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ABSTRACT

In this paper, we propose Time-Division-Multiplexing Tertiary Offset Carrier (TDMTOC), a novel GNSS modulation based
on Tertiary Offset Carrier (TOC) modulation. The TDMTOC modulation multiplexes two three-level signals (i.e., -1, 0, and
1) while crossing over time, and is a type of TOC modulation designed specifically for signal multiplexing. The proposed

modulation generates TDMTOC subcarriers of two different phases by simply combining two Binary Offset Carrier (BOC)

subcarriers by addition or subtraction. TDMTOC has better correlation and spectral properties than conventional BPSK, BOC,

and MBOC modulation techniques, and has good power and spectral efficiency since it can multiplex signals without power

loss similar to time division multiplexing. To prove this, we introduce the multiplexing process of TDMTOC, and compare
TDMTOC with Binary Phase Shift Keying (BPSK), BOC, Composite BOC (CBOC), and Time Multiplexed BOC (TMBOC) that
are currently serviced in GNSS by simulations of various aspects. Through the simulation results, we prove that TDMTOC has

better correlation property than modulations currently used in GNSS, less intersystem interference due to its wide spectrum

property, and robustness in multipath and noise channel environments.
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Global Positioning Systems (GPS), Galileo, GLObal
Navigation Satellite System (GLONASS), Beidou®} 7+ A3 ¢
AT A AE] (Global Navigation Satellite System, GNSS)2]
3L T Tt thedollA Y ARIA 4S5 E 53]
ATk ZT 501, R AR A olQ]of]l S UL P&
7 ARIAL FF A H| A} e K7L xfu| Ao T
£ AlFshr] S, S o2 GNSSE 7Hdstar AH]

& FE Fuid oA okt AulA
7] Sl A5 048 TR0 R Tl sb] 418
31937 @It} (Shin et al. 2020). o3& 7] 415 QAL
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o] 91Z]9t (Shin et al. 2020), $417]¢] Mg
o]
2°0

o] 2717} o7k QAR Slot (%,
L Non-constant Envelope) $JAJo]] ElEl= 15 A e
710fl Bl415g el WAERt (An & Ryu 2016).

ol2gk ZAIE siZd3sl7] s, Y3k 22H4d (Constant
Envelope, CE)& 9Est7] Q13 o535} 7ol e o
St AFE0] MY It (Kharisov & Povalyaev 2011, Shin
et al. 2020). HEHQ] t+Fs} 7|Ho 2= A= AT 71
(Constellation Tailoring, CT)¥} A| &g t}=3) 7]¥ (Time-
Division-Multiplexing, TDM), 2] 17 Multiplexed Binary Offset
Carrier (MBOC) H 2 7|¥] 7]9ke] t}&3) 7|HHo] Qit}h HA|, CT
+ Inter Modulation (IM) 2.2 AL E AJHs5te] CES WA
= tEsl 7|He 2, tiEA 0 2= CASM (Dafesh et al. 1999)x}+
AItBOC (Shivaramaiah & Dempster 2009)0] it} CT= Z 1l 9]
oAl 3R olike] AEE thEst & 4 e Aol o ot
3} o] sl BHBIAL A5 @A elo) AAE TS 9
FFIMAISE 7P 02 A5 wiie] Y 8&o] HolA|
= A7} 94t} (Kharisov & Povalyaev 2011, Garcia-Pena et al.
2019).

GPS L2C2} GLONASS LIOCo|A] A}251= TDMS CTS} oF
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2 IM A5 ATl B glold A5 aied HY &4
Aol A7te]| mit AlS @ A5S wAlsle] A5 E tHEs) St
(Kaplan & Hegarty 2017). 5}A]qF, TDM-& th3) 3} of| A B}
M A5 B4 (eg, AT W ABEY SA4)o] HalElA] g
th= A7} Sl

