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1	Introduction
In RAN#86, a SI was approved to determine and evaluate the minimum necessary specification updates to introduce NB-IoT/eMTC support for non-terrestrial networks (NTN), The description for the SI was updated in RAN#90 [1] and it was agreed to use the existing work on NR NTN captured in TR 38.821 [2] as a baseline. In RAN#92-e, a follow up WI was approved to specify NB-IoT/eMTC support for Non-Terrestrial Networks. The related objectives on the topic of discontinuous coverage of RAN2 are as follows:-	Others:
-	Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage







In RAN plenary, the following issues were listed as open issues (exception sheet in [RP-220943]): 
· 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;
· GNSS Position Validity: Address Signalling details including value range of GNSS position validity remaining time for reporting to the network;
· Location Reporting: Address the FFS on UE location information reporting

In this contribution we aim to resolve the issues related to discontinuous coverage: 
1. Address the FFS regarding signalled ephemeris type (FFS if two, three of four types and the details on semantics); 
2. Address the FFS whether epoch time could be optional and be implicitly derived when not provided; 
3. Address the FFS whether in addition to BCCH provide the option to share the information by dedicated RRC signalling; 
4. Address the FFS whether anything need to be specified for AS-NAS interaction while the UE is out of coverage. 

[bookmark: _Ref178064866]2	Discussion
2.1	Ephemeris types
In RAN2#117-e meeting, there were discussions on which ephemeris types that should be supported for the purpose of the UE estimating the discontinuous coverage. The reason being that the current format (Instantaneous Orbital Elements) that is used for uplink synchronization may work well for the needed synchronization accuracy but will not allow for accurate prediction of satellite passes beyond several hours. As presented in R2-2104863, this format rapidly degrades in short periods of time, resulting in large coverage prediction errors. Therefore, it was agreed to provide Discontinuous Coverage assistance information via broadcast with a new SIB that uses Mean Orbital parameters, instead of the Instantaneous Orbital parameters, and the same ephemeris format introduced by RAN1.
[bookmark: _Toc101822881]The accuracy of Instantaneous Orbital Elements for predicting next satellite passes degrades rapidly with time.

Satellite companies have presented alternative ephemeris types (R2-2203860) that could be more efficient and accurate for the prediction of future satellite passes: 
	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



Given the stringent battery and low complexity requirements of IoT devices, we believe a simple solution should be adopted so that it can provide a decent accuracy but does not entail a high computational cost. Out of the four alternatives proposed, we think that the Brouwer-Lyddane Mean Elements Long is the most suitable for this scenario. In addition, we think that Kozai-Izsak or Brouwer-Lyddane Short are also acceptable given that they have a similar size despite a lower accuracy. The main reason is that a validity of a few days would be enough in most discontinuous coverage scenarios (R1-2106776) where the maximum out of coverage interval is expected to be around 14 hours. Even though SPG4 is widely used and provides the best accuracy (R2-2201017), this format is longer, more complex and computationally expensive than the others according to this study.
[bookmark: _Toc101822882]The Brouwer-Lyddane Mean Elements Long format provides a good trade-off between complexity and accuracy.
[bookmark: _Toc101822883]Despite its higher accuracy, the SGP4 format is more complex and computationally expensive than the other alternatives.
[bookmark: _Toc101822886][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]Brouwer-Lyddane Mean Elements Long format is used to provide Discontinuous Coverage Assistance Information.
A few companies have mentioned the possibility to specify the type of Mean Orbital parameters in the new discontinuous coverage SIB. This may imply that several formats are supported for Release 17. We believe that, for the sake of simplicity, RAN2 should only specify a single format in this release. Nonetheless, the possibility to include more formats and let the network/satellite operator decide the most suitable should be considered for future releases.
[bookmark: _Toc101822887]RAN2 to select a single ephemeris format to make specification simpler in Rel-17.
[bookmark: _Toc101822888]Postpone the consideration of alternative formats to Rel-18.

2.2	Signalling details
It was agreed that the ephemeris related information should be signalled in a new SIB and in the latest CR the SIB contains the following: 
-------------------------------
–	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
	...
}

-- 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.


