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ABSTRACT

In this paper, various modulation techniques, including the legacy Global Navigation Satellite System (GNSS) signal
modulation techniques, are introduced and the spectral characteristics and correlation characteristics of signals with various
modulation techniques are analyzed based on numerical simulation. With the development of various GNSS services, the
limited frequency band has become increasingly saturated, and issues of interoperability and compatibility have emerged in
the new GNSS design. Since the efficient allocation of frequency resources is closely related to spectrum design, modulation
techniques are one of the important signal design parameters of new signal design. Signal modulation techniques are closely
related to various figure of merits (FoMs) as well as spectrum characteristic, and in some cases there is a complicated trade-
off between FoMs. Thus, the FoMs associated with modulation technology should be analyzed and the best signal candidates
should be chosen carefully via the trade-off analysis for FoMs. In this paper, we define the modulation technique based
on Phase Shift Keying (PSK), Binary Offset Carrier (BOC) and Continuous Phase Modulation (CPM) for the design of KPS
signals, and the FoMs of signals in terms of spectrum and correlation function are evaluated. Signals with various modulation
techniques are implemented through a numerical simulation, and the relevant FoMs are analyzed.

Keywords: modulation, figure of merits, spectrum property, correlation property, Korean positioning system

1. INTRODUCTION

B 2] 9] ok A]AHE] (GNSS: Global Navigation Satellite
System): 914 0 2HE] SAIE| = A5 S ALk} AL} 9]
A% Aiksln TR o] A8 A AT AHlAS A EeHe A
< HX o2 et z]x9] GNSSE 1960A v]=oflA] 7fkst
Global Positioning System (GPS)o|ui, Z7|ofl&= A B4 o
2 ARgEQl o) 2000 59 Selective Availability7} HA] =] H
A W17Fl A = GPSE £ v]w& 4 w3} Positioning, Velocity,
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Timing (PVT) AJH]AE 0] &5}

GPS7} 7Nl % B} 957 REL S2HQ) ONSSE 755}
o 7] 740l Uit 2Alob= GPSE thadntE 49 GLObal
Navigation Satellite System (GLONASS)Z} &2]& Ex}4Ql
ONSSE T, 7 HE olo] 47Tl Galileo A|AE]
o] L= At T2 F 39All AX BeiDou A|ARS 7Es}
qAc}. 27] BALlAE o] $hIahY A4 (RNSS: Regional
Navigation Satellite System) F+&& S22 5}9 o0 2| Lojl=
ohAle} 43S B H 0.2 WAlsbHA] HA1HQ) GNSSE %}
%Aeh. AR FHobAloh Wl 5 o1 thAFO.E T AbA] RNSS
¢1 Quasi-Zenith Satellite System (QZSS)& L=3}9th Q1=
T3 A} B B AH|A B2 0 2 2}3a] RNSS¢I Navigation
Indian Constellation (NAVIC)-S 7iils}Qit}. o]2]sh SAflof u}
2} gl=+ 9 A] Korea Positioning System (KPS)z} £2]&= =217
Q1 9148 g AlA"E 20349712 7 o g o]tk (GPS World
Staff 2018).

o]} o] thefek GNSS 3 RNSS7} 52l wat =4 9173
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Fig. 1. A drawback of the HDD-based navigation system.

S Q)915] (ICG: International Committee on GNSS)= Ars

247 (interoperability) 2 S 34 (compatibility)2 % &]s}o] o]

