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Abstract—This paper introduces a novel beam tracking scheme
for full-duplex ground user terminals aiming to transmit uplink
and receive downlink from two low Earth orbit (LEO) satellites
at the same time and same frequency. Our proposed technique
leverages observed phenomena from a recent measurement cam-
paign to strategically select transmit and receive beams which
couple low self-interference across the satellites’ trajectories,
thereby enabling in-band full-duplex operation. Our scheme
takes a measurement-driven approach, meaning it does not rely
on explicit knowledge of the self-interference channel and can
inherently account for hardware impairments or other nonideal-
ities. We show that our proposed scheme reliably selects beams
which spatially cancel self-interference to below the noise floor,
circumventing the need for digital/analog cancellation. Simulation
results using satellite and orbital parameters published in 3GPP
and FCC filings show that this substantial reduction in self-
interference does not prohibitively compromise beamforming
gain, allowing the user terminal to attain near-maximal SINRs,
thus unlocking full-duplex operation.

I. INTRODUCTION

Low Earth orbit (LEO) satellite communication systems
continue to cement their role in delivering near-global con-
nectivity in the 6G era [1]. Large-scale efforts by SpaceX,
OneWeb, and Amazon aim to deploy tens of thousands of LEO
satellites through the end of the decade and beyond to provide
un-/under-served ground users across the globe with broad-
band wireless connectivity. While undoubtedly revolutionary,
dense LEO networks face noteworthy challenges involving
user data rates, latency, handover, coexistence, and duplexing
flexibility [2]. In pursuit of overcoming these challenges, this
paper aims its sights on upgrading ground user terminals
with in-band full-duplex capability: the ability to transmit and
receive at the same time and same frequency [3].

Like other wireless networks, in-band full-duplex capability
stands to be a transformational physical layer upgrade in LEO
satellite communication systems [4]. While there are certainly
ripe applications of full-duplex at the satellite side [4], this
work focuses specifically on full-duplex ground user terminals.
Full-duplex capability would potentially double data rates by
allowing users to transmit uplink while receiving downlink at
the same frequency. Further, spectrum sensing and cognitive
radio could be harnessed to enable new spectrum sharing
paradigms across LEO constellations. Beyond this, more flexi-
ble duplexing, such as time-division duplexing, could be made
possible in LEO systems without prohibitively long guard
intervals to accommodate the timing advances necessary to
overcome millisecond-long propagation delays [5].

Extensive research over the past decade has developed
techniques to realize in-band full-duplex capability, with most
of this focus on conventional terrestrial wireless systems like
5G/6G cellular and Wi-Fi networks [3]. While analog and
digital self-interference cancellation techniques have proven
effective in lower-frequency radios [3], they are not particu-
larly attractive in high-frequency transceivers like those used in
LEO [6]. The high frequencies, wide bandwidths, and antenna
arrays used in LEO user terminals complicate the extension
of existing analog and digital self-interference cancellation
solutions to enable full-duplex [6]. Other full-duplex solutions
[7]–[11] have leveraged radio frequency components and elec-
tromagnetic isolation to develop custom user terminals and
antennas, but the majority [7]–[10] have focused on sub-band
full-duplex rather than in-band full-duplex.

More recently, full-duplex solutions which harness beam-
forming to cancel self-interference spatially have been devel-
oped for millimeter wave (mmWave) radios similar to LEO
user terminals and have proven capable of suppressing self-
interference to near or even below the noise floor without the
need for supplemental cancellation [6]. Among these beam-
forming solutions, however, often encountered are two note-
worthy practical shortcomings. First, many ignore hardware
constraints associated with analog beamforming systems, such
as finite-resolution phase shifters and array miscalibration.
Second, many solutions rely on explicit knowledge of the
self-interference channel, though such knowledge is difficult
to acquire accurately [6]. These two shortcomings bring into
question the practicality of such techniques in LEO ground
user terminals. One notable existing solution called STEER
[12] overcomes the two aforementioned challenges by taking
a measurement-driven approach that exploits the variability of
self-interference over small spatial neighborhoods [13].

