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1 Introduction
Discontinuous coverage was discussed in RAN2#113bis-e. The following points were endorsed 

	· There is significant interest for Power saving in idle mode for NTN IOT devices, e.g. there is significant interest for enhancements to eDRX/PSM (discontinuous coverage) and to relaxed monitoring, SI acquisition and WUS.
· (modified P1) For handling of coverage holes or discontinuous satellite coverage in a power efficient way R2 assumes that Satellite assistance information, e.g. ephemeris info, can be used. NTN cell specific information in SIB


In RAN2 #115-e, it was further discussed, using an Email discussion and the following agreements [1] are made:
	· 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.


Furthermore, in RAN1#106bis-e it ephemeris PV and orbital parameters has been agreed to be used as Working Assumption [2]. The Orbital parameter overhead is around 18 bytes
In this contribution, we discuss long-prediction of coverage gaps and idle DRX / PSM aspects for discontinuous coverage in IoT-NTN, with minimal impact on the specifications.
2 Discussion
It is sufficient of the UE wakes up from idle DRX or PSM at approximately the right time, preferably a little bit before the next satellite flyby. Prediction use Eutelsat orbital data over a LEO-600 km satellite orbit period of 1h 35 min 16 s ahead for satellite position and velocity is accurate within 31000 m and within 423 m/s respectively as shown in Table 1. The calculations for long-term prediction are low complexity as can be seen from formulation in [3]. The UE needs to wake up from idle DRX about ~5s seconds (=31000 m/7557 m/s) early before next satellite flyby after one orbit period 1h 35min 16s.
	Periodicity
	Radial Position error
	Radial velocity error

	600 s 
	3940 m
	18.9 m/s

	1800 s
	20700 m
	91.5 m/s

	1h 35mi 16s
	31000 m
	423 m/s


Table 1: Long-term prediction of satellite position and velocity with ephemeris orbital

Proposal 1: Satellite ephemeris orbital is used for long-term prediction of satellite position for UE wake up from idle DRX for next satellite fly-by
Long-term prediction of satellite position and velocity with ephemeris orbital can allow the UE to wake up before the satellite comes into coverage for mobile-originated calls and for mobile-terminated calls. It can be discussed how the network can send the paging at the right time when the satellite is within coverage of a UE. It is up to the network how to configure idle DRX/PSM for the UE and assume that based on ephemeris broadcast to UE it will wake up at the right time that coincides when the satellite will be next flying over the UE. If UE is not moving too much, then it is deterministic when the satellite will move into coverage of a given UE.
Proposal 2: The lowest level of knowledge in network of when a UE will be in coverage of a satellite is the time when the UE last accessed the satellite cell. 
The UE does not need to wake up every time the satellite comes into coverage if it is not configured to receive paging based on its idle DRX / PSM configuration or does not need to initiate a mobile originated call (no data to report). A simple procedure could apply as follows:
· The network knows when the UE wakes up at time t=t0 assuming it has not changed its location too much since it last access a cell. 
· The network also assume the UE can wake up a bit early before time t0. 
· The network can then try to page UE at time t0 assuming it is in coverage of a given satellite cell. If this fails, it can re-try in same satellite cell at time t0 plus some delta_t consistent with the given cell satellite cell coverage. 
· If this fails, then network can try to page at time t=t1 in given  satellite cells, or other close satellite cells, and expand to farther satellite cells.
An efficient implementation in the UE can mitigate the impact in UE power consumption. It can be shown that the impact on power consumption is not significant. Consider the following example, where a UE wake up 30 seconds early before satellite flyby. This allows for a position error of about 226 km (=7.557 km/s * 30). Further assume the UE tries once every second to synchronize. 
· At DL SNR -12 dB (consistent with MCL=154 dB), the synchronization active time PSS/SSS + MIB is in the order of 150 ms (see Annex A in MediaTek R1-2102755). 
· Assuming battery power for RX of 90 mW and battery capacity of 5Wh (TR 45.820, Section 5 and Section 7.2.4.5)
· The synchronization + MIB requires a total of 30*150 ms*90 mW = 1.1246 * 10-4 Wh per day. 
· The impact on the battery is 0.0405 Wh (=364*1.1246 * 10-4) or 0.81% (=0.0405/5*100)  battery reduction / year
It may also be considered that UE tries every 2 seconds to synchronize to further mitigate the impact on UE power consumption. This kind of optimization can be up to UE implementation. . The important thing to discuss is to determine how early the UE needs to wake up based on its idle DRX / PSM configuration and satellite ephemeris that it received and stored in its memory when it accessed the satellite cell successfully. This may be done over a number of days / weeks, so over that period of time the UE would have very good a priori knowledge when a next satellite will fly by and wake up just in time to access the satellite cell. 
As is the case in cellular paging, we should not target 100% paging success for NTN paging anywhere anytime for all UEs (paging can occasionally fail in cellular IoT). If paging does fail, a UE may initiate satellite cell search and access the network when in coverage of a satellite. Those enhancements for corner cases could be left to the implementation / application layer.  
The behaviour of the UE and the network can be different w.r.t. to Idle DRX / PSM. 
· The UE can choose to leave idle DRX / PSM at any time. This is normal way for mobile-originated calls. 
· The network will not page a UE when it is in Idle DRX / PSM.

Proposal 3: The network should page the UE at the right time when 
(a) UE enters active period of idle DRX / PSM; 
(b) UE is within coverage. 
 
3 Conclusion
In this contribution, we have the following observations and proposals regarding the discontinuous coverage in IoT-NTN:
Proposal 1: Satellite ephemeris orbital is used for long-term prediction of satellite position for UE wake up from idle DRX for next satellite fly-by
Proposal 2: The lowest level of knowledge in network of when a UE will be in coverage of a satellite is the time when the UE last accessed the satellite cell. 
Proposal 3: The network should page the UE at the right time when 
(a) UE enters active period of idle DRX / PSM; 
(b) UE is within coverage. 
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