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SI GNALS, SYSTEM METHOD AND APPARATUS Background to
the invention Enbodi ments of the invention rel ate
to signals, systens and net hods such as, for exanple,
nodul ati on, navigation and positioning signals,
vyEmsostet hods and recei vers adapted to reCNeBH07/002293
and process the sane. Satellite Positioning Systens
(SPS) rely on the passive neasurenent of ranging
signal s broadcast by a nunber of satellites, or
ground- based or airborne equivalents, in a specific
const el | atSIGNARS, SFHIM,METHOR AND ARBARESTUSAN on- boar d
clock is used to generate a regular and usually

Bmﬁ%%ﬁ%in efdpes of events, often known as 'epochs',
ose tine of occurrence is coded into, or at Ieast
ssociated wth r pseudg- r.and m. G de
Emliog’rﬂ? g§hea‘n§eﬁ?oé’a1§ aﬁegmcs &y . Sy%éma go eg‘eo LSRR &S 0Pt PriEeles
modoiser aavigatimland prsitivaingignek sattamsewstiofs (ol ectivareadapieith receive

and ggfgpﬁlgl&glgequence the spectrum of the output signal
i's spread over a frequency range determ ned by a

nunber. of factors jnclu the rate of_ change of t
Suusly Bt TieE RS SPSHENCE DM RO OB gy brptget
by aSIﬁlfrﬂBél'dif Bgelbtey Bﬂgrouddrbaieh @r grbome e@iivalents,lie a syerifia domagllation or

| S rectan 0 t
soff S, [AELSNA R Ol EBIBAN  EHBRLE kit Bho
seridsidf temnisng‘iebymwraws mogbﬂ’,dvh%q e chrretrqqes paslpd intry or at least

asso%x'a@@ ahif, 27 EndtRAH! 3leRsh-BRHoR S0dE Akdowal asSh FRBAdinzOode). As 2

transm ssion to passi ve recei vers. App licatiQgns are

congenitspis of tha pseudardomt gandam faggpes el the iy ?P@d’a%aodgﬁéeaéme the

spedt&ﬁﬁ of %& Iﬁmbltb:%l isRpredl Meﬂ”ﬁeﬁ&nlﬁh‘hﬁgb d&ﬁwmag by ?s?mﬁa} af\fathrs
ul at e rier,si ich, .itse

mcllédgrigs% d)g’gﬂ igéeiﬁl%lfl% god% e{e %@@a g.lild %h Wavefor};? useé for the

spre&ilwlsl alndmmdu hrattwpmdl@g whwefosra freredangnlite pf ¢omstiyth ghipping

rate BHAYs A P -fmbi \F%@e;rs s | i 46 ﬁrt&ﬁga%%%@émmt@ws

I'ts constant envel op but has four “phase stains

depend upon the two indepe si gnal,s
The g stepaly fro odtlele OB gr et e B grealgor P resevers

- Appiax€ots afd ldﬂgwﬁﬂhgl’i:abes lsdd), alfdrne) maﬁhetaﬁ)d dpaveasd. ypiallypbinary phase

sh.tﬁgka¥1n$ Lesremﬁag Icgmg g\cl{ %eh‘a]l'lag %%%?aﬂ{ magnitude,

he co
Usustlyi sitleastriec sugy lawmmp@ﬂaéedsvetoéhﬂ aa@ﬁcmer éophesesyyestivag The

rem%ﬁ@éa%?er thllfb? fetagxﬁ%g c&ﬁ{agt eﬁ@:‘fyp@ﬂﬁ hasZur pRE&D RhieURSer@ing upon the
known_ by “wh more than e@pyer%fgals are rmdul t ed

two %W@Htem@éﬁ‘ﬁnaé“arﬁqv@f’er& ged thal fe; ye Moy 91y Sigoals
do nbi HEBINB hav& thel sAbhEEapfie XoagiimekL 16t paasidle i a aonsautiabriat rhanitdt of

Ag9] tldnan addi tiye nmeth kngwn
e SEng TR OB SR G SRR AR ffgtr
n/2 Bdibda. of these technl gues require the addition of a
further inter-nodul ati on conmponent that is derived to