2 AElASe] ZES BRI &, GPS A 2710 1

=2 o NEL J5AeEe] BHAR A, 2L GNSS I

RNSS 415 Aol FEH 1 Ut} 1 5, 53432 B AJARITE

& Eole 4508 Aoun 41559 AHEY Feida}
=x

AR e, G2, O7S oI F 54 WAzl 4
31

=4 ZHJ

(PSK Phase Shift Keymg)% AFESE 7] Wl 2o
F3alel Galileo 4139 A& $4 o2 5E E84]7]7]
25t o)X @ 3Al wtLul (BOC: Binary Offset Carrier) X7}
ARFE AL (Betz 2001), 7HE AJAR] 7k 2| A 4HE F8) =I5}
I A5 EA e SRS o] 2r1- o8 Tk o]F 9 A uh
43} (MBOC: Multiplexed Binary Offset Carrier) HZ7} 7=
o] Galileo, BeiDou 2! GPS2] At A5 HZR7|H o 2 ALLE]
At} (Hein et al. 2006). 4&2] QZSS 415+ 7]& GPS 4159}
e B AHER S ZIE 8 AAE O HER FE Hol
B2 (CSK: Code Shift Keying)2 E3] =2 o] A4 &2
Zk=t} (Garcia-Pena et al. 2015).

HH, Lol M =slge] wet Fig. 13} Zo] =A41:1715
41913} (ITU: International Telecommunication Union)-& 2483.5
MHz HE] 2500 MHz 7}2] 2] Stjjed, 5010 MHzX-E] 5030 MHz
A9 Cefel 27bEQl PHAAT oo FFslgic. of
ol afet seHedell 4 GNSS @ RNSS a4l ek A7k 1%
E A3 (Soualle et al. 2011), Ctie] o] &g BFQka} At of of
Sk A7) &3] YAt (Won et al. 2008). x| A& o
2L 0l% 9] NAVIC Al 57} Sthddof =] o] ¢ltt 7]&9] L
o3} thA) Sthele Tharsk 41 AlARe] Aol ol 9
7] whio] ofe] B4l AlAmlake] 7Hdel] That AbAlEH BAlo] &
Jr=EIt} (Mateu et al. 2009). Ctdoa]s= 20 MHz2] §tfjedo]

= AIgkz A wla} 914 YA HZ (CPM: Continuous Phase
Modulation)9} 2+ AHE & §-& AFoflA] o & ZH= R
Ho| A28 GNSS 415 HR7|H o2 AotE 7| & 519t (Xue
et al. 2015). T3+ 7]&9] CPMI} t}27], =& ¥R X}45 o]&
a1 BOC 138} 2to] M= el )7l eled ek e
7} 219 =|9dch (Su et al, 2013). Lejed o]e] o] the] Abg-e Amle
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% TR oz} gyl ARle] WA At Bao] ol
of| o]of thot A& A o7 BAs)=

t} (Avila- Rodrlguez et al. 2007).

olo} 7ro] A& GNSS 4158 AAT o, T34 ol
aspn Bd o2 SRANG Solt A& BH0T U 44l
Ch R WAL ATEYE olUe Al50] ABEAClE JTF
5%)7] Wil ole} Zweo] A 2|4 (FoM, Figure of Meri)®

Badsfof b} o] sk o2, Galileo 415 A1) 27]0] 28
d ¥ 5 Aes 28012 2p71448E4 (autocorrelation),
Q1 o33 (pull-in-range), tFE=7d & @ 2} (multipath error)s 4=
7] £He] FoMg #Aste] £ 8 4S5 A5t (Betz &
Goldstein 2002).

A, OhA] AGT AFE2 oo E

S5 7Hyste] siAA 0 &2 FoMS #AI5ITH
GNSS 415 = Pseudo Random Noise (PRN) &
93] o]AFA 0]x] ¢k7] ufjFof sjAdA o 2 BT A
T 5233} zfol7} Qlet. wbA] 27 o] whE FoM &
A GNSS A1 5.9} FAREAISE 28 0 2 AY4dstar, Tof u}
55 wAsloF Bt

wEbA] 2 =ollAle T A A
R R HZE I 9 o]of] whE FoME 4
2%l A= 715 GNSS AlGof AHg ARzt
BOC, MBOC ¥z A5 0] ot 4=%]
o] GNSS A150] A48 4 9l CP
2 731418 Aot} 3o AT
ot 248 4 Sl o8] FoMo "HEH
P ISESAEES ISV R E~H A17]] PRN
Aste] £2]H 02 AAISE 415 9] FoM&
o]| }E of2] FoME2] Trade-offE AAJA o
o2 SPAE Y AT uhgoz o
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2. GNSS SIGNAL MODULATION
TECHNIQUE

