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PAPER
Ground Test of Radio Frequency Compatibility for Cn-Band
Satellite Navigation and Microwave Landing System

Ruihua LIU†, Yin LI†, Ling ZOU†, and Yude NI†a), Nonmembers

SUMMARY Testing the radio frequency compatibility between Cn-
band Satellite Navigation and Microwave Landing System (MLS) has in-
cluded establishing a specific interference model and reporting the effect
of such interference. This paper considers two interference scenarios ac-
cording to the interfered system. By calculating the Power Flux Density
(PFD) values, the interference for Cn-band satellite navigation downlink
signal from several visible space stations on MLS service is evaluated.
Simulation analysis of the interference for MLS DPSK-data word signal
and scanning signal on Cn-band satellite navigation signal is based on the
Spectral SeparationCoefficient (SSC) and equivalent Carrier-to-NoiseRatio
methodologies. Ground tests at a particular military airfield equipped with
MLS ground stations were successfully carried out, and some measured
data verified the theoretical and numerical results. This study will certainly
benefit the design of Cn-band satellite navigation signals and guide the
interoperability and compatibility research of Cn-band satellite navigation
and MLS.
key words: radio frequency compatibility, Cn-band satellite navigation
signal, Microwave Landing System, ground tests, measured data

1. Introduction

As a new navigation band with application potential, Cn-
band (5,010MHz∼5,030MHz), was officially allocated by
the International Telecommunication Union (ITU) for satel-
lite navigation downlink signals in 2,000 [1], [2]. Since then,
researchers, represented by the United States and the Euro-
pean Space Agency, have conducted much in-depth research
on the technology and performance of Cn-band navigation
signals [3]–[5]. The results show that the new satellite nav-
igation band has significant advantages: the Cn-band signal
has excellent resistance to ionospheric delay and multipath
effects, and its UHF characteristics leave a rich margin for
antenna design [6], [7]. However, its advantages are opposed
to the high spaceborne payload requirements that cannot be
ignored [8]. This means that to put the Cn-band into a for-
mal application, a very high modification cost has to be paid,
which puts high pressure on the technology level.

Paper [9] summarizes the general characteristics of Cn-
band satellite navigation signals, points out the difficulties
in applying Cn-band navigation signals and gives ideas on
how to solve these difficulties. The research on the satellite
navigation system in this band, mainly concentrated on the
signal modulationmethod and signal reception performance,
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is already abundant.
With the increasing congestion of L-band satellite nav-

igation signals, the compatible operation of L-band satellite
navigation signals faces difficulties. The research on Cn-
band satellite navigation has started to be actively promoted,
and the array antenna and other technologies developed at
high speed in recent years have provided the possibility for
the practical application of Cn-band satellite navigation sig-
nals. The China Area Positioning System (CAPS), indepen-
dently developed by the Chinese Academy of Sciences, is a
transponder-style satellite navigation system that broadcasts
C-band downlink signals and is well suited to carry feasi-
bility studies on Cn-band satellite navigation signals [10].
Scholars represented by Jian Ge, Xiaochun Lu, and Xue
Wang of the Chinese Academy of Sciences have made much
research on the design and performance of Cn-band satellite
navigation signals [11], [12].

The upper sideband of theCn-band, 5,030MHz to 5,150
MHz, has been dominated by the international standard Mi-
crowave Landing System (MLS). Before standardizing the
application of Cn-band signals, the spectrum compatibility
of these two systems must be tested and analyzed. Mancang
Niu [13] and Mehong Liu [14], [15] of Shanghai Jiao Tong
University, China, have conducted simulations for the inter-
ference caused by C-band satellite navigation signals using
various modulation methods to MLS, based on the protec-
tion guidelines for MLS service made by the International
Civil Aviation Organization (ICAO).

Up to today, the analysis of radio frequency compatibil-
ity between satellite navigation and MLS in Cn-band stays
at the stage of simulation analysis, and only the interference
of navigation signal to MLS is analyzed. In this paper, we
first verify whether the aggregate Power Flux Density (PFD)
of downlink signals transmitted by several visible Cn-band
satellites falling within the MLS band exceeds the protection
threshold. Then, we use the spectral separation coefficient
(SSC) and the equivalent carrier-to-noise ratio method [16],
to evaluate the impact of MLS signals on the reception of
Cn-band satellite navigation downlink signals. The above
studies are based on the navigation signal and MLS signal
data collected at a military airport, and the real situation of
the radio frequency compatibility of the two systems is ob-
tained by comparing the simulation analysis with the actual
measurement results.

