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	Introduction
[bookmark: _Ref178064866]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 objectives of this WI within the context of RAN2 are as follows:Specify the following IoT NTN specific enhancements not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Architecture:
-	Support for EPC
-	Mobility and Tracking Area:
-	Enhancements to tracking area management using the earth-fixed TA concept, considering both hard-switch and soft-switch options, where in the soft-switch option the network may broadcast more than one Tracking Area Code per PLMN.
-	Support of legacy (Rel-16) cell selection/reselection mechanisms without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.

All cellular IoT features specified up to Rel-16 are supported for IoT NTN unless problems are found.
Specify the following enhancements re-using NR_NTN_Solutions WI agreements as a baseline, according to Section 8 in TR 36.763:
-	User Plane:
-	Enhancements to ra-ResponseWindowSize, mac-ContentionResolutionTimer, HARQ RTT timer, UL HARQ RTT timer, and sr-ProhibitTimer. 
-	Enhancements to RLC t-Reordering timer. 
-	Others:
-	Provisioning of ephemeris

-	Support of legacy (Rel-16) Handover and RLF/reestablishment mechanisms without major enhancements. For eMTC, Rel-16 LTE CHO procedure can be considered without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
-	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 this contribution we discuss the following objective regarding discontinuous coverage:
“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”
	Background
3GPP has actively worked on machine type communication related improvements for LTE since Release 8. Delay-tolerant access radio resource control (RRC) establishment was introduced in LTE in Release 10. It allows the network to deprioritize connection requests from delay tolerant UEs. In Release 11, enhanced access barring (EAB), which allows barring of delay tolerant UEs in an overload scenario was specified. In Release 12 power-saving mode (PSM) feature was introduced. It allows a UE to remain registered to a network when it is powered down, i.e., in deep sleep. Extended DRX (eDRX) feature which allows UEs to optimize the time spent in power efficient RRC idle mode, similar to PSM, was introduced in Release 13. 
In Release 13, 3GPP specified eMTC and NB-IoT to support the massive machine type communications (mMTC) use case. The use case is characterized by requirements such as support of a massive number of UEs, low UE complexity to facilitate low UE cost, long UE battery life to limit the need for charging or replacing the battery, and coverage enhancements to provide ubiquitous coverage.
Power-saving mode
Power Saving Mode (PSM) is configured between the UE and the core network. UE remains attached in power saving mode, but all AS functionality can stop to save power. UE does not monitor for paging or perform any AS procedures. UE wakes up – going back to idle mode – when it has UL data pending or when it needs to perform a tracking area update (TAU). UE is reachable for DL data while it is in connected mode or active time period (i.e via paging). UE moves to this new power saving state after an “active time period” that starts when it is released to idle. 
Extended DRX
During discontinuous reception, UE can switch off the receiver for a configured period of time, i.e., a sleep cycle, to reduce battery energy consumption. A DRX cycle consists of alternating on and off periods with configured duty cycles and it indicates the number of subframes that the UE can sleep for. In idle mode, DRX cycles are also referred as paging cycles and the following values have been specified: 0.32, 0.64, 1.28, and 2.56 seconds. Extended DRX cycles were introduced in Release 13 so that it would be possible for the UE to sleep longer (up to ~44 minutes for LTE-M and 3 hours for NB-IoT) and thus be able to extend the battery life provided that there is no need for the network to reach the UE frequently. 
The radio interface follows the same principle as in legacy discontinuous reception. A new SFN (System Frame Number) layer – Hyper-SFN is introduced on top of legacy SFN structure to facilitate synchronization. UE wakes up – going back to idle mode – when it has UL data pending or when it needs to perform a tracking area update (TAU). 
	Discontinuous Coverage
In both earth-fixed and earth moving cells, a UE would experience cells moving towards and away from itself assuming that it is stationary (or can be considered as stationary) with respect to the satellites. Depending on the deployment it is also possible that there are occasional coverage gaps due to missing satellites or deployments with constellations where the number of satellites are less than what is needed to provide continuous coverage to a particular area at all times. Typically, a device camping on a network expects always-on network availability. This is in contrast to camping on a network where radio access network associated with satellites, e.g., LEO or MEO, is moving and not always providing coverage. In this case, the radio access network associated with satellites can be available occasionally, e.g., periodically or aperiodically. Such coverage gaps would result a UE not being reachable by the network when it happens to coincide with UE’s paging occasions. It would also result in UE wasting power performing RRC_IDLE state and RRC_INACTIVE state procedures such as cell searches and ‘NAS-attach’ procedures when there is no coverage.
In RAN2#115-e the following agreements regarding discontinuous coverage were taken: 
	RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO).
Satellite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused.
The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 
It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.
RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.




