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1 Introduction
The following agreements were made in RAN2 #117-e with respect to the support of discontinuous coverage (RP-220944):
	· RAN2 will use a new SIB to share the ephemeris information for Discontinuous Coverage with the UEs. Sharing the information using dedicated RRC signalling is FFS.
This issue of sharing using dedicated RRC signaling is still open and included in the WI Exception Sheet submitted to RAN #95e.
· While Out of Coverage in Discontinuous Coverage deployment (in Idle Mode or PSM mode) the UE is not required to perform any cell search and may deactivate its AS functions to optimize the power consumption. The remaining UE behaviour is left to UE implementation. FFS whether anything needs to be specified for AS-NAS interaction. 
This issue of any possible AS-NAS interaction is open and is included in the WI Exception Sheet submitted to RAN #95e.
· For Discontinuous Coverage, ephemeris information of up to a maximum X satellites can be shared using the new SIB, where X is limited by the volume of information vs capacity of the SIB (X=4 is baseline). Increasing this maximum number by using dedicated RRC Signalling and by any further ephemeris optimization is FFS.
This is an optimization and using of dedicated RRC signaling is included in the WI Exception Sheet submitted to RAN #95e.
· RAN2 assumes that for Discontinuous Coverage, network can signal mean ephemeris parameters (for neighbours and potentially serving satellite for coverage prediction purpose), using the same (already introduced) ephemeris format. UE can always assume these are mean values and It is up to the network implementation to derive this mean value (and any trade-off between instantaneous and mean values if needed). FFS whether additional assumptions (like averaging time) need to be clarified, e.g. to have predictable performance.
This is resolved during RAN2#117-e that averaging time is not relevant and instead RAN2 agreed to provide Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. 
· P3: For Prediction of discontinuous coverage, Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. FFS if epoch time can be optional and be implicitly derived. 
These issues on number of ephemeris types and implicit derivation of epoch time are included in the WI Exception Sheet submitted to RAN #95e.


Exception request approved in RP-220943 includes the following aspects to be addressed for the prediction of discontinuous coverage: 
	· Address the FFS regarding signalled ephemeris type (FFS if two, three of four types and the details on semantics).
· Address the FFS whether epoch time could be optional and be implicitly derived when not provided. 
· Address the FFS whether in addition to BCCH provide the option to share the information by dedicated RRC signalling, 
· Address the FFS whether anything needs to be specified for AS-NAS interaction while the UE is out of coverage. 
· If time allows, address the open issue on an additional parameter for further enhanced spatial coverage prediction (like satellite footprint reference point on ground, satellite coverage radius)
· Parameters for prediction of discontinuous coverage and handling of the new SIB


Based on the above agreements and FFS issues in the exception request list, this contribution provides:
· Additional results to show the differences in terms of long-term satellite position prediction accuracy between using instantaneous orbital parameters and using TLE-based mean orbital parameters 
· A proposal for the contents of the new SIB (SIB32) to share the ephemeris information for coverage prediction of discontinuous coverage.

3 Further results on satellite position prediction accuracy 
Extending the results provided in R1-2105812 and R2-2201017,  this section provides additional results showing the differences in satellite position prediction accuracy when using instantaneous/osculating ephemeris versus using TLE-based mean orbital ephemeris for prediction of discontinuous coverage. 
These results are based on GNSS data collected from a LEO satellite at SSO 550 km orbit during the period 19/03/2022  21:52:10 - 20/03/2022 15:46. This period spans 13 satellite orbits, with GNSS data collected in a portion of each orbit time at every 10 seconds approximately. 
On this basis, as satellite position prediction error is computed as illustrated in Figure 1 by comparing the satellite position given by GNSS a sample at To with the satellite position estimated from:
· SGP4 propagation using as input a TLE available at epoch time Tn < To. 
· Two-Body (TB) propagation (aka Keplerian propagation, which considers only the force of gravity from the Earth, which is modelled as a point mass) using as input the instantaneous ephemeris determined from the TLE at epoch time Tn < To.
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Figure 1 – Satellite position error computation method

