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6
Non-Terrestrial Networks channel models

6.1.
Status/expectation of existing information for satellite/HAPS channels

6.1.1
Channel modeling works outside of 3GPP

ITU recommendations are encompassing most recent works and measurements on satellite channel models.

-
ITU-R P.681 [10] defines the Land Mobile Satellite channel with measurements up to 20 GHz
-
ITU-R P.618 [11] describes atmospheric effects such as gas attenuation, scintillation, rain and cloud attenuation.

6.1.2
Targeted user environment

Only outdoor conditions are considered for satellite operations, since performance requirements are not expected to be met with the available link budget for indoor communications.

Since HAPS are closer to the Earth, resulting in less path loss than in satellite access networks, additional indoor conditions are also considered for HAPS.

Several user environments will be considered, depending on the frequency band: open, rural, suburban, urban and dense urban. In open environments (such as fixed terminals or terminals mounted on boats/aircrafts), an AWGN channel is assumed.

6.1.3
Modeling objectives

The requirements for channel modelling are as follows:
-
Support a frequency range from 0.5 GHz up to 100 GHz. Two frequency bands are targeted in particular: below 6 GHz and Ka bands. For Ka band communications, the uplink frequency is around 30 GHz while the downlink frequency is around 20 GHz.

-
Accommodate UE mobility. For satellite channel models, mobility speed up to 1000 km/h is supported; this corresponds to aircrafts that can be served by satellite access. For HAPS channel models, mobility speed up to around 500 km/h is supported, corresponding to high-speed trains.

6.2
Differences between satellite/HAPS and cellular channel modelling

Figures 6.2-1 and 6.2-2 compare 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.

[image: image1.emf]
Figure 6.2-1: Macro-cellular vs. satellite channel, NLOS
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Figure 6.2-2: Macro-cellular vs. satellite channel, LOS
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Figure 6.2-3: Combined satellite and terrestrial channels (conceptual drawing).

6.3
Coordinate system

A three-dimensional global coordinate system is considered, described as "Earth Centred Earth fixed". The Earth is approximated as a true sphere with radius of 6371 km. The coordinates' origin O lies in the center of the earth, x-y plane locates in the equator plane with x-axis pointing to 0 degree longitude, y axis pointing to 90 degree longitude, and z-axis pointing to geographical north pole from the origin O.
A UE or a satellite position is described by a set of three parameters
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  for all UEs and for all satellites. 

The proposed coordinate system is illustrated in Figure 6.3-1 for a non-GEO satellite constellation.
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Figure 6.3-1: Illustration of the coordinate system

6.4
Antenna modelling

6.4.1
HAPS/Satellite antenna

Satellite antenna pattern

The following normalized antenna gain pattern, corresponding to a typical reflector antenna with a circular aperture, is considered
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where J1(x) is the Bessel function of the first kind and first order with argument x, [image: image21.wmf]a



 is the radius of the antenna's circular aperture, k = 2f/c is the wave number, f is the frequency of operation, c is the speed of light in a vacuum and  is the angle measured from the bore sight of the antenna's main beam. Note that ka equals to the number of wavelengths on the circumference of the aperture and is independent of the operating frequency. 

The normalized gain pattern for a = 10 c/f (aperture radius of 10 wavelengths) is shown in Figure 6.4.1-1.
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Figure 6.4.1-1: Satellite antenna gain pattern for aperture radius 10 wavelengths, a=10 c/f
HAPS antenna pattern

Two different antenna patterns are considered:

1. The above antenna pattern defined for satellite scenarios, based on the Bessel function.
2. The 3GPP antenna pattern defined for the base station in Section 7.3 of [12], corresponding to a uniform rectangular panel array with dual linear polarization.
6.4.2
UE antenna pattern

The following reference UE antenna patterns are adopted for fast fading:

-
Quasi Isotropic - Linear polarisation (Quasi isotropic refers to dipole antenna which is omni-directional in one plane)

-
Co-phased array - Dual Linear polarisation (one for below 6 GHz band and one for above 6 GHz band as described in [19])

-
"VSAT type - circular polarization: fixed or tracking" UE antenna pattern (only in deployment scenarios featuring flat fading conditions)
6.5
Methodology to define channel models

6.5.1
System-level methodology
Only drop-based simulations are considered, similarly to [12].

The baseline model to generate channel coefficients is the one described in [12] for terrestrial links, and depicted in Figure 6.5.1-1.
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Figure 6.5.1-1: Channel coefficient generation procedure issued from [12]

An alternative and simplified model can be applied if all UE meet the flat fading criteria. In this case, the channel coefficients reduce to a single tap, since the channel is not frequency selective. This simplified model, derived from [10] is depicted in Figure 6.5.1-2.
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Figure 6.5.1-2: Simplified channel coefficient generation issued from [10]
6.5.2
Link-level methodology
Similarly to [12], reference CDL and TDL are considered for link-level simulations. For given environment and elevation angle, they are obtained from a single instance of the baseline model used for system level simulations (i.e. the one derived from [12]).

For flat fading conditions (including AWGN) no channel model is needed for link-level simulations.

6.6
Large scale model

6.6.1
LOS probability

Line-Of-Sight (LOS) probability depends on UE environment and elevation angle, and is obtained from Table 6.6.1-1. Reference elevation angles are considered from 10° to 90° with a 10° step. For an UE-to-satellite or UE-to-HAPS link, the LOS probability is taken from the nearest reference elevation angle. 

Table 6.6.1-1 LOS probability
	Elevation
	Dense urban scenario
	Urban scenario
	Suburban and Rural scenarios

	10°
	28.2%
	24.6%
	78.2%

	20°
	33.1%
	38.6%
	86.9%

	30°
	39.8%
	49.3%
	91.9%

	40°
	46.8%
	61.3%
	92.9%

	50°
	53.7%
	72.6%
	93.5%

	60°
	61.2%
	80.5%
	94.0%

	70°
	73.8%
	91.9%
	94.9%

	80°
	82.0%
	96.8%
	95.2%

	90°
	98.1%
	99.2%
	99.8%


6.6.2
Path loss and Shadow fading

The signal path between a satellite or HAPS transmitter and an NTN terminal undergoes several stages of propagation and attenuation. The path loss (PL) is composed of components as follows: 
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where
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is the total path loss in dB,



[image: image27.wmf]b

PL

 is the basic path loss in dB,



[image: image28.wmf]g

PL

 is the attenuation due to atmospheric gasses in dB,



[image: image29.wmf]s

PL

 is the attenuation due to either ionospheric or tropospheric scintillation in dB,



[image: image30.wmf]e

PL

is building entry loss in dB.

This section specifies the basic path loss model (
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) which accounts for the signal's free space propagation, clutter loss, and shadow fading. Attenuations due to building entry loss, atmospheric gasses and scintillation are described in Sections 6.6.3, 6.6.4 and 6.6.6, respectively. 

The free space path loss (FSPL) in dB for a separation distance d in meter and frequency [image: image33.png]


 in GHz is given by
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(6.6-2)
For a ground terminal, the distance d (a.k.a. slant range), as shown in Figure 6.6.2-1, can be determined by the satellite/HAPS altitude 
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where 
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Figure 6.6.2-1: Slant range d between a satellite and a ground terminal
Clutter loss (CL) models the attenuation of signal power caused by surrounding buildings and objects on the ground. It depends on the elevation angle α, the carrier frequency fc, and the environment. Shadow fading (SF) is modeled by a log-normal distribution, which when expressed in decibel unit, is a zero-mean normal distribution with a standard deviation 
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The basic path loss in dB unit is modeled as 
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where 
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 is the free space path loss, is clutter loss, and 
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 and  are given in tables 6.6.2-1 to 6.6.2-3 at reference elevation angles for different scenarios. The UE in a particular scenario should take the values corresponding to the reference angle nearest to its elevation angle α.

Table 6.6.2-1: Shadow fading and clutter loss for dense urban scenario
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS
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	15.5
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	17.1
	44.3

	20°
	3.4
	13.9
	30.9
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	17.1
	39.9

	30°
	2.9
	12.4
	29.0
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	15.6
	37.5

	40°
	3.0
	11.7
	27.7
	2.4
	14.6
	35.8

	50°
	3.1
	10.6
	26.8
	2.4
	14.2
	34.6

	60°
	2.7
	10.5
	26.2
	2.7
	12.6
	33.8

	70°
	2.5
	10.1
	25.8
	2.6
	12.1
	33.3

	80°
	2.3
	9.2
	25.5
	2.8
	12.3
	33.0

	90°
	1.2
	9.2
	25.5
	0.6
	12.3
	32.9


Table 6.6.2-2: Shadow fading and clutter loss for urban scenario
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS

	
	
[image: image61.wmf]SF

s



 QUOTE [image: image62.png]OsF



  (dB)
	
[image: image63.wmf]SF

s

(dB)
	
[image: image64.wmf]CL

(dB)
	[image: image66.wmf]SF

s



 (dB)
	[image: image68.wmf]SF

s



 (dB)
	
[image: image69.wmf]CL

(dB)

	10°
	4
	6
	34.3
	4
	6
	44.3

	20°
	4
	6
	30.9
	4
	6
	39.9

	30°
	4
	6
	29.0
	4
	6
	37.5

	40°
	4
	6
	27.7
	4
	6
	35.8

	50°
	4
	6
	26.8
	4
	6
	34.6

	60°
	4
	6
	26.2
	4
	6
	33.8

	70°
	4
	6
	25.8
	4
	6
	33.3

	80°
	4
	6
	25.5
	4
	6
	33.0

	90°
	4
	6
	25.5
	4
	6
	32.9


Table 6.6.2-3: Shadow fading and clutter loss for suburban and rural scenarios
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS
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	1.56
	10.74
	17.68
	3.1
	10.8
	17.8

	70°
	0.85
	10.17
	16.50
	3.0
	10.8
	17.2

	80°
	0.72
	11.52
	16.30
	3.6
	10.8
	16.9

	90°
	0.72
	11.52
	16.30
	0.4
	10.8
	16.8


6.6.3
O2I penetration loss

For an indoor Earth-based station, account must be taken of the additional loss between the station and the adjacent outdoor path. The additional loss [image: image81.png]
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varies greatly with the location and construction details of buildings, and a statistical evaluation is required. Recommendation ITU‑R P.2109 gives a suitable building entry/exit-loss model for this purpose.
Experimental results, such as those collated in Report ITU-R P.2346, shows that, when characterised in terms of entry loss, buildings fall into two distinct populations: where modern, thermally-efficient building methods are used (metallised glass, foil-backed panels) building entry loss is generally significantly higher than for 'traditional' buildings without such materials. The model therefore gives predictions for these two cases.

This classification, of 'thermally efficient' and 'traditional', refers purely to the thermal efficiency of construction materials. No assumption should be made on the year of construction, type (single or multi-floors), heritage or building method.

For building entry loss, it is important to consider the thermal efficiency of the complete building (or the overall thermal efficiency). A highly thermally efficient main structure with poorly insulated windows (e.g. single glazed with thin glass) can make the building thermally inefficient and vice versa.

Thermal transmittance, commonly referred as U-value, provides a quantifiable description of thermal efficiency. Low U-values represent high thermal efficiency. Typically, the presence of metallised glass windows, insulated cavity walls, thick reinforced concrete and metal foil back cladding is a good indication of a thermally efficient building.

