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(54) Support of the determination of a correlation

(57) A method for supporting a determination of the
correlation between at least one received code modu-
lated signal and at least one available replica code is
shown. In order to reduce the total memory size required
for such correlations, the method comprises storing sig-
nal samples of the at least one received code modulated
signal with a first rate in a memory. The stored signal

samples are then read with a second rate from the mem-
ory for determining a correlation between the read signal
samples and samples of the at least one available rep-
lica code, wherein the second rate is higher than said
first rate. The disclosure relates equally to a correspond-
ing electronic device, to a chip for such an electronic
device, to a system comprising such an electronic de-
vice and to a corresponding software product.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method for support-
ing the determination of the correlation between at least
one received code modulated signal and at least one
available replica code. The invention relates equally to
a corresponding electronic device, to a chip for such an
electronic device, to a system comprising such an elec-
tronic device and to a corresponding software product.

BACKGROUND OF THE INVENTION

[0002] The correlation between a received code mod-
ulated signal and an available replica code has to be
acquired for example in CDMA (Code Division Multiple
Access) spread spectrum communications.
[0003] For a spread spectrum communication in its
basic form, a data sequence is used by a transmitting
unit to modulate a sinusoidal carrier and then the band-
width of the resulting signal is spread to a much larger
value. For spreading the bandwidth, the single-frequen-
cy carrier can be multiplied for example by a high-rate
binary pseudo-random noise (PRN) code sequence
comprising values of -1 and 1, which code sequence is
known to a receiver. Thus, the signal that is transmitted
includes a data component, a PRN component, and a
sinusoidal carrier component. A PRN code period com-
prises typically 1023 chips, the term chips being used
to designate the bits of the code conveyed by the trans-
mitted signal, as opposed to the bits of the data se-
quence.
[0004] A well known system which is based on the
evaluation of such code modulated signals is GPS (Glo-
bal Positioning System). In GPS, code modulated sig-
nals are transmitted by several satellites that orbit the
earth and received by GPS receivers of which the cur-
rent position is to be determined. Each of the satellites
transmits two microwave carrier signals. One of these
carrier signals L1 is employed for carrying a navigation
message and code signals of a standard positioning
service (SPS). The L1 carrier signal is modulated by
each satellite with a different C/A (Coarse Acquisition)
Code known at the receivers. Thus, different channels
are obtained for the transmission by the different satel-
lites. The C/A code, which is spreading the spectrum
over a 1 MHz bandwidth, is repeated every 1023 chips,
the epoch of the code being 1 ms. The carrier frequency
of the L1 signal is further modulated with the navigation
information at a bit rate of 50 bit/s. The navigation infor-
mation, which constitutes a data sequence, can be eval-
uated for example for determining the position of the re-
spective receiver.
[0005] A receiver receiving a code modulated signal
has to have access to a synchronized replica of the em-
ployed modulation code, in order to be able to de-spread
the data sequence of the signal. More specifically, a syn-