The paper is organized as follows. The system charac-
teristics of Cn-band satellite navigation and MLS are given
in Sect. 2. The method of radio frequency compatibility
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analysis of the two systems is given in Sect. 3. The imple-
mentation of the compatibility test and the test results are
explained in detail in Sect. 4. Finally, Sect. 5 concludes this
paper.

2. System Characteristics

2.1 Cn-Band Satellite Navigation Signal Characteristics

The modulation method of satellite navigation signal di-
rectly affects the performance of satellite navigation system
service, in which the carrier used for navigation signal and
the selection of carrier frequency are crucial [17]. On the
one hand, according to the rationale of satellite navigation
signal generation, it is not difficult to conclude that the carrier
frequency must be an integer multiple of the clock reference
frequency of 1.023MHz. To obtain a better out-of-band
rejection performance, BPSK(n) modulation can be used,
where “n” indicates that the code rate is n*1.023MHz. The
“n” is taken to be no more than 10 to retain the maximum
signal main lobe energy, considering that the bandwidth of
the Cn-band is only 20MHz [18], [19]. On the other hand,
to leave enough protection margin for the adjacent band
primary system, i.e., MLS, paper [20] pointed out that the
choice of 5022.93 MHz as the carrier frequency of the navi-
gation signal can meet the requirements stated above.

This analysis assumes a Cn-band satellite navigation
signal s(t) with a carrier frequency fc of 5022.93MHz and
modulation methods of BPSK(2), BPSK(5), and BPSK(10),
respectively. We have:

s(t) = sI (t) cos (2π fct) + sQ(t) sin (2π fct) (1)

Where sI (t) and sQ(t) are the pseudo-randomcode sequences
of I-way and Q-way, respectively.

The signal has power spectrum SBPSK( f ) is then:

SBPSK( f ) = Tcsinc2 (
πfTc

)
(2)

In Eq. (2), Tc is the duration of a code piece. Figure 1
shows the power spectrum of the satellite navigation signal
with three modulation methods, BPSK(2), BPSK(5), and
BPSK(10), and a carrier frequency of 5022.93MHz.

The downlink of a Cn-band satellite navigation system,
as shown in Fig. 2, operates in a band adjacent to the MLS
operating band, and its transmitted downlink signal may
cause harmful interference to the MLS service.

The satellite navigation downlink signal in Fig. 2 can
be considered as propagating in free-space. The empirical
Eq. (3) is used to calculate the transmission loss L f of the
downlink signal.

L f = 32.44 + 20 lg d + 20 lg f (3)

Where: d is the distance from the satellite to the Earth’s sur-
face in km; f is the satellite navigation downlink frequency
in MHz.

Then the satellite signal power Pr received by an an-
tenna at point r on the ground is [21]:

Fig. 1 Theoretical PSD of navigation signal.

Fig. 2 Scenario for satellite navigation signal interference to MLS ser-
vice.

Pr = Pt + Gt + Gr + L f − Latm (4)

Where: Pr and Pt unit of dBWor dBm; Gt for the gain of the
satellite transmitting antenna; Gr for the receiving antenna
gain used to receive signals in dBi; Latm represents the value
of about 2 dB of atmospheric loss.

The satellite navigation signal is circularly polarized
and the signal power can be calculated from the above link
propagation model, usually, the power of the satellite signal
arriving at a point on the ground is around −130 dBm to
−120 dBm, depending on the satellite position.

2.2 MLS Characteristics

The MLS is a precision approach system based on the time-
based beam scanning principle, adopted by ICAO to provide
all-weather approach services for civilian airports and air
bases, even under adverse weather conditions. The mobile
MLS (MMLS) is also widely used in the landing of fighter
aircraft, carrier aircraft, missile precision strikes, and mili-
tary equipment formation movement [22]. Figure 3 shows
the layout of a typical MLS and the data transmission link.
The figure includes the main guidance signal transmissions
in the sector covered by the MLS azimuth station signals and
the ranging signals emitted by the P/DME equipment.