NOTE:
For example, U-values of < 0.3 and < 0.9 are representative of thermally efficient main structure and metallised glass, respectively.

Building entry loss will vary depending on building type, location within the building and movement in the building. The building entry loss distribution is given by a combination of two lognormal distributions. The building entry loss not exceeded for the probability, P, is given by:
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where:


Lh
is the median loss for horizontal paths, given by:
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Le
is the correction for elevation angle of the path at the building façade:
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and:


f =
frequency (GHz)


θ =
elevation angle of the path at the building façade (degrees)


P =
probability that loss is not exceeded (0.0 < P < 1.0)


F-1(P) =
inverse cumulative normal distribution as a function of probability.

and the coefficients are as given in Table 6.6.3-1:

Table 6.6.3-1: Model coefficients

	Building type
	r
	s
	t
	u
	v
	w
	x
	y
	z

	Related to:
	Median BEL (μ1)
	σ1
	μ2
	σ2

	Traditional
	12.64
	3.72
	0.96
	9.6
	2.0
	9.1
	−3.0
	4.5
	−2.0

	Thermally-efficient
	28.19
	−3.00
	8.48
	13.5
	3.8
	27.8
	−2.9
	9.4
	−2.1


6.6.4
Atmospheric absorption

Attenuation by atmospheric gases which is entirely caused by absorption depends mainly on frequency, elevation angle, altitude above sea level and water vapour density (absolute humidity). At frequencies below 10 GHz, it may normally be neglected. However, for elevation angles below 10 degrees it is recommended that the calculation is performed for any frequency above 1 GHz. Annex 1 of Recommendation ITU‑R P.676 gives a complete method for calculating gaseous attenuation, while Annex 2 of the same Recommendation gives an approximate method for frequencies up to 350 GHz. 

For system level simulations, the baseline method is as follows:

-
The method of Annex 2 in ITU-R P.676 is considered (except for UE altitude higher than 10km and for frequencies within 0.5 GHz of the centres of resonance lines at any altitude).

-
For all UEs, a geometric height of 0km is considered, corresponding to the sea level.

-
For all UEs, dry air pressure, water-vapour density, water vapour partial pressure and temperature correspond to the mean annual global reference atmosphere given in Recommendation ITU-R P835.

For all UEs, this corresponds to the following values:

T = 288.15 K

p = 1013.25 hPa
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where T denotes the temperature, p the dry air pressure, ρ the water-vapour density and e the water vapour partial pressure.

Figure 6 of ITU‑R P.676 shows the corresponding zenith attenuation 
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 for frequencies between 1 and 350 GHz. For an elevation angle α, the corresponding attenuation 
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6.6.5
Rain and cloud attenuation

Rain and cloud attenuation is considered as negligible for frequencies below 6 GHz. Section 2.2 of [11] describes a method to estimate the long-term statistics of attenuation due to rain, which are location specific.

For system-level simulations, the baseline is to consider clear sky conditions only.

Alternatively, the following procedure shall be followed to define rain and cloud attenuation (adaptation of [11] for drop-based simulations):

-
For each UE, determine its CDF of rain and cloud attenuation (location specific) using Section 2.2 of [11].

-
For each drop, draw the attenuation due to rain and cloud attenuation for each UE from its corresponding CDF

NOTE:
The spatial correlation of rain and cloud attenuation is not taken into account in this procedure.

6.6.6
Ionospheric scintillation

Scintillation corresponds to rapid fluctuations of the received signal amplitude and phase. Ionosphere propagation shall only be considered for frequencies below 6 GHz

These phenomena are among the most severe disruptions along a trans-ionospheric propagation path for signals below 3 GHz, and may be observed occasionally up to 10 GHz [13]. Scintillations depend on location, time-of-day (as observed in Figure 6.6.6-1), season, solar and geomagnetic activity. During nominal conditions, strong levels of scintillation are rarely observed in mid-latitudes, but they may be encountered daily during post-sunset hours in low latitude regions. At high (auroral and polar) latitudes, moderate to strong levels of scintillations have been observed.
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Figure 6.6.6-1: Occurrence of different scintillation events around the solar maximum of 2014 at low (top) and high (bottom) latitudes


The most commonly used parameter to characterize intensity fluctuations (amplitude scintillations) is the amplitude scintillation index S4 [4], defined by equation:
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where I is intensity (proportional to the square of the signal amplitude) and [image: image95.png]


 denotes averaging, usually over a period of 60 seconds. 
Likewise, phase scintillations are characterized by the standard deviation of the phase variations, the phase scintillation index σφ:
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where φ is carrier phase in radians and [image: image98.png]


 denotes averaging, usually over a period of 60 seconds.

For convenience, scintillation strength can be classified into three regimes: 

Table 6.6.6-1: Definition of scintillation regime based on S4 values

	Scintillation Regime
	Amplitude Scintillation 
	Phase Scintillation (rad) 

	Weak
	S4 < 0.3
	σφ < 0.25-0.3

	Moderate
	0.3 ≤ S4 ≤ 0.6
	0.25-0.3 ≤ σφ ≤ 0.5-0.7

	Strong
	S4 > 0.6
	σφ > 0.5-0.7



As previously mentioned, scintillation effects differ at low and high-latitudes, and they are not observed at mid-latitudes except for strong geomagnetic storms. At high-latitudes (e.g., above 60°), the effect mainly occurs from the high-latitude edge of the Van Allen outer belt into polar region. On the other hand, Equatorial scintillations occur around ±20° of latitude of the magnetic equator and they are due to large (~100 km) depleted ionization volumes driven through the F region, leaving a plume of small-scale (tens of cm to m) irregularities surrounding the depletion, which can extend well through F-layer peak. They are produced by convective plasma processes. Irregularities with this range of scales are not independent from larger-scale plasma structures to those of smaller-scale irregularities.

The cross-correlation between S4 and σφ is markedly different between high geomagnetic latitudes and low latitudes. Amplitude scintillations dominate at low-latitudes, and phase scintillations dominate at high latitudes, however, they are not exclusively and both effects can be expected in the two regions.


For frequency scaling, typically the following relation on amplitude scintillation S4 index is used:
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with n=1.5 recommended for L-band frequencies. In [14], values of n derived from satellite measurement data between several pairs of frequencies from 30 MHz up to 6 GHz are presented, ranging from 1 to 2. This relationship is valid particularly for weak scattering assumptions (higher elevations and low to moderate S4 values below 0.6). For high S4 values (S4=1), the relation saturates with n equal to 0.

For phase scintillations, an equivalent relation is used:
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with n=1 recommended for L-band frequencies and also reaching saturation for high σφ values.

As an illustrative example, the frequency scaling between GPS L1, L2 and L5 bands (1.57542, 1.22760 and 1.17645 GHz, respectively) is presented in Figure 6.6.6-2, where scintillation events in two bands are compared against each other and against the theoretical values described by 6.6-11 and 6.6-12.
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Figure 6.6.6-2: Frequency correlation of scintillation events observed in GPS L1, L2 and L5 bands


The proposed method for the ionospheric scintillation loss is based on the so-called Gigahertz scintillation model ([13], Section 4.8), and it is valid only for the regions located approximately 20° north and south of the magnetic equator. At high-latitudes (e.g., above 60°), this model is not applicable, whereas for other latitude locations the ionospheric scintillation can be neglected.

To evaluate the scintillation effects that can be expected in a given situation the following steps may be used:

Step 1:

Figure 6.6.6-3 provides scintillation occurrence statistics on equatorial ionospheric paths: peak‑to-peak amplitude fluctuations, Pfluc, (dB), for 4 GHz reception from satellites in the East at elevation angles of about 20° (P solid curves) and in the West at about 30° elevation (I dotted curves). The data are given for different times of year and sunspot number.

Step 2:

Since Figure 6.6.6-3 relates to 4 GHz, values for other frequencies are found by multiplying these values by ( f /4)–1.5 where f is the frequency of interest (GHz).

Step 3:

Since one element of link budget calculations is related to signal loss due to ionospheric scintillation, AIS, the following relationship is recommended:
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(6.6-13)

NOTE:
The most widely used parameter in describing amplitude scintillations phenomena is the amplitude index S4. It is adopted to define three main regime conditions (see Table 6.6.6-1), and it is related to Pfluc using the empirical approximation:


Pfluc = 27.5 S41.26
(6.6-14)


where the empirical conversion table is presented in Table 1 of [13].
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Figure 6.6.6-3: Annual statistics of peak-to-peak fluctuations observed at Hong Kong earth station (Curves I1, P1, I3-I6, P3-P6) and Taipei earth station (Curves P2 and I2). Extracted from [13].

For system-level simulations below 6 GHz, 
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is equal to AIS from Equation (6.6-13) for latitudes of maximum ±20°. For latitudes between ±20° and ±60° of latitude, 
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. Finally, for latitude above ±60°, S4 equal to 0.7 can be assumed (i.e., strong scintillation regime), therefore Pfluc equal to 17 from Equation (6.6-14) and PLS derived from Equation (6.6-13).
6.6.7
Tropospheric scintillation
Scintillation corresponds to rapid fluctuations of the received signal amplitude and phase. Tropospheric propagation shall only be considered for frequencies above 6 GHz.
Tropospheric scintillation is a phenomenon that causes rapid amplitude and phase fluctuations of signals from satellite communication systems. Unlike, ionospheric scintillation, the effect of tropospheric scintillation increases with the carrier frequency of the signal, being especially significant above 10 GHz. In this case, the signal fluctuations are caused by sudden changes in the refractive index due to the variation of temperature, water vapor content, and barometric pressure.

Besides increasing with the carrier frequency, the effects of scintillation also increase with low elevation angles, due to the longer path of the signal, and wide beam width receiving antennas.


The ITU-R recommendation algorithm for fading prediction [11] permits an accurate prediction of the amplitude. This method consists in three parts:

-
Prediction of the amplitude scintillation fading at free-space elevation angles ≥ 5° (Section 2.4.1 in [13]).

-
Prediction of the amplitude scintillation fading for fades ≥ 25 dB (section 2.4.2 in [13]).

-
Prediction of the amplitude scintillation in the transition region between the above two distributions (section 2.4.3 in [13]).

An illustrative example of typical power attenuation levels as a function of the elevation angle is depicted in Figure 6.6.7-1. The user location is Toulouse (France), the carrier frequency is set to 20 GHz, and circular polarization is assumed. Even though tropospheric scintillation is latitude dependent, it is suggested to take this plot as a reference for satellite link margin computation.
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Figure 6.6.7-1: Complementary cumulative probability function of the tropospheric scintillation attenuation at 20 GHz in Toulouse (France).

As baseline for system-level simulations above 6 GHz, the fading due to scintillation 
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 is equal to the tropospheric attenuation level at 99% of the time derived from Figure 6.6.7-1 and summarized in Table 6.6.7-1. Alternatively, it can be drawn for each UE based on its corresponding CDF from Figure 6.6.7-1, assuming no correlation between different UE.

