[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting #99-e                                                              R4-2109855
Electronic Meeting, May. 19-27, 2021
Agenda Item:	9.12.4.3
Source:	MediaTek Inc.
Title:	Discussion on timing requirements in NTN
Document for:		Discussion
Introduction
[bookmark: _Ref481671177]In this paper, NTN RRM requirements related to UE Pre-compensation in time domain are discussed. In a RAN1 LS to RAN4 in [1], it was stated
As part of the WI NR-NTN-solution, under agenda item 8.4.2, RAN1 discussed the NTN UL synchronization requirements in terms of time alignment and frequency error for:
•	Initial access (i.e. PRACH transmission)
•	UL transmissions in RRC CONNECTED State. 
RAN1 identified the following questions that need clarification from RAN4:
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: What are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Note-1: The questions above are related to the requirements for signal reception at gNB side.
Note-2: From RAN1 side we would like to have the requirements such that they are including the ”total accumulated error” in both time and frequency domain.
NTN UE initial transmit timing error and GNSS inaccuracy
In last meeting, it was agreed that NTN Te is consist of same types of errors as terrestrial UE (i.e. TN Te) and UE specific estimation accuracy in WF [3], as attached below.WF on timing requirement [3]
· UE initial transmit timing error (Te)
· Te requirement in NTN is consist of:
· Same types of errors as terrestrial UE e.g. DL timing estimation accuracy and UL timing setting accuracy. and;
· UE specific estimation accuracy;
· FFS on whether and how much different relaxations are required for different sets of SCS of SSB and SCS of uplink signals
· It is the total NTN UE Te error that decides UL performance, no matter the source of inaccuracy.


Besides, the impact of GNSS accuracy should be considered. Issue 2-4: Criteria of GNSS accuracy [2]
· The impact of GNSS accuracy should be considered when defining each RRM requirement
· GNSS accuracy (e.g. as a function of UE GNSS capability) and side conditions and exact impact on the RRM requirements are FFS.
· GNSS accuracy enhancements are out of scope 
Issue 2-8: Reference GNSS scenario [2]
· Typical and worst-case scenario parameters are FFS. For worst-case parameters, the following minimum requirements can be used as starting point:
System
Success rate
2-D position error
Max response time
All
95 %
100 m
20 s
· FFS how much total timing error budget the UE can consume
· FFS on how to narrow down from 3GPP spec such as 38.171 to avoid extensive discussion

Thus, in this section, an analysis on UE timing error budget is provided to address the open issue on NTN UE UL timing requirements, including the UE specific TA estimation accuracy (based on the simulation result in section 4) and GNSS inaccuracy impact. 
Table 1 shows the existing TN timing errors at BS reception in terms of absolute values in Tc, us, and also in terms of percentage of the UL CP length. The timing error at BS is consist of 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). 
Table 1: Existing TN timing error at BS reception
	SSB SCS
	UL SCS
	Legacy UE timing error (Te)  
	TAC resolution error 
	TA adj. accuracy 
	Legacy error @ BS

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

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

	15
	15
	768
	0.39
	± 512
	± 256
	1536
	0.78
	17%

	
	30
	640
	0.33
	± 256
	± 256
	1152
	0.59
	25%

	
	60
	640
	0.33
	± 128
	± 128
	896
	0.46
	39%

	30
	15
	512
	0.26
	± 512
	± 256
	1280
	0.65
	14%

	
	30
	512
	0.26
	± 256
	± 256
	1024
	0.52
	22%

	
	60
	448
	0.23
	± 128
	± 128
	704
	0.36
	31%

	120
	60
	224
	0.11
	± 128
	± 128
	480
	0.24
	21%

	
	120
	224
	0.11
	± 64
	± 32
	320
	0.16
	28%

	240
	60
	192
	0.10
	± 128
	± 128
	448
	0.23
	19%

	
	120
	192
	0.10
	± 64
	± 32
	288
	0.15
	25%




Table 2 shows the timing error will be 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 3-1 shows the timing error at satellite reception, on top of the legacy Te, it also includes the UE specific TA estimation error (without GNSS inaccuracy) and GNSS inaccuracy of 50 m. The UE specific TA estimation error (*) of 0.012 us is based the prediction every 10s, as the simulation result in section 4. It can be observed in serval cases the timing error at satellite reception will be > CP/2 (e.g. 60 kHz, 120 kHz) with Δp = 50 m. 
Table 3-1: NTN timing error at satellite reception, Δp = 50 m
	SSB SCS
	UL SCS
	Legacy BS error
	UE specific TA est. error
	Delay error caused by GNSS (Δp= 50 m )
	Timing Error @ satellite

