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1.	Introduction and Background
As defined in TS 36.300 [1] Clause 4.12, support of non-terrestrial network (NTN) typically includes GSO and NGSO satellites.

E-UTRAN supports radio access over non-terrestrial networks for BL UEs, UEs in enhanced coverage and NB-IoT UEs. Support for non-terrestrial networks encompasses platforms that provide radio access through Geosynchronous orbits (GSO), Non-Geosynchronous Orbit (NGSO), which includes Low-Earth Orbit (LEO) and Medium Earth Orbit (MEO) or High Altitude Platform Systems (HAPS).

And in TS 36.508 [2], System information blocks, especially SIB31 for eMTC and SIB31-NB for NB-IoT, have already specified for GSO. However, the SIBs for NGSO are still FFS in TS 36.508 [2] and the specific test cases.
2.	Discussion
This discussion paper aims to provide a way to define the SIB configuration of NGSO satellite for IoT NTN.

As NGSO includes both LEO and MEO, considering the current industrial deployment and the characteristic of propagation channel, LEO should be the proper satellite platform to satisfy the requirements of IoT NTN use case. Therefore, in this discussion paper only LEO is discussed and MEO is not in the scope.

In TS 36.331 [3], the ephemeris within SIB31(-NB) is defined as below:
SystemInformationBlockType31-r17 ::= SEQUENCE {
	servingSatelliteInfo-r17		ServingSatelliteInfo-r17,
	lateNonCriticalExtension		OCTET STRING					OPTIONAL,
	...
}

ServingSatelliteInfo-r17 ::=	SEQUENCE {
	ephemerisInfo-r17			CHOICE {
		stateVectors				EphemerisStateVectors-r17,
		orbitalParameters			EphemerisOrbitalParameters-r17
	},
	nta-CommonParameters-17			SEQUENCE {
		nta-Common-r17					INTEGER (0..8316827)		OPTIONAL,	-- Need OP
		nta-CommonDrift-r17				INTEGER (-261935..261935)	OPTIONAL,	-- Need OP
		nta-CommonDriftVariation-r17	INTEGER (0..29479)			OPTIONAL	-- Need OP
	},
	ul-SyncValidityDuration-r17		ENUMERATED {s5, s10, s15, s20, s25, s30, s35, s40,
												s45, s50, s55, s60, s120, s180, s240, s900},
	epochTime-r17					SEQUENCE {
		startSFN-r17					INTEGER (0..1023),
		startSubFrame-r17				INTEGER (0..9)
	}																OPTIONAL,	-- Need OP
	k-Offset-r17					INTEGER (0..1023),
	k-Mac-r17						INTEGER (1..512)				OPTIONAL,	-- Need OP
	...
}

EphemerisStateVectors-r17 ::=	SEQUENCE {
	positionX-r17					PositionStateVector-r17,
	positionY-r17					PositionStateVector-r17,
	positionZ-r17					PositionStateVector-r17,
	velocityVX-r17					VelocityStateVector-r17,
	velocityVY-r17					VelocityStateVector-r17,
	velocityVZ-r17					VelocityStateVector-r17
}

EphemerisOrbitalParameters-r17 ::= SEQUENCE {
	semiMajorAxis-r17					INTEGER (0..8589934591),
	eccentricity-r17					INTEGER (0..1048575),
	periapsis-r17						INTEGER (0..268435455),
	longitude-r17						INTEGER (0..268435455),
	inclination-r17						INTEGER (-67108864..67108863),
	anomaly-r17							INTEGER (0..268435455)
}

	orbitalParameters
Instantaneous values of the satellite orbital parameters. The signalled values are only valid for the duration as defined by ul-SyncValidityDuration and epochTime.

	stateVectors
Instantaneous values of the satellite state vectors. The signalled values are only valid for the duration as defined by  ul-SyncValidityDuration and epochTime.



However, there is no clear requirement/guideline on how to define ephemeris for GSO or NGSO, so the stateVectors IE should be applicable to both GSO and NGSO. Using stateVectors rather than orbitalParameters for NGSO could be feasible to align with current SIB configuration of GSO.

Proposal #1: With the implementation complexity of System simulator (SS) considered, stateVectors is proposed to be used for NGSO/LEO.

For stateVectors IE, as the LEO moves fast, the satellite position and corresponding parameters, such as, common TA and Koffset, change frequently. So the SS needs to update the SIB-31 when needed.

As the UE position is stationary as defined in TS 36.508 [1] and the moving speed is usually known when the satellite height is fixed, a look-up table is proposed to be used for the SS to estimate the satellite position/velocity and then to update the SIB31(-NB).

Below is an example of look-up table for LEO (600 km), T1 is the starting time of service available and T2 is the time the satellite flies away.
Table 1: satellite position table for a 600 km LEO.
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When the SS needs to update the SIB31(-NB), the SS needs to search the timer offset and then find the exact position and velocity to generate the SIB31(-NB). Figure 1 illustrates how the SS estimate the ephemeris information. Detailed table are given in [4].
[image: ]


Proposal #2: A look-up table to be used to update the ephemeris information for LEO.
3.	Proposal/Way Forward
In the contribution, we discuss the analysis of applicable legacy eMTC and NB-IoT cases for IoT NTN with following proposals:
Proposal #1: With the implementation complexity of System simulator (SS) considered, stateVectors is proposed to be used for NGSO.
Proposal #2: A look-up table of position and velocity stored in SS to be used to update the ephemeris information for LEO.
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