Table 6.6.7-1: Tropospheric attenuation in dB with 99% probability at 20 GHz in Toulouse

	Elevation angle [deg]
	Tropospheric attenuation, P{AIS > x} < 0.01

	10
	1.08 dB

	20
	0.48 dB

	30
	0.30 dB

	40
	0.22 dB

	50
	0.17 dB

	60
	0.13 dB

	70
	0.12 dB

	80
	0.12 dB

	90
	0.12 dB


6.7
Fast fading model

The generic fast fading model in 3GPP is based on TR 38.901 [12]. For narrowband SISO simulations, an optional simplified channel model can be used as long as the flat fading assumption is valid.

Most literature on satellite channel models rely on flat fading models [15], [16], [17], i.e. non frequency selective channel models, the ITU two-state model described in [1] being the most up-to-date model.

The formula
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 is defined to calculate the coherence bandwidth from the 95th percentile rms delay spread. Coherence bandwidth depends on environment, antenna pattern and elevation. The channel is assumed to be flat if the UE bandwidth is lower than the coherence bandwidth of the channel. In satellite channels, where small fade margins are usually considered, 
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 can be assessed only for cases where the fade event is below a given threshold (otherwise, system outage will occur regardless of channel dispersion).

In [18], values of 
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 were estimated considering an omnidirectional UE antenna for suburban and urban environments, several elevation angles and fade margins. Based on these results, the ITU two-state model can at least (NOTE 1) be used as a simplified alternative to the TR 38.901 [12] methodology for satellite links if all of the following conditions are met:

-
S-band scenario

-
Minimum elevation angle is 20° or above

-
Quasi-LOS conditions (i.e. fading margin is approx. 5dB maximum)

-
Channel bandwidth is 5 MHz or below

-
Environment is rural, suburban or urban

NOTE 1:
Flat fading conditions are more easily achievable when using highly directive UE antennas located in less scattering environment, like on a rooftop or on an open field. In every case, the flat fading criterion described above shall be fulfilled.

6.7.1
Flat fading

We consider here the ITU two-state model. This model includes already the clutter loss and the shadow fading, so that the basis path loss is calculated as follows:
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(6.7-1)
In the two-state model, the signal level is statistically described with a good state (corresponding to LOS and slightly shadowed conditions) and a bad state (corresponding to severe shadowed conditions). The state duration is described by a semi-Markov model. Within each state fading is described by a Loo distribution where the received signal is the sum of the direct path signal and the diffuse multipath.

The Loo distribution is therefore defined with the following parameters:
-
Mean of the direct signal

-
Standard deviation of the direct signal

-
Mean of the multipath

The following procedure shall be followed for system-level evaluations:

Step 1: Set general parameters related to environment and satellite link as follows:

-
Set the center frequency from 1.5 GHz to 20 GHz;

-
Choose one of the following LMS scenarios available (in S band: urban, suburban, rural wooded, residential – in Ka band: suburban, rural wooded);

-
Set the link elevation assuming a rounded value towards the closest available elevation for the frequency/environment chosen (20°, 30°, 34°, 45°, 60°, 70°);

-
Give UE position, array orientation, speed and direction of motion in the global coordinate system.

Step 2: Determine the (µ,()G,B , (
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, (g1,g2)G,B, (h1,h2)G,B, (durmin)G,B ,(f1,f2), pB,min and pB,max from the input parameters table provided in Annex 2 of [1] and summarized in Table 6.7.1-1.

Table 6.7.1-1: Model parameters of the 2-state model

	Parameter
	Description

	(µ,()G,B
	Mean and standard deviation of the log-normal law assumed for events duration (m)

	durminG,B
	Minimum possible events duration (m)

	(
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	MP = h1G,BMA+h2G,B
	Multipath power, MPG,B, (one 1st order polynomial for each state), (dB)
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 (one 1st order polynomial for each state)

	LcorrG,B NOTE 2
	Direct path amplitude correlation distance (m)

	f1ΔMA+f2
	Transition length, Ltrans (one single 1st order polynomial), (m)

	[pB,min , pB,max]
	Probability range to consider for the MA B distribution

	NOTE 1:
G stands for the GOOD state and B stands for the BAD state.

NOTE 2:
Only for generative modelling.


Assign propagation condition (GOOD/BAD) states in the original procedure from [15]
. The propagation conditions for different Earth-space links are uncorrelated.

The GOOD and BAD state probability is calculated as follows :
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-
Where subscripts G, B and T stand respectively for good, bad and transition states, 
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 the mean duration of the considered state in meters, durmin the minimal state duration in meters, µ and σ respectively the mean and standard deviation of the assumed log-normal law in m.

-
pN(x; (,() and FN(x; (,() are respectively the probability density function and the cumulative distribution function of a normal distribution with mean ( and standard deviation ( as defined in Recommendation ITU-R P.1057

-
Where 
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Step 3: Draw MAi, the mean power of the direct signal, as a normally distributed parameter function of 
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Compute ΣAi et MPi, respectively the standard deviation of the direct signal and the mean multipath power both expressed in dB where suscript i designate the good or bad state, as follow:


ΣAi = g1iMAi + g2i
(6.7-6)


MPi = h1iMAi + h2i
(6.7-7)

Step 4: Draw the power of the direct signal 
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 following the normally distribution(
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) and derive the K factor as 
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 (all expressed in dB).

For each UE, the channel is therefore characterized by a single Rice distributed tap. 

Note that the above procedure is only valid for simulation durations up to a few TTIs. It is further assumed that no state change occurs during the simulation duration.

For longer simulations, the procedure described in clause 6.2 from [10] must be applied, as the K factor must not be considered as constant.

Note that individual fading values at a given time may directly be obtained after step 3 of the above procedure, based on the Loo distribution:
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(6.7-8)
With 2
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being the multipath mean received power expressed in dB, i.e. MPi = 10log (2
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Similarly to [10], a Jake’s Doppler spectrum is considered for UE mobility.
Additional Doppler shift due to satellite motion should be taken into account according to the following formula:
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Where 
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 denotes the satellite speed, c denotes the speed of light, R denotes the earth radius, h denotes the satellite altitude, 
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 denotes the satellite elevation angle, and 
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 denotes the carrier frequency.
The satellite speed, satellite elevation angle and UE speed should be considered to be constant during the simulation duration, if limited to few TTIs.
6.7.2
Frequency selective fading

In the fast fading model, the process in 7.5 of TR 38.901 [12] is used. This section is not a stand-alone description of the fast fading model, but it describes the differences between the channel models used for terrestrial and satellite/HAPS communications. As can be seen from Figure 6.7.2-1, there is not much difference in local scattering between the HAPS and satellite cases. Therefore, the same fast fading parameters can be used for the both cases, including different satellite orbits as well. The critical parameter is the elevation angle of the LOS path of the satellite/HAPS vs. ground horizon.
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Figure 6.7.2-1: HAPS to UE vs. satellite to UE propagation
Instead of the parameterization tables in TR38.901 (Table 7.5-6 Part-1 and Part-2) the following tables shall be used.

NOTE 1:
Some channel models may lead to pessimistic results of the performance of satellite/HAPS to UE link especially in the higher elevations due to the high number of clusters and low K factor.

NOTE 2:
In some cases, the correlation distances are shorter in real world conditions.

Angular scaling factors in cluster generation need to be added to the NTN scenarios that have lower number of clusters than the scenarios described in TR38.901 (Table 6.7.2-1aa below corresponds to Table 7.5-2 in TR38.901 and Table 6.7.2-1ab below corresponds to Table 7.5-3 in TR38.901). 

Table 6.7.2-1aa: Scaling factors for AOA, AOD generation

	# clusters
	2
	3
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20
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	0.501
	0.680
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.226
	1.273
	1.289


Table 6.7.2-1ab: Scaling factors for ZOA, ZOD generation

	# clusters
	2
	3
	4
	8
	10
	11
	12
	15
	19
	20
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	0.430
	0.594
	0.697
	0.889
	0.957
	1.031
	1.104
	1.1088
	1.184
	1.178


Table 6.7.2-1a: Channel model parameters for Dense Urban Scenario (LOS) in S band

	Scenarios
	Dense Urban LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.12
	-7.28
	-7.45
	-7.73
	-7.91
	-8.14
	-8.23
	-8.28
	-8.36

	
	lgDS
	0.80
	0.67
	0.68
	0.66
	0.62
	0.51
	0.45
	0.31
	0.08

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.06
	-2.68
	-2.51
	-2.40
	-2.31
	-2.20
	-2.00
	-1.64
	-0.63

	
	lgASD
	0.48
	0.36
	0.38
	0.32
	0.33
	0.39
	0.40
	0.32
	0.53

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.94
	0.87
	0.92
	0.79
	0.72
	0.60
	0.55
	0.71
	0.81

	
	lgASA
	0.70
	0.66
	0.68
	0.64
	0.63
	0.54
	0.52
	0.53
	0.62

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.82
	0.50
	0.82
	1.23
	1.43
	1.56
	1.66
	1.73
	1.79

	
	lgZSA
	0.03
	0.09
	0.05
	0.03
	0.06
	0.05
	0.05
	0.02
	0.01

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.52
	-2.29
	-2.19
	-2.24
	-2.30
	-2.48
	-2.64
	-2.68
	-2.61

	
	lgZSD
	0.50
	0.53
	0.58
	0.51
	0.46
	0.35
	0.31
	0.39
	0.28

	Shadow fading (SF) [dB]
	SF
	3.5
	3.4
	2.9
	3.0
	3.1
	2.7
	2.5
	2.3
	1.2

	K-factor (K) [dB]
	K
	4.4
	9.0
	9.3
	7.9
	7.4
	7.0
	6.9
	6.5
	6.8

	
	K
	3.3
	6.6
	6.1
	4.0
	3.0
	2.6
	2.2
	2.1
	1.9

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	XPR [dB]
	XPR
	24.4
	23.6
	23.2
	22.6
	21.8
	20.5
	19.3
	17.4
	12.3

	
	XPR
	3.8
	4.7
	4.6
	4.9
	5.7
	6.9
	8.1
	10.3
	15.2

	Number of clusters 
[image: image149.wmf]N


	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image150.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image151.wmf]DS

c

) in [ns]
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9

	Cluster ASD (
[image: image152.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image153.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image154.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-1b: Channel model parameters for Dense Urban Scenario (LOS) in Ka band

	Scenarios
	Dense Urban LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.43
	-7.62
	-7.76
	-8.02
	-8.13
	-8.30
	-8.34
	-8.39
	-8.45

	
	lgDS
	0.90
	0.78
	0.80
	0.72
	0.61
	0.47
	0.39
	0.26
	0.01

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.43
	-3.06
	-2.91
	-2.81
	-2.74
	-2.72
	-2.46
	-2.30
	-1.11

	
	lgASD
	0.54
	0.41
	0.42
	0.34
	0.34
	0.70
	0.40
	0.78
	0.51

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.65
	0.53
	0.60
	0.43
	0.36
	0.16
	0.18
	0.24
	0.36

	
	lgASA
	0.82
	0.78
	0.83
	0.78
	0.77
	0.84
	0.64
	0.81
	0.65

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.82
	0.47
	0.80
	1.23
	1.42
	1.56
	1.65
	1.73
	1.79

	
	lgZSA
	0.05
	0.11
	0.05
	0.04
	0.10
	0.06
	0.07
	0.02
	0.01

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.75
	-2.64
	-2.49
	-2.51
	-2.54
	-2.71
	-2.85
	-3.01
	-3.08

	
	lgZSD
	0.55
	0.64
	0.69
	0.57
	0.50
	0.37
	0.31
	0.45
	0.27

	Shadow fading (SF) [dB]
	SF
	2.9
	2.4
	2.7
	2.4
	2.4
	2.7
	2.6
	2.8
	0.6

	K-factor (K) [dB]
	K
	6.1
	13.7
	12.9
	10.3
	9.2
	8.4
	8.0
	7.4
	7.6

	
	K
	2.6
	6.8
	6.0
	3.3
	2.2
	1.9
	1.5
	1.6
	1.3

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	
0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	XPR [dB]
	XPR
	24.7
	24.4
	24.4
	24.2
	23.9
	23.3
	22.6
	21.2
	17.6