Tecfﬁ?fﬁ&éa?e' kfﬂg\;iﬁ’ ﬁs&gaf &8 b &lo sf%gmnjé ng&ﬂatmmmé arridr Gsmg

ation niques a nown wWith

either pditive tqe%itﬂ W&Bﬁ@kﬁéﬁ?@lﬂﬂw & nge%ﬂn areleyheduiation

and ¥¥ditRe ﬁeﬂﬂsusndmﬁﬂ at tRLGER GLH&}:HM ﬁxbpﬂﬁ@ﬁs/.[od[ﬁ)ﬁ&e (bam) aboth of
St SIX t at 0

ot S Rlop i BRI b T Sop R GRRpe 1Bt derved o
mauﬂxns bdnBt@r[tl cagzezS;mgﬂmle( GRS exarfide én Slnlesplext lnedlﬁﬁﬁl,dp@m&ueesare '
o s e RTREea Simdch SR OF o8P MR i A PP o
phasd. JTtpsediargtaz loash ol PHABESIIS. VHz respectively. Each of
these signals is nodul ated by respective spreading
signals. As will be appreciated by those skilled in 5
the art, a Coarse Acquisition (CA) code signal
emtted by the UPSOBHRIRMATION G@RY gation Systemis
broadcast on the LI frequency of 1575.42MHz with a
spreadi ng code rate (chip rate) of |.023MHz. The CA
code signal has a rectangul ar spreadi ng waveform is
blnary phase shift keyed on to t he carrler end is
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where Ap and Ac are the anplitudes of the P and CA
codes, typically Ar2Ac; B,, is the anplitude of the
L2 signal; 25 mlL and ny are the Li and L2 carrier

frequencies; pi(t) represents the P(Y) rangi ng code

vamzhoi/sasesipseudo- r andom sequence Wi th a chi p REHEB9H7/002293

10. 23 Mcbps. The P code has a period of exactly 1
week, taking values of +1 and-1; c(t) represents the
CA ranging code and is a 1023 chip Gold code, taldng
values of +1 and -1; and di1(t) represents the data
Amessplgef stchkd sgplitalpodtiondg systemaiadhe Global | Resititréngn®atem (GPS).
r ' tary. s I
Gd égglg £ bt ofePEHBRELS fifhkl B redhodclth btk B bl b8Inbco1 08 kma s,

whiph W@étﬂbl 575 42 MHZAI 2936 MHzi2nd 117645 MBTzirespicgvely. Bach of these
sigh3lPis %Hﬁlﬁe@l@"ﬂ@ip\e&ﬁﬁ sphéhdRE sipRkE A§ wneté dpbR8 a8 byefosk @kﬂled in

e3p 0l AbaiitingBh) drie SRlERS Lopa LS ﬁ?f%ﬁﬁeéﬁﬁlﬁaﬂﬂn ystem is

bragdrag | dni the Ldr eqoency hé ISEIEMENWithat sgrasdingedodd mq@n:c;ate) of

g e
keyefl oAU carTifre angy @ﬂtqumse@,astBrPﬁiﬁ% Thef@R signalrptruaiire is gich thapthe
sighil %Qia&ba&a@ht}@ Nerelies bR 86 mr@q@ényy ﬁ&‘s' £Gi8aH %e@aménmygﬁbse

sever a atelllte are si vi Si bl e.
AL P ??P&ﬁ%&% & Bedtin %ﬁ 5’35 ] g ayadlaile F°I€€th0ﬂsed
usefBRSG)y. arte R{V} i) id BPEXK0 mbdubitadovith mspedadieg coli@ ab y0. 288 H¥Swith a

ma.?‘Il §elfint flislih Towel iu EEHQE’Q‘%%H &9?%%&%%9?%&“%%%%9&@? the Q

e spr ea rates
cor@]?{t@tn) hageqxagn tNeQ/"éﬂ’fi By gkthe magpitusic pithe] gpmponent. It will be

app?écgféﬂ bl eRR skaRe B Qf dahine bifeSd ﬁ@oibtﬁés%ﬁ{és bBese slguals are
nals transmtted by the satellites

ically,
rdploe £ itk B (lives Chedurd h%i@ahﬁﬁmﬁ%ﬁi gldﬁBrGPétZOOC)
oné 5611e6 & thi: et afsé SEPARARY tHal thap dodé@sr Afméion BEbt ik efkc%te@fny the Y

codonZht Bo T el i SPSBLIER Ko RS i bt HEmpofRE i oL

sigiel, tehreainiid beth d & Of colrpenegigrand ée Iﬁrmalemt Ye adpreden@d 3fbaa given
sate‘ﬂﬁ@ Q46MHz etc. Sinmilarly, the power spectrumfor a |
P(Y) code has a maxi mum anplitude centred on the
LI and L2 frequencies, with zeros occurring at

