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ABSTRACT  
 

 The dramatic increase of Location Based 
Services and other location and navigation applications 
gives rise to a crucial need to improve positioning 
solutions. Currently, the American GPS is the only 
operational satellite based positioning system as the 
European Galileo system will be operational by 2010. 
This paper only deals with GPS receivers. The Time To 
First Fix (TTFF) and the sensitivity are the key drivers for 
their performance evaluation. The TTFF is the time 
needed for a GPS receiver to provide a first position. The 
sensitivity is the ability of a GPS receiver to acquire weak 
signals. For commercial solutions, an efficient receiver is 
one with reduced TTFF and high sensitivity. But 
generally, enhancing the sensitivity results in an increased 
TTFF and vice versa. In this paper, we propose a new 
algorithm for GPS acquisition which essentially deals 
with the TTFF.  
 

I.  INTRODUCTION 
 

The expansion of GPS to Location-Based 
Services and other location and navigation applications 
gives rise to indoor localization requirements which pose 
particularly difficult problems, like GPS receiver 
sensitivity, cross-correlation and multipath issues 
[Parsons, 1992 - J. Miller, 1995], or TTFF. 
 

The GPS receiver sensitivity must be as low as 
possible in order for the receiver to be able to detect very 
weak signals like those received in indoor environments 
(inside buildings) or urban canyons where many obstacles 
can significantly reduce the received power. 
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Moreover, in these harsh environments, it may 
happen that an interfering GPS signal coming from 
another satellite arrives at the user antenna while 
unaffected by any obstacle. It then causes the appearance 
of high cross-correlation peaks that may have levels 
comparable to the useful signal autocorrelation main 
peak. This can result in a false alarm (detection of a 
wrong signal) and consequently in an inaccurate location 
estimate. On the other hand, the obstructed signal may 
still reach the receiver by multiple reflections for 
example. In this case, the received signal is called 
multipath. It is an attenuated and delayed version of the 
original one. Thus even if it could be acquired, it will also 
lead to inaccurate location estimate. These cross-
correlation and multipath peaks must not disturb the final 
solution selected by the receiver. 
 

Finally, the TTFF, which is the time needed for a 
GPS receiver to find its first location, must be as short as 
possible so that the client does not “lose patience” while 
the receiver is trying to compute its location.  

 
All of these issues are somehow related to each 

other. Indeed, one way to enhance sensitivity is to 
increase coherent and non coherent correlation duration 
so that weaker signals can be detected [Van Diggelen, 
2001]. But this way, the TTFF also increases; and an 
increased TTFF is not at all desirable for real time 
applications as already explained.  

 
As for multipath and cross-correlations, they 

must not affect the detection of the right autocorrelation 
peak for weaker signals, hence the right Doppler 
frequency and code delay. The algorithms needed to 
perform this discrimination might increase the TTFF or 
the sensitivity of the receiver. 
 

In this paper we investigate a new algorithm for 
GPS receivers. It essentially decreases, by means of 
reduced computing load, the traditional TTFF. It may then 
provide the ability to increase coherent and/or non-
coherent correlation duration in order to increase the 
sensitivity at comparable or even reduced TTFF. In 
addition, the implementation of the algorithm induces a 
rejection of some threatening multipath and cross-
correlation peaks, and hence reduces the probability of 
wrong detection. 
 

The algorithm consists in adding different code 
replicas to each other before using them to despread the 
GPS signal. This means that different satellite signals are 
despread together instead of being despread each one 
alone. The output which consists in a sum of 
autocorrelation and cross-correlation functions leads to as 
many useful correlation peaks as there are replicas added 
together. This could easily lead to the detection of false 
peaks when very weak signals are present. But as it will 

be explained, the algorithm induces a way to reject cross-
correlations. However, even if the harmful cross-
correlation peaks were rejected, a raise in the noise floor 
is observed. This results in potential false alarms.  
 

