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Abstract

This study focuses on the statistical modelling and analysis
of conditioned clutter loss in Earth-to-Space links,
supporting coexistence between terrestrial and non-
terrestrial systems in the U6G band. A clutter loss
stochastic model, based on a Monte-Carlo simulation,
enables to generate simultaneous rays emitted from
terrestrial base stations with opposite elevation angles,
allowing for the independent evaluation of the clutter loss
experienced by each of these rays. Conditional clutter loss
distributions at 6 GHz, derived for a reference urban
environment such as London, reveal the dependence on the
satellite elevation angle and highlight the general
predominant contribution of ground-reflected components
to the overall clutter loss observed at the satellite.

1. Introduction

5G&beyond networks are anticipated to address the
International Mobile Telecommunication 2020 (IMT-
2020) user-experienced data rates of 100 Mbit/s and 50
Mbit/s in downlink and uplink, respectively, in the
foreseeable future [1]. Meeting these targets will
necessitate an additional 0.7 to 1.2 GHz band, which can
potentially be satisfied by employing the Upper 6 GHz
(U6G) band (6.425-7.125 GHz). These band represents the
largest remaining contiguous block of mid-band spectrum
that can be allocated for licensed mobile in most global
markets. Notably, the U6G spectrum offers more
bandwidth and improves network performance, with no
significant technical barriers to its development and
commercialization. Moreover, 6 GHz solutions can
effectively leverage existing 3.5 GHz network grids,
therefore reducing the need for network densification.
Additionally, the 6 GHz macro-cell capabilities could
allow helping to close the digital divide between urban and
suburban areas. In this context, 3GPP recently finalized
technical specifications for U6G to support licensed Fixed
Wireless Access (FWA) and Enhanced Mobile Broadband
(eMBB) 5G services. Co-existence parameters between
mobile systems and other spectrum users have now been
fully defined within the World Radio Conference 2023
(WRC-23), under agenda item 1.2, across all global
regions.

While the 6 GHz spectrum has been allocated on a primary
basis to services such as fixed-satellite communications
(including tracking, telemetry and control), High-Altitude
Platform Stations (HAPS), Radio Astronomy Service

(RAS) and space operation services, WRC-23 Resolution
220 (WRC-23 RES220) [2] recognizes the importance to
facilitate IMT deployment operating at U6G while
ensuring protection for Earth-to-Space links from harmful
interference. The latter is primarily influenced by the
surrounding clutter environment, which may have dual
impact on propagation. On one hand, it can enhance the
isolation between terrestrial and non-terrestrial systems; on
the other hand, it can introduce additional propagation
paths - via reflection, diffraction, and diffuse scattering -
between the Earth and space stations. These effects may
result in increased power levels potentially interfering with
the satellite itself. From a modelling perspective, the
Radiocommunication Sector of the International
Telecommunication Union (ITU-R) has proposed a
stochastic model (Rec. ITU-R P.2108-1, [3]) for the
estimation of the clutter loss L (dB), relying on a Monte-
Carlo (MC) simulation methodology (Rep. ITU-R P.2402-
0, [4]). While suitable for U6G band frequencies, the
referenced model incorporates certain assumptions that
limit its accuracy, particularly for scenarios involving 5G
networks. These assumptions will be detailed discussed in
the remainder of this article. In response to WRC-23
RES220 requirements, ITU-R Working Parties (WPs),
specifically WPs 3K and 3M, are actively discussing new
methodologies and improving existing models to
accurately estimate the clutter loss contributions generated
from extensive urban areas.

Following these efforts, this study introduces a
methodology for generating statistically correlated samples
of clutter loss, by taking advantage of an updated version
of [4], proposed in [5] by the Politecnico di Milano in
collaboration with Huawei, hereinafter the “stochastic-MC
simulator”. This approach permits to derive conditioned
clutter loss distributions, to be potentially exploited for
evaluating the impact of grazing lobes in directive
transmitting antennas or to evaluate the relative
contribution of multiple rays simultaneously emitted from
the radiating source contribute to the overall loss.

2. A Stochastic Approach for Estimating
Clutter Loss Distributions

Stochastic models for estimating clutter loss distributions
rely on MC simulations, which use stochastic distributions
of the clutter environment elements, i.e., distributions of
building distances and heights, typically provided in terms
of Cumulative Distribution Functions (CDFs). As example,
the resulting distances and heights statistics, for the city of



London, are reported in Figure 1.a and Figure 1.b,
respectively. Each random draw in the MC simulation
generates a specific realization of the clutter environment,
which is then used as input for a ray-launching algorithm.
This algorithm “propagates” a ray from the IMT system,
identified by its height H, (m), to the space segment,
defined by the link elevation angle 9Yg,; (deg). The
procedure is repeated for a specified number of rays,
namely Ng, under the assumption that including further
rays would contribute negligibly to the stochastic
variability of the results.
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Figure 1. London: CDFs of a) building distances and b)
building heights between the survey points and the first
reflecting building (blue lines), and between the first and
second reflecting buildings (red lines), extracted according
to [4].

