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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4 #98-e, a WF on timing related requirements was approved [1]. In this contribution we analyze the open questions and FFS in the WF.
2	Discussion
We analyze the open questions from the WF in [1], in order of appearance.
2.1	NTN UE UL timing requirements
The following was agreed for NTN UE UL timing requirements [1]:
	NTN UE UL timing requirements
· For NTN networks, RAN4 is to study how to define the timing requirements:
· Option 1: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA is counted into the UE transmit timing error.
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· Option 2: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA will be counted into the timing advance adjustment accuracy.
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Option 3: Define the requirements on UE transmit timing error limit, UE self-estimating accuracy of NTA and timing advance adjustment accuracy, provided that:
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· UE self-estimating accuracy is derived from the accuracy of UE GNSS-acquired position and the serving satellite position 
· Other option is not precluded




In our view, UL timing requirement is important since it helps maintaining the UL capacity in a multi access system. However the exact separation into different terms, or how to start derivation is not critical. In [2] we made the following remark.
If a UE is subject to a positioning error ΔUE-pos (in time), the error in satellite position is ΔSat-pos (in time) and the UE SSB timing estimation accuracy is ΔUE_timing_estimate then we get:
ΔUE-pos + ΔSat-pos  + ΔUE_timing_estimate  < Te
Where all positioning errors are along the line between UE and Satellite. This is close to Option 3, in the list above, but we are not against deriving requirements in other ways, as long as we get an acceptable total budget.
Observation 1: Our position how to define the timing requirements. is close to Option 3, in the list above, but we are not against deriving requirements in other ways, as long as we get an acceptable total budget.
2.2	NTN UE transmit timing requirements
The following was agreed for NTN UE transmit timing requirements [1]:
	[bookmark: _Hlk67490277]NTN UE transmit timing requirements
· Te: Timing Error Limit
· The impact due to DL timing estimation, use existing Te requirements defined in TS 38.133, Table 7.1.2-1, as baseline for R17 NR NTN
· RAN4 is to further investigate whether other aspects have impact on the Te requirements for R17 NR NTN
· FFS: NTN timing compensation accuracy has impact on Te timing error requirements for CONNECTED mode. FFS for IDLE mode.
· 
· FFS on whether the existing value defined in Table 7.1.2-2 in TS38.133 can be reused or not
· Gradual timing adjustment
· RAN4 is to study the gradual timing adjustment rules for NR NTN including:
· Tq (Maximum Autonomous Time Adjustment Step)
· Tp (Minimum Aggregate Adjustment rate)




When it comes to the Te limit, there might exist other factors affecting the Te timing error limit, as described in the comment to NTN UE UL timing requirements in section 2.1.
Regrading  we think that the existing value defined in Table 7.1.2-2 in TS38.133 should be reused for gNB compatibility to existing release 16.
The gradual timing adjustment was analyzed in [2]. 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 [3] is repeated here as Table 1.
[bookmark: _Ref52980299]Table 1: 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:	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 [2]. In FR1 Te is 12*64 to 7*64 Tc. This means for FR1, the UE will be required to adjust its UL timing to within ±Te every 10 ms down to every 6 ms and for FR2 this will happen every 3 to 2.5 ms.
Observation 2: A worst case maximum delay variation will trigger a gradual timing adjustment every 10 to 6 m for FR1 and every 3 to 2.5 ms for FR2 given existing gradual timing adjustment requirements.
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 [2].
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 = ± 40 µs/s. from Table 7.1-1 in [2]. This is very high.
Observation 3: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case delay variation of 246 * 64 Tc.
Proposal 1: The parameter Tq and the maximum aggregate adjustment rate will have to be investigated.
2.3	NTN UE timer accuracy
The following was agreed for NTN UE timer accuracy:
	[bookmark: _Hlk67489824]NTN UE timer accuracy
· Reuse the UE timer accuracy requirements as defined in section 7.2 in TS 38.133 for Rel-17 NR NTN 



2.4	Timing advance
The following was agreed for Timing advance:
	Timing advance
· TA adjustment accuracy requirement
· Timing Advance adjustment accuracy requirement depends on the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget.
· FFS: Timing Advance adjustment accuracy scales inversely proportional to SCS
· FFS: whether UE specific TA estimation accuracy has impact on timing advance adjustment accuracy requirements.