Note that this algorithm is based on the Assisted 
GPS concept to constrain the search space and to improve 
its false detection ability. That is, Assistance Data (AD) 
from the GSM network is used to calculate approximate 
values of the Doppler frequency and code delay for each 
satellite, and provides a raw user position within a GSM 
cell [LaMance, 2002]. Thus the GPS receiver is supposed 
to receive data from a cellular mobile phone. 
Consequently, the AD disseminated by the 
telecommunication channel is used by the receiver in 
order to improve its sensitivity and to decrease the TTFF. 
Typically in cold start, the AD set required is composed 
of: 
 
• The reference time 
• The reference location 
• The navigation model (Ephemeris) 
• The ionosphere correction 
 

The paper is organized as follows: first we 
describe the classical GPS acquisition algorithm; next, we 
present the new proposed algorithm. The subsequent 
section consists in analyzing the algorithm and presenting 
its strong points and drawbacks. Finally, in the last part 
we present results for performance evaluation obtained 
with this algorithm. In what follows, the new algorithm 
will be referred to as Sum Of Replicas algorithm (SOR). 
 

II.  THE CLASSICAL FFT AGPS ALGORITHM 
 

A standard AGPS FFT acquisition scheme is 
shown in figure 1: 
 

 
 

Fig 1 Classical GPS acquisition scheme  
  

In figure 1, r(t) is the GPS received signal. It is a 
composite signal comprising multiple satellite signals 
(satellites in view), hence multiple Coarse/Acquisition 
(C/A) PRN codes. These PRN codes are searched for 
sequentially.  
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The acquisition process first consists in 
despreading the useful received signal by correlating it 
with a local replica. This correlation is achieved using the 
Fast Fourier Transform (FFT) technique. The process 
aims at finding each satellite signal code delay and 
Doppler frequency by detecting the location of the signal 
maximum energy. Figure 2 shows an example of a 
classical GPS acquisition algorithm output. 

 

 
 
Fig 2: An example of a classical GPS acquisition 
output for a signal at 30dBHz, with a Doppler 
frequency and code delay of -4500Hz and 600chips 
respectively 
 

In a classical case, all the Doppler/code delay 
bins must be investigated. In our case however, the 
acquisition process is carried out in an AGPS context, and 
thus with an aid for a-priori estimates of the Doppler 
frequency and the code delay for each satellite signal. 
Nevertheless, one has to keep in mind that these estimates 
are affected by uncertainties on the reference position and 
on the receiver clock offset with respect to GPS time. 
 

The received signal Doppler frequency has 
mainly three sources: (1) the satellite motion, (2) the 
receiver motion, and (3) the receiver clock drift with 
respect to GPS time [Kaplan, 1996]. The AD estimated 
Doppler frequency is deduced only from the satellite 
motion. The estimation error on this Doppler frequency is 
considered negligible and in the order of a few Hz. 
However, the two other Doppler components cannot be 
estimated by the AD and must be searched for. We 
suppose that these two Doppler components vary between   
± 2 KHz.  

 
The reference position is that of the transmitting 

GSM Base Station. Consequently, the uncertainty on the 
reference position depends on the considered GSM cell 
radius. A GSM cell radius varies between approximately 
1km for urban areas, and 30km for rural areas. The time 
uncertainty is of the order of  ±2s. This value corresponds 
to the accuracy of the time transfer through the GSM 
cellular network.  

The uncertainties on the Doppler frequency and 
the code delay lead to the estimate of a code delay range 
rather than a code delay value, and the correlation can 
only be computed for the code delay values within this 
range. But using the FFT technique to compute 
correlation all the code delay bins are necessarily 
explored and this information can only be used as an 
authentication of the acquisition result. 
  

In the case of a standard algorithm, this 
acquisition process is sequentially repeated for each 
satellite in view. A joint search of several satellites would 
allow a reduction of the time allocated to the acquisition 
of the different satellites. This is the base of the proposed 
algorithm presented in the next section. 

 
III.  THE SOR ALGORITHM 

 
The general principle is to correlate the incoming 

signal with the sum of C/A code replicas rather than 
correlating it with only one replica. This yields to a 
parallel search for all visible satellites rather than 
searching for them sequentially. The acquisition process 
is obviously speeded up. Note that visible satellites PRN 
are known a priori thanks to the AGPS AD.  
 

The acquisition is realized according to the 
scheme presented in figure 3: 
 

 
Fig 3 SOR algorithm principle 

 
The resulting correlation function in each 

explored Doppler cell is equal to the sum of the 
correlation function which would have been obtained if 
satellites were individually correlated.  
 

