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1 Abstract

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

2 Discussion

The key points of this contribution are

e To propose a template for the 6" clause of the TR 38.811

e To define the targeted user environments, frequency bands and UE mobility
e To propose a methodology to define reference scenarios in the non-GEO case
e To propose a reference scenario for the LEO and GEO case

e To describe atmospheric attenuations for S and Ka bands

e To describe the fast fading models
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4 Proposed text for approval

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

* * * Start of changes * * * *

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.

e |TU-R P.681 defines the Land Mobile Satellite channel with measurements up to 20GHz
e ITU-R P.618 describes the atmospheric effects

Few work and measurements have been performed for HAPS. The HAPS channel model therefore relies
mainly on existing works in terrestrial and satellite channel models.

6.1.2 Targeted user environment (Satellite: outdoor only; HAPS: outdoor & indoor)

Only outdoor satellite channel models will be considered, as it is supposed that performance
requirements will not be met with the available link budget for indoor communications.

For HAPS channel models, additional indoor channel models will be considered, since they are closer to
the Earth and Path loss is lower than in satellite access network.

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

6.1.3 Modeling objectives

Two frequency bands are here considered: respectively below 6GHz and Ka bands. For Ka band
communications, the uplink frequency is around 30GHz while the downlink frequency is around 20GHz.

UE mobility is supported up to around 1000km/h. This corresponds to aircrafts that can be served by
satellite access.

HAPS could support UE mobility up to around 500 km/h which corresponds to high speed trains.




6.2 Differences between

modelling

satellite/HAPS and

cellular channel

The terrestrial channel model described in TR38.901 and commonly used satellite channel models
described in ITU differ in the following points:

Channel model
attributes

Terrestrial from
TR38.901 (all
frequencies)

Satellite below 6GHz

Satellite in Ka band
(considering poor
scattering environment)

Frequency selectivity

Frequency selective
fading (Rayleigh to

Frequency flat fading
for bandwidth < 5 MHz
(*), frequency selective

Frequency flat fading
for UE with directive

Rician) fading otherwise antenna
(Rayleigh to Rician)
A0A cluster modeling Yes No No

Time varying model

Based on a spatial
consistency procedure

Based on a semi-
Markov or Markov
chain

Based on a semi-
Markov or Markov
chain

(*) coherence bandwidth is wider for high elevation (see [1] and [2]).

6.3 Methodology to define reference scenarios for evaluation

6.3.1

Main assumptions for LEO, GEO and HAPS constellations

For the definition of a scenario based on a LEO/GEO constellations or HAPS, it is assumed that:

e The Earth is approximated as a true sphere with a radius of 6371km

e The satellite antenna pattern is defined by a two-dimensional pattern (circular symmetry around
the propagation direction or boresight)
e Only one polarization is used for LEO constellations

6.3.2

Main coordinate system

A three-dimensional global coordinate system is considered (see Figure 1), described as “Earth Centred
Earth fixed”, as depicted in figure below. A UE or a satellite position is described by a set of three

parameters(x, y, z), with \/x* + y* + z* = 6371km for all UEs and /x* + y* + z* > 6371km for all

satellites.

For a GEO satellite, the satellite is on the z-axis.

For LEO satellites, and in case of a single satellite plane, all satellites are in the xy-plane (the z-axis is
therefore orthogonal to the satellite plane). In case of several satellite planes, the z-axis corresponds to

the north direction.




For a fixed HAPS, the HAPS is on the z-axis. For moving HAPS, the z-axis direction corresponds to the
north direction.

In all cases, the x- and y-axis directions can be randomly defined.

Distance and elevation between a UE and a satellite can be calculated using Annex 1.
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Figure 1: Main coordinate system

6.3.3 Simplified coordinate system for GEO satellites and fixed HAPS

To simplify the simulations, an alternative coordinate system may be used for GEO satellite or a fixed
HAPS, as illustrated below. It relies on the assumption that the Earth is flat. The coordinate system
centre is located on the Earth surface, on the axis between the satellite/HAPS and the Earth centre. All
UEs are located in the xy-plane (tangent to the Earth sphere), while the satellite is located on the z-axis.
A UE position is described in km by the parameters(x, y, 0), the satellite/HAPS being at the position
(0,0,36000) and (0,0,z), respectively.