A paging occasion may happen to coincide with when there is no network coverage, i.e., no satellite serving the area at that time. This would mean that the network has to wait at least until the next paging occasion to reach the UE if there is network coverage by then. The impact of discontinuous coverage on reachability may be limited when DRX cycles, i.e., cycles up to 2.56 secs, are considered, but for extended DRX cycles or PSM, especially the ones with large values, the impact may not be negligible since a missed occasion would mean a long wait before having another chance to page the UE. One needs to consider how to minimize the impact of discontinuous coverage on reachability especially for such cases.
In previous meetings RAN2 discussed whether it would be possible to adapt power-saving features, such as PSM and eDRX, to support discontinuous coverage without excessive UE power consumption. There were for instance proposals that the current eDRX/PSM-functionality’s sleep cycle can be matched with no satellite coverage. However, the issue with matching periodic sleep cycle with satellite orbital patterns is that in practice it would most likely be very challenging to achieve this due to the many combinations of orbital patterns especially if multiple satellites are deployed. The satellites may not be equally spaced in phase in an orbital plane and along with the movement of the earth, the periodicity when coverage is available or not available might be more complicated than simply overlapping with a sleep cycle. By assuming even periodicity in the satellite coverage, a lot of satellite orbits may be difficult. 

[bookmark: _Toc85741194]Matching discontinuous satellite coverage with sleep cycles, e.g., in PSM and eDRX, can be challenging
[bookmark: _Toc85741209]RAN2 considers discontinuous coverage scenarios regardless of whether discontinuous reception cycles can be matched with coverage.

[bookmark: _Toc85658842]It would be important to have the UE adapt its monitoring of downlink control channels, for example for paging, with respect to the availability of coverage so that during times of network unavailability, UE is permitted to suspend RRC IDLE, RRC INACTIVE or even RRC CONNECTED procedures in order to save UE power consumption and thus extend the battery lifetime. Such adaptation would be possible if the UE is informed about when it can expect the network to be available.
[bookmark: _Toc85741210]It is up to UE implementation to adapt monitoring of downlink control channels and perform RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED state procedures with respect to the availability of coverage.

Satellite assistance information, e.g., ephemeris information, can be provided so that a UE can be given knowledge of the next serving satellite. The details of ephemeris are being discussed by RAN1, but given the initial discussions the satellite ephemeris information is merely used to calculate/predict the satellite position, mainly for the purpose of determining the timing advance with respect to the satellite. 
A table of the indicated parameters can be seen below (taken from NB-IoT RRC parameters discussion): 
	ServingSatelliteEphemerisSemiMajorAxis-r17
	Indicate the following ephemeris orbital parameter for the serving satellite:
	[6500 000… 43000 000]

	ServingSatelliteEphemerisEccentricityE-r17
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Eccentricity e 
	[0…0.015]

	ServingSatelliteEphemerisArgumentOfPeriapsis-r17
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Argument of periapsis ω [rad] 
	[0…2π]

	ServingSatellite EphemerisLongitudeOfAscendingNode-r17
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Longitude of ascending node Ω [degrees] 
	[-180o… +180o]

	ServingSatelliteEphemerisInclinationI-r17
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Inclination i [degree] 
	[-90o … +90o ]

	ServingSatelliteEphemerisMeanAnomalyM-r17
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Mean anomaly M [rad] at epoch time to
	[0… 2π]