-------------------------------------

For the second issue, related to whether the epoch time being optional, one needs to consider how the epoch time for uplink synchronization has been agreed and implemented. In the uplink synchronization case, the broadcasting of the epoch time can be optional, where the epoch time is taken to be the first symbol of the SI window. For discontinuous coverage purposes, the epoch time needs to be a lot larger (4 bytes as proposed in R2-2203860). However, these are sent and received from neighbouring satellites, which means that it is very unlikely that the ephemeris could be tailored so that the epoch time happens at the moment the SIB is transmitted. Thus it is likely that the ephemeris information always needs to rely on epoch time and epoch time needs to always be present. 
[bookmark: _Toc101822884]Epoch times of neighbouring satellites are unlikely to coincide with SI windows as the ephemeris elements are from neighbouring satellites.
[bookmark: _Toc101822889]Epoch time for discontinuous coverage ephemeris should always be present and cannot be implicit.

For the third issue, related to the option to share dedicated discontinuous coverage assistance information, we think that this can be highly useful even in this release. For instance, a UE might be unable to acquire this information due to the network not broadcasting the new SIB often enough, or the UE missed the System Information due to being asleep at that moment or being in RRC_CONNECTED during the whole coverage duration. If the UE is not aware of the coverage gap and its length, it may interpret the out of coverage situation as a radio link failure resulting most probably in an increase in battery consumption.
[bookmark: _Toc101822890]Discontinuous coverage SIB-related information should be available for dedicated RRC signalling.
We think that the signaling of dedicated ephemeris information can be done through RRC message DLInformationTransfer as this is used for some other cases. 
[bookmark: _Toc101822891]Discontinuous coverage SIB-related information should be available for dedicated RRC signalling and can be signalled in IEs such as DLInformationTransfer.
While the dedicated transfer of information related to discontinuous coverage can be useful, it can be challenging for the network to know when to deliver this information to the UE, thus we think that it could be useful for the UE to be able to request this type of information. This request can be delivered for instance in a Complete message (RRCConnectionSetupComplete, RRCConnectionResumeComplete etc), which is motivated by the fact that most IoT interactions are rather short. 
[bookmark: _Toc101822892]Discontinuous coverage SIB-related information should be available for dedicated RRC signalling and can be signalled in IEs such as DLInformationTransfer.

2.3	AS-NAS interaction
In discontinuous coverage the idea is that the UE will be able to sleep in between satellite passes, as have been captured in 36.304: 
----------36.304 EXCERPT----------
If the UE has determined that it is out of coverage using available satellite assistance information (e.g. ephemeris parameters and coverage parameters in SystemInformationBlockType32, SystemInformationBlockType31 or other parameters), the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, but the UE need not perform any idle mode tasks. It is up to UE implementation to handle running timers. The detection of out of coverage using satellite assistance information is up to UE implementation and once in coverage the UE shall perform all idle mode tasks.
[bookmark: _Hlk88218997]Editor’s Note: FFS which parameters may be used for determining out of coverage and how network can configure that a UE may determine that it is out of coverage, i.e. through configuring SIB32 or not.
----------36.304 EXCERPT----------
In PSM, there are interactions in between AS and NAS, as seen from 36.304: 
----------36.304 EXCERPT----------
When NAS indicates that PSM starts, the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while the UE is in PSM it is up to UE implementation whether it performs the corresponding action immediately or the latest when PSM ends. When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.
----------36.304 EXCERPT----------
What is important to note is the direction of the interaction in PSM. In PSM, the NAS will indicate to AS that PSM has been activated. This is because the logic and the starting of the PSM is done in NAS, as the configuration of PSM is negotiated with the network. 
Coming back to AS-NAS for discontinuous coverage, whether there are any interaction needed, it needs to be considered in which direction it is needed. In discontinuous coverage, the decision that the UE is out of coverage can be performed in UE by some logic unit that can be in AS, NAS or wherever, since it is up to UE implementation. Therefore, unless there is a need to change anything in NAS with regards to discontinuous coverage, it is unlikely that interaction between AS and NAS is needed. Even if there are some changes needed, it may be handled through UE implementation. 
[bookmark: _Toc101822885]The logic of deciding out-of-coverage logic is by UE implementation and not in AS or NAS, while for PSM to logic is in NAS.
[bookmark: _Toc101822893]AS-NAS interaction is not needed for discontinuous coverage – it is up to UE implementation.