UE flat area

Figure 2: coordinate system with flat-earth assumption



The flat Earth assumption is further illustrated in Figure 3. We consider two points A and B in the UE
plane with distance d, and the real altitude of A and B is Okm. The approximation is acceptable if the
height h of B remains small compared to the distance between the satellite/HAPS and the UE, with

h=Vd*+1r*—r

As illustrated in Figure 4, d < 1% of the distance satellite — UE for d < 2000km. For HAPS, considering
elevations above 10°, d < 3% of the distance HAPS — UE if the height of the HAPS is below 50km.
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Figure 3: Flat earth assumption illustration d tkem)

Figure 4: Real dtitude of user B as function of distance to
user A

The distance and elevation angle between one user and the satellite is described in Annex 2.

6.3.4 Required parameters for scenario definition of LEO, GEO and HAPS constellations

For the following, we define a beam center as the point in the XY plane where the antenna gain is
maximum for the considered beam. The necessary information and parameters to fully define a scenario
are:

e Athree-dimensional Cartesian coordinate system

e The satellite/HAPS altitude, speed and direction

e The beam center inside the UE area

e The beam logical indexing

e The UE position and speed vectors

e The 2D antenna pattern for each beam. The antenna gain for a given UE depends only on the ¢
angle, as illustrated in Figure 5 for a flat-Earth coordinate system

e The UE antenna diagram

e The UE environment characteristics
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Figure 5: Definition of the ¢ angle
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6.3.5 Beam patterns

Regular beams pattern are considered. The satellite beams are typically sharing the same frequency with
other beams on the same satellite with reuse factor 3 or 4. A frequency reuse 3 pattern is shown in

Figure 6. Circular polarization is used in Ka-band. Both Right hand CP and left hand CP are often used by
the same satellite to improve frequency reuse efficiency. A satellite may use only one polarization, also.

Figure6: Illustration of the 6 closest neighboursfor a frequency reuse of 3

For the definition of reference scenarios, all beams are not specified as the flat-earth assumption is not
valid corresponding to the Earth foot print of a single beam. The number of beams to be specified is

listed in following sections.



6.3.5.1 Beam patterns for GEO constellation

For the GEO case, a single beam from one satellite is considered. The beam foot print is a function of the
equivalent reflector diameter of the satellite antenna, and is typically on the order of 150km-300 km in
diameter for typical Ka-band satellites. The foot print diameter refers to beams near the center in the
general coverage area of a satellite, and tends to be elongated and larger for beams near the edge of the
satellite coverage area due to Earth curvature. The uplink beam and downlink beam are typically
congruent. For the purpose of defining reference scenarios, 200 km diameter for Ka-band is proposed.
Co channel interferences from neighboring beams are considered.

6.3.5.2 Beam patterns for LEO constellation

TBD

6.3.5.3 Beam patterns for HAPS constellation

TBD

6.3.6 Antenna patterns

6.3.6.1 Satellite antenna patterns

In all cases, an important satellite antenna parameter is the antenna roll-off, defined as the antenna gain
at the points that are the furthest located from the beam center inside the cell. This also corresponds to
the lowest antenna gain inside the cell. In most cases, these points have minimum antenna gain inside
the cell. Typically antenna rolloff values are 3 to 4dB, but higher values are also possible.

GEO and non-GEO satellites

Multi-beam satellites typically illuminate multiple hexagonal cells within a service area. The far field
directivity of a typical reflector antenna with a circular aperture can be approximated by:

2G(0)J,(kasing)/(kasing)

where G(0) is the bore-sight gain, Jo(x) is the Bessel function of the first kind with argument x, k = 2nf/cis
the wave number, f is the frequency of operation, c is the speed of light in a vacuum and 0 is the angle
measured from the bore sight of the antenna’s main beam. Finally, a is the radius of the antenna’s

circular aperture. The normalized directivity is given by 2J0(ka S n@)/(ka s n@)
HAPS
TBD

6.3.6.2 UE antenna patterns



For the Ka-band UE, a high-gain tracking antenna with dish reflector of 30 cm diameter is considered for
mobile terminals. We assume that UE are generally mounted on vehicles. Typically antenna pattern for
UE operating in Ka band can be assumed to be similar to satellite ones. We assume that the antenna
pattern remains unchanged during the evaluation.

For the S-band UE, an omnidirectional antenna pattern is assumed.

