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Rapid Acquisition of CM and CL Code for GPS L2C Software 
Receivers    

 
 

Keum-Cheol Kwon* and Duk-Sun Shim†   
 

Abstract – The GPS modernization program offered a new civil signal on the L2 band, and the first 
modernized GPS Block IIR satellite was launched in September 2005. Currently, eight GPS Block IIR-
M satellites and two Block IIF satellites transmit L2C signal. The L2C signal contains two codes of 
CM and CL that are much longer than the L1 C/A code. Thus, the acquisition of the CM and CL codes 
takes more time compared with that of L1 C/A code. Under the assumption that the L2C signal is 
strong enough for detection, this paper suggests rapid acquisition methods for the GPS L2C signals for 
software receivers and compares its performance with that of other methods.  
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1. Introduction 
 
After the launch of the first modernized GPS Block IIR 

satellite in September 2005, there are now 10 GPS 
satellites transmitting L2C signal including two Block IIF 
satellites. It contains two codes, namely, CM and CL of 
different lengths. The length of the L2 CM code is 20 msec, 
whereas that of the CL code is 1.5 sec, which makes the 
acquisition time of the L2 CM/CL code longer than that of 
the L1 C/A code case.   

Various studies on the L2C signal have been performed 
since the early 2000s, whereas performance assessment of 
new signal design and the potential benefits of L2C 
receivers have been studied only in the early and mid 
2000s ([1]–[4] and references therein). On the other hand, 
studies on L2C signal acquisition and tracking algorithms 
have also been conducted.  

For the GPS L2C receiver design, rapid acquisition of 
L2C signal is necessary because the L2C CM/CL code is 
much longer than the L1 C/A code, and thus a number of 
studies have focused on acquisition [5]–[9]. Block 
processing Fast Fourier Transform (FFT) algorithms have 
been developed to perform signal acquisition for CM and 
CL codes [5] and FFT-based techniques for acquisition of 
L2C signals have been suggested for both CM and CL 
codes [6]. A rapid acquisition method of CL using the 
orthogonality of shifted versions of the CL code has also 
been suggested [7]. Acquisition and fine acquisition 
algorithms for weak L2C signal have been developed using 
the structures and properties of L2C to achieve high 
performance with reduced processing and memory 
requirements [8]. Software receivers have also drawn 

increasing attention due to their flexibility in demodulating 
a number of distinct RF transmissions and removing 
several analog components at the RF band [10].  

In this paper, a rapid acquisition method for the L2C 
CM/CL codes for software receivers is suggested under the 
assumption that the L2C signal is strong enough to permit 
detection with 20 msec integration. The performance of the 
suggested method is compared with that of existing 
acquisition methods using live L2C and simulated data. 
Section 2 introduces the GPS L2C signal structure. 
Existing and proposed acquisition methods for GPS L2C 
CM and CL codes are given in Sections 3 and 4, 
respectively. Section 5 shows the acquisition results, and 
conclusions are given in Section 6. 

 
 

2. GPS L2C signal structure 
 

2.1 L2C Signal Structure 
 

 
Fig. 1. L2C Signal Structure 

 
The L2C signal structure is shown in Fig. 1. The L2C 

signal is composed of two ranging codes, namely, L2 CM 
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(moderate) and L2 CL (long). The L2 CM code is 20 msec 
long and contains 10230 chips, whereas the L2 CL code 
has a period of 1.5 sec and contains 767250 chips. The CM 
code is modulo-2 added to the data (i.e., it modulates the 
data) and the resultant sequence of chips is time-
multiplexed with the CL code on a chip-by-chip basis, as 
shown in Fig. 2. The individual CM and CL codes are 
clocked at 511.5 kHz, whereas the composite L2C code has 
a frequency of 1.023 MHz. Code boundaries of CM and 
CL are aligned, and each CL period contains exactly 75 
CM periods. This time multiplexed L2C sequence 
modulates the L2 (1227.6 MHz) carrier. 