MBOCE 594004 M2 T} Hutss} 2uj42 71|
£ 27§¢] BOCE th53) she MR 7[HES 33k MBOC
© TDMi} 2o b8l 93 Y £4l0] glom, TDMI o

ok

=
Time Multiplexed BOC (TMBOC) HX 7]
(CBOC) ¥z 7]¥o] it} (Yao & Lu 2021). TMBOC: OJA}
4> (Pseudorandom, PRN) FE9] ¥ L7+S T2 A|7ho] w}
2} 27)2] BOCE dA%H A7t HIEE wXx}slHA] th5E) qich
CBOCE MZE ot XE& 7= F BOC 452 3o & o
Z3} slo], EH 02 415 o] 477} =& Non-binary <] ok
3 4S5 A3l

o & Eol, GPS LICe HYZH ASE $E317 HsK
TMBOC(6,1,4/33)5 AF&3Ich TMBOC(6,1,4/33)2 BOC(LDZ
29/33, BOC(6,)E 4/332] H| &2 A5 R A t}535] 3t} (Betz
2001). Galileo Elof|A] A}&-5l= CBOC(6,1,1/11)-& BOC(,1)0]
10/11, BOC(6,)°] 1/112] ¥ v &2 435 2455 t}53} gt
o]2Jgk MBOC2 BOC 41559 th&3} vlgof wet Ao 9 A
w27 S40] Skt (Yao & Lu 2021), L2}, @A) AHg 3
Sl MBOCE 23 SIAOIA = 2749) Al 2 (o] eloh ahel3)
5he THES) sha, 22 BOCDe] BE o] gle] BOC,)e} 7
o] §AKRH 4% 7HIck,

E =it Avila-Rodriguez (2008)0] A|A|E Tertiary
Offset Carrier (TOC) X 7|H& 7|Hto g2 7o) AlE QA E
Z A oA t}=3) 5H= Time-Division-Multiplexing Tertiary
Offset Carrier (TDMTOC) HZ 7|HH-& #|¢Fstc} TDMTOC+ 3
Mol A5 S 71x]&= TDMTOC BRIEIHE PRN =0 &
5}o] A5 & AJAJsic} TDMTOCE Avila-Rodriguez (2008)0f| 4]
AAgE TOCS} thEa A, 415 thEskE gt MR A& AL
£ 7HIH A2 thEslel 2ol A5 @ AE wAslA A5 E
53} itk 718 thEs) 713t vl asle] TDMTOCE oha-att
22 7ol glth. TDMTOCS] 27| A4 #A|7F BOCLEe] wxt
A A eF 2] wigel|, 7€ BOC $417]1¢] L2 %le] 5
Ask L] Fo 2 A5 350 7hssict.

- TDMTOCE 7]& AH]AE 1 ¢l BPSK, BOC, MBOC%}
HLsto] ATk BAjo] $45l AMET o] YA Has)
o] A|A8IZE 7H4d0] 2.

- TDMTOC+= th53} 2P oflA] IM& AHE-5HA] oF7| wizof|
A 58] Ert

8+ o]2g TDMTOCS] - 5& TDMTOC| thgh A
3 AlBEolH A% B2} S Fuo R YFHch

£ o] T4L thga} 2t 2804 TDMTOCH] Hfs)
A705HAL, 3ol A= TheFsE T oAl AlEdloldS 13s)aL,

Lo

¢

o]
o
il

o
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N g0l AT F8) TDMTOCE 7|2 GNSS 2 757}
u)sto] AQksHe TDMTOCS] $-448 Q=3 43kolA] 2

F A8 AT
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2. TIME-DIVISION-MULTIPLEXING
TERTIARY OFFSET CARRIER

2 =EollA A¢tsh= TDMTOCE 3714 415 & 71|
Wz 7|90l TOCS d&£ o2 Avila-Rodriguez (2008)9]
AlRE AR $1A4H, FARRD Yo g FEEE TOCS] F3
ot} 7]& TOC+ #ubEa} 3 7] Yol AS i
F7b¢ shejule 2 298 4 9ok v, TDMTOCE
S gdo] 091 F7bo] Bukgal £7] T.0] ARto g 1A
 kgtel 4% AUA] wel £ Fxe] gatom TR

