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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#100-e a WF was approved [1]. We analyze the questions in the WF and continue to discuss timing requirements for NTN WI.
2	Discussion
In the approved WF, it is stated [1]:
	…
This document is to capture the WF on GNSS-related requirements and timing requirements for NR NTN. Based on RAN#92e meeting agreements in [1], the NTN discussion on FR2 aspects is postponed. To align with RAN plenary agreement, the discussion on NTN UE timing requirements shall focus on FR1 aspects.
…
3.1 	WF on UE specific TA estimation
…
· FFS whether to define a separate accuracy requirement for self-estimated TA common ().
· FFS whetherto define a separate accuracy requirement for the combination of  .
…
3.2 	WF on UE transmit timing requirements
· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
…
· GNSS accuracy assumption for timing requirements
· For UL SCS = 15 kHz and 30 kHz: 2-D position error is 50m
· For UL SCS = 60kHz in FR1: FFS
…
· section 6.5 TS 38.171 as the side condition for Te_NTN requirement.
· Initial transmit timing error (Te_NTN) in FR1
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[X1]*64*Tc

	
	
	30
	[X2]*64*Tc

	
	
	60
	[X3]*64*Tc

	
	30
	15
	[Y1]*64*Tc

	
	
	30
	[Y2]*64*Tc

	
	
	60
	[Y3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211



· The max tolerance for NTN UL timing error
· Option 1: (CP – 8*64*Tc)/3 for FR1
· Option 2: 0.5*CP for 15KHz and 30KHz
· Other options not precluded.
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .
…
· For GEO scenarios, FFS whether the existing TN gradual timing adjustment requirement can be applied.
· The gradual timing adjustment requirement
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
· The minimum aggregate adjustment rate shall be Tp_NTN per [X]ms.
· FFS whether X can be different for different types of satellites, altitude, etc
· The maximum aggregate adjustment rate shall be Tq_NTN per [Y]ms.
· FFS whether Y can be different for different types of satellites, altitude, etc
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[Z1]*64*Tc
	[Z1]*64*Tc

	
	30
	[Z2]*64*Tc
	[Z2]*64*Tc

	
	60
	[Z3]*64*Tc
	[Z3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· Note: FFS whether Z1-Z3 can be different for different types of satellites, altitude, etc
· FFS on whether the requirement will be applicable for LEO
…




2.1	Accuracy requirement for 
We need to consider the TA mechanism, as currently discussed in RAN1: 
	
Agreement RAN1#104-bis-e:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

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

Note-1: Definition of  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:  is the common timing offset X as agreed in RAN1 #103-e.



In the total budget from UE TX via satellite to GW and gNB RX we have the uncertainty of . As a signalled value  is only subject to quantization noise. However, if the gNB is used as timing reference then the feeder link delay will have to be periodically signalled to the UE. In [2] it is shown that this can be done with a third order predictor every 30 seconds or a second order predictor every 10 seconds. Due to the periodicity of update and limits to the predictor accuracy we need to allocate an uncertainty to the feeder link estimation. In Ericsson’s RAN1 contribution [2], it is shown that we can achieve 2 Ts of uncertainty. 
In [3], “Considerations on UL timing and frequency synchronization in NTN, from Thales we get an error of satellite position of 3.87 m satellite position error for a 5 minute prediction. This corresponds to 0.4 Ts of inaccuracy. This is incorporated into the simulations in [2], so it does not affect the proposed inaccuracy for the feeder link (but it will have to be considered as an additional error for the service link in the total budget).
Proposal 1: Allocate 1 Ts error allocation to , around the nominal (perfect) feeder link delay, assuming an NCC ephemeris data update every 5 minutes.
	Frequency Range
	SCS of uplink signals (kHz)
	Te

	1
	15
	1.0*64*Tc

	 
	30
	1.0*64*Tc

	 
	60
	1.0*64*Tc



2.2	The total UE to gNB timing uncertainty budget
Another way to analyse the question is to try and assess maximum allowed fraction of uncertainties of CP from UE to gNB. In [4], the existing uncertainties for a terrestrial UE transmitting to a gNB is summarised as table 2 below:
Table 2: Relation between CP length and existing timing errors at the BS reception
	SSB SCS (kHz)
	UL SCS (kHz)
	UE timing error (Te) [Tc]
	 TA command resolution error (section 4.2, TS 38.213) [Tc]
	TA adjustment accuracy (section 7.3.2, TS 38.133) [Tc]
	BS error (TBSE) [Tc]
	BS error (TBSE) as percentage of UL CP length (%)