	
	XPR
	2.1
	2.8
	2.7
	2.7
	3.1
	3.9
	4.8
	6.8
	12.7

	Number of clusters 
[image: image155.wmf]N


	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image156.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image157.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image158.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image159.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image160.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-2a: Channel model parameters for Dense Urban Scenario (NLOS) in S band

	Scenarios
	Dense Urban NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-6.84
	-6.81
	-6.94
	-7.14
	-7.34
	-7.53
	-7.67
	-7.82
	-7.84

	
	lgDS
	0.82
	0.61
	0.49
	0.49
	0.51
	0.47
	0.44
	0.42
	0.55

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.08
	-1.68
	-1.46
	-1.43
	-1.44
	-1.33
	-1.31
	-1.11
	-0.11

	
	lgASD
	0.87
	0.73
	0.53
	0.50
	0.58
	0.49
	0.65
	0.69
	0.53

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	1.00
	1.44
	1.54
	1.53
	1.48
	1.39
	1.42
	1.38
	1.23

	
	lgASA
	1.60
	0.87
	0.64
	0.56
	0.54
	0.68
	0.55
	0.60
	0.60

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	1.00
	0.94
	1.15
	1.35
	1.44
	1.56
	1.64
	1.70
	1.70

	
	lgZSA
	0.63
	0.65
	0.42
	0.28
	0.25
	0.16
	0.18
	0.09
	0.17

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.08
	-1.66
	-1.48
	-1.46
	-1.53
	-1.61
	-1.77
	-1.90
	-1.99

	
	lgZSD
	0.58
	0.50
	0.40
	0.37
	0.47
	0.43
	0.50
	0.42
	0.50

	Shadow fading (SF) [dB]
	SF
	15.5
	13.9
	12.4
	11.7
	10.6
	10.5
	10.1
	9.2
	9.2

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1

	
	ZSD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	23.8
	21.9
	19.7
	18.1
	16.3
	14.0
	12.1
	8.7
	6.4

	
	XPR
	4.4
	6.3
	8.1
	9.3
	11.5
	13.3
	14.9
	17.0
	12.3

	Number of clusters 
[image: image161.wmf]N


	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of rays per cluster 
[image: image162.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image163.wmf]DS

c

) in [ns]
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9

	Cluster ASD (
[image: image164.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image165.wmf]ASA

c

) in [deg]
	15
	15
	15
	15
	15
	15
	15
	15
	15

	Cluster ZSA (
[image: image166.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-2b: Channel model parameters for Dense Urban Scenario (NLOS) in Ka band

	Scenarios
	Dense Urban NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-6.86
	-6.84
	-7.00
	-7.21
	-7.42
	-7.86
	-7.76
	-8.07
	-7.95

	
	lgDS
	0.81
	0.61
	0.56
	0.56
	0.57
	0.55
	0.47
	0.42
	0.59

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.12
	-1.74
	-1.56
	-1.54
	-1.45
	-1.64
	-1.37
	-1.29
	-0.41

	
	lgASD
	0.94
	0.79
	0.66
	0.63
	0.56
	0.78
	0.56
	0.76
	0.59

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	1.02
	1.44
	1.48
	1.46
	1.40
	0.97
	1.33
	1.12
	1.04

	
	lgASA
	1.44
	0.77
	0.70
	0.60
	0.59
	1.27
	0.56
	1.04
	0.63

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	1.01
	0.96
	1.13
	1.30
	1.40
	1.41
	1.63
	1.68
	1.70

	
	lgZSA
	0.56
	0.55
	0.43
	0.37
	0.32
	0.45
	0.17
	0.14
	0.17

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.11
	-1.69
	-1.52
	-1.51
	-1.54
	-1.84
	-1.86
	-2.16
	-2.21

	
	lgZSD
	0.59
	0.51
	0.46
	0.43
	0.45
	0.63
	0.51
	0.74
	0.61

	Shadow fading (SF) [dB]
	SF
	17.1
	17.1
	15.6
	14.6
	14.2
	12.6
	12.1
	12.3
	12.3

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1

	
	ZSD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	23.7
	21.8
	19.6
	18.0
	16.3
	15.9
	12.3
	10.5
	10.5

	
	XPR
	4.5
	6.3
	8.2
	9.4
	11.5
	12.4
	15.0
	15.7
	15.7

	Number of clusters 
[image: image167.wmf]N


	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of rays per cluster 
[image: image168.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image169.wmf]DS

c

) in [ns]
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9

	Cluster ASD (
[image: image170.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image171.wmf]ASA

c

) in [deg]
	15
	15
	15
	15
	15
	15
	15
	15
	15

	Cluster ZSA (
[image: image172.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-3a: Channel model parameters for Urban Scenario (LOS) at S band
	Scenarios
	Urban LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.97
	-8.12
	-8.21
	-8.31
	-8.37
	-8.39
	-8.38
	-8.35
	-8.34

	
	lgDS
	1
	0.83
	0.68
	0.48
	0.38
	0.24
	0.18
	0.13
	0.09

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.6
	-2.48
	-2.44
	-2.6
	-2.71
	-2.76
	-2.78
	-2.65
	-2.27

	
	lgASD
	0.79
	0.8
	0.91
	1.02
	1.17
	1.17
	1.2
	1.45
	1.85

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.18
	0.42
	0.41
	0.18
	-0.07
	-0.43
	-0.64
	-0.91
	-0.54

	
	lgASA
	0.74
	0.9
	1.3
	1.69
	2.04
	2.54
	2.47
	2.69
	1.66

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.63
	-0.15
	0.54
	0.35
	0.27
	0.26
	-0.12
	-0.21
	-0.07

	
	lgZSA
	2.6
	3.31
	1.1
	1.59
	1.62
	0.97
	1.99
	1.82
	1.43

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.54
	-2.67
	-2.03
	-2.28
	-2.48
	-2.56
	-2.96
	-3.08
	-3

	
	lgZSD
	2.62
	2.96
	0.86
	1.19
	1.4
	0.85
	1.61
	1.49
	1.09

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	31.83
	18.78
	10.49
	7.46
	6.52
	5.47
	4.54
	4.03
	3.68

	
	K
	13.84
	13.78
	10.42
	8.01
	8.27
	7.26
	5.53
	4.49
	3.14

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	XPR [dB]
	XPR
	8
	8
	8
	8
	8
	8
	8
	8
	8

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
[image: image173.wmf]N


	4
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image174.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image175.wmf]DS

c

) in [ns]
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9

	Cluster ASD (
[image: image176.wmf]ASD

c

) in [deg]
	0.09
	0.09
	0.12
	0.16
	0.2
	0.28
	0.44
	0.9
	2.87

	Cluster ASA (
[image: image177.wmf]ASA

c

) in [deg]
	12.55
	12.76
	14.36
	16.42
	17.13
	19.01
	19.31
	22.39
	27.8

	Cluster ZSA (
[image: image178.wmf]ZSA

c

) in [deg]
	1.25
	3.23
	4.39
	5.72
	6.17
	7.36
	7.3
	7.7
	9.25

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-3b: Channel model parameters for Urban Scenario (LOS) at Ka band

	Scenarios
	Urban LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.52
	-8.59
	-8.51
	-8.49
	-8.48
	-8.44
	-8.4
	-8.37
	-8.35

	
	lgDS
	0.92
	0.79
	0.65
	0.48
	0.46
	0.34
	0.27
	0.19
	0.14

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.18
	-3.05
	-2.98
	-3.11
	-3.19
	-3.25
	-3.33
	-3.22
	-2.83

	
	lgASD
	0.79
	0.87
	1.04
	1.06
	1.12
	1.14
	1.25
	1.35
	1.62

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-0.4
	-0.15
	-0.18
	-0.31
	-0.58
	-0.9
	-1.16
	-1.48
	-1.14

	
	lgASA
	0.77
	0.97
	1.58
	1.69
	2.13
	2.51
	2.47
	2.61
	1.7

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.67
	-0.34
	0.07
	-0.08
	-0.21
	-0.25
	-0.61
	-0.79
	-0.58

	
	lgZSA
	2.22
	3.04
	1.33
	1.45
	1.62
	1.06
	1.88
	1.87
	1.19

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.61
	-2.82
	-2.48
	-2.76
	-2.93
	-3.05
	-3.45
	-3.66
	-3.56

	
	lgZSD
	2.41
	2.59
	1.02
	1.27
	1.38
	0.96
	1.51
	1.49
	0.89

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	40.18
	23.62
	12.48
	8.56
	7.42
	5.97
	4.88
	4.22
	3.81

	
	K
	16.99
	18.96
	14.23
	11.06
	11.21
	9.47
	7.24
	5.79
	4.25

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	XPR [dB]
	XPR
	8
	8
	8
	8
	8
	8
	8
	8
	8

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
[image: image179.wmf]N


	4
	3
	3
	3
	3
	3
	3
	3
	3

	Number of rays per cluster 
[image: image180.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image181.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image182.wmf]ASD

c

) in [deg]
	0.09
	0.09
	0.11
	0.15
	0.18
	0.27
	0.42
	0.86
	2.55

	Cluster ASA (
[image: image183.wmf]ASA

c

) in [deg]
	11.78
	11.6
	13.05
	14.56
	15.35
	16.97
	17.96
	20.68
	25.08

	Cluster ZSA (
[image: image184.wmf]ZSA

c

) in [deg]
	1.14
	2.78
	3.87
	4.94
	5.41
	6.31
	6.66
	7.31
	9.23

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-4a: Channel model parameters for Urban Scenario (NLOS) at S band

	Scenarios
	Urban NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.21
	-7.63
	-7.75
	-7.97
	-7.99
	-8.01
	-8.09
	-7.97
	-8.17

	
	lgDS
	1.19
	0.98
	0.84
	0.73
	0.73
	0.72
	0.71
	0.78
	0.67

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-1.55
	-1.61
	-1.73
	-1.95
	-1.94
	-1.88
	-2.1
	-1.8
	-1.77

	
	lgASD
	0.87
	0.88
	1.15
	1.13
	1.21
	0.99
	1.77
	1.54
	1.4

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.17
	0.32
	0.52
	0.61
	0.68
	0.64
	0.58
	0.71
	0.49

	
	lgASA
	2.97
	2.99
	2.71
	2.26
	2.08
	1.93
	1.71
	0.96
	1.16

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.97
	0.49
	1.03
	1.12
	1.3
	1.32
	1.35
	1.31
	1.5

	
	lgZSA
	2.35
	2.11
	1.29
	1.45
	1.07
	1.2
	1.1
	1.35
	0.56

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.86
	-2.64
	-2.05
	-2.18
	-2.24
	-2.21
	-2.69
	-2.81
	-4.29

	
	lgZSD
	2.77
	2.79
	1.53
	1.67
	1.95
	1.87
	2.72
	2.98
	4.37

	Shadow fading (SF) [dB]
	SF
	6
	6
	6
	6
	6
	6
	6
	6
	6

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.72
	0.59
	0.76
	0.66
	0.82
	0.81
	0.85
	0.77
	0.84

