3GPP RAN WG2 Meeting #112e	R2-2010453
eMeeting November 2nd – 13th, 2020                                       
Agenda Item:	8.10.3.2
Source:	InterDigital
Title:	Satellite ephemeris in NTN
Document for:	Discussion, Decision
Introduction
The Rel-17 NTN WID lists the following objectives for RAN2 regarding control plane enhancements for IDLE mode UEs [1]:
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
In RAN2#111e the following was agreed in regarding satellite ephemeris [2]:
The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).
Although definition of satellite ephemeris was initially addressed in RAN2#111e (with summary provided in [3]), discussion was ultimately inconclusive. Given the fundamental importance of satellite ephemeris in many different aspects of NTN such as pre-compensation, cell (re)selection and mobility, the following contribution addresses how satellite ephemeris should be defined in NTN.
Discussion
Satellite Ephemeris
Due to large propagation delay in LEO/GEO and fast-moving satellites in LEO, two key requirements to adapt NR to a non-terrestrial environment are enhanced time and frequency synchronization. Although exact procedures are yet to be agreed, it is highly likely that satellite ephemeris data will be important to enable such solutions. This is reflected in agreements from RAN1#102e:
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
Referring to current RAN2 agreement, it is only stated that “satellite ephemeris should be provided to UE” Considering the importance of ephemeris data in RRC idle/inactive mode and that satellite ephemeris data is common to all UEs served by the satellite, RAN2 should formalize that satellite ephemeris data is broadcast in system information.
Proposal 1: 	Satellite ephemeris is broadcast in system information.



Two general representations of ephemeris data are described in TR 38.821 section 7.3.6 [4]:
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) corodinates (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 sufficient, and requires less signalling overhead than via satellite orbital parameters.
Proposal 2: 	For GEO, ephemeris data consists of satellite position in (x, y, z) ECEF coordinates.
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 render 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 1: 	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. Sufficiently accurate offsets to various timers such as the ra-ResponseWindow and ra-ContentionResolutionTimer can be therefore be estimated using interpolation.
Observation 2: 	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.
[bookmark: _GoBack]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 which may be pre-provisioning in e.g. uSIM) can help reduce transmission requirements. Such enhancements may be further studied once the general representation of ephemeris data for LEO/GEO is agreed.
Proposal 3:	For non-GEO, ephemeris data contains information regarding orbital trajectories of satellites. FFS how ephemeris data is provisioned.
An additional discussion in [3] focused on whether there is a need to explicitly identify an NTN satellite as LEO or GEO. Should the representation of ephemeris data be different for LEO and GEO, such a differentiation can be made implicitly from the IE providing the information in the SIB. 
Proposal 4:	Satellite type (e.g. GEO vs. non-GEO) is determined implicitly based on ephemeris data representation.
Conclusion
In this contribution the following observations and proposals were made concerning satellite ephemeris in non-terrestrial networks:
Observation 1: 	Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Observation 2: 	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: 	Satellite ephemeris is broadcast in system information.
Proposal 2: 	For GEO, ephemeris data consists of satellite position in (x, y, z) ECEF coordinates.
Proposal 3:	For non-GEO, ephemeris data contains information regarding orbital trajectories of satellites. FFS how ephemeris data is provisioned.
Proposal 4:	Satellite type (e.g. GEO vs. non-GEO) is determined implicitly based on ephemeris data representation.
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