2

B> oot 2n ol
S A0
o O
S}

], TDMTOC+(m,n)2} TDMTOC-(m,n)2 EJHCH mn Zt
fsc fe 1 m_
7 (fo =1.023 x10° = T—)% Jlel7la, n< S8 5

sfok I}, w3l Tz Hoolth (e, m 28] HldolTh). fue
Ty, fi(= 1T 3kl Faisel 3] gol=olct 5]
Aol 4] TDMTOC?] 415 & A TDMTOCH(m,n)E U= 5,(0)
o} TDMTOC-(mn)& LreRRE 507} A17bo] wah sabsba A
chEst © AlS (0% B, (D} o] g SJgck,

s(t) = sa(t) + s (2), (1)
where
5a(t) = Do (£)Cq (t)pTDMTOC+(m) ®), 2
sp () = Dy () Cp (O)PrDMTOC-(m) (8D, (3)
Ng-1 T
t —
Cal®) = ) Copll () (4)
k=0 ¢
Ry t—IT,
Cb(t) = Z Cb,ll-[( T C), (5)
=0 ¢
Ppoc(™)(O+Procim) (1)
Promroc+m) () = & p ) (6)
Pgoc(™)O=PBocim)(t) 7
Promroc—am)(t) = & 3 ) )

Peoc(m)(t) = sign[sin(2rmfot + Opoc)]. (8)

TDMTOCE Al7bof| whe} 2] 7] 9= T 415 8 4 5,(0) Eq. (2)2F
s(8) Eq. 3)& Eq. (3} Zro] T3] Tisle] TDM} Zho] Al7to]
w45 QA7) Bxsle o AlEs()E AYAd5ch TDMTOC
o] 418 @A E-2 Eqs. (2, 3)3} 2ol i g dlolE] D, (1), D,(1)
9‘]— PRN —:‘:LE Cu(t)s Cb(t)a :lal _‘?‘}?_]:%E]- p’I'DM'l‘OCJr(m)(t)’ p'l‘DM’I'OC*
w®] Fo & AHHHEt NN F 4159] PRN FE=29] Zojo]
t}. C.x Ea. 4), G, Eq. (9)= Z¥Zks (02} s,(0]l Tk PRN FE 9]
kA Zolct (e T AIXF & 7kA & 18 <eolch &
2= Egs. (4, 5)9] 23-& @adlslr] $1al C, (02 G0 T.E 5
A5l BHRAI, C0} C,(0E AR SHH oz AYE 4
o} &4 dlolg] (et D,ME TR EX 71 AIZF 59+ Y

“IEE 1S FAEH B =Rl oy dloje o] HIE
A15RHE 1e5l7] whiEe] D,(1), D,()E 12 Ei Tesleict
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Fig. 1. TDMTOC modulation structure.

TDMTOC FHb4at= Egs. (6, 1)} o] 27112] BOC Hyt4uto]
S 0 2 AT Procemi(n9h Proc(m) (0% F0h4 foe 26
£ 7H& BOC Fytgatolu, 6,00 wheh AT 914 (6,0=0) T
£ 341 914 (Bpoc = ) BOC Rkt Lk 3 =20
A= TDMTOCE] ppo )@t Proc()(DF GNSSHIAM F2 AR
= AR] YAte 2 ST (5, 0,0-0). Egs. (6, HEHE] 2§
*éﬂ't— TDMTOC “lj‘%%ﬁ]' PTDMTOC+(m)(t)‘Q']- pTDMTOC*(m)(t)—‘E 1» _1’ 0
o Als Y& 7HAHA, 2F 415 s@) Eq. )2 2702] 415 9
# -1, 1 9HE 71zt TDMTOCO] o] F7] $Isl, $-2]+& Fig. 1
3} Z+o] T TDMTOC 71A] A& 5,(8), s,(0E AHASIAL s(DE o5
3} o= AP & Hojett