The following epoch times Tn are considered to cover prediction windows from a few hours up to tens of days, considering TLEs available from Space-Track:
· T1: 19 March 16:23:59.076 => prediction window [5.5-23.4] hours
· T2: 19 March 11:37:15.313 => prediction window [10.2-28.2] hours
· T3: 14 March 16:55:38.805 => prediction window [125, 143] hours
· T4: 14 March 10:33:19.610 => prediction window [131.3, 149.2] hours
· T5: 09 March 17:26:58.301 => prediction window [10.2, 10.9] days
· T6: 09 March 11:04:37.939 => prediction window [10.4, 11.2] days
· T7: 04 March 16:22:22.333 => prediction window [15.2, 16.0] days
· T8: 04 March 11:35:36.289 => prediction window [15.4, 16.2] days
· T9: 27 February 12:06:18.051 => prediction window [20.4, 21.2] days
· T10: 27 February 05:43:55.993 => prediction window [20.7, 21.4] days
· T11: 17 February 16:18:18.144 => prediction window [30.2, 31.0] days
· T12: 17 February 13:07:06.408 => prediction window [30.4, 31.1] days
· T13: 02 February 16:12:01.528 => prediction window [45.2, 46.0] days
· T14: 02 February 11:25:11.824 => prediction window [45.4, 46.2] days
Satellite position prediction errors using TB and SGP4 from T1 and T2 are provided in Figure 2. Position error is split into radial, in-track, cross-track components (cross-track refers to the direction perpendicular to the position and inertial velocity; in-track refers to the direction perpendicular to both the radial and cross-track, positive in the direction of motion). From Figure 2, it can be observed that, for prediction windows of 5 - 28 hours, the position error with SGP4 is always lower than 20 km while with TB the in-track component could raise to 500 km for 1-day time predictions. It can also be noted that errors in the cross-track and radial components are almost negligible for the SGP4 propagator.   
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(a) TB propagation from T1 (1-day predictions)
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(b) SGP4 propagation from T1 (1-day predictions)
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(c) TB propagation from T2 (1-day predictions)
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(d) SGP4 propagation from T2 (1-day predictions)



Figure 2 - Satellite position error with TB and SGP4 for epoch times T1 and T2.
In line with Figure 2, Figure 3 now considers the prediction errors using TB and SGP4 from T3 and T4, which result in prediction windows of 5-6 days. For this prediction window, it becomes evident the differences between the two types of propagators. While SGP4 still shows in-track errors in the range of 20-90 km, the same component raises over 2500 km for the TB.   
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(a) TB propagation from T3 (5-day predictions)
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(b) SGP4 propagation from T3 (5-day predictions)
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(c) TB propagation from T4 (5-day predictions)
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(d) SGP4 propagation from T4 (5-day predictions)


Figure 3 - Satellite position error with TB and SGP4 for epoch times T3 and T4. 

Finally, Figure 4 shows results only for the SGP4 propagator and considering longer prediction windows, from 10 days up to 45 days.  Here it is observed that the prediction error is not linearly increasing with the prediction window (e.g. prediction errors for 30-day predictions are better than for 20-day predictions) but position errors still impact mainly in the in-track component and can be in the range of 300 km for 20-day predictions; considering a satellite velocity of 7.5 km/s, this means a time error of 40 seconds for pass estimation). Notice that the cross-track error is always small for SGP4 prediction, which is advantageous to reduce the number of falsely predicted coverage opportunities for UEs (i.e. occasions that the UE expect that the satellite is flying-over but, because of the cross-track error, the UE is not able to detect than cell) and in turn the number of cell search attempts and power consumption over time for the UE.
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(a) SGP4 propagation from T5 (10-day predictions)
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(b) SGP4 propagation from T6 (10-day predictions)
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(c) SGP4 propagation from T7 (15-day predictions)
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(d) SGP4 propagation from T8 (15-day predictions)
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(e) SGP4 propagation from T9 (20-day predictions)
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(f) SGP4 propagation from T10 (20-day predictions)
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(g) SGP4 propagation from T11 (30-day predictions)
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(h) SGP4 propagation from T12 (30-day predictions)
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(i) SGP4 propagation from T13 (45-day predictions)
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(j) SGP4 propagation from T14 (45-day predictions)


Figure 4 - Satellite position error with SGP4 for epoch times from T5 to T14. 