Similar to STEER [12], we propose harnessing this small-
scale spatial variability to construct a beam tracking technique
to enable full-duplex ground user terminals in LEO satellite
networks. As a first step, our proposed solution takes advan-
tage of the known orbitals of satellites to populate a set of
candidate beams by constructing a grid of beams along the
trajectories of uplink and downlink satellites of interest. Then,
through a series of measurements taken solely at the user
terminal, our solution chooses the beam pair which maximizes
the sum spectral efficiency. Simulation results indicate that,
with our technique, a user terminal can reliably reduce self-
interference to below the noise floor while delivering high
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Fig. 1. At time t, a full-duplex ground user terminal transmits uplink to a
satellite while receiving downlink from another satellite at the same frequency.
In doing so, self-interference is coupled by its transmit and receive beams
across the channel H, the severity of which is proportional to |w∗

tHft|2.
This work aims to design ft and wt for all t to reduce self-interference while
delivering high uplink and downlink SNR.

gain toward the uplink and downlink satellites. This allows it
to attain near-maximal signal-to-interference-plus-noise ratio
(SINR) on the downlink and near-maximal signal-to-noise
ratio (SNR) on the uplink, unlocking full-duplex operation.

II. SYSTEM MODEL

This work considers a single ground user terminal being
served by a LEO satellite constellation. More specifically, as
shown in Fig. 1, we consider a user terminal interested in
receiving downlink from one satellite and transmitting uplink
from another satellite at the same time and same frequency.
The goal of this work is to enable such in-band full-duplex
operation at the user terminal.

Suppose the user terminal is equipped with two separate
antenna arrays, one for transmission and one for reception,
with each array controlled independent of the other, as is
common in traditional half-duplex user terminals. For sim-
plicity, assume the user terminal’s transmit and receive arrays
are half-wavelength uniform planar arrays with Nt and Nr

antenna elements, respectively. Then, the corresponding array
response vectors of each in some azimuth-elevation (θ, ϕ)
relative to broadside are denoted by atx(θ, ϕ) ∈ CNt×1 and
arx(θ, ϕ) ∈ CNr×1. We assume the user terminal is oriented
such that the arrays’ broadside directions are aligned with
zenith and will reference all azimuth and elevations to the local
coordinate system of the user terminal, as shown in Fig. 1.

Let us assume the user terminal is interested in transmitting
and receiving with the uplink and downlink satellites over a
time horizon T = {t : t1 ≤ t ≤ t2}. In LEO systems, satellites
are typically overhead a particular user for a few minutes at
most, implying T may occupy around two minutes or so. At
time t, let (θDL

t , ϕDL
t ) be the direction from the user terminal

to the downlink satellite and (θULt , ϕUL
t ) be that toward the

uplink satellite. Let PDL
tx be the transmit power of the downlink

satellite and GDL
tx be the gain of its transmit antenna, assumed

to be constant toward the user. Let PUL
tx be the transmit power

of the user terminal and PDL
n be its additive noise power. Let

GUL
rx be the receive gain of the uplink satellite toward the user

and PUL
n be its additive noise power. Let hUL

t ∈ CNt×1 be
the uplink channel from the user terminal’s transmit array to
the uplink satellite and hDL

t ∈ CNr×1 be the downlink channel
from the downlink satellite to the user terminal’s receive array,
both at time t. These channels are almost purely line-of-sight
the majority of the time in practical LEO deployments.

This work will exclusively focus on beamforming at the user
terminal, which we assume is accomplished using an analog
beamforming architecture, following user terminals in practice
today. Let ft ∈ CNt×1 be the beamforming weight vector
employed by the user terminal to transmit to the uplink satellite
at time t and wt ∈ CNr×1 be those used to receive from
the downlink satellite at time t. As a consequence of analog
beamforming, the transmit and receive beams are restricted to
some sets of physically realizable beams—i.e., ft ∈ F and
wt ∈ W—capturing relevant power constraints, limited phase
shifter resolution, and other hardware constraints.

