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Introduction
[bookmark: _Hlk70498098]In RAN2#117-e [1], the following agreements were achieved:
	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.
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 need to be specified for ASNAS interaction. 
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.
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.
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. 



This contribution will focus on the open issues from exception sheet in RP-220943 for support of discontinuous coverage, as follows:
	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 need 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;




Discussion
Ephemeris type
In last RAN2 meeting, RAN2 assumed that the network can signal mean ephemeris parameters. And satellite operators proposed four types of mean ephemeris parameters except the first instantaneous orbital elements during the email discussion [2] in RAN2#117-e as follows:
	 
Type
	Contents and format of the “orbital elements” within the SIB_SAI
	Possible propagator

	Instantaneous orbital elements
(NOTE: This is not actually mean elements, but can be considered as a possible option)
	Contents: (1) semi-major axis, (2) eccentricity, (3) argument of periapsis, (4) longitude of the ascending node, (5) inclination, (6) mean anomaly at epoch time, 

Format: 18-byte orbital parameters format already agreed in RAN1

*Epoch time is not transmitted. It is assumed to be the time that the SIB is received.
	Propagator: Simple Keplerian motion, Two-body propagator


	Kozai-Izsak Mean Elements
	Contents: (1) semi-major axis, (2) eccentricity, (3) argument of periapsis, (4) longitude of the ascending node, (5) inclination, (6) mean anomaly at epoch time, (7) epoch time

Format: 18-byte orbital parameters format already agreed in RAN1 + 32 bit EPOCH (4 byte)

Total: 22-bytes
	J2 propagator


	Brouwer-Lyddane Mean Elements Short
	
	

	Brouwer-Lyddane Mean Elements Long
	Contents: (1) semi-major axis, (2) eccentricity, (3) argument of periapsis, (4) longitude of the ascending node, (5) inclination, (6) mean anomaly at epoch time, (7) epoch time

Format: 18-byte orbital parameters format already agreed in RAN1 + 32 bit EPOCH (4 byte)

Total: 22-bytes
	J4 propagator
 (Includes J2,J3)

	SGP4 mean elements (extracted from e.g. NORAD TLE)
	Contents: (1) Inclination, (2) RAAN, (3) eccentricity, (4) argument of perigee, (5) mean anomaly, (6) mean motion, (7) revolution number at epoch, (8) epoch time,  (9) First time derivative of the mean motion, (10) Second time derivative of the mean motion, (11) BSTAR drag term 

Format: 18-byte orbital parameters format already agreed in RAN1 + 32 bit EPOCH + 4-bit revolution number + 33 bit ballistic coefficient + 24 bits second derivative of mean motion + 24-bit drag term = 18-byte orbital parameters + 11 byte SGP4 parameters + 4 byte EPOCH.

Total: 33-bytes
	SGP4 propagator


Sateliot and GateHouse [3] also shows the range errors from the comparison of the TLE/SGP4 predictions against the precise GNSS ephemeris of the satellites. It is observed that in-track error and cross-track error are small via TLE/SGP4-based prediction for long-term prediction which can reduce the number of falsely predicted coverage opportunities for the UEs. 
In general, we are open to introduce these types of mean orbital elements for discontinuous coverage prediction, but we would like to reduce the complexity of UE and signalling overload due to introducing too many types of ephemeris info. 
As mentioned by satellite operators that the SGP4 mean elements (e.g. NORAD TLE) is widely used in the satellite industry and is helpful for high accuracy, we prefer to introduce this type of ephemeris info for discontinuous coverage prediction.
Proposal 1: RAN2 can use the SGP4 mean elements for discontinuous coverage prediction.

Epoch time
In RAN1#108-e, RAN1 agreed that epoch time can be explicitly provided through SIB or implicitly known as the end of the SI window during which the NTN-specific SIB is transmitted.
	Agreement
For epoch time signaling for IoT NTN:
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.
· The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.
Confirm agreements on Epoch time in NR NTN are re-used for IoT NTN
· Otherwise, when Epoch time is not explicitly indicated in SIB, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the NTN-specific SIB is transmitted.
· Note: The NTN-specific SIB is expected to be updated per SI window



However, RAN1 agreement on epoch time is for instantaneous ephemeris parameters. During RAN2#117-e discussion, it is FFS if epoch time can be optional and be implicitly derived. 
As mentioned by satellite operators, epoch time is indeed one of the parameters in different types of mean ephemeris elements. In addition, if we follow RAN1 agreement that the epoch time can be implicitly derived by the end of SI window during which the SI message including SIB32 is transmitted, the epoch time is various due to SIB32 broadcasted in different SI window, this will lead to inconsistent understanding of epoch time and validity time of the same mean ephemeris elements for different UEs. Furthermore, we understand that the SIB32 for discontinuous coverage prediction is expected to update unfrequently which is also the reason for introducing the mean ephemeris elements. Thus, we prefer to explicitly provide the epoch time for mean ephemeris elements.
Proposal 2: Epoch time should be provided explicitly for the mean ephemeris elements.
On the other hand, epoch time only indicates the time when the mean ephemeris elements was generated, and cannot indicate the validity duration of the mean ephemeris elements. So we think the validity time is also needed for prediction of discontinuous coverage. As mentioned by satellite operators, there are different typical validity for different type of mean ephemeris elements, such as order of a few days for Kozai-lzsak mean elements or a few of weeks for SGP4 mean elements. It is acceptable that the validity time is implicitly derived by the type of mean ephemeris elements.
Proposal 3: The validity time of the mean ephemeris elements can be provided explicitly or implicitly indicated by the type of mean ephemeris elements.

