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1. Introduction
During e-mail discussion [107bis#67], the discussion on the content and provision of the ephemeris data has been kicked off [1]. In this contribution, we share some further understanding about the ephemeris data handling and propose some solutions which have not been captured in the draft TP.
2. Discussion
During the e-mail discussion, the following solutions have been captured:
· Solution 1: Pre-provision a portion of the ephemeris data (i.e. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis and the epoch) for all the orbital planes (64*6* N of orbit planes) in USIM and broadcast further ephemeris data of the serving satellite in system information for UE to estimate the initial timing advance. 
· Solution 2: Broadcast the position coordinates of the serving satellite with or without the velocity vector in system information. How many bits are needed depends on the required satellite position precision for 5G NR procedures.
For solution 1, in our understanding, different satellite system may use different orbit models and we need to consider whether the listed 6 parameters (i.e. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis and the epoch) are sufficient for all the orbit models or not. For example, the different orbit model used for different GNSS system can be found as follows:
--------------------------------------------------------- From 36.355 -------------------------------------------------------------
GNSS-OrbitModel ::= CHOICE {
	keplerianSet    NavModelKeplerianSet,			-- Model-1
	nav-KeplerianSet  NavModelNAV-KeplerianSet,		-- Model-2
	cnav-KeplerianSet  NavModelCNAV-KeplerianSet,		-- Model-3
	glonass-ECEF  NavModel-GLONASS-ECEF, 		-- Model-4
	sbas-ECEF	  NavModel-SBAS-ECEF,			-- Model-5
	...,
	bds-KeplerianSet-r12	NavModel-BDS-KeplerianSet-r12	-- Model-6
}
--------------------------------------------------------- From 36.355 -------------------------------------------------------------
Furthermore, in our understanding, the listed 6 parameters (i.e. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis and the epoch) can only help UE to detect a orbit plane but is not sufficient to help determine the satellite position while the satellite level ephemeris data is more helpful for UE to search for the first NTN cell. After reviewing the draft TP, the main concern for proving the satellite level ephemeris data is about the size of such information [2]. In the given example, the size of the ephemeris data for all satellites would amount to several hundred kilobytes (64 bit * 6 parameters * 5000 satellites) [3] which will be larger than the capacity in uSIM. However, in our understanding, there is no need for a UE to store the ephemeris data for all the satellites. If the ephemeris data per satellite is pre-provisioned, UE only needs to store the ephemeris data for the satellites that may serve UE and the size of such information will be reduced rapidly as there will not be that many satellites which will serve a specific UE. Another possible solution to address the ephemeris data size concern is to broadcast the ephemeris data of the serving satellite and several neighboring satellites which will be sufficient for initial access and mobility handling.
For solution 2, our main concern is that network may have to broadcast the position coordinates of the serving satellite all the time since the satellite position will be continuously changing, especially for LEO. It is not clear whether and how providing the velocity vector can help to reduce the system information broadcasting due to satellite moving.
With the above understanding and concerns for solution 1 and solution 2, we come up with the following solution 3 and solution 4:
· Solution 3: Pre-provision satellite level ephemeris data for all the satellites that may serve the UE in uSIM and the ephemeris data for each satellite can be linked to a satellite ID or index. Broadcast the satellite ID or index of the serving satellite in system information so that UE is able to find the corresponding detailed ephemeris data stored in uSIM to derive the position coordinates of the serving satellite.
· Solution 4: Broadcast ephemeris data of the serving satellite in system information and UE will derive the position coordinates of the serving satellite.
In solution 3, the satellite ID or index of neighbor satellites can also be provided to UE via system information or dedicated RRC signaling to assist mobility handling. Similarly, in solution 4, the ephemeris data of the neighboring satellites can also be provided to UE via system information or dedicated RRC signaling.
Proposal 1: The following solutions about the content and provision of ephemeris data should be considered:
· Pre-provision satellite level ephemeris data for all the satellites that may serve the UE in uSIM and the ephemeris data for each satellite can be linked to a satellite ID or index. Broadcast the satellite ID or index of the serving satellite in system information so that UE is able to find the corresponding detailed ephemeris data stored in uSIM to derive the position coordinates of the serving satellite. The satellite ID or index of neighbor satellites can also be provided to UE via system information or dedicated RRC signaling to assist mobility handling.
· Broadcast ephemeris data of the serving satellite in system information and UE will derive the position coordinates of the serving satellite. The ephemeris data of the neighboring satellites can also be provided to UE via system information or dedicated RRC signaling.
For solution 1 and solution 3 mentioned above, the ephemeris data can be (1) pre-provisioned; (2) updated over NAS. In solution1, the pre-provisioned or updated ephemeris data means a portion of the ephemeris data for all the orbital planes (64*6* N of orbit planes) while in solution 3, the pre-provisioned or updated ephemeris data means the satellite level ephemeris data for all the satellites that may serve the UE and the ephemeris data for each satellite can be linked to a satellite ID or index. 
For solution 2 and solution 4 mentioned above, there is no need to pre-provision or update the ephemeris data or coordinates over NAS. The ephemeris data or coordinates for the serving satellite or neighboring satellites can be provided to UE via system information or dedicated RRC signaling. 
Proposal 2: The satellite level ephemeris data for all the satellites that may serve the UE can be pre-provisioned to UE in uSIM and updated via NAS.
Proposal 3: Agree the text proposal.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: The following solutions about the content and provision of ephemeris data should be considered:
· Pre-provision satellite level ephemeris data for all the satellites that may serve the UE in uSIM and the ephemeris data for each satellite can be linked to a satellite ID or index. Broadcast the satellite ID or index of the serving satellite in system information so that UE is able to find the corresponding detailed ephemeris data stored in uSIM to derive the position coordinates of the serving satellite. The satellite ID or index of neighbor satellites can also be provided to UE via system information or dedicated RRC signaling to assist mobility handling.
· Broadcast ephemeris data of the serving satellite in system information and UE will derive the position coordinates of the serving satellite. The ephemeris data of the neighboring satellites can also be provided to UE via system information or dedicated RRC signaling.
Proposal 2: The satellite level ephemeris data for all the satellites that may serve the UE can be pre-provisioned to UE in uSIM and updated via NAS.
Proposal 3: Agree the text proposal.
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5. Text Proposal
---------------------------------------------------------Start of TP----------------------------------------------------------
7.3.X Ephemeris Data for NTN