#Z] o] thak Aol hAL, GNSS AlZ0] A4 el 2 72
& WA 7ok, ol g uiRte 2 WY o] Wew Fe

MAES Aotk 1 F A% A FPefol ©hE WAy o
MzE A50] $314 BE A

2.1 GNSS Signal Architecture

GNSS 418 Fx+= 2l AL Q] IEjH o] A Ho] £A4]
(Interface Control Document, ICD)Oﬂ A olx]o] 1t} GNSS
As e N HAA], G4 1, iETE Y (Misra &
Enge 2006). Fig. 2= dF2¢] GNSS ﬂg«] A B2 T o)
GNSS 215 = A& A4} (Symbol Mapping), tfed skAF (Spread
Spectrum), A X (Pulse modulate), S}~ AlsF H3} (Up
Conversion) =0 & AAJ =T}



Symbol Mapping

Spread Spectrum
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Pulse modulate Up Conversion

Ny o
/ Adn R1T Vi Waveform s1(8) ®
1/Tc Generator
/ Icos(anat +6o)
B « g
InfoLrir::tion /P | mae n Carrier & sgp(t)
1/Tp 1/T Generator Generator
(Q)l (@) 90 1'(2 fot +65)
Q sin(2mf, o
/ bn Ck Vi Waveform Sq ()
R1T ® ®
1/T, Generator

Fig. 2. Typical GNSS signal generation diagram.

Al A e Elole AE S=7F VT, B Al

o 4
& el At o LEl kst 48 4
3| Alg

= ol 2719} 94

a, = A- exp[]ZTl'k/M + goff] =an +jbn:
k=01,,M-1 )

2 AlE (Complex Symbol), a,, b, ZHz¢
o 5, 0,0 AEe] $ e Aot &
2 MX A% 4159 3 AE-2 Ny=log, M7HS] 5 HIAIA] HIE
O HE A SE7HVTE, &

bt
Bl
o
22,
B ox
r

.—“~
=
™
2
op
>,
}OI'

sy
159] chel & ST ol
1
'C

AN 22 A e

1:1—% Fe2E e} FE7FAHYo| 22 PRN FAFR=IC o
o g9 2y, = Eq. (2)9F At
n _ LD
Vi o = Ak/RI " Cmod(k/N)
@ _ @
Yie” = bisr) " Crnod (k/N) (2)

o]7] 4] R EHAF 1%} (Spreading Factor)& T/T.0|H, T= PRN
FE=9o] ] F7], N& PRN ZE9] 31 F7]9] 3] Aj4o|c}. upg &
S AT F A A & onlskal, mode A4 Aol ot
w2 & ojulgict,
HaA Rt o] kg AR A|FAS A7R)
Ao 2 WHelkslket 18] AA17] (Waveform Generator)= HR

whe} b2 alee] Skl e ZHech WA Mz BAlY] 29

<
l

flo X ok
ok

e}

>
)
my
kv

a(t)-Z gt~ k)
sQ(t)—Z @ ge —kT) 3

37| gD T+ YA 7oA AT 5 DA (transmission

pulse)olti (1), so()E 22 7| 2 A5 (baseband
complex signal)©] A<= (Real)}, 514> (Imaginary)s-o]n] z+z} [
20'd (In-Phase), Q 20'd (Quadrature-Phase)o|2} ot

upxate @ Fuhg ARG S ACIAL, Tt 158
£ A Fuk4 o (Radio-Frequency Band)g_% AYeF W XSk
Fahae 43 Wel TAle] 3202 Bq. (412} 2.

sgr(t) = 5;(t) - cos2mfot + 0) + 5¢(t) - sin(Rmfot + 6,) (4)
o714 foe BEETF Fab4 (carrier frequency), Op= WHEIHE] 2
7] $hape olmgict.

2.2 Phase Shift Keying

2 TS Abgshe, WA GNSS Az

= iz 7] golek 1A telol A PSK 415

Fig. 29} Zro] A3 # el GNSS A5 A EEL & u}2c} PSK
Al 0] F4 B g Eq, (59 2.

t—TC/Z]

g(t) = rect T.