Sk 451 @, @}%i@hlﬂ%%ﬁ.(ﬂé(ﬁ)%}ﬂ(&@é@@ ed with a sine

function waveform It is known to further nodul ate

the yangi cogdes, using a sub-carrier, that is, a
Sﬂf@r‘t%enr'gjsf?g%%sgﬁ’z convolved with signals simlar to

the P codes and/or CA codes, to create Binary O fset

wheggar ri er 20 (BOG m)dul ation as can be appreci at ed
from for exanmple, J. W Betz, "Binary Ofset Carrier

u ' 3 ,gation, Vol. 48,
APM%‘?L/"@%T%& W‘?ﬁsgﬁﬂég%‘%ﬁ%%gé O(P% J{\Iﬁ% ‘nal pat ent
plication PCI/ G20041003745 and Perf onnance of CPS
B ‘iﬁ??‘? rafrdepihs eti®alsi ng m PSK BOG Si gnal s”
Proceedi ngs of Institute of Navigation Conf er ence,

o; and03re Be L ParBaptcamibefeqrfias; Port| and, Oregon, USA,
Pratt, A R, Omwen J. |I. R all of which are

i) represents the P(Y) ranging code and is a pseudo-random sequence with a chip rate of 10,23
Mcbhps. The P code has a period of exactly 1 week, taking values of +1 and -1;

ct) represents the CA ranging code and is a 1023 chip Gold code, taking values of +1 and -1; and
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25 incorporated herein by reference. Standard BOC
nodul ation is well-known. The conbination of a
portion of a binary spreading code with a binary
subcarrier signal produces the BOC signal used to
wepol/aBe1a carrier such as, for exanple, LI.PCIAeBBOM2293

signal is formed by the product of a binary
sub-carrier (known as the spreadi ng synbol ,
nodul ati on), which is rectangul ar square wave, and
the spreadi ng synbols (the sequence of spreadi ng code

ditatesend g datahhesaBOBkisp vdue ofrd s8@<synbol nodul ati on can
be represented as, for exanple,

| * & 1 81 W, f 2
In ﬁé (kar M@ﬁk%ﬁe@@ﬁ&ﬁa}) thﬂ@%ﬁca{vheénglr ?&Sgﬁgﬁfgggaa%y af b

| ed
mqﬁgfd%@e@ybind%ﬁ%??ﬁ%?%afy | foset Carrier

nodul ation with a subcarrier frequency off; and a
A sgidbie comsteiation rtypidallyp pingises 2 e nofd satelligds rmdterb inm'imijm of figdarly

sha;%@ biokefhR id SRSt lofbitHEnfO ko Mg&g ‘EBLQ%% s3e@Rale on the

SCI‘IptIOI’]SO the Si nafs emtte romt

samg parepa! icareier freguepcy ifhg @pse ofepds divivien pqeesp &i@t@dﬁfhﬁ% §¥S} or on
fefoed (e ﬁh&l&s)sﬂah a GL@N‘A@EM Tile saellitel Qansmit fobamnﬁﬁalg ﬁ?eﬂable

mﬁﬁ
gt g SRR AR b 1SR BR R Sso bt AP

t he in-phase (cosine) conponent of the signal; g(t)
Thesignafisfeors gack sethillive) icogRMAGIYsterh BkedeRi rra digtinguighei rﬁe)n one another

by I&QM %%ﬁé?éut Eﬂﬂ%dlﬁé 9&1@4 andfl:p &ﬁﬁr&ﬁc):s &%r H@ﬁtﬁs that is,
sub-carrier for g); scig(t). gresentsa
the githand fith Fquﬁn@%m Nﬁrvsathe&ﬁ ot ez getffigniygegpe for interforence
betw@eSth g5 AlaRdratsnitkdd bt fd shiahﬁﬂr'mpﬁﬁﬂyf the @ore Spebifum dot theiChlcode
has %E}élg"g%r%%%:ﬁ’g Fntetq% %F{%%‘n}éﬁgﬁengjh ? fgad 7 ros gtxtguh%‘ﬁ [ oq' tﬁ‘eb 9m§amental
frequency, 1.023MHz, of the CA code. Therefore, it will be appreciated that zeros ocour either
side of the carrier frequency at +1.023MHz, 12.046MHz etc. Similarly, the power spectrum for a
the P(Y) code has a maximum amplitude centred on the L1 and L2 frequencies, with zeros

occurring at multiples of £10.23MHz as is expected with a sinc fumction waveform.