Note: Other antenna are not precluded for future scenarios

6.3.7 Inter beam calculation

Two different approaches can be considered for the evaluation of inter beam interference:

e Worst case approach: The same inter beam interference is considered for each UE, based on the
worst expected value
e Simplified calculation approach

In the latter case, the interference is the sum of the interference coming from closest neighbors

It is necessary to consider the aggregated co-channel interference from all the co-channel beams which
is dominated by the nearest six co-channel beams.

Antenna patterns of three co-channel beams for reuse 3 are shown in the figure below, corresponding to
a 5 dB crossover point. As shown, the crossover point of two neighboring beams using the same
frequency band is about -10 dB.
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Figure 7: Interfering beamsfor a frequency reuse of 3



The above figure corresponds to three neighboring beams using the same frequency, for a frequency
reuse of 3. The considered antenna pattern is the one described in 6.3.6.1. The beams are highly
directive resulting in weak side lobes. Therefore, transmission is only possible using the main lobes.

The following is a 2-D contour plot for a reuse 3 with the antenna beams still spaced at -5 dB crossover
point. It can be seen that the minimum co-channel interference occurs at the edge of the desired
hexagonal cell. Since the center of the beam actually has the highest interference because all 6 co-
channel beams contribute to it, whereas the interference at the beam edge is dominated by one or two
nearest co-channel beams. The interference level, however, is relatively flat, with variation about 3 dB.

Figure8: Interferencelevel for afrequency reuse of 3

The maximum interference, or |, is at the beam center. As we move away from the beam center
towards the beam edge, co-channel interference contributed by the co-channel beams away starts to
drop off while the interference nearest co-channel beams rise, until a minimum is reached, l,,,. To
simplify the co-channel interference model, an interference profile as a function of distance from the cell
center can be assumed. We propose the interference profile in dB scale can be expressed as the
parabolic function:

I'=lmin + (Imax'lmin) (1'r)2:



where 0 < r < 1 is the normalized distance from the beam center. The value of Iy, and l.max are

parameters to be adjusted based on the reuse factor and crossover point between adjacent co-channel
beams.

Typically the aggregated interference level from neighboring beams is in average -22 dB to -26 dB in the
considered beam for frequency reuse 3.

6.4 Examples of reference scenarios for calibration purposes
The examples are meant for calibrations purposes, not for completeness.

6.4.1 GEO constellation

Parameters

Values

Coordinate system

Based on flat-Earth

assumption
Satellite altitude (km) 35,786
Satellite position in the form (0,0,TBD)
(0,y,2)
Beam foot print diameter (km) 200
Number of beams 1

Beam centre position in the
form (x,y,0)

Beam 1: (0,0,0)

UE distribution type Homogeneous
UE density (UE/km?) TBD
Satellite antenna pattern ZJO(kasinG)/(kasinH)

(S & Ka-bands)

UE antenna pattern (S-band)

Omnidirectional

UE antenna pattern (Ka-band)

2J,(kasing)/(kasing)

Reuse factor

3

Interbeam interference

I=lmin + (Imax'lmin) (1'r)2
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Imin = —26dB

Imax = —22dB
UE speed (km/hr) 100
UE direction Homogeneous
Environment Suburban

Channel Impairmants

AWGN+log-normal
shadowing

LEO constellation

Table 1: Parameter values of the reference scenario for LEO constellations

Parameters Values
Satellite altitude (km) 800
Satellite position in (1, 8, @) TBD
Number of beams TBD
Beam centre position TBD
Beam indexing See figure
UE distribution type Homogeneous
UE density (UE/km?) TBD
Satellite antenna pattern ZJo(kasinQ)/(kasinQ)

(S & Ka-bands)

UE antenna pattern (S-band)

Omnidirectional

UE antenna pattern (Ka-band)

2J,(kasing)/(kasing)

Reuse factor

6

Interbeam interference

I'=lin + (Imax'lmin) (1'r)2
I = TBD
Iyux = TDB

11




6.4.3 HAPS

Parameters Values
Coordinate system Based on flat Earth
assumption
Fixed position Yes
HAPS altitude (km) 20
HAPS position in the form (0,0,20)
(x,y,2)
Number of beams 1
Beam centre position in the Beam 1: (6378,0,0)

form (x,y,0)

