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1. Introduction 
Following agreements were made in RAN2#115e meeting.

· 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.

Following agreements were made in RAN2#116e meeting.

· 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 document, we provide details for the support of the discontinuous coverage.
2. Discussion 

Fixed cell scenario

It is agreed that upcoming satellite start time (SST) and serving satellite end time (SET) are needed for fixed cell scenario. For rel-17, the discontinuous coverage can be handled with SST of at least one neighbor/upcoming satellite and serving satellite SET. The UE may just wake up at the SST, read the SIB to learn next SST and go back to sleep if there is no UL data to transmit or this is not paging monitoring time.

There can be multiple upcoming satellites, some covering the area in very near future and some later. However, network may broadcast at least one that is the earliest satellite covering the area when current satellite stops serving the area. The UE may then assume the coverage gap = upcoming SST – serving SET. 

Suppose the UE has information on the next satellite visit time after going to IDLE mode, it is possible the UE might be using eDRX or PSM. In this case, the next satellite visit time may not be aligned with paging monitoring cycle or UE wake up time. Therefore, it should also be possible to provide more than one satellite visit times. Offset to the first satellite visit time can be used to indicate visit time for other satellites. Then UE would be able to determine at which future time instance it should wake up based on its location and the eDRX or PSM parameters. 

This information can also be provided to a UE in RRC connected state e.g., via RRC release message. It is possible that UE may report its location information and eNB can even accurately provide the next satellite visit time for more than one multiple future time instances.

Proposal 1 Multiple satellite visit times can also be provided to UE.

Moving cell scenario

It might be challenging to provide the next satellite visit time in case of moving cell as there is no fixed reference location to calculate such time and broadcast in SIB.

It is possible each cell broadcasts the ephemeris, and beam information of current satellite. However, it will incur huge signaling overhead to do so for every other satellite in the constellation. UE may be able to predict the revisit time of current satellite but not the next visit time of other satellite unless some assistance information on next satellite is provided. 

For example, similar to upcoming satellite start time (SST), the ephemeris and beam information of the upcoming satellite can be provided. The difference from upcoming SST of fixed cell is that the satellite start time is calculated by each UE based on its own location, the ephemeris and the beam information.

The ephemeris for the next satellite or neighbor satellites includes only the orbital parameters at the epoch time (to determine the satellite position at the given time t) and beam information consists of the cell centre location at the epoch time and cell radius (to determine whether the UE will be in coverage at the given time t).

The orbital parameters except Anomaly may differ slightly. Therefore, it is possible to optimize the signalling of ephemeris of upcoming or neighbor satellites.

Proposal 2 Orbital parameters of the neighbor satellites are broadcast as delta to the orbital parameters of the serving satellite.

Enabling discontinuous coverage

UE can predict the start and end of the coverage gap based on provided satellite and beam information. However, depending on the number of satellites the UE is able to access (e.g., constellation size), the coverage gap is likely to vary. The coverage gap length can be several paging DRX cycles to several hours. The UE may stop cell search and paging monitoring during this gap. NAS layer can be made aware of the coverage gap (e.g., indicate to NAS when coverage gap-starts and when coverage-gap ends) so that NAS layer can postpone tasks (e.g., triggering PLMN search, TAU request etc.) during coverage gap.

The main point is that the UE should be able to know whether RAN supports discontinuous coverage or not in the cell and whether the UE should deactivate the AS layer function (i.e., just go to sleep state) and should not try to camp in an acceptable cell (i.e., in limited-service state) or be in “any cell selection state”. This would be important to make the system design future proof. For example, if the discontinuous coverage is not supported by a RAN or in a RAT type, then the UE may be able to prioritize the cell search to other lower priority PLMN (or other satellites supported by different PLMN) or lower priority frequency or other RATs when there is coverage gap (i.e., AS is in limited/no service/limited-service state). Therefore, a simple solution is to add an indication in SIB whether discontinuous coverage is supported in the cell.