Fig. 19] pTDMTOC+(m)(t)g]- pTDMTOC*(m)(t)‘\% Egs. (2, 3)3} Zo] 415
o] A2 WAL proc(DE 71HFO.Z SJAto] AH =7 &
o, 1 TDMTOC 415 24:8] ibgubse) 1} -1 g 7kl
ME P2 ettt (F A5 249 EFILF (time slot)o]] a5
she S AR o2 HZE ZAISIITH. Fig. 12 pyoc., (02
Proc(Z)OE 77 fi, Be0] F4-5 711 BOC HuksatE 7}
271tk TDMTOCE Egs. (6, 1)} Zo] F1Zo] ¥ighE & BOC
FEHET o (D2 pBOC(%)(t)Q‘] SRS 2 provrocten(D=, WA
O 2 promroc-m () TDMTOC Ret5utE Aokt 1831, C,(0),
C,() PRN ZE5 7} TDMTOC FHbgutel H35h Fof H54 o
2 t3}o] TDMTOC 7|REe] th58} A1 55 YA Shet.

Fig. 2= 3T 59 4§41 5= TDMTOC+(2,1), TDMTOC-(2,0),
a3 T Als 247 oEsl | 399 dAlE Bt
C,(0,C(0e] J HolEx T=2f,°]" Figs. 2a,c2] T8 pyocn(t)
‘T"]—pBOC‘(l)(t)% 7]8to 2 A== TDMTOC FHkga} Promroc+2) ®
'(Z]—pTDMT()C-(Z)(t)O]q-. Fig. 2b&= Sa(t)‘(zl- C,(», Fig. 2d2 Sb(t)'(zl' G,
of| thgk sFadolct. Figs. 2a,coll A I 4= 9l o], & Hukd
mto] 13} -19] Al L7Fe A|7FE 02 A2 HR|A] oY) wEo
Figs. 2b,do A= s,()<} 5, (0 XA Tt T3, 5,09} s,() =
BOC(LDOYIA] 2 F2Hg <k 415 afplo] 00]7] whio], TDMTOC
9] 2}7] AFEA17E TDMTOCSE BOCeLe] wx} AditA of 2
ot olgigt EA S8, TDMTOCE $J3t A2 £4I71E HAZ
Zaglo] 7]&2] BOC $417]9] 415 35 da1e]5-S ARE5}o]
TDMTOC A5 2 &3] 223} 2 9Jr} Fig 2e:= Figs. 2b,co]
5, (0%} s, (5 Tlgt s(DE BARTE s()E 3709 415 o] ofd

Sangjae Cho et al, TDMTOC Modulation 149

\J—\ —Prourocka )]

Amplitude
Loy &

Amplitude

Amplitude

Amplitude

Amplitude
oy g
1 1 =

0 0.5 1 15 2 25 3
time [Tc]

(e)
Fig. 2. Example of baseband waveforms during 3T with D, (t) and D, (t) = 1.

Mz 7o) FYo e dutslE 9, e T UlellAl 2
PRN FE C(1),C(0] 415 o] what A H = s()2] oHd&
Table 13} Zro] T T, WollA C,(0,C,(0= F 47H] %2
WEE (e, LU, -1, L1, {-1,-1) 7FA1 7] whioll, s() = ikt
A& 471219 Ty & 7RI 7 Grp g F 20| F #rile]
2 73 s(h= BOC(LD Al 2o} gom thE 49 BOC2)D) 4=
oF Ztt.

