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1. Introduction
In RAN4#98bis-e meeting, the NTN timing requirements were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the NTN timing related issues. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. NTN UE UL timing requirements
Issue 1: UE specific TA estimation error:
[bookmark: _Hlk66193900]Agreement in RAN4#98bis-e meeting:
The UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· UE specific TA estimation accuracy is FFS
· FFS whether the UE specific TA estimation accuracy shall be also defined as a separate accuracy requirement
· Specify UE behavior related to UE specific TA estimation and the detailed behavior is FFS
FFS on the update periodicity of UE specific TA value
The UE specific TA accuracy consists of two parts, the first one is UE positioning error which depends on UE GNSS accuracy, the second one is satellite positioning error which depends on PVT accuracy. We have not achieved the requirements of both GNSS accuracy and PVT accuracy so far. For GNSS accuracy, we propose to take 50m as the worst case and 20m as the typical case; For PVT accuracy, we propose to take the precise PVT information as the starting point, and further update when RAN1 achieve the conclusion.
Based on the agreements of last meeting, the UE specific TA estimation error have already included in UE transmit timing error requirement, the GNSS accuracy requirement is under discussion in RAN4, and the PVT accuracy is under discussion in RAN1. Therefore, we think there is no need to define a separate UE specific TA estimation accuracy requirement.
As we know, the UE transmit timing error requirement is only applicable to the initial transmission. However, UE need to update the UE specific TA for the subsequence transmissions, which are out of UE transmit timing error requirements scope. Therefore, the UE behavior such as the update periodicity may need for NTN. We support to define a minimum update periodicity for the UE specific TA estimation.
Proposal 1: In order to measure the UE specific TA accuracy, take the following assumptions as the starting point:
· For GNSS accuracy, take 50m as the worst case and 20m as the typical case; 
· For PVT accuracy, take the precise PVT information as the starting point, and further update after RAN1 achieving the conclusion.
Proposal 2: Do not define a separate UE specific TA estimation accuracy requirement.
Proposal 3: Define a minimum update periodicity for the UE specific TA estimation. 

2.2. NTN UE transmit timing requirements
Issue 2: UE initial transmit timing error (Te):
Agreement in RAN4#98bis-e meeting:
· 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.
The Te requirement should be revisited based on the UE specific TA accuracy. Based on our proposal 1, take 50m as the worst case and 20m as the typical case for GNSS accuracy and take the precise PVT information for PVT accuracy, the Te requirements should be updated as in Table 1(worst-case) and Table 2(typical-case). The Te requirements should be further updated after achieving the conclusions about GNSS accuracy and PVT accuracy.
Table 1: Te for NTN (worst-case)
	[bookmark: _Hlk71553985]Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Table 2: Te for NTN (typical-case)
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Proposal 4: The revisited Te requirement for NTN can take the following tables as the baseline. Further update the values in bracket squares after achieving the conclusions about GNSS accuracy and PVT accuracy.

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te (worst-case)

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te(typical-case)

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Issue 3: Gradual timing adjustment:
Agreement in RAN4#98bis-e meeting:
· 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
Tq and Tp mainly consider the gradual DL timing drift caused by UE movement and frequency error. In R17 NTN scenario, the moving satellite will also cause DL timing drift, the worst-case is LEO transparent payload scenario, the maximum delay variation as seen by the UE is up to ±40µs/sec≈79Tc/ms. Besides, the max speed of UE movement in NTN scenario is different with TN scenario. The max timing drift caused by UE movement (typical speed), satellite movement and frequency error are listed as in Table 1.
Table 1: Maximum timing drift in NTN scenario
	Factors
	Time drift

	Frequency error
	[0.1]PPM

	Time drift due to frequency error
	[20]ns

	Supported max speed of UE movement
	30km/h
	250km/h
	500km/h(high speed train)
	1200km/h(aircraft)

	Time drift due to UE movement per [200]ms
	5.6ns
	46.3ns
	92.6ns
	222.2ns

	Max Time drift due to satellite movement per [200]ms
	8000ns(40µs/s*0.2s*1000)