chronization has to be performed between the received
code modulated signal and an available replica code.
Usually, an initial synchronization called acquisition is
followed by a fine synchronization called tracking. In
both synchronization scenarios, correlators are used to
find the best match between the replica code sequence
and the received signal and thus to find their relative
shift called code phase. The match can be determined
for example with chip accuracy. If an accuracy of a frac-
tion of a chip is needed, the chip can be presented by
several samples after an analog-to-digital conversion.
[0006] During the acquisition, the phase of the re-
ceived signal relative to the available replica code se-
quence can have any possible value due to uncertain-
ties in the position of the satellite and the time of trans-
mission of the received signal.
[0007] Moreover, an additional frequency modulation
of the received signal may occur, which can be as large
as +/-6 kHz, for example due to a Doppler effect and/or
a receiver clock inaccuracy. The search of the code
phase is therefore usually performed with different as-
sumptions on an additional frequency modulation. For
a sensitivity increase, in particular for weak signal envi-
ronments like indoor environments, a receiver normally
uses long integrations that require the frequency uncer-
tainty to be as small as a few Hz. Therefore, even with
the aligned code, a large number of frequency assump-
tions should be checked.
[0008] The initial acquisition is thus a two-dimensional
search in code phase and frequency. Many different par-
allel architectures, time multiplexing and off-line
processing approaches have been presented so far for
the acquisition of received code modulated signals. To
meet the real time processing and weak signal sensitiv-
ity requirements, usually, a massive correlator bank
which is able to check in parallel hundreds and thou-
sands of options is employed for implementing the ac-
quisition stage of a receiver.
[0009] Each correlator of such a massive correlator
bank checks simultaneously another option defined by
a specific code phase and a specific frequency of mod-
ulation. To this end, each correlator multiplies a received
code modulated signal to a predetermined compensat-
ing sinusoidal signal, aligns the compensated code
modulated signal with the replica code sequence at a
predetermined code-phase, multiplies the samples of
the compensated code modulated signal and the sam-
ples of the replica code sequence element by element
and integrates the multiplication results. The integration
can be either purely coherent or include a non-coherent
stage. In a non-coherent stage, consecutive coherent
integration results for a certain number of multiplication
results, respectively, are further integrated by summing
the absolute or the squared values of these integration
results.
[0010] If the assumptions on the code-phase and the
frequency modulation belonging to one option are cor-
rect for the received code modulated signal, then the
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correlation results in a larger integration value than in
the case of a misalignment or an inappropriate compen-
sation of a frequency modulation. Thus, detecting the
correlation peak and comparing it with a certain thresh-
old allows finding the correct code phase and the correct
frequency of modulation.
[0011] For illustration, Figure 6 presents a schematic
block diagram of an acquisition and tracking portion of
a conventional receiver.
[0012] In the receiver, received samples are mixed by
a mixer 62 with various search center frequencies ejωt.
The mixed samples are then decimated by a decimation
block 63 in accordance with a provided code frequency.
The mixed and decimated samples are provided to a
matched filter 64 to find out the code phase, or delay, of
the received signal compared to an available replica
code sequence.
[0013] The output of the matched filter 64 for a respec-
tive checked code phase is provided to a Discrete Fou-
rier Transform (DFT) bank 65 to determine in addition
the Doppler frequency in the received signal. The DFT
bank 65 mixes to this end the respective output of the
matched filter 64 in parallel with a plurality of possible
Doppler frequencies ejω1t, ejω2t, etc., e-jω1t, e-jω2t, etc.
The results for each possible Doppler frequency are
added to a coherent memory 66. The coherent memory
66 is structured in the form of a table which comprises
one column for each delay checked by the matched filter
64, and one row for each DFT bin.
[0014] A processing component 67 then forms the
sum over the squared I and Q components for each en-
try in the coherent memory 66 as a coherent addition.
[0015] The output of the processing portion 67 is
stored in a non-coherent memory 68 for a subsequent
non-coherent integration. The non-coherent memory 68
is structured in the same way as the coherent memory
66.
[0016] While the first hand-held GPS receivers were
using less than 12 correlators, modern GPS receivers
use up to 16 000 correlators. A higher number of corre-
lators obviously requires a larger silicon area of the in-
tegrated circuit (IC) chip on which the correlators are
implemented. Currently, a long stream of multiplication
results is digitized and stored in a coherent memory for
assembling data for a respective off-line coherent inte-
gration, and the coherent integration results are stored
in a non-coherent memory for subsequent off-line non-
coherent integrations. In new assisted GPS receivers,
coherent and non-coherent integration memories for up
to hundreds of kBytes occupy most of the silicon area.
Roughly, 1/2 to 2/3 of this memory space belongs to the
coherent integration memory.
[0017] It has to be noted that a similar problem may
occur with any other receiver of code modulated signals,
in particular with any other Global Navigation Satellite
System (GNSS), like the European satellite navigation
system Galileo or Glonass.

