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1 Introduction
At RAN#92-e, a WI NB-IoT/eMTC support for Non-Terrestrial Networks was agreed with the following RAN2 objectives [1]:
	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
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.

-
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 the last meeting, RAN2 has the following agreements:
	· 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).
· Sattelite 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.



In the last meeting of RAN#93, RAN has agreed to continue the work on discontinuous coverage as already planned in RAN WGs.
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 assistance information for predicting coverage discontinuity. The details of the assistance information is FFS.
According to [2]

 REF _Ref77933861 \r \h 
[3], satellite ephemeris orbital can provide pretty accurate predictions of the next satellite pass, e.g. prediction error in the range of 20 s with a prediction window of 12 hours. In addition to the trajectory of the satellite, the UE needs to know the actual coverage of the satellite which is defined by the footprint of a beam. Considering this is always either a circle or an ellipse, a simple way is to provide sub-satellite point and coverage radius. 

In the last meeting, RAN1 has made a working assumption that the NR agreement to support two different sets of ephemeris format is reused in IOT NTN.

	The two different sets of ephemeris format shall be supported:

· Set 1: Satellite position and velocity state vectors: 

· position X,Y,Z in ECEF (m)  

· velocity VX,VY,VZ in ECEF (m/s)

· Set 2: At least the following parameters in orbital parameter ephemeris format:

· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to


Then the UE can use the ephemeris to predict the time and location of the satellites. 
Proposal 1: The satellite assistance information provided to the UE includes the ephemeris and the coverage information of the satellite (e.g. the coordinates of sub-satellite point and the coverage radius).
In our understanding, RAN2 does not need to specify the details of how to predict the coverage discontinuity based on the satellite assistance information. It can be left to the UE implementation.

Proposal 2: It is left to UE implementation to predict the coverage discontinuity based on the satellite assistance information.
After the UE predicts that the UE is in the coverage of the satellites, the next question is when the UE will wake up.

For a mobile originated call, it is up to the UE implementation to wake up at the right time.

For a mobile terminated call, the UE should monitor paging during the paging time window negotiated with the network when in coverage. Already today, it is up to the UE implementation to wake up from eDRX to monitor paging, e.g. the UE may wake up a bit earlier to resynchronise to the cell and check that it is still suitable. Similarly, in NTN, the UE may wake up a bit earlier that the predicted coverage time to check the coverage.

Proposal 3: It is left to the UE implementation how to wake up at the right time for a MO call or a MT call when within coverage of a satellite.

When waking up from idle DRX or PSM, a UE tries to camp on a suitable cell to access service as defined by the cell selection/reselection process described in TS 36.304. 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.

Proposal 4: The UE is not required to attempt to camp or connect when coverage is not available.

In PSM, when the Active timer expires, the UE deactivates its Access Stratum functions and enters PSM. In PSM, due to the deactivation of Access Stratum functions, the UE stops all idle mode procedures, but continues to run any NAS timers that may apply, e.g. the periodic TAU timer. The UE shall resume Access Stratum functions and idle mode procedures before the periodic TAU timer expires for performing the periodic TAU procedure as applicable. The UE may resume idle mode procedures and Access Stratum functions any time while in PSM, e.g. for mobile originated communications. 
In our understanding, the UE behaviour when the UE is out of coverage is different from the behaviour when the UE is in PSM. When the UE is out of coverage, the UE should not resume the AS function and idle mode procedure to perform the periodic TAU procedure or mobile originated calls. In order to avoid the resuming of the AS function and idle mode procedure when the UE is out of the coverage of the satellites, we think the AS needs sending an out of coverage indication to the NAS. Then the NAS will not trigger the AS function when the UE is out of coverage. When the UE is back in the coverage of the satellites, AS can send an in coverage indication to the NAS to resume normal handling.

Proposal 5: The UE AS sends ‘out of coverage indication/in coverage indication’ to the NAS to prevent NAS sending establishment/resume request when the UE is out-of-coverage.
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 ephemeris and the coverage information of the satellite (e.g. the coordinates of sub-satellite point and the coverage radius).
Proposal 2: It is left to UE implementation to predict the coverage discontinuity based on the satellite assistance information.
Proposal 3: It is left to the UE implementation how to wake up at the right time for a MO call or a MT call when within coverage of a satellite.

Proposal 4: The UE is not required to attempt to camp or connect when coverage is not available.

Proposal 5: The UE AS sends “out of coverage indication/in coverage indication’ to the NAS to prevent NAS sending establishment/resume request when the UE is out-of-coverage.
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