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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 #103-e meeting [3].

Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
 
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
 
Agreement:
· In NTN, the network may broadcast
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:
	

Where:
·  is derived from the User specific TA self-estimation
·  is derived at least from the common timing offset value if broadcasted by the network. The granularity of whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
·  depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
 
Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.

In this contribution, we provide our views on the topics of initial TA acquisition, TA command in RAR, TA maintenance and frequency synchronization. 
Discussion
Initial TA acquisition
It was agreed [3] that a common timing offset value may be broadcast by the network in NTN. The details of the common timing offset are open. 

In our view, this common timing offset value is used to derive the RTT between UE and gNB. It is RAN2 working assumption [4] that UE obtains this RTT between UE and gNB to facilitate UE’s calculation of certain time windows. The RTT between UE and gNB is composed of service link RTT and feeder link RTT. The service link RTT can be obtained by UE based on its GNSS-acquired position and the serving satellite ephemeris. Since a UE does not know the location of gNB, it is unable to estimate the feeder link RTT. On the other hand, gNB can calculate the feeder link RTT, based on its GNSS position and the serving satellite ephemeris. Hence, it is desirable for gNB to broadcast this feeder link RTT so that UE can obtain the RTT between UE and gNB. 

Proposal 1: The common timing offset broadcast by network is equal to the feeder link RTT.

For NGEO scenario, the moving satellite leads to the frequent update of the feeder link RTT. Besides gNB broadcasting the common timing offset, a common timing drift rate can also be broadcast. UE may autonomously calculate the latest feeder link RTT based on this common timing drift rate. 

Proposal 2: A common timing drift rate is broadcast together with the common timing offset. 

According to [2], the timing reference point is defined as the point where the timing alignment of uplink and downlink frames can be observed. The TA applied in PRACH transmission is set to the TA between UE and reference point. 

Three options on the timing reference point location were discussed [2]: 1). reference point is at gNB, 2). reference point is at satellite, 3). reference point is left to the implementation. 

In the first option, the TA applied in PRACH transmission is equal to the sum of common TA and UE specific TA. The common TA is derived from the common timing offset broadcast by network. The UE specific TA is autonomously acquired by UE based on its GNSS location and serving satellite ephemeris. This option leads to a large TA for PRACH transmission.

In the second option, the common TA is equal to 0. The TA applied in PRACH transmission is equal to UE specific TA. The RTD between satellite and gNB is handled by gNB and is transparent to UE. 

The third option has the flexibility of selecting reference point, which can be either in service link or in feeder link. If the reference point is in service link, then the common TA is negative. If the reference point is in feeder link, then the common TA is positive. The common TA can be derived from the common timing offset broadcast by network.

It should be noted that the common timing offset can have a coarser granularity than the common TA. Hence, to support the first and the third options, the granularity of the common timing offset needs to be enhanced to match the granularity of the common TA. Among these three options, the second option has the benefit of reduced UE complexity. It also simplifies the design in the inter-satellite scenario. Finally, it achieves a unified design for both transparent payload and regenerative payload.

Proposal 3: The timing reference point is set at satellite.

It was agreed [3] that the TA used for Msg1/MsgA transmission is given by 	
,
where  is derived from the user specific TA self-estimation and  is derived at least from the common timing offset value if broadcasted by the network.

If the reference point is set at satellite, then the value of  is equal to 0. If the reference point is set at gNB, then the value of  is equal to the common timing offset. If the reference point is left to implementation, then a fraction, say , needs to be broadcast by network so that the value of  is set to (* common timing offset). 

Proposal 4: The TA used for Msg1/MsgA transmission is given by , where the value X is indicated as a timing advance. 
· If the reference point is set at satellite, then X= 0.
· If the reference point is set at gNB, then X is equal to the common timing offset.
· If the reference point is based on implementation, then X is equal to a fraction times the common timing offset.

To facilitate UE’s calculation of the UE specific TA, the serving satellite ephemeris needs to be broadcast by satellite. The ephemeris information should include satellite’s position and velocity, at a certain time. 

Proposal 5: The serving satellite ephemeris indicated by the network include satellite’s position and velocity.

When UE estimates the UE specific TA, an estimation error may exist, e.g., due to the inaccuracy of UE’s GNSS location or changed satellite position. This estimation error may lead to the PRACH signal received at the reference point earlier than the scheduled PRACH occasion, resulting in interference. Whether and how the TA margin is used to address this issue has been discussed in RAN1 #103-e meeting. Four potential solutions were listed as: 1). No need for TA margin; 2). TA includes TA margin but there is no need for TA margin indication; 3). TA includes TA margin and TA margin is indicated in SIB; 4). TA margin is included within the common TA. 