4 SIB32 contents discussion and ASN.1 format proposal
Based on discussion and moderator recommendations stated in R2-2203860, and the [Post117-e][906][IoT-NTN] Non-Continuous Coverage discussion in [R2-2205933] the following solution is proposed for the contents and ASN1 encoding of SIB32 - the new SIB to provide satellite assistance information (SAI) for prediction of discontinuous coverage [36.331v17.0.0] . We remark that SIB32 is entirely separate from SIB31, which is another SIB specified for NTN that conveys NTN-specific information such as the instantaneous ephemeris of the serving cell, common TA parameters, validity duration for UL sync information and others. 
Separate SIBs for NTN information give flexibility for adjusting the scheduling frequency of each of the SIBs, which shall not necessarily be the same. As a general case, the SIB31 has to be broadcasted at a higher rate (e.g. every 1-2 seconds in LEO) than the SIB32 (e.g. every 10, 20, 30 seconds in LEO). 
The difference in periodicity is illustrated in Figure 1. 
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Figure 1. Illustration of the broadcast of the SIB31 and SIB32 with different frequency rates

As already captured in TS 36.331v17.0.0, the satellite assistance information in SIB32 should be sent as a list with one entry per satellite. The ASN1 encoding established in TS 36.331v17.0.0 follows:

	-- ASN1START
SystemInformationBlockType32-r17 ::= SEQUENCE {
    satelliteInfoList-r17         SatelliteInfoList-r17   		OPTIONAL,   -- Need OR
    nonCriticalExtension 	    SEQUENCE {}               	OPTIONAL,
    ...
}
SatelliteInfoList-r17 ::= SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17
-- ASN1STOP



[bookmark: _Hlk102073095]With respect to the contents of the SatelliteInfo-r17, SIB32 shall support both earth-fixed and earth moving-cells scenarios. Previous agreements in this regard are: quasi-Earth-fixed cells require providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage. In contrast, Earth moving cells require an ephemeris to be sent so the UE can predict the location of the satellite.

As to the ephemeris information for prediction of discontinuous coverage, in the [Post117-e][906][IoT-NTN] Non-Continuous Coverage discussion there was strong majority support for the SGP4-based ephemeris format being used for long term prediction [R2-2205933]. 
Some companies expressed that support for only one propagator would be advantageous, however the support for the instantaneous ephemeris is dictated for layer1 synchronisation, so the UE should already be capable of utilising this ephemeris information and propagate appropriately. The accuracy of the instantaneous ephemeris is not as good as SGP4 for long term prediction (see results in previous section 3), but it may be relevant for short discontinuities in coverage, i.e. informing on the next satellite up. Therefore, we have chosen to still consider it as an option for informing on the ephemeris of a satellite in the context of satellite assistance information.
In addition to this information, for the case of SGP-4 ephemeris, it is necessary to transmit a satelliteID (number) to allow the UE to distinguish between satellites and keep a context to match satelliteID with the latest received ephemeris for that satellite. This is important for UEs to be able to update information for satellites and discard old ephemerides. Thus, we have included an optional per satellite ID field in this ASN1 proposal.

Proposal#1: The SatelliteInfo-r17 should provide a satellite identifier (SatelliteID) and Satellite Assistance Information (SAI) encoded in ASN.1 as a choice per satellite, with the following elements: (1) Instantaneous ephemeris, (2) SGP4-based ephemeris or (3) start-time information of (incoming) satellite’s coverage for quasi-Earth fixed cells. 
The ASN1 encoding for this is depicted below:
	[bookmark: _Hlk102117002]-- ASN1START
SatelliteInfo-r17 ::= SEQUENCE {
    satelliteSAI-r17 			CHOICE {
    sgp4EphemerisParameters-r17	SGP4EphemerisParameters-r17      	
    ephemerisOrbitalParameters-r17  	EphemerisOrbitalParameters-r17
    t-Service-r17    	   		TimeUTC-r17
    nonCriticalExtension		SEQUENCE {}				
    }
    satelliteID-r17      		INTEGER (0..255)		       	OPTIONAL,
    nonCriticalExtension		SEQUENCE {}		       		OPTIONAL,
    ...
}
-- ASN1STOP


Notes:
1. satelliteID-r17 is an optional parameter used to distinguish between satellites in the earth-moving cell case. In the quasi-earth-fixed cell case, this parameter can be used to distinguish between cells/beams.

