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Introduction
One of the RAN1-lead objectives in the NTN WID [1] is uplink time and frequency synchronization enhancements for NTN. A list of topics related to uplink time and frequency synchronization enhancements was discussed [2]. The following agreements have been made in RAN1 #106b-e meeting [3].

Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
 
Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

Agreement:
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

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 

Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA, Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters
Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

Conclusion:
Do not define a TA margin.

Working assumption:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m] is [78 bits]
· Position range is driven by GEO: +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o, +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o, +90o]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
FFS: Additional enhancement to optimize the signalling overhead.
FFS: Ephemeris format bit allocations for HAPS

In this contribution, we provide our views on the topics of common TA signaling, closed loop TA control after Msg2/MsgB, TA maintenance in RRC connected state, uplink frequency synchronization and satellite ephemeris signaling. 
Discussion
Common TA signaling
The TA applied by an NR NTN UE in either RRC_IDLE/INACTIVE state or RRC_CONNECTED state was agreed [4], which depends on UE self-estimated TA () for service link and common TA () indicated by network. 

It was agreed that broadcasted common TA parameters may include the ones indicating common TA timing drift. Furthermore, it was agreed [3] that the network may optionally indicate one or more of the common TA parameters: common TA, common TA drift rate and common TA drift rate variation. These parameters are used to calculate common TA () to be used in initial access and after initial access. The granularity of common TA parameter is set to , where  is the highest allowed numerology supported for data for the given frequency range. 

There are several open issues on the signaling details on the common TA parameters. The first open issue is which of the agreed common TA parameters are mandatorily indicated by network. 

In our view, among the agreed common TA parameters, the common TA is mandatorily indicated by network, while common TA drift rate and common TA drift rate variation are optionally indicated by network. Consider in GEO scenario where the timing reference point may be fixed, network does not need to broadcast the common TA drift rate and common TA drift rate variation. Consider another scenario where the timing reference point is configured at serving satellite, the common TA drift rate and common TA drift rate variation are always equal to 0, and network does not need to broadcast the common TA drift rate and common TA drift rate variation. Hence, we have the following proposal. 

Proposal 1: Among the common TA parameters, the common TA is mandatorily indicated by network, while common TA drift rate and common TA drift rate variation are optionally indicated by network.
· At least for GEO, common TA drift rate and common TA drift rate variation are not indicated by network.

Another open issue is the value range of the common TA parameter. The broadcasted common TA has minimum value of 0, which is applicable when the timing reference point is at satellite. The broadcasted common TA maximum value could be limited by the maximum RTT between satellite and gNB. 

Like the discussions of  and , the value range of indicated common TA parameter may or may not depend on scenarios. If the value range of common TA does not depend on scenario, then the value range of common TA is 0-271 ms. Considering the granularity of common TA parameter is , a total of 25 bits is used for the common TA parameter in FR1. 

On the other hand, if the value range of common TA parameter depends on scenario, then we have value range of common TA of 0-25 ms for LEO; 0-198 ms for MEO; and 0-271 ms for GEO. Subsequently, the total number of bits for the common TA signaling in FR1 is 25 bits for GEO/MEO and 22 bits for LEO. 

Overall, the signaling overhead saving is not significant in the second option. Hence, we think a single value range is used for common TA covering all scenarios. 

Proposal 2: The common TA parameter indicated by network has value range of 0 - 271 ms, which is represented by 25 bits for FR1.

Another open issue is the granularity and value range of the common TA drift rate. 

The common TA drift rate is related to satellite movement speed. Consider the worst case where satellite moves at the speed of 8 km/s (as in serving satellite ephemeris with velocity information). This results in the common TA drift rate of +/- 26.7 . 

On the other hand, the granularity of the common TA drift rate is determined such that the common TA error due to the quantization error of the common TA drift rate is within 10% of CP length after  seconds. For FR1 with subcarrier spacing of 60 kHz, the 10% of CP length is 0.117 . If  is set as 30 seconds, then the granularity of the common TA drift rate is 0.004 . If  is set as 60 seconds, then the granularity of common TA drift rate is 0.002 . 

Proposal 3: The common TA drift rate parameter indicated by network has value range of +/- 26.7  and granularity of 0.002  or 0.004  for FR1. 

