 30 m. FFS for the case of UL SCS of 60Hz in FR1 and UL SCS of 120kHz in FR2.
Observation 5: NTA,common  and NTA,offset  are both indicated by the network.
Proposal 3: Similar to NTA,offset, NTA,common can be captured in total advanced timing, and the timing error limit Te,NTN does not need to be relaxed because of NTA,common.
Observation 6: Big gap between the timing drift in NTN LEO (25us/sec) and the R15 max timing adjustment rate (0.9us/sec).
Observation 7: When the UE delayed the transmission timing by , the double amount of delay, i.e.2 x , would be observed at satellite, and this timing jump would cause reception problem.
Observation 8: The timing adjustment of NTN UE pre-compensation and legacy gradual timing adjustment are in opposite directions.
Observation 9: The legacy GTA requirement would not be necessary for NTN, since it can be replaced by timing adjustment with UE pre-compensation.
Proposal 4: In NTN, gradual timing adjustment behaviour can be replaced by UE pre-compensation, which can be captured by the timing error limit Te,NTN.
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The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:

Tra = (N7a+ Nrave-specifictNTacommont Nraotser) X T

Nt is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA
command.
o FFS: details of N4 update/accumulation.
Nraue-specific 18 UE self-estimated TA to pre-compensate for the service link delay.
N4 common i$ network-controlled common TA, and may include any timing offset considered necessary by the
network.
N4 common With value of 0 is supported.
o FFS: details of signaling including granularity.
Nraoffser is a fixed offset used to calculate the timing advance.

Note-1: Definition of N is different from that in RAN1#103-e agreement.
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3: Nta common 1S the common timing offset X as agreed in RAN1 #103-e.
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