Figure 4 illustrates an example of such a 
correlation function for a composite signal comprising 10 
satellite signals at 30 dBHz. Four of them are acquired in 
parallel.   
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Fig 4 Example of the output correlation function of the 
SOR algorithm with 4 satellites acquired together 
 

Each satellite PRN code has its own delay, and 
hence corresponds to one of the acquisition peaks 
detected in this correlation function. At this stage, the 
issue is to determine the proper correspondence between 
satellite PRNs and acquisition peaks. This correspondence 
is done first by trying to locate each acquisition peak 
within a code delay window. Indeed assuming that the 
reference location, the reference time and the navigation 
model are known thanks to AD, the receiver can compute 
the differential time of arrival between the satellites. This 
information can be used to identify the correlation peak 
pattern. The correspondence is then possible since each 
code delay window is already assigned to a satellite PRN 
code as it is shown in figure 5 below.  
 

 
Fig 5 Satellites identification process using the code 
delay ranges function (red plot) estimated by the AD. 
The blue plot corresponds to the acquisition code 
delay positions 
 

However, this identification process is not 
possible if for example, two or more satellites have the 
same or close code delays. Thus a discrimination process 
should first be undertaken. A classification in groups of 
the visible satellites according to their respective expected 
code delay is realized to avoid correlation peak collisions. 
Such potential collisions are eliminated if the code delay 
windows of satellites in the same group do not intersect 
with each other. Else, the satellites cannot be part of the 
same composite replica as shown in Figure 6.  
 

 
 
 

 
Fig 6 Collisions between satellites having close code 
delays 
 

Obviously, the accuracy of the provided code 
delay computed through AD is tremendously important 
and the wider the code delay windows, the fewer satellites 
per group. 
 

Once the satellites are grouped according to their 
code delays, each group goes through an acquisition 
process by correlating the incoming signal with the sum 
of the corresponding replicas. The output is a correlation 
function similar to that shown in figure 4 with as many 
peaks as there are satellite signals in the considered group.  
 

We still have the satellites identification issue. In 
fact, the peak position returned by the function is affected 
by a time offset. This is due to the receiver clock offset 
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which causes the peak configuration computed by the 
grouping function to be shifted. This has no impact on the 
previous processing (correlating the signal with code 
replicas, grouping the satellites in order to avoid 
collisions between their code delays), but has an impact 
on the identification of the peaks. A solution to this 
problem is to correlate the code delay windows function 
and the acquisition peaks positions function (resulting 
from correlation) defined as: 
 
- Peak range function 
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=
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The maximum of the resulting correlation 
function provides the most likely configuration and in the 
same time provides the relationship between the peaks 
and the PRN number (figure 7).  
 

 

 
 
Fig 7 Satellites identification by correlating the ranges 
function (in red) and the acquisition code delay ranges 
function (in blue) 
 

In practice, even if the satellites were grouped a 
priori such that collisions are avoided between their code 
delays, collisions are still possible. The reason is that the 
code delays detected by the acquisition process do not 
have necessarily the same pattern as that of the ranges 
estimated by the AD. This is due to possible cross-
correlation peaks which may mask those of weak signals 
or even multipath peaks. These peaks have random 
delays. In this case, some of the output correlation 
function peaks are wrong.  However, the peaks which are 
not included in any code delay range are not accounted 
for since code delays are searched for only within the 
precalculated ranges. Whereas if two peaks are included 
in the same code delay range, one of them obviously does 
not correspond to the proper correlation peak, i.e., it does 
not correspond to a PRN code delay. In such cases, the 
lower peak is eliminated and only the higher one is taken 
into consideration. This is also applied if more than two 
peaks coincide within the same code delay range.  
 

Obviously, the more satellites per group, the 
greater the complexity reduction with respect to a 
standard algorithm. But having too many satellites per 
group may affect the receiver sensitivity as discussed in 
the next section. 
 

IV.  ADVANTAGES AND DRAWBACKS OF THIS 
ALGORITHM 
 

 The SOR algorithm reduces the TTFF by 
reducing the complexity in comparison to a standard 
algorithm, since it allows the acquisition of  more than 
one satellite at once, or in other words, it allows for a 
parallel processing of the satellites. This reduction 
depends on the number of satellites processed together. 
Thus the more we have satellites per group, the more the 
complexity is reduced and the lower is the TTFF.  
 