Putting all this together, the uplink and downlink SNRs at
time t are correspondingly

SNRUL
t =

PUL
tx ·GUL

rx ·
∣∣f∗t hUL

t

∣∣2
PUL
n

, (1)

SNRDL
t =

PDL
tx ·GDL

tx ·
∣∣w∗

th
DL
t

∣∣2
PDL
n

. (2)

By operating in an in-band full-duplex fashion, the user
terminal inflicts upon itself interference, the severity of which
depends on the coupling of the transmit beam ft and receive
beam wt across the multiple-input multiple-output (MIMO)
self-interference channel H ∈ CNr×Nt . The interference-to-
noise ratio (INR) of this coupled self-interference is

INRDL
t =

PDL
tx · |w∗

tHft|2

PDL
n

, (3)

and the downlink SINR at time t is then

SINRDL
t =

SNRDL
t

1 + INRDL
t

. (4)

While SNR solely determines uplink performance, that on the
downlink depends on the downlink SINR and thus on both ft
and wt. Treating self-interference as noise, the upper bound
on the achievable sum spectral efficiency, for a given transmit
beam ft and receive beam wt, can be expressed as

Rt(ft,wt) = log2

(
1 + SNRUL

t

)
+ log2

(
1 + SINRDL

t

)
. (5)

III. FULL-DUPLEX BEAM TRACKING

With the goal of enabling full-duplex operation at the user
terminal, we aim to design its transmit and receive beams
throughout the satellites’ trajectories. In essence, this amounts
to designing (ft,wt) to maximize SNRUL

t and SINRDL
t for all



t ∈ T in pursuit of maximizing the sum rate. Formulating this
as a proper optimization problem, we have

max
{(ft,wt)}t∈T

∑
t∈T

Rt(ft,wt) (6a)

s.t. ft ∈ F , wt ∈ W ∀ t ∈ T . (6b)

It is important to recognize that, in conventional LEO systems,
it is reasonable to assume ground users have knowledge of
satellite trajectories a priori, given satellites follow carefully
designed orbitals. Applying conventional beam tracking to this
problem would therefore amount to the user terminal steering
its transmit beam directly toward the uplink satellite and its
receive beam directly toward the downlink satellite. While
this would maximize the uplink and downlink SNRs, recent
measurements have shown that this leads to prohibitively high
self-interference (i.e., INRDL

t ) with high probability [13]. The
same measurement campaign [13], however, also showed that
slightly shifting the transmit and receive beams in just the
right way can substantially reduce self-interference. We aim
to leverage this phenomenon in constructing the beam tracking
solution that follows.

Before unveiling our solution, it is important to first under-
score noteworthy considerations when approaching problem
(6). Since the user terminal has knowledge of the satellite
trajectories a priori and the uplink and downlink channels are
almost purely line-of-sight, it is reasonable to assume that the
user is capable of calculating the uplink and downlink SNRs at
any time t for any given transmit beam ft and receive beam wt.
While SNRUL

t and SNRDL
t can be reliably calculated for a given

beam pair (ft,wt), it is less likely for a system to precisely
know the self-interference INRDL

t coupled by these beams
without explicitly measuring it. This is for two main reasons.
First, as highlighted in the introduction, obtaining knowledge
of the self-interference channel H is not straightforward in
practice due to its dimensionality and hardware uncertainties.
Second, even if one were to estimate H perfectly, the actual
self-interference coupled by a given beam pair can be difficult
to predict exactly since these beams do not get realized
perfectly in hardware, due to array miscalibration or phase
shifter quantization and errors. While these impairments may
be negligible in many applications, full-duplex is sensitive
to such since small changes in self-interference can degrade
received SINR substantially. For these reasons, we take a
measurement-driven approach to tackling this problem, as it
appears to be the most reliable, given current understandings
of self-interference in full-duplex systems operating at and
around mmWave frequencies.

