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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 #102-e meeting [3].

Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS: Details on additional information signalled from network

Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication
· Option 2: The User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)

In this contribution, we provide our views on the topics on uplink time and frequency synchronization enhancements for NTN. 
Discussion
Initial TA acquisition
The terminology of common TA was defined in [4]. For transparent payload, the common TA is defined as the sum of the RTD (round trip delay) between reference point and satellite and the RTD of the feeder link. On the other hand, common TA was defined as the RTD between reference point and satellite in RAN1 #102-e meeting [2]. It is beneficial to unify the terminology of common TA for the ease of further discussions. Hence, we have the following proposal. 

Proposal 1: Define common TA as the RTD between reference point and satellite. 

According to [2], the 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 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 common TA is changing with the movement of satellite. Hence, network needs to broadcast or update the common TA. The TA applied in PRACH transmission is equal to the sum of common TA and UE specific TA (i.e., UE autonomously acquired service link RTD based on UE’s GNSS capability). This option leads to a large TA for PRACH transmission.

In the second option, the common TA is equal to 0 and the signalling of common TA is avoided. 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. The common TA needs to be broadcast, which is added to UE specific TA to obtain the TA applied in PRACH transmission. 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. 

Among these three options, the second option has the benefit of reduced signaling and simplified 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 2: The reference point is set at satellite.

It was agreed [3] that in case of GNSS-assisted TA acquisition, UE calculates its TA based on the user specific TA which is estimated by the UE. There are two options how the user specific TA is estimated: 1). based on GNSS acquired position and serving satellite ephemeris; 2). based on GNSS acquired reference time at UE and reference time indicated by the network. 

The second option requires high level integration between GNSS module and NR module at UE side, which is not preferred. Furthermore, the second option does not help on UL frequency synchronization, leading to a non-unified design for both UL time and frequency synchronization. Hence, we have the following proposal. 

Proposal 3: In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the user specific TA, which is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network.

To facilitate UE’s calculation of the user 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 4: The serving satellite ephemeris indicated by the network include satellite’s position and velocity.

Besides the user specific TA, it was open whether the common TA indication or TA margin will also be used in the TA for UE’s PRACH transmission. If the reference point is selected at satellite, the common TA is equal to 0 and does not need to be indicated by gNB. 

Proposal 5: Common TA is not indicated by network and UE does not calculate its TA based on common TA.

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 .

In NTN, if a UE is able to acquire accurate service link RTD, based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network, then it applies this service link RTD for PRACH transmission. In this case, the TA command range in NR terrestrial network does not need to be extended.

A scenario may exist that a UE with GNSS capability is unable to acquire accurate service link RTD. For example, a UE in a tunnel may not obtain its accurate position information. In this case, the UE is unable to pre-compensate the timing advance in its PRACH transmission, and hence further study is needed on whether the TA command range in RAR needs to be extended.

Proposal 6: If a UE autonomously acquires accurate UE specific TA and applies it in its PRACH transmission, then the TA command range in RAR does not need to be extended. Otherwise, study whether the TA command range in RAR needs to be extended.

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 TA command MAC CE is large. 

A simple solution is that UE keeps updating its own TA based on a timing drift rate. The TA command MAC CE is used to further refine UE’s TA, on top of UE’s autonomous TA adjustment. 

Proposal 7: UE autonomously updates its timing advance value based on timing drift rate.

Uplink frequency synchronization
For a UE with accurate GNSS location and satellite ephemeris information, it is able to calculate the frequency offset due to Doppler shift. The UE pre-compensates the calculated frequency offset in its UL transmissions. 

For a UE without accurate GNSS location or satellite ephemeris information, it may estimate the Doppler shift from DL reference signals. However, the estimation is infeasible in case gNB pre-compensates the frequency offset in DL transmissions. In this case, UE needs to rely on gNB’s indication of the frequency offset to be applied in UL transmissions. 

Proposal 8: UE pre-compensates the frequency offset in its UL transmissions, based on its calculated or indicated frequency offset.

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

Proposal 1: Define common TA as the RTD between reference point and satellite. 

Proposal 2: The reference point is left to the implementation.

Proposal 3: In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the user specific TA, which is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network.

Proposal 4: The serving satellite ephemeris indicated by the network include satellite’s position and velocity. 

Proposal 5: In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on common TA indication.

Proposal 6: If a UE autonomously acquires accurate UE specific TA and applies it in its PRACH transmission, then the TA command range in RAR does not need to be extended. Otherwise, study whether the TA command range in RAR needs to be extended.

Proposal 7: UE autonomously updates its timing advance value based on timing drift rate.

Proposal 8: UE pre-compensates the frequency offset in its UL transmissions, based on its calculated or indicated frequency offset.
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