UE distribution type Homogeneous
UE density (UE/km?) TBD
Satellite antenna pattern ZJO(kasinQ)/(kasinQ)

(S & Ka-bands)

UE antenna pattern (S-band) Omnidirectional

UE antenna pattern (Ka-band) ZJO(ka S n@)/(ka S nG)

Reuse factor 4
Interbeam interference 1= lmin + (Imax-min) (1-1)?
I, = TBD
Loy = TDB

6.5 Channel models

6.5.1 Line of Sight probability or good/bad state probabilities
It is assumed that LoS probabilities are only function of satellite/HAPS elevation and UE
environments, i.e. LoS probabilities are equal for GEO, non-GEO and HAPS for a given elevation and
UE environments. Different models shall however be considered depending on the frequency bands.
For Ka-band, clear LoS is necessary to set up a communication, so that LoS probabilities shall be
used. In S-band, the definition of good and bad state is preferably used (see Section 1) so that

12



good/bad state probabilities shall be defined instead of LoS probabilities following procedure
defined in 6.5.5.1.

6.5.1.1 Ka band

HAPS Number Number LOS
elevation of users of LOS probability
users
10° 859 242 28.2%
20° 880 291 33.1%
30° 896 357 39.8%
40° 901 422 46.8%
50° 908 488 53.7%
70° 879 649 73.8%
90° 912 895 98.1%
6.5.1.2 S band

Environment Percentage of

elevation GOOD state (%)

(degrees)

Suburban - 60° 86,2%
Suburban - 45° 74,6%

Suburban - 20° 47,2%

Urban - 60° 83,9%
Urban — 45° 62,5%
Urban - 20° 33,8%

13



6.5.2 Pathloss
LEO and GEO satellites

The free space path loss model shall be used for both LEO and GEO satellites, given by:

FSPLdB= 32.4 + 20 loglo(fc) + 20 loglo(d)

fc being the frequency and d the distance between the satellite and the UE. For non-stationary satellites,
path loss is therefore a function of the satellite elevation as seen from the UE.

HAPS

In an urban environment, we can assume that radio signal propagation below certain height h,, is
attenuated by the buildings and ground objects with path loss exponent n, as shown in Figure 9. Above
this height h,,, the signal from the HAPS follows free space propagation with path loss exponent 2. Let h
be the height of the HAPS above the UE, the elevation angle of the HAPS be «, and the 3D distance
between the HAPS and UE be d. Over the distance d, only a small fraction of distance d,, is affected by
terrestrial attenuation.

Figure 9. The height h,, isan environment dependent parameter. Above that height, signal propagation is
subject to free space path loss. Below that height, signal is attenuated by objects on the ground.

Base on this assumption, the path loss can be modelled as follows:

PL = FSPL(d) + 10(n — 2) log,o(d,)
which is free space path loss over the total distance d and additional loss caused by terrestrial objects
over distance d,,, assuming that the terrestrial propagation loss is characterized by PLE n. Suppose the

distances are measured in meters. The first FSPL term with 1m reference distance is

FSPL(d) = FSPL(1m) + 201log;,(d)

14



This model encompasses both the free space propagation and terrestrial propagation. It is a more
general model than the ClI path loss model typically used for cellular systems. If we set d = d,,, there is
practically no free space propagation, and (1) will be reduced to the Cl path loss in (3).

PL(d) = FSPL(1m) + 10nlog,¢(d)

With elevation angle «, the distances are d = h,/sina and d,, = h,,/sin «, and the path loss in (1) can
be rewritten as a function of the HAPS height h, and elevation angle a:

PL(hy, a) = FSPL(hy) + 10(n — 2) log,o(h,) — 10nlog,o(sina),

with two environment dependent parameters n and h,,. Once these two parameters are extracted from
measurement or ray tracing data, HAPS path loss can be calculated for any altitude and elevation.

Linear regression fit for the parameters to the ray tracing data of elevation angles 10° to 70° is shown in
Figure 10. For LOS, the standard deviation of the error is ¢ = 3.3 dB, comparable to the shadow fading o
in TR38.901. The PLE n = 1.87 slightly less than 2 may be due to the waveguide effect of the urban
canyon environment, and the terrestrial attenuation height h, = 1.5 m (or 3m above the ground, since
UE height is 1.5m) also seems reasonable for the waveguide effect near the ground.