Conversely, having more satellites per group 
induces a reduction in sensitivity, since the global noise 
level is increased. To illustrate this, let us consider a 
composite GPS signal comprising the signals coming 
from N satellites. Searching for one of the satellite 
signals, namely the first, with a standard algorithm yields 
an autocorrelation function added to N-1 cross-correlation 
functions. The additive noise is correlated is correlated 
with only code.  
 

Using the SOR algorithm, suppose that the first 
group of satellites contains 3. Accordingly, the signal will 
be correlated with the sum of 3 Doppler compensated 
replicas.  The result is the sum of 3 autocorrelation 
functions and 6+3*(N-3) cross-correlation functions. In 
this case, the noise is the correlated with the sum of the 
codes. Therefore, in this case we have much more cross-
correlation peaks and more autocorrelation peaks, and the 
noise level is increased. 

PRN 1         PRN 3 PRN 2 

Time (chips) 

PRN 1 PRN 3 PRN 2 

Time (chips) 
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In conclusion, compared to the standard 
algorithm, the SOR algorithm introduces more cross-
correlation peaks which may lead to more false alarms. 
But the solution to this problem is inherent to the 
implementation of the SOR algorithm itself. Indeed, the 
correlation peaks are searched for within predetermined 
code delay windows. Thus all cross-correlation peaks 
which occur outside the boundaries of these windows are 
eliminated. Hence, the smaller the width of the ranges, the 
lower is the probability of false alarm. Furthermore, we 
notice an increase of the global noise level due to the 
correlation of the noise with many C/A codes. This 
increase must be characterized. 
Note that the C/A codes are summed together after 
Doppler compensation, thus they have different delays 
and Doppler shifts. All of these parameters must be 
considered in order to have a subtle study of the variation 
of the noise level when more than one satellite are 
acquired together. 
 

At this stage, two solutions may be adopted to 
enhance sensitivity: 
- The first solution is to set an upper level for the number 
of satellites per group, such that the loss in C/N0 is limited 
to a predetermined value.  
- The second solution consists in realizing integrations on 
signal sections free from bits transitions which may 
enhance the C/N0 by 2 or 3dBs approximately depending 
on the bit transition position within a 20ms section of the 
signal. The issue is then to pregroup the satellites 
according to their respective bit transitions, once again 
thanks to the AD. Next, the correlations are computed 
with the signal being shifted by the value of each group 
proper bit transition (in ms). 
 

The next section presents performance 
evaluation of the algorithm based on the TTFF and the 
sensitivity parameters.  
 

V. PERFORMANCE EVALUATION OF THE SUM 
OF REPLICAS ALGORITHM 
 

Prior to presenting performance evaluation 
results, an example of output of this algorithm is first 
shown below. It only aims at illustrating the algorithm 
outputs, performance tests will be shown later. The test 
signal used is a simulated one using a Spirent STR4500 
with 10 visible satellites with characteristics given in 
Table 1 and 2.  
 

Group number PRN number 
1 1,3,6,8,10,22,25 
2 17,18,30 

Table 1:  Satellites grouping to avoid collisions 
between code delay ranges. 

 

The 10 satellites in view are divided in 2 groups, 
with the first group having 7 satellites and the second 
having 3 satellites. This grouping is realized after 
computing the estimates of each satellite code delay using 
the AD. The ranges corresponding to each code delay are 
then calculated. Next the satellites are grouped such that 
ranges of satellites of the same group do not collide. All 
of the signals are at approximately 41.5 dBHz. The 
reference position uncertainty is set to 10Km.   
 
 
PRN 1 3 6 8 10 22 25 17 18 30 
delay 
(chips) 802 1.012 699.5 114.5 315 880.5 532 725 293.5 510 

C/N0 
(dBHz) 33 34 36 34 35 34.5 35 38.3 37 38 

Table 2: Satellites respective estimated C/N0 ratios and 
code delays (detected after acquisition) 

 
 

 
Fig 8: Correlation function for the first group of 
satellites with 7 peaks corresponding to each satellite 
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Fig 9: The relationship between the acquisition peaks 
and the different AD ranges for the first group of 7 
satellites  
 

In figure 9, the peaks fall in the middle of the 
code delay ranges because the AD estimated code delays 
were set to the accurate ones (The clock drift considered 
was the exact one). Indeed in this case, the central value 
of the ranges, which must correspond to the code delays 
estimated by the AD matches with that calculated after 
the acquisition process.  But for real signals this is not the 
case.  
 

