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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 requirement.
 
Discussion
UE specific TA estimation error
UE specific TA estimation is UE self-estimated TA to pre-compensate for the service link delay, and the UE specific TA estimation accuracy depends on the position accuracy for UE and satellite. This estimation error could be added to UE transmit timing error requirement considering GNSS accuracy since it is UE self-estimation based on GNSS.
· Proposal 1: Do not define separate UE specific TA estimation accuracy requirement and define UE transmit timing error requirement adding UE specific TA estimation accuracy

If UE transmit timing error considering UE specific TA estimation accuracy is met, UE specific TA estimation accuracy could be guaranteed. However, since the UE transmit timing error requirement is for initial transmission, RAN4 needs to define UE behavior for UE specific TA estimation update rate or when UE specific TA should be updated. 
· Proposal 2: Consider to define the behavior for UE specific TA update

Before discussing UE specific TA estimation error, RAN4 needs to clarify whether ephemeris information of each satellite is always valid. Since UE specific TA is calculated using the ephemeris information of a satellite, the ephemeris information should be kept up to date. Therefore, RAN4 needs further discussion when the ephemeris information is invalid or expired on the UE side. If needed, RAN4 needs to trigger the issue by sending LS to other WGs.
· Proposal 3: RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test.
· Proposal 4: RAN4 needs further discussion when the ephemeris information is invalid or expired on the UE side.

Initial transmit timing requirement
In the last meeting, the composites of the initial transmit timing requirement were discussed and the following options were listed.
	· Option 1
· UE position estimation error
· Serving-satellite position estimation error
· The current UE transmit timing error requirement
· Option 1a
· GNSS inaccuracy
· The current UE transmit timing error requirement
· Option 1b
· UE position estimation error
· Error calculated by extrapolation from ephemeris data
· The current UE transmit timing error requirement
· Option 2
· legacy Te
· UE specific TA estimation error (without ephemeris uncertainty)
· Option 3
· The accuracy of UE specific TA estimation (N_(TA,UE-specific)) and self-estimated TA common (N_(TA,common)) is counted into the UE transmit timing error requirement.



For NTN, timing advance (TTA) is 
TTA = (NTA + NTA,UE-specific + NTA,common + NTA,offset) x TC.
Based on TTA, NTA,UE-specific is the main parameter to define the initial transmit timing requirement for NTN. NTA,common is configured by the network, and NTA,offset is constant value. NTA,UE-specific is derived by UE position and satellite position, and each position could have some estimation error. Therefore, UE and satellite position estimation error including GNSS inaccuracy should be taken into account in initial transmit timing requirement. 
· Proposal 5: UE and satellite position estimation error including GNSS inaccuracy should be taken into account in initial transmit timing requirement as option 1 and 1a.

TA adjustment accuracy requirement
In RRC_CONNECTED mode, the position accuracy for UE and satellite affects UE transmit timing, and it also affects timing advance adjustment accuracy. Therefore, relaxed timing advance adjustment accuracy requirement should be considered with position estimation error of UE and satellite. Especially, considering long propagation delay and update rate of UE specific TA, UE specific TA and common TA can be changed from timing advance command at network to adjustment timing for uplink transmission at UE due to the UE and satellite mobility. To reduce impact on TA adjustment accuracy due to the long propagation, the UE should update UE specific TA in the slot before applying timing advance adjustment for its uplink transmission.
· Proposal 6: Relaxed timing advance adjustment accuracy requirement should be considered.
· Proposal 7: UE specific TA should be updated in the slot before applying timing advance adjustment for its uplink transmission


Conclusion 
In this contribution, we provide our views on NTN timing requirements, and we propose
· Proposal 1: Do not define separate UE specific TA estimation accuracy requirement and define UE transmit timing error requirement adding UE specific TA estimation accuracy
· Proposal 2: Consider to define the behavior for UE specific TA update.
· Proposal 3: RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test.
· Proposal 4: RAN4 needs further discussion when the ephemeris information is invalid or expired on the UE side.
· Proposal 5: UE and satellite position estimation error including GNSS inaccuracy should be taken into account in initial transmit timing requirement as option 1 and 1a.
· Proposal 6: Relaxed timing advance adjustment accuracy requirement should be considered.
· Proposal 7: UE specific TA should be updated in the slot before applying timing advance adjustment for its uplink transmission
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