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Introduction
In the last RAN2 meeting, there were some discussions about that where to put the K_mac, however, after online and two phase offline discussion, there is still no convergence among companies. In this contribution, we would like to provide some detailed analysis considerations on this issue for NTN system.
Discussion
[bookmark: _Hlk41985036]In the 116e meeting, whether K_mac is included in the new SIB, e.g. the one carrying satellite ephemeris and/or common TA, has been discussed both online and offline[1], and it did not converge and postpone in the end. As some companies comments, whether put all the quantities(e.g.K_mac, cell-specific Koffset, ephemeris and common TA)needed to broadcast should consider the detailed info size and update frequencies. 
Based on RAN1 105e meeting, it has agreed that Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements. And according to RAN1 107e meeting agreements, the serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time has been agreed. Moreover, from the RAN2 majority views, the K_mac and common TA are better to carry in the same SIB. Then, cell-specific Koffset could also be included in the same SIB with the three parameters above, regardless of whether it is used for initial access or connected mode, because other parameters required for initial access are placed together. 
Therefore, according to the above analysis and comprehensive consideration of the large size required, we suggest to include the ephemeris, K_mac, common TA and cell-specific Koffset in the new SIB.
Proposal 1: It is proposed to include the ephemeris, K_mac, common TA and cell-specific Koffset in the new SIB.

For NR NTN, considering that the physical layer imposes a limit to the maximum size a SIB can take. The maximum SIB1 or SI message size is 2976 bits as per 38.331. Further, in the 107e agreement, RAN1 has confirmed the WA made at 106bis-e that the size of PV state vector ephemeris format and orbital parameter ephemeris format is 17 bytes and 18 bytes separately, detailed format are as follows：
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity
· Orbital parameter ephemeris format 18 byte payload
· Semi-major axis α (m) is 33 bits
· Range: [6500, 43000]km
· Eccentricity e is 19 bits
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits
· Range: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]
And the value range of K_mac and cell specific K_offset is agreed 1-512ms and 0 – 1023 ms separately, which needs 9bits and 10bis correspondingly. Then the Common TA parameters including TACommon, TACommonDrift and TACommonDriftVariation are 60bits totally, detailed granularity and bits allocation are as following table. Afterward, we could derive that one SI can accommodate up to 21 PV state vector ephemeris or 20 orbital parameter ephemeris information approximately.
	Parameter name 
	Value range
	Granularity
	Bits allocation

	[image: ]
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	[image: ]
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   [image: ]… +-53.33 [image: ]) 
	[image: ]
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 [image: ])
	[image: ]
	15 bits

	· Value ranges are given in unit of corresponding granularity



Proposal 2: The SIB could accommodate up to 21 PV state vector ephemeris or 20 orbital parameter ephemeris information approximately.

Based on the above, the new SIB could be defined as below:
-- ASN1START
-- TAG-SIBXY-START

SIBXY ::=                            SEQUENCE {
    ephemeris                          Ephemeris     OPTIONAL,
Kmac                                ENUMERATED{ms1, ms2, ms3,...ms512}     OPTIONAL,
CommonTA                           SEQUENCE{
			TACommon                                   ENUMERATED{ms0, ms2, ms3,...ms270.73}     OPTIONAL,
			TACommonDrift             ENUMERATED{μs/s-53.33,...μs/s53.33}     OPTIONAL,
			TACommonDriftVariation  ENUMERATED{μs/s2-53.33,...μs/s253.33}     OPTIONAL,
			}
Cell-specific Koffset            ENUMERATED{ms0, ms1, ms2,...ms1023}     OPTIONAL,
}
Ephemeris ::=                            SEQUENCE {
	ServingSatelliteInfo           SEQUENCE {
		pv-EphemerisInfo              PV-EphemerisInfo     OPTIONAL,
		orbitalEphemerisInfo         OrbitalEphemerisInfo     OPTIONAL,
		}
	neighbouringSatelliteInfoList     NeighbouringSatelliteInfoList      OPTIONAL,
}
NeighbouringSatelliteInfoList ::=        SEQUENCE (SIZE (1..maxNrofNeighbouringSatellite)) OF NeighbouringSatelliteInfo       OPTIONAL,
NeighbouringSatelliteInfo ::=        SEQUENCE {
		pv-EphemerisInfo              PV-EphemerisInfo     OPTIONAL,
		orbitalEphemerisInfo         OrbitalEphemerisInfo     OPTIONAL,
}
PV-EphemerisInfo ::=             SEQUENCE {
		Position                 ENUMERATED{km-42000,...km42000}   -- 78 bit field    OPTIONAL,
		Velocity                 ENUMERATED{km-42000,...km42000}    -- 54 bit field    OPTIONAL,
}
OrbitalEphemerisInfo ::=              SEQUENCE {
		Semi-major axis                 ENUMERATED{km65000, ...km43000}   --33 bit field   OPTIONAL,
		Eccentricity e                  ENUMERATED{0, ...0.015}     --19 bit field   OPTIONAL,
		Argument of periapsis          ENUMERATED{0, ...2π}     --24 bit field   OPTIONAL,
		Longitude of ascending node   ENUMERATED{0, ...2π}     --21 bit field   OPTIONAL,
		Inclination                       ENUMERATED{-2π, ...2π}     --20 bit field   OPTIONAL,
		Mean anomaly                      ENUMERATED{0, ...2π}     --24 bit field   OPTIONAL,
}

