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Processing signals collected in the L-band

Ï All receivers configured to receive in the upper
L-band (centered 1.57542 GHz)

Ï GPS L1 (BPSK), Galileo E1 (BOC)
Ï Galileo bandwidth ≫ GPS bandwidth
Ï either sample complex values at baseband, or

real signals with an intermediate frequency and
transpose in the digital domain during
post-processing
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GPS signal encoding principle 1

Ï The carrier generated by
an atomic clock
(1575.42 MHz) ...

Ï ... is phase modulated at
1.023 MHz
with a unique satellite
identifier ...

Ï ... and again
(XOR)phase-modulated with
the navigation message
(50 bps).

Ï On the receiver: known code,
so that XORing the received
signal with the code pattern
returns the NAVigation
message (XOR(x ,x)= 0)

1K. Borre et al., A Software-Defined GPS and Galileo Receiver – A Single-Frequency Approach, Birkhäuser Boston,
2007
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Codeless decoding

Ï The GNSS signals are 10 dB below thermal noise −174 dBm/Hz+10 log10(B) with B the BPSK
modulation bandwidth

Ï Need to check if GNSS signals have been received and coarse parameters (LO offset): codeless
decoding ...

Ï aims at accumulating all the energy in a narrowband continue wave.
Ï Autocorrelation (check for self-similarity, immune to Doppler shift since

xcorr(s ,s)= xcorr(p ·exp(jdωt),p ·exp(jdωt))=
∫
p(t)exp(jdωt) ·p∗(t+τ))exp(jdω(t+τ)dt

= exp(jdωτ)

∫
p(t) ·p∗(t+τ)dt = exp(jdωτ)xcorr(p,p)⇒ |xcorr(s,s)|=|xcorr(p,p)|

Ï Squaring the signal cancels the BPSK modulation and accumulates the energy in a clean carrier
at 2δf : make bin size narrow enough for −174 dBm/Hz+10 log10(bin) to be weaker than the
carrier
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GPS L1 BPSK decoding
Ï chip rate is 1.023 Mchips/s BPSK with code sequences documented at

https://github.com/danipascual/GNSS-matlab
Ï frequency offset df prevents energy accumulation when cross-correlating signal and code if

df ≥ 1/T with T the code duration
Ï acquisition: search for all possible df with step ≪ 1/T in the range of possible frequency shift

(±4 kHz from Doppler shift + LO offset) ...
Ï ... for all (32) possible code sequences

xcorr(s ,pi ·exp(j2πdfj t) for i ∈ [1..32] and dfj ∈ [???]
Ï leads to a frequency-code map with correlation maximum encoding each pixel color

Galileo 2 MHz
GPS 2 MHz
Galileo 15 MHz
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GNSS modulations
BOC(fs/f0, fc/f0): Binary Offset Carrier (f0 ref freq., fs subcarrier freq., fc chip rate)

“The minimum bandwidth is generally twice the chipping rate for simple codes, while for BOC codes it
is twice the sum of chipping rate and offset code rate. Thus, the minimum practical bandwidth for
the Galileo E1 is 8 MHz.” 2

2K. Borre Lecture at SU May 27, 2009, The E1 Galileo Signal at
http://web.stanford.edu/group/scpnt/gpslab/pubs/papers/Borre/galileo_sig.pdf
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Galileo E1 BOC decoding
Ï BPSK modulation of pseudo-random

sequences (Gold codes 3)
load GNSS -matlab/prn_codes/codes_L1CA.mat;
code=interpolated(codes_L1CA (:,m),fs /1.023 e6);
% 0/pi phase at baseband

Ï BOC modulation of pseudo-random
sequences
load GNSS -matlab/prn_codes/codes_E1B.mat
Rsa =1.023 e6;
Rsb =6.138 e6;
m=1;
code=interpolated(codes_E1B(:,m),fs /1.023 e6);
temps =[0: length(code) -1]’/fs;
sce1a=sqrt (10/11) *((sin(2*pi*temps*Rsa) >0)*2-1);
sce1b=sqrt (1/11) *((sin (2*pi*temps*Rsb) >0)*2-1);
signal =(sce1a+sce1b).*code);

See “Galileo open ser-
vice signal-in-space
interface control docu-
ment (OS SIS ICD)” at
https://www.gsc-europa.
eu/sites/default/files/
sites/all/files/Galileo_
OS_SIS_ICD_v2.1.pdf (cour-
tesy of C. Plantard, ESTEC)

All PRN sequences at
https://github.com/danipascual/GNSS-matlab 7 / 11

https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_OS_SIS_ICD_v2.1.pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_OS_SIS_ICD_v2.1.pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_OS_SIS_ICD_v2.1.pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_OS_SIS_ICD_v2.1.pdf
https://github.com/danipascual/GNSS-matlab


Galileo E5 AltBOC decoding
“The Alternative BOC modulation uses a complex
sub-carrier so that the spectrum is not split up, as
is the case of BOC, but simply shifted to higher or
lower frequencies” a

⇒ https://github.com/danipascual/
GNSS-matlab/tree/master/prn_codes lists
E5aI and E5aQ, and E5bI and E5bQ.

However, https://gnss-sdr.org/docs/
tutorials/gnss-signals/ refers to E5a as
QPSK(10), i.e. 4-phase states at 10 × 1.023 =
10.23 MHz

ahttps://gssc.esa.int/navipedia/index.php/AltBOC_
Modulation “Galileo open service signal-in-space interface control docu-

ment (OS SIS ICD)” page 20
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Galileo & GPS

Ï How much bandwidth is needed for GPS L1?
Ï How much bandwidth is needed for Galileo E1?
Ï What is the minimum bandwidth for assessing Galileo E1?
Ï Impact of the longer Galileo code on resulting SNR?
Ï Impact of the longer Galileo code on frequency step? for E1B and E1C?
Ï How to resample the code to match the acquisition sampling rate?
Ï Why is AltBOC analyzed as a QPSK (or 2 orthogonal BPSK) signal?

Naming convention: all frequencies referred to 1.023 MHz, so that BPSK(10) is 10.23 MHz and
BOC(1,1) means a chiprate of 1.023 MHz with a binary frequency offset of 1.023 MHz.
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Sample files in /home/jmfriedt/gnss/out* described with the SigMF format
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