3GPP TSG-RAN WG2 Meeting #108	 Tdoc R2-1914763
Reno, Nevada, US 18th-22nd November 2019
	
Source:	Ericsson (Email discussion rapporteur)
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Title:	Report of email discussion [107bis#67] [NR - NTN] 
Agenda Item:       x.x.x.x.x
Document for:     Discussion 
1 Introduction
This email discussion is based on R2-1914195 [1] and TP within. The scope of the discussion is stated as below
[107bis#67][NTN] Ephemeris data handling (Ericsson)
	Intended outcome: Agreeable proposals and TP
	Deadline: Next Meeting
Companies are asked to provide answer to the questions by 31st October so that there is enough time to review the TP by 7th November.
2 Size of ephemeris data

Annex A in TR 38.821[2] the parameters for ephemeris data are presented as follows:

------------------------------------------------------------------------------------------------------------------------------- 
[bookmark: _Toc20076411]Annex A: Satellite ephemeris

[bookmark: _Toc530555944][bookmark: _Toc20076412]A.1	Key parameters
Key parameters of orbital mechanics of all commercial satellites are publicly available from multiple sources.  This information is called ephemeris, which is used by astronomers to describe the location and orbital behaviour of stars and any other astronomic bodies.
Typically, ephemeris 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 contents of the TLE table are reproduced below.
Table A.1-1: First line of the ephemeris
	Field
	Columns 
	Content 

	1
	01–01
	Line number (1) 

	2
	03–07
	Satellite number

	3
	08–08
	Classification (U=Unclassified)

	4
	10–11
	International Designator (Last two digits of launch year)

	5
	12–14
	International Designator (Launch number of the year)

	6
	15–17
	International Designator (piece of the launch)

	7
	19–20
	Epoch Year (last two digits of year)

	8
	21–32
	Epoch (day of the year and fractional portion of the day)

	9
	34–43
	First Time Derivative of the Mean Motion divided by two

	10
	45–52
	Second Time Derivative of Mean Motion divided by six (decimal point assumed)

	11
	54–61
	BSTAR drag term (decimal point assumed)

	12
	63–63
	The number 0 (originally this should have been "Ephemeris type")

	13
	65–68
	Element set number. Incremented when a new TLE is generated for this object.

	14
	69–69
	Checksum (modulo 10)



Table A.1-2: Second line of the ephemeris
	Field
	Columns
	Content

	1
	01–01
	Line number (2)

	2
	03–07
	Satellite number

	3
	09–16
	Inclination (degrees)

	4
	18–25
	Right ascension of the ascending node (degrees)

	5
	27–33
	Eccentricity (decimal point assumed)

	6
	35–42
	Argument of perigee (degrees)

	7
	44–51
	Mean Anomaly (degrees)

	8
	53–63
	Mean Motion (revolutions per day)

	9
	64–68
	Revolution number at epoch (revolutions)

	10
	69–69
	Checksum (modulo 10)



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 [10] 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 that time can also be obtained. In ECEF coordinate, z-axis points to the true North, while x axis and y axis intersects 0-degres latitude and longitude respectively as illustrated below.
[image: Ecef]
Figure A.1-1: Earth-Centered, Earth-Fixed (ECEF) coordinates in relation to latitude and longitude (source https://en.wikipedia.org/wiki/ECEF)

An example of ephemeris converted into ECEF format for the Telestar-19 satellite is shown below as an example below.
	Epoch (day, hr, min, sec)
	X[km]
	Y[km]
	Z[km]
	dX/dt[km/s]
	dY/dt[km/s]
	dZ/dt [km/s]

	2018-10-26 02:00:00.000
	19151.529
	-37578.251
	17.682
	-0.00151
	-0.00102
	-0.00106

	2018-10-26 02:05:00.000
	19151.073
	-37578.556
	17.359
	-0.00152
	-0.00101
	-0.00109

	2018-10-26 02:10:00.000
	19150.614
	-37578.855
	17.029
	-0.00154
	-0.00099
	-0.00112

	2018-10-26 02:15:00.000
	19150.150
	-37579.151
	16.690
	-0.00155
	-0.00098
	-0.00114



Given a specific point in time, it is straightforward to calculate the satellite location by interpolation.  The example given above refers to a geosynchronous (GEO) satellite, in which the epoch interval is 5 minutes.  For LEO satellites, the intervals may be much shorter, on the order of seconds.