Two models have been developed based on the referenced
methodology. The Report ITU-R P.2402-0 [4] is
recommended for frequencies up to 100 GHz, however, its
applicability to 5G&beyond networks is constrained by
several limiting assumptions. One significant restriction is
the omission of ground reflections, despite their
contribution is considerable due to the presence of

steerable antennas, which mainly point at street-level users.
Additionally, the model considers only a maximum of two
reflections per ray, which might not be sufficient to capture
the complex propagation scenarios in urban and suburban
areas, particularly for low Jg,; values. Another limitation
involves assuming fixed incidence planes orthogonal to the
buildings, with a correction factor applied to the reflection
coefficient. In addressing these shortcomings, a novel
approach was recently proposed in [5] suitable for
frequencies up to 10 GHz. Specifically, [5] exhibits strong
physically soundness, computing the reflection coefficient
depending on the actual angle of incidence, the
electromagnetic properties of the surface material at the
given frequency, and the specific polarization (TE or TM).
Moreover, it accounts for ground reflections and allows for
an unlimited number of reflections and diffractions,
making it significantly suitable for 5G network scenarios.
Diffuse scattering phenomena are not included in the
current version of the stochastic-MC simulator, however
their impact is quite limited at such frequencies (up to 10
GHz).

The study presented hereinafter was conducted using the
stochastic-MC simulator. For a more comprehensive
discussion on such tool, the MC approach, the generation
of input statistics, and the evaluation of clutter loss
samples, the reader is addressed to [5].

3. Generating Statistically Correlated L
samples

A few notable assumptions are necessary for what concerns
the generation of statistically correlated clutter loss L
samples through the stochastic-MC simulator, briefly
described in Section 2. The Vertical Angle of Departure
(V — AoD) ¥ (deg), i.c., elevation, of emitted rays varies
continuously over time, primarily depending on the
position of the users being served. However, when
considering an object located at a significant distance from
the Earth surface, e.g., a fixed-satellite, only those rays
departing with the same elevation angle as the satellite
(either positive or negative J,; ), among the set if rays
emitted from a large-scale urban environment, can
potentially interfere with the satellite.

Similarly, the Horizontal AoD (H — AoD) ¢ (deg), i.e.,
azimuth, of emitted rays varies within a specific range of
values defined by the antenna sector (120 degrees) and
changes continuously over time. Additionally, the
orientation of the fagades of buildings near the base stations
is random, and consequently, leading to random azimuth
angles for the reflected rays. Given that multiple reflections
may occur before the ray clears the city, it is reasonable to
assume that ¢ of the rays above the buildings can be
modelled as a random variable, possibly following a
uniform distribution. Some cities, such as those in North
America, may exhibit preferred directions, resulting in
non-uniform distributions; however, such cases will not be
considered at this time.

As a result, clutter loss distributions can be evaluated by
performing N, MC realizations with the following set of
rays. For the j-th realization, two rays are isotopically



generated: ray/,, with an AoD}, = (¢/, +9,4,), which
may undergo further reflections or diffractions by
obstructing buildings, and raijR, with an AngR =
(97, —95q¢), Which is reflected by the ground and further
attenuated by buildings. Figure 2 illustrates this scenario in
a simplified 2D scenario. It is noteworthy that the
associated clutter loss components, which can be
independently evaluated for the two rays, namely LéD (dB)
and LéR (dB), are statistically correlated, as the pair

(raylp, rayls) propagate being subject to the same clutter
environment.

It is worth mentioning that authors keep to the definition of
“direct” (CD), and “reflected” (CR) rays, as it is not known
a priori whether (rayZ,, rayzy) correspond to a main lobe
and a secondary lobe of the same transmission, or to two
main lobes from two different transmissions.

