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Abstract: In order to research on the design and
implementation of a modernized GPS civil signals simulation
system, a brief review of the modernized GPS signals is
introduced, including the signal structure and characteristics of
L2C, L5 and L1C signals. The design and implementation of
the main modules of the simulation system is described in
detail. The simulation system is mainly composed of
parameter setting, system initialization, signal generator,
noise generator, disturbance generator, signal synthesis, low-
pass filter, A/D conversion and storage.
results based on Matlab are then presented, and the power
spectral density (PSD) of all navigation signals is analyzed.
The simulation system completes the physical layer simulation
of a modernized GPS new civil signal and can provide a
controllable signal source for designing and testing of
modernized GPS civil receivers, especially for the signal
processing algorithm design of the GPS software receiver.
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L5 signal; simulation system

doi: 10. 3969/j. issn. 1003 —-7985.2012. 03. 009

The simulation

he modernization of the GPS signal commenced with
T the launch of next generation satellites (IIR20-M) on
24th March, 2009 by the US. The modernized GPS in-
cludes the adding of a new civil code on the L2 frequency
(L2C on 1 227.60 MHz), a third civil signal on the LS
frequency (1 176.45 MHz), a new civil code on the L1
frequency (L1C on 1 575.42 MHz) and a military code
(M-code) on the L1 and L2. This paper mainly focuses
on the civil signals of a modernized GPS including L2C,
L5 and L1C signals'" ™. The new GPS signals affect both
the space and user segments significantly. The moderni-
zation program aims to improve positioning and timing
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accuracy, signal availability and integrity monitoring.
New GPS signals can provide better immunity to RF
interference and multipaths, and better atmospheric
corrections.

In order to study the signal processing algorithms of the
GPS software receiver, it is necessary to simulate GPS
signals for testing their functionality. The simulation sys-
tem can provide a signal source for designing and testing
modernized GPS civil receivers. The key study of this pa-
per is to use the Matlab as a simulation platform to gener-
ate digital IF modernized GPS civil signals, to analyze
the spread spectrum modulation and to add noise and jam-
ming in the transmission process to make the simulated
signals closer to the real ones. A brief review of the mod-
ernized GPS signals, including the signal structure and
characteristics of L2C, L5 and L1C signals, is first de-
scribed. Then the architectural design of the simulation
system and the simulation results are presented.

1 Modernized L2C, L5 and L1C Signals
1.1 L2C signal structure and characteristics

The L2 civil code denoted by L2C is used on the L2
carrier as a replacement for the C/A code. Currently
eight GPS Block IIR-M satellites and two Block IIF satel-
lites transmit the L2C signal. The L2C signal is com-
posed of two codes: L2 CM (a medium length code) and
L2 CL (a long code). The L2 CM code is 20 ms long
and contains 10 230 chips while the L2 CL code has a pe-
riod of 1.5 s, containing 767 250 chips” ™.

The CM code is modulated with data at 25 bit/s using
a forward error correction (FEC) technique with a param-
eters rate of 1/2, to produce 50 symbol/s data. A stron-
ger signal and the FEC permit message recovery with
weaker signals or with more radio noise. The improve-
ment will make it possible to obtain messages even with
the weakest GPS signals.

The CL code has no data modulation, and the sprea-
ding is due to the spreading code. Since there is no data
on the CL code, it can be tracked by a phase locked loop
(PLL), while a Costas loop is not required. The thresh-
old advantage of a PLL over a Costas loop is 6 dB, con-
sidering a 3 dB time share loss. So the improvement is
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about 3 dB when tracking the CL signal. The CM code is
modulo-2 added to data and the resultant sequence of
chips is time-multiplexed with the CL code. As shown in
Fig. 1, the time multiplexed L2C sequence modulates the
L2 (1 227.6 MHz) carrier.

25 bit/s 50 bit/s

Rate 1/2 FEC ——

Navigation data

CM code generator K \

(10230 chips) J
511.5 kHz
clock
CL code genterator Time
(767250 chips) multiplexer
172
] 1227. 6 MHz L2¢
120 clock BPSK | SEME

1.023 MHz clock

Fig.1 L2C signal structure

1.2 LS signal structure and characteristics

The new L5 code QPSK modulates at a frequency of
1 176.45 MHz. The civil code on L5 is similar to the ex-
isting P(Y) code. The L5 signal has two phase-orthogo-
nal components, the in-phase code (I code) and the
quadrature-phase( Q code). The block diagram of the L5
signal is shown in Fig.2"™.