®

2.3 Binary Offset Carrier Modulation

437 setulelo] we} 415.2) o

BOC Wiz Srjle] Sgs 4
7 4 9l MR IR0}, A1 The}

A& ol F&ofl J5Al

U1E £ Eq. (6)3 Zh

= E n= fe (6)
fa fa
37| A] fi= FHET} (subcarrier) Ty, fi= PRN FE9] 3] &
5, £ 7]% Fu}4 1,023 MHzo |tk BOC & 415 BOC(m,n)
° 2 277k
BOC Mz 415.9] A ¥z @7 |= PSK ¥Hx9] 7941 Eq.
(3)3} 2Fo]7} itk BOC Wiz 4159 HA M\ B Z3}= Eq.

(1)} e,
5i(0) = Y v+ (~D)Vsoc - g(¢ — KT,)
k
se(®) = )yl (~DMoc (e kT (7)
k
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Information Vi 0 s(t)
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Fig. 3. Spread spectrum continuous phase modulated signal generation diagram.

17| A] Nyoe BOC HiZ 415 9] H1Z 2|4+ (modulation order),
g BOC Hx 41 5.0] M4 HAolm ZH2F Egs. (8-9)¢F et

, NEN (8)

g(@) = sign[sin(2rf;t)] or sign[cos(2nf;t)], 0 <t < T, (9)

Eq. (9)ollA HE BA0] Fefjof] whe} BOC,, M2, BOC,,, HE
2t gk

BOC Hz7WHolls A& thE F34=9] subcarriers 2H= +
BOC 4135 A% MBOC H2E 4 9|3 4~ Qlth. MBOC(m, n,
p) MZE A5 BOC(m, n) % 4159} BOC(n, n) M2 4159
7V o2 Eq. 10)2 2t

Supocimmnp)(t) = (1 = P)Sgocinn) () + PSpoctnmy(@)  (10)

1714 pi= BOC(n, ) 15.2] 71532 ofujslo] 0<p<lo]c.

2.4 Continuous Phase Modulation
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ZHAEEE T ohe T ALY AUy, 0k T
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Table 1. General frequency pulse.

Type Frequency pulse g (t)
1
— 0<t<ILT
LREC  g(t) = {ZLT for
0 otherwise

L 2T ror0 <t < LT
_— — CO0S —— or S s
IRC  g(t) = {ZLT LT

0 otherwise

gt) = {Q [ZnB(t — ;)/(an)%] — [2nB(t + g)/(an)%]}

GMSK
1 o
Q(t) = —f e ¥ 2dx
2m t
59 e Q402 BT Hep 1Y 7104 4
A5He 1% BAL J1E ONSS 150] 399k O A 02 4
olEt}. CPM 415 9] 73 A7) 82 Eq Dk ek

o(t) = 2nhz a,q(t — kT,) + o (11)

== o
Y, q(t)—L— H”’ A (Phase Pulse)l:} <]
AAS A% 02 Wl SAo.2 Waksl s

a0 =l g@d={), oIl 02

71 12 Az vlue g el 3424 SHolE o
’3}J_ g(+= Fub4 BA (Frequency Pulse)oltt. Sub4
+ Eq. (12)¢} 22 A& A4S 2ttt iy o= ey
= Zub AL Table 13} Zth (Giannetti et al. 1995). ©]7]
4] L4 o] A}ztat (LREC: L-length Rectangular)+« AFzba} o
ele] Fah Waolw Sa] h=05, [=IQ] ASE 24 Wol W
Z (MSK: Minimum Shift Keying)2} $tc}. LZ o] Ak FARQIS}
(LRC: L-length Raised-Cosine)= Ar% FARIT}; e o] Fu}
4 GAE YePATE 719-AF 24 Hol iR (GMSK: Gaussian
Minimum Shift Keying)= MSK HZoj|A] 7}A]0t & &

I>”_4_|_u

:O‘Pfﬂ HZ ?jti}i h= h <104 -2 (monomodal) o] A
8 7k h > 10| A] AEESE (bimodal)e] AHE S 7H=r}