Similarly, the granularity of the common TA drift rate variation is determined such that the common TA error due to the quantization error of the common TA drift rate variation is within 10% of CP length after  seconds. For FR1 with subcarrier spacing of 60 kHz, the 10% of CP length is 0.117 . If  is set as 30 seconds, then the granularity of common TA drift rate variation is 0.0002 . 

Proposal 4: The common TA drift rate variation parameter indicated by network has granularity of 0.0002 .

It was agreed [3] that common TA epoch time is implicitly known as a reference time defined by the starting time of a downlink slot and/or frame. It is open whether the starting time is given by predefined rule or it is indicated by the network. 

There are three options on defining the epoch time for common TA. In the first option, the common TA epoch time is set as the network indicated SFN and sub-frame number. This option requires additional signaling for SFN and sub-frame number, but it is the most flexible solution. In the second option, the epoch time is set to be the N-th slot after start of SI window of SI message carrying common TA parameters. In the third option, the common TA epoch time is set to the boundary of the last downlink slot carrying the SIB. 

Overall, we prefer the second option with  fixed to 0. This is because common TA is under the control of gNB, and it is feasible that gNB always sets common TA parameters according to the start of SI window of SI message carrying common TA parameters.

Proposal 5: The epoch time for common TA is set as the start of SI window of SI message carrying common TA parameters.

The reference point of the common TA epoch time should be known to UE. In our view, the reference point should be the satellite, so that UE only counts the one-way propagation delay on the service link when calculating the common TA. 

Proposal 6: The reference point for common TA epoch time is at satellite. 

With the reception of common TA , common TA drift rate  and common TA drift rate variation , UE is able to calculate the common TA used for uplink transmissions. The common TA used for UE’s uplink transmission (either in or after initial access) is obtained by the latest received common TA parameters, as well as the gap between common TA epoch time and the corresponding uplink transmission time. Specifically, we have 
      
where is the latest received common TA, is the latest received common TA drift rate, is the latest received common TA drift rate variation, and  is the gap between the common TA epoch time and the corresponding uplink transmission time.

Proposal 7: When the common TA drift rate is provided by network, the network-controlled common TA  is obtained by
      
where is the latest received common TA, is the latest received common TA drift rate (if indicated), is the latest received common TA drift rate variation (if indicated) and  is the gap between the common TA epoch time and the corresponding uplink transmission time.

Closed loop TA control after Msg2/MsgB
When TAC in msg2/msgB is received, UE updates . The value of  is open. It was concluded [3] that TA margin is not defined in NTN. Hence, it is straightforward that is equal to 0. 

Proposal 8: When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as .

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. Hence, it is worth to examine whether and how to reset , when UE specific TA is updated with new GNSS position or new ephemeris parameters. An LS [5] was sent to RAN4 to check whether the gradual timing adjustment as defined in [6] applies. 

In our view, if the accumulated TA value from TA command is large during the period 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 and with the old set of parameters, then UE needs to reset  by the amount of the accumulated TA value from TA command since the previous GNSS or satellite ephemeris parameters update. 

Proposal 9: When UE applies new GNSS or satellite ephemeris parameters, which results in a large offset on UE specific TA, UE resets the accumulated closed-loop TA, which is received since the previous GNSS or satellite ephemeris parameters update. 

Uplink frequency synchronization
In order to reduce UE complexity in its initial SSB searching efforts, it is preferred that gNB pre-compensates the frequency offset of SSB as well as other downlink signals. 

The gNB pre-compensated frequency offset is for the service link Doppler shift with respect to a reference point in a cell coverage point (e.g., cell center). This frequency offset should be broadcasted by gNB to facilitate UE’s calculation of nominal downlink frequency. This nominal downlink frequency is used to determine UE’s nominal uplink frequency based on a duplex frequency distance. The UE’s calculation of nominal downlink frequency depends on received downlink signal frequency (), network indicated frequency offset which is pre-compensated in downlink transmissions (), and UE’s estimated UE specific service link Doppler shift () based on UE’s GNSS position and satellite ephemeris. Specifically, the downlink nominal frequency is equal to .

One concern about the indication of gNB pre-compensated frequency offset is that UE needs to frequently acquire the SIB to retrieve the gNB pre-compensated frequency offset. 