For NLOS, o = 13 dB is consistent with the error of Cl model at various elevation angles [4]. The PLE
n = 3.1 is reasonable for a terrestrial NLOS environment and h,, = 246 m seems to match the heights of
many high rise buildings in the map area.

@) (b)

Figure 10. Model parametersn and h,, for LOS (a) and NLOS (b) determined by linear regression fit to ray
tracing path losswith HAPS elevation 10°, 20°, 30°, 40°, 50°, 70°.

6.5.3 Penetration loss
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Penetration loss has only to be defined for HAPS scenarios, since outdoor conditions are assumed for
GEO and non-GEO satellites. The same penetration loss shall be used as in TR38.901 (TBC).

6.5.4 Atmospheric attenuations
6.5.4.1 Below 6GHz

Signal attenuation occurs in the troposphere due to atmospheric gases, rain and clouds. It remains
however negligible or small (typically below a few tenths of dBs) at frequencies below 6GHz. Scintillation
occurs both in the troposphere and ionosphere, due to in homogeneities in the medium. This results in
rapid amplitude and phase fluctuations on the transmitted signal. Tropospheric scintillation increases
with frequency and remains low (typically with fluctuations below a few tenths of dB 99.9% of the time)
for frequencies below 6GHz. lonospheric scintillation effects increase at high latitudes, but decreases
with frequency. Considering medium latitude values and frequencies above 1GHz (corresponding to the
satellite bands), fluctuations remain below 0.3dB for 99.9% of the time, as shown in Table 2. This
scintillation effect is therefore negligible at 2 GHz or above.

Table 2: Distribution of mid-latitude fade depths dueto ionospheric scintillation (source: [3])

Percentage of time Frequency (GH2)
(%) 0.1 0.2 0.5 1
1.0 5.9 15 0.2 0.1
0.5 9.3 2.3 0.4 0.1
0.2 16.6 4.2 0.7 0.2
0.1 25.0 6.2 1.0 0.3

6.5.4.2 Ka band

At Ka bands, tropospheric attenuation due to atmospheric gases, rain and clouds cannot longer be
neglected. Tropospheric scintillation has also to be taken into account while ionospheric scintillation is
negligible.

Attenuation due to atmospheric gases is mainly due to oxygen and water vapour absorption. The exact
attenuation depends on the frequency, UE altitude and water vapour density. It should be noted that
oxygen absorption remains relatively constant over time while water vapour absorption varies with time
due to changes in water vapor density [3]. An accurate estimation of atmospheric gases attenuation can
be found in [4].

Rain and cloud attenuation is also a function of time, and cannot be accurately predicted, even for short-
term predictions. Long term statistics are however available, allowing to assess the probability of
exceeding a given attenuation on a yearly basis for instance. A method of calculation is given in [3],
which takes as input the UE position (from which a rainfall rate is derived for 0.01% of an average year),
the frequency and the elevation.

Accurate estimation of tropospheric attenuation can neither be obtained. Probability of exceeding a
given threshold is also derived from long term statistics. They are function of UE position (from which
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average surface ambient temperature and average surface relative humidity is derived on a monthly
basis for instance), frequency, elevation, UE physical antenna diameter and UE antenna efficiency [3].

6.5.5 Fast fading models

Two fast fading models can be considered: a flat fading model or a frequency selective fading model.
Both models can only be used for non-MIMO operations. A flat fading model is used for following cases:

e In S band: for signal bandwidth below 5 MHz, independently from the UE antenna diagram.
Measurements have shown that the coherence bandwidth of the channel is indeed at least
5MHz in all scenarios

e In Ka band: for fixed scenarios, for mobile scenarios with signal bandwidth below 250MHz,
assuming a highly directive UE antenna diagram

For drop-based simulations based on the flat fading model, it is sufficient to specify the amplitude of the
received signal for each UE.

The frequency selective model is based on a tapped delay line model. Each tap is described by a path
delay and a complex value corresponding to the amplitude and phase of the tap. For drop-based
simulations, channel coefficients for each UE are required.

6.5.5.1 Fast fading models for system-level evaluations

A fast fading model is here defined only for the flat fading assumption.

As for terrestrial links, the step by step procedure to model Earth-space links for LMS applications is
presented in the following as an adaptation of the procedure presented in Subclause 7.5 of [5].