In our view, the UE specific TA estimation error depends on UE’s GNSS capability. If a UE is able to obtain a more accurate GNSS location, then this estimation error is smaller. Subsequently, the TA margin applied at the UE is smaller. In other words, the TA is UE specific. Hence, we do not see the necessity for network to broadcast this TA margin. Our preference is that the TA includes TA margin but there is no need for TA margin indication. 

Proposal 6: TA margin is not signaled by network.

TA command in RAR
In NR initial access, the RAR message from gNB contains a 12-bit field of timing advance (TA) command. This field indicates the index value  used to control the amount of timing adjustment. For the subsequent uplink transmissions, a timing advance value is calculated as , where  is the SCS of the first uplink transmission. It can be seen that this timing advance value is upper bounded by 2 ms at .

It was agreed [3] that the requirement on uplink time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
In NTN, if a UE is able to acquire accurate service link RTT, based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network, then it applies this service link RTT for PRACH transmission. If the estimated UE specific TA has good enough accuracy, then the range of TAC value in RAR does not need to be extended. Furthermore, if the TA margin included in the TA used for Msg1/MsgA transmission, we could avoid the negative value of TAC in RAR. In this case, the TA command range in NR terrestrial network does not need to be extended.

Proposal 7: The requirement that the existing TAC 12-bit field in Msg2/MsgB is reused is that a UE pre-compensates an accurate UE specific TA and TA margin in its Msg1/MsgA transmission. 

TA maintenance
In the scenario of moving satellite, up to 40 s/s timing drift rate is reached. The TA command MAC CE can only correct up to 16.7 s in one shot. Considering the transmission delay of MAC CE, the TA update rate resulting from TA command MAC CE is not fast enough to reach the timing drift rate. Furthermore, the signaling overhead of frequent TA command MAC CE is large.

In the discussions of the TA maintenance in RAN1 #103-e meeting [3], one alternative solution is that UE autonomously estimates the variation of service link RTT based on its GNSS location and satellite ephemeris, and then applies this variation to determine its uplink timing. This approach works for a UE with GNSS capability. 

For a UE without GNSS capability, it is unclear how the timing advance is maintained. Hence, further study is needed for the timing advance maintenance for a UE without GNSS capability. 

Proposal 8: UE maintains its timing advance value based on its GNSS location and satellite ephemeris information. 

Uplink frequency synchronization
It was agreed [3] that a UE is capable of calculating the frequency pre-compensation to counter the Doppler shift on the service link. 

One open question is the reference point for frequency synchronization. In our view, the reference point for frequency synchronization should be set at satellite. Specifically, UE does not pre-compensate the Doppler shift on the feeder link. This saves the signaling of additional frequency offset value from gNB to UE. On the other hand, UE needs to pre-compensate the Doppler shift on the service link, which is estimated based on UE’s GNSS location and satellite ephemeris. 

Proposal 9: The reference point for frequency synchronization is at satellite, and UE pre-compensates the Doppler shift on the service link.

The frequency offset pre-compensation on downlink transmissions was discussed in RAN1 #103-e meeting [3]. In order to reduce UE complexity by minimizing its initial SSB searching efforts, it is preferred that gNB pre-compensates the frequency offset of SSB as well as other downlink signals. 

Proposal 10: Support gNB pre-compensates the frequency offset in downlink transmissions. 

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

Proposal 1: The common timing offset broadcast by network is equal to the feeder link RTT.

Proposal 2: A common timing drift rate is broadcast together with the common timing offset. 

Proposal 3: The timing reference point is set at satellite.

Proposal 4: The TA used for Msg1/MsgA transmission is given by , where the value X is indicated as a timing advance. 
· If the reference point is set at satellite, then X= 0.
· If the reference point is set at gNB, then X is equal to the common timing offset.
· If the reference point is based on implementation, then X is equal to a factor times the common timing offset.

Proposal 5: The serving satellite ephemeris indicated by the network include satellite’s position and velocity.

Proposal 6: TA margin is not signaled by network.

Proposal 7: The requirement that the existing TAC 12-bit field in Msg2/MsgB is reused is that a UE autonomously acquires accurate UE specific TA and pre-compensates it in its Msg1/MsgA transmission. 

Proposal 8: UE maintains its timing advance value based on its GNSS location and satellite ephemeris information. 

Proposal 9: The reference point for frequency synchronization is at satellite, and UE pre-compensates the Doppler shift on the service link.

Proposal 10: Support gNB pre-compensates the frequency offset in downlink transmissions. 
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