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During the March 2017 RAN plenary meeting in Dubrovnik, a new Study Item on NR to support Non-Terrestrial Networks was approved [1]. Non-terrestrial networks (NTNs) refer to networks, or segments of networks, using an airborne or spaceborne vehicle for transmission [1].
· Spaceborne vehicles: Satellites
· LEO satellites
· MEO satellites
· GEO satellites
· HEO satellites
· Airborne vehicles: 
· High Altitude UAS Platforms (HAPS) encompassing Unmanned Aircraft Systems (UAS) including tethered UAS and Lighter than Air UAS (LTA), Heavier than Air UAS (HTA), all operating in altitude typically between 8 and 50 km, quasi-stationary.
Due to the wide variety of non-terrestrial vehicles, several investigations on different radio links are needed. The study item sets an objective for channel model as follows: “Study the feasibility of adapting the 3GPP channel model for non-terrestrial networks. If needed, identify and study new channel models” [1]. This is the study for RAN1. Several contributions on channel models have been submitted to RAN1 already [2], [3], [4], [5], [6], [11], [12], [13], [14], [15], [16], and [17], but the discussion has mainly be offline since the actual Study Item has not been started yet. The current status of the NTN TR can be found from [18].
This contribution discusses some aspects on the channel modeling for non-terrestrial networks. This is revised and shortened from R1-1715729 [11], R1-1719844 [12], R1-1800027 [19], and R1-1801360 [20].
Discussion on channel model merge
It seems difficult – or even impossible – just to parameterize the TR38.901 to include satellite links. There are several reasons for that. 
1) The TR38.901 is based on the multiple drop approach in which the angles and delays are randomly drawn from pre-defined distributions (same principles as its predecessors (SCM, WINNER, IMT-Advanced, etc). The drop-based simulation and model assumes fixed base stations, rich multipath scattering and local mobility of the UEs.  However, in satellite link, there is one main path with very long deterministic delay and very high deterministic Doppler shift. 
2) The TR38.901 does not model code Doppler (different Doppler shift in two ends of the frequency band. 
3) The satellite propagation effects such as tropospheric attenuation due to atmospheric gases, rain and clouds, as well as tropospheric scintillation are not included in the TR38.901 model.
4) In contrast to fixed cellular base stations, satellites move continuously. This leads to long term changes on LOS probability, delay, Doppler, path loss, shadowing, and fast fading.
However, the TR38.901 provides good parameterization for terrestrial links. To harmonize between Non-Terrestrial and Terrestrial networks, it would be good to keep the same model in the terrestrial part.
Figure 1 and Figure 2 compares the macro-cellular and satellite access links in NLOS and LOS cases, respectively. The terrestrial propagation is quite similar: multipath propagation is caused by objects near the user. However, the angular spread from satellite is almost zero (due to its distant location) while it can still be several degrees from the base station. The graphics in Figure 1 and Figure 2 illustrate the difference.
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[bookmark: _Ref492326040]Figure 1. Macro-cellular vs. satellite channel, NLOS.
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[bookmark: _Ref492326042]Figure 2. Macro-cellular vs. satellite channel, LOS.
Proposal 1: The terrestrial multipath propagation caused by local scattering around the UE should be included in the channel model.
One, very simple solution would be to concatenate the satellite and terrestrial channel models, and to re-parameterize the terrestrial part (Figure 3). Obviously, this is a very simplified conceptual drawing. Approval of Proposal 3 does not necessarily mean approval of the graphics shown in Figure 3. 
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[bookmark: _Ref492328957]Figure 3. Concatenated satellite and terrestrial links (conceptual drawing).
Proposal 2: Merging of satellite and terrestrial models should be considered.
Conclusion
Proposal 1: The terrestrial multipath propagation caused by local scattering around the UE should be included in the channel model.
Proposal 2: Merging of satellite and terrestrial models should be considered.
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