	
	ASA vs DS
	0.47
	0.41
	0.34
	0.35
	0.24
	0.28
	0.26
	0.27
	0.33

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.53
	0.48
	0.4
	0.44
	0.27
	0.29
	0.3
	0.37
	0.34

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.98
	0.97
	0.96
	0.9
	0.89
	0.92
	0.93
	0.89
	0.8

	
	ZSA vs DS
	-0.01
	0.06
	0.06
	0.06
	-0.05
	-0.19
	-0.18
	-0.39
	-0.34

	
	ZSD vs ASD
	0.72
	0.6
	0.75
	0.69
	0.7
	0.71
	0.79
	0.77
	0.92

	
	ZSA vs ASD
	0
	0.08
	0.11
	0.12
	-0.04
	-0.13
	-0.17
	-0.35
	-0.3

	
	ZSD vs ASA
	0.47
	0.43
	0.38
	0.41
	0.34
	0.33
	0.28
	0.3
	0.42

	
	ZSA vs ASA
	0.04
	0.15
	0.18
	0.15
	0.15
	0.16
	-0.03
	-0.26
	-0.55

	
	ZSD vs ZSA
	-0.01
	0.06
	0.09
	0.09
	-0.02
	-0.14
	-0.16
	-0.35
	-0.36

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image185.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image186.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image187.wmf]DS

c

) in [ns]
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9

	Cluster ASD (
[image: image188.wmf]ASD

c

) in [deg]
	0.08
	0.1
	0.14
	0.23
	0.33
	0.53
	1
	1.4
	6.63

	Cluster ASA (
[image: image189.wmf]ASA

c

) in [deg]
	15.07
	16.2
	18.14
	19.96
	21.53
	22.44
	23.59
	26.57
	32.7

	Cluster ZSA (
[image: image190.wmf]ZSA

c

) in [deg]
	1.66
	4.71
	7.33
	9.82
	11.52
	11.75
	10.93
	12.19
	16.68

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


Table 6.7.2-4b: Channel model parameters for Urban Scenario (NLOS) at Ka band

	Scenarios
	Urban NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.24
	-7.7
	-7.82
	-8.04
	-8.08
	-8.1
	-8.16
	-8.03
	-8.33

	
	lgDS
	1.26
	0.99
	0.86
	0.75
	0.77
	0.76
	0.73
	0.79
	0.7

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-1.58
	-1.67
	-1.84
	-2.02
	-2.06
	-1.99
	-2.19
	-1.88
	-2

	
	lgASD
	0.89
	0.89
	1.3
	1.15
	1.23
	1.02
	1.78
	1.55
	1.4

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.13
	0.19
	0.44
	0.48
	0.56
	0.55
	0.48
	0.53
	0.32

	
	lgASA
	2.99
	3.12
	2.69
	2.45
	2.17
	1.93
	1.72
	1.51
	1.2

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.13
	0.49
	0.95
	1.15
	1.14
	1.13
	1.16
	1.28
	1.42

	
	lgZSA
	2.66
	2.03
	1.54
	1.02
	1.61
	1.84
	1.81
	1.35
	0.6

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.87
	-2.68
	-2.12
	-2.27
	-2.5
	-2.47
	-2.83
	-2.82
	-4.55

	
	lgZSD
	2.76
	2.76
	1.54
	1.77
	2.36
	2.33
	2.84
	2.87
	4.27

	Shadow fading (SF) [dB]
	SF
	6
	6
	6
	6
	6
	6
	6
	6
	6

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.74
	0.6
	0.75
	0.65
	0.72
	0.78
	0.85
	0.8
	0.86

	
	ASA vs DS
	0.47
	0.43
	0.35
	0.35
	0.23
	0.24
	0.27
	0.25
	0.51

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.53
	0.51
	0.41
	0.44
	0.29
	0.24
	0.36
	0.35
	0.47

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.98
	0.97
	0.96
	0.88
	0.84
	0.92
	0.91
	0.88
	0.83

	
	ZSA vs DS
	0
	0.06
	0.08
	0.1
	-0.04
	-0.17
	-0.16
	-0.32
	-0.37

	
	ZSD vs ASD
	0.72
	0.61
	0.73
	0.67
	0.56
	0.68
	0.79
	0.75
	0.96

	
	ZSA vs ASD
	0.01
	0.08
	0.12
	0.16
	0
	-0.11
	-0.16
	-0.31
	-0.28

	
	ZSD vs ASA
	0.47
	0.45
	0.38
	0.41
	0.32
	0.29
	0.29
	0.29
	0.46

	
	ZSA vs ASA
	0.05
	0.15
	0.18
	0.18
	0.21
	0.24
	0.02
	-0.16
	-0.43

	
	ZSD vs ZSA
	0
	0.07
	0.11
	0.13
	-0.02
	-0.11
	-0.16
	-0.3
	-0.32

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image191.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image192.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image193.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image194.wmf]ASD

c

) in [deg]
	0.08
	0.1
	0.14
	0.22
	0.31
	0.49
	0.97
	1.52
	5.36

	Cluster ASA (
[image: image195.wmf]ASA

c

) in [deg]
	14.72
	14.62
	16.4
	17.86
	19.74
	19.73
	20.5
	26.16
	25.83

	Cluster ZSA (
[image: image196.wmf]ZSA

c

) in [deg]
	1.57
	4.3
	6.64
	9.21
	10.32
	10.3
	10.2
	12.27
	12.75

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.
NOTE 9:
The number of clusters is based on a limited data. The number may be different in the real field conditions.


	Table 6.7.2-5a: Channel model parameters for Suburban Scenario (LOS) in S band

Scenarios
	Suburban LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.16
	-8.56
	-8.72
	-8.71
	-8.72
	-8.66
	-8.38
	-8.34
	-8.34

	
	lgDS
	0.99
	0.96
	0.79
	0.81
	1.12
	1.23
	0.55
	0.63
	0.63

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.57
	-3.80
	-3.77
	-3.57
	-3.42
	-3.27
	-3.08
	-2.75
	-2.75

	
	lgASD
	1.62
	1.74
	1.72
	1.60
	1.49
	1.43
	1.36
	1.26
	1.26

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.05
	-0.38
	-0.56
	-0.59
	-0.58
	-0.55
	-0.28
	-0.17
	-0.17

	
	lgASA
	1.84
	1.94
	1.75
	1.82
	1.87
	1.92
	1.16
	1.09
	1.09

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.78
	-1.84
	-1.67
	-1.59
	-1.55
	-1.51
	-1.27
	-1.28
	-1.28

	
	lgZSA
	0.62
	0.81
	0.57
	0.86
	1.05
	1.23
	0.54
	0.67
	0.67

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-1.06
	-1.21
	-1.28
	-1.32
	-1.39
	-1.36
	-1.08
	-1.31
	-1.31


	
	lgZSD
	0.96
	0.95
	0.49
	0.79
	0.97
	1.17
	0.62
	0.76
	0.76

	Shadow fading (SF) [dB]
	SF
	1.79
	1.14
	1.14
	0.92
	1.42
	1.56
	0.85
	0.72
	0.72

	K-factor (K) [dB]
	K
	11.40
	19.45
	20.80
	21.20
	21.60
	19.75
	12.00
	12.85
	12.85

	
	K
	6.26
	10.32
	16.34
	15.63
	14.22
	14.19
	5.70
	9.91
	9.91

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.20
	3.36
	3.50
	2.81
	2.39
	2.73
	2.07
	2.04
	2.04

	XPR [dB]
	XPR
	21.3
	21.0
	21.2
	21.1
	20.7
	20.6
	20.3
	19.8
	19.1

	
	XPR
	7.6
	8.9
	8.5
	8.4
	9.2
	9.8
	10.8
	12.2
	13.0

	Number of clusters 
[image: image197.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image198.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image199.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image200.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image201.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image202.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table 6.7.2-5b: Channel model parameters for Suburban Scenario (LOS) in Ka band 

	Scenarios
	Suburban LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.07
	-8.61
	-8.72
	-8.63
	-8.54
	-8.48
	-8.42
	-8.39
	-8.37

	
	lgDS
	0.46
	0.45
	0.28
	0.17
	0.14
	0.15
	0.09
	0.05
	0.02

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.55
	-3.69
	-3.59
	-3.38
	-3.23
	-3.19
	-2.83
	-2.66
	-1.22

	
	lgASD
	0.48
	0.41
	0.41
	0.35
	0.35
	0.43
	0.33
	0.44
	0.31

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.89
	0.31
	0.02
	-0.10
	-0.19
	-0.54
	-0.24
	-0.52
	-0.15

	
	lgASA
	0.67
	0.78
	0.75
	0.65
	0.55
	0.96
	0.43
	0.93
	0.44

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.63
	0.76
	1.11
	1.37
	1.53
	1.65
	1.74
	1.82
	1.87

	
	lgZSA
	0.35
	0.30
	0.28
	0.23
	0.23
	0.17
	0.11
	0.05
	0.02

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-3.37
	-3.28
	-3.04
	-2.88
	-2.83
	-2.86
	-2.95
	-3.21
	-3.49

	
	lgZSD
	0.28
	0.27
	0.26
	0.21
	0.18
	0.17
	0.10
	0.07
	0.24

	Shadow fading (SF) [dB]
	SF
	1.9
	1.6
	1.9
	2.3
	2.7
	3.1
	3.0
	3.6
	0.4

	K-factor (K) [dB]
	K
	8.9
	14.0
	11.3
	9.0
	7.5
	6.6
	5.9
	5.5
	5.4

	
	K
	4.4
	4.6
	3.7
	3.5
	3.0
	2.6
	1.7
	0.7
	0.3

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	
	ASA vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	DS vs 
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8
	-0.8

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs DS
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2
	-0.2

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASA
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3
	-0.3

	
	ZSA vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	XPR [dB]
	XPR
	23.2
	23.6
	23.5
	23.4
	23.2
	23.3
	23.4
	23.2
	23.1

	
	XPR
	5.0
	4.5
	4.7
	5.2
	5.7
	5.9
	6.2
	7.0
	7.6

	Number of clusters 
[image: image203.wmf]N


	3
	3
	3
	3
	3
	3
	2
	2
	2

	Number of rays per cluster 
[image: image204.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image205.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image206.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image207.wmf]ASA

c

) in [deg]
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Cluster ZSA (
[image: image208.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASD
	18
	18
	18
	18
	18
	18
	18
	18
	18

	
	ASA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table 6.7.2-6a: Channel model parameters for Suburban Scenario (NLOS) in S band

