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ABSTRACT 

This paper describes the Multiplexed Binary Offset Carrier (MBOC) spreading modulation that has been 

recommended by the GPS-GALILEO Working Group on Interoperability and Compatibility. The MBOC(6,1,1/11) power 

spectral density is a mixture of BOC(1,1) spectrum and BOC(6,1) spectrum, that would be used by GALILEO for its 

Open Service (OS) signal at L1 frequency, and also by GPS for its modernized L1 Civil (L1C) signal. A number of 

different time waveforms can produce the BOC(6,1,1/11) spectrum, allowing flexibility in implementation, although 

interoperable waveforms remains an objective for GALILEO and GPS. One of them is Composite BOC (CBOC).           

The CBOC uses multilevel spreading symbols formed from the weighted sum of BOC (1,1) and BOC(6,1) spreading 

symbols, interplexed to form a constant modulus composite signal. This paper describes the definition of MBOC, 

represents its power spectral density and compared with BOC. Autocorrelation function of MBOC is also examined. This 

paper also describes generation of L1C GPS signal and its characteristics. 
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INTRODUCTION 

With the advent of new global navigation satellite systems (GNSSs), such as the modernized GPS, the 

European Galileo, and the Chinese Compass, new signals and new modulations have been adopted to enhance the 

accuracy of positioning and performance of resisting narrow band interference, meanwhile guaranteeing the 

coexistence and compatibility with existent signals[1]. According to GPS space segment/user segment L1C 

interface IS-GPS-800C [2], several modulation novelties adopted by the new signal can be found, two of which 

have a particular impact on the receiver design. 

At first it has been noticed that the L1C signal consists of two different components, the data and pilot 

channels. The former one is used to broadcast the navigation message, whereas the latter one is data less and thus 

used for estimating the ranging information [3].  

The existent of dual channel allows one to utilize special techniques to acquire L1C signal. One such 

technique would be to acquire the signal ignoring the data channel and processing the pilot channel, or vice versa. 

The drawback of this technique is that only part of the useful power is exploited, which reduces the sensitivity of 

the receiver to some extent. 

 In [4], joint data-channel approached in the literature can be divided into two categories: coherent 

combining and non-coherent combining [5]. The former one consists in multiplying the received signal by two 
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new signals, obtained by summing and subtracting the data and pilot local replicas, respectively. Then, the maximum of the 

two correlations is adopted as decision variable. In the latter one, the received signal is correlated separately with the data 

and pilot local replicas. The correlation outputs are then squared and summed. 

The second difference carried with L1C signal is the presence of Composite Binary Offset Carrier (CBOC) 

modulation, which shifts the spectrum of the signal in order to guarantee the compatibility with the existent L1 signals. 

CBOC signal can significantly enhance the accuracy of positioning than traditional BPSK (binary phase shift keying) 

signal. However, the acquisition process is made complex, due to the multimodality of its auto-correlation function (ACF).  

In this paper, power spectral density and auto correlation characteristics of the CBOC are analyzed, GPS L1C 

signal is simulated and its power spectral density is verified. 

BINARY OFFSET CARRIER 

The spreading modulation for the legacy civil signal at 1575.42 MHz, the GPS C/A code, is based on binary phase 

shift keyed signal with a rectangular pulse shape and a spreading code chip rate of 1.023 MHz, denoted BPSK. While very 

good performance can be obtained with the C/A code signal, it has been recognized that better performance can be 

obtained using spreading modulations that provide more power at high frequencies away from the centre frequency. Binary 

offset carrier (BOC) spreading modulations are one-way to accomplish this. The Binary Offset Carrier (BOC) was 

designed to modernize the Global Positioning System (GPS) service. It adds another signal within the radio frequency 

bands that were already being used. BOC modulations were developed to provide spectral isolation from heritage signals 

modulating the same carrier frequency, it was quickly determined that it also had lots of advantages, such as their constant-

modulus envelope and binary phase, fact that makes them straightforward to implement. Moreover, by moving signal 

power away from the band centre, they offer the potential for better code-tracking accuracy and multipath rejection. Since 

BOC modulations offer two independent design parameters, fs (the sub-carrier frequency) and fc (the code rate), they 

provide freedom to concentrate signal power within specific parts of the allocated band to reduce interference with the 

reception of other signals. Furthermore, the redundancy in the upper and lower sidebands of BOC modulations offers 

practical advantages in receiver processing for signal acquisition, code tracking, carrier tracking, and data demodulation. 

