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ABSTRACT

This paper analyzes the effect of Long-Term Evolution (LTE) uplink interference on the perfor-
mance of Aeronautical Telemetry Upper L-band users. A MATLAB simulation environment is
used to analyze the interference effect using SOQPSK-TG and 64-QAM modulation schemes for
telemetry and LTE transmitters, respectively. An ideal Surface Acoustic Wave (SAW) filter fol-
lowed by a 2-by-2 symbol detector is used in the telemetry receiver. To ensure a target bit error
rate (BER) of 10−5, depending on the LTE spectrum mask, the Carrier-to-Interference (C/I) ratio
requirement is −15.4,−32.4 and −30 dB for data rates 1, 5 and 10 Mbits/s, respectively.
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INTRODUCTION

The demand for mobile data and cellular applications is increasing at a very high rate. To meet
this growing demand, communication systems need new radio spectrum to introduce new radio
systems. As a result, the radio frequency spectrum is being readjusted [1]. These readjustments
are giving rise to new challenges to the existing users of the spectrum. The Federal Communica-
tions Commission (FCC) has auctioned off and is issuing licenses for the introduction of new radio
systems in the 1755 − 1780 MHz (uplink) and 2155 − 2180 MHz (downlink) radio spectrum [2].
These bands are commonly referred to as Advanced Wireless Service Band 3 (AWS-3). The auc-
tion guidelines partition the AWS-3 LTE uplink channel into 1770 − 1780 MHz. This uplink
channel becomes directly adjacent to telemetry upper L-Band that operates between 1780 − 1850
MHz. On the other hand, the paired AWS-3 LTE downlink, operating between 2170− 2180 MHz,
is also adjacent to telemetry S-Band (2200 − 2395 MHz) [3] (Figure 1). Out-of-band emissions
from the AWS-3 LTE uplink and downlink channels can potentially affect the operation of the
physically co-located telemetry upper L and S Bands [4]. As a result, LTE uplink and downlink
interference will deteriorate the performance of these telemetry bands. The effect of interference
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Figure 1: AWS-3 and telemetry adjacent bands.

will become more severe with the increasing number of cellular LTE services in the auctioned
AWS-3 bands.

Recent studies have illustrated the threats of adjacent band LTE interference on the performance
of telemetry systems using hardware experiments. Performance degradation of telemetry systems
with IRIG-106 standard modulation schemes PCM/FM, SOQPSK-TG, and ARTM CPM at data
rates 1, 5, 10 and 15 Mbits/s due to LTE uplink interference is shown in [5]. In addition to the work
in [5], the effects of LTE downlink interference on telemetry L, S and C bands are demonstrated
in [6]. In these experimental testbeds, LTE and telemetry signals were first generated using Vector
Signal Generator (VSG). The signals were then isolated before combining to avoid the creation of
intermodulation products. Finally, the combined signal was split for interference analysis. Unlike
the studies of [5] and [6], our study is based on MATLAB simulation. We use MATLAB LTE
Toolbox for generating LTE signals and the experimental setup in [5] as a guideline to combine
the LTE and telemetry signals using MATLAB. For the telemetry user, only SOQPSK-TG signal
is considered at data rates 1, 5 and 10 Mbits/s. The goal of this work is to analyze the interference
characteristics and validate the hardware experiment results. This simulation environment also
offers a flexible platform to investigate additional interference scenarios i.e. LTE UE aggregation
on telemetry systems, interference effects on other telemetry modulation schemes, etc. Most im-
portantly, the simulation platform can be used as a highly convenient tool to design and test the
performance of interference cancelers to improve BER performance of telemetry systems.

As both the interferer and victim signals are fixed in frequency, we cannot shift their spectrums.
Therefore, to introduce interference into the victim signal, the Carrier (the telemetry signal) to In-
terference (the LTE signal) (C/I) ratio is varied. The C/I ratio is measured using the LTE interferer
and telemetry victim signals that arrive at the telemetry receiver. By changing the C/I ratio, i.e. the
interferer and victim signal levels, the amount of interference signal is controlled in our simula-
tion. We write column vectors as boldface lowercase variables and matrices as boldface uppercase
variables. Transpose, conjugate and Hermitian (conjugate-transpose) of matrix X are denoted by
XT, X* and XH, respectively.
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TELEMETRY SYSTEM WITH LTE INTERFERENCE

Development of a telemetry system model in the presence of LTE uplink interferer is essential
to understand the effect of interference on the performance of the telemetry system. This section
describes the victim telemetry system in the presence of LTE interference. The system model block
diagram is depicted in Figure 2. The telemetry signal source is the SOQPSK-TG modulator which
produces an I/Q baseband version (usually called the complex-valued low-pass equivalent [7]) of
a SOQPSK signal. The complex baseband SOQPSK signal passes through the telemetry channel
and experiences addition of adjacent band LTE uplink interference and additive Gaussian noise.
The LTE signal source is composed of MATLAB LTE Toolbox that generates a complex baseband
LTE signal. The received signal can be written as,
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Figure 2: Block diagram: (a) Telemetry system in the presence of LTE interference, (b) Symbol-
by-symbol (S×S) detector for SOQPSK-TG.

rc(n) =

N2∑
k=−N1

h(k)s(n− k) + i(n) + ω(n), (1)

where, h(n) is the telemetry channel impulse response, i(n) is the complex baseband LTE signal
generated using MATLAB LTE Toolbox and ω(n) is a proper [8] complex-valued white Gaussian
random process with variance σ2

ω

2
per dimension [9].

