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1. Introduction
In RAN1#103 meeting, contribution [1] proposed to include the consideration of an NB-IoT NTN scenario for small satellites such as CubeSats as part of the IoT NTN SI work [2]. The main motivation was to ensure that 3GPP is able to come up with an adaptation/enhancement of the NB-IoT protocol for NTN that is also suitable for deployment in such scenarios, which are likely to be characterized by a restricted link budget due to limitations in the transmit power, antenna gains and number of beams that can be supported in microsatellite platforms such as CubeSats.
Discussion was held during the meeting, leading to the following conclusions/recommendations on the way forward to the consideration to be given to cube satellite scenarios [3]:
	IoT NTN Scenarios
	It was observed that Cube satellite is one type of LEO satellite covered by either scenario B or C. There was no consensus on agreeing parameters specific to Cube satellites (i.e. maximum beam diameter). Moderator view is that more discussion needed on Cube satellite scenarios in RAN1#104e.
 FL recommendation on Cube satellites: Companies are encouraged to further discuss and contribute in RAN1#104e on Cube satellites scenarios.
o    Cube satellite scenarios is a special case of scenario B or C of IoT NTN, where cube satellite has the size and power limitations typically associated with microsatellites and low-density constellations [2].
o    Companies can consider aspects related to
§  Restricted link budget consistent with extreme coverage assumption, due to relatively much smaller maximum transmission power, smaller antenna gains and number of beams.
§  Discontinuous service link coverage due to very sparse satellite constellations where UE devices can remain long periods of time without being able to detect a satellite cell.



Authors of this contribution believe support for discontinuous service link coverage will require adaptations by RAN WG2. It’s worth noting that discontinuous service link coverage is not restricted to scenarios with microsatellites/CubeSats but applies to any LEO scenario where the size of the constellation and footprint of satellites cannot guarantee that terminals always have visibility with one or more satellites.
The purpose of this contribution is to highlight areas which should be included under the study item FS-LTE-NBIOT-eMTC-NTN.
Based on above, this contribution provides:
· A description of the characteristics of low-density LEO constellations that result in service link discontinuity. [Section 2]
· A description of procedures for which adaptation may be required. [Section 3]


[bookmark: _95bgma4cgvf8]2. Low Density Constellations
From a cost, complexity and service performance perspective, a LEO constellation of a low number of small satellites as CubeSats (e.g., in the order of tens of satellites) would be sufficient to address the needs of many IoT and M2M applications. 
There exist different kinds of low throughput IoT/M2M services totally tolerant to the delay that can work under the scenario of a discontinuous coverage. For example, in smart agriculture applications, small messages, few messages per day, large delays are not a service problem and can be perfectly achieved by a satellite network with lack of continuous coverage. More examples are maritime use cases for non-critical asset tracking where today a data logger is already used, another example is livestock monitoring during pasture in rural areas and in general any non-critical asset tracking in landline, environmental monitoring, wildlife monitoring and so on. 
This means that the service link will only be available for the time that the terminal is within coverage of one of the satellites of the constellation. Only rarely – if ever – a UE will be in coverage by more than one satellite. The time in-between coverage (i.e., revisit time) may extend up to several hours. To have some illustrative values, Table 1 provides the average and maximum revisit time for a reference uniform Walker constellation and for an ad-hoc constellation, 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. The Walker constellation features six evenly distributed orbital planes at an inclination of 86.4 degrees (same inclination as the Iridium constellation) and an altitude of 500 km. Two cases are considered: one satellite per orbit plane (6 satellite constellation) and six satellites per orbit plane (36 satellite constellation). In contrast, the ad-hoc constellation is generated from selecting the launch opportunities in a given timeframe. 

	
	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


Table 1. Average and maximum revisit times in uniform Walker and ad-hoc low-density constellations

3. Affected Procedures
A discontinuous service link has impact on multiple procedures (not necessarily a complete list):
1. Cell selection
2. Cell-reselection
3. Extended Discontinuous Reception (eDRX) and paging
4. Power saving mode (PSM)

3.1. Cell Selection
A UE waking up at a particular time cannot be guaranteed coverage from a satellite cell. Two cases are relevant
a) UE has no ephemeris data for the constellation
b) UE has ephemeris data for the constellation
In case a) the UE must synchronize to the first possible cell and acquire system information. This includes ephemeris data through a new type of SIB which shall be acquired to optimize later cell-(re)selection.
In case b) the UE can wake up while it is in coverage of a satellite cell using the ephemeris data and it can know when it will again be out of coverage.
Proposal #1: RAN2 to evaluate how system information (including ephemeris data in a new type of SIB) can support a system with discontinuous service link.

3.2. Cell-reselection
A UE will often only be in coverage of a single satellite. Neighbor cell measurements will not provide useful information and the UE will eventually fall off the network. It will then need to wait for the next opportunity to do cell-selection - when in coverage of the same or another satellite of the constellation.
Proposal #2: RAN2 to evaluate the applicability of cell-reselection in context of a system with discontinuous service link.

3.3. Extended Discontinuous Reception (eDRX) and paging
A UE which is not always in coverage of a satellite will need to synchronize to a satellite and (re)-start eDRX to receive pagings. This implies a similar situation as in power save mode where the UE is during the sleep cycle not able to receive pagings.
Proposal #3: RAN2 to evaluate eDRX and paging concept in context of a system with discontinuous service link.
[bookmark: _fzhw0onqj1lp]
[bookmark: _rj0p9bc44lkj]3.4. Power Saving Mode (PSM)
Ephemeris data provided through a new SIB must be accurate to support a long power save cycle.
Also, a UE which is not always in coverage of a satellite will need to have its wake-up period aligned with satellite coverage. Otherwise, energy will be wasted searching for the cell – or it will just immediately start sleeping again until the next satellite coverage occurs. Paging will also often be unsuccessful as the UE is not in coverage at the planned time. 
Proposal #4: RAN2 to evaluate how PSM mode can be adapted to support a system with discontinuous service link.
4. Summary and Conclusions
In this contribution, we discuss the opportunity for 3GPP to support discontinuous service link as part of the IoT NTN SI work. The relevance was justified, and characteristics provided. Procedures which are affected and falling in the RAN2 scope were listed with associated proposed study items.
The following study items are proposed:
Proposal #1: RAN2 to evaluate how system information (including ephemeris data in a new type of SIB) can support a system with discontinuous service link.
Proposal #2: RAN2 to evaluate the applicability of cell-reselection in context of a system with discontinuous service link.
[bookmark: _gjdgxs]Proposal #3: RAN2 to evaluate eDRX and paging concept in context of a system with discontinuous service link.
Proposal #4: RAN2 to evaluate how PSM mode can be adapted to support a system with discontinuous service link.
5. List of referenced documents 

[1] R1-2009098, “Discussion on scenarios applicable to NB-IoT NTN, Gatehouse, Sateliot, 3GPP TSG RAN WG1 #103 e-Meeting, October 26th – November 13th, 2020
[2] RP-193235, “Study on NB-Io/eMTC support for Non-Terrestrial Network”, MediaTek Inc, 3GPP TSG RAN Meeting #86 	Sitges, Spain, December 9-31, 2019
[3] R1-2008868 “Email summary discussion on Scenarios applicable to NB-IoT/eMTC” (RAN1 103 summary AI 8.15.1).
[4] Marinan, Anne Dorothy, “From CubeSats to constellations : systems design and performance analysis”, Massachusetts Institute of Technology. Department of Aeronautics and Astronautics. Available online at https://dspace.mit.edu/handle/1721.1/85807