Navigation| 50 bit/s [Rate 1,2]100 bit/s[10 symbol

data FEC N-H code
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Fig.2 LS signal structure

The I code is multiplied by a 10 bit Neuman-Hoffman
(N-H) code to extend the code period from 1 to 10 ms.
Each N-H symbol runs at a rate of 1 000 N-H symbols per
second. The N-H code is modulated with data at 50 bit/s
using FEC technique with a parameters rate of 1/2, to
produce 100 symbol/s data. In a similar way, the Q
code, which has no data, has a ranging code which runs
at 10. 23 Mchip/s with a period of 1 ms. The Q code is
multiplied by a 20 bit N-H code to extend the code period
from 1 to 20 ms.

The primary purpose of the N-H code is to reduce the
spectral line power of the ranging codes by 10 dB for the

I channel and 13 dB for the Q channel.
1.3 TMBOC modulation of L1C signal

TMBOC is the US implementation of MBOC for the
GPS L1 civil (L1C) signal. The BOC(1, 1) and BOC

(6, 1) spreading symbols are defined as follows'"™:

Seoc(1, 1) (2)
Spoc(6, 1) (1)

where S, is the BOC(1, 1) subcarrier’s location and S, is
the BOC (6, 1) subcarrier’s location. The BOC (6, 1)
spreading symbols are in locations 1, 5, 7, and 30 of
each 33 spreading symbol locations. The schematic dia-
gram of the TMBOC (6, 1,4/33) generation is shown in
Fig. 3.

L L T

Data channel
(25% signal power)

Pilot channel
(75% signal power)

iftesS,

1
iftes, ()

TMBOC(6, 1,4/33) (1) :{

[-«BOC(1,1) chip»|

I||{?

|=BOC (6,1) chips]|

|~BOC(1,1) chipa|

Fig.3 Schematic diagram of TMBOC(6, 1,4/33) generation

The total signal power can be divided differently be-
tween the pilot and data components. Here 75% of the
signal power is assigned to the pilot component and 25 %
to the data component. Only BOC(1, 1) spreads symbols
on the data component and both BOC(1, 1) and BOC(6,
1) spread symbols on the pilot component.

The PSD in data channel and pilot channel is given as

Ge(f) =33Guoe(1. D +35Guoc(6: DD (D)

Gp(f) =Gpoc(1, D () (3)

The total PSD of the TMBOC implementation is given
as

Grigoc(f) = %GP (N + %GD (N =

10

1
11Go0c (1L D+ Gooc(6. (N (4)

Better performance can be achieved using spreading
modulations that provide more power at high frequencies
away from the center frequency. MBOC(6, 1, 1/11) has
an increase in higher frequency power compared to that of
BOC(1, 1), and the inter-operability and compatibility
with the GPS BPSK can be assured. The additional high
frequency power is provided by BOC(6, 1) symbols.

2 Architecture Design of the Simulation System

The functional block diagram of digital IF signals gen-
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eration is shown in Fig. 4. The signal received by the an-
tenna has very low amplitude. This is a result of the com-
bination of a low power transmitter on the satellite and the
long distance traveling with noise and disturbance. The
preamplifier improves the power of the signal received by
the receiver’s antenna. The purpose of the down-conver-
sion block is to downconvert the signal provided by the
preamplifier. The received signal is down-converted from
RF to an intermediate frequency (IF) which is often about
a couple of MHz. Bandpass filters are used to perform the
primary role of passing selective frequencies and attenua-
ting others. The A/D converter is responsible for sam-
pling the down-converted analog signal and the digital IF
signals are obtained””™".

%Noise Disturbance

GPS
satellites /
69 ntenna

. Down- Bandpass
Preamlifier --s- conversion [ | filtering
Digital A/D

IF signals converter

Fig.4 Functional block diagram of digital IF signals
generation

In this paper, Matlab is used as a simulation platform
to generate digital IF signals of the modernized GPS sys-
tem, in order to analyze the spread spectrum modulation
and to add noise and jamming in the transmission process
to make the simulated signals closer to the real ones. The
flowchart of the simulation system is shown in Fig. 5.
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setting )
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Disturbance lr:
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Digital iL
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Fig.5 Flowchart of the simulation system

As shown in Fig.5, the architecture of the signal gen-
erator is constructed as follows:

1) Machine interface ( parameter setting)

In the machine interface module, the user is allowed to
set a wide range of simulation parameters to guarantee the
use versatility and the full control of the simulation condi-

tions, including the number and PRN sequence of the
simulated satellite signals, the length of the simulated sig-
nals, the type of modulation, the code delay for every
satellite, C/N, or absence of noise, type of disturbance
and characteristics, the front-end filter, the ADC, the in-
termediate frequency and the sampling frequency etc.