The received signal r(n) is filtered by the SAW Intermediate Frequency (IF) filter. In a telemetry
receiver, there are 8 SAW IF filters available [3]. In our simulator, a digital IF filter is designed in
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Figure 3: Digital IF SAW filter at telemetry receiver with center frequency at 1781.5 MHz, fstop,1 =
1776 MHz, fpass,1 = 1781 MHz, fpass,2 = 1782 MHz, fstop,2 = 1787 MHz, ftrans = 5 MHz.

the frequency domain according to the following formula centered at the telemetry signal center
frequency described in [5].

HSAW(f) =


0.5− 0.5cos(πηf), fstop, 1 ≤ f < fpass, 1

1, fpass, 1 ≤ f < fpass, 2

0.5 + 0.5cos(πηf), fpass, 2 ≤ f ≤ fstop, 2

0, elsewhere

(2)

where, η = 1/ftrans, ftrans = transition width of IF SAW filter. The digital SAW filter has a roll-
off similar to the analog SAW filter. Due to this rapid falloff outside the passband, the effect of
interference from LTE uplink channel is reduced. Also, this filter has minimal effect on SOQPSK
data. The parameters of the digital IF SAW filter are illustrated in Figure 3. After filtered by the IF
SAW filter, the frame synchronizer block finds the starting of the iNet preamble signal. However,
frame synchronization is an issue in the presence of significant interference which is beyond the
scope of this paper. So, we assume perfect frame synchronization in our application. After frame
synchronization, a SOQPSK detector demodulates the SOQPSK signal from symbols to bits.

The symbol-by-symbol (S×S) detector for SOQPSK-TG is illustrated in Figure 2 (b). Here, a sim-
ple first-order phase lock loop (PLL) is used to estimate the residual phase shift. The error signal
e(k) is proportional to the residual phase shift and is computed by the phase error detector (PED)
block using the standard OQPSK phase error detector [10]. The filtered error signal is converted
to a pair of quadrature sinusoids, represented by the complex exponential, using a standard direct
digital synthesizer (DDS) architecture [10]. After detection, BER of the receiver is calculated by
comparing to the generated bitstream. The next section describes the parameters of SOQPSK and
LTE signals in our MATLAB simulation.
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SIMULATION PARAMETERS

For the telemetry victim signal, only the IRIG-106 modulation scheme SOQPSK-TG is used. The
data rates of the SOQPSK signal are 1, 5 and 10 Mbits/s. The LTE interfering signal has 50 resource
blocks (RB) to support the uplink data requirements of each user in the system. Among these 50
RBs, the first and last two RBs (RB 1, 2, 49, 50) are assumed control channels. We allocate 1 LTE
UE that occupies 10 RBs (RB 39 - RB 48) or 1.8 MHz band closest to the right edge of the LTE
spectrum. The reason for choosing the band edge RBs is that these RBs will have the strongest
interference on the adjacent telemetry band. We used the most aggressive modulation type 64-
QAM for LTE to show the worst-case interference scenario. The LTE uplink spectrum has a 10
MHz bandwidth with fixed center frequency at 1775 MHz. The telemetry victim signal also has a
fixed center frequency for a particular data rate and modulation scheme [3]. This center frequency
is dependent on the band-edge back off from 1780 MHz. The parameters of telemetry and LTE
signals are given in Table 1.

Telemetry Signal LTE Signal
Data rate (Mbits/s) 1, 5, 10 Sampling rate (MHz) 15.36
Modulation SOQPSK-TG Modulation 64-QAM
Center frequency (MHz) 1781.5, 1785, 1790 Center frequency (MHz) 1775
Frame structure iNet Data length (bits) 100
Data length (bits) 6144 Total resource blocks 50
ASM length (bits) 64 Channel bandwidth (MHz) 10
Preamble length (bits) 128 LTE Protocol A3-5

Number of UE 1
Occupied RBs 10
Occupied bandwidth (MHz) 10

Table 1: Simulation parameters for telemetry and LTE signals.

