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Abstract
The reduced latency and ubiquitousness of NGSO

satellite systems make them an attractive option for
the high-speed broadband services when comparing
to terrestrial networks. However, due to the spec-
trum shortage problem in satellite communications,
NGSO operating gateway (GW) feeder links and
user terminal (UT) links are sharing the same fre-
quency bands. Interference becomes then a critical
concern, especially when UTs are situated in close
proximity to GWs. Motivated by this interference
issue, we investigate satellite hand-over to reduce
the interference between GW and UT in this work.
Through empirical analysis and simulations, our
work sheds light on the feasibility and efficacy
of employing satellite hand-overs to enhance the
overall performance of NGSO-based communica-
tion networks under the spectrum sharing between
Gws and UTs.

1 Introduction and Background
With the ability to offer omnipresent wireless

coverage, satellites have been seen as a potential
solution to meet the increasing number of various
applications and services either as a stand-alone sys-
tem, or as an integrated satellite-terrestrial network
[1]. The offered coverage area and communication
delays depends on the orbital altitude of the satellite.

Geostationary earth orbit (GEO) satellites, orbiting
at an altitude of 35,678 km, offer an expansive
footprint that can span continents and appear at the
same position in the sky from the UT perspective.
However, their high altitude introduces significant
challenges. The signal propagation delay due to
the extended distance can lead to latency issues,
impacting real-time applications such as video con-
ferencing or online gaming. Additionally, the atmo-
spheric attenuation faced by signals traveling such
vast distances can result in signal degradation. On
the other hand, non-geostationary (NGSO) satellites
such as Medium earth orbit (MEO), at 10,000 km,
and low earth orbit (LEO) satellites, between 350
and 1,200 km, present an alternative solution to
these challenges [2]. These satellites offer reduced
over-the-air delay and path loss due to their closer
proximity to Earth. As a result, they are promising
for applications requiring low latency and high
data rates, making them particularly suitable for
emerging technologies such as Internet of Things
(IoT) devices and real-time remote sensing.

The integration of NGSO satellites into 5G and
future communication networks presents an oppor-
tunity for global connectivity. However, when com-
pared to traditional GSO satellite systems, NGSO
satellite systems face several challenging technical
issues. As the NGSO satellites move quickly, the
UTs may need frequent hand-over [3]. In this sense,
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new conditional hand-over management schemes
can be adopted to reduce hand-over signaling while
maintaining system performance [4].

Furthermore, spectrum scarcity is one of the key
challenges faced by satellite systems as the demand
for new services continues to grow [5]. As a result,
spectrum sharing emerges as a possible option to
optimize the utilization of limited spectral resources.
In this context, GWs and UTs are driven to operate
in the same band [6]. However, interference between
feeder links and user links can arise due to the spec-
trum sharing and spatial proximity, as illustrated in
Figure 1. While beamforming strategies can help
mitigate this interference by dynamically adjusting
the beam shape, this approach might be unpractical
[6]. Continuously reshaping beams for interference
mitigation may impose computational overhead and
complicate system management.

In this work, we explore satellite hand-over strate-
gies as a solution to address interference between
GW and UT and maintain seamless communication.
The idea is to strategically transition a UT’s commu-
nication link from one satellite to another, thereby
mitigating interference and ensuring the optimal link
quality. For instance, in the illustrative scenario of
Figure 1, the UT could switch from satellite 2 to
satellite 3 to reduce the interference. This proactive
hand-over approach aligns with the evolving land-
scape of satellite communication, where dynamic
adaptation becomes essential for delivering reliable
and efficient connectivity.

The rest of this paper is as follows. We describe
the system model regarding the scenario, satellite
beam pattern and link quality assessment in Section
2. Section 3 comprises the two well known hand-
over criteria based on the maximum service time
or visibility and minimum distance [7], and the
proposed hand-over approach based on the C/I.
Then, the proposed method is evaluated considering
different scenarios via simulations results, and we
provide some insights regarding how the interfer-
ence elements impact the C/I and hence the hand-
over in Section 4. Finally some conclusion remarks
are included in Section 5.

2 System Model

We consider the downlink from NS LEO satellites
to NGW GWs and NUT UTs. We consider a Delta-
Star constellation, but the proposed approach can

Fig. 1: Illustration of the interference problem.

be generalized to any type of satellite constellation.
The GW is assumed to operate in the whole range of
bandwidth between 17.7 GHz and 20.2 GHz in the
Ka-band, as feeder links typically aggregate traffic
from multiple UTs. The GW downlink’s bandwidth
is Bi. The UT is assumed to operate in the same
spectrum but with reduced bandwidth of Bw < Bi.
Both ground stations can receive coverage from the
LEO satellites by having their own pencil-shaped
beams assigned to them. In theory, interference
between beams should be avoided by narrow beam-
pattern and geographical distance, however when
the UT is close to the GW, the pencil-type beams
splash.