The service start time, or “t-Service-r17” in [TS 36.311v17.0.0] is intended for quasi-earth-fixed cells. We have made the following observations:
1. TimeUTC-r17 is a 39 bits parameter than ranges over ~1700 years starting from Jan 1 1900 with a granularity of 10 ms. We believe this is excessive for scheduling MO-traffic opportunities between paging opportunities and the parameter range could be reduced to a range of one week with a granularity of one second to significantly reduce the ASN.1 parameter size.
2. We suggest transmitting a list of timestamps, instead of just one, that can be up to X long to match the bit size of the ephemeris parameters (X=10 for the proposed range/granularity). This will allow for several MO-traffic opportunities to be scheduled for UEs in quasi-earth-fixed cells between scheduled paging opportunities (MT-traffic).
3. The parameter name “t-Service-r17” causes some confusion with regards to the purpose of the parameter, e.g. it seems to indicate a service period, so we suggest renaming it in some way to include “Start” – for example “tServiceStart”.


Proposal#2: Adopt the following ASN1 specification changes for T-Service-r17, which specifies service start times for quasi-earth-fixed cells: a) renaming the parameter to “t-ServiceStart-r17”, b) transmitting a list of timestamps instead of a single timestamp, c) redefining the range and granularity of the parameter to be 1 week with 1 second granularity. As per the following ASN.1 code:
	-- ASN1START
SatelliteInfo-r17 ::= SEQUENCE {
    satelliteSAI-r17 			CHOICE {
    sgp4EphemerisParameters-r17	SGP4EphemerisParameters-r17      	
    ephemerisOrbitalParameters-r17  	EphemerisOrbitalParameters-r17
    t-ServiceStart-r17    	   	SEQUENCE (SIZE (1..10)) OF INTEGER (0..1048575)
    nonCriticalExtension		SEQUENCE {}				
    }
    satelliteID-r17      		INTEGER (0..255)		       	OPTIONAL,
    nonCriticalExtension		SEQUENCE {}		       		OPTIONAL,
    ...
}
-- ASN1STOP


Notes: 
1. The maximum number of timestamps per-SAI for a quasi-earth fixed case is set to 10 to match the bit sizes of the ephemeris formats.
2. The t-Service-Start-r17 parameter is given in seconds since the start of the week (Monday 00:00:00 UTC) with a granularity of 0.57678318023 second. A time that is earlier in the week than the current time is in the next week.

With respect to “ephemerisOrbitalParameters-r17”, the “instantaneous ephemeris” format as already defined by RAN1 could be used. 
With respect to “sgp4EphemerisParameters-r17”, a SGP4-based ephemeris format defined in accordance to the widely adopted industry standard TLE format could be adopted. The SGP4-based ephemeris has the major advantage that it is accurate to within tens of kilometres over several days [3], which makes it highly suitable for discontinuous coverage of IoT devices. Given SGP4 ephemeris knowledge an IoT device could be scheduled for a paging opportunity a week in the future and until then be capable of initiating MO-traffic based on the coverage knowledge obtained from the SGP4-based ephemeris.
SGP4 is an industry standard for propagation and is widely adopted in association with TLEs, which rely on the SGP4 propagator. The format of a TLE is shown in Figure 2. 
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Figure 2. Two Line Elements format [Reference]

Proposal#3: The range and granularity of the orbital parameters needed for SGP4 propagation should be based on the ranges and granularity already defined for TLE.
However, the elements included in TLEs [2] go beyond the requirements for SGP4 so that some of them could be skipped. In particular, the derivatives of mean motion, both first and second order, are not needed for SGP4 propagation [7], but are part of the TLE for compatibility reasons. In addition, the international designation of the satellite is not necessary for orbit propagation.  
The necessary SGP4-based ephemeris parameters are further detailed in Table 2. The parameters in Table 2 are specified based on a conversion of the range/state-space covered by the character-encoded parameters in the TLE format (see Figure 2 and [9]) to state encoded parameters in Table 2.
     