 

 
Fig. 2. L2C CM/CL Code Structure [4] 

 
2.2 GPS L2C replica code  

 
The GPS L2C signal has a TDM structure for CM and 

CL codes, for which acquisition should be performed 
sequentially. There are many combinations of local replica 
code for CM and CL, including Return to Zero CM (RZ 
CM), Return to Zero Extended CM (RZ ECM), and Non 
Return to Zero CM (NRZ CM). Among these combinations, 
RZ CM offers the best acquisition sensitivity and cross-
correlation performance, making it a good choice for weak 
signal environments [4]. 

 
 
3. Acquisition of GPS L2C CM and CL Codes 
 
We assumed that the L2C signal is strong enough to 

permit detection with 20 msec integration. The purpose of 
the acquisition is to identify all visible satellites to users. 

For the visible satellites, the outputs of the acquisition are 
Doppler frequencies and code phases. 

 
3.1 L2C CM acquisition methods  

 
The basic acquisition method for the L2C CM code is 

similar to that for the L1 C/A code. In this work, the length 
of the CM code is 20 msec, and thus, received data should 
be correlated with the generated L2C CM local replica 
code. Usually, the RZ CM code is used. To save time, FFT 
is used for time correlation. 

 
3.1.1 Basic 20msec FFT 

 
The basic CM acquisition method is shown in Fig. 3. For 

the generated code, the CL part can be ignored, and the 
CM-CM code or CM-zero code can be used in place of the 
CL code. Of the two, the CM-zero code shows the best 
cross-correlation performance. 

The goal of acquisition is to perform a correlation with 
the incoming signal and a generated PRN code. Instead of 
multiplying the input signal with a PRN code similar to 
what is done in a serial search acquisition method, it is 
more convenient to perform a circular cross correlation 
between the input and the PRN code without the shifted 
code phase. A method of performing circular correlation 
through Fourier transforms has been reported [11]. 

The discrete Fourier transforms of the finite length 
sequences ( )x n and ( )y n , both with length N , are 
computed as  
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The circular cross-correlation sequence between two 

finite length sequences ( )x n and ( )y n (both with length 
N  and with periodic repetition) is computed as 
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In the following, the scaling factor 1/ N  is omitted. The 

discrete N-point Fourier Transform of ( )z n  can be 
expressed as  
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where * ( )X k  is the complex conjugate of ( )X k . 

When the frequency domain representation of the cross 
correlation is found, the time-domain representation was 
also found through inverse Fourier Transform, as shown in 
Fig. 3. 
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Fig. 3. Basic L2C CM acquisition 

 
3.1.2 40 msec FFT [6] 

 
The algorithm of the 40 msec FFT is the same as that of 

the 20 msec FFT. The only difference is that 40 msec data 
is used instead of 20 msec data. Moreover, the incoming 
signal used for FFT is that of 40 msec data instead of the 
20 msec data shown in Fig. 3. The generated code for the 
40 msec consisted of 20 msec of CM code and zeros of the 
same amount. For the correlation result, only the first 20 
msec is used for peak detection. 

 
3.1.3 20 msec Segmented FFT [6] 

 
Taking the FFT on code sequences for 20 msec of CM 

code may seem like a formidable task. To reduce the 
computational burden and other possible issues, segmented 
FFT has been suggested in [6]. Due to possible data sign 
reversal, the incoming signal samples are held in a double 
length buffer, which is 40 msec long, and divided into 6 
smaller segments denoted by S1 to S6 as reported in [6]. 
The local generated code replica is 20 msec long, which is 
segmented into parts with the same size denoted by R1, R2, 
and R3, respectively. In the present work, circular 
correlation is performed between the zero-padded S1 and 
joined R1 plus R2 using FFT. The segmented correlations 
between S1 through S6 and R1 through R3 were then 
added to form the final correlation values, and only the first 
half was used for peak detection. 