A. Grid Construction

The first step in our design involves constructing a grid of
transmit-receive steering directions, which we will later build
upon to form a set of candidate transmit-receive beam pairs.
Recall,

(
θULt , ϕUL

t

)
and

(
θDL
t , ϕDL

t

)
denote the azimuth and

elevation directly toward the uplink and downlink satellites
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Fig. 2. Visualizing the grid G and set of beam candidates Ψ constructed
around the true trajectories of example uplink and downlink satellites for
∆θ = ∆ϕ = 2◦. All dots are spaced 1◦ apart in azimuth and elevation. The
beams eventually selected by our proposed scheme are overlaid as lines.

at time t, respectively. Let us then define the uplink-downlink
direction tuple (in degrees) at time t as

Ωt ≜
(
θULt , ϕUL

t , θDL
t , ϕDL

t

)
. (7)

Recent measurements have indicated that slightly shifting the
steering direction of the transmit and/or receive beams of a
full-duplex mmWave transceiver on the order of 1◦ in azimuth
and/or elevation can substantially reduce self-interference [13].
Inspired by this, we aim to construct a grid of beam candidates
with 1◦ resolution in azimuth and elevation, though our
general approach could accommodate sub-1◦ resolutions as
well. Rather than merely quantizing Ωt to the nearest integer
tuple at each time t, we instead aim to quantize it to a 1◦-grid
which is best fit to the entire trajectory T . Finding this best-fit
1◦-grid amounts to shifting the integer 1◦-grid by some bias in
each of the four dimensions: uplink azimuth and elevation and
downlink azimuth and elevation. The appropriate bias applied
to the uplink azimuth dimension, denoted by βUL

θ , can be found
through exhaustive search by solving

βUL
θ = argmin

β:|β|≤0.5

∑
t∈T

(
θULt + β − ⌊θULt + β⌉

)2
, (8)

where ⌊a⌉ rounds a to the nearest integer. Shifting the four-
dimensional (4D) 1◦-grid by βUL

θ will then minimize the



average distance from θULt to its nearest grid point along
the trajectory t ∈ T . Calculating the other three bias factors
analogously allows us to populate the bias vector

β ≜
(
βUL
θ , βUL

ϕ , βDL
θ , βDL

ϕ

)
, (9)

which allows us to construct the best-fit 4D 1◦-grid as

G =
⋃
t∈T
⌊Ωt + β⌉ − β. (10)

The grid G can equivalently be thought of as the quantized
trajectory of the uplink and downlink satellites, as seen in
Fig. 2. Note that if β happens to be 0, then the grid G
will be comprised of uplink-downlink direction pairs with
integer azimuths and elevations. When β ̸= 0, the grid G
will be a grid with 1◦ spacing shifted off the integer grid. By
constructing G in this way, the candidate beam pairs that we
will populate shortly will steer more closely toward the uplink
and downlink satellites throughout their trajectories, allowing
us to deliver higher SNRs while reducing self-interference.

B. Beam Selection

With G constructed, we now turn our attention to placing
so-called spatial neighborhoods around the points in G to
populate candidate transmit-receive beam pairs, and then we
will select beam pairs from this candidate set to maximize sum
spectral efficiency, an approach similar to [12]. To formalize a
spatial neighborhood, let us define ∆θ and ∆ϕ (in degrees) as
the maximum amount we will allow a transmit and receive
beam to shift in azimuth and elevation, respectively. For
example, with ∆θ = ∆ϕ = 2◦, the transmit beam and
receive beam may each shift by at most 2◦ in azimuth and
elevation from a point on the 1◦-grid G. With ∆θ and ∆ϕ
denoting the size of the spatial neighborhood, let us assume the
neighborhoods are constructed with 1◦ resolution. Put simply,
let the azimuthal and elevational neighborhoods be defined as

