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Introduction
In RAN1 #102-e, the following agreement has been made as a progress for the UL time/frequency synchronization [1]: 

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)

[bookmark: _Hlk528874692]In this contribution, we discuss on the remaining issues on 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 to determine TA value identified during Rel-16 study item such as UE autonomous calculation based on UE location and satellite ephemeris, and common TA value indicated from the network. RAN1 discussed those two options and made agreement that at least UE-specific TA is estimated by the UE based on the information acquired from GNSS and satellite. Therefore, the option using Common TA indication only is ruled out. However, how to determine the UE-specific TA and whether addition common TA indication is needed or not are still under discussion.
Following two options have been listed for UE-specific TA estimation [1]:
· 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 Option 1 uses the UE position acquired from GNSS and satellite position acquired from ephemeris to estimate the UE specific TA. The Option 2 uses UE’s reference time acquired from GNSS and time stamp broadcast (e.g., ReferenceTimeInfo-r16).
The Option 1 seems to be straightforward considering that satellite ephemeris is anyhow used for the uplink frequency sync, thus a single solution can be used for both uplink time sync and frequency sync. The Option 2 can be also used for uplink time sync but it has a couple of drawbacks. First, a different solution has to be used for time sync and frequency sync. A unified solution which support both time and frequency sync would be much simpler. Second, it requires a tight interaction between GNSS module and NR module which may require higher implementation complexity and standards effort. Third, it requires additional time stamp broadcast which increases signaling overhead unnecessarily.
Proposal 1: UE-specific TA is estimated based on GNSS acquired UE position and satellite ephemeris (Option-1).
The network indication of common TA has been discussed in RAN1, where the common TA could be a feeder link RTD or RTD between satellite and a reference point in between satellite and gNB. If a feeder link RTD is not compensated and/or not known by a UE, there seem to be an issue for the starting time of the RAR window. For example, the starting time for the RAR window is the first PDCCH monitoring occasion after the Msg1 transmission. However, due to the feeder link delay, gNB may be not even able to receive the Msg1 when the RAR window starts and the RAR window may expire when gNB received the Msg1 especially for GEO where feeder link delay can be on the order of +100ms. To avoid the misaligned RAR window due to the feeder link delay, the feeder link delay must be compensated by UE, and the common TA needs to be indicated by the network or an offset (e.g., like K-offset) has to be considered for the RAR window start. Since the common TA is used for all UEs in a cell/beam, indication of common TA in a broadcasting signal (e.g., SIB) seems to be simplest way to address this issue and a UE adds up the indicated common TA value for its timing advance.
Proposal 2: common TA (i.e., feeder link delay) is indicated by the network for UL timing sync and is broadcast in System Information.

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 3: 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 4: 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: 
Proposal 1: UE-specific TA is estimated based on GNSS acquired UE position and satellite ephemeris (Option-1).
Proposal 2: common TA (i.e., feeder link delay) is indicated by the network for UL timing sync and is broadcast in System Information.
Proposal 3: for UL frequency offset compensation, network indicates the required frequency offset to be compensated for UL transmission is supported (Option-2).
Proposal 4: 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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