	
	
	(D)
	(E)
	(F)
	(D)+(E)+(F)

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

	15
	15
	0.78
	0.012*
	0.167
	0.96
	20%

	
	30
	0.59
	
	
	0.76
	33%

	
	60
	0.46
	
	
	0.63
	54%

	30
	15
	0.65
	
	
	0.83
	18%

	
	30
	0.52
	
	
	0.70
	30%

	
	60
	0.36
	
	
	0.54
	46%

	120
	60
	0.24
	
	
	0.42
	36%

	
	120
	0.16
	
	
	0.34
	58%

	240
	60
	0.23
	
	
	0.41
	35%

	
	120
	0.15
	
	
	0.33
	55%



[bookmark: _Ref71301591]Observation 1: If GNSS inaccuracy of 50ms at the UE is considered, the timing error at satellite reception will be >1/2 CP in several cases with UL SCS of 60 kHz and 12 kHz.  

Thus, for the UL SCS of 60 kHz, 120 kHz, it should consider Δp <= 30 m, and the corresponding timing error at satellite reception is provided in Table 3-2. It can be observed in all cases the timing error at satellite reception can be < CP/2 (e.g. 60 kHz, 120 kHz) with Δp = 30 m. 



Table 3-2: NTN timing error at satellite reception, Δp = 30 m
	SSB SCS
	UL SCS
	Legacy BS error
	UE specific TA est. error
	Delay error caused by GNSS (Δp= 30 m )
	Total Error @ satellite

	
	
	 (D) 
	(E)
	(F)
	(D)+(E)+(F)

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

	15
	60
	0.16
	0.012*
	0.1
	0.57
	48%

	30
	60
	0.15
	
	
	0.47
	40%

	120
	60
	0.24
	
	
	0.36
	30%

	
	120
	0.16
	
	
	0.27
	47%

	240
	60
	0.23
	
	
	0.34
	29%

	
	120
	0.15
	
	
	0.26
	44%



[bookmark: _Ref71301594]Observation 2: If the GNSS inaccuracy of 30ms at the UE is considered, the timing error at satellite reception can be <1/2 CP.  

[bookmark: _Ref68096034][bookmark: _Ref71301620]Proposal 1: On top of the legacy Te, the NTN Te can be defined based on
· For UL SCS of 15/30 kHz: Δp <= 50 m 
· For UL SCS of 60/120 kHz: Δp <= 30 m 
· where Δp is the GNSS inaccuracy at the UE
NTN UE gradual timing adjustment requirements
One open issues in the timing requirement WF [3] is whether or not to define new gradual timing adjustment (GTA) requirements for NTN UE.· Gradual timing adjustment 
· FFS whether to define new gradual timing adjustment requirements for NTN UE 
· FFS whether and how to count the maximum delay variation for the round trip delay; 
· FFS: whether define different requirements for different NTN topologies in terms of, e.g. GEO, MEO, LEO, HAPS, HIBS, altitude, elevation angles for feeder/service links, UE speed, etc;
· FFS the reference timing  for the Gradual timing adjustment in NTN
· One shot timing adjustment
· Not introduce one shot timing adjustment requirement for NTN UE

