[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting AH 1801                                            	R1-1800640
Vancouver, Canada, January 22nd – 26th, 2018

Agenda Item:	7.9
Source: 	Interdigital Inc.
Title:	Considerations on Coverage in Non-Terrestrial Networks
Document for:	Discussion


[bookmark: _Ref298777854]Introduction
This document focuses on various aspects of the NTN channel model that can impact coverage. We consider beam aspects for various satellite scenarios, and how the scenarios under consideration may impact aspects of beam coverage for the NTN channel model. Additionally, we highlight some of the propagation effects that affect the channel between a satellite station and a mobile station which can result in losses and irregular variations of received signals, thereby also affected coverage. We focus on effects unique to satellite channel models, and not experienced by terrestrial channel models, highlighting the need to capture these accurately in the NTN channel model.

Coverage in non-terrestrial networks 
Reliability of the coverage offered by a network is of key importance in ensuring that the needs of the end users are met.  One of the key differences between terrestrial and non-terrestrial networks is the fact that base stations (BSs) being on land provide fixed coverage in terms of coverage area and hence for the mobile stations in that area, whereas for non-terrestrial satellites (except for geosynchronous satellites) this is generally not the case. Varying satellite beam coverage can impact the reliability of coverage provided to mobile stations. Ensuring high reliability of coverage is of utmost importance as these services are anticipated to cover established and future 5G use cases [1] such as emergency communications that could include wide and local area public safety applications, network resilaince (such as backup services) etc., where extremely high reliability is key. We now discuss various aspects of the non-terrestrial channel  model that need to be accounted for in order to ensure that reliability of coverage under various satellite deployments is accurately captured.   
Satellite beam aspects
A satellite provides coverage over a geographic area by sending down a single to multiple coverage beams. For example, a LEO satellite can send down dozens of overlapping coverage beams, with each beam covering some area, to provide overall coverage to large geographic area, whereas a GEO satellite may send down a single beam.  For simplicity, regular beam patterns may be considered. The satellite coverage beams will typically share the same frequency with other beams with a given reuse factor. Figure 1 below shows one such case where a reuse factor of 3 is utilized for the satellite beams. 




Figure 1 : Frequency reuse pattern for beams with frequency reuse of 3  
Unlike the case for terrestrial networks, where coverage provided by a BS is fixed, the area a satellite provides coverage for may be fixed (as in the case of a geosynchronous satellite), or vary (as in the case of a LEO/MEO/HAPS satellites).  Additionally, the on-board functionality of a satellite can determine whether or not the satellite points to a fixed region. For simplicity, one may consider only non-tracking satellites, wherein the coverage area and hence beam direction is fixed, resulting in a moving coverage area on the earth, meaning that the offered coverage patterns for mobile stations geographic area may vary. When considering multibeam satellites, one also needs to accurately capture the interbeam interference [2], i.e., the interference caused by neighbouring beams using the same frequency. An accurate model to capture this interbeam interference that is based on the location of the mobile station is needed in order to properly account for the interference, as this will impact the received signal to interference ratio and the overall reliability of the coverage offered. Additionally, the frequency reuse factor can result in large variations in interbeam interference experienced in various coverage areas and across beams as well. Given that non-terrestrial networks are expected to provide service for a wide variety of the current and the future 5G use cases with possibly varying coverage needs (stringent reliability vs. relaxed reliability requirements), one may consider utilizing two values of interbeam interference; an average case ({avg}) and a worst case ({worst-case}), with the choice of which one to use depending on the 5G use case under consideration. As an example, this can be captured by the following table:


     	                       Table 1: Interbeam interference for various frequency reuse factors
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	Frequency reuse factor (k)
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Where is the interbeam interference and  is the frequency reuse factor. The number of tables would depend on the number of satellite scenarios, since the number of beams and reuse factors can change depending on satellite scenario under consideration. 
Additionally, coverage area of the satellite depends on the angle between a satellite and the observer’s horizon plane. An elevation of 0 degrees offers maximum coverage, however in order to avoid obstacles due to natural barriers and various factors such as atmospheric attenuation, a minimum (non-zero) elevation angle is generally considered for earth stations. 
Another factor that determines the coverage area is the satellite’s distance from the earth. The higher the orbit (e.g. GEO) the wider the coverage, but the weaker the signal. In contrast, a lower orbit satellite (e.g. LEO/HAPS) results in a smaller coverage with stronger signal.  Additionally, since LEO satellites do not stay in a fixed position relative to the surface and may only be visible on the order of several minutes per orbital pass, handover plays a critical role in ensuring continuous coverage.   
Propagation aspects
[bookmark: _GoBack]In addition to the above-mentioned satellite beam aspects and the various factors that may impact coverage for mobile stations, it is critical that the channel model captures all aspects of impairments that may affect the links between satellites and mobile stations. One of the differences in non-terrestrial links and channels vs. 3GPP terrestrial channel models is the need to predict and capture impairments due to tropospheric effects; such as attenuation due to atmospheres gases, rain, fog vapor etc., as well as irregular variations in received signal levels and in angle of arrivals which can be attributed to atmospheric multipath and other tropospheric effects. Some of these effects are a function of frequency as well as the path elevation angle, and antenna beamwidth. Where possible, 3GPP should utilize existing prediction methods for modelling these effects. For e.g., ITU-R P.676 [3] provides methods for estimating gaseous absorption, ITU-R P.840 provides recommendations for capturing attenuation due to clouds and fog, which can be non-negligible when operating above 10 GHz and would be extremely relevant in the case of Ka-band (17.3-21.2, and 27.5- 31.0 GHz) satellite channels.        

Conclusion
As discussed in this document the reliability of coverage depends on the considered satellite scenarios (i.e. GEO/LEO/MEO/HAPS), satellite beam footprints, deployment scenarios, and propagation aspects.  Given these factors, a critical aspect of the calibration effort should focus on the reliability of coverage offered to ground/mobile stations under varying 5G use cases. This should involve stringent modelling of these factors when requiring service for high reliability applications such as emergency communications which will require continuous coverage and connectivity for mobile stations. On the other hand, in order to simplify channel modelling complexity, one may consider simplistic channel model for the use cases where the reliability is not as stringent. 
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