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Introduction
[bookmark: _Hlk70498098]Since RAN#86, FS_LTE_NBIOT_eMTC_NTN studied the support of Internet of Things Non-Terrestrial Networks (IoT NTN). This study intended to reuse the NR NTN study and conclusions in TR 38.821 [1]. The results of this work, including conclusions and recommendations for NB-IoT and eMTC, were captured and endorsed in TR 36.763 [2]. NR NTN and IoT NTN have different requirements in terms of cost, complexity, power consumption and scenarios. Thus, a Release 17 work item NB-IoT/eMTC support for Non-Terrestrial Networks was approved in RAN#92-e. The followings are part of the objectives of this work item:
	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;



This contribution will analyse the related issues for support of discontinuous coverage. 
Discussion
In R17 non-terrestrial network (NTN) work item, the UE has GNSS capability and the UE's own location information needs to be tracked and acquired by the GNSS module. In NB-IoT and eMTC support for NTN WI, it is also a prerequisite that the UE has GNSS capability. Similarly, the UE's own location information also needs to be tracked and acquired by the GNSS module. In addition, considering factors such as cost and service performance, this subject may adopt CubeSats constellation sparse deployment, which may cause discontinuous coverage problems.
If the UE always turns on the GNSS module to track and obtain its own location information, which will bring excessive energy consumption, especially for NB-IoT/eMTC devices in the sparse deployment scenario of space nodes. When the coverage is discontinuous, the UE cannot communicate with the base station. If the UE turns on GNSS module to track its own location information at this time, it is not beneficial and will increase unnecessary power consumption of the UE.
In addition, due to the fast moving of the satellite, for the UE in different sleep modes (such as PSM, eDRX, DRX), it is possible that the UE will change the serving satellite the next time it wakes up, which will lead to Radio Link Failure (RLF).
As specified in section 7.3.1.2 of TR 36.763 [2], the UE could use the satellite assistance information (e.g. ephemeris information) to predict discontinuous coverage to avoid unnecessary power consumption. And the network is expected not try to reach UEs (e.g. for paging) that are out of coverage.
	[bookmark: _Toc73984694][bookmark: _Toc75965655]7.3.1.2	Using satellite assistance information and UE location information
Satellite assistance (e.g. ephemeris information) and UE location information can be used to help UEs in IoT NTN perform measurement and cell selection/reselection, in addition to PCI and frequency information included in the broadcast system information [3] [10]. 
Satellite assistance information (e.g. ephemeris information), can be used for the handling of coverage holes or discontinuous satellite coverage in a power efficient way. For a UE, it should be possible to predict discontinuous coverage based on the satellite assistance information. To the extent that is possible/reasonable, the UE is expected to not attempt to camp or connect when there is no satellite coverage. To the extent that is possible/reasonable, the network is expected not try to reach UEs that are out of coverage. 
NOTE 1:	It is an expected requirement that the UE and the network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging).
NOTE 2:	Provisioning of satellite assistance information can be performed using System Information (SI) message(s) for IoT NTN.



Observation 1: The satellite assistance information (e.g. ephemeris information) can be used by the UE to predict discontinuous coverage to avoid unnecessary power consumption.
Proposal 1: The ephemeris information in R17 NTN could be reused by the NB-IoT/eMTC UE to predict discontinuous coverage to avoid unnecessary power consumption, and other assistance information can be further considered.
Proposal 2: The satellite assistance information can be provided to the UE in a new SIB.

As mentioned above, a LEO constellation of a low number of small satellites as CubeSats would be sufficient to address the needs of many IoT and M2M applications considering cost, complexity and service performance. This means that the time in-between coverage (i.e. revisit time) may extend up to several hours. To have some illustrative values, the average and maximum revisit time for a reference uniform Walker constellation and for an ad-hoc constellation are provided in Table 1 [3], based on the analysis reported in [4]. The type of satellites considered are CubeSats, with a service area defined by a conical field of view with half angle 45 degrees (equivalent to a maximum elevation of ~40 degrees for terminals). This leads to a maximum duration of a satellite pass over a given terminal of ~148 seconds. 
Table 1. Average and maximum revisit times in uniform Walker and ad-hoc low-density constellations [3]
	
	Average revisit time
	Maximum response time

	Walker constellation (6 planes, 1 satellite per plane)
	8 h
	12 h

	Walker constellation (6 planes, 6 satellites per plane)
	0.8 h
	2 h

	Ad-hoc constellation (30 satellites)
	0.7 h
	9 h



A UE which is not always in coverage of a satellite will need to have its wake-up period (e.g. DRX, eDRX, PSM) aligned with satellite coverage to receive paging message and service data. Otherwise, searching for the suitable cells will leads to unnecessary power consumption for the UE, and paging will be unsuccessful which introduces unnecessary signalling payload for network because the UE is not in coverage.
Figure 1 shows the characteristics and comparison of different wake-up modes. The DRX cycle is the shortest, and maximum value is 2.56s; eDRX has a longer paging cycle which usually is tens of seconds or even tens of minutes; the maximum period of PSM can reach more than ten days.

[image: ]
Figure 1
In low density constellations scenario, we think it’s better to combine DRX/eDRX (during the satellite pass over) and PSM (for out of coverage) to save power consumption for the UE. In order to ensure the synchronization between the UE and the network (i.e. when the UE is awake and reachable), existing DRX, eDRX and PSM should be enhanced. Taking into account the satellite drift and different UE characteristics, the UE may need to report some additional assistance information to help the network configure more reasonable cycle and timers.
Proposal 2: The existing power saving mechanisms e.g. DRX, eDRX, PSM, relaxed monitoring, and (G)WUS should be enhancement for supporting discontinuous coverage. 
Proposal 3: Additional UE assistance information can be provided to the network for configuring a more reasonable cycle and timers to ensure synchronization between the UE and the network.

Conclusion
Here are the proposals for support of non continuous coverage.
Observation 1: The satellite assistance information (e.g. ephemeris information) can be used by the UE to predict discontinuous coverage to avoid unnecessary power consumption.
Proposal 1: The ephemeris information in R17 NTN could be reused by the NB-IoT/eMTC UE to predict discontinuous coverage to avoid unnecessary power consumption, and other assistance information can be further considered.
Proposal 2: The satellite assistance information can be provided to the UE in a new SIB.
Proposal 2: The existing power saving mechanisms e.g. DRX, eDRX, PSM, relaxed monitoring, and (G)WUS should be enhancement for supporting discontinuous coverage. 
Proposal 3: Additional UE assistance information can be provided to the network for configuring a more reasonable cycle and timers to ensure synchronization between the UE and the network.
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