7.3.X.1 Representation of Raw Ephemeris Data

Ephemeris data contains the information about the orbital trajectories of artificial satellites as described in Annex A. There are different possible representations of ephemeris data. One possibility is to use orbital parameters, e.g. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis, and a reference point in time, the epoch. Another possible option is to provide the location of the satellite in ECEF coordinates (x, y, z). For anything else than GEO, additionally a velocity vector (vx, vy, vz) and again a reference point in time are needed.

NOTE: Providing the satellite location in ECEF coordinates has the benefit of a somewhat reduced complexity on the UE side, since the UE does not need to calculate the position of the satellite from the orbital parameters. The level of complexity does not seem to be excessive, though, as there exist well-established simplified models for this task, e.g. SGP4. More importantly, however, it seems that this option has the drawback that – for LEO satellites – it prevents the UE from extrapolating the satellite track for more than a very short time into the future. Since a LEO satellite moves very fast, the given position (x, y, z) will be outdated after a few seconds. And since the satellite moves in an elliptical orbit, providing a velocity vector (vx, vy, vz) does not help much – after at most a few minutes it seems difficult to determine the satellite location with acceptable precision. As a result, the satellite would need to provide (e.g. broadcast) an updated location very often, about every few minutes. On the other hand, when provided with the orbital parameters, the UE should be able to extrapolate the satellite position at least a few hours into the future – at the cost of a somewhat higher complexity for the UE. Furthermore, for the same reason it is unclear how to pre-provision a UE with ephemeris information in ECEF coordinates. An additional small advantage is that only 6 orbital parameters are needed to fully describe ephemeris data, instead of 7 parameters in the case of ECEF coordinates.