Table 2. SGP4 parameters: Units, range, bit size and granularity. 
	Parameter
	Unit
	Range
	Min states
	Nearest Bit
	States
	Granularity

	Example
	SI
	X to Y
	Smin
	B = ⌈log2(Smin)⌉
	S = 2B
	(Y-X)/(S-1)

	Inclination
	Deg
	0 to 180.0000
	1800001
	21
	221
	8.583073616
e-5

	Arg of Perigee
	Deg
	0 to 180.0000
	1800001
	21
	221
	8.583073616
e-5

	Right Ascension of the Node
	Deg
	0 to 360.0000
	3600001
	22
	222
	8.5830712318e-5

	Mean Anomaly
	Deg
	0 to 360.0000
	3600001
	22
	222
	8.5830712318e-5

	Eccentricity
	-
	0 to .9999999
	1e+7
	24
	224
	5.96046388
e-8

	Mean Motion 
	rev/day
	0 to  99.99999999
	1e+10
	34
	234
	5.82076609
e-9

	Revolution Number at Epoch 
	rev
	0 to 131071
	131072
	17
	217
	1

	B*
	 (earth radii)-1
	Nonlinear
∓.99999∓9
	-
	23
	-
	-

	Epoch*
	sec
	0 to 604800
	604801
	20
	220
	0.57678318023


Notes: 
1. B* is defined in TLE format as the string “∓CCCCC∓E” - where ∓ is a binary sign, C is a value 0 through 9 and E is an exponent valued 0 through 9. The nearest bit is very close to the required number of bits (21.93) hence we keep the industry standard intact and do not attempt to improve the nonlinear granularity. A decimal point is assumed after the initial sign. To clarify the bitmask for the B* term we provide the following:
a. Bit 0: Determines the sign of the decimal.
b. Bit 1-17: Determine the value of the decimal, range: .00000 to .99999, B = 17, granularity: .00001.
c. Bit 18: Determines the sign of the exponent.
d. Bit 19-22: Determine the value of the exponent, range: 0 to 9, B = 4, granularity: 1.
e. For bit 1-17 and bit-19-22 they can represent more cases than required by the granularity. However, the extra cases shall be disregarded, i.e.. the integers beyond the range of 99999 and 9, respectively, are discarded.
2. The granularity of the number of revolutions should be the integer 1 so the range has been extended from the TLE formats maximum of 99999 to 131071.
3. The variable Epoch* is the time (in seconds) since the beginning of the current week (Monday 00:00:00 UTC) of the SGP4 Epoch. SGP4 ephemerides older than a week can reasonably be propagated to the current week before broadcast. Since the SAI is for aiding UEs to predict coverage in the DC scenario a granularity of 0.57 sec is very reasonable as the added energy consumption for a UE to wake up approximately half a second in advance of predicted coverage (excluding prediction error over time) is negligible.
4. The variables, ”Inclination, Arg of Perigee, Right Ascension of the Node, Mean Anomaly, Eccentricity and Mean Motion“ all have slightly improved granularities compared to TLEs due to “extra” states being introduced when per-parameter encoding is introduced in contrast to TLEs character encoding.



Proposal#4: The SGP4-based ephemeris format according to the parameters of Table 2 should be encoded in ASN1 format as:
	-- ASN1START
SGP4EphemerisParameters-r17 ::= SEQUENCE {
    	inclination-r17 	INTEGER (0..2097151)
    	periapsis-r17 		INTEGER (0..2097151)
    	longitude-r17 		INTEGER (0..4194303)
	anomaly-r17 		INTEGER (0..4194303)
    	eccentricity-r17 	INTEGER (0..16777215)
    	meanMotion-r17 	INTEGER (0..17179869183)
	revNoEpoch-r17		INTEGER (0..131071)
       	bStar-r17 		BIT STRING (23)
    	epochWeek-r17  	INTEGER (0..1048575)
} 
-- ASN1STOP



The reference frame of the SGP4/SDP4 orbital models are coordinates in the Earth-centred inertial (ECI) frame with regards to true equator, mean equinox (TEME) of epoch.
Proposal#5: The SGP4-based ephemeris shall use a TEME ECI reference frame.