 
3.2 L2C CL acquisition method 

 
Once the CM code is acquired, the acquisition of CL 

code becomes simple. As the beginning point of CM code 
for the received data is known, only 75 segments of the 
generated CL replica code are tested with the received data 
of 20 msec. 

 
3.2.1 Basic 20 msec FFT 

 
Once the CM code acquisition is completed, the CM 

code phase is obtained. One CL code period contained 75 
CM code sequences. Thus, the beginning point of CL code 
is obtained by comparing 75 segments of the generated CL 
replica code and the aligned received data of the 20 msec 
using the FFT method. 

3.2.2 20 msec Hyper Code FFT [7] 
 
In theory, different segments of CL code are mutually 

orthogonal; thus, a linear superposition of multiple 
segments of the CL code results in a shorter code 
containing all of the information in the total CL code. This 
is called a Hyper code [7]. Fig. 4 shows that 1.5 sec CL 
code is broken into M different segments (M=25 here), 
which are summed up to form a Hyper code. A total of 25 
Hyper codes are correlated with a segment of received data, 
which is 20 msec long using FFT method. For the selected 
Hyper code, which is shown for maximum correlation, three 
original CL codes are retested for correlation with a segment 
of received data using the FFT method. With this method, 
the number of correlations is reduced from 75 to 28. 

 
 

 
Fig. 4. L2C CL Hyper Code Method (M=25 case) 

 
 

4. Rapid L2C Acquisition Method 
 
We assumed that the L2C signal is strong enough to 

permit detection with 20 msec integration. The acquisition 
time for the L2C CM and CL codes is much longer than 
that of L1 C/A code. Hence, the objective of the rapid L2C 
acquisition is to reduce acquisition time. Therefore, rapid 
acquisition methods for both CM and CL codes are used in 
this work.  

 
4.1 10 msec CM-mix code method for CM acquisition  

 
The acquisition time for the CM code is much longer 

than that for the CL code, because the Doppler frequency 
step should be decreased to 50 or 25 Hz due to the 
integration time of the 20 msec. The acquisition time for 
the CM code is reduced using the CM-mix code, which is 
obtained from the CM replica code being broken into two 
10 msec segments and then added to binary addition, as 
shown in Fig. 5. The CM-mix code is correlated with 10 
msec received data using FFT. When the code phase is  
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obtained for the 10 msec data, which of the 10 msec 
segments belong to the CM code phase is determined 
following step 3 in Fig. 6. The 10 msec 1-point time 
correlation is used here instead of 10 msec FFT. The 
meaning of N-Point is explained in Fig. 6. 

 
4.2 N -Point serial search for L2C CL acquisition 

 
After the CM acquisition, 75 segments of the generated 

CL replica code are tested with the received data of 20 
msec. As the CM code phase was known, time correlation 
is used instead of FFT, which was the N -point serial 
search.  

The Doppler shift is time varying, thus, it is necessary to 
perform serial search for N  times before and after the 
expected CL code phase, as shown in Fig. 6.  

The number of N -point depends on the sampling 
frequency .sf  Lemma 1 provides the method for 
determining the number of N . 

 
Lemma 1. Consider the N-Point serial search method for 

the L2C CL code acquisition. Suppose that the number of 
sampling points in each chip is an integer, and that L2C 
CM acquisition is completed with the carrier Doppler 
frequency step 2 25L Ccarrierf HzΔ = or 50Hz . Let sf  be the 
sampling frequency. Then we let 3N =  for 16.39sf MHz<  
when 2 25L Ccarrierf HzΔ = . Similarly, we also let 3N = for 

8.20sf MHz<  when 2 50L Ccarrierf HzΔ = . 
Proof: Suppose that 2 25L Ccarrierf HzΔ = , then the Doppler 

frequency shift on the CM/CL code is 2L CcodefΔ =  
25 /1200Hz  0.0208Hz= .  When the  Doppler  sh if t 

2L CcodefΔ  for 1.5 sec is less than half the sampling period, 
only the three adjacent points need to be compared to detect  

the peak of the correlation, that is,  
61.023 10

2 sf
×

> 

0.0208 1.5,×  which gives 16.39sf MHz< . Similarly,  
8.20sf MHz<  when 2 50L Ccarrierf HzΔ = .    

