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Introduction
In RAN #86, the WI for NTN support in NR has been approved with following objectives for RAN1 [1]: 
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements [RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode

[bookmark: _Hlk528874692]In this contribution, we discuss on the UL time and frequency synchronization enhancements.
Discussion
UL timing offset compensation
Due to extremely large cell coverage and long round trip time (RTT), TA value determination and maintaining the TA value after initial access seems to be an essential issue needs to be addressed in Rel-17. Two options have been identified as a solution for the UL timing determination during the Rel-16 study item and captured as following in the TR [2]:
· Option-1: UE calculation of the TA value based on UE location and satellite ephemeris
· Option-2: Common TA value indication from network
In the Rel-17 NTN WI, it is assumed that a transparent or “bent-pipe” configuration will be deployed, where the gNB is located on the ground and a satellite relays signalling between the gNB and the UE. This configuration is comprised of two portions of propagation delay: that associated with the connection between the gNB and satellite, defined as the “feeder-link” and that between the UE and satellite. The feeder-link delay component is common to all UEs served by the cell, whereas the delay between the UE and satellite can be further broken down into two components:
· a common delay, representing the minimum delay from the satellite to the ground (i.e. the propagation delay between the satellite and a reference point such as the cell centre) and;
· a UE-specific delay, based on the UE-specific distance to the reference point.
By signalling the common TA (i.e. the feeder-link delay and delay from satellite to the reference point) for example, via broadcast in system information, all UEs within the cell will be able to compensate for the majority of propagation delay, with the residual error being the UE-specific delay proportional to the distance from the UE to the reference point. However, the UE-specific differential TA values are still significant even for the NTN cells with a relatively small diameter (e.g., several hundred km) especially when the angle is small (i.e. UE is located at cell edge). The differential TA value could be in the order of 20ms in large cell sizes which may require specification impacts such as extending maximum TA value, random access response window size, etc.
Observation 1: Option-2 requires specification impacts even after compensating common TA value as the range of differential TA value is still significant.
Although Option-2 (i.e., common TA value indication) may be suitable for UEs without location information, from the WID it is assumed that all Rel-17 NTN-capable UEs have GNSS capability. Additionally, the UE will have knowledge of satellite-specific characteristics such as location, direction of movement, and speed via ephemeris data updated periodically in system information.
Using the UE location via GNSS and satellite location via ephemeris, the UE may calculate the distance to the satellite and thus the UE-specific propagation delay, with the full offset in a transparent configuration obtained by adding the feeder-link delay. This delay may, for example, be broadcast along with ephemeris data in SI.
Observation 2: All Rel-17 NTN-capable UEs are assumed to have GNSS support and knowledge of satellite location via ephemeris data periodically broadcast SI. 
Observation 3: All Rel-17 NTN-capable UEs can determine UE-specific TA value with location information of UE and satellite, and additional information regarding the feeder link delay.
Based on the observations above, the Option-1 seems to be enough to determine UL timing in Rel-17. Option-2 may be further considered in future release when a NTN UE without GNSS capability is supported.
Proposal 1: for UL time offset compensation, UE calculation of the TA value based on UE location and satellite ephemeris is supported (Option-1).

UL frequency offset compensation
As similar to UL time offset compensation, two options have been identified during the Rel-16 study item and captured as a potential solution in the TR [2]:
· Option-1: UE-specific frequency offset estimation/pre-compensation is done at UE side based on DL RS, UE location, and satellite ephemeris
· Option-2: Required frequency offset for UL frequency compensation is indicated by the network
During the study item, the above two options are extensively discussed and RAN1 has agreed the network indication of the required frequency offset for the compensation is beneficial since the estimated frequency offset from downlink signal is not reliable as a UE may not be able to separate frequency offset due to local oscillator and Doppler shift.
Therefore, the network indication of the required frequency offset for UL frequency compensation seems to be a reasonable option.
Proposal 2: for UL frequency offset compensation, network indicates the required frequency offset to be compensated for UL transmission is supported (Option-2).
UE-specific TA value indication
With both the satellite and UE location, the UE can estimate the distance to the satellite and apply timing pre-compensation to UL transmissions. The very first uplink transmission is PRACH with the timing pre-compensation. If the gNB assumes that all UEs can apply UE-specific pre-compensation based on the UE location for the PRACH transmission, then the PRACH receiving window may not need to cover the full duration of the maximum differential TA as it can be assumed that UEs will have adjusted the transmission time accordingly to ensure the PRACH falls within a smaller receiving window. 
However, given that the UE has only transmitted a PRACH preamble at the time of Msg3 scheduling, the gNB will not be aware of the amount of pre-compensation applied on the UE side, and may schedule Msg3 transmission under the assumption that the UE is much nearer to the satellite than it really is, possibly resulting in the UE not being able to transmit in the provided UL grant. To overcome this issue, the network may need to schedule the Msg3 transmission according to the maximum differential delay to ensure UEs at cell edge will be able to meet the UL grant timing. Therefore, even though pre-compensation of the UE-satellite RTD would reduce latency in Msg1 transmission by allowing a smaller preamble receiving window and thus more frequent PRACH occasions, it would introduce unnecessary additional latency in Msg3 transmission for UEs near cell center as the network would not know the absolute timing advance and must accommodate all UEs within the cell.
To address this issue, a separate PRACH resource set can be configured based on distance from the UE to satellite and UE selects a PRACH preamble with the PRACH resource set associated with the distance group the UE belongs to. Therefore, the network can distinguish whether the PRACH preamble received is from a UE in cell center or cell edge. From this, the network can have a better approximation of the absolute TA based on the PRACH resource set the UE selected which allows more accurate scheduling of Msg3.
Proposal 3: a PRACH resource set is configured per distance group from the UE to satellite and a UE determine a PRACH resource set for Msg1 transmission based on the distance group the UE belongs to.
Summary
In this contribution, we discussed on UL time/frequency synchronization issues. Based on the discussions, our observations and proposals are as following: 
Observation 1: Option-2 requires specification impacts even after compensating common TA value as the range of differential TA value is still significant.
Observation 2: All Rel-17 NTN-capable UEs are assumed to have GNSS support and knowledge of satellite location via ephemeris data periodically broadcast SI. 
Observation 3: All Rel-17 NTN-capable UEs can determine UE-specific TA value with location information of UE and satellite, and additional information regarding the feeder link delay.
Proposal 1: for UL time offset compensation, UE calculation of the TA value based on UE location and satellite ephemeris is supported (Option-1).
Proposal 2: for UL frequency offset compensation, network indicates the required frequency offset to be compensated for UL transmission is supported (Option-2).
Proposal 3: a PRACH resource set is configured per distance group from the UE to satellite and a UE determine a PRACH resource set for Msg1 transmission based on the distance group the UE belongs to.
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