Additional parameters for mapping between the satellite footprint and the satellite location have been suggested. We have included proposals for ASN1 encoding for good measure.
Proposal#6: Include parameters for mapping between the satellite position and satellite footprint by including a satellite footprint sequence that holds any satellite footprint parameters in the ASN1 encoding.
	-- ASN1START
SatelliteInfo-r17 ::= SEQUENCE {
    satelliteSAI-r17 				CHOICE {
    sgp4EphemerisParameters-r17		SGP4EphemerisParameters-r17      	
    ephemerisOrbitalParameters-r17         	EphemerisOrbitalParameters-r17
    t-Service-r17                          	TimeUTC-r17                   
    nonCriticalExtension		     	SEQUENCE {}				
	}
    satelliteFootprintParameters-r17 	     	SatelliteFootprintParameters-r17    	OPTIONAL,
    satelliteID-r17      		     	INTEGER (0..255)		       	OPTIONAL,
    nonCriticalExtension		     	SEQUENCE {}		       		OPTIONAL,
    ...
}
-- ASN1STOP



[bookmark: _heading=h.y5dtmthz5dc1]Some suggested satellite footprint parameters are listed in Table 3.
Table 3. Types, contents and encoding of satellite coverage footprint information for discontinuous coverage prediction
	Type
	Contents and encoding
	Comments

	Type#1: Minimum Elevation angle
	Contents:
1. Minimum elevation angle
a. Right
b. Left
	The minimum elevation angle allows UEs to discard passes where the elevation angle never passes this threshold.
If a single value is given, the “Right-” and “Left minimum elevation angles” are assumed equivalent. That is, the footprint is even around the satellite track.
To describe a footprint cross size that is offset from the satellite track, two minimum elevation angle thresholds can be specified. The right minimum elevation angle is the rightmost (with reference to the satellite direction) elevation angle. The left being the leftmost.
Both angles can be given from -70 to 70 allowing a leftmost elevation angle to be placed on the right side of the reference satellite. A “left minimum elevation angle” that is located to the right of the reference satellite is indicated by a negative sign on the elevation angle and equivalently for a “right minimum elevation angle” to the left of the reference satellite. See Figure Y.

	Type#2:
Reference point and radius.
	Contents:
1. Reference point distance to nadir
a. Along axis distance
b. Cross axis distance
2. Footprint radius

	The reference point is determined in relation to nadir. The left-hand side with reference to the direction that the satellite is travelling is considered negative and the right-hand side positive. In the Along-track dimension the direction of travel is considered positive and the opposite direction is negative. In this manner an X,Y coordinate can be given in relation to the satellite.

The footprint radius defines the footprint perimeter using the reference point as the footprint center.




[image: ]
Figure Y. Satellites travelling “into the paper”. The left satellite depicts the case of a footprint cross-section that is even around the nadir and so a single angle “a” is necessary to describe the case. In this case a UE will be within the footprint if the minimum elevation angle a UE will experience during a satellite pass is greater than “a”. The satellite to the right projects a footprint to the left of the satellite: the “right minimum elevation angle”, “b”, is on the left - it is measured as any other, but assigned a negative sign. In this case a UE will be within the footprint if the minimum elevation angle a UE will experience during a satellite pass is greater than “a”, less than “b” and the UE is located on the left of the satellite pass.

Proposal#7: Define the following ASN1 encoding for satellite footprint parameters:
	-- ASN1START
SatelliteFootprintParameters-r17 ::= SEQUENCE {
    elevationAngleR-r17  			INTEGER (-7..7) 		OPTIONAL,
    elevationAngleL-r17  			INTEGER (-7..7) 		OPTIONAL,
    refPointAlongElev-r17  			INTEGER (-100..-100) 		OPTIONAL,
    refPointCrossElev-r17  			INTEGER (-100..-100) 		OPTIONAL,
    refRadius-r17  		        	INTEGER (1..200) 		OPTIONAL,
    nonCriticalExtension      		SEQUENCE {}			OPTIONAL,
}
-- ASN1STOP


Notes:
1. The elevation angles are given from -70 to 70 Deg with a granularity of 10.
2. The reference point is given from -1000 km to 1000 km with a granularity of 10 km.
3. The reference footprint radius is given from 10 to 2000 km with a granularity of 10 km.