Proposal 3 Whether the RAN supports discontinuous coverage is indicated per PLMN via SIB1.
If the SIB indicates the network supports the discontinuous coverage, then the UE can deactivate the AS layer function (e.g., monitoring, and periodic searching of cells) when the UE is in predicted discontinuous coverage. The discontinuous coverage starts when the UE loses coverage from the current satellite and is able to estimate the time for the next satellite.

In TS 36.304, following is specified.

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.

Similar to the PSM procedure, when the discontinuous coverage starts, the UE should not perform any IDLE mode tasks but it can keep the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) and let all running timers continue to run. In addition, the AS needs to indicate to NAS of the start and end of the discontinuous coverage such that tasks at NAS can also be handled accordingly.
Proposal 4 If the SIB indicates the network supports the discontinuous coverage, the discontinuous coverage should start when the UE loses coverage from the current satellite and estimates the time for the next satellite.

Proposal 5 When discontinuous coverage starts, the UE does not perform any IDLE mode tasks but it keeps the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) and let all running timers continue to run.

Proposal 6 Indications on the start and end of the discontinuous coverage are provided to NAS.
TN cell measurement
It is possible that inter RAT frequency for TN (TN frequency) has higher priority and UE would have to search the higher priority frequency more often. Some UEs may also want to go to TN for better performance and service. However, the question is whether the UE when in discontinuous coverage should be searching for TN cells.

Since the NTN cell coverage will be very large, the TN coverage may not be available depending on where the UE is. Whether the UE is in discontinuous coverage or not, the UE should not be wasting power by searching for the TN cells unnecessarily. Therefore, regardless of the discontinuous coverage, the UE should be able to store some level of information on whether TN coverage is available in the area where it is present.

The UE can be provided with the information of TN coverage (e.g., reference location and radius). It is possible that UE might have stored the information of the area where it previously detected TN frequency when it visited the area. Therefore, if the UE determines based on available information that it is in coverage of TN, it is better to try to select the TN cell.

Proposal 7 If the priority of the TN frequency is higher than NTN frequency, it is up to UE implementation whether to search TN cell when in discontinuous coverage based on any stored information of TN coverage.
PLMN search

However, it is possible that the next satellite visit time either predicted by the UE or provided by the network may not be very accurate considering UE’s location and mobility. When UE wakes up at the satellite visit time but finds no cell to camp on, the UE may end up with extensive cell/frequency search. This may be the case that coverage gap duration has not ended yet or next coverage gap duration has started, or the UE is out of coverage as what might happen in terrestrial network. Simple solution on UE’s action upon being in the no cell available state following the discontinuous coverage or satellite visit time is following the existing procedure of handling out of coverage and make use of stored ephemeris, if any.  

Proposal 8 Upon being in the no cell available state following the end of predicted discontinuous coverage time, it is up to UE to follow existing procedure of out-of-coverage or use the stored information of satellite (e.g., next satellite visit time).

3. Conclusion

Following proposals are made:
Proposal 1
Multiple satellite visit times can also be provided to UE.
Proposal 2
Orbital parameters of the neighbor satellites are broadcast as delta to the orbital parameters of the serving satellite.
Proposal 3
Whether the RAN supports discontinuous coverage is indicated per PLMN via SIB1.
Proposal 4
If the SIB indicates the network supports the discontinuous coverage, the discontinuous coverage should start when the UE loses coverage from the current satellite and estimates the time for the next satellite.
Proposal 5
When discontinuous coverage starts, the UE does not perform any IDLE mode tasks but it keeps the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) and let all running timers continue to run.
Proposal 6
Indications on the start and end of the discontinuous coverage are provided to NAS.
Proposal 7
If the priority of the TN frequency is higher than NTN frequency, it is up to UE implementation whether to search TN cell when in discontinuous coverage based on any stored information of TN coverage.
Proposal 8
Upon being in the no cell available state following the end of predicted discontinuous coverage time, it is up to UE to follow existing procedure of out-of-coverage or use the stored information of satellite (e.g., next satellite visit time).
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