3.4

olr
oKl
M

ol¥l Aol 4], £l thekst W dist A5 It Al E
go]lAd A= vleto 2 TDMTOCZ} 7|& GNSS HX 7|9
Hr} 53-8 9453ttt TDMTOC ¥z 7o AHAH
TDMTOC+(m,n), TDMTOC-(m,n)t= = <t 415 #ao] 0&
714 7] wj&ef, BOC U MBOC (CBOCS} TMBOC)2] Hutd
T} 75 9] xlo] R QIste] A5 xlol7t 9l AL R oflAkd
t}. $a]= TDMTOCE BPSK, BOC, MBOC®} t}oFst A &g
oldE Fall A4S HU $E= FHT A HIAE
3] £,=2x1.023 MHz, f=1x1.023 MHz& 7]%& 2 & TDMTOCL:
TDMTOC+(2,1), TDMTOC-(2, )2 XA 519131, 7|20 L1 tf o]
A AH|AE T Qe MR 7|HE-S BPSK(1), BOC(,1), BOC(2,)),
CBOC(2,L,/11), TMBOC(2,1,4/33) (0]3}, B]x W= 7|82 434
Sto] Hlw HR 7o 2 AR5t 3183} 32804 $8&=
TDMTOCS} H|aL ¥R 7|H-& AREAR A= ES E44 of
afl Hlm gt} 3380 = MR 7R E2] PSDE 7IREe & A&
El7} Spectral Separation Coefficient (SSC)E AHlAkslo] A|AE]
7V 7V J3kS H|wolth, 348 oAl = Gabor Bandwidth-g H.A1
sto] Al 24 HS T E v|wslth 3580 A= Additive White
Gaussian Noise (AWGN) 2 dof|A] Z.E &3 (code tracking) o]
o] FARS EAT npA|te 2 36- oAM= HEAHE oY

32k (Multipath Error Envelope)2 24131t}
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Table 1. Possible baseband waveforms of TDMTOC+(2,1) and TDMTOC-(2,1) during T,

C.(t) 1 -1
Cp(t) 1 -1 1 -1
1 1 1 1 —
2 3 2 E ‘
2 0 2 0 2 0 = 0
s(0) | £ g g £ |
-1 A A A ‘
02 04 06 08 02 04 06 08 02 04 06 08 02 04 06 08
time [T ] time [T ] time [T ] time [T ]
1 BPSK(1) —— TMBOG(2,1,4/33)
0.8 BOC(1,1) TDMTOC+(2,1)
wh = BOC(2,1) TDMTOC-(2,1)
S_ 0.6 8_ CBOC(2,1,1/11)
5 5
o 04 =)
L
G 0.2 @)
< <
% o 3
N -0.2 N
I ©
g -04 g
o
= -0.6 =
-0.8 1
_1 i i _‘] L L L L
-1 -0.5 0 0.5 1 0 0.1 0.2 0.3 0.4 0.5

path delay [Tc]
(a) ACF outputs

path delay [TC]
(b) Zoom of ACF outputs

Fig. 3. Normalized ACF outputs for TDMTOC+(2,1),TDMTOC-(2,1) and all compared modulations.

314 EY

TDMTOCE] A 54S& 245171 $all, +-2l& Eq. (2)¢]
TDMTOC+(m,n) 415.2] Auto-correlation (ACF) % Rppyroc,
mn (DE Eq. (9)&}F o] A ol iet.

Rrpuroc+mmny (T) = Elsq(£)s;(t + 1))

©

=E Z Ca(t = jTIPrDMIOC, (M) (t = JTC)

j=—w

X Y ot + T = UTIProwrroc, o ¢+ 7 —uT)| (9)
Eq. (9 5,00l th ACF ERlo|, (0= FU5IA =7 of
ol ARITE 5, (0 Eq. (6)3} Z0] BOC(m,n)} BOC(;,m)2] B
WA o 2 A3 415 0]7] o], -21+= Eq. 9] Ropyrocion:(D)
£ Eq. 10)2 o] 7hhsbA| 233 4= lch
Rrourocsmmy(®) = Rpoc(ma () + REOC(%)(T) + R’(

1
Boc(m,n),Boc(%,n))(T)' (10)
714 Ryocmn (D) RBOC(';",VI)(T)—‘_L—: BOC(m,n), BOC(z,n)2] #}7]
}\o]-'?\f]_—%\;!-‘/l\_ %ﬂj O]:ll, R’(BOC(m,n),BOC(%,n))E‘ Eo‘?:_]f)\:]_' —Q‘]A]' ]\’__]-‘/lk_ —:‘:’———1—:—
2 74 BOC(mn)st BOC(3,m2] RApAaets: Zoltt.
TDMTOC_("”,”)Q‘] X}'7]Ac}37\'_]'§:1{r\‘ RTDMTOC*(m,n)(T)—E_ Eq. (10)9‘] ol
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AMF E R(socmmsoc(zn)) (2] F-5 1 HiTo]ct,

Fig. 3¢ TDMTOC+(2,1),TDMTOC-(2,1)¢} H] 3 ¥z 7] 9]
Holxth gutd o Ag 24 JEert £31 thE 7
2of| gk Mz 7IHE ACF £3 9] 24 (main lobe)o] o

37]7} Zrotok sit} (Parkinson et al. 1996).