Nθ = {−∆θ, . . . ,−1, 0, 1, . . . ,∆θ} (11)
Nϕ = {−∆ϕ, . . . ,−1, 0, 1, . . . ,∆ϕ}. (12)

Then, a 2D neighborhood (in azimuth and elevation) with
size (∆θ,∆ϕ) and a resolution of 1◦ can be constructed
by the Cartesian product Nθ × Nϕ. The 4D transmit-receive
neighborhood would then correspondingly be

N = Nθ ×Nϕ ×Nθ ×Nϕ. (13)

The set N contains (2∆θ+1)2 · (2∆ϕ+1)2 different relative
shifts a transmit-receive beam pair can apply. Centering this
neighborhood around each of the grid points in G amounts to

Ψ = G +N = {Ω+ η : Ω ∈ G,η ∈N }, (14)

containing candidate transmit-receive steering directions cen-
tered on the initial 1◦-grid G. The set of transmit directions and
receive directions in Ψ can be visualized in Fig. 2. Note that,
since G has 1◦ resolution and N has 1◦ resolution, their sum
also has a resolution of 1◦. This is by design for two reasons.
First, as stated, it was found in [13] that shifting beams on the

order of 1◦ can substantially reduce self-interference. Second,
since both G and N have 1◦ resolution, the cardinality of their
sum will often be much less than the sum of their cardinalities,
i.e., |Ψ| ≪ |G|+ |N |. This will save on measurements when
implementing our proposed technique, as we will see.

Suppose the user terminal can form a transmit beam
toward some (ϑUL, φUL) and a receive beam toward
some (ϑDL, φDL) via so-called matched filter beamforming
weights f(ϑUL, φUL) = atx(ϑ

UL, φUL) and w(ϑDL, φDL) =
arx(ϑ

DL, φDL). Then, the self-interference when steering to-
ward these directions corresponds to the form shown in (3)
with f(ϑUL, φUL) and w(ϑDL, φDL). After forming the set
of beam candidates Ψ, we assume the user terminal col-
lects measurements (or references past measurements) of self-
interference for each beam candidate

(
ϑUL, φUL, ϑDL, φDL

)
∈

Ψ. With these measurements of self-interference and the
assumption that SNRUL

t and SNRDL
t can be computed based on

the known satellite trajectories, the transmit and receive beams
which maximize the sum spectral efficiency at any given time
t ∈ T can be found directly by solving the following.

max
(ϑUL

t ,φUL
t ),(ϑDL

t ,φDL
t )

Rt

(
f
(
ϑUL
t , φUL

t

)
,w

(
ϑDL
t , φDL

t

))
(15a)

s.t.
(
ϑUL
t , φUL

t , ϑDL
t , φDL

t

)
∈ Ψ (15b)

Notice that solving problem (15) amounts to a mere exhaustive
search through Ψ, which incurs trivial complexity. This is a
key advantage of the proposed technique over other search-
based techniques. While the search space of (f ,w) is NtNr-
dimensional (complex) for a single time instant, our approach
reduces the search space to merely Ψ. Given the small-scale
variability of self-interference observed in [12], [13], this
dimensionality reduction has proven to reliably reduce self-
interference without prohibitively degrading SNR, which we
further confirm in the next section through simulation. This
concludes our proposed full-duplex beam tracking scheme,
which is summarized concisely in Algorithm 1.