Whether dedicated RRC signalling can be used
In R17 NTN WI, RAN2 agreed that NTN ephemeris can be provided by pre-configuration in uSIM, NAS, SIB and RRC signalling in RAN2#112-e meeting.
Agreements:
1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    
2. Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.  

Due to the limitation of SIB size for NB-IoT/eMTC, we think that the network can transmit supplemental information to the UE in connected mode in dedicated signalling. Due to the limited time left in Rel-17, this issue can be deferred to the future release.
Proposal 4: The dedicated RRC signalling can be considered to transmit ephemeris information to UE in future release.

Whether AS-NAS interaction is needed
RAN2 agreed that the UE is not required to perform any cell search and may deactivate its AS functions to optimize the power consumption while in discontinuous coverage. In addition, we think that NAS layer can deactivate NAS function (e.g. service request) during the coverage gap to reduce the power consumption if NAS layer can be aware of the start and end of the discontinuous coverage.
According to RAN2 agreements, the remaining UE behaviour is left to the UE implementation. We understand that the AS-NAS interaction can be achieved by the UE implementation. The other enhancements on this issue can be deferred to the next release if needed. 
Proposal 5: AS-NAS interaction is not introduced in Rel-17.

Whether additional new parameters can be used
In last meeting, RAN2 agreed that we reuse the satellite ephemeris orbital parameters, already agreed for UL pre-compensation, for multiple satellites. However, we think it’s not enough for UE to predict the discontinuous coverage.
For quasi-earth fixed cell, RAN2 agreed that the reference location of the cell is broadcast in system information in WI NR_NTN:
Agreements via email - from offline 108:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

For the UE prediction of coverage-gaps between a set of satellite cells, only the satellite ephemeris orbital parameters is not sufficient, which is can only to be utilized to derive the satellite sweeping path, and at least another factor need to be taken into consideration, that is, the satellite cell coverage from those positions, which can be derived via projecting a coverage area in the UE ground based on some assistant information, e.g., the reference location, the footprint size of the cell and beam information. Additionally, the geometrical coverage for a LEO satellite is an oval, and can be roughly regarded as a circle, the reference location is the centre point of the circle. Hence, if the radius of the circle can be provided to UE, it will be clear to UE when the coverage will be stop service. 
Therefore, we think that the reference location and the footprint size of the cell can be helpful for UE to compare the distance (between UE and the cell) with the cell radius, and then predict the discontinuous coverage.
Proposal 6: For quasi-earth fixed cell, the satellite assistance information should also include the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
For moving cell, the assistance information could include the satellite ephemeris info, the cell reference location, and the cell footprint size. In particular, if satellite transmits the beam perpendicular to the earth ground, ephemeris info and the cell footprint size are enough for prediction as reference point can be derived based on the ephemeris.
During the discussion in RAN2#117-e, some companies proposed to introduce the minimum elevation angle for moving cell. We understand this is based on the assumption that the satellite always transmits the beam perpendicular to the earth ground for moving cell. If we introduce the cell coverage information (reference location, footprint size) for quasi-earth fixed cell, the same parameter format can be also used for moving cell and this can avoid to introduce more additional parameter. Therefore, we prefer that the reference location of the cell and the cell footprint size can be provided for moving cell.    
Proposal 7: For moving cell, the satellite assistance information could include the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
Conclusion
Here are the proposals for support of non-continuous coverage.
Proposal 1: RAN2 can use introduce the SGP4 mean elements for discontinuous coverage prediction.
Proposal 2: Epoch time should be provided explicitly for the mean ephemeris elements.
Proposal 3: The validity time of the mean ephemeris elements can be provided explicitly or implicitly indicated by the type of mean ephemeris elements.
Proposal 4: The dedicated RRC signalling can be considered to transmit ephemeris information to UE in future release.
Proposal 5: AS-NAS interaction is not introduced in Rel-17.
Proposal 6: For quasi-earth fixed cell, the satellite assistance information should also include the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
Proposal 7: For moving cell, the satellite assistance information could include the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
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–	SystemInformationBlockType32
The IE SystemInformationBlockType32 contains satellite assistance information for prediction of discontinuous coverage.
SystemInformationBlockType32 information element
-- ASN1START

SystemInformationBlockType32-r17 ::= SEQUENCE {
	satelliteInfoList-r17				SatelliteInfoList-r17	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}

SatelliteInfoList-r17 ::= SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17

SatelliteInfo-r17 ::= SEQUENCE {
	ephemerisOrbitalParameters-r17		EphemerisOrbitalParameters-r17,	
	t-Service-r17							TimeUTC-r17				OPTIONAL,	-- Need OR
	...,
[
referenceLocation-r17                   ReferenceLocation-r17      OPTIONAL,  --Need OR
coverageRadius-r17                      PositionStateVector-r17     OPTIONAL,  --Need OR
    epochTime-r17                           TimeUTC-r17                 OPTIONAL --Need OR
]
}

ReferenceLocation-r17 ::= ENUMERATED { ffs }
PositionStateVector-r17 ::= INTEGER (-33554432..33554431)

-- ASN1STOP

Editor's Note: Agreement: 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.

	SystemInformationBlockType32 field descriptions

	ephemerisOrbitalParameters
Mean values of the satellite orbital parameters.

	t-Service
Time information on when the incoming satellite is going is to start serving the area for Quasi-Earth Fixed satellites.

	referenceLocation
Reference location of a cell provided via NTN quasi-Earth fixed system or moving system. If satellite transmits the beam perpendicular to the earth ground for moving system, this field can be absent. FFS for exact field description.

	coverageRadius
The coverage radius of a cell provided via NTN quasi-Earth fixed system or moving system.

	epochTime
Indicates the time when the ephemeris orbital parameters were generated.