SUMMARY OF THE INVENTION

[0018] A method for supporting the determination of
the correlation between at least one received code mod-
ulated signal and at least one available replica code is
proposed. The method comprising storing signal sam-
ples of the at least one received code modulated signal
with a first rate in a memory. The method further com-
prises reading stored signal samples with a second rate
from the memory for determining a correlation between
the read signal samples and samples of the at least one
available replica code, wherein the second rate is higher
than the first rate.
[0019] Moreover, an electronic device and a chip for
an electronic device are proposed. The proposed elec-
tronic device and the proposed chip both comprise a
memory adapted to store with a first rate signal samples
of at least one code modulated signal received by an
electronic device. Further, the proposed electronic de-
vice and the proposed chip both comprise a correlation
component adapted to read signal samples stored in the
memory with a second rate, which second rate is higher
than the first rate. The correlation component is adapted
in addition to determine a correlation between the read
signal samples and samples of a replica code. The elec-
tronic device can be for example a mobile terminal. The
chip can be for example a baseband application specific
integrated circuit (ASIC). The chip can be for instance
inserted into an electronic device. Optionally, the chip
may be removable so that it can be inserted subse-
quently into different devices or units.
[0020] Moreover, a system is proposed, which com-
prises the proposed electronic device and in addition at
least one network element of a communication network.
The network element may provide the electronic device
with assistance data or perform processing operations
of which the results are required at the electronic device.
The system may comprise in addition at least one bea-
con transmitting a code modulated signal which can be
received by the electronic device. Such a beacon can
be for instance a satellite of a satellite based positioning
system.
[0021] Finally, a software program product is pro-
posed, in which a software code for supporting the de-
termination of the correlation between at least one re-
ceived code modulated signal and at least one available
replica code is stored. When running in a processing
unit, the software code causes signal samples of at least
one received code modulated signal to be stored with a
first rate in a memory. The software code further causes
signal samples stored in the memory to be read from
the memory with a second rate for determining a corre-
lation between the read signal samples and samples of
the at least one available replica code, wherein the sec-
ond rate is higher than the first rate.
[0022] The invention proceeds from the consideration
that for coherent integrations, data for each received
code modulated signal has to be stored only once, not
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separately for various replica codes, code phases and
various frequency modulations, if samples of a received
code modulated signal are stored in a memory before
they are provided to the correlation processing. The
samples can then be retrieved from the memory at a
higher rate than the rate at which they are written to the
memory, and thus be processed quasi on-line in the cor-
relation processing, in particular in a respective coher-
ent integration.
[0023] It is an advantage of the invention that it ena-
bles a reduction of the required memory space. The re-
quired memory space is also reduced since the word-
length in the memory storing samples of a received sig-
nal is smaller than in the coherent memory. The coher-
ent memory can be reduced for example by 70%, and
the silicon area required for the coherent memory will
be only 2/15 of the entire memory silicon area instead
of 4/9. As a result, the silicon area of an IC may be de-
creased by 30% compared to a conventional IC in which
2/3 of the silicon area is occupied by memory, of which
in turn 2/3 is provided as a memory for coherent inte-
grations.
[0024] The memory storing samples of a received sig-
nal can be for example a sample memory, and it may
comprise for example samples for all received code
modulated signals at all frequencies.
[0025] In one embodiment of the invention, the signal
samples are read from the memory storing samples of
a received signal only when signal samples for at least
one integration period of a coherent integration em-
ployed in the scope of a correlation have been stored in
the memory.
[0026] In a further embodiment of the invention, de-
termining the correlation comprises compensating in the
extracted samples sequentially various possible Dop-
pler frequencies and applying sequentially for each of
these possible Doppler frequencies a matched filter op-
eration to the compensated samples. The matched filter
operation can be used in particular for comparing the
received, compensated samples with an available rep-
lica code sequence for different relative shifts between
the received samples and the available replica code se-
quence.
[0027] The results of the matched filter operation can
further be subjected to a coherent integration and/or a
non-coherent integration.
[0028] The invention may be employed for any receiv-
er of code modulated signals, for example for a Global
Navigation Satellite System (GNSS) receiver, like a
GPS receiver, a Galileo receiver or a Glonass receiver.
[0029] Other objects and features of the present in-
vention will become apparent from the following detailed
description considered in conjunction with the accom-
panying drawings. It is to be understood, however, that
the drawings are designed solely for purposes of illus-
tration and not as a definition of the limits of the inven-
tion, for which reference should be made to the append-
ed claims. It should be further understood that the draw-

ings are not drawn to scale and that they are merely in-
tended to conceptually illustrate the structures and pro-
cedures described herein.