Proposal#8: In the case of quasi-earth-fixed cells the satellite ID parameter can be used to distinguish between beams. In the Quasi-Earth-Fixed scenario, the elevation angle parameters should not be used. In the Quasi-Earth-Fixed scenario, the reference point is given in relation to the position of the serving satellite as a reference point. The position of the serving satellite is well known from SIB31. 


5 Conclusion
This contribution provides the following proposals:


Proposal#1: The SatelliteInfo-r17 should provide a satellite identifier (SatelliteID) and Satellite Assistance Information (SAI) encoded in ASN1 as a choice per satellite, with the following elements: (1) Instantaneous ephemeris, (2) SGP4-based ephemeris or (3) start-time information of (incoming) satellite’s coverage for quasi-Earth fixed cells. 
The ASN1 encoding for this is depicted below:
	-- ASN1START
SatelliteInfo-r17 ::= SEQUENCE {
    satelliteSAI-r17 			CHOICE {
    sgp4EphemerisParameters-r17	SGP4EphemerisParameters-r17      	
    ephemerisOrbitalParameters-r17  	EphemerisOrbitalParameters-r17
    t-Service-r17    	   		TimeUTC-r17
    nonCriticalExtension		SEQUENCE {}				
    }
    satelliteID-r17      		INTEGER (0..255)		       	OPTIONAL,
    nonCriticalExtension		SEQUENCE {}		       		OPTIONAL,
    ...
}
-- ASN1STOP




Proposal#2: Adopt the following ASN1 specification changes for T-Service-r17, which specifies service start times for quasi-earth-fixed cells: a) renaming the parameter to “t-ServiceStart-r17”, b) transmitting a list of timestamps instead of a single timestamp, c) redefining the range and granularity of the parameter to be 1 week with 1 second granularity. As per the following ASN.1 code:
	-- ASN1START
SatelliteInfo-r17 ::= SEQUENCE {
    satelliteSAI-r17 			CHOICE {
    sgp4EphemerisParameters-r17	SGP4EphemerisParameters-r17      	
    ephemerisOrbitalParameters-r17  	EphemerisOrbitalParameters-r17
    t-ServiceStart-r17    	   	SEQUENCE (SIZE (1..10)) OF INTEGER (0..1048575)
    nonCriticalExtension		SEQUENCE {}				
    }
    satelliteID-r17      		INTEGER (0..255)		       	OPTIONAL,
    nonCriticalExtension		SEQUENCE {}		       		OPTIONAL,
    ...
}
-- ASN1STOP


Notes: 
1. The maximum number of timestamps per-SAI for a quasi-earth fixed case is set to 10 to match the bit sizes of the ephemeris formats.
2. The t-Service-Start-r17 parameter is given in seconds since the start of the week (Monday 00:00:00 UTC) with a granularity of 0.57678318023 second. A time that is earlier in the week than the current time is in the next week.



Proposal#3: The range and granularity of the orbital parameters needed for SGP4 propagation should be based on the ranges and granularity already defined for TLE.


Proposal#4: The SGP4-based ephemeris format according to the parameters of Table 2 should be encoded in ASN1 format as:
	-- ASN1START
SGP4EphemerisParameters-r17 ::= SEQUENCE {
    	inclination-r17 	INTEGER (0..2097151)
    	periapsis-r17 		INTEGER (0..2097151)
    	longitude-r17 		INTEGER (0..4194303)
	anomaly-r17 		INTEGER (0..4194303)
    	eccentricity-r17 	INTEGER (0..16777215)
    	meanMotion-r17 	INTEGER (0..17179869183)
	revNoEpoch-r17		INTEGER (0..131071)
       	bStar-r17 		BIT STRING (23)
    	epochWeek-r17  	INTEGER (0..1048575)
} 
-- ASN1STOP