-- TAG-SIBXY-STOP
-- ASN1STOP
Note:TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameters defined in RAN1 meeting #106bis-e. Where the unit of the TACommonDrift and TACommonDriftVariation is μs per second and μs per square second respectively. 

Conclusion
Based on the discussions mentioned above, in this contribution we provide some discussions on system information for NTN system and have the following proposals:
Proposal 1: It is proposed to include the ephemeris, K_mac, common TA and cell-specific Koffset in the new SIB.
Proposal 2: The SIB could accommodate up to 21 PV state vector ephemeris or 20 orbital parameter ephemeris information approximately.
The new SIB could be defined as below:
-- ASN1START
-- TAG-SIBXY-START

SIBXY ::=                            SEQUENCE {
    ephemeris                          Ephemeris     OPTIONAL,
Kmac                                ENUMERATED{ms1, ms2, ms3,...ms512}     OPTIONAL,
CommonTA                           SEQUENCE{
			TACommon                                   ENUMERATED{ms0, ms2, ms3,...ms270.73}     OPTIONAL,
			TACommonDrift             ENUMERATED{μs/s-53.33,...μs/s53.33}     OPTIONAL,
			TACommonDriftVariation  ENUMERATED{μs/s2-53.33,...μs/s253.33}     OPTIONAL,
			}
Cell-specific Koffset            ENUMERATED{ms0, ms1, ms2,...ms1023}     OPTIONAL,
}
Ephemeris ::=                            SEQUENCE {
	ServingSatelliteInfo           SEQUENCE {
		pv-EphemerisInfo              PV-EphemerisInfo     OPTIONAL,
		orbitalEphemerisInfo         OrbitalEphemerisInfo     OPTIONAL,
		}
	neighbouringSatelliteInfoList     NeighbouringSatelliteInfoList      OPTIONAL,
}
NeighbouringSatelliteInfoList ::=        SEQUENCE (SIZE (1..maxNrofNeighbouringSatellite)) OF NeighbouringSatelliteInfo       OPTIONAL,
NeighbouringSatelliteInfo ::=        SEQUENCE {
		pv-EphemerisInfo              PV-EphemerisInfo     OPTIONAL,
		orbitalEphemerisInfo         OrbitalEphemerisInfo     OPTIONAL,
}
PV-EphemerisInfo ::=             SEQUENCE {
		Position                 ENUMERATED{km-42000,...km42000}   -- 78 bit field    OPTIONAL,
		Velocity                 ENUMERATED{km-42000,...km42000}    -- 54 bit field    OPTIONAL,
}
OrbitalEphemerisInfo ::=              SEQUENCE {
		Semi-major axis                 ENUMERATED{km65000, ...km43000}   --33 bit field   OPTIONAL,
		Eccentricity e                  ENUMERATED{0, ...0.015}     --19 bit field   OPTIONAL,
		Argument of periapsis          ENUMERATED{0, ...2π}     --24 bit field   OPTIONAL,
		Longitude of ascending node   ENUMERATED{0, ...2π}     --21 bit field   OPTIONAL,
		Inclination                       ENUMERATED{-2π, ...2π}     --20 bit field   OPTIONAL,
		Mean anomaly                      ENUMERATED{0, ...2π}     --24 bit field   OPTIONAL,
}

-- TAG-SIBXY-STOP
-- ASN1STOP
Note:TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameters defined in RAN1 meeting #106bis-e. Where the unit of the TACommonDrift and TACommonDriftVariation is μs per second and μs per square second respectively. 
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