--------------------------------------------------------------------------------------------------------------------------------------------
Intention of the first question is to understand a ballpark of how the raw ephemeris data can be represented. For example, in R2-1914195, the approach is to have six double-precision floating point numbers per satellite. That is, 64 bits x 6 x N of satellites.
Q1: Do companies share the view that 64 bits x 6 x N of satellites represents a minimal and sufficient amount of data for raw ephemeris data representation?
	Company
	Answer (Yes/No)
	Comments on Q1

	Ericsson
	yes
	

	CATT
	Yes but
	Prefer satellite companies to confirm the understanding.

	OPPO
	
	In R2-1914195, six parameters are given to represent the ephemeris data of a satellite. Five of them can be found in ephemeris given in the tables above. For one parameter named sem-major axis，we cannot find similar content in the ephemeris in the above tables.
Additional, from our respective, the ephemeris data may be represented in form of the orbit and movement speed of the satellite without epoch.

	Nokia
	
	We prefer to hear from satellite companies on this. 
Also, we would like to better understand what raw ephemeris data is and what is the accuracy required for the network.

	Sony
	Yes
	Agree with CATT

	Fraunhofer IIS/HHI
	No (and Yes)
	We don’t think that 6 floating point parameters are sufficient to represent the location of a single satellite properly. Nevertheless, we think 64 bits * 6 = 384 bits in total are sufficient per satellite.

	THALES
	Yes TBC and if considering satellite position in ECEF format
	Satellite ephemeris format is many times proprietary. Satellite positioning and control strongly depends on the satellite mission, type, size, altitude, solar weather and atmosphere conditions.
Satellite ephemeris is used to control the satellite position within a control box. Re-using satellite ephemeris or part of it, to request the UE to calculate the corresponding X,Y, Z satellite coordinates and its velocity could be complex and maybe not supported by all types of terminals.
Our suggestion is to provide directly the satellite position coordinates in ECEF format.
Depending on the precision required for satellite position, X, Y , Z could be sufficient, if not the satellite velocity vector would also be required.

As reference, systems such as DVB, provide the satellite position in fields of 32 bits for each coordinate.
x_coordinate: This 32 bit field holds the x co-ordinate of the satellite ephemeris in meters;
y_coordinate: This 32 bit field holds the y co-ordinate of the satellite ephemeris in meters;
z_coordinate: This 32 bit field holds the z co-ordinate of the satellite ephemeris in meters
As DVB is used mostly for GEO satellites, there is no need for a velocity vector.
The velocity vector will be strongly recommended in LEO systems.
The required UE Satellite position precision in 5G NR will depend on the precision required for the first synchronization and synchronization maintenance (doppler compensation for the UE, pre-compensation of the transmission delay of RACH preamble, timing advance acquisition during RACH procedure, , synchronization maintenance in IDLE mode),  and mobility management procedures.
Initially satellite coordinates of 64 bits fields would be sufficient. This should determined in the work item phase. In our understanding, we need first to analyse what is the exact satellite position precision required for 5G NR procedures.



	MediaTek
	Yes, but
	First of all the table above the question provides seven (not six) parameters. However, R2-1914195 does provide six parameters. Ae agree with OPPO that five out of the six parameters are clear. But, the concept of semi-major axis is not clear. We believe satellite vendors need to provide information on these parameters.

	ETRI
	
	We are not sure if common orbital planes are enough to determine the satellite location.  The location precision requirement should be considered. This is because it will affect the initial access performance. We’d like to hear from satellite companies.

