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Introduction
In the last RAN4 meeting, WF [1] on timing requirements for NR NTN was approved. In this contribution, we provide our views on NTN timing requirements.
 
Discussion
UE transmit timing requirement
In the last meeting, the composites of the initial transmit timing requirement were discussed and the following options were listed.
	· 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



When a UE estimates service link delay for UE specific TA, UE position error by GNSS accuracy and satellite position estimation error are included. So, in order to apply it to TTA, two times of service link delay (RTT) would be considered. Therefore, Te_GNSS and Te_SAT with RTT error should be considered for transmit timing requirement Te_NTN. Since RAN4 doesn’t need to define the exact value of Te_GNSS and Te_SAT, only Te_NTN should be defined.

· Proposal 1: Define only Te_NTN values in the specification.

For Te_SAT, the following two error components were discussed. 
	· 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· Option 2: Te_SAT is error due to outdated/inaccurate ephemeris information



Te_SAT is the serving-satellite position estimation error. The error from the calculation model used by the UE side for Te_SAT is that all companies have the same understanding. For option 2, if inaccurate ephemeris information is used for the estimation of the position, it might affect the overall TA. So inaccurate ephemeris information should be also taken into account in the transmit timing error. For the outdated ephemeris information, RAN1 has agreed as follows. Therefore, the error due to outdated ephemeris information does not need to be considered. 
	· The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information


· Proposal 2: Consider error from calculation model used by UE side and error due to inaccurate ephemeris information for Te_SAT.

TA adjustment accuracy requirement
RAN1 has agreed on validity duration for ephemeris information as follow:
	RAN1#106-e
· Validity duration for ephemeris info.
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA
RAN1#106bis-e
· The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information



During the validity duration, UE specific TA or common TA (open loop TA) is updated by using new valid serving satellite ephemeris data. So, the open loop TA could be updated after receiving the timing advance command from the network. This could have unexpected effects on the closed loop TA (NTA) controlled by the network. However, since TTA is based on open loop and closed loop TA, it is not possible to limit the update of the open loop TA. Therefore, TA adjustment accuracy could be degraded. 
· Proposal 3: TA adjustment accuracy should be relaxed depending on updating open loop TA, or RAN4 needs to wait for RAN1 conclusion for the combination of open loop and close loop TA control.

In NTN, closed loop TA adjusts the timing error due to long propagation delay, mobility of satellite, and error from GNSS and estimation of position. If open loop TA is updated in the slot before uplink transmission, closed loop TA could handle error from GNSS and estimation of position. So, closed loop TA may not be affected by open loop TA, and TA adjustment accuracy could be stable. 
· Proposal 4: In NTN, consider closed loop TA adjusts only the timing error due to GNSS and estimation of position, assuming that open loop TA is updated in the slot before uplink transmission.


Conclusion 
In this contribution, we provide our views on NTN timing requirements, and we propose
· Proposal 1: Define only Te_NTN values in the specification.
· Proposal 2: Consider error from calculation model used by UE side and error due to inaccurate ephemeris information for Te_SAT.
· Proposal 3: TA adjustment accuracy should be relaxed depending on updating open loop TA, or RAN4 needs to wait for RAN1 conclusion for the combination of open loop and close loop TA control.
· Proposal 4: In NTN, consider closed loop TA adjusts only the timing error due to GNSS and estimation of position, assuming that open loop TA is updated in the slot before uplink transmission.
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