In our understanding, if the GTA requirements in NTN is made for UE pre-compensation purpose, then the legacy TN GTA requirement is not suitable, because the UE behaviors are contradicting between TN GTA and NTN UE timing pre-compensation. 
As shown in Figure 1-1, in TN, if the timing of the DL path is with increased delay, then UE is required to gradually delay the UL timing. However, as shown in Figure 1-2, In NTN, if the timing of the DL path is predicted with increased delay, then the UL timing will be adjusted in the opposite direction, since UE is required to pre-compensate the increased delay.
Thus, if the GTA requirements in NTN is made for UE pre-compensation purpose, the direction of timing adjustment should be clarified in the NTN GTA requirement, in order to avoid potential confusion in the future. 
[bookmark: _Ref71301597]Observation 3: The timing adjustment of NTN UE pre-compensation and TN gradual timing adjustment are in opposite directions.   
[bookmark: _Ref71301612]Proposal 2: Legacy gradual timing adjustment cannot directly reused. The direction of timing adjustment for NTN UE pre-compensation should be further clarified in the requirement.
[image: ]
Figure 1-1. Gradual timing adjustment in TN 

[image: ]
Figure 1-2. Gradual timing adjustment in NTN for UE timing pre-compensation 
 
Simulation result of UE Pre-compensation accuracy with serving satellite PV ephemeris and orbital ephemeris
This section provides simulation result of UE Pre-compensation accuracy with GNSS-acquired device location and serving satellite ephemeris, including PV ephemeris and orbital ephemeris. The details of this method are provided in ANNEX A and ANNEX B (based on gravity) in [4]. 
Note for both ephemeris formats, it is not necessary to include the epoch time if it is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast.
[bookmark: _Ref61467003]The orbital parameters can be transformed to state vector position and velocity at epoch time t0 followed by propagation of satellite position and velocity to time t; or the orbital parameters can be propagated to time t followed by transform to state vectors position and velocity at time t. This is a choice of implementation in the UE that depends on accuracy and complexity of the propagation methods for UE pre-compensation for UL synchronization. 
The simulation result for LEO-600 km Set 1 is provided in the Figure 1, and also in Table 4-1 and Table 4-2 for PV ephemeris and orbital ephemeris, respectively. With prediction time of 10 s ahead for pre-compensation, the delay error of UE pre-compensation to counter the delay experienced on the service link is accurate within 0.012 us (i.e., < 3% of the ±0.39us Te budget) for position and velocity ephemeris format; and accurate within 0.012 us (3% of ±0.39us Te budget) for the orbital format. 
[bookmark: _Ref61467010][bookmark: _Ref68083626]Observation 4: UL timing error contributed by UE pre-compensate satellite delay can be within 3% error budget of ±Te, with the prediction time up to 10 s ahead for pre-compensation. 
[image: ]
Figure 2: Prediction of delay error and frequency error over service link

Table 4-1: Simulations of accuracy of propagation based on PV ephemeris
	Prediction time ahead for pre-compensation
	Delay error (us)
	percentage of the Te error budget  ± 0.39 us 

	10s
	0.012 us
	<3%

	30s
	0.037 us
	9%



Table 4-2: Simulations of accuracy of propagation based on orbital ephemeris
	Prediction time ahead for pre-compensation
	Delay error (us)
	percentage of the Te error budget  ± 0.39 us

	10s
	0.012 us
	< 3 %

	30s
	0.040 us
	10 %


Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for UE UL transmit timing requirement. 
Observation 1: If GNSS inaccuracy of 50ms at the UE is considered, the timing error at satellite reception will be >1/2 CP in several cases with UL SCS of 60 kHz and 12 kHz.
Observation 2: If the GNSS inaccuracy of 30ms at the UE is considered, the timing error at satellite reception can be <1/2 CP.
Proposal 1: On top of the legacy Te, the NTN Te can be defined based on
· [bookmark: _GoBack]For UL SCS of 15/30 kHz: Δp <= 50 m 
· For UL SCS of 60/120 kHz: Δp <= 30 m 
· where Δp is the GNSS inaccuracy at the UE
Observation 3: The timing adjustment of NTN UE pre-compensation and TN gradual timing adjustment are in opposite directions.
Proposal 2: Legacy gradual timing adjustment cannot directly reused. The direction of timing adjustment for NTN UE pre-compensation should be further clarified in the requirement.
Observation 4: UL timing error contributed by UE pre-compensate satellite delay can be within 3% error budget of ±Te, with the prediction time up to 10 s ahead for pre-compensation.
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