BRIEF DESCRIPTION OF THE FIGURES

[0030]

Fig. 1 is a block diagram illustrating the principle of
the invention;

Fig. 2 is a schematic block diagram of a system ac-
cording to an embodiment of the invention;

Fig. 3 is a schematic block diagram of a chip accord-
ing to an embodiment of the invention;

Fig. 4 is a flow chart illustrating the operation of the
receiver in Figure 3;

Fig. 5 is a table comparing conventional receivers
with receivers according to the invention; and

Fig. 6 is a schematic block diagram of a conventional
receiver.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The block diagram of Figure 1 illustrates the
principle of the invention when implemented in a receiv-
er receiving code modulated signals from a plurality of
beacons. The received signals are to be associated to
and aligned with corresponding replica codes by means
of a correlation and at least a coherent integration of the
correlation results.
[0032] The block diagram comprises a sample mem-
ory 10, which is connected to a correlator block 11. The
correlator block 11 is connected further to a small co-
herent memory 12, and the small coherent memory 12
is followed by a non-coherent memory 13.
[0033] The sample memory 10 is used as a circular
buffer for buffering digitized samples of received code
modulated signals. The sample memory 10 is able to
buffer samples for the number of beacons from which
signals may be received at a maximum at the same time.
For each beacon, the sample memory 10 is moreover
able to store digitized samples at least for the desired
length of the coherent integration and at the most for
twice the desired length of the coherent integration. The
exact memory size depends on a time multiplexing of
the hardware in the receiver.
[0034] The correlator block 11 starts to read the sam-
ples from the sample memory 10 when at least sufficient
samples required for the complete length of the coher-
ent integration have been stored. The correlator block
11 reads the samples from the sample memory 10 with
a higher speed than the speed with which incoming
samples are provided to the sample memory 10. Read-
ing the samples with a higher data rate than the incom-
ing samples permits reading the same samples various
times for checking various replica codes, code phases
and frequency modulations without the need to store the
same data various times in parallel, and to process the
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read data nevertheless with the rate of the incoming
samples. When the correlator block 11 has processed
the read samples over the coherent integration period,
the results are added directly to the coherent memory
12. The data in the coherent memory 12 is subjected to
a non-coherent integration. Thus, no coherent memory
or almost no coherent memory 12 is needed. If an ad-
ditional coherent integration is required nevertheless,
the integration results of the non-coherent integration
are stored in the non-coherent memory 13 for such an
additional coherent integration.
[0035] Compared to a conventional correlation, the
hardware does not change significantly. Only the timing
when and in which order it is run changes.
[0036] In the following, a satellite based positioning
system according to an embodiment of the invention will
be described in more detail. Figure 2 schematically
presents this satellite based positioning system.
[0037] The system comprises a mobile terminal 20 in-
cluding a Galileo receiver 21, a network element 25 of
a mobile communication network 26 and a plurality of
Galileo satellites 27. The Galileo receiver 21 includes a
receiving portion 22 for receiving code modulated sig-
nals from Galileo satellites 27, an acquisition and track-
ing portion 23 for acquiring and tracking a received code
modulated signal, and a digital signal processor (DSP)
24 supporting the acquisition and tracking. The network
element 25 provides assistance data to the DSP 24 us-
ing a regular radio-based communication between the
mobile terminal 20 and the mobile communication net-
work 26. Alternatively or in addition, the network ele-
ment 25 of the mobile communication network 26 could
perform computations for supporting the acquisition and
tracking of a code modulated signal received by the Gal-
ileo receiver 21 using a regular radio-based communi-
cation between the mobile terminal 20 and the mobile
communication network 26. The network element 25
can be for example a base station of the mobile com-
munication network 26.
[0038] The acquisition and tracking portion 23 of the
Galileo receiver 21 may be realized in form of a chip.
Figure 3 presents the general structure of such a chip
30.
[0039] The receiving portion 22 is connected within
the chip 30 to a sample memory 31. The sample mem-
ory 31 is connected via a mixer 32, a decimation block
33 and a matched filter 34 to a small coherent memory
36. The small coherent memory 36 is structured in the
form of a table which comprises only a single row. The
small coherent memory 36 is further connected via
processing component 37 to a non-coherent memory
38. The non-coherent memory 38 is structured in the
form of a table which comprises one column for each
delay checked by the matched filter 64, and one row for
each DFT bin.
[0040] The operation of the acquisition and tracking
portion is illustrated in the flow chart of Figure 4.
[0041] The received samples provided by the receiv-