As can be seen fromFig. 3, a typicalMLSground equip-
ment layout includes an azimuth station, an elevation station,
and a precision DME. The azimuth and elevation stations
operate on more than 200 channels in the frequency band
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Fig. 3 Ground equipment arrangement of MLS and data link.

of 5,030MHz to 5,150MHz and broadcast the differential
phase-shift keying (DPSK) data word signal with synchro-
nization and other information, as well as the scanning signal
for the aircraft to determine its angular position, while the
distance information is provided by the precision DME op-
erating at 960MHz∼1,215MHz.

The MLS broadcasts two kinds of signals. The DPSK
data word signal uses the coding rules specified by ICAO,
with a code rate of 15,625 Hz, and its power spectrum is
consistent with the general DPSK signal. The scanning
signal is formed by the array antenna assignment, and the
3 dB beamwidth (1◦, 2◦ or 3◦ is generally used for azimuth
antenna, depending on the runway length) of the scanning
antenna pattern is defined as

A(θ) = e−k
(

θ
BW

)2

(5)

In Eq. (5), k = ln 2, the value range for θ is −62◦∼+62◦ for
azimuth antenna.

The “TO” and “FRO” scan pulse envelope is regarded
as a reflection of the pattern of the scanning antenna on
the time axis [23], combined with the MLS scanning signal
angle measurement principle, the time-domain expression of
scanning signal f (t) can be obtained as

f (t) = e−k
(
v t

BW

)2

(6)

Where: v is the scanning rate, for the azimuth generally
20◦/ms.

Assuming that the terrain around the runway is flat, and
there are no obvious obstacles in the MLS guidance signal
coverage sector, the interference scenario shown in Fig. 4
is established to evaluate the interference of MLS service
signals to the Cn-band satellite navigation downlink service.

Except for the DME/P, all the MLS ground equipment
providing approach service to the aircraft on a runway op-
erate on the same frequency point and have the same signal
transmission model. Take the azimuth approach guidance
signal as an example, the MLS signal power at a certain
point in the coverage is calculated by the following equation:

PR = PT + GT + GR − Cl − PL (7)

Fig. 4 Scenario for MLS signal interference to satellite navigation ser-
vice.

Table 1 Parameters for MLS signal power estimating.

Where: PT is the MLS transmit power in dBW or dBm, GT

is the transmit antenna gain, GR is the receive antenna gain
in dBi, Cl is the cable loss, PL is the path loss in dB.

The path loss PLis calculated using the airport propa-
gation model as follows:

PL(d) = 99.8 + 10n lg
(

d
d0

)
(8)

Where: the value of n is 2.3, d0 is 462m, and d is the distance
from the phase center of the MLS antenna in km.

The radius of the MLS azimuth guidance coverage sec-
tor is about 41.7 km, and the DPSK data word signal and
the scanning signal (3◦ beam width) transmitted by the az-
imuth station within this coverage, the transmitting antenna
takes different gains. Since the MLS transmitting antenna
uses line polarization and the satellite navigation signal uses
circular polarization, polarization loss must be considered.
Table 1 below gives the relevant parameters and their values
for MLS signal power estimation, where “other loss” is a
possible loss term.

In this paper, the interference situation between two
services is considered, and the receiver is treated as unob-
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structed from the interference source. In engineering appli-
cations, the satellite navigation receiver is generally installed
on top of the aircraft, and we need to consider the influ-
ence factors such as airframe diffraction when evaluating the
power of the MLS signal reaching the receiver.

3. Compatibility Methodology

3.1 Interference to MLS

In general, the MLS coverage area is near airports and some
air routes. The satellite navigation signal is very weak by the
time it reaches the MLS receiver after a long-distance spatial
attenuation. However, approach landing is life safety-related,
the interference of Cn-band navigation signals to MLS must
be within acceptable limits.

