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Introduction
TR 38.913 on "Scenarios and Requirements for Next Generation Access Technologies" defined several deployment scenarios and evaluations assumptions for the three families of usage scenarios, namely, eMBB, mMTC and URLLC. This contribution refers to the deployment scenario 6.1.7 and listed attributes therein. Specifically it aims to provide a simple path loss model for evaluating coverage and throughput performance. 
Path loss modelling for extreme ranges
To provide very long range coverage in low populated areas or over sea areas it is common to use sites with very high effective antenna heights (, e.g. by using high towers and/or deploying on natural hills or mountains. The effective antenna height over the ground or sea level can thus be many hundreds of meters, without the use of very tall antenna towers. 
This high antenna height increases the distance to the visual and radio horizon which extends the coverage. The geometrical distance to the horizon can be approximated by  where Rearth is the earth radius. To take into account refraction an effective earth radius is often used. For standard atmosphere this is usually , leading to  (see Figure 1), however anomalous propagation conditions with non-uniform vertical gradient of the refractive index can lead to atmospheric ducting which results in wave guiding and coverage well beyond the visual horizon. 
[image: ]
[bookmark: _Ref458693723]Figure 1 Distance to horizon vs. effective antenna height
The radio frequency path loss will also depend on the path clearance with respect to the terrain along the propagation path. If the first Fresnel zone is unobstructed, then the path loss is usually well modelled by the free space path loss, whereas Fresnel zone obstructions can lead to additional loss and an increase the path loss slope. 
A set of measurements from 27 sites providing coverage beyond 100 km are reported in [1]. It should be observed that the measurements are based on UEs that are able to connect to the sites. As the distance increases the number of such users goes down. This can have two explanations, either that the user density becomes lower or that the fraction of users that experience sufficiently favourable conditions through e.g. shadow fading or atmospheric ducting becomes smaller. 
Analysis of the 360 000 measurement samples reported in [1] indicate a good agreement with a simple free space path loss model to which an additional 20 dB clutter loss has been applied. This proposed pathloss model can be seen in Figure 2. The standard deviation of samples from this model was found to be 7.7 dB.
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[bookmark: _Ref454375500][bookmark: _Ref454375484]Figure 2 Proposed extreme rural pathloss model and the fit with measurement data

Hence, we make the following path loss model proposal:
Proposal 1: For the extreme rural scenario, use the free space path loss + 20 dB clutter loss with a shadow fading standard deviation of 8 dB. 
· Note: This path loss model is not representative for area coverage but replicates measurement data for those users that able to connect to an extreme rural site through favourable propagation conditions
Conclusion
The following proposal is made:
Proposal 1: For the extreme rural scenario, use the free space path loss + 20 dB clutter loss with a shadow fading standard deviation of 8 dB. 
· Note: This path loss model is not representative for area coverage but replicates measurement data for those users that able to connect to an extreme rural site through favourable propagation conditions
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