ing portion 22 are first stored in the sample memory 31
with a first sample rate. This is indicated in Figure 4 as
a step 41. When sufficient samples for a complete co-
herent integration period have been stored, the samples
are extracted from the sample memory 31 with a sec-
ond, higher sample rate. This is indicated in Figure 4 as
a step 42. The extracted samples are provided to the
mixer 32, which applies sequentially different search fre-
quencies ejωt, in order to process one DFT frequency at
a time for checking various possible Doppler frequen-
cies. This is indicated in Figure 4 as a step 43. The mixed
samples are then decimated by the decimation block 33
in accordance with a provided code frequency, which is
a function of the respectively searched DFT frequency.
This is indicated in Figure 4 as a step 44.
[0042] The decimated signals are provided to the
matched filter 34 to determine the code phase of the re-
ceived signal compared to an available replica code se-
quence. This is indicated in Figure 4 as a step 45. The
output of the matched filter 34 is provided to the small
coherent memory 36, which comprises one entry for
each delay checked by the matched filter 34. This is in-
dicated in Figure 4 as a step 46. The coherent memory
36 does not require a separate row for all DFT bins, like
the coherent memory 66 of the conventional receiver of
Figure 6, since the sample memory 31 allows to process
the DFT bins serially.
[0043] The processing component 37 now forms the
sum over the squared I and Q components for each en-
try in the coherent memory 36, thereby performing a co-
herent integration. This is indicated in Figure 4 as a step
47.
[0044] The output of the processing portion 37 is
stored in the non-coherent memory 38 for use in a sub-
sequent non-coherent integration. This is indicated in
Figure 4 as steps 48 and 49. The non-coherent memory
38 has, like the non-coherent memory 68 of the conven-
tional receiver depicted in Figure 6, again a separate
entry for each combination of the checked delays and
the checked DFT bins.
[0045] Due to the sample memory 31, the processing
speed in the mixer 32, the decimation block 33, the
matched filter 34, the coherent memory 36, the process-
ing component 37 and the non-coherent memory 38 can
thus be increased compared to corresponding compo-
nents 62, 63, 64, 66, 67 and 68 in the receiver of Figure
6. As a result, the size of the coherent memory 36 can
be reduced significantly.
[0046] The table of Figure 5 presents a comparison
between a conventional correlation and a correlation in
accordance with the invention for an exemplary GPS C/
A receiver.
The GPS receiver uses a sampling rate of 2 MHz and
converts each detected analog sample value into a dig-
ital value having a complex wordlength of 3 bits. It em-
ploys 8184 complex correlators. In the conventional re-
ceiver, 17 DFT bins are used, while in the receiver ac-
cording to the invention, 1 DFT bin is used. The coherent
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integration length is 20 ms. The complex coherent mem-
ory wordlength is 8 bits. When assuming a double co-
herent integration length and 1 DFT bin, the number of
DFT bins in the non-coherent integration not being lim-
ited, the combined coherent memory and sample mem-
ory is reduced with the invention from 272 kBytes to 75
kBytes.
[0047] Thus, it is shown that the sum of the coherent
memory and the sample memory is reduced by more
than 70% with the invention.
[0048] While it has been shown and described and
pointed out fundamental novel features of the invention
as applied to an embodiment thereof, it will be under-
stood that various omissions and substitutions and
changes in the form and details of the devices and meth-
ods described may be made by those skilled in the art
without departing from the spirit of the invention. For ex-
ample, it is expressly intended that all combinations of
those elements and/or method steps which perform
substantially the same function in substantially the same
way to achieve the same results are within the scope of
the invention. Moreover, it should be recognized that
structures and/or elements and/or method steps shown
and/or described in connection with any disclosed form
or embodiment of the invention may be incorporated in
any other disclosed or described or suggested form or
embodiment as a general matter of design choice. It is
the intention, therefore, to be limited only as indicated
by the scope of the claims appended hereto.