[bookmark: _Toc85741195]In the initial RAN1 discussions on the satellite ephemeris, the satellite ephemeris gives information on the satellite orbit and is used to calculate/predict the satellite position.
It should be important to mention that the ”satellite ephemeris” does not give any information on the coverage situation. A satellite could for instance by implementation have a rather limited coverage area in order to get better link budgets from more focused beams, or a satellite could cover a very large area when coverage is more optimized. 
The UE needs to estimate how long the coverage from a particular satellite would last. This can be done in a couple of ways, one is to first signal the satellite ephemeris element which gives the satellite position and then some accompanying information that gives information on when and where there is coverage. 
[bookmark: _Toc85741211]Information for the UE to estimate coverage from a satellite is provided in satellite assistance information along with the satellite position.
For signalling the coverage, a moving coverage area and information so that UE can determine when there is no coverage and how long it takes before there is coverage again is needed. This can be possible by providing information as such as: 
1. Signaling the minimum elevation angle. A coverage area circle can thus be defined using the minimum elevation angle. For the case of earth-moving cells, the minimum elevation angle could accurately represent the coverage area and for the earth-fixed cells would give the elevation angle at which the satellite is expected to illuminate the area at which the UE is located.
2. Signaling maximum satellite-UE distance. Using the maximum satellite-UE distance, the UE can rather easily calculate whether it is in the coverage zone of a satellite by calculating the distance between the UE and the satellite and determining that that it is smaller than the maximum satellite-UE distance. By configuring this, the network may for instance add extra margins in case the ephemeris data is slightly outdated. 
For earth-moving cells, the coverage is mostly just directly beneath the satellite, thus the coverage can be quite well represented by a circle on the ground and in case that the circle does not perfectly add up to the coverage, the ”circle” signaled through method in 1 or 2 can be adapted and we do not see the need for this coverage indication to be very precise, considering the use case of IoT. 1) and 2) above can be seen in Figure 1. 
[bookmark: _Toc85741196]For moving cells, the UE should be able to determine coverage using distance-based techniques.
[image: ]
Figure 1. Figure of the method of using distance based techniques to determine coverage. In a) the UE can see that the distance is larger than a threshold and b) determines that it is under the coverage of one cell since the distance is below the threshold. 
For the earth fixed case, it gets slightly more complicated as the satellite will illuminate certain areas with time and there is a potential that the distance threshold might be fulfilled, yet the satellite might not illuminate your area – this depends on how the satellite implements its beam steering mechanism. In order for the UE to be able to determine whether it is in the coverage zone, one option could be that the network signals 3 parameters: the position of upcoming reference locations, the elevation angle at which they are illuminated (can also use the distance at which they are illuminated) and the size of the coverage area. Then, the UE can determine at which point a reference location is supposed to be illuminated based on the satellite ephemeris and whether the UE will be ”inside” the coverage area by using its own GNSS position. This can be seen in Figure 2. 
[image: ]
Figure 2. Figure of the method of using reference locations, elevation angles and coverage area radius.
The UE operation is thus to first to determine which of the circles it might belong to. If it does not belong to any of the circles, there is not coverage for the UE. If it belongs to a circle, the UE determines when the satellite will illuminate the cell using the satellite ephemeris, reference location and the elevation angle/maximum satellite-ref. location distance. It does this by calculating when the satellite will fulfill the elevation angle/max satellite-ref. location distance condition. This does not require any timestamps 
Both moving and fixed-cell information can be signaled through the following: 
CoverageInformation information element
-- ASN1START

CoverageInformation-r17 ::=			CHOICE{
	satelliteEphemeris-r17				SatelliteEphemeris-r17, 
    coverageAngle-r17					INTEGER (0..90),
    fixedCellReferenceLocationList-r17	SEQUENCE (SIZE(1..maxReferenceLoc)) OF ReferenceLocation-r17			OPTIONAL, -- Need OR
    fixedCellRadius-r17					INTEGER (0..1000)	OPTIONAL -- Need OR
}

ReferenceLocation-r17 ::= 		FFS (if defined as long-lat or GNSS position)


-- ASN1STOP

[bookmark: _Toc85741212]Minimum elevation angle or maximum distance between the satellite and the UE is provided as part of satellite assistance information to support discontinuous coverage.
There is another aspect to consider if coverage gaps or the times when there are coverage are not periodical with respect to legacy sleep cycles. It is to consider the possibility that UE’s active time does not coincide with the duration of time there is coverage, at least not immediately. Such impact may not be significant for UEs with DRX cycles or rather small eDRX cycles, but additional mechanisms may need to be introduced so that UE is still reachable within a reasonable period of time when large eDRX or PSM cycles are considered. This can be achieved, for example, by monitoring for paging additionally before and/or after a coverage gap. One can observe that timing should be adapted with respect to the location of the UE.
[bookmark: _Toc79113222][bookmark: _Toc85741197]It is possible that coverage gaps can coincide with paging occasions leading to network not being able to reach the UE within expected time, i.e., with respect to when there is coverage.
[bookmark: _Toc79113223][bookmark: _Toc79113412]Monitoring before and after a coverage gap can also be motivated by the fact that the satellite ephemeris that is used to predict when the satellite is arriving may be slightly outdated and without sufficient guard periods, there is a risk that the UE will mispredict when the satellite is available. 
[bookmark: _Toc85741198]Using satellite ephemeris to predict exactly when satellite will provide coverage to a UE has certain risks if no guard time is assumed, i.e.,  ephemeris information becomes stale.
[bookmark: _Hlk79112033]The network can indicate offset values or the size of a window prior to and after a coverage gap via broadcast information or dedicated signalling, e.g., when the UE registers to the network and/or when it updates or periodically informs its location to the network. Such a window can be marked by the actual time or with respect to a certain subframe of a particular radio frame so that UE and the network would be in sync. Please see the Figure 3. 