	ZTE
	
	As mentioned by ETRI and Fraunhofer IIS/HHI, we are also not sure whether the listed 6 parameters (i.e. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis and the epoch) in R2-1914195 are sufficient to determine the satellite position. 
What is proposing in R2-1914195 can be summarized as the following solution 1.  Another solution raised by Thales is summarized as the following solution 2. Some other solutions are also listed for consideration.
· Solution 1: Pre-provision a portion of the ephemeris data 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.
· Solution 3: Pre-provision sufficient 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.
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 --------------------------
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. We are wondering whether and how providing the velocity vector can help to reduce the system information broadcasting due to satellite moving.

	Vodafone
	
	To be confirmed by /satellite Service providers but yes this could be a good starting point! However as Thales has pointed out, as these ephemeris data tending to be more proprietary then it may be a good idea to find an open-source solution which is visible by service users. 

	Huawei
	Partially agree
	Considering what Thales mentioned, “to calculate the corresponding X, Y, Z satellite coordinates and its velocity could be complex and maybe not supported by all types of terminals”, we also prefer network to broadcast X, Y, Z satellite coordinates directly. And for LEO the velocity vector also need to be provided. So the six parameters should follow ECEF format, but in addition Epoch information is also necessary so that UE can calculate the exact location of satellite by interpolation at any time. Totally seven parameters are needed to describe ephemeris information for a satellite.

But this kind of traditional ephemeris information is only useful for UE with GNSS capability, they can calculate the relative distance between satellite and UE according to their own location and satellite location. 

For UE without GNSS capability, cell coverage information or footprint information on ground is more useful, which can be provided, for example, by cell ID, frequency, a centre location information (longitude and latitude), radius, 2-D velocity vector (dx/dt, dy/dt) and epoch. In this case 8 parameter are needed for one cell.

	
	
	



Conclusion and notes

How the raw emphemeris data is represented is not directly RAN2 territory but RAN2 needs to have understanding what can be assumed as representation of raw ephemeris data. Details need to be clarified during the WI phase together with other WGs.

3 Provision of ephemeris data
The assumption in R2-1914195 is that the raw ephemeris data can be pre-provisioned to the UE. The details are out of scope of RAN2. Further, it is possible to assume that UE receives the raw ephemeris data over NAS signalling. It should be noted that any method for pre-provisioning cannot be used for updating the data. NAS signalling can be in principle used for both provisioning of all ephemeris data as well as for updating pre-provisioned or NAS provided data. 

Q2: Can we assume from RAN2 perspective that raw ephemeris data can be either pre-provisioned or provided over NAS? What is suggested to be captured in TP about this?
	Company
	Answer (Yes/No)
	Comments on Q2

	Ericsson
	Yes, both are possible
	Both options can be captured in a general way.

	CATT
	Yes but with some clarification
	We agree with Ericsson that both options should be captured into the TR. 
In our understanding, it’s hard for a NTN capable UE to blindly search a satellite cell without any preconfigured ephemeris data when UE just turns on for initial cell selection, unlike the TN system, the visible antenna angle of NTN cell is quite narrow than that in TN cell, NTN capable UEs may not find any visible NTN cell for several hours without ephemeris data, so it’s beneficial to pre-provide the raw ephemeris to UE for initial cell selection purpose.

As for ephemeris data update, considering the size of the whole data, it’s beneficial to update it by NAS or UP method.

For broadcasting ephemeris data by system information, it’s not practical to broadcast the whole ephemeris data due to the SIB size limitation, the main purpose to broadcast ephemeris data by system information is to assist UE to do mobility. So it’s enough for the cell only to broadcast the ephemeris data of neighbour cells, which means the network can filter the ephemeris data before broadcasting ephemeris data by system information. How the network filters the ephemeris data is up to implementation.

	OPPO
	OK for pre-provision, but not sure about the NAS solution.
	We think the way to get the pre-provisioned data can be various, e.g., it can be obtained from a server via UP solution. In general, we tend to see it is out of RAN2 scope, and can be left to WI stage to conclude. 

	Nokia
	
	We think, pre-provisioned data at the UE might be beneficial for initial cell selection. However, as the ephemeris data gets periodically updated, the delta changes could be signalled by the network. The optimal way to signal the delta changes depends on the amount of modified data.  