ICAO gives the protection threshold for the MLS, it can
be described as the aggregate PFD of satellite navigation
signals falling on 5,030MHz∼5,150MHz shall not exceed
−124.5 dBW/m2/150 kHz, the PFD is defined as:

PFD =
100.1(EIRPs−Latm)

4πd2

∫ f+150 kHz

f

G( f )d f (9)

Where: d is the distance between the Earth receiver and the
visible satellite in km, Latm is the atmospheric loss, generally
taken as 0.5 dB. G( f ) is the normalized power spectral den-
sity of the satellite navigation signal in the Cn-band. EIRPS

is the effective isotropic radiated power, calculated by the
equation as:

EIRPs = (Cs/N0)eff + Lrl + N0 + L f r − Ar + Ltro (10)

Where: Lrl is the receiver processing loss, taking the value
of 6 dB, N0 is the thermal noise power density, generally take
the value of −174 dBm/Hz, L f r is the Cn-band signal space
transmission loss in dB, Ar is the receiver antenna gain in
dBi, Ltro is the tropospheric attenuation, C-band tropospheric
attenuation generally take the value of 5.9 dB, (Cs/N0)eff is
the Cn-band satellite navigation signal in 0.1m code tracking
accuracy.

3.2 Interference to Cn-Band Satellite Navigation Signal

The satellite downlink reception system mainly consists of
antennas, feed sources, HFheads, transmission cables, power
dividers, and satellite receivers. The receiver RF front-end
processingmodule receives mixed signals, including all visi-
ble satellite signals and various electromagnetic field signals,
and other interferences [24]–[26].

It is known that the interference signal will have an
impact on the receiver expectation signal capture and other
performance. This impact is related to the immediate branch,
the branch correlator output a signal to interference plus
noise ratio(SNIR) to evaluate it [27]–[30].

Skip the SNIR derivation process of the coherent and
incoherent output of the immediate correlator, and treat the

interference signal as Gaussian white noise, the output car-
rier to interference plus noise ratio ρ of the immediate branch
can be obtained as:

ρ =
Cs

CI+N

=

P0

∫ B/2

−B/2
|HB( f )|2 G0( f )GC( f )d f

PI

∫ B/2

−B/2
|HB( f )|2 GI ( f +∆ f )GC( f )d f +I

(11)

I = N0

∫ B/2

−B/2
|HB( f )|2 GC( f )d f

Where: P0 is the navigation signal power, PI is the inter-
ference signal power, and N0 is the white noise power, all
in dBW or dBm. HB( f ) is the baseband frequency charac-
teristic of the bandpass filter, which is set to the ideal case
for calculation; G0( f ) is the power spectrum of the naviga-
tion signal in the pre-integration time, GC( f ) is the normal-
ized power spectral density of the local reference signal, and
GI ( f ) is the power spectrum of the interference signal in the
pre-integration time.

When the interference signal is not considered, the
carrier-to-noise ratio ρSNR is expressed as:

ρSNR =
Cs
N

=

P0

∫ B/2

−B/2
|HB( f )|2 G0( f )GC( f )d f

N0

∫ B/2

−B/2
|HB( f )|2 GC( f )d f

(12)

Then

P0
N0
=

ρSNR

∫ B/2

−B/2
|HB( f )|2 GC( f )d f∫ B/2

−B/2
|HB( f )|2 G0( f )GC( f )d f

(13)

When considering both noise and interference:

(
P0
N0

)
eq

=

ρ

∫ B/2

−B/2
|HB( f )|2 GC( f )d f∫ B/2

−B/2
|HB( f )|2 G0( f )GC( f )d f

P0

∫ B/2

−B/2
|HB( f )|2 GC( f )d f

PI

∫ B/2

−B/2
|HB( f )|2 GI ( f + ∆ f )GC( f )d f + E1

=
P0

PI
E2∫ B/2

−B/2
|HB( f )|2 GC( f )d f

+ N0

(14)
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E1 = N0

∫ B/2

−B/2
|HB( f )|2 GC( f )d f

E2 =
∫ B/2

−B/2
|HB( f )|2 GI ( f + ∆ f )GC( f )d f

Thus, the SSC can then be given by the expression of

SSC(∆ f ) =

∫ B/2

−B/2
|HB( f )|2 GI ( f + ∆ f )GC( f )d f∫ B/2

−B/2
|HB( f )|2 GC( f )d f

(15)

In Eq. (15): ∆ f is the frequency difference between the
desired signal and the interfering signal in MHz.

