[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN Meeting 77                                          	RP - 171703
Sapporo, Japan, 11th – 15th September 2017

Source: 	Thales
[bookmark: Title]Title:	Considerations on NTN channel models
Type	Discussion
Document for:	Information
Agenda Item:	9.3.1
Release	Rel-15


1. Abstract
The objective of this document is to propose a text for the 6th clause of the TR 38.811 “Study on NR to support Non-Terrestrial Networks” to be drafted as part of the study item NR-NTN.

1. Discussion

This contribution reviews existing channel models applicable to satellite systems for handheld devices operating below 6GHz and very small aperture terminals (VSAT), fixed or mounted on moving platforms, operating in Ka band. VSAT characteristics are described in Section 4.4 of TR 38.811. Various space segment configurations are being considered in terms of orbit, from HAPS to GEO.

1. Proposed text for approval

It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.

* * * Start of changes * * * * 
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3.3 Abbreviations
AWGN		Additive White Gaussian Noise
CDL		Cluster Delay Line
GEO		Geostationary Earth Orbiting
LMS		Land Mobile Satellite
LOS		Line Of Sight
gNB		next Generation Node B
RMa		Rural Macro
TDL		Tapped Delay Line
UE		User Equipment
Uma		Urban Macro
UMi		Urban Micro
VSAT		Very Small Aperture Terminal

* * * End of Changes * * * * 
* * * Start of Changes * * * *

1. Non-Terrestrial Networks channel models
6.1 Considerations on satellite propagation channel
A channel model is here proposed for geostationary earth orbiting (GEO) and non-geostationary earth orbiting satellites. 
6.1.1 Frequency bands
Two frequency bands are here considered: below 6GHz and Ka bands. For Ka band communications, the uplink frequency is around 30GHz while the downlink frequency is around 20GHz.
6.1.2 Fast fading model: The LMS channel model
This section focuses on land mobile satellite (LMS) channel modelling, which describes the received signal power as a function of time assuming a moving UE. 
In [1], Perez-Fontan proposed a three-state channel model, based on a Markov chain. The model can be applied at L, S and Ka bands and elevation angles between 5° and 90°. The three states correspond to line-of-sight (LOS), intermediate shadow and deep shadows conditions. Within each state, the received signal is supposed to follow a Loo distribution [2], which means that the signal can be represented as a sum of the direct signal and a diffuse multipath component. Transition between states is statistically described by a transition probability matrix, while the probability of each state is given by a state probability matrix. For each state, the direct signal is log-normally distributed while the diffuse multipath component follows a Rayleigh distribution. The variations of the direct signal are due to non-uniform receive antenna patterns and changes in mobile orientation with respect to the satellite [1].

For the narrow-band model of [1], the received signal is the sum of the direct signal with the multipath component. It is therefore statistically characterized by the mean and variance of the direct signal component, and by the mean power of the multipath component.  Databases are provided in [3], [4] and [5] as function of the elevation, considered area (urban, sub-urban, open…) and different receiver antenna directivity (hand-held and car-roof antennas).

For the wide-band model of [1], the received signal is the sum of the direct signal and several echoes. The received signal is statistically characterized by the mean and variance of the direct signal component, and by the mean power and delay of each echo.

A two-state channel model is considered in [6] based on a semi-Markov model. Here again, the received signal is still considered to be the sum of a direct path and a multipath component,  each state following a Loo distribution. However, instead of using a transition matrix between states, the duration of each state is now statistically described, based on a lognormal distribution. This two-state channel model is limited to narrowband signals, but it has demonstrated to be more accurate than the narrowband model proposed in [1].
 In [6], a wideband channel model is proposed based on deterministic and stochastic parameters (a so-called “physical-statistical wideband LMSS model”, where accurate geometry of the UE environment is considered). This model relies on a linear transversal filter with as output the sum of delayed, attenuated and phase shifted versions of the input signal. This model has however only been validated for signals between 1 and 2GHz and with a bandwidth up to 100MHz. 
Model limitations
Even if the three-state channel model of [1] covers wideband signals, few wideband data is currently available.
The two-state channel model of [6] is a more accurate model but is limited to narrowband channels. A physical-statistical wideband channel model is also proposed in [6] but it is limited to L-band signals with a bandwidth up to 100MHz.
New measurements should therefore be performed in order to characterize wideband channel models in Ka band. It should be noted that an AWGN channel is expected to be a sufficient model for some scenarios with a poor scattering environment such as for boat and plane communications or fixed scenarios. Moreover, the AWGN channel assumption can also be used when the signal bandwidth is narrow enough, which could be the case for car communications for instance. The bandwidth limit for the AWGN channel assumption shall be defined with new measurement campaigns.
Drop-based simulations
For drop-based simulations, a Rayleigh or Rician fading model can be considered depending on the scattering environment and LOS conditions, similarly to terrestrial channel models. It should be noticed that individual ray or cluster description has never been provided, unlike terrestrial channel modelling.
6.1.3 Path loss modelling 
A free path loss model is proposed:

 being the frequency,  the speed of light and the distance between the satellite and the UE. For non-stationary satellites, path loss is therefore a function of the satellite elevation as seen from the UE. Shadow fading is normally distributed [1].
6.1.4 LOS probability 
LOS probability is directly given by the state probability matrix of the LMS channel model proposed in [1], and is a function of the scattering environment and the satellite elevation angle. It should be noted that no analytic formula has been derived, unlike in terrestrial communications (where the LOS probability is a function of the distance between the UE and the BS. 
6.1.5 Penetration loss
For all scenarios relative to satellite communications, it is assumed that it is impossible to close the link budget when penetration of buildings occurs so that no penetration loss model is necessary for this case.
6.1.6 Atmospheric effects
Below 6GHz
Signal attenuation occurs in the troposphere due to atmospheric gases, rain and clouds. It remains however negligible or small (typically below a few tenths of dBs) at frequencies below 6GHz. Scintillation occurs both in the troposphere and ionosphere, due to inhomogeneities in the medium. This results in rapid amplitude and phase fluctuations on the transmitted signal.  Tropospheric scintillation increases with frequency and remains low (typically with fluctuations below a few tenths of dB 99.9% of the time) for frequencies below 6GHz. Ionospheric scintillation effects increase at high latitudes, but decreases with frequency. Considering medium latitude values and frequencies above 1GHz (corresponding to the satellite bands), fluctuations remain below 0.3dB for 99.9% of the time, as shown in Table 1. This scintillation effect is therefore negligible at 2 GHz or above.
Table 1: Distribution of mid-latitude fade depths due to ionospheric scintillation (source: [7])
	Percentage of time
	Frequency (GHz)

	(%)
	0.1
	0.2
	0.5
	1

	1.0
	 5.9
	1.5
	0.2
	0.1

	0.5
	 9.3
	2.3
	0.4
	0.1

	0.2
	16.6
	4.2
	0.7
	0.2

	0.1
	25.0
	6.2
	1.0
	0.3


 
Ka bands
At Ka bands, tropospheric attenuation due to atmospheric gases, rain and clouds cannot longer be neglected. Tropospheric scintillation has also to be taken into account while ionospheric scintillation is negligible.
 Attenuation due to atmospheric gases is mainly due to oxygen and water vapour absorption. The exact attenuation depends on the frequency, UE altitude and water vapour density. It should be noted that oxygen absorption remains relatively constant over time while water vapour absorption varies with time due to changes in water vapour density [7]. An accurate estimation of atmospheric gases attenuation can be found in [8].
Rain and cloud attenuation is also a function of time, and cannot be accurately predicted, even for short-term predictions. Long term statistics are however available, allowing to assess the probability of exceeding a given attenuation on a yearly basis for instance. A method of calculation is given in [7], which takes as input the UE position (from which a rainfall rate is derived for 0.01% of an average year), the frequency and the elevation. 
Accurate estimation of tropospheric attenuation can neither be obtained. Probability of exceeding a given threshold is also derived from long term statistics. They are function of UE position (from which average surface ambient temperature and average surface relative humidity is derived on a monthly basis for instance), frequency, elevation, UE physical antenna diameter and UE antenna efficiency [7].

6.1.7 Differences between terrestrial and satellite channel models
The terrestrial channel model described in [9] and commonly used satellite channel models differ in the following points:
	Channel model attributes
	Terrestrial  [9] (all frequencies)
	Satellite below 6GHz
	Satellite in Ka band (considering poor scattering environment)

	Multi path delay model
	Selective frequency fading (Rayleigh to Rician)
	Flat frequency fading for bandwidth < 5 MHz, selective frequency fading otherwise (Rayleigh to Rician) (*)
	AWGN 

	Per beam/cluster modeling
	No
	Yes
	No

	Time varying model
	Based on a spatial consistency procedure
	Based on a semi-markov or markov chain
	N/A


(*) For a given scenario (urban, suburban or rural), channel selectivity is expected to be higher in the terrestrial case

It should be noticed that a beam/cluster modeling for the satellite channel could also be considered. However, no experimental data is available so that simulation campaigns for all targeted frequency bands are required.
6.2 Considerations on HAPS propagation channel
TBD
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