	Sony
	Yes
	We agree that preconfigured ephemeris information is required otherwise the UE will take much longer or probably never find an NTN cell. The updates could be done via NAS or UP solution. 
Information which could change frequently should be signalled via RRC.

	Fraunhofer IIS/HHI
	Yes
	Both is possible from our perspective

	Thales
	OK for pre-provisioning but considering ECEF type of coordinates. FFS how the updates should be done.
	As commented before, we believe that it will be much more beneficial if satellite position is provided already in ECEF coordinates. This will avoid extra complexity in the terminal to perform the calculation.
Pre-provisioning of satellite position could be done, if the precision achieved is still sufficient for first UE cell selection and synchronization into the system.
FFS what is the entity providing the satellite position to the UE and how the satellite ephemeris is known in 5G CN To be considered that the satellite ephemeris format might depend on the satellite system implementation.


	MediaTek
	Yes
	We think it will be beneficial for the UE to pre-provision some ephemeris data. However, we are not sure if it is in scope of RAN2.

	ETRI
	
	We agree that ephemeris information can be pre-provisioned as a baseline. Data can be updated using NAS or UP solution.

	ZTE
	
	Firstly, we would like to clarify that the  ephemeris data can be:
(1) pre-provisioned 
(2) updated over NAS
In Q2, it looks like that the ephemeris data can be pre-provisioned over NAS, which is not possible since UE cannot get NAS message without RACH procedure. UE can only use the stored ephemeris to estimate initial timing advance in RACH procedure.

For solution 1 and solution 3 mentioned in our comments under Q1, 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 sufficient 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 in our comments under Q1, there is no need to pre-provision or update the ephemeris data over NAS. The ephemeris data for the serving satellite can be broadcast in system information. The ephemeris data for the neighboring satellites can be provided via system information or dedicated RRC signaling to assist UE mobility handling.


	Vodafone
	Yes 
	As we like to limit the amount of data transferred over the Satellite links, to save capacity and money, the ephemeris data should be transferred when the UE is in the cellular coverage before it is handed-out to the Satellite network. To simplify the process, when the user is near the Cellular /NTN coverage border, the Cellular network would prompt an ephemeris data transfer. 
Furthermore, for scenarios where the user switches on the UE away from the cellular network, such as a passenger in the cruise liner in the middle of the ocean away from land based cellular network, to limit the data over the satellite link, a simplified or a cut down version could be sent over NAS.

	Huawei
	Yes but
	As answered in Q1, we suggest network to provide ECEF format or cell level footprint information directly to UE. Considering the large amount of data volume, it is beneficial to pre-provision ephemeris information to UE, and new update can provided over NAS or SI. 
For example, if a centre location information (longitude and latitude), radius, 2-D velocity vector (dx/dt, dy/dt) and epoch has been stored in UE in advance, and marked as an index, then network can broadcast this index with a cell ID for UE to identify this cell.
And if a new satellite is launched after a UE is manufactured, or if the satellite orbit has been changed, the whole bunch of ephemeris information can be provided over NAS or SI.



Q3: What is the rate that raw ephemeris data needs to be updated for the UE in case of LEO/GEO? Can the update be partial? 
[bookmark: _Hlk22732308]Note that this does not necessarily impact RAN2 specification work but is beneficial for general understanding.
	Company
	Comments on Q3

	Ericsson
	We assume the ephemeris data would be good for a few complete orbits (or at least one), so it would need to be updated once every few hours for LEO, and once every few days for GEO.

	CATT
	As mentioned by Ericsson, this does not necessarily impact RAN2 specification work, so prefer satellite companies to give guidance for information.

	OPPO
	If the orbit and movement speed of the satellite is fixed, we don’t think it is necessary to update the ephemeris data frequently for both LEO and GEO.

	Nokia
	We are of the view that, the UE must be able to select the NTN network even without up-to-date ephemeris data. 
However, we would also like to hear the views of satellite companies on this.

	Sony
	We think some information might change frequently but prefer satellite companies to confirm.