 
Fig 10: Correlation function for the second group of 
satellites with 3 apparent peaks 
 

 
Fig 11: The relationship between the acquisition peaks 
and the different ranges 
 

Next, we present the results of the SOR 
performance evaluation. As explained before, for a GPS 
receiver, the performance evaluation key drivers are the 
TTFF and the sensitivity. The performances are evaluated 
in comparison to a standard algorithm that sequentially 
processes all the satellites.  
 

As already mentioned, with the proposed 
algorithm, the TTFF is reduced since many operations, 
namely FFTs and Doppler compensation that are done for 
each satellite in a standard algorithm are rather done for 
each group of satellites in the SOR algorithm. 
Consequently, the TTFF is directly related to the number 
of groups as already explained, and thus to the number of 
satellites per group. The number of satellites per group is 
related to the width of the AD ranges. Now, the width of 
the AD ranges is directly affected by the reference 
position and the time uncertainties (The satellite elevation 
and the Doppler also affect the code delay range width but 
the main contribution to this value is that of the reference 
position and the time uncertainties). In order to test 
different GSM environments, three characteristic values 
of the reference position uncertainty will be considered: 
1Km, 10Km and 30Km. These values match with 
different GSM cell radii. A cell radius of 30Km 
corresponds to a rural case, whereas the 2 other values 
correspond to urban cases.    
 
The studied simulations outputs are: 

- Mean width of the code delay ranges 
- Number of subset of satellites used in the 

algorithm  
- Mean number of satellites per group 
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Note that for a satellite in the horizontal plane, i.e., 
with a maximum Doppler frequency of 5KHz [Kaplan, 
1996] and an elevation of 0°(generally the mask angle is 
of 5°), the range width values due to uncertainties on the 
reference position and the GPS time add together. For a 
time uncertainty of 2s, the approximate code delay range 
width is of 273 chips, 136 chips and 75 chips for GSM 
cell radii of 30, 10 and 1Km respectively. At the zenith, 
i.e., with a null Doppler frequency and an elevation of 90° 
the code delay range width is equal to 0, which means that 
we have no uncertainty on the code delay in this case. In 
other words, in this case the code delay for a user located 
at the Base Station or anywhere else within the considered 
cell is approximately the same. Figure 12 depicts the code 
delay range width variation for elevations lying between 0 
and 90°, and Doppler frequencies ranging from 5 KHz to 
0 correspondingly.  
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Fig 12: Variations of the code delay windows with the 
satellites elevation for three different reference 
position uncertainties 
 

The results shown hereafter were obtained by 
averaging results obtained with different real GPS signals 
collected using a GPSBuilder receiver. Note that results 
obtained with simulated signals using a Spirent STR4500 
were similar to those obtained with real signals. 

 
  
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 13: The average width of AD ranges for 3 
reference position uncertainties 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 14: The average number of groups of satellites for 
3 reference position uncertainties 
 

Figures 13 and 14 clearly show that the number 
of groups of satellites has the same variations as those of 
the code delay windows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 15: The observed average number of satellites per 
group for 3 reference position uncertainties 
 

Average number of groups of satellites

0

0,5

1

1,5

2

2,5

3

3,5

30 Km 10 Km 1 Km

reference position uncertainty

A
ve

ra
ge

 n
um

be
r 

of
 g

ro
up

s

Average number of satellites per group

0

1

2

3

4

5

6

7

8

30 Km 10 Km 1 Km

reference position uncertainty

A
ve

ra
ge

 n
um

be
r 

of
 s

at
el

lit
es

Average w idth of AD code delay ranges

0

20

40
60

80

100

120
140

160

180

30 Km 10 Km 1 Km
reference position uncertainty

co
de

 d
el

ay
 w

in
do

w
 (

ch
ip

s)

Presented at ION NTM 2006, Monterey 8



Thus, the number of satellites per group 
increases when the reference position uncertainty 
decreases. For an uncertainty of 10 Km for example, the 
average number of satellites per group is approximately 3.   
 

The algorithm complexity reduction has been 
compared to a standard one. The results are given in 
figure 16 for a TMS320C64x DSP. 