The expression of a baseband offset carrier signal is given by 
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Where ak is the data modulated spreading code, cTs is the sub-carrier ( periodic function with period 2Ts), µnTs 

spreading symbol, n is the number of half periods of the sub-carrier during which the spreading code value remains same, θ 

and t0 are offset in phase and time. A BOC modulation is denoted by BOC(fs, fc), where fs is the sub-carrier frequency and 

fc is te code rate. Both fs and fc will be multiples of 1.023MHz and Mcps respectively. 

Assuming that the binary values of the BOC spreading sequence are equally likely, independent, and identically 

distributed, the normalized baseband PSD of BOC modulation is[6]  
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for n even 
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for n odd 

Figure 1 shows the Power spectral Density of BOC (1, 1) signal 

 

Figure 1: PSD of BOC (1,1) 

MULTIPLEXED BOC 

For BPSK modulated C/A code the power spectral density (PSD) is around the central frequency. BOC signals are 

multiplied by a rectangular subcarrier. Because of this process, the BOC PSD is divided into two parts away from the 

central frequency as shown in figure 1 for BOC(1,1). MBOC (6, 1, 1/11) is a mix of BOC (6, 1) and BOC (1, 1). The PSD 

is also related to BOC spectrum characteristic, where BOC (6, 1) signal occupies 1/11th of the power, the rest is provided 

by BOC (1, 1) signal. So the PSD of MBOC (6, 1, 1/11) can be described by 
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SBOC(fs, fc)(f) is the power spectral density of a BOC modulated signal. For BOC (6, 1) and BOC(1,1), c

s

f

2f

 is even, 

The PSD can be given by equation 1.Figure 2 shows the power spectral density of BOC(1, 1) and BOC(6, 1). Where 

BOC(6,1) is located near ±6M Hz, BOC(1, 1) is located near ±1 MHz It is in line with its rectangular sub carrier frequency 

1.023×106 Hz and 6.138 × 106 Hz and 6.138MHz.The signal band width expanded over between two main lobes for 

BOC(1,1) and it is 12 for BOC(6,1).This characteristic correspond to modulation coefficient. As shown in Figure 2 the 

PSD of BOC (6, 1) also occupies a high frequency component around ±18MHz. 
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Figure 2: Power Spectral Density of BOC(1,1) and BOC(6,1) 

From the equation (2) the PSD of MBOC (6, 1, 1/11) is presented in Figure 2. Compared with BOC (1, 1) and 

BOC (6, 1), some features can be showed that it approximately similar to the PSD of BOC (1, 1). However, there are peaks 

in ±6MHz and ±18MHz, just like BOC (6, 1).This property makes MBOC (6,1,1/11) take advantage over BOC(1,1).It 

promotes the performance, such as multipath tracking, synchronization acquisition and losses for narrowband receivers. 

Based on these benefits, the GPS L1C and Galileo E1 OS take MBOC (6, 1, 1/11) instead of BOC (1, 1). 

GENERATION OF L1C GPS SIGNAL 

The receive GPS L1C signal can be represented as  
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Where d(t), cD(t), and sD(t) are the navigation data, the spreading PRN code and the subcarrier of data channel. 

C0(t), cp(t) and sp(t) are the overlay code, the PRN code and subcarrier of pilot channel. τ, fd and θ are the time delay, 

Doppler frequency shift and the initial phase of the received signal. A, fIF and n(t) are the amplitude of the signal, the 

intermediate frequency(IF), and additive white Gaussian noise with zero mean. 