It is known to further modulate the ranging codes using a sub-carrier, that is, a further signal is
convolved with signals similar to the P codes and/or CA codes, to create Binary Offset Carrier
(BOC) modulation as can be appreciated from, for example, J. W, Betz, “Binary Offset Carrier
Modulation for Radionavigation”, Navigation, Vol. 48, pp227-246, Winter 2001-2002,
International patent application PCT/GB2004/003745 and “Performance of GPS Galileo
Receivers Using m-PSK BOC Signals”, Proceedings of Institute of Navigation Conference, 2003.
9-12 September 2003, Portland, Oregon, USA, Prait, A. R., Owen J. I. R. all of which are
incorporated herein by reference. Standard BOC modulation is well-known. The combination of
a portion of a binary spreading code with a binary subcarrier signal produces the BOC signal used
to modulate a carrier such as, for example, L1. The BOC signal is formed by the product of a
binary sub-cartier (known as the spreading symbol modﬁlation), which is rectangular square
wave, and the spreading symbols (the sequence of spreadipg code elements). The BOC spreading
symbol modulation can be represented as, for example, c(t)*sign(sin(2nft)), where f, is the
frequency of the subcarrier. One skilled in the art understands that BOC(f.f;) denotes Binary
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phase and a single conponent on the cpw rature phase
for the LI signal. Simlarly, the L2 signa
15conpri ses a single conmponent. However, one skilled
in the art appreciates that the LI and/or L2 signals
WR00Us8083Ne or nore conponents. BOC si gnal s RIRGB2007/002293
typically rectangul ar or square waves. However,
alternatives have been proposed that involve nore
conpl ex spreadi ng synbol nodul ation utilising
mul tiple signal |evels as can be appreciated from
Oifset Ca¥pdipduiztion witted sl‘llhdai'rﬁzﬂ%qu@m @iflandppdde Gt (podhipping rate) of £

1 GB2 /00374 f

usg by ere ety e S BB R RN B bl
ﬂmm@ﬁnm@mem@EENHV|gatlon Cbnference 2003. 9- 12

Sept enber 2003, Portland, Oregon, USA, Pratt,

10 ) & (1 9L ?ﬁﬁgﬂ bnd
S%Q?té% g%?#%?&bgéﬂﬁéhgy GF}E@§ g?%na ﬁs p&c run1§§p

the power spectral density (I, (x) where x is a
lﬁgemedghg§eﬂiﬂdQQUeﬁmy)variabIe, of a BOC spreadi ng

synbol nodul ation is fully defined by the equation:

where x = qnmo In a subset of the nmulti-Ilevel digital
“iiBvef or s used as spreadi ng synbol nodul ation

“waveforns, a specific category has been recogni sed
Ad hgand Bagreaplitades;ed t he name Conposite BOC (CBOC) as

can be appreciated from for exanple,

mi@ﬁé ﬂh@sp%aﬂﬁgs&u@ﬁr thd iofbhadi(cofthe) conpRMdns&dndGamilt ned 5

lileol Frequency and Si gnal Perfornmance

B b T L TRV

Callfornla USA, which is incorporated herein by
S%ﬁﬁﬁWﬁ@ﬁ@@Eﬁdrﬂ@#FﬂE@#ﬁ@@@% in which several Binary
O fset Carrier signals are additively conbined to

sclPFepiedchie a siptRaasieal &yl modul ati on waveform A
further option for spectrum control has al so arisen

ses t| 3tp&%5%§m#g capni ques in 10 which

m'mlé%Fﬁﬂ %Ef?sprea modul ati on wavefornms are
conbined in a deflned ti me sequence as can be

It vip (b eprreniated tifet thmemhestimens oxpropied ahopp Piet & Fingh cofpRynef o the in-

phdfie aﬂg latsm?é@éhlpoﬂent ba thunadraﬁkeQﬂhﬁe fdvtletritalggat. :mﬁdaﬂy EHe& S signal
I n al e

A P _
e oS ek e P e nter 2

sighédthayaitd ol oiGadé edngosaisRecor d, pp2448- 2460, Sept enmber
13- 16 2005 Long Beach and Pratt, A |IL Onen, 3. I|.

t ' diRnatives have b
B 8 erence %ecorgs%ﬁln drrgg&% s, rHcHever ves have been

tion Techni cal Meetin

propesed thetinvelve fnoqqggm@lgf s,pgﬁqunwg@g ng)ggahog élH]éﬁgJ‘gynu%wle %al levels
as @8 ap Ja%%ﬁm@lﬁaagfor Thingd, BEdMatiHAPpaRBCANPIGLdh HpHGBiooafooms

am p%wa H@’F‘geof’)y é%g ﬁ}aﬁ%& t#eg%nlaezgsﬂiffl\ggr/a Kf 588 n%:a{a f oceedmgs of

Instipie efidkivivgtiomdtheleeinen 2008, §-1BrSeptemer QQO:SI Po:ﬂaq(h Snegos, éEAbgrﬂﬁ; A.