Fig. 30f|4] 8918} 4= 9] 5%0], BPSK()E Hwshs MX 7|H %
ACF &Y 9] o] 7P =711, BOC(2,)] thgk ACF &9
o] 2¢jo] 7P Heflslth. BOC(L,1)€F BOC(2,)= BOC Huks
ko] JFo g, 1 W 7IHES] ACF &8 BPSK()I} H]AL
Slo] o] HalsiA 24 937} 9ot =g BOC Hukd
Tt Fabprt Z71EE ACF £89] 242 o FopAa £#
H3.9] A7t Sk AE 91T 4= itk CBOC(2,1,111),
TMBOC(2,1,4/33)= A& 2134 .8 BOC(L,1)7} BOC(2,)Xch
37 HE= o] 9lo] Fig. 32] ACF £3-2 BOC(D2} A}
a8y, 2 Mz 7SS BOC(2,)e] ddke 2 BOC(L)ELE &
Qo] ot o F1 FH mj39] AEE o7t ¢ 2tk TDMTOC
= Table 19 4] Hoj& 0} Zro] & Bol 415 o] 02 7117
wj&of, ACF &3 9] ¢ F7|& H|a ¥z 7|H3} v|wsle] &
dto|c}, TDMTOC+(2,)E BOC(L)9} vlwsle] o & 4L
I 9 937 o2 HE] 0.25T, W T BoixA] T
3] st B Aje] o Wk TDMTOC-(2,)E + 0.5T. F-7HA
BOC(LD&} wi$- AR ACF &3 el S 71T BOC(DE
FH 9 3.9] 92|71 0.25T, THF o 7Pgar, BOC(2,)¢} vl w5}

g
lss]
i

N



o] FH 239 A7} o A3 Q] T2 ofe] £ 5]=.9] i
o] ¢} Yt} wlgba], TDMTOC+(2,)2} TDMTOC-(2, )& H| 2 ¥

Z 7IME § A 540] 7 $-stet. 53], TDMTOCH2,D)
7F TDMTOC-(2,DEet 8] B/do] 27| wige] A 54
ol ¢ Frh

ASRSES ] Qla], Al 1_4 PSDE' AA l-?_l—l’% Wiener-Khinchin o] &

HMBoamnpnﬁncwmwﬂ°Eqamw@owgggq.

GBOC(m,n) (f) = -(F{RBOC(m n) (T)} s

_ fc [sm(n;;)sin(zszu)] ’

nfcos(z‘,’;?o) (11)
TDMTOC 413 F BOC gl o g A== 115017

wjEel, /o] BOC Am|=zo] A% FejS 7HAlch wetA,
TDMTOCE Composite Coded Symbols (Yao & Lu 2021) = &
3 9ol thet A5 o]7] wiZell, PSD& Egs. (12, 13)a} 2ol
golg 4 glek.

( Boc(g, )(f) + Grocamm) (f))
2 Gc(%",m,n) (f)' (12)

Grpmroc, (mm) f=

(GBOC(m,n) (f) - GBOC(m,n) (f))

Gromroc_ mm)(f) = 3 - GC(%m,n)(f ), (13)
where
G () ) = Spoc(zn) NSsocimm ()