From Eq. (14) and Eq. (15), the equivalent carrier-to-
noise ratio based on the SSC is(

P0
N0

)
eq
=

P0
PI k(∆ f ) + N0

(16)

The SSC characterizes the degree of spectral overlap be-
tween the desired signal and the interfering signal and is
one of the important parameters for evaluating radio fre-
quency compatibility. In this paper, the value is calculated
to evaluate the interference of MLS signals to satellite nav-
igation signals from a spectral perspective. The equivalent
carrier-to-noise ratio based on the SSC is proportional to the
output carrier-to-noise ratio of the immediate correlator for
both coherent and incoherent processing and can be used to
evaluate the satellite navigation signal capture performance.
Based on the empirical threshold of the carrier-to-noise ra-
tio, the required separation distance value to avoid harmful
interference will be calculated.

4. Ground Test and Analysis

4.1 Compatibility Test

The equipment used in the testing process includes RF unit,
signal acquisition equipment, omnidirectional receiving an-
tenna, mobile power supply, data processing equipment, and
some auxiliary materials, some of them shown in Fig. 5.

The RF unit model is HN-SFSB-RF, which is used to
convert the RF signal to an IF signal. The signal acqui-
sition equipment model EXMC2102 consists of the acqui-
sition, storage and control, clock, and other modules. To
receive RF signals, an omnidirectional receiving antenna
model R200500234 is equipped. A mobile power supply is
used to power the device during signal acquisition. Auxil-
iary materials include materials such as laser range finders,
cables, and adapters.

Limited by test conditions and test site, the naviga-
tion signal acquisition work and the MLS signal acquisi-
tion work were implemented independently of each other.
The Cn-band satellite navigation downlink signal operates
at 5022.93MHz, its time-domain curves and power spectral

Fig. 5 Equipment used in the testing process.

density curves are shown in Fig. 6, with a sampling rate of
100MHz, an acquisition bandwidth of 80MHz, and an IIR
filter at the receiver end (after down-conversion).

TheMLS test was conducted at amilitary airfield where
a runway configured with typical MLS equipment, at least an
azimuth station, a precision DME, and an elevation station.
The MLS signal acquisition points are set up as shown in
Fig. 7.

During the test, the vehicle and testers should be kept
from being between the azimuth station, elevation station, or
back-azimuth station and the test equipment, thus affecting
the test results. Care should be taken that the angle between
the centerline of the runway and the red line in the figure
ω meets the requirements, so as not to exceed the scanning
signal coverage horizontal sector. The height of the azimuth
equipment erected off the ground shall be taken into account.

Turn on the MLS device, an MLS signal at a distance of
2.7 km from the azimuth station of about 1 second in duration
is acquired, and its time domain and power spectrum curve
are shown in Fig. 8.
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Fig. 6 Cn-band satellite navigation downlink signal.

Fig. 7 Signal acquisition point setting.

4.2 Compatibility Test Results

PFD Values. During the test, there are 6 visible satellites
in the MLS signal’s beam range. The satellite signal is op-
erating at 5022.93MHz with BPSK(10) modulation, with a
receiving power of about −127.2 dBm, the distance between
the satellite and the ground receiver is taken as 20,200 km.
According to the compatibility analysis method described in
Sect. 3.1, the total PFD (dBW/m2/150 kHz) values, theoreti-
cal and numerical, of the Cn-band satellite navigation signal
falling within the MLS band are recorded in Table 2.

From the calculation results in the table, it can be seen

Fig. 8 MLS signal at 2.7 km.

Table 2 PFD values and interference results.

that MLS signals do not cause harmful interference to Cn-
band satellite navigation signals, and the theoretical results
are consistent with the test results. There is an error between
the theoretical and actual values, which is due to the low re-
ceiving power of the navigation signal. The captured signals
are mixed with noise in the calculation, causing the actual
value to be different from the theoretical value, which is an
expected result.

Receiving power. When calculating the SSC as well as
the equivalent carrier-to-noise ratio, MLS signals as interfer-
ence signals should be classified into two categories, namely,
DPSK data word signals and scanning signals. The former
has a maximum duration of 9.3∼15ms, while the latter can
be classified as high-gain narrowband continuous wave in-
terference according to its generation principle. Figure 9 and
Fig. 10 show the time-domain plots of the MLS DPSK data
word signal and the scan signal collected at 1.7 km from the
azimuth station.

Table 3 below gives the power ofMLSDPSK data word
signal and scanning signal for two sets of measured data at
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Fig. 9 MLS DPSK data word signal.

Fig. 10 MLS scanning signal.

Table 3 Receiving powers of MLS signal (dBm).

