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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
Ay A=H Az A HkE3} 312 [MHz] Wz 71y it ==
L1 1575.42 BPSK C/A
GPS L2C 1227.60 BPSK CM, CL
L5 1176.45 QPSK L5, L5-Q
El-B
El 1575.42 QPSK + CBOC ElC
Ela-I
Galileo Ela-Q
ES 1176.45 QPSK + AlItBOC Elbl
E1b-Q
C 5019.86 - -
L1 1575.42 BPSK C/A
L2C 1227.60 BPSK CM, CL
QZSS L5 1176.45 QPSK L5, L5-Q
LEX 1278.75 QPSK + CBOC 2
SPS
L5 1176.45 BPSK RS
RS-P
IRNSS SPS
S 2492.08 BPSK + BOC RS
RS-P
Zol7] wiiel wrt wEg EAS S8t dn A £ GPS L1 ¥ L2 AlZelx &A) o]gst 9=
Al gzel digh e A S sisich HE 7lgelw, BOC W= 7Y o] GPS %
AT TR AAlase] 3o gHE IS 5 Galileool|4] FH93HA AHS-=]aL 9ok
glovl, ¥ EFE AE FRE A 2 W Lol dee] s1gAlESel o) gsta
Kasami =, BPSK % BOC Wx7|¥, 183 L, = T oAt W AsER gl ¥
S, €9l Al 7] Fuk g l uhE F3o RN A E3}p Adeolw, 1A EA ] Mo w s Al
AL & i LE A9 52 7). 5 54l Aol oledge] AR 4 ek o]F =
Ol TEE Gold F= A SIS olgslel & wAew WAl Aane dska sl s
Eojxl meE A GPS L1 AlZlA] ]»& = o] Aoz Fulr 7o) = e} EH"—:‘.% 5

ofml, FHsp| A3 AR
< 7B Kasami =9 A9 CJA FTH
o} Al EXo] 0/\3]-01] Az 35 A Hr) f2

olom, dHol QzSSellx AMg- Folr}

2 A W AREgE WHx 7|9 & BPSK

) _ﬂ éz‘;o Jx]/ka /‘11 /\474]
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EAJo] =3t =&

~T—ﬂ L e

s e 2 C el

Gahleo‘ﬂl/ﬂ yHEGE T o

daAdo] gtk olo we} % 294 F
ol A 7} EH"%‘H 2 379 akeaE A
He] 79 GPS L1 Al37} 2 T3
747} IRNSS

% st

=1

Table 2. Design factors of GNSS 51gna1
Bl 2] AL
g 3= wz 74 i —— i AEE
ik F3<*[MHz] [MHz]
BPSK(D) 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 4. Weight of each performance side
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Table 3. Performance evaluation parameter
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Hﬂﬁ‘dhi*ﬂi 27 o2 SRMe 4 AEE
LEEshe ekl EH 3t A8k

%-?4 91 - A 2okt 91 %‘3
el Z‘Xé&% ° f% Fo vl H7F #]3#<] DL
PLL 3t AHe 7eAs =7 A »gg]}
stk 1 FellM= DLL AJEl= xpA=]el 23
o= HidEEE Y Al Hrp & 9% vl
ok webd A A e 1= AR A
0.49] F& 75 Foslsich w3k PLL AE]€]
A ksl 1 SAAE ARk Alle] A
2 59 Aol 2 %S TIAEE 0259 A
= B L s L e o L e e A S S AR

= Fo4 AlelegH DLL 24+ PLL g%
LR SR 2 A|E
239 A% 0.15 0.1 0.1 0.4 0.25
Frrell g A4 0.3 0.25 0.25 0.1 0.1
Ny FgA 0.05 0.45 0.4 0.05 0.05
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CA-BPSK(1)-C
CA-BOC(1,1)-L

&— CA-BOC(1,1)-S |.
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—A— CA-BOC(5,1)-L
—&— CA-BOC(5,1)-S [

Tracking jitter [chip]

(¢) DLL <x+& #|H

a2 2 gA 2= AR A MEY W Fee dele) ge

Fig. 2. The receiver performance
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E 5 Fuel wE Ae W7k A%
Table 5. The performance evaluation parameters of each candidate signal