Reduction of TTFF between a standard algorithm and the sum of replicas 
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Fig 16: TTFF improvement brought by the SOR 
algorithm for different grouping of 10 satellites, in 
comparison with the standard algorithm  
 

As we can see in the previous figure, when the 
satellites are divided into three groups, i.e. the average 
number of satellites per group is approximately 3, the 
TTFF is reduced by a factor of approximately 3.  
  

Results concerning sensitivity essentially deal 
with the reduction of the C/N0 when more satellites are 
acquired together, or in other words when more satellites 
are present in the same group. The tests conducted 
showed that the more satellites we have per group, the 
lower is the C/N0.  

 
The following example depicts the reduction in 

the C/N0 level when more satellites are present in the 
same group. The signal used to conduct this test was 
simulated using a Spirent STR4500. It comprises 10 
satellites at 41,5 dBHz approximately.  

 
Group number PRN Number 

1 1; 3; 8; 10 
2 6; 22; 25 
3 17;18 
4 30 

Table 3: Satellites grouping to avoid collisions between 
code delay ranges 

Table 4: Satellites respective C/N0 ratios and code 
delays (detected after acquisition) 

 

For this signal, when only one satellite is present 
the C/N0 ratio corresponds approximately to the real one, 
whereas for three satellites we have an approximate loss 
of 3dBs and for four satellites, the loss is of 
approximately 4.5 dBs.  
The figures below illustrate the correlation function for 
each group. 
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Fig 17 1st group (correlation amplitude v/s code delay) 
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Fig 18 2nd group (correlation amplitude v/s code delay) 
 

PRN 1 3 8 10 6 22 25 17 18 30 

C/N0 36 37.3 37 38 37.6 38.4 37 40 39.14 41.8 
Code 
delay 802 1012 114.5 315 699.5 880.5 532 725 293.5 510 
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Fig 19 3rd group (correlation amplitude v/s code delay) 
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Fig 20 4th group (correlation amplitude v/s code delay) 
 

Considering figures 17, 18, 19, and 20 we can 
see that the global noise level (mean value of the noise) is 
lower when only one satellite is present and that the noise 
variations increase also with the number of satellites 
processed at once. This explains the loss in the C/N0 ratio 
observed for a group of more than one satellite. In 
addition the noise variations are more important when 
more signals are present. This can be due to cross-
correlations. Figure 21 below depicts the average loss in 
the C/N0 induced by the SOR algorithm, for different 
groupings of 10 satellites. The signals used here were also 
simulated using a Spirent STR4500, in order to be able to 
choose different C/N0 for each test. The results obtained 
correspond to the average loss in C/N0 for these signals at 
41.5 and 26.5dBHz respectively. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 21: Reduction in C/N0 in terms of the number of 
satellites per group 
 

Reconsidering the case of three satellites per 
group, the reduction in the C/N0 is of approximately 3dB. 
 

At this stage, one should find the good 
compromise between the reduction in TTFF and that of 
sensibility. An upper limit for the number of satellites per 
group can be set in order for the global loss in the C/N0 to 
be limited to a certain value.  
 

The results we have until now show that limiting 
the number of satellites per group to 3 may be a good 
compromise.  
 

VI.  CONCLUSION 
 

In this paper we presented a new algorithm for 
GPS acquisition. It essentially enhances the TTFF by 
correlating the incoming satellite signal with a sum of 
different C/A codes replicas rather than correlating it with 
only one code replica. Such processing implies a certain 
parallelism by searching for more than one satellite at 
once. It results in a complexity reduction with respect to a 
standard sequential algorithm. This implies a reduction in 
the TTFF needed for a GPS receiver to compute a 
solution. 
 

Evaluating the performances of this algorithm 
depicted that the global complexity reduction induced by 
the SOR algorithm in comparison with a standard one 
depends on the number of satellites processed in parallel. 
For three satellites the complexity is reduced by a factor 
of 3 approximately.  
 

However, a loss in the C/N0 ratio was noticed. 
The more satellites we have per group, the greater is this 
loss. Thus a compromise must be set in order to have the 
best correspondence between the reduction in sensitivity 
and that of the TTFF. An upper limit for the number of 
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satellites per group must be adopted in order to limit the 
loss in C/N0 ratio. Bit transitions may be an interesting 
topic to be considered when correlating in order to 
compensate for the reduction in sensitivity.  
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