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Introduction
In RAN1 #104b-e, the following agreement has been made as a progress for the UL time/frequency synchronization [1]: 

Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.

Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.

[bookmark: _Hlk528874692]In this contribution, we further discuss on the remaining issues on UL time and frequency synchronization enhancements.
Discussion
Reply LS for TA pre-compensation
RAN2 sent an LS for TA pre-compensation [2] which requests following RAN1 actions:
	1) RAN2 respectfully requests RAN1 to prioritize the TA pre-compensation work on: (i) whether and/or what parameters to broadcast for TA pre-compensation, and (ii) when broadcasted, how often the broadcasted parameters are expected to change over time. 	
2) RAN2 respectfully requests RAN1 to provide input on: (i) how UE determines UE-gNB RTT, and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
3) RAN2 respectfully requests RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation.



For the requested Action 1), RAN1 has been working on the required parameters to broadcast for TA pre-compensation including ephemeris information, common TA, and common TA drift rate with a higher priority already, therefore no further action is required. On the issue of how often the broadcast parameters are expected to change over time, which seems to be up to gNB implementation and determined based on deployment scenario as well as the tracking accuracy of the common TA with common TA drift rate indication.
Observation-1: no further action seems to be required in RAN1 for the requested Action 1) since RAN1 has already prioritized the discussion on the required information to be broadcast for TA pre-compensation.
For the requested Action 2), RAN1 has discussed on the necessity of knowing UE-gNB RTT at the UE to determine start of RACH respond window under timing relationship AI [4]. It seems that RAN2 already made an agreement that the UE-gNB RTT is used to determine HARQ-RTT timer at the UE. As indicated in LS, the TA determined by a UE may not be equivalent to the UE-gNB RTT if the reference point for the common TA indicated is not the gNB. Note that the reference point could be gNB, serving satellite, or gateway in between gNB and satellite per RAN1 agreement. Since reference point is unknown from UE perspective unless there is an explicit indication of the reference point, a UE is not able to determine UE-gNB RTT without additional information to estimate feeder link RTT.
Observation-2: additional information is needed other than common TA to inform the feeder link RTT when the reference point for the common TA is not the gNB.
A separate parameter which indicates feeder link RTT can be additionally indicated independently from the common TA when the reference point is not the gNB. When the reference point is the gNB, there is a possibility to have the same value for common TA and feeder link RTT indication. In the case, RAN1 can further study how to reduce signaling overhead.
Proposal-1: introduce an additional parameter to indicate feeder link RTT separately from the common TA.
As for the requested Action 3), RAN1 has not agreed yet whether/how to support UE reporting of UE-specific TA value. However, the support of K-offset value update after initial access has been agreed which seems to require the reporting of UE-specific TA value for the service link, otherwise the gNB has no information to update K-offset value.
Proposal-2: support the reporting of the UE-specific TA after initial access.
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.

Satellite Ephemeris format
Two general representations of ephemeris data are described in TR 38.821 section 7.3.6 [3]:
1. Orbital parameters: ephemeris data contains information regarding the orbital trajectories of satellites (e.g. semi-major axis, eccentricity etc.) Several parameters are used to determine an orbital plane, and another two are used to determine an exact satellite location in time.
2. Location in coordinates: the location of the satellite is provided in (x,y,z) coordinates (e.g. ECEF). For non-GEO, an additional velocity vector (vx, vy, vz) and reference point in timer are also needed.
As GEO satellites are relatively stationary and therefore do not require information regarding orbital trajectories to track/predict movement, providing ephemeris location in coordinates seems to be a sufficient solution requiring less signaling overhead than via satellite orbital parameters
However, when considering LEO deployments, satellites orbit the earth with speeds up to 7.56 km/s. Within two times a typical RTD (~50ms), the satellite will have moved approximately 380m. Over the duration of several minutes, the satellite will have moved sufficiently to make coordinate-based ephemeris data obsolete, thus requiring frequent updates. One solution mentioned is to include an additional velocity vector to allow prediction, however as satellites typically travel on an elliptical or circular orbit, over large time scales such additional information is of limited use.
Observation-3: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Alternatively, representing LEO ephemeris data by orbital parameters which describe the general trajectory of the satellite allow the UE to predict the general position of the satellite over time. Several external influences such as atmospheric drag can cause deviation from the predicted orbit, introducing error to initial time/frequency pre-compensation estimates. However, considering RTD is relatively low in LEO satellites (on the order of tens of milliseconds) the error introduced should be relatively minor for at least the duration of initial access procedure. 
Observation-4: Over the timescales of initial access, error to orbital prediction introduced by e.g. atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.
The main challenge (as described in TR 38.821) is therefore the amount of data necessary to store and track the orbital parameters of many different satellites. However, considering several satellites may share an orbital plane and thus share common parameters, and may be pre-provisioning in e.g., uSIM can help reduce transmission requirements. Such enhancements are currently being considered in RAN2.
In RAN1 #103e, it has been agreed to support at least one of the ephemeris formats Option 1) ephemeris format based on satellite position and velocity state vectors and Option 2) ephemeris format based on orbital elements. Based on the discussion above, it seems beneficial to support both options and which Option to use can be determined based on the deployment scenario (e.g., the Option 1 is used for GEO deployment and Option 2 is used for LEO deployment).
Proposal-4:	For ephemeris format, both formats are supported.
Proposal-5:	Option 1 is used for GEO deployment and Option 2 is used for LEO deployment.
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: no further action seems to be required in RAN1 for the requested Action 1) since RAN1 has already prioritized the discussion on the required information to be broadcast for TA pre-compensation.
Observation-2: additional information is needed other than common TA to inform the feeder link RTT when the reference point for the common TA is not the gNB.
Observation-3: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Observation-4: Over the timescales of initial access, error to orbital prediction introduced by e.g. atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.

Proposal-1: support to introduce an additional parameter to indicate feeder link RTT separately from the common TA.
Proposal-2: support the reporting of the UE-specific TA after initial access.
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.
Proposal-4: For ephemeris format, both formats are supported.
Proposal-5: Option 1 is used for GEO deployment and Option 2 is used for LEO deployment.
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