Claims

1. A method for supporting a determination of a corre-
lation between at least one received code modulat-
ed signal and at least one available replica code,
said method comprising:

storing signal samples of said at least one re-
ceived code modulated signal with a first rate
in a memory; and
reading stored signal samples with a second
rate from said memory for determining a corre-
lation between said read signal samples and
samples of said at least one available replica
code, wherein said second rate is higher than
said first rate.

2. The method according to claim 1, further compris-
ing determining a correlation between said read sig-
nal samples and samples of said at least one avail-
able replica code.

3. The method according to claim 2, wherein deter-
mining a correlation comprises a coherent integra-
tion, and wherein said memory stores samples for
up to at least one integration period of said coherent
integration.

4. The method according to claim 3, wherein signal
samples are only read from said memory when sig-
nal samples for at least one integration period of
said coherent integration have been stored in said
memory.

5. The method according to claim 2, wherein deter-
mining said correlation comprises compensating in
said extracted samples sequentially various possi-
ble Doppler frequencies and applying sequentially
for each of said,possible Doppler frequencies a
matched filter operation to said compensated sam-
ples.

6. The method according to claim 5, wherein results
of said matched filter operation are further subject-
ed to at least one of a coherent integration and a
non-coherent integration.

7. An electronic device comprising:

a memory adapted to store signal samples of
at least one received code modulated signal
with a first rate; and
a correlation component adapted to read signal
samples stored in said memory with a second
rate, which second rate is higher than said first
rate, and adapted to determine a correlation be-
tween said read signal samples and samples
of a replica code.

8. The electronic device according to claim 7, wherein
a determination of a correlation by said correlation
component includes a coherent integration, and
wherein said memory is adapted to store signal
samples for up to at least one integration period of
said coherent integration.

9. The electronic device according to claim 8, wherein
said correlation component is adapted to read sig-
nal samples from said memory only when signal
samples for at least one integration period of said
coherent integration have been stored in said mem-
ory.

10. The electronic device according to claim 7, wherein
said memory is a sample memory.

11. The electronic device according to claim 7, wherein
said electronic device is a mobile terminal.

12. A chip for use in an electronic device, said chip com-
prising:

a memory adapted to store with a first rate sig-
nal samples of at least one code modulated sig-
nal received by said electronic device; and
a correlation component adapted to read signal
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samples stored in said memory with a second
rate, which second rate is higher than said first
rate, and adapted to determine a correlation be-
tween said read signal samples and samples
of a replica code.

13. The chip according to claim 12, wherein a determi-
nation of a correlation by said correlation compo-
nent includes a coherent integration, and wherein
said memory is adapted to store signal samples for
up to at least one integration period of said coherent
integration.

14. The chip according to claim 13, wherein said corre-
lation component is adapted to read signal samples
from said memory only when signal samples for at
least one integration period of said coherent inte-
gration have been stored in said memory.

15. The chip according to claim 12, wherein said mem-
ory is a sample memory.

16. A system including an electronic device and at least
one network element of a communication network,
said electronic device comprising:

a memory adapted to store signal samples of
at least one received code modulated signal at
a first rate; and
a correlation component adapted to read signal
samples stored in said memory with a second
rate, which second rate is higher than said first
rate, and adapted to determine a correlation be-
tween said read signal samples and samples
of a replica code.

17. The system according to claim 16, wherein a deter-
mination of a correlation by said correlation compo-
nent includes a coherent integration, and wherein
said memory is adapted to store signal samples for
up to at least one integration period of said coherent
integration.

18. The system according to claim 16, further compris-
ing at least one beacon transmitting said at least
one code modulated signal.

19. The system according to claim 16, wherein said
beacon is a satellite of a satellite based positioning
system.

20. A software program product in which a software
code for supporting a determination of a correlation
between at least one received code modulated sig-
nal and at least one available replica code is stored,
said software code realizing the following steps
when running in a processing unit:

causing signal samples of at least one received
code modulated signal to be stored with a first
rate in a memory; and
causing signal samples stored in said memory
to be read from said memory with a second rate
for determining a correlation between said read
signal samples and samples of said at least one
available replica code, wherein said second
rate is higher than said first rate.
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