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1	Introduction
Support discontinuous coverage is one of the objectives in NB-IoT/eMTC over NTN work item as described in WID RP-211601.
	-	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 will discuss enhancements on paging, cell (re)selection to support discontinuous coverage without excessive UE power consumptions.
2	Discussion
2.1	Coverage windows in discontinuous coverage scenario 
If there are not enough satellites to provide continuous coverage in certain area in early NTN deployment or in a low-density LEO constellation, the UEs in certain area may experience in-coverage, out-of-coverage, in-coverage, out-of-coverage, etc. For example, contribution [1] illustrates a reference 16-satellite Walker constellation with four orbital planes (4 satellites in each plane). For the satellite coverage footprint, the contribution considers three sizes of the satellite visibility cone, which correspond to three distinct elevation angles 45, 30 and 25 degrees as seen from a IoT device. Based on the visibility cone, it is possible to estimate the coverage windows and gap durations.
From UE’s point of view, in discontinuous coverage scenario, the satellite coverage windows are discontinuous and may be unevenly distributed which depends on satellites constellation and minimum elevation angle for coverage. Figure1 is an example:
[image: ]
Figure 1:  Coverage windows for a specific UE with 4 satellites
Observation 1: In non-continuous coverage scenario, satellite coverage windows are discontinuous and may be unevenly distributed.
In SI discussion, RAN2 agreed that it shall be possible for UE to predict discontinuous coverage based on the satellite assistance information in a power efficient way, but no conclusion on how it works.
	For a UE, it shall be possible to predict discontinuous coverage based on the satellite assistance information. To the extent possible/reasonable: The UE is expected to save power by not attempting to camp or connect when coverage is not there. To the extent possible/reasonable: The network is expected not try to reach UEs that are out of coverage. Note that it is still an expected requirement that UE and Network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging]. 



We think it is UE’s implementation on how to predict the discontinuous coverage. The prediction accuracy may depend on the orbit propagator model used by the UE (e.g. simple orbit propagator (Two-body propagator) or accurate orbit propagators (SGP4)), the accuracy of the ephemeris information at the time it is provided, the prediction window(e.g. the interval between the time of coverage window prediction and time of receiving ephemeris data), the UE’s GNSS location information accuracy etc. 
According to contribution [2], when estimating at the IoT device the start of next satellite passes using simple orbit propagators and instantaneous orbital elements broadcast by the satellite, the prediction errors could be in the order of ~10 seconds for prediction windows of ~12 hours, up to ~230 seconds for prediction windows of ~84 hours. Specifically, from Table1, we can see the coverage window of one satellite pass (i.e. from T_Start to T_Stop) is about ~200 seconds, but the prediction error >200 seconds for the 3rd pass and the 5th pass. So, if the UE wake up from eDRX or PSM mode based on coverage prediction, it may completely miss the whole coverage window (e.g. for the 3rd pass and the 5th pass).
[bookmark: _Ref77322784]Table 1 – Prediction windows and prediction errors for next 5 consecutive passes assuming orbital parameters known at T0: 1st of May 2021 10:47:07. 
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Observation 2: It is UE’s implementation on how to predict the discontinuous coverage window. However, if UE wake-up from eDRX or PSM mode based on coverage prediction, the UE may completely miss a whole satellite coverage window because of its prediction error. 
In [3], it is proposed that the UE can wake up from sleep early before next satellite flyby where the time offset should accommodate the prediction error. It may waste UE's power if the prediction error is considerable.
Proposal 1: The accuracy of UE coverage window predictions should be investigated to conclude whether UE can align the prediction-based wakeup with the satellite coverage window in a power efficient way.