	Scenarios
	Suburban NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.91
	-8.39
	-8.69
	-8.59
	-8.64
	-8.74
	-8.98
	-9.28
	-9.28

	
	lgDS
	1.42
	1.46
	1.46
	1.21
	1.18
	1.13
	1.37
	1.50
	1.50

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.54
	-3.63
	-3.66
	-3.66
	-3.66
	-3.57
	-3.18
	-2.71
	-2.71

	
	lgASD
	1.80
	1.43
	1.68
	1.48
	1.55
	1.38
	1.62
	1.63
	1.63

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	0.91
	0.70
	0.38
	0.30
	0.28
	0.23
	0.10
	0.04
	0.04

	
	lgASA
	1.70
	1.33
	1.52
	1.46
	1.44
	1.44
	1.24
	1.04
	1.04

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.90
	-1.70
	-1.75
	-1.80
	-1.80
	-1.85
	-1.45
	-1.19
	-1.19

	
	lgZSA
	1.63
	1.24
	1.54
	1.25
	1.21
	1.20
	1.38
	1.58
	1.58

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-2.01
	-1.67
	-1.75
	-1.49
	-1.53
	-1.57
	-1.48
	-1.62
	-1.62

	
	lgZSD
	1.79
	1.31
	1.42
	1.28
	1.40
	1.24
	0.98
	0.88
	0.88

	Shadow fading (SF) [dB]
	SF
	8.93
	9.08
	8.78
	10.25
	10.56
	10.74
	10.17
	11.52
	11.52

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1

	
	ZSD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.28
	2.33
	2.43
	2.26
	2.71
	2.10
	2.19
	2.06
	2.06

	XPR [dB]
	XPR
	20.6
	16.7
	13.2
	11.3
	9.6
	7.5
	9.1
	11.7
	11.7

	
	XPR
	8.5
	12.0
	12.8
	13.8
	12.5
	11.2
	10.1
	13.1
	13.1

	Number of clusters 
[image: image209.wmf]N


	4
	4
	4
	4
	4
	3
	3
	3
	3

	Number of rays per cluster 
[image: image210.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image211.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image212.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image213.wmf]ASA

c

) in [deg]
	15
	15
	15
	15
	15
	15
	15
	15
	15

	Cluster ZSA (
[image: image214.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table 6.7.2-6b: Channel model parameters for Suburban Scenario (NLOS) in Ka band

	Scenarios
	Suburban NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.43
	-7.63
	-7.86
	-7.96
	-7.98
	-8.45
	-8.21
	-8.69
	-8.69

	
	lgDS
	0.50
	0.61
	0.56
	0.58
	0.59
	0.47
	0.36
	0.29
	0.29

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.89
	-2.76
	-2.64
	-2.41
	-2.42
	-2.53
	-2.35
	-2.31
	-2.31

	
	lgASD
	0.41
	0.41
	0.41
	0.52
	0.70
	0.50
	0.58
	0.73
	0.73

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	1.49
	1.24
	1.06
	0.91
	0.98
	0.49
	0.73
	-0.04
	-0.04

	
	lgASA
	0.40
	0.82
	0.71
	0.55
	0.58
	1.37
	0.49
	1.48
	1.48

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	0.81
	1.06
	1.12
	1.14
	1.29
	1.38
	1.36
	1.38
	1.38

	
	lgZSA
	0.36
	0.41
	0.40
	0.39
	0.35
	0.36
	0.29
	0.20
	0.20

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-3.09
	-2.93
	-2.91
	-2.78
	-2.70
	-3.03
	-2.90
	-3.20
	-3.20

	
	lgZSD
	0.32
	0.47
	0.46
	0.54
	0.45
	0.36
	0.42
	0.30
	0.30

	Shadow fading (SF) [dB]
	SF
	10.7
	10.0
	11.2
	11.6
	11.8
	10.8
	10.8
	10.8
	10.8

	Cross-Correlations
	ASD vs DS
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6
	-0.6

	
	DS vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ASD vs ASA
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A


	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4
	-0.4

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ZSA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ZSA vs ASD
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1
	-0.1

	
	ZSD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Delay scaling parameter r(
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	XPR [dB]
	XPR
	22.5
	19.4
	15.5
	13.9
	11.7
	9.8
	10.3
	15.6
	15.6

	
	XPR
	5.0
	8.5
	10.0
	10.6
	10.0
	9.1
	9.1
	9.1
	9.1

	Number of clusters 
[image: image215.wmf]N


	4
	4
	4
	4
	4
	3
	3
	3
	3

	Number of rays per cluster 
[image: image216.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image217.wmf]DS

c

) in [ns]
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	Cluster ASD (
[image: image218.wmf]ASD

c

) in [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cluster ASA (
[image: image219.wmf]ASA

c

) in [deg]
	15
	15
	15
	15
	15
	15
	15
	15
	15

	Cluster ZSA (
[image: image220.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ASD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	SF
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table 6.7.2-7a: Channel model parameters for Rural Scenario (LOS) at S band

	Scenarios
	Rural LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.55
	-8.68
	-8.46
	-8.36
	-8.29
	-8.26
	-8.22
	-8.2
	-8.19

	
	lgDS
	0.66
	0.44
	0.28
	0.19
	0.14
	0.1
	0.1
	0.05
	0.06

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-3.42
	-3
	-2.86
	-2.78
	-2.7
	-2.66
	-2.53
	-2.21
	-1.78

	
	lgASD
	0.89
	0.63
	0.52
	0.45
	0.42
	0.41
	0.42
	0.5
	0.91

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-9.45
	-4.45
	-2.39
	-1.28
	-0.99
	-1.05
	-0.9
	-0.89
	-0.81

	
	lgASA
	7.83
	6.86
	5.14
	3.44
	2.59
	2.42
	1.78
	1.65
	1.26

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-4.2
	-2.31
	-0.28
	-0.38
	-0.38
	-0.46
	-0.49
	-0.53
	-0.46

	
	lgZSA
	6.3
	5.04
	0.81
	1.16
	0.82
	0.67
	1
	1.18
	0.91

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-6.03
	-4.31
	-2.57
	-2.59
	-2.59
	-2.65
	-2.69
	-2.65
	-2.65

	
	lgZSD
	5.19
	4.18
	0.61
	0.79
	0.65
	0.52
	0.78
	1.01
	0.71

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	24.72
	12.31
	8.05
	6.21
	5.04
	4.42
	3.92
	3.65
	3.59

	
	K
	5.07
	5.75
	5.46
	5.23
	3.95
	3.75
	2.56
	1.77
	1.77

	Cross-Correlations
	ASD vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	ZSA vs SF
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02

	
	ZSD vs DS
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05

	
	ZSA vs DS
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27

	
	ZSD vs ASD
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73

	
	ZSA vs ASD
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14

	
	ZSD vs ASA
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20

	
	ZSA vs ASA
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24

	
	ZSD vs ZSA
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07

	Delay scaling parameter r(
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8

	XPR [dB]
	XPR
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
[image: image221.wmf]N


	2
	2
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image222.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image223.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image224.wmf]ASD

c

) in [deg]
	0.39
	0.31
	0.29
	0.37
	0.61
	0.9
	1.43
	2.87
	5.48

	Cluster ASA (
[image: image225.wmf]ASA

c

) in [deg]
	10.81
	8.09
	13.7
	20.05
	24.51
	26.35
	31.84
	36.62
	36.77

	Cluster ZSA (
[image: image226.wmf]ZSA

c

) in [deg]
	1.94
	1.83
	2.28
	2.93
	2.84
	3.17
	3.88
	4.17
	4.29

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASD
	25
	25
	25
	25
	25
	25
	25
	25
	25

	
	ASA
	35
	35
	35
	35
	35
	35
	35
	35
	35

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table 6.7.2-7b: Channel model parameters for Rural Scenario (LOS) at Ka band. 

	Scenarios
	Rural LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.68
	-8.86
	-8.59
	-8.46
	-8.36
	-8.3
	-8.26
	-8.22
	-8.21

	
	lgDS
	0.46
	0.29
	0.18
	0.19
	0.14
	0.15
	0.13
	0.03
	0.07

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-4.03
	-3.55
	-3.45
	-3.38
	-3.33
	-3.29
	-3.24
	-2.9
	-2.5

	
	lgASD
	0.91
	0.7
	0.55
	0.52
	0.46
	0.43
	0.46
	0.44
	0.82

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-9.74
	-4.88
	-2.6
	-1.92
	-1.56
	-1.66
	-1.59
	-1.58
	-1.51

	
	lgASA
	7.52
	6.67
	4.63
	3.45
	2.44
	2.38
	1.67
	1.44
	1.13

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-5.85
	-3.27
	-0.88
	-0.93
	-0.99
	-1.04
	-1.17
	-1.19
	-1.13

	
	lgZSA
	6.51
	5.36
	0.93
	0.96
	0.97
	0.83
	1.01
	1.01
	0.85

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-7.45
	-5.25
	-3.16
	-3.15
	-3.2
	-3.27
	-3.42
	-3.36
	-3.35

	
	lgZSD
	5.3
	4.42
	0.68
	0.73
	0.77
	0.61
	0.74
	0.79
	0.65

	Shadow fading (SF) [dB]
	SF
	4
	4
	4
	4
	4
	4
	4
	4
	4

	K-factor (K) [dB]
	K
	25.43
	12.72
	8.40
	6.52
	5.24
	4.57
	4.02
	3.70
	3.62

	
	K
	7.04
	7.47
	7.18
	6.88
	5.28
	4.92
	3.40
	2.22
	2.28

	Cross-Correlations
	ASD vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs DS
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASA vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	DS vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	SF vs 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Cross-Correlations
	ZSD vs SF
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	ZSA vs SF
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17
	-0.17

	
	ZSD vs K
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ZSA vs K
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02

	
	ZSD vs DS
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05

	
	ZSA vs DS
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27
	0.27

	
	ZSD vs ASD
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73

	
	ZSA vs ASD
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14
	-0.14

	
	ZSD vs ASA
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20
	-0.20

	
	ZSA vs ASA
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24
	0.24

	
	ZSD vs ZSA
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07
	-0.07

	Delay scaling parameter r(
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8

	XPR [dB]
	XPR
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	XPR
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Number of clusters 
[image: image227.wmf]N


	2
	2
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image228.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image229.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image230.wmf]ASD

c

) in [deg]
	0.36
	0.3
	0.25
	0.35
	0.53
	0.88
	1.39
	2.7
	4.97

	Cluster ASA (
[image: image231.wmf]ASA

c

) in [deg]
	4.63
	6.83
	12.91
	18.9
	22.44
	25.69
	27.95
	31.45
	28.01

	Cluster ZSA (
[image: image232.wmf]ZSA

c

) in [deg]
	0.75
	1.25
	1.93
	2.37
	2.66
	3.23
	3.71
	4.17
	4.14

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ASD
	25
	25
	25
	25
	25
	25
	25
	25
	25

	
	ASA
	35
	35
	35
	35
	35
	35
	35
	35
	35

	
	SF
	37
	37
	37
	37
	37
	37
	37
	37
	37

	
	
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	ZSA
	15
	15
	15
	15
	15
	15
	15
	15
	15

	
	ZSD
	15
	15
	15
	15
	15
	15
	15
	15
	15

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table 6.7.2-8a: Channel model parameters for Rural Scenario (NLOS) at S band

