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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The new study item with updated SID [3] has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Dual connectivity [RAN3 aspects] involving
· NTN-based NG-RAN (Transparent GEO or LEO satellites) and terrestrial based NG-RAN access: Xn terminated on the ground
· or two NTN-based NG-RAN access (between Regenerative LEO satellites): Xn over ISL

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.



In this contribution we discuss ephemeris data, how it is provided to and how it is utilized by the UE.
[bookmark: _Ref178064866]Discussion
Ephemeris Data
Ephemeris Data Size
Ephemeris data contains the information about the orbital trajectories of artificial satellites, i.e. the shape and position of the orbit in space, the position of the satellite at a given time and its speed. In general, ephemeris data consists of six parameters, which fully describe an orbital plane:

· Two parameters for the shape of the orbit, e.g. its semi-major axis and eccentricity
· Three parameters for its orientation relative to Earth, e.g. inclination, right ascension of the ascending node, and argument of periapsis
· One parameter as a reference point in time, the epoch
The minimum representation thus 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).
[bookmark: _Toc20751362][bookmark: _Toc21001074][bookmark: _Toc21068397]For a satellite network with many satellites, ephemeris data can add up to substantial amounts of data.
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, which easily fits in the uSIM. 
[bookmark: _Toc20402799][bookmark: _Toc20410120][bookmark: _Toc20751363][bookmark: _Toc21001075][bookmark: _Toc21068398]The amount of data needed could be reduced by providing ephemeris data only for orbital planes, not for individual satellites.
Pre-provided Ephemeris Data
Ephemeris data shortens the time to get connected for NTN UEs at initial access, e.g. to determine time synchronization. In particular, ephemeris data is essential for NTN UEs using a directional antenna, since in the worst case they must search for a satellite to camp on over the entire sky, from horizon to horizon, as the size of the antenna lobe corresponds to only a fraction of the overall area in the sky. 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. 

[bookmark: _Toc16783793][bookmark: _Toc20402485][bookmark: _Toc20409587][bookmark: _Toc20402796][bookmark: _Toc20410116][bookmark: _Toc20751366][bookmark: _Toc21000953][bookmark: _Toc21001068][bookmark: _Toc21068391]Ephemeris data should be provided to the UE in form of a file in uSIM.
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 typically is 128 kB. The ephemeris data file on the uSIM may thus contain only information about the orbital planes, as described above. 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.
[bookmark: _Toc20751367][bookmark: _Toc21000954][bookmark: _Toc21001069][bookmark: _Toc21068392]Ephemeris data in the uSIM may contain information on the orbital planes only.
Broadcasted Ephemeris Data
With the help of knowing orbital planes, UE may search for the first NTN cell it could connect to. After detecting PSS/SSS(SSB) of a cell broadcasted by a satellite, UE may be able to read the initial system information of that cell. Ideally, before attempting to access the cell, UE knows the RTT well enough to be able to do random access according to what is described in [5]. For this, it may be that the initial system information needs to contain further ephemeris information on the exact location of the cell(or satellite broadcasting the cell). This information can be given with respect to the orbital plane that UE has information about.
[bookmark: _Toc21000955][bookmark: _Toc21001070][bookmark: _Toc21068393][bookmark: _Toc20751368]Further ephemeris information on the exact location of the cell(or satellite broadcasting the cell) can be given in SI with respect to the orbital plane that UE has information about. 
Further, UE can be given information about ephemeris data of other cells by using the ephemeris plane information. For example, when UE is asked to do RRM measurement, UE is given index to the ephemeris plane the cell to be measured is on.
Updating Stored Ephemeris Data
The accuracy of the prediction of a satellite orbit decreases further in the future one tries to extend the prediction. It might thus be needed to update the ephemeris data stored in the uSIM. 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.
[bookmark: _Toc20402797][bookmark: _Toc20410117][bookmark: _Toc20751364][bookmark: _Toc21001076][bookmark: _Toc21068399]The ephemeris data stored in the UE might need to be updated. FFS the validity time of stored ephemeris data.
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
[bookmark: _Toc20410118][bookmark: _Toc20751369][bookmark: _Toc21000956][bookmark: _Toc21001071][bookmark: _Toc21068394]Updating existing ephemeris data should happen via dedicated NAS signaling, and be based on expiry of a UE timer, that is reset when the UE receives new ephemeris data.
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 uSIM. As such, it may also contain information only on orbital plane level.
[bookmark: _Toc20751370][bookmark: _Toc21000957][bookmark: _Toc21001072][bookmark: _Toc21068395]Ephemeris data provided via NAS signaling may contain information on the orbital planes only.
The UE should always use the most current ephemeris data. Once the UE has obtained new ephemeris data, the parameters stored in the uSIM are thus obsolete and should no longer be used or be overwritten with the newer values. Every parameter in the uSIM has an associated priority statement. By giving the parameters in the uSIM lower priority, the UE can be prevented from using the obsolete values stored in the uSIM.
[bookmark: _Toc20410119][bookmark: _Toc20751371][bookmark: _Toc21000958][bookmark: _Toc21001073][bookmark: _Toc21068396]	The parameters stored in the uSIM that relate to ephemeris data should have lower priority than newer data.
[bookmark: _Hlk20401952]Other data provided together with ephemeris data
It might be beneficial in certain situations to provide other data together with the ephemeris data in the uSIM:
· The frequency range defining the operating frequency band of the satellites. Without this information, the UE would have to scan the sky not only spatially from horizon to horizon, but also in frequency, further increasing the time needed for initial access.
· The polarization information associated with the satellite constellation.
· A maximum RTT, beyond which the UE is not allowed to camp on a cell. For this maximum RTT, a basic value should even be included in the spec.
[bookmark: _Toc20751365][bookmark: _Toc21001077][bookmark: _Toc21068400]Additional data that might be beneficial to be included in the uSIM includes frequency and polarization information and the maximum RTT.
Conclusion
We made the following observations:
Observation 1	For a satellite network with many satellites, ephemeris data can add up to substantial amounts of data.
Observation 2	The amount of data needed could be reduced by providing ephemeris data only for orbital planes, not for individual satellites.
Observation 3	The ephemeris data stored in the UE might need to be updated. FFS the validity time of stored ephemeris data.
Observation 4	Additional data that might be beneficial to be included in the uSIM includes frequency and polarization information and the maximum RTT.