R., gg%n Jeﬂ Em&%ﬁ albove h’f‘l%%@%co\tn&:e V\ﬂﬁ&ﬁ 7 Dot g%@ble&{thé;ﬁsm.b @ﬁnal

modul at1on I's use )
spepteiredsithepoprpentral dansity &-eh sihers pricnepnerafised fasigpucy variable, of 2

BOBRGU AL QRbo! modulation is fully defined by the equation:
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20 conmponent can be controlled. Only binary versions
of this arrangenent are known although it will be
clear to those skilled in the art that nulti-Ievel
equi val ent arrangenents are al so possi bl e that
wowatvgediot h tine nmultipl exed techni ques t o BlEl/eBIITH®2293
whi ch spreadi ng synbol nodulation is used in each
~time slot and the use of an al phabet of spreading
synbol nodul ations that are nulti-level and may be a
combi nati on of basic BOC spreadi ng symbol waveforns.

Such 25 conbi-na ns be in exenplary

real i sations (ﬁ%} ive or nultiplicative or
SO g er2ﬂe ns 3 iLni ng the base nodul ation
wav efd A proposal has been made
for several jgr% Havigati on systems to use a

common nndulatlon spectrum so that the
si gMAFS/%EMPces maintain a degree of
i nteropexability as can be appreciated from for

In aggﬁﬁdamdf%e nlﬁ%ib laveix @thM wiefdtins usMBESpreddit stiEbY! fbdultioR @sbeforms,
readl n ul atil on
SR BT P A AR L s e AT SR IS0 =

canl\/B@tapp‘rg:,Iat@aﬁ‘orE}I fgosxadple,i AvibeRGrig8asbiont &5 ‘Wayied Jombined
Galld %Gf.f 'E‘igﬂﬁrgc@ eGH .Ik‘ig};ag Oﬁe?fo%’alncef %&Mﬁ %Jcéa%fn 8 tor Jpstiate. of

n systens to emt wav ef OFITB

Nama@om Genfererss) 2005:Hé—lé @W@@@ 80 horsrPeathe Crliomia E&%mmh is
incétPoril fiekddh BXreRfefceObr AVBposdiBiYt wWaRh Bdvira Bﬁﬁﬂy D¥fsef IChiie sighals
t1ne nultlplex t echni or 03|t|on
are edgifiyelyicgmbinggo forp %$P§@m§8%?%gﬁﬂ "™ The time
nul tiplex technique, using binary offset carrlers
A fhaisr bpoo fer skevown corgroT MB@Bp aviden st vsehiéma@ultiplered deshriquen in
whfc? CRRLOHSC Q&%a&g%g&ﬁa&b%ﬁu&ﬁw&%ms&é Eonided iPh dihed time

S |n|t|al time multiplex nethaod
sequmoa:5198R b appiesigiechiram e 4B9VA §C3 PRRliSHop A fralh Ao R-» Owen, J. L R,,
"&W kR ?éc!quﬁmn "Nk at drahet ONBIBRI] S’obs%le Applications 1o

Gl GNGE 35, o, s eptisndeontrm il i Sz B sy 15

16, Q00 LiseBeagh amlrﬁmt, RB4 @werQ@S[ Bf, ‘Gatiled gzglgﬂ Optifisation in L1”,

| t R
o308, MM o b
26, BARS: SapRiped.5 This teshj@le Apsigg @éé%%ﬁcxﬁem&%o%’ lymppdplaticg, drawn
frofT R ALl bigfkbet RSP ¥Slddton MBfforal) 2ndto SRereffaatihg e dbment (or

| east on rst 0 of a second, distinct
s o SPHEAY S0 sy TReEk i Part st py B F G s
is By i grhah dinfef @otetit relativei gropottiohs ef efch eguadinggy symbak modulation

g
e A0 o R B af b bl i Mo
wﬂlrt@@tebxap |ﬂ@ﬁe fiqlioé inGhevirt Phatrontti-fpvel iemutyplant EmpgemmeRts BF plpossible
thatflﬁv%% %Qﬁ%melnﬁhlﬁ cck{é&%u@rts detGBER vﬂfchtsﬁ}‘eeﬁ@gﬁﬁﬂw leﬂ\.%ﬁon

bui sts has B haracteristic hut with
is ugqd;ip e?catt@e iz} ﬂlﬁ &set ?feﬁﬁsa#ﬁhgbﬂ e PERER %{mh%m%%?% at are
mulﬁaéveil hidt Bay bhe Rabhbien & @ealBGHrading aghoby veyefhals.  Such

ulation are further

coriient i GemtitaRia RN Hia s RROGREP % SRt

meanufvhenmbifingdhy fpss, maklagomwaveionsi p n+4, of the conplete
spreading code are illustrated. For the tine

MulipibleifBbex technique with binary offset carrier
spreadi ng synbol nodul ati on conponents, the relative
magni tude of the conponents is 25 determ ned by the
proportion of tinme (in units of code sequence
el enents or chips) devoted to each. In the exanpl e of
figure 2, the proportion ablotted to the first
spreadi ng synbol nodulation Ais 3/5, to Bis 1/5 and
to Cis 1/5, provided that this pattern were to
continue ad infinitum It will be clear to those
skilled in the art that other proportions are
possible within the restriction that the relative
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10 appreci ated that CBOC waveform 308 conprises fi st

and second conponents reflecting, respectively, their
relationship to the first 302 and second 304 BQCCs.