2) System initialization

The system initialization module reads the configuration
parameters in the machine interface module and initializes
the necessary structures of variables.

3) Signal generator

The signal generator produces the GPS signal samples
at the simulated intermediate frequency and sampling fre-
quency, and takes into account possible Doppler effects
on the signal.

4) Noise generator

The noise generator generates the additive white Gauss-
ian noise (AGWN). The C/N, or absence of noise can be
set in the parameter setting part.

5) Disturbance generator

The disturbance generator produces four different dis-
turbances, including the intra-system interference ( which
is from one or more other GNSS signals), the multipath
(which is from one or more attenuated and delayed ver-
sions of the GPS signal), the narrow-band interference
(which is a continuous wave signal), and the wide-band
interference ( which is a band-limited noise) .

6) Signal synthesis

The signal synthesis module is to combine the outputs
of the signal generator with the noise generator and the
disturbances generator in order to make the simulated sig-
nals closer to the real one.

7) Low-pass filter( LPF)

Selective frequencies pass through the low-pass filter
and other frequencies are attenuated. It can be activated/
deactivated by setting a proper flag in the parameter set-
ting part.

8) A/D conversion

The A/D conversion samples the analog signals at the
simulated sampling frequency. Each sample of the sum of
all the generated components is optionally quantized and
the digital IF signals are obtained.

9) Storage

The digital IF signals are saved in an output file for fur-
ther processing.

3 Simulation Results

All the development in this signal simulation system is
implemented using Matlab. In order to better understand
the potentialities of the signal simulation tool, some ex-
amples of signal generation are shown.

Fig. 6 and Fig. 7 represent the time and frequency plot
of the GPS L2C signal,
specifications are as follows: the modulation is L2C sig-

respectively. The simulation
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nal; satellite number is No. 1; the duration of the simula-
ted signal is 10 ms; the sampling frequency is 40. 92
MHz; the intermediate frequency (IF) is 10 MHz; the
number of the plot samples is 3 000; noise is absent; the
front-end filter is absent; there is no ADC quantization.
It can be shown that both the code chip samples and the
GPS L2C spectrum are clear and reasonable.
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Fig.7 GPS L2C signal spectrum

Fig. 8 and Fig. 9 represent the frequency plot of the
GPS LI1C signal and the GPS LS5 signal, respectively. It
can be shown that the GPS L1C spectrum and the GPS L5
spectrum are clear and reasonable. Due to the space limi-
tation, L2C is chosen as the representative of the modern-
ized GPS signal to analyze the performance.

The signal shown in Fig. 10 is obtained by applying
a front-end filter to the configuration of Fig. 7. The
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sampling frequency is set at 40.92 MHz and the interme-
diate frequency at 10 MHz. Both the interference and the
noise blocks are off. The filter is the Butterworth filter
with an order of 4 and the onesided bandwidth is 2. 046
MHz. It is easy to observe the effect of the filter on the
signal spectrum. It is recognizable that the cut-off fre-
quency is about 2 MHz.
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Fig.10 GPS L2C signal spectrum after filtering

Another example with external interference is shown in
Fig. 11. The useful signal is the GPS L2C with CM and
CL multiplexed modulation. The sampling frequency is
set at 40. 92 MHz and the intermediate frequency at 10
MHz. Both the front-end filter and the noise blocks are
off. In Fig. 11 an external wide-band interference is add-
ed. It is modeled as filtered white Gaussian noise, with a
carrier frequency of 2.5 MHz upon the GPS signal, and
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Fig.11 GPS L2C signal spectrum with wide-band interference
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its bandwidth is equal to 5 MHz. The effect of the spec-
trum distortion is easily observable.

4 Conclusion

In this paper, on the basis of giving a brief review of
the modernized GPS signals (L2C, L5 and L1C), a de-
tailed description of the composition of the simulation
system is presented, including the principle and imple-
mentation method of the main modules of the simulation
platform. Simulation results show that the Matlab-based
GPS civil signals simulation platform is reasonable and
close to the real. It can provide a flexible and configu-
rable platform for testing and validation of new navigation
signals.
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