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Introduction
The non-terrestrial networks (NTN) proposed for NR [1] envisions using satellite and high altitude base stations (HAPS) to facilitate a ubiquitous 5G coverage. In current feasibility study, channel modelling for NTN has been broadly discussed at high level [2]-[6]. 
The land mobile satellite (LMS) channel model [7] is commonly used to model a narrow-band satellite-to-land propagation channel. It consists of a two-state transition model modified from the LMS statistical model in [8] and the Loo signal fading model [9] where the direct signal component is modelled by a log-normal distribution and the multipath component is modelled by a Rayleigh distribution. It can model satellite temporal channel state for frequencies between 1.5 to 20 GHz with elevation angles above 20°.
For NR cellular communications, 3GPP has developed a geometry-based spatial channel model [10] currently being used for NR development and evaluation. It is a user drop based statistical model that provides both temporal and spatial channel information that can be used in conjunction with user-defined antenna arrays to evaluate the effective system performance after spatial processing of the signals.
The channel modeling for NTN need to consider the channel characteristics of satellite links as well as NR capability, and how to reuse existing satellite and NR channel models. 
2. Challenges in NTN fast fading model
The challenges in NTN fast fading model can be seen in the following aspects.
· Frequency selectivity: It has been assumed that the coherence bandwidth for frequencies below 6 GHz is greater than the likely channel bandwidth of 5 MHz, so the fast fading can be modelled as flat [2]. While this may be true if the UE device is VSAT (very small aperture terminal) with highly directive antenna, it may not be so if we assume omni-directional antenna at the UE. Even for S band, the coherence bandwidth will depend on the LOS condition, ground environment, and elevation angle as well. 
In our HAPS ray tracing with Chicago downtown map [11], we have observed a non-negligible likelihood the coherence bandwidth (estimated as delay spread inverse) less than 5 MHz, especially for NLOS. This can be seen in Figures 1 and 2, from the delay spread distribution and 20%-tile and 50%-tile coherence bandwidth at different elevation angles, for LOS and NLOS respectively. This observation is somewhat consistent with the measurement results presented in [4]. 
For higher frequency Ka band, the simulation study presented in [4] assumes a highly directive disk antenna and concluded the LMS channels in Ka band are not frequency selective. However, an NR handheld device is expected to have antenna elements with much lower gain. In that case, the delay spread can easily exceeds 40 ns at least at low elevation angles, equivalent to a coherence bandwidth less than 1/10 of the 256 MHz bandwidth.  
· Spatial channel modelling: The LMS statistical channel models [7]-[9] generate a time series of channel variation but do not provide the information of signal paths in the spatial domain. This makes it impossible to evaluate the performance of NR UEs equipped with a phased array and capable of adaptive beamforming. By assuming an omni-antenna UE, the evaluation will be too pessimistic and the link budget requirement may be set too high.
There is a suggestion of somehow merging the ITU LMS channel model in and 3GPP TR38.901 channel model [6]. This approach has at least two difficulties: (1) the NR channel model was developed for cellular environment with a relative low elevation angle, compared with satellite communication. How do we extend the model parameters to cover higher elevation? (2) For a non-geostationary satellite, its signal paths need to evolve with the satellite motion. How do we change the terrestrial channel model for a fixed base station to a time-evolving model for a moving satellite? 
· [bookmark: _GoBack]UE antenna assumption: Up to now, we have adopted VSAT directional antenna and omni-antenna for ground terminals. The former may be mounted on a moving platform or on rooftop, the latter may be reasonable for an IOT device. But what is the antenna assumption for handheld devices? We need this assumption to evaluate satellite broadcast service and high data rate connection with HAPS. 



	[image: ]
(a) 
	[image: ]
(b)


[bookmark: _Ref503546288]Figure 1. (a) Delay spread cumulative probability, (b) 20%-tile and 50%-tile coherence bandwidth at different elevation angles for 2 GHz (S band) LOS links in Chicago downtown environment 
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Figure 2. (a) Delay spread cumulative probability, (b) 20%-tile and 50%-tile coherence bandwidth at different elevation angles for 2 GHz (S band) NLOS links in Chicago downtown environment 

4. Summary
With respect to the challenges in fast fading modelling stated above, we would like to suggest discussions on the following questions:
· How to adopt frequency selectivity (wideband channel model) for link-level and system-level simulations in the interested bands?
· What is a reasonable antenna assumption for handheld devices?
· Is it possible to address the need of spatial channel modelling?
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