E
S'835] h=05+H, HENY w, $A Fuba @ ZAL +0.5hf 0|t



3. FIGURE OF MERIT

AHgote Wzl wek 41s

3.1 Autocorrelation Function

_¢o1 2]

A Y A5 x(t)oll thsl ACF= Eq. (13)2F Zo] 2 oJFct.
Corr(x(t),x(t)) = fmx(‘r)x(t + 17)dt = Ryx(7) (13)

Eq. (3)& ABEH Q4 EAE ol gsle] Futh QololA
Eq. (14)s} 7o) Uehd 4 9lct,
corr(x(t),x(t)) = fmx(r)x(t +1)dt = x(t) * x(=t) = FUX(HX(H] (14)
ACF9] 3 Bl 4159 dos 24T = Aok ACFOﬂH
%1 (sidelobe)o] HF (peak)7} 242 4417]2] A1 53 E (signal
acquisition) P oAl 4155 23 S 53 2HE| iOWD} e,
Holo] 7} 271548 215327 (signal tracking) T4l 7]
1 1% F3L (Delay Lock Loop, DLL)2] &5 7] (Discriminator)
&g a]So] B2Fsf|Rch ACFoA] 397 (mainlobe)2] B o]+= DLL
T 719] £21 9 (pull-in range)oll A A Q1 JFE 7]1XITh.

3.2 Autocorrelation Peak-to-Peak Ratio

Foi7 A% o] 2714 h4of 4] mainlobe peak®} ZH
A sidelobe peak®] H] (APPR: Autocorrelation Peak-to-Peak
Ratio)= Eq. (15)2} Ztt.

max{|Ryx ()|}

APPR = ——————, T & Mainlobe  (15)

RXX(O)
A5 o] Hz7|Hef whet ojE Al 5= AltfE o2 2 sidelobe
peakE ZH=th. o]2{3} sidelobe] £+ 41585 *l A& o0&

35 Z7MR

3.3 Power Spectrum Density

Power Spectrum Density)-& Eq. (16)7} Zo] ACF2] sEa]of vist
© 2 ZojHrh

Foizl A A% x(Defl gk Y Y AHEY (PSD:

Sxx(f) = F[Ryx(v)] = J-OORXX(T) e /2Ty (16)
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o). 23239 sidelobe Zof whet $417]9] theiBo] 2w,
smEg]e] BEL thE GNSS 415 Aelo] E84e] 454
g Tk

3.4 Spectral Efficiency

GNSS A159] Aee T vjelo] FFH ook ). o
gk AA| e AS= Y 2] HAF (OOBE: Out-of-Band
Emission)7} 2H485}7] wjEol] 790 mahalis Qlxtielel 7H
292 & 4 9lch OOBEZH ¥ 7hgo] Fata wayshs Ba
eI & o]l o] Futs t o] gt EQ WALE ou|Fitt. OOBE
of oJgt Al5 Al A3l= Eq. 1N o] AHEH g8 (SE:
Spectrum Efficiency)-& AlAtste] HrlE 4= lct.

oltt. eghol a5 $4l A H ol
Z =0} 131 OOBEZ} Atkal Teksh 4= otk

3.5 Spectral Separation Coefficient

B A5 1M 4AlT 7he] ABlEY B8 A4 (SSC:
Spectral Separation Coefficient)= Eq. (18)x} Zto] A o] Fc}.

Br/2
Kis = f GGy (Fdf (18)

o1714 G(f), G 1 TH =
B2 441719 3B S ofmlgich. SSC AR Al
RF A5 53M TEhe 918 ek 2 5SC 945
57} B 4150 )Xk 7MY Aol o Ak

3.6 Gabor Bandwidth

Gabor Bandwidth (GB)& GNSS Al 5.0] A A =-9 Hrls}7]
el AHE-== FoM o & 415 9] PSDe} At} GB= Eq. (19)
o} Zro] YeRdich (Kaplan & Hegarty 2006).

fZG (Hdf (19)

ojl, B 41719 P =L, G(f )= 4152] PSDE oju|sict.