1.7 km and 2.7 km from the azimuth station. The gain of the
MLS azimuth antenna to the DPSK data word signal is taken
as 8 dBi. The scanning signal beam width is 3◦, and the gain
to scanning signal is taken as 23 dBi.

SSC values. The bandwidth of the bandpass filter used
at the transmitting end of the MLS signal is large (the pass-
band is generally 60MHz or more), which is to say the filter
out-of-band rejection can be ignored when evaluating radio
frequency compatibility with the Cn-band.

During the test, the MLS was operating at 5,031MHz,
and the carrier frequency of the Cn-band satellite naviga-
tion signal is 5022.93MHz. Then the spectral separation
coefficient values of the navigation signal with BPSK(10)
modulation, and the MLS signal are recorded in Table 4,
where the front-end filter bandwidth of the receiver is taken
as the main flap bandwidth (20.46MHz).

From the results in Table 3 and Table 4, it can be seen
that the measured MLS signal power, as well as the SSC
values, are relatively close to the theoretical values. The error

Table 4 SSC values.

Fig. 11 SSC-CNR results with the separation distance changing (DPSK
signal).

Fig. 12 SSC-CNR results with the separation distance changing (scan-
ning signal).

sources are mainly some hardware losses and unexcepted
signal transmissions of other communication systems in the
environment.

To represent the interference between the two signals
intuitively, the equivalent SSC-based carrier-to-noise ratio
(SSC-CNR) is calculated below. In Fig. 11 and Fig. 12, the
minimum carrier-to-noise ratio that allows the receiver to
capture the navigation signal properly is taken as 33 dB-Hz
[31], to give the required separation distance to avoid harmful
interference.

The SSC-CNR values show an overall decreasing trend
as the interfering signal (MLS) power increases, and the
theoretical value is close to the calculated value of the test.
With the receivermeeting theminimumcarrier-to-noise ratio
threshold of 33 dB-Hz, taking MLS DPSK data word signal
as an example, the measured required separation between
the navigation receiver and the MLS antenna phase center is
110.2 km, which means that the satellite navigation receiver
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Fig. 13 SSC results with the center frequency of MLS DPSK signal
changing.

Fig. 14 SSC results with the center frequency of MLS scanning signal
changing.

in this range will not be able to serve properly.
The operating bandwidth of MLS is wide and can reach

5,030MHz∼5,150MHz in extended mode, which can be ap-
plied to numerous frequency points. To confirm the effect
of changing the MLS operating frequency on the spectral
compatibility, Fig. 13 and Fig. 14 plot the change of the
spectral separation coefficient when the MLS DPSK sig-
nal and the scanning signal traverse the operating frequency
from5,030MHz to 5,061MHz, respectively, and the receiver
front-end filter bandwidth is taken as 40MHz.

From Fig. 13 and Fig. 14, it can be seen that with the
right shift of the MLS operating frequency, the SSC values
of the Cn-band navigation signal using the BPSK modula-
tion method and the MLS signal show an overall decreasing
trend. When the navigation signal is BPSK(2) modulated,
the spectral separation curve has multi-valley characteris-
tics and overall low spectral separation values, which means
there are more frequency points MLS can be applied.

5. Conclusions

In this paper, preliminary tests and analysis for the radio fre-
quency compatibility of Cn-band satellite navigation down-
link signals and MLS signals are conducted, and the fol-
lowing conclusions are drawn. First, the downlink signal
of the Cn-band satellite navigation system using BPSK(10)

modulation does not cause harmful interference to the in-
ternational standard MLS. Navigation signals using other
modulation methods require further analysis, which can be
performed in the same way as in this paper. Second, the
two kinds of guidance signals broadcast by the MLS have
different degrees of influence on the navigation downlink
signal reception. Due to the high gain characteristics of the
scanning signal in the coverage sector, it brings stronger in-
terference, in comparison, the DPSK signal brings weaker
interference. The above interference can be avoided by a
certain geographical interval. Finally, the radio frequency
compatibility of the signals of the two systems can be greatly
improved by adjusting the MLS operating frequency. The
MLS operating frequency is very flexible with more than
200 operating channels and can take different operating fre-
quencies for different runways. The above findings are an
important part of the assessment of compatibility and in-
teroperability between Cn-band satellite navigation systems
and other primary systems in adjacent frequencies.
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