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Introduction
It was concluded [1] that release 17 RAN1 work on NR NTN is completed. The maintenance on solutions for NR NTN is conducted in RAN1 #108-e meeting. 

One of the RAN1-lead objectives in release 17 NR NTN is uplink time and frequency synchronization. In this contribution, we provide our views on some remaining issues related to uplink time and frequency synchronization for NR NTN. 
Discussion
Closed loop TA control after Msg2/MsgB
It was working assumption that when TAC in msg2/msgB is received, UE updates , where  is the TAC field in msg2/msgB. 

It was concluded that TA margin is not defined in NTN, due to its negligible performance impact. Subsequently, if  after msg2/msgB does not include a negative value, no big performance impact is expected on the subsequent RACH procedure. Once a UE is in RRC connected state, the TA command in MAC CE is able to set a negative offset. Hence, we think the working assumption can be confirmed.

Proposal 1: Confirm the working assumption that when TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as , where  is the TAC field in msg2/msgB. 

TA maintenance in RRC connected state
In RRC connected state, UE applies the combination of both open and closed control loops for TA maintenance. The TA closed loop refers that UE updates its TA based on TA command received in MAC CE. The TA open loop refers that UE autonomously estimates/pre-compensates TA on the service link, as well as UE potentially autonomously calculates/pre-compensates the TA on the feeder link based on the indicated common TA drift rate if any.

The dependency between TA open control loop and TA closed control loop was discussed in [2]. The TA command UE received may actually compensate the estimated UE specific TA error, which is due to outdated GNSS position or outdated satellite ephemeris parameters. When UE updates UE specific TA based on updated GNSS position or updated satellite ephemeris parameters, the timing error due to outdated GNSS position or outdated satellite ephemeris parameters may be compensated twice, one from TA command and the other from the newly calculated UE specific TA. 

An LS [3] was sent to RAN4 to check whether the gradual timing adjustment as defined in [4] applies. A reply LS [5] was received from RAN4, where two alternatives to address the “double-correction” issue are listed for further discussion. In our view, RAN4’s solution is to ensure the TA jump in “double-correction” issue does not break the existing gradual timing adjustment requirement, either by replacing the gradual timing adjustment requirement with initial timing accuracy requirement (i.e., Option 1 in [5]) or by defining a new gradual timing adjustment accuracy requirement considering the maximum amount of UE specific TA change (i.e., Option 2 in [5]). 

In case the gradual timing adjustment requirement still applies (e.g., Option 2 in [5]), the reference timing in the gradual timing adjustment requirement has not yet been discussed in RAN4. We think this reference timing has RAN1 impact, and hence, prefer to address it in RAN1. 

Here, it is worth to examine whether and how to reset , when UE specific TA is updated with new GNSS position or new ephemeris parameters. Specifically, if the accumulated TA value from TA command is large during the duration of UE specific TA calculations with two different sets of parameters, and if UE specific TA value has large offset with the new set of parameters, then UE needs to reset  by the amount of the accumulated TA value from TA commands since the previous GNSS or satellite ephemeris parameters update. 

Proposal 2: For the double correction issue, RAN1 to wait for RAN4’s final decision before concluding the RAN1 discussion. 
· In case gradual timing adjustment requirement applies, RAN1 to define the reference timing when new GNSS position or new ephemeris parameters are applied.

Uplink synchronization validity duration
It was agreed that a single NTN validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB, where the validity duration is configured per cell and indicated to the UE in X bits with possible values of {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240} seconds. It is open of additional values for GEO. 

In our view, the GEO satellite ephemeris and common TA parameters are changed less frequently than LEO satellite. Hence, a validity duration longer than 240 seconds could be applied to GEO scenario. A possible candidate validity duration could be 600 seconds. 

Proposal 3: An additional NTN validity duration value longer than 240 seconds is supported for GEO scenario.  

RRC parameters
In the latest higher layer parameter list for NR NTN [6], the serving satellite ephemeris parameters on position and velocity state vector format are provided. However, only the value range of these parameters are provided but the granularity (step size) of these parameters are not provided in [6]. For example, it was agreed that quantization step is 1.3 m for position and 0.06 m/s for velocity. This information is necessary in determining the bits allocation for the parameters. 

Similarly, it was agreed on the bit allocation for serving satellite ephemeris orbital parameters. For example, it was agreed that 33 bits for semi-major axis parameter and 19 bits for eccentricity parameter, etc. This information should be included in the higher layer parameter list. 

Proposal 4: In the higher layer parameter list for NR NTN, 
· includes the quantization step for serving satellite ephemeris position and velocity state vector parameters, 
· includes the bit allocation for serving satellite ephemeris orbital parameters. 

Conclusion
In this contribution, we provided our views on time and frequency synchronization for NR NTN. Our proposals are as follows: 

Proposal 1: Confirm the working assumption that when TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as , where  is the TAC field in msg2/msgB. 

Proposal 2: For the double correction issue, RAN1 to wait for RAN4’s final decision before concluding the RAN1 discussion. 
· In case gradual timing adjustment requirement applies, RAN1 to define the reference timing when new GNSS position or new ephemeris parameters are applied.

Proposal 3: An additional NTN validity duration value longer than 240 seconds is supported for GEO scenario.  

Proposal 4: In the higher layer parameter list for NR NTN, 
· includes the quantization step for serving satellite ephemeris position and velocity state vector parameters, 
· includes the bit allocation for serving satellite ephemeris orbital parameters. 
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