We propose the following:
Proposal 1	Ephemeris data should be provided to the UE in form of a file in uSIM.
Proposal 2	Ephemeris data in the uSIM may contain information on the orbital planes only.
Proposal 3	Further ephemeris information on the exact location of the cell(or satellite broadcasting the cell) can be given in SI with respect to the orbital plane that UE has information about.
Proposal 4	Updating existing ephemeris data should happen via dedicated NAS signaling, and be based on expiry of a UE timer, that is reset when the UE receives new ephemeris data.
Proposal 5	Ephemeris data provided via NAS signaling may contain information on the orbital planes only.
Proposal 6	The parameters stored in the uSIM that relate to ephemeris data should have lower priority than newer data.
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7.3.X Provision and use of ephemeris data for NTN

Ephemeris data contains the information about the orbital trajectories of artificial satellites as described in Annex A. 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, which easily fits in the uSIM. 
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 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 UE is asked to do RRM measurement, UE is given index to the ephemeris plane the cell to be measured is on.

7.3.x.1 Broadcasted Ephemeris Data

With the help of knowing orbital planes, UE may search for the first NTN cell it could connect to. After detecting PSS/SSS(SSB) of a cell broadcasted by a satellite, 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 satellite broadcasting the cell). This information can be given with respect to the orbital plane that UE has information about.

7.3.x.2 Updating Stored Ephemeris Data

The accuracy of the prediction of a satellite orbit decreases further in the future one tries to extend the prediction. It might thus be needed to update the ephemeris data stored in the uSIM. 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 uSIM. As such, it may also contain information only on orbital plane level.
The UE should always use the most current ephemeris data. Once the UE has obtained new ephemeris data, the parameters stored in the uSIM are thus obsolete and should no longer be used or be overwritten with the newer values. Every parameter in the uSIM has an associated priority statement. By giving the parameters in the uSIM lower priority, the UE can be prevented from using the obsolete values stored in the uSIM.
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