NUMERICAL RESULTS

The adjacent LTE and telemetry spectrums using the signal parameters from the previous section
are shown in Figure 4. The dotted line represents the spectrum of the SAW filter located at the
telemetry receiver. The solid line is the received signal spectrum. The boundary of the LTE and
SOQPSK spectrum is at 1780 MHz. Of this boundary, SOQPSK spectrum is on the right side
and LTE is on the left. These spectrum plots show us how the LTE signal is interfering with its
adjacent telemetry band. The inset plots demonstrate the interference level inside the SAW filters.
The telemetry spectrum is absent in the inset plots to illustrate only the interference spectrum. To
understand how the interference is affecting the performance of SOQPSK detection, we show BER
versus C/I ratio plots for different telemetry data rates in Figure 5. We observe that to achieve our
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target BER 10−5, the C/I ratio needs to be−15.4,−32.4 and−30.0 dB for telemetry data rates 1, 5
and 10 Mbits/s, respectively.

The BER at the output of the SOQPSK detector versus the C/I ratio plots in the next section
clearly illustrates the effect of LTE interference on the performance of telemetry systems operating
at different data rates. The inset plots of the LTE spectrums inside the SAW filters reconfirm the
worst case interference condition for 1 Mbits/s [5] among all available telemetry data rates. Due
to a small back-off frequency of 1 MHz for 1 Mbits/s, the telemetry spectrum is the closest to the
LTE spectrum comparing to the other two data rates. The SAW filter can only reduce the effect of
interference present in the adjacent band. As a result, the interference inside the SAW filter affects
the performance of the SOQPSK system the most in case of 1 Mbits/s data rate. This performance
degradation is illustrated with BER vs C/I ratio curve in Figure 5. We see that due to the high
amount of interference from the adjacent band, the performance of SOQPSK 1 Mbits/s suffers the
most among all three data rates.

“Keep-out-zone” Calculation: We calculate the distance of LTE UE from telemetry receiver an-
tenna using the required C/I ratio to achieve our target BER [5]. These distances represent “keep-
out-zone” for the LTE UE handset around the telemetry receiver for particular SOQPSK modula-
tion and data rate. If the distance between LTE UE and telemetry receive antenna is dLTE then,

CIdB = {EIRPAMT,dBm − 10nlog10dAMT} − {EIRPLTE,dBm − 10nlog10dLTE}. (3)

In (3), EIRPLTE = +25 dBm is the worst case EIRP required by LTE UE in order to close the UE to
eNobeB link, EIRPAMT = +37 dBm is the telemetry EIRP of 5W, dAMT = 150km is the telemetry
link range, n = 2 is the free space path loss exponent and CI is the required C/I ratio [5]. The
C/I ratio to achieve the target BER of 10−5 for different telemetry data rates and the corresponding
keep-out-zones are given in Table 2.

Telemetry Data rate
(Mbits/s)

C/I ratio
to acheive BER = 10−5

(dB)

Distance from LTE UE
to telemetry Receiver Antenna

(km)

1 −15.4 28.4
5 −32.4 3.8
10 −30.0 5.4

Table 2: Keep-out-zone for LTE UE from telemetry ground station.

CONCLUSIONS

In this work, we developed a MATLAB simulator to analyze the significance of the interference
threat of new radio systems in AWS-3 LTE uplink band on the performance of the Upper L-band
telemetry users. Our interference analysis demonstrated that, among all data rates, the performance
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(a) Telemetry data rate = 1 Mbits/s, back-off frequency = 1.5 MHz.
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(b) Telemetry data rate = 5 Mbits/s, back-off frequency = 5 MHz.
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Figure 4: SOQPSK-TG vs. 1 LTE UE, 10 RB, 64-QAM at C/I ratio = −10 dB. The telemetry
spectrum is absent in the inset plots to illustrate only the interference spectrum.

7



-45 -40 -35 -30 -25 -20 -15 -10 -5 0

C/I ratio (dB)

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

B
it
 E

rr
o

r 
R

a
te

 (
B

E
R

)

Target BER = 1e-5

1 Mbps

5 Mbps

10 Mbps

Figure 5: BER vs C/I ratio for telemetry data rates 1, 5 and 10 Mbits/s.

of 1 Mbits/s is more susceptible to the LTE uplink spectrum leakage due to the smallest back-
off frequency. The achieve the target BER = 10−5, the required C/I ratios were −15.4,−32.4
and −30.0 dB for data rates 1, 5 and 10 Mbits/s, respectively. Following the work of [5], these
C/I ratios were also translated to the keep-out-distances from LTE UE to the telemetry receiver
antenna. Our simulation results slightly deviated from the hardware testbed results as shown in
Table 3. These differences can be primarily attributed to the difference in LTE UE spectrum masks
and the trans/receiver filter properties.

Telemetry Data rate
(Mbits/s)

C/I ratio from [5]
(dB)

C/I ratio from simulation
(dB)

1 -20 −15.4
5 -30 −32.4
10 -24 −30.0

Table 3: Difference between C/I ratios from software simulation and hardware testbed.
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