IV. SIMULATION RESULTS

In this section, we assess our proposed full-duplex beam
tracking scheme in terms of self-interference INRDL

t , down-
link SINR, and uplink SNR, comparing each to what would
be achieved nominally with a conventional beam tracking
scheme directly following the satellites. To accomplish this,
we considered a user located on the UCLA campus at a
longitude-latitude of (34.0722◦,−118.4441◦), and simulated
a LEO satellite system based on orbital parameters in public
FCC filings for Amazon’s emerging Project Kuiper constel-
lation [14]. In total, the constellation was comprised of 3236
satellites operating at 20 GHz across 100 MHz at altitudes of
590–630 km. To select a downlink and uplink satellite pair
at a given instant, we randomly selected two from the set of
satellites which were overhead the user—above a minimum
elevation angle of 35◦—for at least two minutes. Thus, the
time horizon T was two minutes in duration.

Satellite parameters were based on Ka-band 600 km altitude
parameters from Table 6.1.1.1-2 in [15], and user terminal pa-



Algorithm 1 Proposed full-duplex beam tracking scheme.
Input: Trajectories {Ωt : t ∈ T }; neighborhood (∆θ,∆ϕ)

Calculate β using (8) and populate the grid G using (10).
Form the neighborhood N = Nθ ×Nϕ ×Nθ ×Nϕ.
Construct candidates Ψ = G +N .
For each

(
ϑUL, φUL, ϑDL, φDL

)
∈ Ψ, measure INRDL at the

user terminal with f(ϑUL, φUL) and w(ϑDL, φDL).
for t ∈ T do

Initialize: Rt ← 0.
for

(
ϑUL, φUL, ϑDL, φDL

)
∈ Ψ do

Calculate SNRUL
t with f(ϑUL, φUL).

Calculate SNRDL
t with w(ϑDL, φDL).

SINRDL
t ←

SNRDL
t

1+INRDL with f(ϑUL, φUL), w(ϑDL, φDL)

R = log2

(
1 + SNRUL

t

)
+ log2

(
1 + SINRDL

t

)
if R > Rt then
Rt ← R; ft ← f

(
ϑUL, φUL

)
; wt ← w(ϑDL, φDL)

end if
end for

end for
Output: Transmit and receive beams {(ft,wt) : t ∈ T }

rameters were based on VSAT parameters from Table 6.1.1.1-
3 in [15]. The transmit power of each satellite was set to
15.5 dBm, and that of the ground user terminal was 36 dBm.
Each satellite was equipped with a 30.5 dBi antenna, and the
user with a 16×16 antenna array with a max gain of 29 dBi
for transmitting and 39.7 dBi for receiving. The noise power
of satellites was set to −93.1 dBm and that of the user was
−95.64 dBm. Self-interference was simulated using the model
proposed in [16], which itself was based on nearly 20 million
measurements taken with 16×16 mmWave phased arrays.

To begin, Fig. 3a depicts self-interference INRDL
t through-

out the two-minute pass of a single pair of downlink and
uplink satellites. Shown is that with our proposed scheme
for neighborhood sizes ∆θ = ∆ϕ = 1◦, 2◦, 3◦ versus that
with a conventional beam tracking scheme. First, note that
INRDL

t = 0 dB corresponds to self-interference as strong
as noise, below which is preferred to reap the benefits of
full-duplex operation. Naively steering directly toward the
satellites, as done conventionally to maximize SNRUL

t and
SNRDL

t , leads to self-interference which is typically more than
10 dB above the noise floor—too high for meaningful full-
duplex operation. With the proposed beam tracking solution,
however, self-interference is reliably suppressed by around
20 dB to below the noise floor. With ∆θ = ∆ϕ = 1◦, there
are occasional instances where INRDL

t exceeds noise (about 8.2
seconds in total). Widening the neighborhood to 2◦ eliminates
virtually all of these instances, and increasing further to 3◦

offers occasional improvements beyond this.
Now, in Fig. 3b, we show the uplink SNR and downlink

SINR corresponding to the trajectory shown previously in
Fig. 3a. Conventional beam tracking maximizes uplink SNR
(dotted blue) and downlink SNR (dotted red) but achieves poor
downlink SINR, due to the high INRDL

t seen in Fig. 3a. The
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Fig. 3. Self-interference, uplink SINR, and downlink SINR throughout the
two-minute overpass of a downlink satellite and uplink satellite. The proposed
scheme reliably reduces self-interference to below the noise floor, while
attaining near-maximal downlink SINR and near-maximal uplink SNR.

