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1. Introduction
This TDOC identifies the needs for NTN control data for uplink synchronization purposes.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]2. Discussion

2.1 Recall of RAN1 agreements
During RAN1#103-e, the following was agreed
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:
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.

During RAN1#102-e, the following was agreed
· 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


2.2 RAN3 impacts
Based on the above, the NG-RAN is expected to broadcast information such as Ephemeris and/or common timing offset information to the UE for uplink synchronization purposes.
As per R3-210020 which proposes a “NTN” architecture, it is assumed that the NTN control function has knowledge of the actual Ephemeris and can provide them to each gNB on a regular basis or on demand for uplink synchronisation (Doppler and propagation Delay variation) purposes as O&M object.
In general, Ephemeris: data describing the orbital information i.e., the position (and possibly velocity) over time, for the all NTN stations of the NTN infrastructure
Actual Ephemeris is based on measurement while theoretical Ephemeris is the ideal constellation model that orbit control on board NTN stations are trying to meet.

As per R1-2100520, The actual Ephemeris are being computed using satellite orbit determination algorithm (OD) which estimates the most likely track or orbit which have been taken by a satellite based on past and noisy measurements of its position and velocity. In general, the satellite orbit determination algorithm to compute actual Ephemeris is based on the following steps:
Step 1: Measurements of the satellite position and velocity are made and dated. Most of the time, these measurements are GNSS-based measurements performed on-board. 
Step 2: The measurements are typically collected in the NTN Control function where the satellite OD will be performed. In general, the satellite GNSS measurements are delivered to the ground via dedicated telemetry channels between the satellite and the NTN GW network. The reporting period of new GNSS measurements is implementation specific but it is directly related to the accuracy target associated to the instantaneous knowledge of the satellite position and velocity in the system.
Step 3: The satellite OD algorithm is performed by the NTN Control function. This operation can be more or less complex depending on the models considered, the quantity of measurements available and the algorithms used. 
Step 4: The PVT information for the serving NTN station is broadcast to UEs. 
An overview of a typical satellite network architecture is given on Figure 1 below illustrating where the processing associated to each OD step take place in a typical satellite network architecture.
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Figure 1 : Uplink synchronization in NTN

The satellite OD is used  to estimate the satellite past trajectory and detect whether the satellite is diverging from the theoretical orbit and if needed schedule satellite station keeping manoeuvres to get it back on track.
The satellite orbit determination algorithm can also be used to derive actual satellite ephemeris. The satellite ephemeris are useful to predict future satellite positions and velocity vectors. This can be useful for various reasons such as:
· Determine when the satellite is going to fly by over a specific area of interest
· Anticipate future feeder link and satellite switch over operations for each NTN gateway of the NTN infrastructure.
· Perform Doppler compensation (for instance on the feeder links between the satellite and the serving NTN GW)

The NTN Control function can share the actual satellite ephemeris (under various formats) with other entities in the system responsible for performing such operations (e.g. with the NTN GW and the gNB).

Typical format for Ephemeris in space industry is expressed in an ASCII file using Two-Line Element (TLE) format. The TLE data format encodes a list of orbital elements of an Earth-orbiting object in two 70-column lines. The TLE format is an expression of mean orbital parameters "True Equator, Mean Equinox", filtering out short term perturbations. From its TLE format data, the SGP4 (Simplified General Propagation) model is used to calculate the location of the space object revolving about the earth in True Equator Mean Equinox (TEME) coordinate. Then it can be converted into the Earth-Centered, Earth-Fixed (ECEF) Cartesian x, y, z coordinate as a function of time. The instantaneous velocity at a given time can also be configured.
It is typically associated to a validity period which sets a constraints on the minimum frequency of the updates. This validity period depends on the deployment scenario. In the worst case, assuming TLE based ephemeris for a LEO space station at 600 km of altitude, the ephemeris data shall be updated typically once a day.
Other Ephemeris format are not precluded at this stage.


3. Conclusion

Proposal 1: Add abbreviation in TS 38.300
PVT: Position Velocity and Time

Proposal 2: Add definition in TS 38.300
Ephemeris: data describing the orbital information i.e., the position (and possibly velocity) over time, for the all NTN stations of the NTN infrastructure

Proposal 3: Add the following in clause 16.x.5 of TS 38.300:
“Ephemeris are provided on a regular basis or upon demand to all gNB. The format and the periodicity of the Ephemeris delivery to the gNB is FFS
The gNB shall process the Ephemeris provided by the NTN control function to broadcast PVT data to all UEs of a given cell, so that it can be used for uplink synchronization in order to mitigate the Doppler and propagation delay variations.”

4. References
[1] 3GPP 38.401 “NG-RAN; Architecture description (Release 15)”


4. Annex: Text Proposal (wrt TS 38.300 v16.4.0, draft stage 2 BL CR)

Based on the above proposals, the following corrections to the stage 2 BL CR are proposed

<<<<<<<<<<<<<<<<<<<< First Changes Begin >>>>>>>>>>>>>>>>>>>>

[bookmark: _Toc20387886][bookmark: _Toc29375965][bookmark: _Toc37231822][bookmark: _Toc46501875][bookmark: _Toc51971223][bookmark: _Toc52551206][bookmark: _Toc60787857]3.1	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1], in TS 36.300 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1] and TS 36.300 [2].
…
[bookmark: _GoBack]PVT	Position Velocity and Time
…

<<<<<<<<<<<<<<<<<<<< Next Changes Begin >>>>>>>>>>>>>>>>>>>>


[bookmark: _Toc20387887][bookmark: _Toc29375966][bookmark: _Toc37231823][bookmark: _Toc46501876][bookmark: _Toc51971224][bookmark: _Toc52551207]3.2	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1], in TS 36.300 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1] and TS 36.300 [2].
…
Satellite Ephemeris: data describing the orbital information i.e., the position (and possibly velocity) over time, for the all NTN stations of the NTN infrastructureFFS.
…


<<<<<<<<<<<<<<<<<<<< Next Changes Begin >>>>>>>>>>>>>>>>>>>>

16.x.2 System information

Editor’s note: The discussion on whether to introduce a new SIB for NTN has been postponed until more progress is made on the content of NTN specific system information. 

<<<<<<<<<<<<<<<<<<<< Next Changes Begin >>>>>>>>>>>>>>>>>>>>

16.x.5	O&M Requirements
The following NTN related parameters shall be provided by O&M to the gNB providing NR NTN access:
-	Ephemeris information describes describing the orbital trajectory information or coordinates for a satellite in a constellationthe NTN stations. They are provided on a regular basis or upon demand to all gNB. The format and the periodicity of the Ephemeris delivery to the gNB is FFS. The gNB shall process the Ephemeris provided by the NTN control function to broadcast PVT data to all UEs of a given cell, so that it can be used for uplink synchronization in order to mitigate the Doppler and propagation delay variations.

Editor’s note: Ephemeris Format and usage details are FFS.


<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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