Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 Meeting #116bis-e	Tdoc R2- 2201599
Electronic Meeting, Jan 17th - 25th, 2022	Revision of R2-2110834

Agenda Item:	9.2.2
Source:	Ericsson
Title:	Discontinuous coverage in IoT NTN
Document for:	Discussion, Decision
	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 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







Regarding discontinuous coverage, in the last meeting (RAN2#116-e) the following agreements were reached: 
	· Satellite Ephemeris Parameters (not same as for L1 pre-compensation, for the constellation, not just single satellite) is needed for the UE for predicting coverage discontinuity. Other info, e.g. beam info, elevation angle, reference location or corresponding is FFS. 
· Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.
· From RAN2 point of view, the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and WUS can be reused in IoT-NTN. Minor enhancements in existing power saving mechanisms to support discontinuous coverage is FFS



In this contribution we continue to address details regarding continuous coverage. 
	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.
[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: _Toc92795083]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.

Signalling coverage
In the last meeting, it was agreed that Satellite Ephemeris parameters are needed for the UE for predicting coverage discontinuity and that other info such as beam info, elevation angle, reference location is FFS. It is essential for the UE to know when it shall wake up to listen for paging information and read information for synchronizing and transmitting data if there are uplink data in the buffer. 
The UE needs to estimate how long the coverage from a particular satellite would last so as to know when to come out of sleep. Therefore, in the last meeting, it was also agreed that the start-time of incoming satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.. 
For earth-moving cells, if we make the approximate assumption that beams are pointing downwards towards the center of the earth the needed information except the satellite position (given by the satellite ephemeris) is the coverage information. If we can make another assumption that the combined satellite beams create a ”satellite” coverage area that together is roughly circular, then some information that represents this circular area on the surface of the earth is needed. 
[bookmark: _Toc92795079]For determining earth-moving cells coverage area the needed information is the circular area beneath the satellite.
For earth-fixed cells, the satellite will successively be illuminating areas on the ground as it traverses the earth, which means that the coverage area is no longer directly beneath the satellite. If we can make the same assumption as for the earth-moving case that the coverage area is roughly circular on the surface of the earth, then what is needed is the information that represents the circular area, locations that tells where the center of the circular area is as well as information that gives the time when these areas will be served. 
[bookmark: _Toc92795080]For determining earth-fixed cells coverage area the needed information is circular coverage area as well as information that gives the time to serve the area.

Then for determining exactly what is the needed information for each case: 
For earth-moving cells, the circular area can be represented by either a minimum elevation angle or a minimum UE-to-sat distance. By using this, the UE can use the trajectory of the satellite to find the time when the UE should wake up to synchronize. With the minimum UE-to-sat distance this is done by finding t_wakeup=t such that |pos_satellite_ECEF(t) – UE_position|<min_UE_sat_distance. And to find the end of the serving time, this is finding t_endtime=t, |pos_satellite_ECEF(t) – UE_position|>min_UE_sat_distance where t>t_wakeup. This is depicted in figure 1. 
[bookmark: _Toc92795084]Introduce minimum satellite distance or minimum elevation angle to support discontinuous coverage for earth moving cells.
[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 earth-fixed cells, the circular areas can be represented by a radius r as well as a set of points in the middle of the circular areas, where each point is a point on the surface of the earth (could be ECEF or long-lat). If the assumption is that the satellite will start and stop serving an area at the same elevation angle from the reference location, then the information that gives the time to serve the areas can either be represented as an elevation angle or a distance that determines when the circular area would be served. This is possible since the distance from a UE to a satellite is always monotonically increasing up until its maximum and then monotonically decreasing, making it possible to determine when the satellite will start serving an area. 
To determine the time to wakeup is done by finding t where |pos_satellite_ECEF(t) – reference_location|< reference_location_distance, where the reference_location is the reference location in the list that satisfies |UE_location_reference_location| < r. 
[bookmark: _Toc92795085]Introduce reference location distance or minimum reference elevation angle, as well as radius r and reference location to support discontinuous coverage for earth-fixed cells.
Both moving and fixed-cell information can be signaled through the following: 
CoverageInformation information element
-- ASN1START

CoverageInformation-r17 ::=			CHOICE {
	earthMovingElevationAngle    INTEGER (0..90),
	earthFixed					 SEQUENCE {
    	referenceLocationList-r17	SEQUENCE (SIZE(1..maxReferenceLoc)) OF ReferenceLocation-r17
    	coverageRadius-r17			INTEGER (0..1000)
		activationAngle				INTEGER (0..90)	
	}	
}

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

-- ASN1STOP


Regarding how to signal the discontinuous coverage parameters, there are several aspects to consider. In RAN2#116-e it was agreed that that serving satellite ephemeris will be signaled in a NTN-specific SIB. In RAN2#107-e the following was confirmed: 
Agreement
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· 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 bit - 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]

One option would be to signal the ephemeris-related information in the same NTN-specific SIB. But as seen in the RAN1 agreement above the information elements related to discontinuous coverage can be seen to be quite large – 132 or 144 bits each (may become larger with ASN1-coding). As the already introduced NTN-specific SIB is expected to be needed to be sent fairly often, it would be beneficial if the discontinuous coverage related information is not included with NTN serving cell parameters. Also important is that coverage-related fields that should not apply to continuous coverage case as discussed above should also be introduced. We thus propose that a new SIB specific to either discontinuous coverage is introduced.  
[bookmark: _Toc92795086]A new SIB for discontinuous coverage related information elements is introduced.

Discontinuous coverage paging enhancements
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. 
[bookmark: _Toc79113222][bookmark: _Toc92795081]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: _Toc92795082]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 2. 

[bookmark: _Toc79113224][image: ]
Figure 2. 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. This is shown in  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: _Toc92795087]UE shall monitor additional POs prior to and/or after a coverage gap within a time window indicated by the network.
[bookmark: _Toc92795088]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: _Toc92795089]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: _Toc92795090]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	For determining earth-moving cells coverage area the needed information is the circular area beneath the satellite.
Observation 2	For determining earth-fixed cells coverage area the needed information is circular coverage area as well as information that gives the time to serve the area.
Observation 3	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 4	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	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 2	Introduce minimum satellite distance or minimum elevation angle to support discontinuous coverage for earth moving cells.
Proposal 3	Introduce reference location distance or minimum reference elevation angle, as well as radius r and reference location to support discontinuous coverage for earth-fixed cells.
Proposal 4	A new SIB for discontinuous coverage related information elements is introduced.
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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