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Introduction
In RAN4 #100-e meeting, the timing requirements for NR NTN were discussed and the conclusions were captured in WF [1]. This paper will give our considerations on UE specific TA estimation error and initial transmit timing requirements.
Discussion
UE specific TA estimation error
	· RAN4 not to define a separate accuracy requirement for UE specific TA estimation. 
· UE behaviour for UE specific TA
· FFS whether and how to specify UE behaviour on updating rate for UE specific TA estimation
· FFS whether and how to specify UE behaviour on UE specific TA updating before applying TA adjustment
· FFS whether to define a separate accuracy requirement for self-estimated TA common ().
· FFS whether to define a separate accuracy requirement for the combination of  .


It is not necessary to limit UE behaviour for UE specific TA, such as the update periodicity and the relation between UE specific and TA adjustment. These procedures should be left for UE implementation as long as the timing requirements could be met. Even if UE is enforced to calculate UE specific TA periodically, the TA value may not change when the GNSS or ephemeris data is not updated / available. Besides, it is agreed in the last meeting that RAN4 will not define a separate accuracy requirement for UE specific TA estimation. Then, UE behaviour for UE specific TA cannot be tested. 
Proposal 1: Do not define UE behaviour for UE specific TA.  
TA common is a network-controlled advance to compensate for the feeder link delay. Generally, it should be calculated by network and configure to UE and the following two signalling method could be supported:
· Indicate the value of TA common which UE could apply directly.
· Indicate the initial value of TA common, drift rate and other information for UE to derive the TA common when it is not updated by network commands.
Self-estimated TA common here, in our understanding, means the second one. Additional estimation error may be introduced due to the calculation method and model used by UE. But comparing the final TA common applied in UL transmit timing and the real TA common, more error components are observed, such as GNSS measurement error at serving-satellite side, network estimation error, quantization error of signalling. Without additional UE reporting, it is hard to test one single error component for TA common. 
Proposal 2: Do not define a separate accuracy requirement for self-estimated TA common.  
As discussed before, when and how to update UE specific TA is up to UE implementation while TA common is mainly controlled by network. Chances are that the update periodicity for TA common is not aligned with that for UE specific TA. The motivation and benefits for defining a separate requirement for the combination of  are not clear. 
Proposal 3: Do not define a separate accuracy requirement for the combination of 
Initial transmit timing requirements
	· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Note: Te_GNSS shall include the total RTT error
· FFS the clarification on total RTT error
· FFS how to derive Te_GNSS from the GNSS positioning accuracy
· Te_SAT is the serving-satellite position estimation error
· Note: Te_SAT shall include the total RTT error
· FFS the clarification on total RTT error
· FFS if the equation shall be included into the specification or only Te_NTN values shall be included
· 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
· FFS the serving-satellite position estimation error (Te_SAT).
· Option 1: Te_SAT is the error from calculation model used by UE side
· Option 2: Te_SAT is error due to outdated/inaccurate ephemeris information
· Option 3: The error in both option 1 and option 2 should be accounted in Te_SAT.
· 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.
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .
· FFS whether the clarification on  is needed.


As shown above, three composites are agreed to calculate the initial transmit timing requirements but how to derive Te_GNSS and Te_SAT needs further study. For GNSS accuracy, we agree to use 2*positioning error/c as the total RTT error. 
Proposal 4: GNSS accuracy should be 2*positioning error/c.
For the serving-satellite positioning estimation error, at least the error from calculation model should be considered. We think the error due to outdated/inaccurate ephemeris information should not be considered as a part of UE requirements. However, considering the testability issue, how to derive serving-satellite positioning error should depend on the time reference of UE transmission. If the value of  in the time reference is calculated based on the outdated/inaccurate ephemeris information same as that signalled to and used by UE, then option 1 is reasonable. Otherwise, if  in the time reference is calculated based on the ideal ephemeris information different from that signalled to UE, it is better to consider option 3.
Proposal 5: At least the error from calculation model used by UE side should be considered into the serving-satellite positioning estimation error.
Proposal 6: Whether the error due to outdated/inaccurate ephemeris information should be considered is up to how to derive the time reference for UE transmission. 
	· The principle for gradual timing adjustment requirement
· Option 1: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate 
· Option 2: Change the definition of reference timing and keep the current requirement
· FFS whether to define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO.


[bookmark: _GoBack]Due to the high relative speed of satellite with respect to earth, the gradual timing adjustment requirements should be reconsidered for NTN system. We agree that the delay variation may be different due to the different altitude and speed in NTN topologies. But it doesn’t mean different requirements should be defined for each type of NTN topology. Firstly, single NTN topology is not common and the network with mixed GEO, MEO and LEO is more practical. Secondly, UE behaviour for gradual timing adjustment is not clear, such as whether the legacy timing adjustment based on downlink timing drift and UE specific TA change should be combined, and whether the feeder link timing drift should be considered. 
Proposal 7: Define single set of gradual timing adjustment requirements for all NTN topologies.
Conclusion
In this contribution, our considerations on the NTN timing requirements and the following proposals are given.
Proposal 1: Do not define UE behaviour for UE specific TA.
Proposal 2: Do not define a separate accuracy requirement for self-estimated TA common.
Proposal 3: Do not define a separate accuracy requirement for the combination of 
Proposal 4: GNSS accuracy should be 2*positioning error/c.
Proposal 5: At least the error from calculation model used by UE side should be considered into the serving-satellite positioning estimation error.
Proposal 6: Whether the error due to outdated/inaccurate ephemeris information should be considered is up to how to derive the time reference for UE transmission. 
Proposal 7: Define single set of gradual timing adjustment requirements for all NTN topologies.
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