2.1 Satellite Beam Pattern

The generated beams correspond to a Direct
Radiating Array (DRA) utilizing a planar array
configuration to simplify the satellite system as in
[6]. The resulting antenna beam pattern is shown
in Figure 2a. Figure 2b shows the projection of the
DRA-generated beam pattern when centered over
the GW and UT locations, where the projected beam
at GW interferes with the projected beam at UT.

2.2 Link Quality

To assess the quality of the link, we consider the
carrier-to-interference power ratio (C/I) at the UT
defined in [8] as

C/I[dB] = 10 log10

(
SUT

SITOT

)
, (1)
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Fig. 2: (a) Main beam generated with a planar array
and (b) Projected beams at GW and UT.

where SUT is the intended received signal power for
UT and SITOT

is the total interference signal power
in Watts. The intended received signal power for UT
in dBW is given by

SUT[dBW] = EIRPUT[dBW]−LUT[dB]+Grx,UT[dBi],
(2)

in which EIRPUT is the effective isotropic radiated
power for the UT, LUT is the path loss towards UT,
and Grx,UT is the composite receive gain at UT.

The interference signal coming from one ground
station in dBW is given by

SI[dBW] = EIRPI[dBW]− LI[dB] +Grx,I[dBi]+

+ 10log
(

min
(
1,

BUT

BI

))
,

(3)

where EIRPI is the EIRP for the interfering carrier,
LI is the path loss, Grx,UT is the composite receive
gain for the interfering carrier, BUT is the carrier
bandwidth and BI is the interfering carrier band-
width in Hertz. The composite receive gain can be
expressed as

Grx[dBi] = GRmax[dBi]− LR[dBi], (4)

where GRmax is the antenna receive gain at bore-
sight, and LR is the off-axis gain loss.

3 Proposed Min C/I based hand-over
When the UT is close to other ground stations

operating in the same frequency band, the beam
projections can overlap, resulting in inter-beam in-
terference, as depicted in Figures 1 and 2b. In
order to prevent this interference from causing link
degradation, we propose a Min C/I based hand-over
approach.

In the proposed approach, the GWs have priority
to select the closest satellite to assign. The satellite
system continuously assesses the link quality by
estimating the C/I defined in equation (1). The
satellite link at instant index k is at risk if

C/Ik < C/Imin, (5)

where C/Imin is the minimum accepted C/I.
Then, the UT selects the satellite with the highest

estimated C/I ratio. By prioritizing satellites with
superior C/I ratios, the UT enhances its resilience to
interference, enhancing the overall communication
quality. The UT hand-overs to the satellite with
greatest C/I whenever the link is at risk as indicated
in equation (5). This dynamic approach prevents
degradation by proactively switching to a satellite
that offers a more favorable C/I ratio, ensuring
uninterrupted communication.

Three alternative hand-over mechanisms are also
considered for comparative evaluation. The first is
the min-dist based hand-over, where the UT selects
the nearest satellite upon C/I threshold violation.
The second is the visibility based hand-over, in
which the closest satellite is selected when the
current satellite is no longer visible to the UT.
When compared to these two methods, the proposed
Min C/I based hand-over can minimize link quality
degradation as it explicitly considers the minimum
C/I as condition to hand-over.

Finally, the third one is the Best C/I based hand-
over, in which the satellite with the greatest C/I
is selected at each time index. When compared to
the Best C/I based hand-over, the proposed Min C/I
based hand-over tends to reduce more the hand-over
frequency since it only triggers a hand-over when
the minimal C/I is not satisfied.

4 Simulation Results
The simulation is based on a Delta-Star constel-

lation. We consider a constellation with 12 planes
containing 20 LEO satellites at an altitude of 600
kilometers. The system operates at a frequency of
19.5 GHz. The Effective Isotropic Radiated Power
Spectral Density of the satellite is -48 dBW. The
satellite’s antenna employs a planar array with 50
elements. The bandwidth for the GW link is 2
GHz, whereas the bandwidth for the UT link is 200
MHz. The GW and UT use antenna dishes with a
diameter of 3.5 meters and 0.6 meters, respectively.
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The minimum elevation angle between the satellite
and the station is set to 10 degrees. The receiver
antennas have an efficiency of 0.6 and maximum
gain of 35 dBi.

The composite receive gain in equation (4) is
obtained using the ITU recommendation S.1528 for
LEO satellites [9]. Figure 3 shows the obtained
composite receive gain using the ITU recommenda-
tion S.1528, and compares it with the one obtained
using the ITU recommendation S.465-6 for GEO
satellites [10]. As expected, LEO satellites require
ground station antennas with wider radiation pat-
tern.
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Fig. 3: Composite receive gain as a function of the
off-axis angle.

4.1 Scenario 1: One GW and one UT + No
pointing loss

In this scenario, we consider one GW and a single
target UT, as illustrated in Figure 4a. Therefore,
the GW is the only source of interference at the
target UT. In this scenario, we assume the absence
of pointing loss at the UT, that is, when the UT is
pointing to a specific satellite and the interference
comes from a satellite that the UT is not pointing
to, the pointing loss is considered zero.