2.2	Idle mode enhancement
2.2.1	Paging in discontinuous coverage
To save UE’s power consumption, the UE may initiate both power saving mode (PSM) and extended idle mode DRX (eDRX). It is up to NW (e.g. MME) to allow the use of the PSM mode and/or eDRX.  UE may request PSM timers (e.g. T3324 Active Timer and T3412 Extended periodic TAU Timer) and eDRX timers (e.g. PTW: Paging Time Window and eDRX Cycle) in NAS messages (e.g. Attach Request / TAU Request) while NW can decide the value ​​of these timers, and inform UE via NAS messages (e.g. the Attach Accept / TAU Accept response) 
· When a UE is in PSM mode, it is not available from the NW side (for the mobile terminating services, e.g. Paging). Instead, when UE is in PSM active time (i.e. T3324), NW can page the UE. 
· When a UE is configured with eDRX but not in PTW window, it is not available from the network side. Instead, when UE is in PTW window, NW can page the UE.

When the UEs in certain area experience in-coverage, out-of-coverage, in-coverage, out-of-coverage in discontinuous coverage scenario, it is possible that the Paging Window (i.e. either the PTW in eDRX or T3324 with PSM mode on) does not align with the satellites coverage window. For example, the paging windows are out of coverage windows (see Figure 2 below). This causes the issue for Paging, the CN believes the UE is reachable and send the Paging message, but the UE is not in the coverage window. Thus, cause the Paging fail.



Figure 2: Example for mismatching of paging windows and coverage windows in NTN
In SI discussion, RAN2 agreed that, UE and Network are expected to be synchronized for paging (e.g. when the UE is awake and reachable for paging in discontinuous coverage). Otherwise, if NW and UE have no common understanding when the UE is awake and reachable, it may cause Paging issue. 
	For a UE, it shall be possible to predict discontinuous coverage based on the satellite assistance information. To the extent possible/reasonable: The UE is expected to save power by not attempting to camp or connect when coverage is not there. To the extent possible/reasonable: The network is expected not try to reach UEs that are out of coverage. Note that it is still an expected requirement that UE and Network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging]. 



Observation 3: To support paging in discontinuous coverage, UE and NW should be synchronized for paging on when the UE is reachable (e.g. in coverage windows). 
Since the CN will decide the Paging window and inform UE the timers setting via NAS messages, the most straightforward way is that the CN determines PSM and eDRX timers according to the predicted coverage windows. In other words, NW control when UE should switch between sleep ad paging monitoring based on the presence or outage of coverage.
To support this solution, the NW should perform the coverage windows prediction using satellites ephemeris data and orbit propagators as well as UE reported location information. Based on that, it is CN implementation on how to decide the paging window. For example, NW may configure the paging window within the RAN reported coverage window. As legacy, NW can page UEs within configured paging window and UE can follow the time of each paging window and wake up to monitor paging.


Figure 3: Example for matching of paging windows and NW predicted coverage windows
Proposal 2: To support paging in discontinuous coverage, one solution is CN configure paging windows based on the presence or outage of satellite coverage to decide when UE should switch between sleep and paging monitoring.
Furthermore, satellite coverage windows are discontinuous and may be unevenly distributed, it is impossible for CN to configure the paging window periodically by reusing legacy eDRX parameter (e.g. eDRX Cycle) and PSM parameter (e.g. T3412 Extended periodic TAU Timer). So, the CN may need to indicate aperiodic paging window to UE in NAS messages.
Proposal 3: CN can configure a set of aperiodic paging windows to UE in NAS messages, to align with the unevenly distributed coverage windows.
Another way forward is that UE predicts discontinuous coverage based on satellite assistance information and wake up to monitor paging before the estimated coverage window.  The drawback of this way-forward is that, it is a UE solution instead of NW. If NW don’t know the distributed coverage window for this UE (as Figure1), NW configured paging window may not align with coverage window at all (i.e. same issue as Figure2). Of course, NW may configure a long paging window covering the possible coverage windows, However, it may have multiple issues such as:
· NW may have to page UEs in vain even they are out of coverage. It will waste core network and eNB resource for paging, e.g. paging the UE in a long duration window while the UE may be only in the coverage for a few minutes.
· It affects the Paging Strategy in the MME. Current MME usually choose to page the UE in larger area in next paging attempt when the current paging attempt failed, e.g. no UE response when a timer (e.g. a few seconds) expired. 