Notes: 
1. B* is defined in TLE format as the string “∓CCCCC∓E” - where ∓ is a binary sign, C is a value 0 through 9 and E is an exponent valued 0 through 9. The nearest bit is very close to the required number of bits (21.93) hence we keep the industry standard intact and do not attempt to improve the nonlinear granularity. A decimal point is assumed after the initial sign. To clarify the bitmask for the B* term we provide the following:
a. Bit 0: Determines the sign of the decimal.
b. Bit 1-17: Determine the value of the decimal, range: .00000 to .99999, B = 17, granularity: .00001.
c. Bit 18: Determines the sign of the exponent.
d. Bit 19-22: Determine the value of the exponent, range: 0 to 9, B = 4, granularity: 1.
e. For bit 1-17 and bit-19-22 they can represent more cases than required by the granularity. However, the extra cases shall be disregarded, i.e.. the integers beyond the range of 99999 and 9, respectively, are discarded.
2. The granularity of the number of revolutions should be the integer 1 so the range has been extended from the TLE formats maximum of 99999 to 131071.
3. The variable Epoch* is the time (in seconds) since the beginning of the current week (Monday 00:00:00 UTC) of the SGP4 Epoch. SGP4 ephemerides older than a week can reasonably be propagated to the current week before broadcast. Since the SAI is for aiding UEs to predict coverage in the DC scenario a granularity of 0.57 sec is very reasonable as the added energy consumption for a UE to wake up approximately half a second in advance of predicted coverage (excluding prediction error over time) is negligible.
4. The variables, ”Inclination, Arg of Perigee, Right Ascension of the Node, Mean Anomaly, Eccentricity and Mean Motion“ all have slightly improved granularities compared to TLEs due to “extra” states being introduced when per-parameter encoding is introduced in contrast to TLEs character encoding.


Proposal#5: The SGP4-based ephemeris shall use a TEME ECI reference frame.

Proposal#6: Include parameters for mapping between the satellite position and satellite footprint by including a satellite footprint sequence that holds any satellite footprint parameters in the ASN1 encoding.
	-- ASN1START
SatelliteInfo-r17 ::= SEQUENCE {
    satelliteSAI-r17 			CHOICE {
    sgp4EphemerisParameters-r17	SGP4EphemerisParameters-r17      	
    ephemerisOrbitalParameters-r17   	EphemerisOrbitalParameters-r17
    t-ServiceStart-r17    	   	SEQUENCE (SIZE (1..10)) OF INTEGER (0..1048575)
    nonCriticalExtension		SEQUENCE {}					
	}
    satelliteFootprintParameters-r17 	SatelliteFootprintParameters-r17    	OPTIONAL,
    satelliteID-r17      		INTEGER (0..255)		       	OPTIONAL,
    nonCriticalExtension		SEQUENCE {}		       		OPTIONAL,
    ...
}
-- ASN1STOP



Proposal#7: Define the following ASN1 encoding for satellite footprint parameters:
	-- ASN1START
SatelliteFootprintParameters-r17 ::= SEQUENCE {
    elevationAngleR-r17  			INTEGER (-7..7) 		OPTIONAL,
    elevationAngleL-r17  			INTEGER (-7..7) 		OPTIONAL,
    refPointAlongElev-r17  			INTEGER (-100..-100) 		OPTIONAL,
    refPointCrossElev-r17  			INTEGER (-100..-100) 		OPTIONAL,
    refRadius-r17  		        	INTEGER (1..200) 		OPTIONAL,
    nonCriticalExtension      		SEQUENCE {}			OPTIONAL,
}
-- ASN1STOP


Notes:
1. The elevation angles are given from -70 to 70 Deg with a granularity of 10.
2. The reference point is given from -1000 km to 1000 km with a granularity of 10 km.
3. The reference footprint radius is given from 10 to 2000 km with a granularity of 10 km.

Proposal#8: In the case of quasi-earth-fixed cells the satellite ID parameter can be used to distinguish between beams. In the Quasi-Earth-Fixed scenario, the elevation angle parameters should not be used. In the Quasi-Earth-Fixed scenario, the reference point is given in relation to the position of the serving satellite as a reference point. The position of the serving satellite is well known from SIB31. 
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