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

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

- 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 antenna field patterns F, and F, in the global coordinate system and array
geometries.

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

Large scale parameters:
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Step 2: Determine the (W,6)ss, ( Hm, » Om, Jos (91.92)68 (hiha)se (durmin)es,(fuf2), Pamin and pgmax from
the input parameters table provided in Annex 2 of [8] and summarized in Table 4.

Table 4: Model parameters

Parameter Description
(o) Mean and standard deviation of the log-normal law assumed for events
H.Gles duration (m)
dur ming,s Minimum possible events duration (m)

Parameters of the M, distribution (M, being the average value of the direct

(War, 6, O ) path amplitude A over one event) (dB)

MP = hi6sMat+hys s Multipath power, MPg s (one 1% order polynomial for each state), (dB)

YAGB = 9168Mat826s | Standard deviation of A, ), 4 ¢  (one 1* order polynomial for each state)

Leorrg 8™ Direct path amplitude correlation distance (m)
fibM+f, Transition length, Ly (one single 1% order polynomial), (m)
(08 min » PB,max] Probability range to consider for the M,z distribution

Remark: G stands for the GOOD state and B stands for the BAD state.
*  Only for generative modelling.

Assign propagation condition (LOS/NLOS), also named (GOOD/BAD) states in the original procedure from
ITU-RP681-9 [8]. The propagation conditions for different Earth-space links are uncorrelated.

The LOS probability could be calculated as follows [8]:

1 logduryingc — ( begp+ O é,B)
o2 —erf o3
(dur); g = exp ( Leop + G'B>
’ ’ 2 1—erf (logdurmin,B,G — b G,B)
02

2 PN(MA,minF Hopgm O MA,B) - PN(MA,maxi By O MA,B)
(duryr = fi X (Umae — Y map — O Mgp X - } tf
FN(MA,max! Bopymr © MA,B) - FN(MA,min! B omum O MA,B)

MA,min/max,B =M B + \/EO-MA_BeTf_l(zpB,min/max - 1)

Mg

(dur)s + (dur)y
(dur)e + (dur)g + 2(dur)y

Pros =
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- Where subscripts G, B and T stand respectively for good, bad and transition states,< dur > the
mean duration of the considered state in meters, dur,,;,, the minimal state duration in meters, u and
o respectively the mean and standard deviation of the assumed log-normal law in m.

- palx; wo) and Fy(x; wo) are respectively the probability density function and the cumulative
distribution function of a normal distribution with mean p and standard deviation c as defined in
Recommendation ITU-R P.1057

- Where Hm, 68 Opm 8 Are the parameters of the average value of the direct path amplitude A over
one event, [Pg min, Psmax] the probability range to consider for the My distribution.

Step 3: Draw M,;, the mean power of the direct signal, as a normally distributed parameter function of
(uMA , GMA)G,B expressed in dB.

Ma;~ N (“MAi’ 0MAi)
Calculate pathloss with formula below for each Earth-space link to be modelled.

PLLMS == 32.4‘ + 20 loglo(f;-) + 20 loglo(d3D)
Where f.is in GHz and d is in meters.

Compute I, et MP; 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:

24 = g1iMai+ G
MP;= hyiMyi+ hy;

Step 4: Generate large scale parameters, e.g. delay spread (DS), angular spreads (ASA, ASD, ZSA, ZSD),
according to Table 5.
Compute the Ricean K factor (K) and draw the shadow fading (SF), both expressed in dB, as follow:
K=M,—MP
SF ~ N(MA, ZA)

The rest of the procedure presented in subclause 7.5 of [5] remains unchanged.

6.5.5.2 Fast fading models for link-level evaluations
Flat fading case

TBD

Frequency selective case

For link level evaluations of New Radio performance in satellite applications, it is required to define
impulse response models for frequency selective fading (wideband channel model).

ITU-R recommendation [1] defines for the 2 GHz band three parameter sets of wideband models,
including LOS and NLOS cases, applicable for an elevation range from 15 to 55° and for urban, suburban
and rural environments.

The model from [1] is presented as follows.

Tap delay line model:
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This model corresponds to a tapped-delay line structure with a fixed number M of taps with a direct path
and M — 1 echoes with tap delays 1; and randomly time varying tap amplitudes. Each tap is described by
its:

e Complex time varying amplitude VP; " g; (t) with variance P; relative to free space propagation;
e Delay T, relative to the first path;

e Rayleigh amplitude distribution of VP; " g; (t) (withi>1);

e Doppler spectrum.

