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1 Introduction
A first Study Item on NR to support Non-Terrestrial Networks was approved during the March 2017 RAN plenary meeting in Dubrovnik. It was decided that a NTN channel model shall be defined at RAN1 level, while scenario definitions and identification of potential impacts on NR to include NTN shall be discussed at RAN plenary. NTN include both spaceborne vehicles, i.e. satellites (LEO, MEO and GEO) and airborne vehicles, i.e. high altitude platforms (HAPS).  The goal of this document is to define the main requirements that shall be expected from the NTN channel model. Also, some assumptions are proposed in order to keep the NTN channel model as simple as possible, while still meeting the desired requirements.
2 Requirements
Even if satellite and terrestrial channel models rely on the same physical principles, they traditionally differ from each other since: 

· Multipath  components are generally less powerful in satellite links due to the higher satellite elevation angle and/or due to the use of more directive antennas

· For satellite links, UE bandwidth is generally lower than the coherence bandwidth of the channel, unlike terrestrial links 

· MIMO operations are usually not considered in existing satellite links. This is because the uncorrelation assumption between the different channels from one transmit antenna to one receive antenna is generally not satisfied.
Most literature on satellite channel modeling assumes therefore a flat fading channel model (also called non-frequency selective channel models), focusing on the statistical description of the received power variation with time (see Section 6 of [1] for instance), which is equivalent to generate a time-varying TDL with a single tap. However, the channel model defined in TR38.901 for terrestrial links is based on drop-based simulations.
Proposal 1: Consider only drop-based simulations for NTN channel models
Note: Doppler effects shall still be taken into account
The flat fading satellite channel models can easily be used to generate coefficients for drop-based system level simulations and link level simulations. 

However, some future satellite or HAPS scenarios may consider large channel bandwidth and/or lower elevation angles, so that the flat fading assumption will not necessarily be satisfied.
Observation 1: Non-frequency selective satellite channel models may not cover all NTN use cases
Tapped delay line (TDL) models have been proposed to represent the frequency selective satellite channel model (see Section 7 of [1] for instance). 
Proposal 2: For fixed and mobile open scenarios in Ka-band, an AWGN channel shall be considered
Proposal 3: The non-frequency selective channel defined in Section 6 of [1] shall be used when applicable (at least for all Ka-band scenarios not covered by Proposal 2 and for most satellite scenarios with frequency below 6GHz)

Proposal 4: Otherwise frequency selective channel models based on TDL shall be defined 
TDL statistics depend on satellite elevation, UE environment and UE antenna pattern (when included as part of the channel). Providing reference TDL for link level evaluations can easily be done with existing tools. However, no generic method for coefficient generation has been defined that could be used for system level simulations. 
Proposal 5: A method for coefficient generation of TDL shall be defined for system-level simulations
For instance, the non-frequency selective model can be used to scale reference TDL for each user. More complex approaches shall be discussed in RAN1. 

TDL statistics depend on the type of environment (urban, suburban, rural…), the satellite/HAPS elevation and the antenna pattern. For mobile scenarios, TDL statistics also depend on UE orientation.

Since elevation is a continuous parameter, satellite channel models are usually defined only for reference elevation angles.
Proposal 6: Reference elevation angles shall be defined. Channel parameters for other elevation angles shall be obtained by interpolation or by considering the closest reference elevation angle

Proposal 7: For frequency selective channels, reference UE antenna patterns shall be defined

Proposal 8: For frequency selective channels, TDL statistics shall be averaged on different UE orientations
A satellite antenna pattern shall also be defined for link budget and interference calculation. 
Proposal 9: At least one reference satellite antenna pattern shall be defined 
Both linear and circular polarization can be considered at the satellite/HAPS side. In the first case, only linearly polarized UEs are considered, while in the second case, the UEs can be both linear and circular polarized. A difference in polarization type between the satellite and the terminal implies a 3dB loss on the link budget Note that inside a beam, all UEs are expected to have the same polarization.

In outdoor scenarios, depolarization occurs due to the satellite antenna cross-polarization and atmospheric effects.  In indoor scenarios, UE environment can also play a significant role. If the satellite and the UEs have the same polarization type (linear or circular), depolarization has following effects:

· Loss on link budget

· Interference on UEs from other beams using opposite polarization

Proposal 10: Consider a constant cross-polarization ratio (XPR) for all TDL taps
3 Conclusion

Proposal 1: Consider only drop-based simulations for NTN channel models
Proposal 2: For fixed and mobile open scenarios in Ka-band, an AWGN channel shall be considered

Proposal 3: The non-frequency selective channel defined in Section 6 of [1] shall be used when applicable (at least for all Ka-band scenarios not covered by Proposal 2 and for most satellite scenarios with frequency below 6GHz)
Proposal 4: Frequency selective channel models shall be based on TDL
Proposal 5: A method for coefficient generation of TDL shall be defined for system-level simulations

Proposal 6: Reference elevation angles shall be defined. Channel parameters for other elevation angles shall be obtained by interpolation or by considering the closest reference elevation angle

Proposal 7: For frequency selective channels, reference UE antenna patterns shall be defined

Proposal 8: For mobile scenarios, TDL statistics shall be averaged on different UE orientations

Proposal 9: At least one reference satellite antenna pattern shall be defined

Proposal 10: Consider a constant cross-polarization ratio (XPR) for all TDL taps
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