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1. Introduction
In RAN4#101bis-e meeting, the NTN timing requirements were discussed and a way forward was agreed in [1]. In this contribution, we continue discussing the open NTN timing related issues. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. Initial transmit timing error requirements
Issue 2-2-2: The reference timing for UE transmit timing
Agreement in RAN4#100-e meeting:
· The reference timing for the UE transmit timing shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc.
· FFS the additional clarification on NTA,UE-specific and NTA,common.
· FFS the clarification on the reference propagator model UE used at UE side.
· FFS the clarification on the downlink timing of the reference cell.
Te is used for regulating the timing error between UL transmission timing and reference timing. In NTN WI, we relaxed Te to Te_NTN, aiming to covering the positioning error of UE and satellite. The positioning error is included in parameter NTA,UE-specific and NTA,common, which contains two aspects:
· First is estimation error. The UE position which is estimated by GNSS module has about 50m error budget. The satellite position which obtained by PVT or ephemeris has about 20m error budget.
· Second is timing error. The parameter NTA,UE-specific and NTA,common are time-varying, when UE uses outdated NTA,UE-specific and NTA,common, the additional error will be introduced.
In order to guarantee the above positioning error are included in Te_NTN, additional clarification on NTA,UE-specific and NTA,common is needed. To cover estimation error, the NTA,UE-specific and NTA,common in reference timing should be ideal value, no estimation or calculation error will be included. To cover timing error, the definition of reference timing for NTA,UE-specific and NTA,common is needed, we support the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Proposal 1: For the reference timing of initial transmit timing requirements and gradual timing adjustment requirements, additional clarification on NTA,UE-specific and NTA,common is needed as follows:
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
2.2. [bookmark: _Hlk83889987]Double correction issue related to combination of open and closed loop TA control 
Issue 2-3-1: Double correction issue related to combination of open and closed loop TA control
· Option 1:
· Double correction issue can be addressed by defining NTN UE initial timing accuracy requirement for all UL transmissions.
· Option 2: 
· Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.
Generally, we think both Option 1 and Option 2 are valid principles for resolving “double correction issue”. They have the same goal which is limiting the timing error between UL transmission timing and reference timing to Te_NTN, while Option 2 provides UE implementation behavior. For the purpose of reusing legacy framework of requirement and test case, we slightly prefer Option 2 as the starting point.
Proposal 2: For the double correction issue, using the framework of gradual timing adjustment accuracy requirement as the starting point.
2.3. Gradual timing adjustment requirements
Issue 2-4-1: The principles for defining gradual timing adjustment requirement
· Option 1:
· Whether and how to relax the gradual timing adjustment requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate
· FFS on the propagation delay drift for service link and feeder link.
· NTN UE is required to adjust its UL timing towards updated UE specific TA and DL timing gradually, according to minimum and maximum aggregate adjustment rate requirements
· Option 2: 
· Not define gradual timing adjustment requirement for NTN UE;
· Replace gradual timing adjustment requirement with NTN UE initial timing accuracy requirement, i.e. NTN UE initial timing accuracy requirement applies to all UL transmissions.
Same as our analysis on Issue 2-3-1, here we also prefer Option 1 to investigate the relaxed gradual timing adjustment requirement. This requirement aims to resolve double correction issue and counter the problem of sudden downlink reception timing changes.
According to RAN1’s agreement and RAN4 discussion in last meeting, UE can compensate the feeder link propagation delay drift in real-time by parameter NTA,common, which can be derived by TACommon, TACommonDrift, TACommonDriftVariation. Therefore, no need to consider the feeder link propagation delay drift in gradual timing adjustment requirements as long as the requirements are defined in validity duration.
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Proposal 3: No need to consider the feeder link propagation delay drift in gradual timing adjustment requirements.
Regarding service link propagation delay, UE pre-compensate the delay by NTA,UE-specific. According to the conclusion in RAN1, how the UE calculates/updates NTA,UE-specific is left to UE implementation.
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NTA,UE-specific is calculated by using the UE position and the serving satellite ephemeris. For serving satellite ephemeris, UE can get real-time information by system broadcast ephemeris as long as in validity duration. For UE position, UE obtains its position by using GNSS. However, UE can’t get real-time information since the GNSS module is not always enable. The update of NTA,UE-specific will cause sudden UL transmission timing changes from UE perspective and double correction issue from network perspective.
In last meeting, a gradual timing adjustment requirement definition method was proposed by Qualcomm, many companies are willing to use this method as baseline, we summarize it for information:
Keep the legacy gradual timing requirement except for:
1. Reference timing
· When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the [downlink timing] of the reference cell.
2. The requirement for 60kHz SCS should be N/A
3. Additional clarification
1)      UE is required to update UE position frequently when UE velocity is higher than a certain threshold which is up to UE implementation
2)      When UE observes an unexpected DL reception timing jump, the DL timing change should be gradually reflected into uplink transmission timing in the same way as legacy TN.
Before investigating this baseline method, we first provide our calculation results for maximum timing drift in 200ms.
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
	0ns

	DigRF error
	1.5Ts

	Total time drift
	2.3Ts
	3.5Ts
	5 Ts
	9 Ts


Based on the calculation, if speed of UE is less than 500km/h, the legacy requirement can compensate the timing drift caused by UE movement, however, if UE type is aircraft which supports 1200km/h, then the legacy requirement can’t support the timing drift compensation.
Therefore, based on the baseline method, we prefer to further relax the gradual timing adjustment requirement in order to let the requirement support all kinds of UE type. Since UE GNSS behavior can’t be tested based on legacy test framework. The relaxation only involves UE movement and applies to Tq.
We propose to relax the gradual timing adjustment requirements as follows:
1. The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
2. The minimum aggregate adjustment rate shall be Tp_NTN per second.
3. The maximum aggregate adjustment rate shall be Tq_NTN per 200 ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

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



Proposal 4: Further relax the gradual timing adjustment requirements based on the baseline method
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

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



	Issue 2-4-2: UE behaviour for gradual timing adjustment for NTN UE.
· Option 1: 
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: 
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: 
· For GEO, UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· For LEO, UE performs timing adjustment with combining downlink reception timing drifting, common TA change and UE specific TA change as one adjustment.
Issue 2-4-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2: 
· No
Issue 2-4-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2: 
· No


Based on revisited baseline method and our analysis above, maximum delay variation for the round trip delay and feeder link time drift won’t be considered in the gradual timing adjustment requirement. In order to compensate the timing drift causing by UE movement, UE will perform timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 5: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 6: maximum delay variation for the round trip delay and feeder link time drift should not be considered in the gradual timing adjustment requirement 
3. Conclusion
In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: For the reference timing of initial transmit timing requirements and gradual timing adjustment requirements, additional clarification on NTA,UE-specific and NTA,common is needed as follows:
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Proposal 2: For the double correction issue, using the framework of gradual timing adjustment accuracy requirement as the starting point.
Proposal 3: No need to consider the feeder link propagation delay drift in gradual timing adjustment requirements.
Proposal 4: Further relax the gradual timing adjustment requirements based on the baseline method
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

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


Proposal 5: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 6: maximum delay variation for the round trip delay and feeder link time drift should not be considered in the gradual timing adjustment requirement 
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e How the UE calculates/updates Nta, uk-specisic 1S left to UE implementation. <