	15
	15
	768
	512
	256
	1536
	17

	
	30
	640
	256
	256
	1152
	25

	
	60
	640
	128
	128
	896
	39

	30
	15
	512
	512
	256
	1280
	14

	
	30
	512
	256
	256
	1024
	22

	
	60
	448
	128
	128
	704
	31


[bookmark: _Hlk78362913]
In Table 3 below we add the legacy errors in column (D). We can now add the NTN specific error components to the total budget:
E. BS feeder link delay prediction error = ± 1 Ts = 0,032 µs (from section 1.1)
F. UE specific TA est. Error = 0,012 µs from [5]
G. Delay error caused by UE GNSS (Δp= 50 m ) = 0,167 µs from [1]
H. Serving-satellite position estimation error (Δp,sat= 3,87 m/ 5 minutes ) = 0,013 µs from [3]
I. NTN Channel delay spread = 0,245 µs. In the release 15 study report [6], section 6.7.2 the Delay Spread (DS) worst case LOS scenario for 20 degrees or higher elevation has a  Delay spread (DS) lgDS = log10(DS/1s) with lgDS = -7.28 and lgDS = 0.67. This means that lgDS +lgDS = -7.28 + 0.67 = -6.61 and DS < 0.245 µs with 68 % probability, if we assume Gaussian statistics [6, Table 6.7.2-1a].
	SSB SCS
	UL SCS
	Legacy UE Te error
	BS feeder link delay prediction error 
(±1 Ts)
	UE specific TA est. error
	Delay error caused by UE GNSS
	Serving-satellite position estimation error
	NTN Channel delay spread
	Timing Error @ gNB
	 Delay spread margin
(µs)

	
	
	
	
	
	 (Δp= 50 m )
	(Δp,sat= 3,87 m/ 5 minutes )
	
	
	

	
	
	(D)
	(E)
	(F)
	(G)
	(H)
	(I)
	J = D + 2*(E+F+G+H)
	CP - 2* (J)

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

	15
	15
	0,78
	0,032
	0,012
	0,167
	0,013
	0,245
	1,23
	26%
	2,2

	
	30
	0,59
	0,032
	0,012
	0,167
	0,013
	0,245
	1,04
	44%
	0,3

	
	60
	0,46
	0,032
	0,012
	0,167
	0,013
	0,245
	0,91
	77%
	-0,6

	30
	15
	0,65
	0,032
	0,012
	0,167
	0,013
	0,245
	1,10
	23%
	2,5

	
	30
	0,52
	0,032
	0,012
	0,167
	0,013
	0,245
	0,97
	41%
	0,4

	
	60
	0,36
	0,032
	0,012
	0,167
	0,013
	0,245
	0,81
	69%
	-0,4


Table 3: BS error (TBSE) + margin 

It is important to point out that the legacy errors in (D) are local to the UE, i.e., they are not used to calculate the total delay between the UE and the gNB. However, the uncertainties in columns (E), (F), (G) and (H) are all affecting the calculation of the total delay between UE and gNB and all uncertainties are therefore doubled (x2) since the UE has to offset its transmission by 2*(total delay). Moreover, the timing error at gNB listed in column (J) is two sided, insofar that one UE can transmit to early compared to nominal timing and another UE too late. The delay spread margin at gNB is therefore CP – 2*(J). This is a pessimistic assumption, but standard in telecom dimensioning.

If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible. The biggest contributing factor is the UE 2-D position error of 50 m. However not even a UE 2-D position error of 0 m (perfect UE position) will suffice.

Observation 1: If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible.  not even a UE 2-D position error of 0 m (perfect UE position) will suffice.


2.3 	UE initial transmit timing error 
In the WF [1] it is stated:
· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
The legacy Te is here:
Table 4: Existing Te requirement for FR1 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (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



In the WF [1] it is stated that The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus . The factors in Table 3 affecting Te_GNSS is column (G) and it is 50 m / c = 0,167 µs = 5.12 Ts.  However, since the UE GNSS uncertainty is used to calculate the service link delay, the UE will have to use 2*(service link delay) the error will be doubled. The same is true for column (F) UE specific TA est. error = 0,012 µs = 0,4 Ts. We therefore get a total addition on top of legacy of 2*(5,12 + 0,4) Ts = 11 Ts and Te_NTN becomes:
Table 5: Proposed Te_NTN requirements for FR1 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Te_NTN