2to] A15.0] PSDE b AJie] 7)o nlE 745
x] st A Es51r| wiEe], GBE E3E Root mean Square
Bandwidthel1 & Ea|n], {2 Fulpofe] 7Ptxta]of A5
Ago] JX|TF4= GBY)F 7fsly] FE 23 ASS A
% Gl RS oJulakct (Kaplan & Hegarty 2006). 7544 A
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Table 2. Modulation settings for each scenario.

Subcarrier
. . Modal Chippingrate Modulation ~ Legacy
Scenario Group  Modulation type [Mcps] frequency index GNSS
[MHz]|
A 1 BPSK Mono - - GPSLICA
B 2 1.023
C 3 BOC,, Bi 2.046 -
D 4 4.092
E 2 1.023
F 3 BOC,,, Bi 2.046 -
G 4 1.023 4.092
GPSL1C
H 2 MBOC(6,1,1/11) Bi 6.138/1.023 - Galileo
E10S
I 1 Mono 0.5
] 2 25
K 3 GMSK Bi 4.5
L 4 8.5
Table 3. Result of figure-of-merits for each scenario: numerical (analytical).
Spectral characteristic Correlation characteristic
Scenario Spectral efficiency 0O0B emission GB [MHz] APPR Mainlobe # ofsside
[dB] [%] (B,=20.46 MHz) width [chips] peak
A -0.0377(-0.0442) 0.8645(1.0127) 1.0557(1.0297) 0 2 0
B -0.1137(-0.1337) 2.5844(3.0320) 1.8271(1.7836) 0.4995 0.6667 2
C -0.2762(-0.3249) 6.1612(7.2071) 2.7955(2.7244) 0.7498 0.2858 6
D -0.7564(-0.8488) 15.9842(17.7537) 3.6173(3.5747) 0.8749 0.1333 14
E -0.1927(-0.2267) 4.3408(5.0852) 2.3606(2.3026) 0.4995 0.3999 4
F -0.4025(-0.4603) 8.8523(10.0554) 2.9995(2.9390) 0.7498 0.2222 8
G -0.8404(-0.9547) 17.5946(19.7348) 3.9883(3.9207) 0.8749 0.1176 16
H -0.1763(-0.1959) 3.9771(4.4115) 2.5826(2.3560) 0.4138 0.7043 2
I -2.6861E-7(0) 6.1951E-6(0) 0.3778(0.3726) 0 1.9952 0
J -1.8785E-7(0) 4.3254E-6(0) 1.8888(1.8629) 0.5364 0.3027 8
K -1.6601E-7(0) 3.8224E-6(2.1094E-12) 3.3999(3.3532) 0.5421 0.1666 16
L -1.4778E-4(-3.9287E-4) 3.4026E-3(9.0458E-3) 6.4217(6.3331) 0.4899 0.0905 32
e Al Fof Hl> A2 oFo] mFm) AJRo| )&ty o] A 4.1 Scenario Settings and Simulation
B3 FE F58 7Hsebl & 4 98-S etk &, GBE 4l
5] PSDE} ¥ ofLje} Fapo] T A7 sl mheol, A15.0] PSD, ACFi= WZ7] 8 obuje} 8t 3= 0] B4, 3
el Al cfelol ofie Aol Aetol Sl ek vAAS) S 59l A3 A1 sefole] <SDP- Signal Design
+ SE@H= Apol7} it Parameter)o]] QJ&FE W=t} HX7|Ho| E 1552 FoM&

4. SIMULATION RESULT

HR7Ho] whE 41559 FoM £4& 95l 415 44 Al
2o E AAsta AAIES HE AsAAd W A AlEE el
(USDST: Universal Signal Design Simulation Tool)& &-835}06] A1
52 224 02 135k} (Shin et al. 2019). USDST= A1 5484,