The second conponent 310 is reduced in nmagnitude
voempaisiwi th the first conponent. For the 2CI/GB2007/002293
conponent CBOC wavef orm 308 shown, the resulting

signal waveformhas 4 levels. In general, a CBOC
waveform has 2 | evel s when derived fromn BOC

wavef ornms. Dependi ng upon the relative anplitudes, it .

A 1513(%&191%5&16@ @del ftdeva sl EReIRE nﬁi@ﬁ@z dypt 15 By coRBhon Ghcdeiation
i nar. dul at,i

R
frah dioraesarals, éiemc §i. §f. ebrlnaBPCofhestéaw CptimitedrSpreading doiubmion for
G_JidﬁL}f@ ﬁl&h Ef@t(%‘h&reﬁcea@ééoﬁ‘ TEER &1 R R B0l Technical

enot ed whi ch les to the frequency .
Mesting, fan ’8’?@3 éﬂ? ?al 5@?’310&1‘?& Pﬁ‘PeF gf ér P% CqOpROFRECERI pﬁjﬁ?srﬂjt require
diffdn€ satdite r2@pA0R ts@dt@nsModendt ﬁaﬁfo&nﬁ&aﬂ&ﬁ &Hényical The disclosed

associated with I
coBRRL P FOEE “b OB P TLE 3 MROC, By e gt S8t Flime
mutigllexi tprhsiquer orfby ot superpdsitien @dﬂrﬁon)‘héﬂlp amam@t Bfr)@ oprmenestire riThe
m#em ge% éécﬁ;ﬁq@%ﬂ!f%ﬂﬁ?eoﬁggt eas&d hg%mogeflﬁ% &M(@é whilst the

equ Pl rate = m.x_ 1.
supetpopEonjeshnigeedgnbpcomsmpyn fswemmamﬁpl? RpPyeirdntial dstigr Q?Pca
lime multiplexed spectrum containing the two BOC -
Thetelel hlambleﬂmemmﬁmemr&ﬁng' 4 spresditerypmbol trbatlation evapdfamelsitng BOC

spr eadi . tig
o R AR BARL IO SL000 LGl B s
BQ sigohlorr BOSEg ﬁ@a@nmgses o piiydker 296 éﬂﬂo 804 torstsiod g figt %wggl‘l&i syabol

deEthfbi'A, bRB bkt of Qﬁwﬁ)ﬁee kR HREbnQk o cﬁip 8Ehd ép@ea@iﬁgjé‘ode There may
el enment, having the val ue +1

e f ARG ETE BHHE e ey Dr 056%?8 B g ggmmrises o st
on€heHems of Navindodistihe:, shadadif sy'mbol mdubierB ik similpheaecteristics

bu?a]%%%ngg ?fgt cg{ré %ﬁs&ﬁige%gelé\%d ’l,t\l)é &é}l MB6E 39& Db é&ﬁgﬁ%s a third
spreading symbol modulatton burst 212, which is identified as modulation type C with yef a
further carrier offset frequency. In the known art, each of these modulation bursts has a BOC
characteristic but with a common chip rate. Prior to transmission from a navigation satellite, the
carrier signal and spreading symbo! modulation are furthér modulated by a spreading code 214.
It can be appreciated that only an exemplary number of chips, chip n to chip n+4, of the complete
spreading code are illustrated. For the time multiplex technique with binary offset carrier
spreading symbol modulation components, the relative magnitude of the components is
determined by the proportion of time (in units of code sequence elements or chips) devoted to
each. In the example of figure 2, the proportion allotied to the first spreading symbol modulation
A is 3/5, to B is 1/5 and to C is 1/5, provided that this pattern were to continue ad infinitum. It
will be clear to those skilled in the art that other proportions are possible within the restriction that
the relative power of each component is set in multiples of 1/N, where N is the length of the
repetitive spreading sequence. This restriction can be overcome also by having different time

" multiplex assignments for each repetition of the spreading sequence.