	1
	15
	15
	12*64*Tc
	23*64*Tc

	
	
	30
	10*64*Tc
	21*64*Tc

	
	
	60
	10*64*Tc
	

	
	30
	15
	8*64*Tc
	19*64*Tc

	
	
	30
	8*64*Tc
	19*64*Tc

	
	
	60
	7*64*Tc
	



Proposal 2: Use Te_NTN from table 5.
2.2	TA adjustment accuracy
A TA adjustment accuracy requirement is needed to safeguard against Inter Symbol interference and maintain a desired UL throughput and capacity. The needed TA adjustment accuracy is a function of the step size. Based on the assumption that RAN1 keeps the existing TA step size of 16*64/2µ then we should maintain the existing step sizes in Table 2:
Table 6: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

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



Observation 2: The UE Timing Advance adjustment accuracy is needed to make sure we avoid Inter Symbol Interference and loose UL throughput and capacity. 
Proposal 3: Use existing TA adjustment accuracy also for NTN.
2.3 	Gradual Timing Adjustment
The parameter Te has further use to regulate gradual timing adjustment. For the gradual timing adjustment, TS 38.133 offers the following definition:
When the transmission timing error between the UE and the reference timing exceeds ±Te then the UE is required to adjust its timing to within ±Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these 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.
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1 in TS 38.133 is repeated here as Table 1.
[bookmark: _Ref52980299]Table 7: 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

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



The Tq and Tp requirements are essentially a function of Te, with an aim to make sure that the UL timing follow the DL timing reference. If we take the case of LEO, then the rate of change of round-trip time can be as high as dRTT/dt = 40 µs/s ≈ 79 Tc/ms [from Table 7.1-1 in [7]]. 
At higher speed there is larger time variation or time drift (Td) of the DL reference signal received at the UE. This will require the UE to apply larger maximum adjustment step or aggregated maximum adjustment over 200 ms period. The time drift over a given time period (T0) can be estimated as follows:
Td = dRTT/dt * T0
Where dRTT/dt is the maximum delay variation as seen by the UE.
Based on the above expression the speed dependent time drift (Td) at the TBD UE speed over a duration of 200 ms is about 246 * 64 Tc, if we assume a worst case dRTT/dt = ± 93 µs/s. from Table 7.1-1 in [7]. This is very high. De actual delay variation that the UE RX encounters when it tracks DL reference is ½ of RTT, that is 46.5 µs/s.
Observation 3: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case one way delay variation of 286 * 64 Tc.
This observation is similar to Table 1, Maximum timing drift in NTN scenario [8].
Observation 4: Either the period has to be shortened from 200 ms to something smaller, or we need to increase Tq.
If we strive to keep UE legacy values of Tp = 5.5*64*Tc, in order to avoid too big jumps, then define the maximum aggregate adjustment rate shall be Tq per 4.3 ms we get:
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 4.3 ms.
Table 8: 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
	
	

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



Proposal 4: Define Gradual Timing Adjustment as listed in table 8.
3	Summary
Proposal 1: Allocate 1 Ts error allocation to , around the nominal (perfect) feeder link delay, assuming an NCC ephemeris data update every 5 minutes.
	Frequency Range
	SCS of uplink signals (kHz)
	Te

	1
	15
	1.0*64*Tc

	 
	30
	1.0*64*Tc

	 
	60
	1.0*64*Tc



Observation 1: If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible.  not even a UE 2-D position error of 0 m (perfect UE position) will suffice.

Proposal 2: Use Te_NTN from table 5.
Table 5: Proposed Te_NTN requirements for FR1 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Te_NTN

	1
	15
	15
	12*64*Tc
	23*64*Tc

	
	
	30
	10*64*Tc
	21*64*Tc

	
	
	60
	10*64*Tc
	

	
	30
	15
	8*64*Tc
	19*64*Tc

	
	
	30
	8*64*Tc
	19*64*Tc

	
	
	60
	7*64*Tc
	



Observation 2: The UE Timing Advance adjustment accuracy is needed to make sure we avoid Inter Symbol Interference and loose UL throughput and capacity. 
[bookmark: _Hlk85808213]Proposal 3: Use existing TA adjustment accuracy also for NTN.
Observation 3: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case one way delay variation of 286 * 64 Tc.
Observation 4: Either the period has to be shortened from 200 ms to something smaller, or we need to increase Tq.
Proposal 4: Define Gradual Timing Adjustment as listed in table 8.
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 4.3 ms.
Table 8: 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
	
	

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