AN, 41712 A= o] 9lom Zhzboef| thgh thefst FoMe A4t
4 Qlot B =2oll A s Al S A IE oA x| whE g
AAS 2 9] 55 A5 whiell 2iE 2 A1 7]0f thegh 3
5 52dY 5o AlEgolA F—P‘*Q"”%"_PD} 15 AdHE Also
shod 3ol 4] AHE FoME-S AArska, AAAsE a4 2 Al
A Al Edo]E] (ASDST: Analytlcal Signal Design Simulation
Tool)E &H8s}o] o]22] A=} v|w3slth (Han & Won 2019). o]
24 Qs ﬁJsj ] ASDSTE] 4152843 Al RETHS o4
slof W] Hol W 415 2H|o] FoMg EAlseY,

H.l

ll&

https://doi.org/10.11003/JPNT.2020.9.4.293

Ba43) fsel M2 ol9le) SDPe] ﬂﬂ 7ol Bas)
ot & =ZolAe g4k ZE 9 3 wx] 2] 9] §40& GPS LIC/
A (Coarse/Acqu151t1on)2} =AsHA 7143t} Table 2+ 7+ ALt
2l 00] Wz 7H & et

AlttE] @ Ax BPSK 4152 7H g AHE-F<l GNSS 4l
S5 tiagth Alug]2 B-Di= BOC,, HR A5 2 A& o
£ subcarrier 45 ZH=t}h AU @ E-GE= BOC, X
AER A2 B-D tfH] 90 A47HE Zon A= thE
subcarrier 345 zh=t} AlLhE] 2 HE MBOC(6,1,1/11) Al
52 A GNSS 4150 HR7|HS ekt Aube] e I-L
£ GMSK Wz 4152 AR T2 ¥z A48 2ech A
2528 IF 148 BRHc}h 18 12 monomodal 4135¢1 ALk
2o AR ZLAFECCH 15 2% bimodal Al o|n] A Fubd
7} ok +1f k= o Al = AuE]Q B E, I2 FAECH 15 38
bimodal Al S o|n] FA] Ful47} oF +2f " 9 A = ALk

9 C, F, K& FA5h 15 4= bimodal A5 o]n] 4] s
7} oF +4f WHE @ Al Hl AlL}2] e D, G, LR TAE & 18



Heon Shin et al, Modulation Techniques for KPS Signal Design 299

10-98-7-6-5-4-3-2-1012345678910
Frequency [flfg]

(b)

PSD [dBW/HZ]

10-98-7-6-5-4-3-2-10 12345678910
Frequency [flfg]

(@]

~ ~
] E
= =
o o
A kA
a a
@ @
a a
10-987-6-5-4-3-2-10 12345678910
Frequency [flfg]
@
Numencal
ytical
~ ~
< <
g £
kA kA
[=] [=]
@ @
a a

-130
10-98-76-54-32-10123456728910
Frequency [flfg]

(d

-130
1098-76-5-4-32-1012345678910
Frequency [flfg]

PSD [dBW/HZ]

-130
1098-76-54-32-1012345678910
Frequency [flfg]

(f)

PSD [dBW/HzZ]
PSD [dBW/HZ]

<130
10-987-6-5-4-3-2-10 12345678910
Frequency [flfg]

(9

130 0
10-98-7-6-5-4-3-2-1012345678910 10-98-7-6-5-4-3-2-10 12345678910
Frequency [flfg]

(h)

Numerical
Analytical

PSD [dBW/HZ]

Frequency [flfg]

0]

Numerical
al

PSD [dBW/HZ]
&
8

PSD [dBW/HZ]

-130 -130
“10-98-765-4-32-10123456728910 -10-9-8-7-6-5

Frequency [flfg]

)

(k)

0123456728910
Frequency [flfg]

Numerical
Analytical

Numerical
Analytical

PSD [dBW/HZ]

-130
109-8-76-54-32-1012345678910
Frequency [flfg]

(0]