Doppler spectra:

With respect to the LOS and NLOS situations of the direct component and the Rayleigh amplitude
distribution of the delayed components two types of Doppler spectra were chosen. The power spectrum
of gi(t) with i > 0 is called the Doppler spectrum and is modelled by:

e Classic Doppler power density spectrum:
0 Gi(¥)=6W) = 2

v—v
TT*Vmax (1_(szaxt)2)

,fOT' Usat — Vmax v < Vsat T Vmax

0 Vo is related to the speed V of the mobile terminal: v, =V / A, where V is the velocity
of the mobile and A is the wavelength at the carrier frequency.

0 Two values of V, 3 km/h for pedestrian and 70 km/h for vehicle environment, should be
considered.

0 In the satellite environment, there is a gross shift v, in the carrier frequency due to the
relative motion of the satellite relative to the Earth’s surface and the mobile terminal.
This gross Doppler shift in the carrier is a function of the satellite orbital velocity Vgpital
and its position relative to the mobile and A is the wave length of the carrier frequency:
Vsat = Vorbital / A

0 The satellite orbital velocity is a function of the orbital elevation. Some satellite radio
transmission technologies can compensate for gross Doppler shift. If there is any residual
Doppler shift experienced by the receiver, this must be included in the link level
simulation.

e Rice: classical Doppler power density spectrum plus discrete spectral line:

0 G)= 1jc

P + 6(” - vsat)rfor Vsat — Vmax <v < Vsat T Vmax
sat)z)

TT*Vmax (1_( Vmax

Wideband model parameters:

Both LOS and NLOS cases are included in these tables. LOS cases of channel models A, B and C
correspond to the cases of Rician factor 10, 7 and 3 dB of the narrow band model, respectively, and the
NLOS cases correspond to the case of Rician factor —eo.

The impact of these additional taps may be insignificant depending on the bandwidth of the Radio
Transmission Technology and the available carrier-to-noise ratio over the satellite link.
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Table 3: Channel mode A (10% delay spread values)

Tap Relative tap Tap amplitude Average amplitude with respect Rice factor Doppler
number | delay value [ns] distribution to free space propagation [dB] [dB] spectrum
1 0 LOS: Rice 0.0 10 Rice

NLOS: Rayleigh -7.3 - classic

2 100 Rayleigh -23.6 - Classic

3 180 Rayleigh -28.1 - Classic
Table 2: Channel model B (50% delay spread values)

Tap Relative tap Tap amplitude Average amplitude with respect Rice factor Doppler
number | delay value [ns] distribution to free space propagation [dB] [dB] spectrum
1 0 LOS: Rice 0.0 7 Rice

NLOS: Rayleigh -9.5 - classic

2 100 Rayleigh -24.1 - Classic

3 250 Rayleigh -25.1 - Classic
Table 3: Channel model C (90% delay spread values)

Tap Relative tap Tap amplitude Average amplitude with respect Rice factor Doppler
number | delay value [ns] distribution to free space propagation [dB] [dB] spectrum
1 0 LOS: Rice 0.0 3 Rice

NLOS: Rayleigh -12.1 - classic
2 60 Rayleigh -17.0 - Classic
3 100 Rayleigh -18.3 - Classic
4 130 Rayleigh -19.1 - Classic
5 250 Rayleigh -22.1 - Classic

For higher elevations than 55°, we assume that the delay spread of the satellite channel will be in the

same range or even lower due to the traveling distances of the echoes arriving at a receiver.
The ITU-R recommendation [5] does not provide any information about the angle of arrival for the taps.

For link level evaluations of NR, it is proposed to use channel model C, because it is covering most of
the delay spread values. Too optimistic assumptions should be avoided for NR evaluations over satellite,
so the parameters of model type C with higher delay spread (250 ns), the lower Rician factor of 3 dB with
higher fluctuations of the signal power, and the higher relative power of 2" to 5" taps are preferred
against model A and B.

6.6 Annexes

6.6.1 Annex 1: Distance and elevation calculation from the main coordinate system

TBD
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6.6.2 Annex 2: Distance and elevation calculation from the simplified coordinate system

TBD

*** End of Changes * * * *
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