 
4.3 N-point search with hyper code for CL acquisition 

 
N-point serial search can be combined with the Hyper 

code method for CL acquisition. After a Hyper code for the 
identified maximum correlation was selected, three original 
CL codes are retested for correlation with a segment of 
received data using N-point search instead of the FFT 
method. With this method, the 20 msec FFT is performed 
25 times, and the N-point serial search is performed with 
three original CL codes for the selected Hyper code. 

 
 
 

5. Acquisition Results 
 

5.1 Computing environment 
 
The CPU is an Intel quad-core i7 (2.93 GHz) with 4GB 

Fig. 5. L2C CM-mix code Method for CM Acquisition 
 

Fig. 6. N-point serial Search for CL Acquisition 
 



Keum-Cheol Kwon and Duk-Sun Shim  

 

727

RAM, and MATLAB was used for computation. The GPS 
L2C data were obtained from two sources, namely, real and 
simulated data. 

 Live data were obtained at 21:00 on March 17, 2011 
from the signal tap made by ACCORD Software & 
Systems Pvt. Ltd. The sampling frequency ( sf ) of the live 
data was 6 MHz. Simulated data was obtained from Spirent 
Simulator using an RF module with intermediate frequency 
of 140 MHz and sampling frequencies of 6 and 22.4 MHz.  

 
5.2 L2C CM acquisition results 

 
Four acquisition methods of 20 msec FFT, 40 msec FFT, 

20 msec segmented FFT, and 10 msec Mix-code were 
compared with live data with sf =6 MHz and with 
simulated data with sf =6 and 22.4 MHz. The performance 
index for acquisition referred to how long it took at less 
time. Matlab was used for calculations. Thus, absolute time 
taken for acquisition was less meaningful than relative time 
among the acquisition methods. Table 1 shows that the 
basic method of 20 msec FFT is better than the 40 msec 
FFT and 20 msec Segmented FFT methods. The 10 msec 
Mix-code method takes less time than 20 msec FFT, but 
some satellites are not acquired because noises for 10 msec 
Mix-code method are added and thus C/N ratio deteriorates.  

 
Table 1. Results of L2C CM Acquisition 

 
   

5.3 L2C CL acquisition results 
 
Consider the results of four CL acquisition methods: 20 

msec FFT, Hyper code FFT, Three-Point serial search, and 
Three-Point search with Hyper code. Table 2 indicates that 
the Hyper code FFT shows the worst result. Theoretically, 
the Hyper code FFT looks attractive because the number of 
20 msec FFT operation in Hyper code FFT is much less 
than that of 20 msec FFT. However, it does not reduce the 
acquisition time compared with the Three-Point serial 
search method. Moreover, it does not track all the satellites. 
For the Three-Point serial search method, only 10 msec 

data can be used for correlation if the signal is strong 
enough. For the 22.4 MHz sampling rate, the Three-Point 
search with Hyper code can reduce CL acquisition time 
compared with Three-Point search method. 

 
Table 2. Results of L2C CL acquisition 

 
 
In Tables 1 and 2, the number of acquired satellites 

refers to the number for which tracking is successful. The 
CNAV data decoding is, therefore, successful.  

