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ABSTRACT

As the importance of GNSS system increases, the necessity of independent system is increased also. When
the independent GNSS system is required, GNSS signal design is necessary with requirement definition. This
paper suggests the design method of GNSS signal using the analysis result of receiver performance. First, the
candidates are defined based on the design elements. Then the receiver performance of the candidates is
analyzed based on the performance evaluation parameters. The weights of performance evaluation parameter are
defined in order to consider the receiver performance in a various aspects. Finally, the calculation of normalized
performance evaluation parameters and weights are derived to obtain the compared value for signal selection.
Spreading code, modulation method and carrier frequency are considered as design parameters. Also, correlation

width, DLL-PLL thermal noise jitter, frequency bandwidth and side lobe peak ratio are considered as
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performance evaluation parameters. And positioning performance, robustness to noise, bandwidth efficiency are

considered as the performance aspects. This paper analyzes the performance of each candidate using software

based simulator and suggest the method to compare objectively the performance of each candidates.
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Table 1. Structure of established GNSS signal

sgs Az | Az de | w4 FueMEZ SERE 4 3=
L1 1575.42 BPSK C/A
GPS L2C 1227.60 BPSK CM, CL
L5 1176.45 QPSK L5-1, L5-Q
ELB
.
El 1575.42 QPSK + CBOC fic
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1l Ela-
Galileo E5 1176.45 QPSK + AIBOC a-Q
ElbI
Elb-Q
C 5019.86 - -
L1 1575.42 BPSK C/A
L2C 1227.60 BPSK CM, CL
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L5 1176.45 BPSK RS
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Table 2. Design factors of GNSS signal
=] =i 2] AL
At = Wz 7] & S A ASE
ik F3<*[MHz] [MHz]
BPSK(1) 1575.42
BOC(1,1)
C/A L-band 1227.6
Kasami BOC(5,1) 1.023
asami
b QPSK 1176.45 5.115
MSK . 10.230
CM/CL S-band 2492.08
GMSK
OFDM C-band 5019.86 (5010~5030)
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Table 3. Performance evaluation parameter
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able 5. The performance evaluation parameters of each candidate signal

FET s HJ7 A%
S} A Zri}i: Aoz H DLL 24k ¢ PLL 45 #/H]
F= AL _ ] ~ [chip] [m]
i [chip] AR
[MHz] (C/NO = 45dB) (C/NO = 45dB)
C/A BPSK(1) L 2 2.046 -13.94 0.0282 0.4930
C/A BPSK(1) S 2 2.046 -13.65 0.0280 0.3096
C/A BPSK(1) C 2 2.046 -14.22 0.0284 0.1561
C/A BOC(1,1) L 0.5157 4.092 -9.984 0.0161 0.4888
C/A BOC(1,1) S 0.5157 4.092 -9.825 0.0161 0.3082
C/A BOC(1,1) C 0.5 4.092 -9.825 0.0162 0.1540
C/A BOC(5,1) L 0.09376 7.713 -12.73 0.0065 0.4921
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Kasami BPSK(1) L 1.9376 2.046 -12.26 0.0279 0.4891
Kasami BPSK(1) S 1.9376 2.046 -12.47 0.0275 0.3049
Kasami BPSK(1) C 1.9532 2.046 -12.69 0.0280 0.1541
Kasami BOC(1,1) L 0.5312 4.092 -11.37 0.0171 0.5175
Kasami BOC(1,1) S 0.5469 4.092 -11.27 0.0169 0.3234
Kasami BOC(1,1) C 0.5469 4.092 -11.19 0.0170 0.1615
Kasami BOC(5,1) L 0.09376 7.713 -11.57 0.0068 0.5163
Kasami BOC(5,1) S 0.09376 7.713 -12.03 0.0067 0.3249
Kasami BOC(5,1) C 0.09376 7.713 -11.57 0.0068 0.1619
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Table 6. Normalized performance evaluation parameter

FRT e 7L A%
Fope | g IT fopmgw  DUESEEAEPLL 9US AH
Eil= kvl o . = oo [chip] [m]
o [chip] [MHz] s=E (C/NO = 45dB) (C/NO = 45dB)
C/A BPSK(1) L 0 1 0.9363 0.0091 0.0674
C/A BPSK(1) S 0 1 0.8703 0.0182 0.5719
C/A BPSK(1) C 0 1 1 0 0.9942
C/A BOC(,1) L 0.7787 0.639 0.0362 0.5591 0.0790
C/A BOC(1,1) S 0.7787 0.639 0 0.5591 0.5758
C/A BOC(1,1) C 0.7869 0.639 0 0.5545 1
C/A BOC(,1) L 1 0 0.661 0.9955 0.0699
C/A BOC(,1) S 1 0 0.8248 1 0.5849
C/A BOC(,1) C 1 0 0.6724 0.9955 0.9975
Kasami BPSK(1) L 0.0327 1 0.554 0.0227 0.0781
Kasami BPSK(1) S 0.0327 1 0.6018 0.0409 0.5849
Kasami BPSK(1) C 0.0245 1 0.6519 0.0182 0.9997
Kasami BOC(1,1) L 0.7705 0.639 0.3515 0.5136 0
Kasami BOC(1,1) S 0.7623 0.639 0.3288 0.5227 0.5340
Kasami BOC(1,1) C 0.7623 0.639 0.3106 0.5182 0.9794
Kasami BOC(5,1) L 1 0 0.397 0.9818 0.0033
Kasami BOC(,1) S 1 0 0.5017 0.9864 0.5298
Kasami BOC(5,1) C 1 0 0.397 0.9818 0.9783
Yo AR 4B} e Algel wlsle] wEh S5 4 oleh ma Al AN HER wele] A%
e melr) ole} o] Aldal $xe) wmE AT AWFoss A& okl we uch A
Ee) AE FRT F M 950 AEE 2T ARE AT 4 ook B ohle) ek 24
T slern, 54 Alse] s AdHen et Aol Al s AAHeR w3tz & A
7.4 AE FRo AS vzt
Table 7. The compared Value of each candidate signal
FRT s wlagk
"Iz—j']"q\— = A 5 )
SAs] e Lt el 91 A5 Aol gk 7helA o] 284
C/A BPSK(1) L 0.2141 0.4917 0.8283
C/A BPSK(1) S 0.3373 0.5266 0.8276
C/A BPSK(1) C 0.4486 0.5994 0.8997
C/A BOC(1,1) L 0.4277 0.4662 0.3729
C/A BOC(1,1) S 0.5483 0.5069 0.3832
C/A BOC(1,1) C 0.6537 0.5513 0.4046
C/A BOC(,1) L 0.6318 0.5718 0.3677
C/A BOC(5,1) S 0.7787 0.6646 0.4592
C/A BOC(,1) C 0.8648 0.6674 0.4186
Kasami BPSK(1) L 0.1889 0.4084 0.6783
Kasami BPSK(1) S 0.3277 0.4728 0.7236
Kasami BPSK(1) C 0.4261 0.5221 0.7629
Kasami BOC(1,1) L 0.4201 0.5301 0.4924
Kasami BOC(1,1) S 0.5537 0.5763 0.5100
Kasami BOC(1,1) C 0.6614 0.6159 0.5248
Kasami BOC(5,1) L 0.5832 0.4978 0.2581
Kasami BOC(5,1) S 0.7272 0.5770 0.3265
Kasami BOC(5,1) C 0.8270 0.5953 0.3068
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