Observation 4: If NW has no knowledge of satellite coverage windows, it’s hard for NW to configure the paging windows properly.
Just as mentioned in Section 2.1, if the UE cannot align the prediction-based wakeup with the satellite coverage window in a power efficient way, the UE may miss a satellite coverage window altogether, which will result in the UE not being able to monitor paging because the coverage window prediction error is too large.
Observation 5: UE may fail to monitor paging when it wakes up from eDRX or PSM mode based on coverage predictions.

2.2.2	Cell (Re)selection changes for discontinuous coverage 
For the discontinuous coverage scenario, if the UE have already coverage prediction information by means of internal prediction or network assistance, the UE is aware of whether there is discontinuity in coverage for the current serving cell already. In current system, the idle mode UE continue to measure serving cells as per the RRM requirements specified in TS36.133 and trigger neighbour cell measurements based on serving cell measurements for cell reselection. For IoT-NTN UE having information about coverage prediction may already know the discontinuity for current serving cell based on this information. In such cases the UE need not trigger cell reselection measurements to minimize the energy consumption of idle mode. This will require further clarification in UE behaviour related to idle mode RRM measurements depending on the awareness of coverage discontinuity.
Proposal 4 : For IoT-NTN in discontinuous coverage scenario, disabling of cell reselection measurements based on UE awareness of coverage continuity should be supported.

2.3	Connected mode enhancement 
For IoT-NTN UE, the active duration of data transmission is shorter compared to normal devices due to the nature of traffic from these UEs. For terrestrial NB-IoT UE connected mode measurements and mobility is not supported due to above reason. For eMTC devices also only basic connected mode mobility features. As the traffic profile of IoT-UE also same as terrestrial IoT devices, connected mode enhancements are not essential for the basic functionality for NTN. As support of minimum essential functionalities is sufficient for Rel-17, we propose that further enhancements involving signalling messages changes for connected mode mobility or RLF procedure based on coverage prediction are not considered for Rel-17.
Proposal 5 : Further enhancements involving signalling message changes for connected mode mobility or RLF procedures in support of discontinuous coverage are not considered for IoT-NTN in Rel-17.
If the coverage window prediction or configuration is supported in Rel-17, in case of RLF detection at UE, the UE may skip the cell selection for re-establishment to save UE’s power if the coverage window prediction already indicate coverage gap at this moment or for current location. This change will require changes in specification related to cell selection for re-establishment in TS36.331.
Proposal 6 : Triggering of cell selection on RLF detection for re-establishment based on coverage window prediction can be considered as UE behaviour change for NTN in Rel-17.
3	Conclusion
This document has made the following observations:
Observation 1: In non-continuous coverage scenario, satellite coverage windows are discontinuous and may be unevenly distributed.
Observation 2: It is UE’s implementation on how to predict the discontinuous coverage window. However, if UE wake-up from eDRX or PSM mode based on coverage prediction, the UE may completely miss the whole satellite coverage window because of its prediction error. 
Observation 3: To support paging in discontinuous coverage, UE and NW should be synchronized for paging on when the UE is reachable (e.g. in coverage windows). 
Observation 4: If NW has no knowledge of satellite coverage windows, it’s hard for NW to configure the paging windows properly.
Observation 5: UE may fail to monitor paging when it wakes up from eDRX or PSM mode based on coverage predictions.
And proposed the following:
Proposal 1: The accuracy of UE coverage window predictions should be investigated to conclude whether UE can align the prediction-based wakeup with the satellite coverage window in a power efficient way.
Proposal 2: To support paging in discontinuous coverage, one solution is CN configure paging windows based on the presence or outage of satellite coverage to decide when UE should switch between sleep and paging monitoring.
Proposal 3: CN can configure a set of aperiodic paging windows to UE in NAS messages, to align with the unevenly distributed coverage windows.
Proposal 4 : For IoT-NTN in discontinuous coverage scenario, disabling of cell reselection measurements based on UE awareness of coverage continuity should be supported.
Proposal 5 : Further enhancements involving signalling message changes for connected mode mobility or RLF procedures in support of discontinuous coverage are not considered for IoT-NTN in Rel-17.
Proposal 6 : Triggering of cell selection on RLF detection for re-establishment based on coverage window prediction can be considered as UE behaviour change for NTN in Rel-17.
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