PSD of MBOC is a combination of BOC (1,1) and BOC(6,1).It is also a joint of pilot component and data 

component. Pilot component and data component are achieved by composite binary offset carrier (CBOC) or                

time-multiplexed binary offset carrier (TMBOC) independently.CBOC and TMBOC also have various forms as the 

difference of parameters. Generally speaking, the difference between CBOC and TMBOC is baseband spread spectrum 

waveform. That is, time-multiplexed BOC spreading code symbols or weighted BOC spreading code symbols. In this 

paper CBOC is implemented to generate GPS L1C signal. The block diagram for implementation of CBOC is as shown in 

figure 3. 
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Figure 3: BLOCk Diagram of GPS L1C Generation 

For CBOC, the spreading code symbols are implemented as given Equation 4. Spreading code waveform utilizes 

four levels in CBOC spreading code symbols. This pattern can be formed via a weighted sum of BOC (1, 1) and BOC  (6, 

1) spreading code symbols. It can be expressed as 

( ) ( )( ) ( )( )tGtGtG 1,6BOC21,1BOC1CBOC ω+ω=
                                                                                                        (5) 

ω1 and ω2 are weight parameters which satisfy the equation 

ω1
2
+ ω2

2
=1                                                                                                                                                                (6) 

For generating a CBOC signal with50% and 50% power spilt between pilot and data components, ω1 and ω2 can 

take 11
10

 and 11
1

 or 11
9

and 11
2

which will generate CBOC(6,1,1/11) and CBOC(6,1,2/11) respectively. 

RESULTS AND DISCUSSIONS 

The CBOC signal is implemented for GPS L1C signal with data signal of 10ms sampled at 5MHz, spreading code 

of 10230 chips length with 1.023Mcps. Autocorrelation and power spectral density of generated signal are evaluated. 

Figure 4 & 5 shows the subcarrier signal of BOC (1, 1) and CBOC (6, 1, 1/11) respectively. Figure 6 illustrates the 

autocorrelation function of BOC and composite BOC with different weight parameters. From the figure 6 it is found that 

the main peak of autocorrelation function for CBOC signal is sharper than that of BOC (1, 1). This characteristic 

contributes to multipath tracking performance for CBOC. As the weight parameter ω2 parameter increases which 

contributes the BOC(6, 1), the main peak sharpness increases.  

Figure 7 illustrates the power spectral density in square of magnitude of GPS L1C signal generated using CBOC. 

Figure 8 illustrates the same in terms of dB. From the figures 7 and 8 it is observed that the peaks at ±6MHz and ±18MHz, 

this feature corresponds to theatrical analysis that is the power of the signal is spread to higher frequencies. Compared to 

BOC(1,1), MBOC(6,1,1/11) has more high frequency component. Since BOC (1, 1) already has more high frequency 
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power than C/A code’s BPSK spreading modulation, it already provides performance benefits over BPSK. MBOC provides 

additional benefits over BOC (1,1) including code tracking in noise and multipath. These improvements are obtained 

through the use of slightly more power at high frequencies, and receivers with very narrow front-end bandwidths do not 

obtain these benefits or use this signal power. 

CONCLUSIONS 

MBOC spreading modulation spectral characteristics are investigated for GALILEO L1 OS and GPS L1C signals 

in this paper. GPS L1C signal is generated and its power spectral characteristics are verified. The MBOC design continues 

the trend in most modernized signal designs to provide more power at higher frequencies (away from the centre frequency) 

in order to improve code tracking and multipath performance. MBOC does this by adding a small fraction of BOC (6, 1) 

spectrum to the BOC (1, 1) spectrum. It is observed that MBOC maintains compatibility with BOC (1, 1) receivers, since 

more than 90% of the power remains available to BOC(1,1) signals. Like BOC, MBOC also provides good potential 

interoperability between GPS and GALILEO, if the same time waveforms and spreading code families are employed. 

 

Figure 4: Sub-Carrier of BOC(1, 1) Modulation 

 

Figure 5: Sub-Carrier of CBOC(6,1,1/11) Modulation 
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Figure 6: Autocorrelation of BOC and CBOC Signals 

 

Figure 7: GPS L1C PSD (in Square Magnitude) 

.  

Figure 8: GPS L1C signal PSD(in dB) 
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