[bookmark: _Hlk67494088]It is true that Timing Advance adjustment accuracy requirement depends on the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget. However, from quite general reasoning, regardless of final mechanism, one can conclude that the Timing Advance adjustment accuracy has to scale inversely proportional to SCS. 
The final Timing Advance adjustment accuracy is subject to the mechanisms for Timing Advanced selected, but current TS 38.133 section 7.3.2.2 can give a baseline to work from:
[bookmark: _Ref53479233][bookmark: _Hlk54186680]Table 3: UE Timing Advance adjustment accuracy (Table 7.3.2.2-1 in [3])
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

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



We get the same inversely proportional scaling (in a broad sense) between SCS and the required UE Timing Advance adjustment accuracy in Table 3. This is because of the same reasons as stated in Section 2.3.1. We need to control inaccuracies to maintain CP intact, since the CP is needed to handle the multipath delay of the large NTN cell.
For the case of SCS = 15 kHz, the UE Timing Advance adjustment accuracy is ±256 Tc which is  TA-step. This gives an indication of the uncertainties involved and an approximate relation to TA-step size.
However, the final analysis of Timing Advance adjustment accuracy has to consider the total error budget for regulating TA during a call:
· ΔUE-pos
· ΔSat-pos
· [bookmark: _Hlk54187091]Timing Advance adjustment accuracy
· [bookmark: _Hlk54187104]TA command resolution error
Observation 4: final analysis of Timing Advance adjustment accuracy has to consider the total error budget for regulating TA during a call: ΔUE-pos, ΔSat-pos, Timing Advance adjustment accuracy and TA command resolution error.
Proposal 2: Final Timing Advance adjustment accuracy depends on the mechanism chosen in RAN1 specification and the final total uncertainty budget. However, Timing Advance adjustment accuracy should scale inversely proportional to SCS (and in current specification it is  TA-step (at SCS = 15 kHz)).
For UE specific TA estimation accuracy requirement It has been decided to define the requirements for UE specific TA estimation accuracy, but it is FFS how to capture the UE specific TA estimation accuracy [1].
	
· RAN4 is to define the requirements for UE specific TA estimation accuracy
· FFS on how to capture the UE specific TA estimation accuracy
· Option 1: the UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· Option 2: the UE specific TA estimation accuracy is counted into the timing advance adjustment accuracy requirement
· Option 3: the UE specific TA estimation accuracy is defined as a separate accuracy requirement
· Other option is not precluded



The final Timing Advance adjustment accuracy requirement depends on several factors:
1) the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget and 
2) requirement for UE Timing Advance adjustment accuracy. Existing requirement for UE Timing Advance adjustment accuracy in TS 38.133 7.3.2.2 roughly scales inversely proportional to SCS. It is FFS if Timing Advance adjustment accuracy scales inversely proportional to SCS in NTN. 
3) Finally, RAN has decided to define UE specific TA estimation accuracy requirement, but no details are available at this point.
Proposal 3: Regardless of how the final UE specific TA estimation accuracy requirement is defined, it is important to keep the total error budget, i.e., the total TA uncertainty similar to existing terrestrial specification, in order to preserve CP to combat ISI and maintain UL capacity.
3	Summary
Observation 1: Our position how to define the timing requirements. is close to Option 3, in the list above, but we are not against deriving requirements in other ways, as long as we get an acceptable total budget.
Observation 2: A worst case maximum delay variation will trigger a gradual timing adjustment every 10 to 6 m for FR1 and every 3 to 2.5 ms for FR2 given existing gradual timing adjustment requirements.
Observation 3: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case delay variation of 246 * 64 Tc.
Proposal 1: The parameter Tq and the maximum aggregate adjustment rate will have to be investigated.
Observation 4: final analysis of Timing Advance adjustment accuracy has to consider the total error budget for regulating TA during a call: ΔUE-pos, ΔSat-pos, Timing Advance adjustment accuracy and TA command resolution error.
Proposal 2: Final Timing Advance adjustment accuracy depends on the mechanism chosen in RAN1 specification and the final total uncertainty budget. However, Timing Advance adjustment accuracy should scale inversely proportional to SCS (and in current specification it is  TA-step (at SCS = 15 kHz)).
Proposal 3: Regardless of how the final UE specific TA estimation accuracy requirement is defined, it is important to keep the total error budget, i.e., the total TA uncertainty similar to existing terrestrial specification, in order to preserve CP to combat ISI and maintain UL capacity.
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