	Scenarios
	Rural NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.01
	-8.37
	-8.05
	-7.92
	-7.92
	-7.96
	-7.91
	-7.79
	-7.74

	
	lgDS
	1.59
	0.95
	0.92
	0.92
	0.87
	0.87
	0.82
	0.86
	0.81

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.9
	-2.5
	-2.12
	-1.99
	-1.9
	-1.85
	-1.69
	-1.46
	-1.32

	
	lgASD
	1.34
	1.18
	1.08
	1.06
	1.05
	1.06
	1.14
	1.16
	1.3

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-3.33
	-0.74
	0.08
	0.32
	0.53
	0.33
	0.55
	0.45
	0.4

	
	lgASA
	6.22
	4.22
	3.02
	2.45
	1.63
	2.08
	1.58
	2.01
	2.19

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-0.88
	-0.07
	0.75
	0.72
	0.95
	0.97
	1.1
	0.97
	1.35

	
	lgZSA
	3.26
	3.29
	1.92
	1.92
	1.45
	1.62
	1.43
	1.88
	0.62

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-4.92
	-4.06
	-2.33
	-2.24
	-2.24
	-2.22
	-2.19
	-2.41
	-2.45

	
	lgZSD
	3.96
	4.07
	1.7
	2.01
	2
	1.82
	1.66
	2.58
	2.52

	Shadow fading (SF) [dB]
	SF
	8
	8
	8
	8
	8
	8
	8
	8
	8

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.5
	0.3
	0.32
	0.39
	0.25
	0.16
	0.23
	0.18
	0.91

	
	ASA vs DS
	0.2
	0.3
	0.31
	0.38
	0.44
	0.38
	0.49
	0.27
	-0.01

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0.57
	0.14
	0.08
	0.25
	0.17
	0.15
	0.23
	-0.04
	-0.05

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04

	
	ZSA vs SF
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.75
	0.79
	0.74
	0.9
	0.93
	0.93
	0.94
	0.74
	0.61

	
	ZSA vs DS
	0.05
	0.03
	0
	-0.09
	-0.2
	-0.22
	-0.33
	-0.41
	-0.36

	
	ZSD vs ASD
	0.7
	0.42
	0.38
	0.33
	0.19
	0.17
	0.21
	0.15
	0.31

	
	ZSA vs ASD
	0.12
	-0.04
	-0.1
	-0.13
	-0.13
	-0.12
	-0.13
	-0.14
	-0.29

	
	ZSD vs ASA
	0.35
	0.35
	0.31
	0.38
	0.47
	0.45
	0.52
	0.28
	0.1

	
	ZSA vs ASA
	0.09
	0.21
	0.22
	0.06
	-0.06
	-0.15
	-0.36
	-0.28
	-0.4

	
	ZSD vs ZSA
	0.15
	0.07
	-0.06
	-0.13
	-0.21
	-0.22
	-0.31
	-0.33
	-0.27

	Delay scaling parameter r(
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image233.wmf]N


	3
	3
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image234.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image235.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image236.wmf]ASD

c

) in [deg]
	0.03
	0.05
	0.07
	0.1
	0.15
	0.22
	0.5
	1.04
	2.11

	Cluster ASA (
[image: image237.wmf]ASA

c

) in [deg]
	18.16
	26.82
	21.99
	22.86
	25.93
	27.79
	28.5
	37.53
	29.23

	Cluster ZSA (
[image: image238.wmf]ZSA

c

) in [deg]
	2.32
	7.34
	8.28
	8.76
	9.68
	9.94
	8.9
	13.74
	12.16

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	36
	36
	36
	36
	36
	36
	36
	36
	36

	
	ASD
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASA
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	SF
	120
	120
	120
	120
	120
	120
	120
	120
	120

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values.

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


Table 6.7.2-8b: Channel model parameters for Rural Scenario (NLOS) at Ka band

	Scenarios
	Rural NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.13
	-8.39
	-8.1
	-7.96
	-7.99
	-8.05
	-8.01
	-8.05
	-7.91

	
	lgDS
	1.91
	0.94
	0.92
	0.94
	0.89
	0.87
	0.82
	1.65
	0.76

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	-2.9
	-2.53
	-2.16
	-2.04
	-1.99
	-1.95
	-1.81
	-1.56
	-1.53

	
	lgASD
	1.32
	1.18
	1.08
	1.09
	1.08
	1.06
	1.17
	1.2
	1.27

	AOA spread (ASA)
lgASA=log10(ASA/1()
	lgASA
	-3.4
	-0.51
	0.06
	0.2
	0.4
	0.32
	0.46
	0.33
	0.24

	
	lgASA
	6.28
	3.75
	2.95
	2.65
	1.85
	1.83
	1.57
	1.99
	2.18

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1()
	lgZSA
	-1.19
	-0.11
	0.72
	0.69
	0.84
	0.99
	0.95
	0.92
	1.29

	
	lgZSA
	3.81
	3.33
	1.93
	1.91
	1.7
	1.27
	1.86
	1.84
	0.59

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1()
	lgZSD
	-5.47
	-4.06
	-2.32
	-2.19
	-2.16
	-2.24
	-2.29
	-2.65
	-2.23

	
	lgZSD
	4.39
	4.04
	1.54
	1.73
	1.5
	1.64
	1.66
	2.86
	1.12

	Shadow fading (SF) [dB]
	SF
	8
	8
	8
	8
	8
	8
	8
	8
	8

	K-factor (K) [dB]
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ASD vs DS
	0.51
	0.36
	0.29
	0.41
	0.27
	0.19
	0.44
	0.2
	0.9

	
	ASA vs DS
	0.22
	0.33
	0.32
	0.41
	0.47
	0.37
	0.34
	0.28
	-0.02

	
	ASA vs SF
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ASD vs SF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0.57
	0.15
	0.09
	0.24
	0.11
	0.16
	0.26
	-0.03
	-0.03

	
	ASD vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ASA vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	DS vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	SF vs 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cross-Correlations
	ZSD vs SF
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04
	-0.04

	
	ZSA vs SF
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25
	-0.25

	
	ZSD vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSD vs DS
	0.72
	0.78
	0.72
	0.91
	0.91
	0.86
	0.93
	0.82
	0.75

	
	ZSA vs DS
	0.05
	0.02
	0.04
	-0.06
	-0.16
	-0.17
	-0.31
	-0.35
	-0.29

	
	ZSD vs ASD
	0.71
	0.42
	0.4
	0.45
	0.15
	0.2
	0.32
	0.11
	0.44

	
	ZSA vs ASD
	0.1
	-0.04
	-0.07
	-0.11
	-0.12
	-0.1
	-0.13
	-0.14
	-0.31

	
	ZSD vs ASA
	0.4
	0.35
	0.33
	0.4
	0.47
	0.46
	0.35
	0.3
	0.08

	
	ZSA vs ASA
	0.1
	0.21
	0.22
	0.1
	0
	-0.11
	-0.25
	-0.18
	-0.21

	
	ZSD vs ZSA
	0.19
	0.06
	-0.02
	-0.11
	-0.19
	-0.19
	-0.3
	-0.28
	-0.22

	Delay scaling parameter r(
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	XPR [dB]
	XPR
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	XPR
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of clusters 
[image: image239.wmf]N


	3
	3
	2
	2
	2
	2
	2
	2
	2

	Number of rays per cluster 
[image: image240.wmf]M


	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image241.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image242.wmf]ASD

c

) in [deg]
	0.03
	0.05
	0.07
	0.09
	0.16
	0.22
	0.51
	0.89
	1.68

	Cluster ASA (
[image: image243.wmf]ASA

c

) in [deg]
	18.21
	24.08
	22.06
	21.4
	24.26
	24.15
	25.99
	36.07
	24.51

	Cluster ZSA (
[image: image244.wmf]ZSA

c

) in [deg]
	2.13
	6.52
	7.72
	8.45
	8.92
	8.76
	9
	13.6
	10.56

	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance in the horizontal plane [m]
	DS
	36
	36
	36
	36
	36
	36
	36
	36
	36

	
	ASD
	30
	30
	30
	30
	30
	30
	30
	30
	30

	
	ASA
	40
	40
	40
	40
	40
	40
	40
	40
	40

	
	SF
	120
	120
	120
	120
	120
	120
	120
	120
	120

	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	ZSA
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	ZSD
	50
	50
	50
	50
	50
	50
	50
	50
	50

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.

NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.

NOTE 5:
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6:
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values.

NOTE 7:
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values.

NOTE 8:
For satellite (e.g.GEO/LEO), the departure angle spreads are zeros, i.e. µlgASD and µlgZSD are –∞, and corresponding standard deviations are zeros.


6.8.
Additional modelling components

6.8.1
Time-varying Doppler shift

The Doppler shift generally depends on the time evolution of the channel as the joint results due to the movement of Tx and Rx, or scatterer movement. As mentioned above, the movement of BS and UE are time-varying, especially in the spaceborne case. Then, the more general form to describe the phase rotation due to the Doppler shift can be calculated as:
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[image: image246.wmf])

(

ˆ

,

,

t

r

m

n

rx

 is the normalized vector that points into the direction of the incoming wave as seen from the Rx at time 
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 denotes the velocity vector of the Rx at time 
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is the normalized vector that points into the direction of the outgoing wave as seen from the Tx at time 
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 denotes the velocity vector of the Tx at time 
[image: image253.wmf]t

. While 
[image: image254.wmf]0

t

 denotes a reference point in time that defines the initial phase, e.g. 
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6.8.2
Faraday rotation

The Faraday rotation is introduced to describe the rotation of the polarization due to the interaction of the electromagnetic wave with the ionized medium in the earth's magnetic field along the path. In case of propagation for spaceborne BS above the ionosphere, the Faraday rotation should be calculated as:
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(6.8-1)
The polarization matrix in equations 7.5-28 and 7.5-29 in [12] should be updated by post-multiplied with 
[image: image257.wmf]r
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for the channel coefficient generation of the mth path in the nth cluster, where 
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is calculated as [11]:
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(6.8-2)
where ψ is the faraday rotation in degree and f is the central carrier frequency in GHz.
6.9
Channel models for link level simulations

The link level models follow the same principles as the link level models specified in TR38.901 section 7.7.

6.9.1
CDL models

The CDL models are defined for the S and Ka bands and are applicable to different environments and elevation angles. NTN-CDL-A and NTN-CDL-B are constructed to represent two different channel profiles for NLOS, while NTN-CDL-C and NTN-CDL-D are constructed for LOS. The parameters of these models can be found in Tables 6.9.1-1 to 6.9.1-4.
Due to the long propagation distance between the NTN gNB and ground UE, the azimuth and elevation angular spreads of departure, ASD and ZSD, can be considered zero, and all cluster AOD and ZOD angles the same. The coordinate system can be chosen in such a way that all AODs are zero. With the NTN gNB at an elevation angle α with respect to the UE, ZOD of all clusters is 90⁰+α, as shown in Figure 6.9.1-1. The CDL models in Tables 6.9.1-1 to 6.9.1-4 use 50⁰ elevation angle between the NTN gNB and UE, resulting in ZODs equal to 190⁰. For a desired elevation angle αdesired, the cluster ZOD needs to be set to

[image: image261.emf]𝜃 𝑛 , ZOD , desired = 90 + 𝛼 desired  


 (6.9-1)
[image: image262.png]Z
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Figure 6.9.1-1 Elevation angle α at UE with NTN gNB
Depending on the frequency band, environment scenario, and elevation angle of the intended link level simulations, suitable DS, ASA, ZSA, and Rician K-factor in case of LOS, can be determined from the channel model parameters in Section 6.7.2. 