	Fraunhofer IIS/HHI
	The update rate e.g. of the TLE data for one satellite is highly depending on the amount of manoeuvres or the discrepancy between the precalculation of the position to the real position, e.g. impacted by gravity. For example, the North American Aerospace Defense Command (NORAD) provides an update of the TLE data once the distance between calculation and the real object reaches a distance of more than a couple of km’s.

	THALES
	The updates of the satellite position will depend on the satellite mission and the satellite position precision required for NR functions, especially for the first cell acquisition.
In our view, we need to address the format of satellite position to be sent to the UE, what is the precision required by NR functions and then determine what kind of partial update would be sufficient in terms of the precision required.

For information, GEO satellite positions vary very little with respect the UE. The position can be provided almost as a static table. In case of LEO constellation, the ephemeris updates will depend a lot on the type of orbit,  the altitude and the satellite shape and size. LEO satellites will suffer from different drag profiles that will impact on its position. This drag depends on the different atmosphere density and solar radiation pressure that would cause orbit lowering on the satellite. The satellite control center would need to send more or less frequent satellite ephemeris in order to maintain the satellite in a certain position control box. Satellite ephemeris is used in satellite operations to control the satellite positioning. It is the satellite position; ECEF coordinates, that is provided to UEs to first entry and synchronized into the system. The satellite position does not need the same precision as satellite ephemeris for the operation and control of the satellite.

	MediaTek
	We think the information needs to be updated when satellite orbits are updated or some new satellites are introduced. However, satellite companies need to confirm this.

	ETRI
	We believe that the ephemeris information can be updated frequently especially for LEO.

	ZTE
	It’s up to implementation. Different satellite system may have different requirement. and RAN2 spec should have enough flexibility for this.

	Vodafone
	This data needs to come from satellite service providers, however for a LEO on a predefined and regular orbit, for example, the data needs to be updated following course correction, as detailed by Thales above, however to limit the number of ephemeris updates, and data over the satellite links, only deltas or difference from the normal orbit could be sent over the NAS

	Huawei
	We agree with Thales that the updates of the satellite position will depend on the satellite mission and the satellite position precision required for NR functions, we can wait for other working group’s input to further work on this topic.



Q4: Do companies think it is feasible to update raw ephemeris data over NAS? If not, please provide views for an alternative way.
	Company
	Answer (Yes/No)
	Comments on Q4

	Ericsson
	yes
	

	CATT
	Yes but
	As we mentioned in Q2, raw ephemeris data can be updated by NAS or UP method. It’s possible to update by NAS, but it should be discussed by SA2, what RAN2 can do is to discuss whether raw ephemeris data can be updated by UP method if there is no SA3 concern. We are fine to capture both way in SI phase anyway.

	OPPO
	Not sure about the NAS solution.
	Refer to our reply to Q2.

	Nokia
	
	Feasible, but other options are not precluded based on what data needs to be updated.

	Sony
	
	It depends on the amount of information and the frequency of updates. If security is not a concern for such information, then could be included in system information.

	Fraunhofer IIS/HHI
	Yes
	In general, this should be possible

	THALES
	Not sure about the NAS solution
	Other options to be considered, SIB NTN, RRC messages, …
Impact should be discussed with SA2.

	MediaTek
	Not sure
	We agree with Sony that the amount of data and frequency of updates need to be considered for checking if it is feasible to update raw ephemeris data over NAS. Moreover, this needs to be discussed with SA2.

	ETRI
	
	NAS and UP methods are available in SI phase.

	ZTE
	
	For solution 1 and solution 3 mentioned in our comments under Q1, the ephemeris data can be updated over NAS. In solution1, the 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 updated ephemeris data means the sufficient 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 in our comments under Q1, there is no need to update the ephemeris data over NAS. The ephemeris data for the serving satellite can be broadcast in system information. The ephemeris data for the neighboring satellites can be provided via system information or dedicated RRC signaling to assist UE mobility handling.


	Vodafone
	Potentially yes
	Yes provided the first upload or the update occurs whilst the UE is in the land based cellular coverage area

	Huawei
	yes
	We can list all possible solutions, ephemeris information can be updated by NAS, RRC message, or SI.