	DigRF error
	1.5Ts
1.5Ts

	Total time drift
	248Ts
	249.3Ts
	250.7 Ts
	254.7 Ts


Base on above calculation, the max total time drift is about [255]Ts per 200ms, which is about 20 times the existing Tq. From our point of view, 200ms is too long to reflect the timing drift and UE gradual timing adjustment ability in NTN scenario. We propose to shorten the time unit from 200ms to 50ms, 40ms or 20ms, the specific value can be further discussed.
[bookmark: _Hlk67044185]Proposal 5: In FR1, The maximum aggregate adjustment rate shall be Tq per Xms, Tq value use [255/200*X]*64*Tc as the baseline, a candidate set of X can be [50ms, 40ms, 20ms], the specific value can be further discussed
Besides, the existing gradual timing adjustment requirement can be reused in GEO system, since GEO will not introduce additional DL timing drift. However, whether we need to define different gradual timing adjustment requirements for different serving satellites should considering the real deployment scenario, such as whether there is the scenario that UE only work in the GEO system. If there are no such scenarios, the worst-case (LEO) is enough.
2.3. Timing advance
Issue 4: TA adjustment accuracy requirement
Agreement in RAN4#98bis-e meeting:
In RRC_idle mode
· FFS whether to define TA adjustment accuracy requirement;
In RRC_CONNECTED mode 
· Option 1: Reuse the existing TA adjustment accuracy requirement defined in TS 38.133 with considering of UL timing quantization accuracy.
· Option 2: FFS on whether relax the TA adjustment accuracy requirement.
· FFS on UE position and satellite position estimation error;
· FFS on propagation delay change from a slot when UE received timing advance command to a slot when the indicated TA.
In RRC_idle mode, when UE transmit the UL, we assume the actual UE specific TA is NTA,UE-specific, the UE specific TA used in UL is NTA,UE-specific’, the gap between NTA,UE-specific and NTA,UE-specific’ will introduce error. However, if we will define the minimum UE-specific-TA updated period, we think this error is limited and can be ignored.
For RRC_connected mode UE under TN, if UE receive the TA command at UL slot n, the command will be active at UL slot n+k+1, [image: ],the max TA command activation time is about 4ms, the max propagation delay caused by TA command activation is about 160ns≈316Tc, which will impact the TA adjustment accuracy requirement. For NTN, the timing relationship of TA command is still under discussing, we can decide the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command.
[bookmark: _Hlk67044195]Proposal 6: Do not define TA adjustment accuracy requirement in RRC_IDLE mode.
Proposal 7: Revisit the TA adjustment accuracy requirement in RRC_CONNECTED mode, the specific relaxed value can be decided after RAN1 achieve the agreements about the timing relationship of TA command. 
3. Conclusion
In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: In order to measure the UE specific TA accuracy, take the following assumptions as the starting point:
· For GNSS accuracy, take 50m as the worst case and 20m as the typical case; 
· For PVT accuracy, take the precise PVT information as the starting point, and further update after RAN1 achieving the conclusion.
Proposal 2: Do not define a separate UE specific TA estimation accuracy requirement.
Proposal 3: Define a minimum update periodicity for the UE specific TA estimation. 
Proposal 4: The revisited Te requirement for NTN can take the following tables as the baseline. Further update the values in bracket squares after achieving the conclusions about GNSS accuracy and PVT accuracy.

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te (worst-case)

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te(typical-case)

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Proposal 5: In FR1, The maximum aggregate adjustment rate shall be Tq per Xms, Tq value use [255/200*X]*64*Tc as the baseline, a candidate set of X can be [50ms, 40ms, 20ms], the specific value can be further discussed
Proposal 6: Do not define TA adjustment accuracy requirement in RRC_IDLE mode.
Proposal 7: Revisit the TA adjustment accuracy requirement in RRC_CONNECTED mode, the specific relaxed value can be decided after RAN1 achieve the agreements about the timing relationship of TA command. 
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