Each CDL model can be scaled in delay and AOA to achieve desired RMS delay spread and ASA according to the procedures specified respectively in subclauses 7.7.3 and 7.7.5.1 of TR 38.901. With the same angle scaling principle, each CDL model can also be scaled in ZOA to achieve desired ZSA, taking into account the difference between the desired elevation angle and reference elevation angle, by


[image: image263.emf]𝜃 𝑛 , ZOA , scaled = ZSA desired Z SA model ൫ 𝜃 𝑛 , ZOA , model − 𝜇 ZOA , model ൯ + 𝜇 ZOA , desired − Δ 𝛼  

 
(6.9-2)
where


[image: image264.emf]𝜃 𝑛 , ZOA , scaled  

 is the scaled ZOA,
[image: image265.emf]ZSA desired  

 is the desired ZSA,
[image: image266.emf]Z SA model  

 is the RMS zenith angular spread of the reference model,
[image: image267.emf]𝜃 𝑛 , ZOA , model  

 is the cluster ZOA of the reference model,
[image: image268.emf]𝜇 ZOA , model  

 is the mean angle of ZOA of the reference model,
[image: image269.emf]𝜇 ZOA , desired  

 is the desired mean ZOA, 
[image: image270.emf]Δ 𝛼 = 𝛼 desired − 𝛼 model  

 is the difference between the desired and reference elevation angles between the NTN gNB and UE.
The resultant ZOA angles after scaling may need to be wrapped to the domain [0,180] by the same rule in TR 38.901: if [image: image271.emf]𝜃 𝑛 , ZOA ∈ [ 180 0 , 360 0 ]  

, it should be set to [image: image272.emf]൫ 360 0 − 𝜃 𝑛 , ZOA ൯  

.
For LOS channel models, the K-factor of NTN-CDL-C and NTN-CDL-D can be set to a desired value following the procedure described in subclause 7.7.6 of TR 38.901.
Doppler shift due to UE and satellite motion should be calculated based on section 6.8.1. For simulations over a few TTIs, constant speed for the UE and the satellite and constant satellite elevation angle may be considered
Table 6.9.1-1. NTN-CDL-A at elevation [image: image273.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	178.8
	140
	35.6

	2
	1.0811
	-4.675
	0
	-115.7
	140
	22.9

	3
	2.8416
	-6.482
	0
	111.5
	140
	127.4

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10


Table 6.9.1-2. NTN-CDL-B at elevation [image: image278.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	-174.6
	140
	42.2

	2
	0.7249
	-1.973
	0
	144.9
	140
	63.4

	3
	0.7410
	-4.332
	0
	-119.8
	140
	89.7

	4
	5.7392
	-11.914
	0
	-88.8
	140
	174.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10


Table 6.9.1-3. NTN-CDL-C at elevation [image: image280.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.394
	0
	-180
	140
	40

	
	Laplacian
	0
	-10.618
	0
	-180
	140
	40

	2
	Laplacian
	14.8124
	-23.373
	0
	-75.9
	140
	87.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16


Table 6.9.1-4. NTN-CDL-D at elevation [image: image283.emf]𝜶 𝐦𝐨𝐝𝐞𝐥 = 𝟓𝟎 °  


	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.284
	0
	-180
	140
	40

	
	Laplacian
	0
	-11.991
	0
	-180
	140
	40

	2
	Laplacian
	0.5596
	-9.887
	0
	-135.4
	140
	146.2

	3
	Laplacian
	7.3340
	-16.771
	0
	-121.5
	140
	136.0

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16




	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


6.9.2
TDL models

The Tapped Delay Line (TDL) models are filtered from the CDL models according to the section 7.7.4 of TR 38.901 [12] by assuming isotropic UE antenna. Two TDL models, namely NTN-TDL-A and NTN-TDL-B are constructed to represent two different channel profiles for NLOS, while NTN-TDL-C and NTN-TDL-D are constructed for LOS. The parameter of these models can be found in Tables 6.9.2-1 to 6.9.2-4.
The Doppler spectrum for each tap is defined as described in subclause 7.7.2 of TR 38.901. Each TDL model can be scaled in delay to achieve desired RMS delay spread according to the procedure specified in subclause 7.7.3 of TR 38.901. For LOS channel models, the K-factor of NTN-TDL-C and NTN-TDL-D can be set to a desired value following the procedure described in subclause 7.7.6 of TR 38.901.
Additional Doppler shift due to satellite motion should be taken into account according to the following formula:
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Where 
[image: image286.wmf]sat

v

 denotes the satellite speed, c denotes the speed of light, R denotes the earth radius, h denotes the satellite altitude, 
[image: image287.wmf]mod
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 denotes the satellite elevation angle, and 
[image: image288.wmf]c
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 denotes the carrier frequency.
This additional Doppler shift should be applied to all taps of the TDL model.
The satellite speed, satellite elevation angle and UE speed should be considered to be constant during the simulation duration, if limited to few TTIs.
An illustration of the effect of additional Doppler shift due to satellite motion on the Doppler power spectrum is displayed on the next figure.
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Figure 6-.9.2-1 : Illustration of Doppler power spectrum in NTN in LOS conditions
Table 6.9.2-1. NTN-TDL-A at elevation [image: image291.png]



	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	1.0811
	-4.675
	Rayleigh

	3
	2.8416
	-6.482
	Rayleigh


Table 6.9.2-2. NTN-TDL-B at elevation [image: image293.png]50°





	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	0.7249
	-1.973
	Rayleigh

	3
	0.7410
	-4.332
	Rayleigh

	4
	5.7392
	-11.914
	Rayleigh


Table 6.9.2-3. NTN-TDL-C at elevation [image: image295.png]50°





	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-10.618
	Rayleigh

	2
	14.8124
	-23.373
	Rayleigh

	NOTE:
The first tap follows a Ricean distribution with a K-factor of K1 = 10.224 dB and a mean power of 0 dB.


Table 6.9.2-4. NTN-TDL-D at elevation [image: image297.png]50°





	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.284
	LOS path

	
	0
	-11.991
	Rayleigh

	2
	0.5596
	-9.887
	Rayleigh

	3
	7.3340
	-16.771
	Rayleigh

	NOTE:
The first tap follows a Ricean distribution with a K-factor of K1 = 11.707 dB and a mean power of 0 dB.



	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


6.10
Channel model calibration

6.10.1
NTN channel model features per deployment scenarios

Table 6.10.1-1: NTN channel model features per deployment scenarios

	
	Deployment-D1
	Deployment-D2
	Deployment-D3
	Deployment-D4
	Deployment-D5

	Platform orbit and altitude
	GEO at 35 786 km
	GEO at 35 786 km
	Non-GEO down to 600 km
	Non-GEO down to 600 km
	HAPS between 8 km and 50 km

	Carrier Frequency on the link between Air / space-borne platform and UE
	Around 20 GHz for DL

Around 30 GHz for UL (Ka band)
	Around 2 GHz for both DL and UL (S band)
	Around 2 GHz for both DL and UL (S band)
	Around 20 GHz for DL

Around 30 GHz for UL (Ka band)
	Below 6 GHz

	Maximum Channel Bandwidth 

(DL + UL)
	Up to 2 * 800 MHz
	Up to 2 * 20 MHz
	Up to 2 * 20 MHz
	Up to 2 * 800 MHz
	Up to 2 * 80 MHz

	UE antenna pattern + polarisation
	VSAT type - circular polarisation

Co-phased array - Dual Linear polarisation (Note 1)
	Quasi Isotropic - Linear polarisation (Note 4)

Co-phased array - Dual Linear polarisation (Note 2)
	Quasi Isotropic - Linear polarisation (Note 4)

Co-phased array - Dual Linear polarisation (Note 2)
	VSAT type - circular polarisation

Co-phased array - Dual Linear polarisation (Note 1)
	Quasi Isotropic - Linear polarisation (Note 4)

Co-phased array - Dual Linear polarisation (Note 2)

	UE type
	Handheld, nomadic, fixed, moving platform mounted
	Handheld, moving platform mounted
	Handheld, moving platform mounted
	Handheld, nomadic, fixed, moving platform mounted
	Handheld, moving platform mounted

	Airborne & space borne antenna pattern modelling + polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	-
Bessel function and circular polarisation 
-
3GPP antenna pattern of Base Station (Dual Linear polarisation)

	Doppler cause
	Mainly UE mobility
	Mainly UE mobility
	UE + satellite mobility
	UE + satellite mobility
	UE + HAPS mobility

	O2I penetration loss
	No
	No
	No
	No
	Possible

	Atmospheric absorption
	Mandatory
	Negligible
	Negligible
	Mandatory
	Negligible

	Rain attenuation
	(Note 3)
	Negligible
	Negligible
	(Note 3)
	Negligible

	Cloud attenuation
	(Note 3)
	Negligible
	Negligible
	(Note 3)
	Negligible

	Scintillation
	Tropospheric
	Ionospheric
	Ionospheric
	Tropospheric
	Negligible

	Fast fading models (system level)
	Flat fading (Note 6)
	Flat fading (Note 6) or frequency selective fading (note 5) according to elevation and environments
	Flat fading (Note 6) or frequency selective fading (note 5) according to elevation and environments
	Flat fading (Note 6)
	Frequency selective fading (note 5) according to elevation and environments

	Link level model
	Flat fading (Note 6)
	CDL or TDL
	CDL or TDL
	Flat fading (Note 6)
	CDL or TDL

	Shadowing model
	LMS (Land Mobile Satellite)
	LMS
	LMS
	LMS
	3GPP TR38.901 based


Note 1:
As described in [19] as [M,N,P] = [2,4,2].

Note 2:
As described in [19] as [M,N,P] = [1,2,2].

Note 3:
Rain and cloud attenuation are not needed for system or link level simulations related to channel model, if they are already considered in the system dimensioning (e.g. link budget). If they need to be taken into account, ITU-R P618 models (Rain) and ITU-R P840 models (Cloud) shall be used.

Note 4:
Quasi isotropic refers to dipole antenna which is omni-directional in one plane.

Note 5:
The frequency selective fading refers to Geometry based Stochastic Channel Model or GSCM which is defined in (SCM/FP7 WINNER, 3GPP TR 38.901 etc.)

Note 6:
Flat fading model refers to the 2 state model from ITU-R P681 (section 6). Since this model is based on time series, R1-1802975 proposes a method to adapt it to drop based simulations for system level evaluation.

<Unchanged parts are omitted>
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� Unlike the frequency selective case, the LOS probability defined in clause 6.6.1 is not used when considering the flat fading model






_1614689761.unknown

_1615230190.unknown

_1615230238.unknown

_1615230258.unknown

_1615229986.unknown

_1614008801.unknown

_1614009207.unknown

_1614008491.unknown