[bookmark: _Toc79113224][image: ]
Figure 3. Monitoring of additional PO(s) prior to the coverage gap. 
[bookmark: _Toc79113225][bookmark: _Toc79113414][bookmark: _Hlk79112121]The network can indicate which POs a UE would need to monitor so that the UE can be reached prior to and/or after the coverage gap. To simplify the mechanism, those POs that the network would expect the UE to monitor additionally can be indicated implicitly as a DRX cycle. Please see the Figure 4. 

[bookmark: _Toc79113226][bookmark: _Toc79113415][image: ]
Figure 4. Reading POs before the no coverage period. 
[bookmark: _Toc79113227][bookmark: _Toc79113416]It would be beneficial if UEs are distributed randomly within the time window so that paging load can be balanced. The paging occasions that the UE would monitor additionally within the time window, can be determined based on the UE-ID as in legacy for such distribution.
[bookmark: _Toc85741213]UE shall monitor additional POs prior to and/or after a coverage gap within a time window indicated by the network.
[bookmark: _Toc85741214]The time window is indicated with respect to a certain subframe of a particular radio frame considering a reference point in the serving cell.
[bookmark: _Toc85741215]POs that the network would expect the UE to monitor additionally are indicated as a DRX cycle and determined based on the UE-ID as in legacy.

It would be beneficial if the network indicates, via broadcast or dedicated signalling, if the UE is allowed to monitor additional POs within the time window prior to and/or after the coverage gap based on how large is the (e)DRX or PSM cycle.

[bookmark: _Toc85741216]It is indicated, via broadcast or dedicated signalling, if the UE is allowed to monitor additional POs within the time window prior to and/or after the coverage gap.

	Conclusion
In this contribution we discussed the following objective regarding discontinuous coverage:
“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”
The following observations have been made: 

Observation 1	Matching discontinuous satellite coverage with sleep cycles, e.g., in PSM and eDRX, can be challenging
Observation 2	In the initial RAN1 discussions on the satellite ephemeris, the satellite ephemeris gives information on the satellite orbit and is used to calculate/predict the satellite position.
Observation 3	For moving cells, the UE should be able to determine coverage using distance-based techniques.
Observation 4	It is possible that coverage gaps can coincide with paging occasions leading to network not being able to reach the UE within expected time, i.e., with respect to when there is coverage.
Observation 5	Using satellite ephemeris to predict exactly when satellite will provide coverage to a UE has certain risks if no guard time is assumed, i.e.,  ephemeris information becomes stale.
Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN2 considers discontinuous coverage scenarios regardless of whether discontinuous reception cycles can be matched with coverage.
Proposal 2	It is up to UE implementation to adapt monitoring of downlink control channels and perform RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED state procedures with respect to the availability of coverage.
Proposal 3	Information for the UE to estimate coverage from a satellite is provided in satellite assistance information along with the satellite position.
Proposal 4	Minimum elevation angle or maximum distance between the satellite and the UE is provided as part of satellite assistance information to support discontinuous coverage.
Proposal 5	UE shall monitor additional POs prior to and/or after a coverage gap within a time window indicated by the network.
Proposal 6	The time window is indicated with respect to a certain subframe of a particular radio frame considering a reference point in the serving cell.
Proposal 7	POs that the network would expect the UE to monitor additionally are indicated as a DRX cycle and determined based on the UE-ID as in legacy.
Proposal 8	It is indicated, via broadcast or dedicated signalling, if the UE is allowed to monitor additional POs within the time window prior to and/or after the coverage gap.
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