T, < fT. >sin2 (nzfr:C) sin(mfT,) (14)
=———sinc .
m) m2 2 X2 sin<”{nTc>
2

Swocimn (2 BOCID) A1 $00.,.,(02] F2]0] HELO]T}. Fig, 4
L TDMTOC+(2,1), TDMTOC-(2,2)$} Bl B % 7|HESo] 5t
PSD FEHISS Bojzch ofHe] g Az Zol, BOCAY,
BOC(2,))9] 2 EH 2 RukEulo] Julaeof wha} BPSK() &
HEH O Lo YEIE 7FA]aL, BPSK(D)9] PSD ZthighE ot
oF -3 dB &t} CBOC(2,1,1/11), TMBOC(2,1,4/33)= o] Hoj|
A ArggiSol, BOCLD7} v sHF= o] 3lof BOC(DE] A
Ea} §AksH BOC(2,)9] JFo g o7t o w4 gl He)
£ 7t} o37]A4 TDMTOC+(2,1), TDMTOC-(2,1)= BOC(1,1)<}
BOC(2, o] ol—k]ﬂ /\J:"EE‘] o 7].;]1:[1 Xoﬂ_‘] PSD:= BOC(I,D
©} BOC(2,1) Bt} oF -3 dB t] &t} TDMTOC A5 = 1] 3 ¥R
F)3} vl malol We el abAlstol 7418 mlAlE tiefo] 1)
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50 . . ‘
BPSK(1)
sl BOC(1,1)
BOC(2,1)

CBOC(2,1,1111)

60 . - TMBOG(2,1,4/33)
TOMTOC+2,1)
= = =TDMTOC-(2,1)

65

T0[

75

-B0

-85

Power Sectrum Density [dBW/HZz]
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Table 2. SSC for TDMTOC+(2,1),TDMTOC-(2,1) and all compared modulations.

SSC [dB] BPSK(1) | BOC(L,1) | BOC(21) | CBOC(2,1,1/11) | TMBOC(2,1,4/33) | TDMTOC+(2,1) | TDMTOC-(2,1)
BPSK(1) -61.85 -67.85 -73.85 -68.16 -68.40 -69.81 -69.96
BOC(1,1) -67.85 -64.83 -73.83 -65.19 -65.38 -67.19 -67.45
BOC(2,1) -73.85 -73.83 -66.02 -72.19 -74.00 -67.97 -68.73
CBOC(2,1,1/11) -68.16 -68.19 -72.19 -65.52 -65.74 -67.26 -67.55
TMBOC(2,1,4/33) -68.40 -65.38 -74.00 -65.74 -65.86 -67.67 -67.98
TDMTOC+(2,1) -69.81 -67.19 -67.97 -67.26 -67.67 -70.09 -70.66
TDMTOC-(2,1) -69.96 -67.45 -68.73 -67.55 -67.98 -70.66 -69.80
2
t}. TDMTOC+(2,)2+ TDMTOC-(2,1)= BOC(,1)I} BOC(2,1)¢] —
o MEE YHE 2HEYlY] o] MT MR AHE F . |——ooe
= ——CBOG(2,1,1/11)
BOC(2)) th-& 2 & 7do] 7P Wt TDMTOCS] SSC+= 7]& % 1.5 |= = TMBOC(2.1,4/33)
GNSS Wiz 7|35k o] 5] whie]], ) A4 521 GNSS o = e ]
= i e, S ————
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o 1r " =
c gaer™
3.4 72| 53 Feis a
805
o AoflA= 324 9] PSDE 7§te g A7 54 JE=E S
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S )FTh. GNSS 441719] £9] HEEE (G417] 9ne] @ 0, : . : y :
g 1T o) AE 2 N2 4159 PSDE H| g 4= Qlct BW_[MHz]
(Parkinson et al. 1996). A1 4 oflge] EAL var(fy)E F= o

[e}
shof SD 2 ZHe AWGNCIA] thed %3t A17F T 52k 47
Alg s(h 2 YA, Eq. (16)3} 7T} (Parkinson et al. 1996, Kay
1998).
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T (ds(t

61714 Ny ~204 dBW/HzoIck. 81, 2191 37 ol2e] Zfu)
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Fig. 5. Comparison of Gabor bandwidth for TDMTOC+(2,1),TDMTOC-(2,1)
and all compared modulations with respect to the single sideband
bandwidth.
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