7.3.X.2 Provision and Use of Ephemeris Data

In all cases, the minimum representation needs at least six double-precision floating point numbers, plus some overhead. This means that, for satellite networks with many satellites, the ephemeris data can be quite substantial. For example, for a massive LEO network with several thousands of satellites, this would amount to several hundred kilobytes (64 bit * 6 parameters * 5000 satellites). 
In a satellite network, the orbits of all satellites are however not independent, as several satellites typically share a common orbital plane. To reduce the amount of data needed, the ephemeris data could provide information not for every single satellite, but only for the common orbital planes. Even for a network with 100 orbital planes, the ephemeris data would then amount to only a few kB. 
Ephemeris data shortens the time to get connected for NTN UEs at initial access, e.g. to determine time synchronization. The rapid movement of LEO and MEO satellite further complicates this initial search for a satellite to camp on. As a consequence, the time required for the initial search for a PLMN and a cell to camp on in an NTN may be unacceptably long. To prevent such a scenario, ephemeris data should be provided a priori to the UE. This can be achieved by provisioning a file in the uSIM of the UE containing the ephemeris data. 
As mentioned above, the size of the ephemeris data can be quite substantial for networks with many satellites, and easily exceeds the capacity of a uSIM which is one way for preprovisioning the emphemeris data, which typically is 128 kB. The ephemeris data file on the uSIM may thus contain only information about the orbital planes. In this case, the ephemeris data would not provide the location of a specific satellite but describe an arc in the sky above the UE which the UE would need to scan for a satellite. 
These planes may be indexed and further quantized and sub-indexed. The indexes can then be used in RRC in an efficient way to point to stored ephemeris data. The UE can be given information about ephemeris data of other cells by using the ephemeris plane information. For example, when a UE is asked to do RRM measurements, the UE is given the index of the orbital plane where the cell to be measured can be found.
With the help of knowing the orbital planes, a UE may search for the first NTN cell it could connect to. After detecting PSS/SSS(SSB) of a cell broadcasted by a satellite, the UE may be able to read the initial system information of that cell. Ideally, before attempting to access the cell, the UE knows the RTT well enough to be able to do random access. For this, it may be that the initial system information needs to contain further ephemeris information on the exact location of the cell (or the satellite broadcasting the cell). This information can be given with respect to the orbital plane that the UE already has information about.
Considering that the orbit-plane level orbital parameters are not sufficient to derive the satellite position while the satellite level orbital parameters is more helpful for UE to search for the first NTN cell and perform initial access, it is worthwhile evaluating some other solutions to provide satellite level orbital parameters. As mentioned above, the main concern for proving the satellite level orbital parameters is about the size of such information. In the given example, the size of the orbital parameters for all satellites would amount to several hundred kilobytes (64 bit * 6 parameters * 5000 satellites) which will be larger than the capacity in uSIM. However, there is no need for a UE to store orbital parameters for all the satellites. If the orbital parameters per satellite are pre-provisioned, UE only needs to store the ephemeris data for the satellites that may serve UE and the size of such information will be reduced rapidly as there will not be that many satellites which will serve a specific UE. Another possible solution to address the size concern of the satellite level orbital parameters is to broadcast the orbital parameters of the serving satellite and several neighboring satellites which will be sufficient for initial access and mobility handling at UE side. Thus, the following solutions can be considered to provide orbital parameters per satellite:
(1) Pre-provision satellite level ephemeris data for all the satellites that may serve the UE in uSIM and the ephemeris data for each satellite can be linked to a satellite ID or index. Broadcast the satellite ID or index of the serving satellite in system information so that UE is able to find the corresponding detailed ephemeris data stored in uSIM to derive the position coordinates of the serving satellite. The satellite ID or index of neighbor satellites can also be provided to UE via system information or dedicated RRC signaling to assist mobility handling.
(2) Broadcast ephemeris data of the serving satellite in system information and UE will derive the position coordinates of the serving satellite. The ephemeris data of the neighboring satellites can also be provided to UE via system information or dedicated RRC signaling.
7.3.X.3 Broadcasted Ephemeris Data

With the help of knowing the orbital planes, a UE may search for the first NTN cell it could connect to. After detecting PSS/SSS(SSB) of a cell broadcasted by a satellite, the UE may be able to read the initial system information of that cell. Ideally, before attempting to access the cell, the UE knows the RTT well enough to be able to do random access. For this, it may be that the initial system information needs to contain further ephemeris information on the exact location of the cell (or the satellite broadcasting the cell). This information can be given with respect to the orbital plane that the UE already has information about.

7.3.X.4 3 Updating Stored Ephemeris Data

For the solutions in which the orbital parameters for the common orbit planes or for all the satellites that may serve the UE are pre-provisioned, tThe accuracy of the prediction of a satellite orbit or the satellite position decreases the further in the future one tries to extend the prediction. It might thus be needed to update the ephemeris data stored in the UE. The validity time of stored ephemeris data might depend on the orbital parameters of the NTN satellite, and on the required accuracy of its prediction. Since the validity time determines the frequency of the updates, it should be studied further.
Since the validity time of stored ephemeris data is different from UE to UE, updating ephemeris data should be done via dedicated NAS signaling. When the UE receives a new set of ephemeris data, it should reset a timer that triggers an update of the ephemeris data when it expires.
The main purpose of the ephemeris data provided via NAS signaling is to provide the UE with ephemeris data for initial access, e.g. if it is expected to be switched off for a longer time; or in other words, as a replacement for the data stored in the UE. As such, it may also contain information only on orbital plane level or on satellite level.
The UE should always use the most current ephemeris data. Once the UE has obtained new ephemeris data, the parameters stored in the UE are thus obsolete and should no longer be used or be overwritten with the newer values. Every parameter in the UE has an associated priority statement. By giving the parameters in the UE lower priority, the UE can be prevented from using the obsolete values stored in the UE.
---------------------------------------------------------End of TP----------------------------------------------------------