FRE e H7 AR
=l [SEFAN-N J 2]
Fo | AR TJ]T Alol=gH DLL <3 A8l PLL 4ks A8
A Wz . % N [chip] [m]
I [chip] e
[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

C/A BOC(5,1) S 0.09376 7.713 -13.45 0.0064 0.3096

C/A BOC(5,1) C 0.09376 7.713 -12.78 0.0065 0.1549
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(L,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
TAE Heloem, PLL dxhs AEe] 79 vy webr] o] F5 A AR oo A
FI7F =2 C H AS FHITeA G2 A off thal Wr} Al B =teis B A
= Esick £ 1, =2 FHE 022 A3} sisich w3k A%

Ao s o we A A3 Wik =2 = T diddeld WEElS o SLE A AE
A dgkor), Alo|lEgd dF8L FHT Bl A oM Azt 2= Tk dgSe] F25, 1
e oo} Ak A3E wodr) BPSK() Gl Aol Aol ke de el
BOC(5,1) W* 7> Kasami F=3 #-831505 SR i S o) PP REREAC 74%‘ F e A%
we] o] e el QA T=E L3S G $AF 0, B AT 108 A8 s
W rh AskEslert, BOC(1,1) Hx 7ol Ae DLL 9%e #g] 2 PLL 9% % e 247}
< EE AfelE Bl Zh= 2 orjstee 92 AE 1, w2 A

2744 AeJgh ulel 2o Alse] e Al 7h = 1% oduks} 3ok
A SHelA H7H o glem, Ao Aes 7k T % 6ol 7AE HeomA AE TR
2ol 2l Frlelr] flsle] 4 FR AT}z o] vlaE g vk & =wellie & 49
e AEe dbsbd S oA Aesisich o] A Aejt 7]k %‘t&i‘r% e AR wE
of me A% Wb AfE E e ek 3 F A Ao 2 1 N5 AE

ATE A £ soll ekl A% AEh 2 e vlagie EEseh ol Wl 2 Als Fao) 5
54 e el gez AarEl sisick old B = 9] s, Al Wid 7, W EEACAM A
o] FHl A Wikl AAE flEiA Bk S 7H A= & 73 2k
o]a WM A zlelE vekd 5 e st 591 s 2 ARl Wi’ Al SHelA =
He7E Adteiciar shddsiolct. wheby 7R defsh o C Hdellx] C/A F=2} BOCES,1) WE 714+
@t P =Rt 3 A 03 12 Aok o]g3te] AT Azl FHoem M
0~12] W9 Hellx] 2+ A5 1) Aso] Z= 4 Aes BYS & 5 odvk 3 Ao 284 S
Al g Aarshd o= Aelsisick M= C ddellx C/A = 2 BPSK(1) = 7]
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Table 6. Normalized performance evaluation parameter

Fr s W71 Ax
Zg | A %ﬂﬂ—? o]z DLL ‘E%?‘% A PLL 945 #[E
A= Hz7H o . 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(1,1) 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(5,1) L 1 0 0.661 0.9955 0.0699
C/A BOC(5,1) S 1 0 0.8248 1 0.5849
C/A BOC(5,1) 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(5,1) S 1 0 0.5017 0.9864 0.5298
Kasami BOC(5,1) C 1 0 0.397 0.9818 0.9783
He ARSRE Alert g Algel wlste] ®Hrl $e3h 9k w3 A Aes HERE aEsEe] s
Aes Eorh olef o] AiAQl Fxo wlaE g AAFFoEZH AL Foldl ulet X}l A3k
T3 Az FRT F P s AsE =2 AsE AAE 4 ook Wk ofz} tekgt Sl
T 3oH, 54 Ao Hes ARHow Fried el Al Aes AA-eR yEstaal & 735
E 7 7 Als FHe| A vlagk
Table 7. The compared Value of each candidate signal
FRF A% Wl
"Iz—j']"q\— = A 5 )
= L el =91 A5 Fhgell gt 714 o 584
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(5,1) L 0.6318 0.5718 0.3677
C/A BOC(5,1) S 0.7787 0.6646 0.4592
C/A BOC(5,1) 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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