Fig. 4. Power spectral density for each modulation: (a) Scenario A, (b) Scenario B, (c) Scenario C, (d) Scenario D, (e) Scenario E, (f) Scenario F, (g) Scenario G, (h)
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Table4. Spectral separation coefficients result: numerical (analytical).
A B C D E F G H I J K L
A -46.88 -54.29 -59.73 -65.27 -59.45 -65.47 -71.71 -53.67 -47.02 -52.70 -61.84 -57.94
(-61.86) (-67.89) (-73.92) (-80.01) (-73.92) (-80.01) (-86.29) (-68.29) (-61.57) (-67.80) (-74.63) (-72.77)
B -5429 -50.35 -59.64 -66.60 -53.16 -65.99 -71.82 -52.68 -53.40 -56.02 -55.90 -62.77
(-67.89) (-64.88) (-73.92) (-80.01) (-66.93) (-80.01) (-86.29) (-65.29) (-67.32) (-69.86) (-70.33) (-76.51)
fo -59.73 -59.64 -51.17 -65.13 -56.22 -52.00 -71.10 -60.41 -59.58 -56.26  -58.54 -59.56
(-73.92) (-73.92) (-66.20) (-80.01) (-70.95) (-66.79) (-86.28) (-74.10) (-75.04) (-68.49) (-72.12) (-76.51)
D -65.27 -66.60 -65.13 -51.32 -65.07 -62.21 -52.09 -65.77 -65.61 -64.35 -56.55 -61.72
(-80.01) (-80.01) (-80.01) (-66.84) (-80.01) (-77.13) (-67.00) (-80.09) (-81.34) (-78.56) (-69.71) (-75.04)
E -59.45 -53.16 -56.22 -65.07 -51.59 -58.40 -71.33 -53.79 -59.25 -54.97 -55.72 -63.68
(-73.92) (-66.93) (-70.95) (-80.01) (-66.15) (-73.02) (-86.28) (-67.33) (-74.27) (-69.19) (-70.54) (-76.48)
F -65.47 -6599 -52.00 -62.21 -58.40 -51.40 -64.12 -65.39 -74.38 -54.52  -57.42  -59.26
(-80.01) (-80.01) (-66.79) (-77.13) (-73.02) (-66.60) (-79.30) (-79.39) (-89.93) (-68.05) (-71.96) (-74.22)
G -71.71  -71.82 -71.10 -52.09 -71.33 -64.12 -51.75 -71.59 -87.17 -70.34 -55.33 -60.40
(-86.29) (-86.29) (-86.28) (-67.00) (-86.28) (-79.30) (-66.97) (-84.86) (-102.65) (-85.24) (-69.44) (-75.19)
H -53.67 -52.68 -60.41 -65.77 -53.79 -65.39 -71.59 -50.55 -52.86 -56.16 -56.45 -64.68
(-68.29) (-65.29) (-74.10) (-80.09) (-67.33) (-79.39) (-84.86) (-65.68) (-67.72) (-70.25) (-70.70) (-76.62)
I -47.02 -53.40 -59.58 -65.61 -59.25 -74.38 -87.17 -52.86 -45.74 -53.31 -62.36 -58.13
(-61.57) (-67.32) (-75.04) (-81.34) (-74.27) (-89.93) (-102.65) (-67.72) (-61.26) (-67.72) (-74.53) (-72.68)
I -52.70  -56.02 -56.26 -64.35 -54.97 -54.52 -70.34 -56.16 -53.31 -50.72  -56.62 -59.82
(-67.80) (-69.86) (-68.49) (-78.56) (-69.19) (-68.05) (-85.24) (-70.25) (-67.72) (-66.79) (-71.62) (-73.89)
K -61.84 -5590 -58.54 -56.55 -55.72 -57.42 -55.33 -56.45 -62.36 -56.62 -51.35 -60.27
(-74.63) (-70.33) (-72.12) (-69.71) (-70.54) (-71.96) (-69.44) (-70.70) (-74.53) (-71.62) (-68.37) (-74.76)
L -57.94 -62.77 -59.56 -61.72 -63.68 -59.26 -60.40 -64.68 -58.13 -59.82 -60.27 -52.96

(-72.77) (-76.51) (-76.51) (-75.04) (-76.48) (-74.22)

(-75.19) (-76.62) (-72.68) (-73.89) (-74.76) (-71.12)
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Fig.6. Spectral separation coefficients for each modulation: (a) mono modal, (b) bi modal (+1£,), (c) bi modal (+2f,), (d) bi modal (+4f,).
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