CBOC
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One comon power spectral density (PSD) that m ght be

used by both Galileo and UPS navi gation

constellations is: 10 cpmacc(c0)=--+ co)6 co) (13")(

(1) 5 1n many satellite navigation systens, it is

WIaoeli480%1 transmt both a data-bearing si gnatCEGB2087/002293

"so-called pilot signal, which does not carry a data

nessage. The data nessage is transmitted at a | ower

rate than the spreadi ng code. For UPS CA code, the

spreading code rate is 1.023MHz whilst the data .
Thd@ssage forBlkficAns the m Fectith ibbyt Seapesf a8 eddiihve method, whereby

der ni sed ,UPS,
PATEIRDPE PRy e s edlet BBl kh SRRl A Al

conpwwér Figewe & moviden ant Hlstiations300 Of fha Weriireiafiuead (uriBe) thisf method.
Fird) S8 Al é@&n& %4 % oSRSaLid 0 “Iath@crrﬁs alf'eeﬂf&sﬁ&tede TR gfative
of options f choosj n ssi gn for Vi si_on
maggfeadss e BRRBRROTH U3 Bt S T o St o
the BOC BoinBoriefite 'matﬂm RODBOC isathesmbd-lire m@mwmmm minch & B PR, 1)

watd E‘o?ﬁgorﬂnl gert]:gnd wavt ?fo e 504 iﬁ{lstrg@l{l: 21 %gﬁ%ﬁ gxaﬁgimglz P %Qrgﬁep 9f chips,

nponent's on t aring
chusn gnd1115n+4Foﬁa spreadipd eode P65 i Piblsftam Jpe CBEE “@V%};”W resuliing
ot B YA QBB RRO I (&t 3 Ese B ldvetatmAItd 2R304 & shown. thfibe
t he dat a-beari ng S|gnal 15, carrylng roggrtlon g
apprspisie dbat BAC FOVRPI e EORHEES HEA, 14150 SRPHGS Tofectos,
respRMVEQ) thélpxélddlﬁhqﬂlﬁ tHRrHrt 30%ak Sek:oﬂdh!ﬁll BOC&)tThS segoeall component 310
. carryin orti -y) of t
1 rﬁ@g’%mt ﬁn FeExe eﬁé \%/h & rasrlstocr? n%m 01;0 theog%v\lé?mm e
wavsfoes B0&dhoeg |ti1§|r¢syl.tmg:algqgh\mvéibx)n( ha;_ﬂ@egei;s )Ingeneral a CBOC waveform

has 39fveld ikh dEﬁJe? anl 1 BOC fraveRfthd (15:03mdinG R thehiivElitudes, it

arrangenent al [ ows consi derable freedomin sel ecting
is pesidleghabismierf Bers 1 tls HHNREICAP| ocat ed to 20 the

dat a- beari ng and pilot signals and in determ ning how
Binkri ©f VOB Xrectiyg SanpMedlasoar e di stributed between

these two signals. Equation (2) naintains the

TheCORRL ARG d&? of i@ ﬁ}?&%%eodhbﬁ&erﬁﬁg o %ﬁgaaﬁﬁ bddGer ShoRMAd A is

I n accordance W e required

thropgly 2 pEnEE DB Tty de”f"ﬁ‘éBQE@é@t W%ﬁl applies to the
freqﬁﬁkﬁeﬁﬂas lofsck Bartidr QN SSefeRlto BRWEIppif MteS i 1B phrdmal&rs BDdNE o are

usugllyrgassoczated with a GPS-ike signal in which the master satellite clock oscillates at
10.23MHz or some multiple or fraction thereof. The parameters may then take on the meanings

expressed by:
Offset carrier frequency =n x 1.023MH=z
Chipping rate =m x 1.023 M chips per second.

In the known implementation of a time multiplexed spectrum containing the two BOC
modulation components, it is known that the phase of the spreading symbpl modulation is
identical at the transition to each code element (chip). For example, if the BOC spreading symbol
modulation has a positive transition at the beginning of a specific code element, having the value
+1, and a negative transition at the begimming of a specific code element, having the valve -1,
then these phase assignments may be applied to each spreading symbol in the complete sequence.
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The equations that foll ow show the conplexity

associated with the control of the CBOC power

spectral density. It is assuned that there are at

| east” two conponents in the conposite BOC spectrum
wWenzoo1/14Besst r at i ve pur poses, the equati ons belRE¥/GB2A807/002293

constructed for 2 conponents. However, those skilled

inthe art will recognise that nore than 2 conponents

may be used. 5 The spectrum of a binary offset

carrier, BOC(n,m, with a sine phased spreading
MBGfhbol nodul ation, is given in equation (3). Equation

