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ABSTRACT

Modernized GNSS signal structures tend to use tiered codes, and all GNSSs use binary codes as secondary codes. However,
recently, signals using polyphase codes such as Zadoff-Chu sequence have been proposed, and are expected to be utilized in
GNSS. For example, there is Tiered Differential Polyphase Code (TDPC) using polyphase code as secondary code. In TDPC,
the phase of secondary code changes every one period of the primary code and a time-variant error is added to the carrier
tracking error, so carrier tracking ambiguity exists until the secondary code phase is found. Since the carrier tracking ambiguity
cannot be solved using the general GNSS receiver architecture, a new receiver architecture is required. Therefore, in this paper,
we describe the carrier tracking ambiguity and its cause in signal tracking, and propose a receiver structure that can solve it.
In order to prove the proposed receiver structure, we provide three signal tracking results. The first is the differential decoding
result (secondary code sync) using the general GNSS receiver structure and the proposed receiver structure. The second is the
1Q diagram before and after multiplying the secondary code demodulation when carrier tracking ambiguity is solved using
the proposed receiver structure. The third is the carrier tracking result of the legacy GPS (L1 C/A) signal and the signal using
TDPC.
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1. INTRODUCTION 2 ahy A7 T AE FE 2 187 Ao WA
T 2+ BZAARRHS Z5kslar 9Tt (Shanmugam et al. 2008). ©]

AA]F AT HAIAE (Global Navigation Satellite System, Zo]|A] primary code®} secondary codeE FAIE A& FTo
GNSS)& HI7kHE = =18 Al5 & &3] Position, Navigation, 2L FH AR 28521 GNSS 415 9] secondary code:= B

Timing (PNT) A X E A|&stch & Q] GNSSEE n|t9] = binary codeE AFESICE of| & 5%, NH code (BDS BlI, B3I)
GPS, #AJo}2] GLONASS, 8-3913to] GALILEO 18|11 &=+ 9} 7+2 short code T+ truncated Weil code (BDS BIC)2} Z+-&
o] BDS7} itk dtalel GNSS Als = glolg gl Ag, Sk long code”} 91t} (BeiDou ICD 2018a, 2018b, 2019). Binary code
9]of| = polyphase codeZ secondary code 2 AFg-5le] = A|Qto]
Ak (Kim et al. 2014, Han et al. 2017).

Kim et al. (2014)0] A|2Fst tiered polyphase code (TPC)&=
Zadoff-Chu sequenceZ secondary code® A}235}31, binary
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Table 1. Advantages and disadvantages according to secondary code.

Planner Advantage Disadvantage

Binary Simple signal tracking structure Vulnerable to frequency error
code
TPC Robust to frequency error
Secondary code synchronization
performance
TDPC Resolving frequency ambiguity ~Complex signal tracking
and same as TPC structure and carrier tracking
ambiguity in signal tracking

Frequency ambiguity

(TDPC)E A|eF519it}. Binary code, TPC, 12|31 TDPC2] At
%42 Table 1¢] % =|5]15]ct.

Han et al. (2017)0] #]|2}Fst TDPC+= Zadoff-Chu sequence &
2 535} sl9d ot AR Eo35)sH Zadoff-Chu sequence
o] EAS OE o]&S 4 gQlt}. Zadoff-Chu sequence+
Constant Amplitude Zero Auto-Correlation (CAZAC) EA4J
S 7ML gleng HiQl HAE AlLlstas BF Atgie] 0
ol EAL 7}A 11 it} wlEkA NH code T+ memory codeE
secondary code& ©]|&5l= A5 o] H|5} secondary code &
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Fig. 1. Hierarchical structure of navigation messages and secondary and
primary codes.

H =Fojx] A}&35l= TDPCE secondary codeo| L&
4} GNSS 415+ legacy GPS (L1 C/A) Al5.9] C/A codee} &
H AR S AFgSHE Ao g 7St &, legacy GPS A5
o] secondary code& TDPCE Z7}3st Aoltt o mHA]#],
secondary code, primary code?] A& X+ Fig. 13} 4t}

Legacy GPS 415.9] g w|x[x]2} C/A coded AHESh= A
o= AT A B 4] (3} Zo] mAF

s(t)=NPD(0)C,(OC, () exp{ j(27 ft +0)} Q)

A7IA P A3 A, D)= T HolE, C ()& primary
code, C,(1)= secondary code, f&= Wrul Fulg 9= Hidul}
She olmlatet.

TDPC+= t}2 GNSS2] short secondary codef} FU5}HA|
primary code 1 &7]7} secondary code 1 chip duration} %=
5}ta1, secondary code 1 7|7} data 1 bit durationy} S s}
L2 Ag3ith 222 E legacy GPS| C/A code F7]¢1 1 ms
o] secondary code 1 chip®]il, secondary code?] 3] &< 1
keps7F Elok, 18] 1 SPHHA]A] 1 bit durationo] 20 mso| 2 &
secondary code Zdo]+&= 2022 71435} TDPCE Zadoff-Chu
sequenceQ]l TPCE o]&s}o] AJAIsic}h o7} ¢l Zadoff-Chu
sequence 4] (2)¢} Zro] LT 4= Gtk (Chu 1972).

a, =exp{ja,} k=01, N-1 @
61714 @, &= Zadoff-Chu sequence, ¢, & Zadoff-Chu sequence
o] 9JAFS olu]sic}. Zadoff-Chu sequence?] £JARS Zo]7} &
1A #4120 what a2 =l A= primary code
o} 3hH WA R & 1125}e] secondary code?] Zdo|E 2002 7}
Asle g Al 3z Zro] Zol7} Br4=¢1 Zadoff-Chu sequenceE
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Fig. 5. Differential decoding result (proposed receiver structure).
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