For earth fixed cell, gNB could simply indicate the GNSS location of the frequency reference point. It is assumed that this frequency reference point generally does not change in earth fixed cell. Hence, UE does not need to acquire this information frequently. 

For earth moving cell, gNB could directly indicate the frequency offset value which is pre-compensated in downlink transmission. It is assumed that this frequency offset value does not change frequently in earth moving cell. Hence, UE does not need to acquire this information frequently. 

Proposal 10: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point. 
· For earth fixed cell, gNB indicates the GNSS location of the frequency reference point. 
· For earth moving cell, gNB indicates the value of frequency offset pre-compensated in downlink transmission. 

Satellite ephemeris signaling
It is working assumption on the satellite ephemeris format bit allocations for both position/velocity state vector format and orbital parameter format. It is open on the additional enhancement to optimize the signaling overhead. 

Since GEO satellite has negligible velocity value, the velocity fields in position/velocity state vector ephemeris format could be omitted. This could save the signaling overhead of 54 bits for GEO scenario. 

Proposal 11: For satellite ephemeris state vectors parameters, the velocity parameters are not used for GEO satellite. 

It was agreed [7] that serving satellite ephemeris epoch time is implicitly known as a reference time defined by the starting time of a downlink slot and/or frame.

There are three options of specifying the satellite ephemeris epoch time [2]. In the first option, the serving satellite ephemeris epoch time is defined by the starting time of a downlink slot and/or frame by indication of -th slot after start of SI window of SI message carrying serving satellite ephemeris. In the second option, the serving satellite ephemeris epoch time is indicated by network via SFN and the sub-frame number. In the third option, the serving satellite ephemeris epoch time follows a predefined rule. 
In our view, the similar approach as the common TA epoch time determination could be applied for serving satellite ephemeris epoch time. Specifically, the epoch time for serving satellite ephemeris is set as the start of SI window of SI message carrying serving satellite ephemeris. This unified design between common TA epoch time and serving satellite ephemeris epoch time could simplify UE implementation. 

Proposal 12: The epoch time for serving satellite ephemeris is set as the start of SI window of SI message carrying serving satellite ephemeris.

Similar to common TA case, the reference point for serving satellite ephemeris epoch time can be set at satellite. 

Proposal 13: The reference point for serving satellite ephemeris epoch time is at satellite. 

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

Proposal 1: Among the common TA parameters, the common TA is mandatorily indicated by network, while common TA drift rate and common TA drift rate variation are optionally indicated by network.
· At least for GEO, common TA drift rate and common TA drift rate variation are not indicated by network.

Proposal 2: The common TA parameter indicated by network has value range of 0 - 271 ms, which is represented by 25 bits for FR1.

Proposal 3: The common TA drift rate parameter indicated by network has value range of +/- 26.7  and granularity of 0.002  or 0.004  for FR1. 

Proposal 4: The common TA drift rate variation parameter indicated by network has granularity of 0.0002 .

Proposal 5: The epoch time for common TA is set as the start of SI window of SI message carrying common TA parameters.

Proposal 6: The reference point for common TA epoch time is at satellite. 

Proposal 7: When the common TA drift rate is provided by network, the network-controlled common TA  is obtained by
      
where is the latest received common TA, is the latest received common TA drift rate (if indicated), is the latest received common TA drift rate variation (if indicated) and  is the gap between the common TA epoch time and the corresponding uplink transmission time.

Proposal 8: When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as .

Proposal 9: When UE applies new GNSS or satellite ephemeris parameters, which results in a large offset on UE specific TA, UE resets the accumulated closed-loop TA, which is received since the previous GNSS or satellite ephemeris parameters update. 

Proposal 10: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point. 
· For earth fixed cell, gNB indicates the GNSS location of the frequency reference point. 
· For earth moving cell, gNB indicates the value of frequency offset pre-compensated in downlink transmission. 

Proposal 11: For satellite ephemeris state vectors parameters, the velocity parameters are not used for GEO satellite. 

Proposal 12: The epoch time for serving satellite ephemeris is set as the start of SI window of SI message carrying serving satellite ephemeris.

Proposal 13: The reference point for serving satellite ephemeris epoch time is at satellite. 
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