In this case, we assume that when the UT is
aligned with one satellite and experiences interfer-
ence from another satellite that it’s not pointing to,
there is no pointing loss. With no pointing loss, the
composite receiver gain in equation (4) is maximum
and the intereference received by the satellite is also
maximized.

Figure 5 illustrates the evolution of the C/I metric
over time. When the C/I is below the prescribed C/I
threshold C/Itresh = 13 dB, the target UT selects
an alternative satellite. We can observe that the UT
starts by selecting the satellite with index 136, but
eventually it does not satisfy the C/I threshold of 13

(a) Scenario 1 and 2 (b) Scenario 3

Fig. 4: GW and UT locations for considered sce-
narios.

dB. If no hand-over is done at this point, the UT link
will be at risk. It is essentially what happens when
using the Visibility hand-over: the UT experiences
severe link degradation after time index 30. The
proposed Min C/I, the min-dist and the Best C/I
based hand-over methods are able to satisfy the
threshold of 13 dB. For simple scenario, selecting
the satellite with the greatest C/I ratio is equivalent
to selecting the closest satellite to the UT.

Fig. 5: Instantaneous C/I (dB) metric for scenario 1.

Figure 6 depicts the C/I values of each visi-
ble satellite at discrete time intervals, offering a
panoramic view of their temporal dynamics. The
interference in this scenario is intense, just a portion
of the satellites offer a C/I above the threshold of
13 dB.

The chosen satellites are also highlighted for each
hand-over procedure in Figure 6 and the number
of hand-overs is shown in Table I. For this simple
scenario, the proposed Min C/I based hand-over
performs comparably to the Min-dist and Best C/I
based hand-overs in terms of number of satellite
switching.
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Fig. 6: Satellite selection for each hand-over method
in scenario 1.

TABLE I: Number of hand-overs required for each
method.

# hand-overs
Method Scenario 1 Scenario 2 Scenario 3

Min C/I based 3 3 6
Min-dist based 3 2 2
Visibility based 1 1 1
Best C/I based 3 6 12

4.2 Scenario 2: One GW and one UT + Pointing
loss

In the second scenario, we maintain the simplicity
by keeping our attention focused on a single GW
and a single target UT. However, an important modi-
fication is introduced: the pointing loss is considered
in the composite receive gain in equation (4).

Figure 7 shows the C/I evolution when the point-
ing loss is considered. A notable trend emerges:
some satellites now offer higher C/I values, when
compared with the previous scenario. This occurs
as a result of the UT seeing less interference from
satellites with large off-axis angles. It becomes clear
that the pointing loss integration has a significant
influence on the UT’s hand-over choices. Satellites
with large off-axis angles are associated with low
interference, thereby rendering them more favorable
candidates for being selected by the UT.

From this more complex scenario, we can observe
that the most favorable satellite may not always
be the one that is closest to the UT. Indeed, the
proposed C/I based hand-over outperforms both the
visibility based hand-over and the min-dist based
hand-over in this more realistic scenario as shown
in Figure 7. The Best C/I based hand-over occasion-
ally performs better than the Min-based C/I, but it
requires more hand-overs as shown in Table I.
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Fig. 7: Instantaneous C/I (dB) metric for scenario 2.

Figure 8 complements the narrative by offering
a view of each satellite’s C/I value at distinct time
points. Notably, the proposed C/I based hand-over
avoids the satellites with poor C/I. By introducing
pointing loss, this scenario amplifies the complexity
of satellite selection. Nevertheless, the proposed
Min C/I-based hand-over strategy emerges as a
robust solution.
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Fig. 8: Satellite selection for each hand-over method
in scenario 2.

4.3 Scenario 3: Four GWs and four UTs + Point-
ing loss

For this scenario, we consider four GWs, a single
target UT, and three additional users. The location of
the GWs and UTs is presented in Figure 4b. In this
way, the four GWs and three UTs combine to cause
interference at the target UT. With the inclusion
of these extra interference events, the overall C/I
reduces as illustrated in Figure 7.

The performance obtained with the Min C/I based
hand-over is superior that both the visibility based
and the min-dist based hand-overs. Although the
Best C/I based hand-over outperforms the Min-
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Fig. 9: Instantaneous C/I (dB) metric for scenario 3.

based C/I method, the satellite switching is more
frequent as shown in Table I.
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Fig. 10: Satellite selection for each hand-over
method in scenario 3.

5 Conclusion and Future Work

In this work, we motivated satellite hand-over
to reduce the interference between UT and GW in
LEO systems. The simulation results indicate that
the proposed Min C/I-based hand-over approach
offers a promising solution to address beam splash-
induced link degradation, championing interference
resilience and communication continuity within
NGSO satellite systems. The selection performed
by the UT is impacted not only by the satellite
distance, but also by the pointing loss. For future
work, more congested scenarios with more GW and
more UT, and different NGSO constellations would
be considered. Also, the integration of machine
learning techniques offers exciting prospects for
further refining hand-over strategies by maximizing
the C/I and minimizing the number of hand-overs
over time.
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