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1	Introduction
In Rel-18 WID [1], there is one objective to further enhance the support of discontinuous coverage:
	4.1.3    Further enhancement to discontinuous coverage
-    Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study (FS_5GSAT_Ph2).  [RAN2, RAN3].



	In Release 17, a work item is carried out to enable NB-IoT and eMTC to support Non-Terrestrial Networks (NTN) under the following assumptions:
· Transparent payload based GEO and NGSO network scenarios addressing at least 3GPP power class 3 UE with GNSS capability in both Earth fixed &/or moving cell configurations.
As part of release 18, a new work item is proposed to define further enhancements for NB-IoT NTN and eMTC NTN in order to:
· Improve mobility aspects
· Improve performance in terms of throughput
· Optimize the GNSS operation with sparse use of GNSS and power efficiency for long-term connection (compared to Rel-17)
· Further enhance support for discontinuous coverage 
NOTE:    It is expected a UE can move while under discontinuous coverage.


It is also good to note that the justification covers the fact that a UE may move while under discontinuous coverage.
In this contribution, we would like to provide our view on potential enhancements for discontinuous coverage.
2	Discussion
2.1 Common understanding of coverage windows
In release 17 it was agreed that SIB32 provides satellite assistance information for up to 4 satellites. This enables the UE predicts (4) future coverage windows, while in discontinuous coverage.
	
SystemInformationBlockType32-r17 ::= SEQUENCE {
	satelliteInfoList-r17				SatelliteInfoList-r17	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}

SatelliteInfoList-r17 ::= 	SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17

SatelliteInfo-r17 ::= 		SEQUENCE {
	satelliteId-r17				INTEGER (0..255),
	serviceInfo-r17				SEQUENCE {
		tle-EphemerisParameters-r17	TLE-EphemerisParameters-r17	OPTIONAL,	-- Need OR
		t-ServiceStart-r17				TimeOffsetUTC-r17				OPTIONAL	-- Need OR
		},
	footprintInfo-r17			SEQUENCE {
		referencePoint-r17 		SEQUENCE {
			longitude-r17 				INTEGER (-131072..131071),
			latitude-r17 				INTEGER (-131072..131071)
		} OPTIONAL,	-- Need OR
		elevationAngles-r17		SEQUENCE {
			elevationAngleRight-r17	INTEGER (-14..14),
			elevationAngleLeft-r17	INTEGER (-14..14) 				OPTIONAL	-- Need OP
		} OPTIONAL,	-- Need OR
		radius-r17					INTEGER (1..256)					OPTIONAL	-- Need OR
	}
}

