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1 Introduction
In the last meeting, RAN2 has the following agreements on the non continuous coverage:
	· 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 meeting, RAN2 also receives a reply LS from SA2 [1] indicating that SA2 has agreed to support the discontinuous coverage.

	-
Support for discontinuous coverage including

-
Configuration based adaptation of MME behaviour to handle discontinuous coverage by the MME being configured to use existing functionality incl. handling of mobile reachable timer and implicit detach timer to avoid UE detach in lack of coverage, handling of downlink data buffering when the UE is not reachable.

-
Use of RAN provided awareness of discontinuous coverage in the UE to disable Access Stratum procedures and avoid triggering NAS transactions e.g. TAU request during lack of coverage. 


Also according to the agreed CR [2] in SA2#148e meeting, SA2 has agreed that the eDRX and PSM are not supported in this release.
In this document, we further discuss support of discontinuous coverage in IOT NTN.
2 Discussion
In the last meeting, RAN2 has agreed to use the satellite Ephemeris Parameters for predicting coverage discontinuity. In our understanding, the satellite ephemeris parameters only can be used to predict the trajectory of the satellite. But the UE needs to know the actual coverage of the satellite which is defined by the footprint of a beam.

RAN2 has also agreed to provide the start-time of incoming satellite’s coverage and end-time of serving satellite’s coverage for Quasi-Earth Fixed satellites. If the UE is stationary, the UE can use the start-time of incoming satellite’s coverage to know when the UE will be in the coverage. But if the UE is moving, the UE may not know when the UE will be in the coverage because the UE does not know the footprint of the satellites. 

Considering the footprint of the satellite is always either a circle or an ellipse, a simple way is to provide sub-satellite point and coverage radius. 

Proposal 1: The satellite assistance information provided to the UE includes the coverage information of the satellite (e.g. the coordinates of sub-satellite point and the coverage radius).
According to RAN1 agreement, the size of the Position and Velocity state vectors information and of the orbital parameters is 17 bytes and 18 bytes respectively. According to TS 36.331, the maximum SI message size in eMTC and NB-IoT is 936 bits and 680 bits respectively. It means one SI message can at most provide 4 or 6 satellites ephemeris information. Therefore the UE cannot predict the coverage of all the satellites and will need to wake up to receive the new assistance information after a while. 
Also according to SA2 agreement [2], eDRX and PSM are not supported in this release. Therefore the UE will need to wake up when in coverage of the next incoming satellite. Then the UE can receive the new assistance information and predict the coverage of the next incoming satellite. Therefore the ephemeris parameters of the first incoming satellite is enough. 
Proposal 2: Only the ephemeris parameters of the next incoming satellite is needed.   
A RRC_IDLE UE will try to camp on a suitable cell to access service as defined by the cell selection/reselection process described in TS 36.304. When RLF is detected, the RRC_CONNECTED UE will perform the cell selection during the RRC reestablishment procedure. In both of these cases, when no suitable cell can be found after a complete scan of all RATs and all frequency bands supported by the UE, the UE enters and remains in any Cell selection state until it finds a cell to camp on.

This is a very power consuming process and completely useless in the case of discontinuous satellite coverage deployment, where the coverage holes are fully predictable. Note that SA2 has agreed [2] that the UE may deactivate its Access Stratum functions in order to optimise power consumption until coverage returns. Therefore we think the UE behaviour in coverage outage shall be specified. 
Proposal 3: UE behaviour in coverage outage shall be specified.
The next issue is how to specify the UE behaviour when coverage is not available.

We think there are two options:

Option 1: Stop all AS functions and let timers running. UE triggers actions related to timer expiry when back in coverage
Option 2: Stop all AS functions and suspend all timers. UE resumes the timers when back in coverage
In our understanding, the RRC_IDLE UE does not need to perform the cell (re)selection when the coverage is not available. This is similar to the UE behaviour in PSM mode. In PSM, RAN2 has specified in TS 36.304 that the AS configuration is kept and all running timers continue to run but the UE need not perform any idle mode tasks. Therefore option 1 is similar to the specification for PSM. We think we can use option 1 for the RRC_IDLE UE.
	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.


For the RRC_CONNECTED UE, there are many timers in the AS layer. The UE will perform according to the specifications when the AS timer expires. When the RRC_CONNECTED UE accesses to one new cell, the UE will reset MAC and re-establish RLC/PDCP. Therefore all the MAC/RLC/PDCP timers will be stopped. 
For the RRC timers, we think, in general, they can be left running and expiring during coverage outage. One special case is T311 controlling RRC connection re-establishment. If the timer expires during coverage outage, then the UE will move to RRC_IDLE (not suspended) and will need to perform RRC Connection Establishment when back in coverage. This is a lot of signalling overhead for UEs using the user plane solution but we think the issue can be mitigated by the eNB releasing (suspending) the UE before the end of coverage. On the other hand, if the timer is just suspended, the S1 connection in the network will need to be maintained and data can keep going creating a lot of other issues, e.g. buffering, time–out …
Proposal 4: Stop all AS functions and let timers running during coverage outage.
According to SA2 agreements [1] [2], the MME may configure suitable periodic TAU timer for the UE based on TA specific configuration to handle discontinuous coverage. Therefore the UE NAS will trigger the TAU at the suitable time. However, the UE NAS may also trigger the service request in RRC_IDLE. In our view, this should be avoided. Therefore the UE AS needs to send an ‘out of coverage indication’ to the NAS to prevent NAS sending establishment request when the UE is out-of-coverage.

Then, when back in coverage, the UE AS also needs to send an ‘in coverage indication’ to the NAS to enable triggering an establishment request or UL data transmission.

Proposal 5: The UE AS sends ‘out of coverage indication/in coverage indication’ to NAS.
3 Conclusion
In this document, we have discussed support of discontinuous coverage in IOT NTN and made the following proposals:
Proposal 1: The satellite assistance information provided to the UE includes the coverage information of the satellite (e.g. the coordinates of sub-satellite point and the coverage radius).
Proposal 2: Only the ephemeris parameters of the first incoming satellite is needed.
Proposal 3: UE behaviour in coverage outage shall be specified
Proposal 4: Stop all AS functions and let timers running during coverage outage
Proposal 5: The UE AS sends ‘out of coverage indication/in coverage indication’ to NAS.
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