Figure 2. [llustration of the “direct” ray (rayp, in red) and
“reflected” ray (raycgr, in green) propagating from the
source (height Hy) to the satellite, for a given elevation
angle U,

4. Evaluating Conditioned Clutter Loss
Statistics

The conditioned distributions of the two components of
clutter loss, as discussed in Section 3, can be evaluated as
in the following expression:

Pr(Lcp < lepllcg = ler) )

where [, (dB) and I (dB) represent specific values for
L¢p and Lqg, respectively.
From a standpoint, (1) can be computed by dividing the
range of conditioning L., values into Ny non-uniformly
spaced classes Iy = {il, iy, ...,iNB} , where each class
contains a sufficiently large number of samples to ensure
statistical stability. Consequently, the generic n -th
cumulative curve C,, conditioned to class i,, is defined as
follows:

Cp:Pr(Lep < leplleg s-t.leg € iy)). 2)

Finally, for a more comprehensive assessment of the
results, the cloud of cumulative C-curves can be evaluated
at several percentiles (e.g., 1°, 5°, 50°, 95°, 99°).
Following a similar methodology, it is also possible to
evaluate the dual scenario by conditioning the results to the
L¢p component. Accordingly, (1) and (2) evolve into:

Pr(Lcg < lcrlLep = lep) 3)
and
Cn 1 Pr(Leg < leplLep s-t-lcp € in)), “4)

respectively. However, results will be presented in this
paper only for the conditioning case discussed in (1).

5. Results for a Reference Scenario

Following the methodology described in Section 4,
conditioned clutter loss distributions are presented for the
city of London, also used as reference both in [4] and [5].
Please refer to Figure 1 for the statistics of the city.
Statistically correlated clutter loss samples, i.e., Lop and
L¢g, were generated through the stochastic-MC simulator.
Simulations were conducted at a frequency f = 6 GHz,
considering terrestrial base stations located at heights Hg of
18 m. A linear Transverse Electric (TE) polarization was
employed to exclude specific scenarios, such those
influenced by Brewster’s angle. Additionally, simulations
were conducted across various satellite elevation angles.
For a facilitated evaluation, results are provided as in the
following: the L.y - L¢p plane is divided into two regions
by the 45-degree bisector, identifying an upper and a lower
region. The upper region refers to the scenario where
Lcg < L¢p at the satellite, indicating that the contribution
of ray.g dominates over that of ray;p, for the same
radiated power. Contrarily, the lower region represents the
case where L., < Lcp at the satellite, so that the
contribution of ray;p dominates over that of ray.g, for
the same radiated power.

Figure 3 showcases the distributions of the L., component
conditioned to the L. component, for J,,, = 20 degrees
and shown at different percentiles. At the median, i.e., at
the 50° percentile, L.p is generally lower than L.g, with
values below 5 dB, indicating that the “direct” ray
dominates at the satellite. Conversely, trends observed at
the 95° and 99° percentiles suggest scenarios where ray.x
could dominate, although these cases are rare, accounting
for less than 5% of occurrences.

Figure 4 and Figure 5 present similar comparisons for
higher elevation angles, specifically 9, =40 and
J5qr = 60 degrees, respectively. Results found across
different J,,; underscore a clear dependance on the
elevation angle, besides clutter, as L., shows a decreasing
trend for the same percentile as the elevation angle
increases. Specifically, at higher elevation angles, L., is
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Figure 3. Conditional distributions of L, as function of
L¢g, evaluated at different percentiles. J,,, = 20 deg, base
stations height H; = 18 m, city of London.
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Figure 4. Conditional distributions of L, as function of
L¢g, evaluated at different percentiles. J,,, = 40 deg, base
stations height H; = 18 m, city of London.
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Figure 5. Conditional distributions of L, as function of
L¢g, evaluated at different percentiles. ., = 60 deg, base
stations height H; = 18 m, city of London.

significantly lower than L.z and below 8 dB in almost all
cases, even approaching zero in average scenarios. This is
in line with expectations, as higher elevation angles
increase the Line-of-Sight (LoS) probability, resulting in a
less attenuated “direct” component (i.e., raycp)-

6. Conclusions

The simultaneous emission of multiple rays from IMT
systems operating at U6G, potentially interfering with non-
terrestrial systems, was investigated based on a stochastic
approach. Specifically, a methodology was indicated for
statistically evaluating correlated clutter loss samples,
departing from IMTs with opposite V — AoD.

This methodology permits to derive conditioned clutter
loss distributions, which can be utilised for evaluating the
impact of grazing lobes in directive transmitting antennas
or to evaluate the relative contribution of multiple rays
simultaneously emitted from the radiating source
contribute to the overall loss.

The results show that the relative contribution of the
“direct” and “reflected” components varies as a function of
the elevation angle. Additionally, the magnitude of L.
trends is expected to depend also on the height of the base
stations Hg; specifically, lower base station heights lead to
greater attenuation experienced by both components for the
same environment, further emphasising the influence of
elevation angle and clutter conditions.

While additional investigation for different simulation
conditions and environments, e.g., suburban areas, will be
fundamental for supporting these preliminary findings, the
results suggest that, in most cases, the overall clutter loss at
the satellite is predominantly influenced by the “reflected”
components.
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