maxSat-r17					INTEGER ::= 4	-- Maximum number of satellites



To enhance both mobility management and UE energy consumption it will be beneficial to ensure the UE and network (core network and/or eNB) have a common understanding of the future coverage windows. For example, this is useful to synchronize the understanding between UE and core network on when the UE can be paged. From network point of view this limits the paging signalling and from UE point of view also the time spent monitoring for paging. The eNB can also benefit from this information if it has to perform paging escalation in RAN. Another example is that core network needs such coverage window information to configure timers related to Power Save Mode and eDRX.
Proposal 1: The UE, RAN and core network must have a common understanding of the coverage window(s).
Basically, there are two options to achieve the common understanding:
1. CN-based coverage prediction
2. UE-based coverage prediction
Independently of which option is applied the estimating node must provide the coverage prediction to the other node(s). For example, in option 1 the CN must provide the coverage prediction information to the RAN and UE.
Observation 1: The common understanding of coverage windows can be based on UE or CN coverage prediction.
It is worth noting that SA2 is also discussing the topic of coverage window prediction. The identified issues and solutions can be found in TR 23.700-28 [2].
In option 1, the CN needs information on the satellite movement and UE location (and/or movement). An alternative to UE location could be the mapped cell ID or Tracking Area. The satellite movement information could be based on the ephemeris of SIB31 or SIB32 (and thus be obtained from RAN) or be directly delivered (in some format) from the satellite control center. There may be a need to define a new interface to ensure the CN has the required information on satellite movement. When the CN has made the prediction it can inform the UE about the corresponding eDRX or PSM configuration to control when the UE monitors for paging.
Observation 2: To enable CN-based coverage prediction the CN must obtain satellite movement information.
In option 2, the UE can perform the prediction based on knowledge about its own location and the received SIB32. The UE may also be able to take into account its own movement if known. The UE can then report the prediction information to the RAN and/or CN, where the latter may confirm the prediction by providing updated eDRX or PSM configuration. This would enable efficient UE cell search, paging monitoring and sleep.
Observation 3: UE-based coverage prediction is based on SIB32 and UE location information.
As noted previously, currently the SIB32, containing satellite assistance information (ephemeris and radio coverage information) can only carry information regarding 4 satellites. The reason is the limited system information transport block size, which for NB-IoT is 680 bits. It will be beneficial if the network can provide information on additional satellites via dedicated RRC signalling to avoid UE having to wake-up frequently for reading multiple SIBs carrying information about different satellites.
Proposal 2: RAN2 to discuss the provisioning of additional satellites’ ephemeris via dedicated RRC signalling.
2.2 Paging during discontinuous coverage
For coverage window prediction by the UE, a key issue is the inaccuracy of the simple orbital predictors deployed in some UEs. If the UE makes an erroneous estimate of the coverage window it means it will wake up to monitor for paging when there is in reality no radio coverage available.  
Another reason for UE failure in monitoring for paging is that the coverage window may change due to UE movement. The NTN IoT WID lists key target industries to include transportation (maritime, road, rail, air), logistics, farming, and mining. In all those industries a certain degree of UE movement is to be expected. When the UE moves it may result in the coverage window, which was predicted and potentially communicated with the network, no longer is valid. This is especially likely in the discontinuous coverage scenario, where the time between windows can be multiple hours  [3], allowing even a rather slow-moving UE to move a significant distance. 
Observation 4: UE prediction error and UE movement may result in misalignment of the paging window and the coverage window.
The misalignment of the estimated coverage window and the paging monitoring window is a challenging problem to solve, but it is important, because it can result in high UE energy consumption due to futile PDCCH monitoring and high NW signalling overhead, because of paging escalation. 
There may be approaches on both UE and network sides to address the issue. For example, the network can extend the paging a number of cycles before/after the coverage window if the UE does not respond to paging within the coverage window. 
Proposal 3: Network can extend the paging before/after the coverage window if the UE does not respond to paging within the estimated coverage window.
Likewise, the UE may extend the monitoring for paging outside the estimated coverage window, if the UE determines radio coverage is available. If the UE identifies a shift of the window, it could notify the network to realign the paging window and the coverage window. 
Proposal 4: UE can extend the paging monitoring outside the estimated coverage window if radio coverage is available. UE may report to the network to realign the paging monitoring and coverage windows.
2.3 Cell search while in discontinuous coverage
Based on the simulation results, previously presented in [3], the satellite availability can be in the range of a few seconds to 5-9 minutes. Furthermore, it was observed that the durations between satellite availability can be divided into distinct groups. For example, in constellation C 70-80 % of the durations are about 30 minutes, while the remaining durations are at least 2 hours. The most evenly distributed constellation is D, where around 55 % of the durations are 3/4 of an hour and the remaining is 1.5 hours.
For the stationary device, it may be possible to perform a fairly accurate prediction of the next satellite(s), but for a moving UE or a UE, which has performed a cold start (i.e. initial connection), this could be challenging. Being aware of the satellite availability and the durations between availability could help the UE configuring the back-off timer, i.e. the time to disable cell reselection measurements. The information could be given as cell availability time based on estimates as provided in [3]. Such basic coverage information for a constellation could be broadcasted or pre-loaded in the UEs to enable the moving and cold start UEs to determine a reasonable cell search and reselection measurement period. This would enhance the energy saving potential while a UE is in discontinuous coverage.
Proposal 5: RAN2 to consider provisioning cell availability information to enable moving and cold start UEs to determine cell search and reselection measurement period(s) to enhance energy saving potential.
3	Conclusion
This document has made the following observations:
Observation 1: The common understanding of coverage windows can be based on UE or CN coverage prediction.
Observation 2: To enable CN-based coverage prediction the CN must obtain satellite movement information.
Observation 3: UE-based coverage prediction is based on SIB32 and UE location information.
Observation 4: UE prediction error and UE movement may result in misalignment of the paging window and the coverage window.
And proposed the following:
Proposal 1: The UE, RAN and core network must have a common understanding of the coverage window(s).
Proposal 2: RAN2 to discuss the provisioning of additional satellites’ ephemeris via dedicated RRC signalling.
Proposal 3: Network can extend the paging before/after the coverage window if the UE does not respond to paging within the estimated coverage window.
Proposal 4: UE can extend the paging monitoring outside the estimated coverage window if radio coverage is available. UE may report to the network to realign the paging monitoring and coverage windows.
Proposal 5: RAN2 to consider provisioning cell availability information to enable moving and cold start UEs to determine cell search and reselection measurement period(s) to enhance energy saving potential.
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