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Design and Performance of a Direct RF Sampling Receiver for
Simultaneous Reception of Multiband GNSS Signals

Jong-Won Choi® and Bo-Seok Seo®*
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Abstract

In this paper, we design a direct radio frequency (RF) sampling receiver for multiband GNSS signals and demonstrate its
performance. The direct RF sampling is a technique that does not use an analog mixer, but samples the passband signal directly,
and all receiver processes are done in digital domain, whereas the conventional intermediate frequency (IF) receiver samples the IF
band signals. In contrast to the IF sampling receiver, the RF sampling receiver is less complex in hardware, reconfigurable, and
simultaneously converts multiband signals to digital signals with an analog-to-digital (AD) converter. The reconfigurability and
simultaneous reception are very important in military applications where rapid change to other system is needed when a system is
jammed by an enemy. For simultaneous reception of multiband signals, the sampling frequency should be selected with caution by
considering the carrier frequencies, bandwidths, desired intermediate frequencies, and guard bands. In this paper, we select a
sampling frequency and design a direct RF sampling receiver to receive multiband global navigation satellite system (GNSS)
signals such as GPS L1, GLONASS Gl and G2 signals. The receiver is implemented with a commercial AD converter and
software. The receiver performance is demonstrated by receiving the real signals.

Keyword : GNSS, GPS, GLONASS, direct RF sampling, multiband receiver
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Fig. 1. Structure of the direct RF sampling receiver for multiband GNSS signals
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Table 1. Specification of GPS L1, GLONASS G1 and G2 signals
. . Chip rate Data rate Bandwidth Carrier frequency
System Signal Modulation (Mcps) (bps) (MHz) (MHz)
GPS L1 C/A CDMA/BPSK 1.023 50 2.046 1575.42
G1 FDMA/SS/BPSK 0.511 50 8.4375 1598.0625 ~ 1605.375
GLONASS
G2 FDMA/SS/BPSK 0.511 50 6.5625 1242.9375 ~ 1248.625
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pmm—
= GLONASS-L2
r GLONASS-L1
~ Allowable sampling frequency
| | | | | | | | | |
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Freq. (MHz)

T2l 2. GPS L1, GLONASS G1, G2 Z+ 4150 T3t 7155t RF EE28} o #e)
Fig. 2. Allowable sampling frequency ranges for direct RF sampling of GPS L1, GLONASS G1 and G2 signals
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Table 3. Intermediate frequencies after 9:1 decimation

Signal Jf 17 before decimation [ 1 after decimation
(MHz) (MH2)
L1 390.66 46.2469
G1 364.08 72.8269
G2 720.08 64.7198
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Table 4. Intermediate frequencies after frequency translation

Translation [ 17 before [ 1r after

Signal frequency translation translation
(MHz) (MHz) (MHz)
L1 -32.5939 46.2469 13.6530
G1 -59.1739 72.8269 13.6530
G2 -51.0668 64.7198 13.6530

(b)

T2l 5. (a) RF EEa Fo| AHERDL (b) 215 Fo| AHEH HYX|
Fig. 5. Spectrums of the signals (a) after AD conversion, and (b) after decimation
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Table 5. Center frequencies and bandwidths of the second BPFs

Filter Cente(l'Nll‘rHe;)uency Ba(rl:/cli;vzic)ith Passband signal
BPF4 13.6530 6 L1
BPF5 13.6530 9 G1
BPF6 13.6530 8 G2
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Fig. 7. Spectrum of the output of the AD converter
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Table 6. Results of the receiver test for L1, G1 and G2 signals

GNSS . Peak value | Code phase | Doppler shift
signal Satelites (<104 (chips) (Hz)
PRN #1 13.1483 3500 13200
PRN #3 12.1563 6500 600
PRN #4 4.1056 3000 11100
GPS L1
PRN #11 11.0357 3500 11200
PRN #28 5.5796 6000 12400
PRN #32 4.5430 4000 3800
Ch #-5 2.3261 48700 25
Ch #-3 2.9871 29000 18
GLO(;ASS Ch #1 5.3340 27000 25
Ch #3 21.0215 44000 21
Ch #6 27.5315 51000 15
Ch #-1 7.5222 27000 3
Ch #-2 5.1441 18000 2
GLONASS Ch #3 4.5389 44000 8
G2 Ch #6 5.6555 28000 9
Ch #3 2.2862 51000 11
Ch #5 3.5233 48000 1

Correlation

10

Doppler shift o

J2! 10. Mol SRS AIMS o] AIZE (a) L1 PRN #1 (b) G1 Ch #6 (c) G2 Ch #-1
Fig. 10. Correlation functions of spreading codes and the received signals for (a) L1 PRN #1 (b) G1 Ch #6 and (c) G2 Ch #-1 signals
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Fig. 11. Maximum correlation value of L1 PRN #1 as a function of time
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