 
5.4 Choice of N  for N -point serial search for CL 

acquisition 
 
For the N -Point Serial Search method in Section 4.2, 

the number N  has to be chosen. Lemma 1 shows that it 
depends on the sampling frequency sf . Fig. 7 shows the 
correlation results of the N -Point serial search CL 
acquisition for simulated data with 2 50L Ccarrierf HzΔ =  and 

sf =11.2Mz. When N =3, the correlation peak occurs at 
one point left of the nominal point, whereas when N =5, 
the correlation peak occurs at two points left from the 
nominal point. In this case, N =5 should be used to detect 

 

        (a) N =5                (b) N =3 

Fig. 7. Correlation for the N -point serial search CL 
acquisition 2( 50 ,L Ccarrierf HzΔ =  sf =11.2Mz, simu-
lated Data) 
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the peak point. Fig. 8 shows the correlation result for live 
data with 2 50L Ccarrierf HzΔ =  and sf =6Mz. The 
correlation peak occurs at one point left from the nominal 
point for both N =3 and N =5. In this case, N =3 can be 
used to save time. 

 

 
        (a) N =5                (b) N =3 

Fig. 8. Correlation for N-point serial search CL acquisition 
2( 50 ,L Ccarrierf HzΔ =  sf =6Mz, live data) 

 
Tables 3 to 5 show the correlation peak points from the 

nominal point for sampling frequencies 6, 11.2, and 22.4 
MHz, respectively, where -1 refers to one point left from 
the nominal point, -2 means two points left from the 
nominal point, and so on. Table 3 shows that N =3 can be 
used for 6 MHz data, whereas Tables 4 and 5 show that 
N =5 should be used for 11.2 and 22.4 MHz data, 
respectively, to detect peak correlation. There is a 
discrepancy in Table 4 from the result of Lemma 1. For SV 
1, 11, and 17 with 2 25L Ccarrierf HzΔ =  and 11.2sf MHz= , 
Table 4 shows -2. This means that N=5 should be used, 
which seems to contradict the results of Lemma 1. For 

11.2sf MHz= , the number of sample points in each code 
chip is 10.9482, which is not an integer, so it may be 10 or 
11, which is the cause for the discrepancy in the results of 
Lemma 1.  

According to Table 5, N =5 should be used, because the 
correlation peak may occur at +2 or -2 points. However, 

Table 2 shows that the three-point serial search provides 
successful results even for 22.4sf MHz= . Even though 
CL acquisition provides the next point to the maximum 
correlation, the tracking algorithm can follow the input 
signal well. Fig. 9 shows that for 22.4sf MHz= , the 
three-point serial search used for CL acquisition identifies 
all 10 satellites, indicating that the tracking is also 
successful. The three-point serial search method also shows 
successful result for 28sf MHz= and 56sf MHz=  in 
terms of tracking and CNAV data decoding. 

Table 4. Correlation peak point from the nominal point for 
simulated data with 2 50L Ccarrierf HzΔ = and 25Hz
and 11.2sf MHz=  

 
Table 5. Correlation peak point from the nominal point for 

simulated data with 2 50L Ccarrierf HzΔ =  and
25Hz  and 22.4sf MHz=  

 

 
Table 3. Correlation peak point from the nominal point for

live data with 2 50L Ccarrierf HzΔ = and 25Hz , 
6sf MHz=  
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Fig. 9. Acquisition Result of basic CM and Three-Point 

serial search CL for simulated data ( 22.4sf MHz= ) 
 
 

6. Conclusion 
 
For GPS L2C signal, rapid CM and CL acquisition 

methods are suggested and compared with existing 
methods. It is assumed that the signal is strong enough to 
permit detection with 20 msec integration. The objective of 
the rapid acquisition method is to reduce acquisition time. 
For CM acquisition, the CM-mix code can reduce CM 
acquisition time at the cost of C/N ratio reduction, thus 
resulting in misdetection for some satellites. For CL 
acquisition, N -Point serial search can reduce CL 
acquisition time. As it is a time-domain correlation method, 
only 10 msec data can be used to reduce the time further. 
This method shows the best performance for both live and 
simulated data. For the choice of the number N , the three-
point serial search method provides successful results for 
tracking and CNAV data decoding up to a sampling 
frequency of 56sf MHz= . 
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