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1. Introduction
In RAN4#100e meeting, a way forward on timing requirements for NR NTN was approved [1]. Some agreements have achieved as following:
· Use 50m of 2-D position error defined in scenario of moving scenario and periodic update in section 6.5 TS 38.171 as the side condition for Te_NTN requirement.
· Initial transmit timing error (Te_NTN) in FR1 is defined as
	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


More issues related timing requirements have not been achieved agreement while they have multiple options. This document will discuss these issues further and present our understanding and proposals.

2. Discussion
For initial transmit timing requirement in NTN (Te_NTN), it is agreed in WF [1] that Te_NTN = Te + Te_GNSS + Te_SAT, and Te is the legacy timing error, Te_GNSS is the GNSS accuracy, Te_SAT is the serving-satellite position estimation error. It is FFS that how to derive Te_GNSS and Te_SAT from the GNSS positioning accuracy and serving-satellite position estimation error. By our understanding, because the UE transmit timing is calculated TDL – TA, TA equals  2*(distance/c), the Te_GNSS and Te_SAT should equal 2*(GNSS positioning accuracy/c) and 2*(serving-satellite position estimation error/c), i.e. if we set GNSS positioning accuracy is 50m, the Te_GNSS = 2*(50/(3*108)) = 0.333µs.
Proposal 1: The Te_GNSS and Te_SAT should equal 2* (GNSS positioning accuracy/c) and 2*(serving-satellite position estimation error/c).
It is also FFS that if the equation shall be included into the specification or only Te_NTN values shall be included. We prefer that the above equation isn’t included in specification, and only Te_NTN values are specified in specification.
Proposal 2: The equation of Te_NTN = Te + Te_GNSS + Te_SAT isn’t included in specification, and only Te_NTN values are specified in specification.

For GNSS accuracy assumption for timing requirements, it is agreed that 2-D position error is 50m for UL SCS = 15/ 30 kHz, and FFS for UL SCS = 60kHz in FR1. In our view, there is no UE capability and UE should not have different GNSS. Therefore, only one GNSS accuracy assumption should be applied for timing requirements. If the timing error based on the accuracy assumption is not applicable, no requirements are specified.
Proposal 3: Only one GNSS accuracy assumption for timing requirements is preferable.

It is FFS in WF [1] for the serving-satellite position estimation error (Te_SAT), and having 3 options. We support option 1 for UE transmit timing requirements, i.e. Te_SAT is the error from calculation model used by UE side. The error due to outdated/inaccurate ephemeris information should not be included in requirement of UE transmit timing error.
Proposal 4: Te_SAT is the error from calculation model used by UE side.

It has 3 options in WF [3] for the max tolerance for NTN UL timing error. We think 0.5CP error is too big for gNB receiving because  there are other error factors for the UE signal timing arrive to gNB receiver. CP/3 may be appropriate for all SCS.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 5: CP/3 of max tolerance for NTN UL timing error may be appropriate for all SCS.

It is FFS in WF [1] whether the clarification on NTA,UE-specific is needed. The NTA,UE-specific definition is agreed in RAN1 meeting, that is “NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay”. It should be included in UE transmit timing definition.
Proposal 6: “NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay” should be included in UE transmit timing definition.

It has two options in WF [1] for the principle for gradual timing adjustment requirement. By our understanding, it is based on how RAN1/2 design pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement in current TN specification can be reused. Otherwise, the reference timing of downlink will be changed very quickly, and the rate of gradual timing adjustment requirement can be updated.
Proposal 7: The principle for gradual timing adjustment requirement depends on RAN1/2 design of how gNB pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement can be reused. Otherwise, the rate of gradual timing adjustment requirement can be updated. 

If is FFS whether to define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO. We think the UL transmit timing change rate is different for different NTN topologies, e.g. it is similar with TN system for GEO but is different for LEO.
Proposal 8: Define different gradual timing adjustment requirements for different NTN topologies.

It is FFS whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN? We think the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN when defined, i.e. the rate of gradual timing adjustment requirement should be defined base on this factor.
Proposal 9: The maximum delay variation should be considered in the gradual timing adjustment requirement in NTN.

It is FFS Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN. According to the discussion above, if gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
Observation: If gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.

There are two options for UE behaviour for gradual timing adjustment for NTN UE in WF [1]:
· 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.
We support option 1, i.e. UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately. UE specific TA change is calculated by UE implementation and can be set every slot. For timing adjustment for downlink reception timing drifting, UE will meet the gradual timing adjustment requirement.
Proposal 10: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.

It is FFS whether the existing TN gradual timing adjustment requirement can be applied for GEO scenarios. As above discussion, we have following proposal.
Proposal 11: The existing TN gradual timing adjustment requirement can be applied for GEO scenarios.

3. Conclusion
This document discussed the topic of timing requirements in NTN and presented our proposals as below:
Proposal 1: The Te_GNSS and Te_SAT should equal 2* (GNSS positioning accuracy/c) and 2*(serving-satellite position estimation error/c).
Proposal 2: The equation of Te_NTN = Te + Te_GNSS + Te_SAT isn’t included in specification, and only Te_NTN values are specified in specification.
Proposal 3: Only one GNSS accuracy assumption for timing requirements is preferable.
Proposal 4: Te_SAT is the error from calculation model used by UE side.
Proposal 5: CP/3 of max tolerance for NTN UL timing error may be appropriate for all SCS.
Proposal 6: “NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay” should be included in UE transmit timing definition.
Proposal 7: The principle for gradual timing adjustment requirement depends on RAN1/2 design of how gNB pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement can be reused. Otherwise, the rate of gradual timing adjustment requirement can be updated.
Proposal 8: Define different gradual timing adjustment requirements for different NTN topologies.
Proposal 9: The maximum delay variation should be considered in the gradual timing adjustment requirement in NTN.
Observation: If gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
Proposal 10: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
Proposal 11: The existing TN gradual timing adjustment requirement can be applied for GEO scenarios.
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