2.4	Further parameters for prediction of coverage 
The fourth issue is about the further parameters needed for predicting coverage. In the current RRC CR, there is also the note: 
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.
Information like satellite id can easily be introduced with a granularity with a value range of for instance 0 to 127. It is likely that if there are more than 127 satellites, then the coverage is likely not discontinuous anymore.  
[bookmark: _Toc101822894]Satellite id has a value range from 0 to 127.
For providing the rough coverage area of the satellite, we think one elevation angle could be sufficient for earth moving cells. It has been mentioned that there needs to be two elevation angles as the coverage area might not be circular. But what is needed in the end is for the UE to be able to estimate when there will be satellite coverage and for this it would be easier to have a few parameters that approximates when there might be satellite coverage. If the actual coverage area is slightly smaller, this is likely still an OK approximation. 
The elevation angle can be optionally present and if there are irregular coverage patterns, then the network does not signal the elevation angle and the UE then has to use a slightly different method for estimating the coverage area. In the end the UE might also choose to not use the elevation angle for the estimation of when it will be out-of-coverage. 
[bookmark: _Toc101822895]Provide a single elevation angle for earth-moving cells with optional presence.
For fixed earth cell, we think that providing the satellite footprint reference location and coverage radius could be sufficient. Then the UE would have to guesstimate when the coverage represented by the parameters would be “turned on”. This can be loosely described in the related information element. 
[bookmark: _Toc101822896]Provide satellite footprint reference location and coverage radius for earth-fixed cells.
2.5 	Capabilities for discontinuous coverage
Discontinuous coverage is a feature that introduces complexity in both network and UE, especially with regards to estimating the satellite passes. Thus we think that the feature should be optional, even though it might be challenging to operate a discontinuous coverage network with the UE support to do so. This means that an operator would have to make sure in advance that a deployment where a UE tries to connect to a discontinuous NTN would never happen. For a UE that would be capable of discontinuous coverage, the UE would have to be able to: 
· Read SIB32 and understand information provided in discontinuous coverage, 
· Be able to estimate a satellite pass based on mean satellite ephemeris and coverage related information
As many other details of how discontinuous coverage is up to UE implementation, there cannot be more described in the capabilities. 
[bookmark: _Toc101822897]Discontinuous coverage is defined by a single optional feature and includes capability to read SIB32 and be able to estimate a satellite pass based on satellite ephemeris and coverage related information.

3 Conclusion
In the previous sections we made the following observations: 
Observation 1	The accuracy of Instantaneous Orbital Elements for predicting next satellite passes degrades rapidly with time.
Observation 2	The Brouwer-Lyddane Mean Elements Long format provides a good trade-off between complexity and accuracy.
Observation 3	Despite its higher accuracy, the SGP4 format is more complex and computationally expensive than the other alternatives.
Observation 4	Epoch times of neighbouring satellites are unlikely to coincide with SI windows as the ephemeris elements are from neighbouring satellites.
Observation 5	The logic of deciding out-of-coverage logic is by UE implementation and not in AS or NAS, while for PSM to logic is in NAS.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Brouwer-Lyddane Mean Elements Long format is used to provide Discontinuous Coverage Assistance Information.
Proposal 2	RAN2 to select a single ephemeris format to make specification simpler in Rel-17.
Proposal 3	Postpone the consideration of alternative formats to Rel-18.
Proposal 4	Epoch time for discontinuous coverage ephemeris should always be present and cannot be implicit.
Proposal 5	Discontinuous coverage SIB-related information should be available for dedicated RRC signalling.
Proposal 6	Discontinuous coverage SIB-related information should be available for dedicated RRC signalling and can be signalled in IEs such as DLInformationTransfer.
Proposal 7	Discontinuous coverage SIB-related information should be available for dedicated RRC signalling and can be signalled in IEs such as DLInformationTransfer.
Proposal 8	AS-NAS interaction is not needed for discontinuous coverage – it is up to UE implementation.
Proposal 9	Satellite id has a value range from 0 to 127.
Proposal 10	Provide a single elevation angle for earth-moving cells with optional presence.
Proposal 11	Provide satellite footprint reference location and coverage radius for earth-fixed cells.
Proposal 12	Discontinuous coverage is defined by a single optional feature and includes capability to read SIB32 and be able to estimate a satellite pass based on satellite ephemeris and coverage related information.
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