4 Using ephemeris data in RRC 
It has been discussed in RAN2 that RRC, either SI or dedicated signalling, may need to be associated with ephemeris data. In R2-1914195, it is suggested to be able to assume that the ephemeris data that is provided to the UE includes quantization such that in RRC, index to for example orbital plane or orbit can be given.  

Q5: Can RAN2 assume that the ephemeris data that is provided to the UE includes quantization in order to efficiently point to ephemeris data in RRC? 
	Company
	Answer(Yes/No)
	Comments to Q5

	Ericsson
	yes
	Seems it is necessary in order to have efficient RRC signalling.

	CATT
	Yes only for the index idea
	In our understanding, the motivation to discuss the optimization for broadcasting ephemeris data by system information is that it’s not practical to broadcast all the raw ephemeris data due to the size limitation of SIB.   

As we mentioned in Q2, it’s enough for the cell only to broadcast the ephemeris data of neighbour cells for mobility purpose. If companies still have concern on the size issue, the index method can be considered also to limit the ephemeris data size further. But each index should refer to a complete ephemeris data of a specific satellite.

But we are not sure whether it’s feasible to only broadcast a simplified ephemeris data, e.g. orbital plane or orbit as it’s too strict limitation for the satellites nearly on the same plane, which may bring extra energy consumption for satellites nearly on the same plane to maintain on the same plane for service continuity purpose. Maybe satellite companies can tell us more story on feasibility of the simplified ephemeris data. 

	OPPO
	Yes
	

	Nokia
	Maybe
	This could be checked during WI phase, once we have better clarity.

	Sony
	Yes
	

	THALES
	Yes
	In the sense we need to figure out ways to simplify the amount of data to be sent in the air to provide the satellite position and we still need to determine the exact satellite position precision required for NR procedures, especially for the first entry into the system

	MediaTek
	Yes
	Some type of quantization seems needed. However, we think it needs to be studied further.

	ETRI
	Yes
	

	ZTE
	
	For solution1 summarized in our comments under Q1, the index of an orbit plane may be provided to assist measurements and mobility handling in UE side. But the granularity may be too coarse since there will be a lot of satellites and cells in the same orbit plane.

We prefer to provide sufficient ephemeris per satellite (as mentioned in solution 3 or solution 4 in our comment under Q1) which is identified by a satellite ID or PCI or CGI. If we want to hide the satellite ID from UE, then PCI/CGI can be used as a replacement of satellite ID. The satellite ID (or replaced by PCI/CGI) can be broadcast in system information or dedicated RRC signaling to identify a serving satellite or neighboring satellite to assist initial access as well as measurements and mobility handling in UE side.

	Vodafone
	Yes
	As stated previously and mentioned here, in order to limit the amount of data sent over the Satellite links, delta or fractional change could be sent over the NTN network. Furthermore the precision granularity for the NR should be determined in advanced. 

	Huawei
	yes
	We can do some optimization for reducing the data volume of ephemeris information, quantization can be an optional solution. but at first we'd better figure out what format is used for ephemeris, then we can have an exact estimation of data volume.


 
5 Conclusions
Seems companies view differ quite a bit and there is no clear understanding what should raw ephemeris data look like. How the raw emphemeris data is represented is not directly RAN2 territory but RAN2 needs to have understanding what can be assumed as representation of raw ephemeris data. Details need to be clarified during the WI phase together with other WGs.
On the methods of provisioning emphemeris data there was more consensus on capturing preprovisioning and NAS option in a general manner as well as how RRC should point to ephemeris data. Some companies propose to broadcast the raw ephemeris data but there was no consensus to see how this could be feasible.

The TP in appendix attempts to capture majority view.
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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 coordinates (x, y, z), e.g. ECEF coordinates. 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.
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.

[bookmark: _GoBack]In theory it is also possible to broadcast the full ephemeris data. However, that requires broadcasting a substantial amount of information. For example, each satellite could broadcast their own position coordinates with or without velocity information.

7.3.X.4 Updating Stored Ephemeris Data

The accuracy of the prediction of a satellite orbit 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.
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.
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