proposed scheme (with ∆θ = ∆ϕ = 2◦) attains near-maximal
uplink SNR, often falling short by only a fraction of a dB.
Note that the downlink SNR attained with conventional beam
tracking serves as the upper bound on downlink SINR. The
downlink SINR with conventional beam tracking falls well
short of this upper bound since it ignores self-interference.
The downlink SINR with our proposed scheme, on the other
hand, closely follows the upper bound, sacrificing at most
around 3 dB. These results confirm that the proposed scheme
is indeed capable of substantially reducing self-interference
while delivering near-maximal SNR on both the downlink and
uplink via slight, strategic shifts of the transmit and receive
beams as the satellites traverse across the sky.

To more broadly assess our scheme, we measured its per-
formance across two-minute passes of 136 different downlink-
uplink satellite pairs and examined the distribution of both
INRDL

t and SINRDL
t . Fig. 4a depicts the resulting empirical

cumulative distribution functions (CDFs) of self-interference
with our proposed scheme and with conventional beam track-
ing. Self-interference is almost always well above noise with
conventional beam tracking. Our proposed scheme, on the
other hand, reliably reduces self-interference to below the
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Fig. 4. Empirical CDFs of self-interference, downlink SNR, and downlink
SINR across two-minute overpasses of 136 downlink-uplink satellite pairs.

noise floor 85% of the time with a 1◦ neighborhood and over
90% of the time with 2◦ or greater. In median, our proposed
scheme reduces INRDL

t by over 20 dB. However, it is worth
noting that there exist select conditions where slightly shifting
the transmit and receive beams proves incapable of reducing
self-interference to near or below the noise floor. Perhaps
resorting to half-duplex would be necessary in such cases.

Finally, in Fig. 4b, we plot the empirical CDFs of downlink
SNR and SINR corresponding to Fig. 4a. The black dotted line
is the CDF of SNRDL

t attained by conventional beam tracking
and is thus maximized, setting the upper bound on SINRDL

t .
As seen thus far, the SINR with conventional beam tracking
falls well short of this upper bound, since it is plagued by
prohibitively high self-interference. In stark contrast, the SINR
with our proposed scheme typically falls short by only about
2 dB from the upper bound, due to residual INRDL

t and small
sacrifices made in SNRDL

t to reduce INRDL
t . Our proposed

scheme does exhibit a non-negligible lower tail, wherein the
downlink SINR is less than 0 dB about 10% of the time with
a 1◦ neighborhood. This reduces to about 5% of the time if
the neighborhood widens to 3◦. Overall, these distributions
confirm that our proposed full-duplex beam tracking scheme
can reliably offer appreciable downlink SINRs by reducing
self-interference to below the noise floor the vast majority of
the time, regardless of which satellites are selected.

V. CONCLUSION

This paper introduces a novel beam tracking scheme for
full-duplex ground user terminals seeking to transmit uplink
to one satellite while receiving downlink from another satel-
lite at the same frequency. Rather than directly follow the
known trajectories of the two satellites, our scheme steers the
transmit and receive beams of the user terminal strategically
to reduce self-interference without compromising high SNR.
This is accomplished by leveraging a recent measurement
campaign of self-interference which revealed that slight shifts
of the transmit and receive beams can reliably reduce self-
interference in full-duplex mmWave phased array systems.
Through simulation, we showed that our proposed scheme can
reduce self-interference to below the noise floor 85%–90% of
the time, and this yields downlink SINRs which typically fall
only about 2 dB short of their upper bound. Valuable future
work may include exploring other applications of full-duplex
in LEO satellite systems, such as at the satellite or ground
station, and the enhancements it may offer to such networks.
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