The effect of sampling frequency and front-end
bandwidth on the DLL code tracking performance
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Figure 1: Block diagram of a digital GNSS receiver
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Fig. 3: Correlation shape and DLL discriminator function when f; = 4f



ACSER Correlation output SNE

ASRA

- " recalculation .

R(T T{)N— /‘ﬁr/Z (Sln(nfMT)) eizn'ff}(|_T+9Nco(k)TcJTS)df
NL = J-p2 \ sin(nfTy)

ToNM _ MT, sin (7t fMTy)
Nr M2sin®(nfT,)

Gs (f )PSD —

| MT;sin®(nfT,)
1 = li
fsgan s(f)psp ﬁlﬂl ( M?sin*(n fT,) )

= T.sinc*(nfT,)

IGNSS SYM POSUM 2016, UNSW, SYDNEY, AUSTRALIA | &8



CSER Correlation shapes

ENGINEERING RESEARCH

Correlation shapes with various sampling frequencies
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Fig. 11: DLL tracking error comparison among the simulated, numerical and theoretical models ( step = 107! £,.).

GPS L1 C/A is used with T=1 ms, and B, = f;.

IGNSS SYM POSUM 2016, UNSW, SYDNEY, AUSTRALIA | #



cspp DLL tracking error SN
SLeER re-estimation L

DLL tracking error versus sampling frequencies

=fgh= Conventional estimation
== Proposed estimation

1-sigma DLL tracking error (metres)

Number of samples per code chip n_=f_/f_

IGNSS SYM POSUM 2016, UNSW, SYDNEY, AUSTRALIA | &



ACSER

AUSTRALIAN CENTRE FOR
SPACE ENGINEERING RESEARCH

o)
o

1-sigma DLL tracking error (metres)
=)

o

Figure 4: DLL tracking error versus different sampling frequencies (step=10~" f..) with a fixed front-end

W
o

DLL tracking error versus
sampling frequency and
frontend band width

DLL tracking error versus sampling frequencies
with a fixed two sided front-end bandwith 5 = 2f_

SNA

s C/N
v CIN
e C/N
s CIN
s CIN
s C/N
e C/N

o (=1 =T =1 o (=1 o

=15 dB-Hz
=20 dB-Hz
=25 dB-Hz
=30 dB-Hz
=35 dB-Hz
=40 dB-Hz
=45 dB-Hz

2 3 4 5 6 7 8
Number of samples per code chip ns=fsffc

bandwidth B, = 2. for GPS L1 C/A signal with B;=0.5 Hz and T= 1ms

L a b

IGNSS SYM POSUM 2016, UNSW, SYDNEY, AUSTRALIA |



ACSER DLL tracking error versus SN
~ sampling frequency and |
frontend band width

DLL tracking error versus sampling frequencies
where the two sided front-end bandwidths is ,Br = fs

50 —_CIN_=15 dB-Hz
w

g - CIN,=20 dB-Hz
QO —

£.40 ——CIN =25 dB-Hz
- ——CIN_=30 dB-Hz
= ——CIN,=35 dB-Hz
30 \.._l/l\l_a ——CIN_=40 dB-Hz
£ - s PO
E 0

=20

—

= N iy RO PP R \ .
©

=

E 10 AP POTTON SOV PV SUPN PP P DO -
:f - A, k. I

4 6
Number of samples per code chip n5=f5;‘fc

8 9

Figure 5: DLL tracking error versus different sampling frequencies (step=1073 £;.) with front-end band-
widths 8, = f; for GPS L1 C/A signal with B;=0.5 Hz and T= Ims
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Figure 6: Real complex bladeRF bandwidth versus different I/Q bandwidth settings
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 The more accurate correlation output and Delay
Locked Loop (DLL) code tracking error is proposed

e The relation between the sampling frequency and
front-end filter bandwidth has a strong effect on the
DLL jitter

e The DLL tracking error s decreased while the
sampling frequency s tncreased and it IS more
efficient for weak signals (CNO < 30 dB-Hz) if and
only if the front-end bandwidth s fixed and much
smaller than the sampling frequency
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