(3) shows the conplex spectrum 1-1",(0), for values

0n® ookl Pdwer by trﬁr&nﬁtzﬁ‘(PSD)T!ﬁhtSm%ﬁ{ b€ SRANGSHAO GEMédnd GPS
coqgg;te ﬁ% es e binary offset carrier in each
BHE symbol . The conpl ex spectrumis based
on a calculatlon over the duration of a single code

el e T10 e waveformused for th
spe WFUQ?'Dlptﬁw fqp “éx?ends over the intervalﬁ)

te(-AT/ 2, AT/ ?2) and for definition, has a positive

Ift&r ar,'i]??ellltltf }:ﬁwg@t.mn systems, 1% is uom)a] t%)ﬁansmgt Qh(a data-] 'bearmg szg:?a.l and a ‘so-

called’ pilot signal, which does not carry a data message. The data message is transmiited at a
lower rate than the spreading code. For GPS CA. code, the spreading code rate is 1.023Mtlz
whilst the data message is transmitted at 50 b]ts per second. In modernised GPS, both the pilot
and data signals are transmitted although not necessarily at the same power levels. In the time
multiplexed method of generating the MBOC specttum, there are a wide range of options for
choosing assignments for the division of power between the pilot and data channels. This permits
the option of transmitting different relative proportions of power for each of the BOC spreading
symbol components on the pilot and data-bearing signals. For example, if the two spreading
symbol modulation components are BOC(1,1) and BOC(6,1), then the data-bearing signal,
carrying a proportion y of the total power, uses-the BOC(1,1) spreading symbol modulation only
whilst the pilot signal, canying' a proportion {1-y) of the total power, would use a time
multiplexed version having the power spectral density: '

ANER! 1{ 1
@pp(@) = (‘1}%’" )(1 }f] (I)(”)( ) +— (Il";)'d)(s,n(m) @

Dy (@) =Dy (@)

This arrangement allows considerable freedom in selecting the proportions of power allocated to
the data-bearing and pilot signals and in determining how the two BOC(n,m) components are
distributed between these two signals. Bquation (2) maintains the combined PSD for both pilot
and data-bearing signals in accordance with the required MBOC PSD.

- CBOC

For the Composite BOC method, the selection of parameters to provide for power division is

more complex.
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fin WO (MO)(IVC rhvirTi Tl) where x = mcou(3) and wo

= 22r -1.023 -106 Note that the spectrum of the sine

phase BOC(n, m waveform H'3 40), consists entirely

of imagi nary conponents due to the presence of the |
wWahob)ndseggrm i n the denomnator. 15Sim | arly, RA®GB2007/002293

spectrum of a binary offset carrier, BOC(n,m, wth a

cosi ne phased spreadi ng synbol nodul ation, is given

in equation (3-1). Equation (3-1) shows the conplex

spectrum Hs","fl(w), for values of (2n/n) that are-
ThE ¥ddRtiond thixSfolloW $h8 IR EEipletty(aiotBied RiEPhe behtrGly ¢l tesCRIBC power
TR sk RS0 SR0SH B9 s oo
spectlng UlFat illosratrecpurpose, tharegtation hefowaars icergirested e components.

HofbRIBLe s Iﬁalﬁe/a%ﬁxmogﬂmatg@mﬁagmm&é Ry ﬁelhl@ed.zo

specdtnurt conputations extends over the interva
.has, a positive

They iR o 200 S i S0B LD 03 4 518 Sied ok brybo
molidiatiof, 08 ivenl hlghailod (1 Hipatioh () Migvarthasdplekispecirum, Hy(o), for
values of (2n/m) that are even. This corresponds to (n/m) complete cycles of the binary offset
carrier in each spreading code symbol. The complex spectrum is based on a calculation over the
duration of a single code element, AT=2m/(mw;). The waveform used for the spectrum

computations extends over the interval te(-AT/2, AT{2) and, for definition, has a positive

e cft) (2]l

HS (o)== T
_ jma, x ‘COS( b ]
, ' m 2n

where x =a/w, - (3)
and @,=27-1.023-10° '

transition at +=0.

Note that the spectrum of the sine phase‘BOC(n,m) waveform, H‘i“u,m(a)), consists entirely of
imaginary components due to the presence of the (=V-1) term in the depominator.

Similarly, the spectrum of a. binary offset carrier, BOC(n,m), with a cosine phased spreading
symbol modulation, is given in equation (3-1). Equation (3-1) shows the complex spectrum,
H™, (@), for values of (2n/m) that are even. This corresponds to (0/m) complete cycles of the
binary offset carrier in each spreading code symbol. The complex spectrum is based on a
calculation over the duration of a single code element, AT=2n/(mwo). The waveform used for the
spectrum cbmputaﬁons extends over the interval te(-AT/2, AT/2) and, for definition, has a

positive dwell at 0.
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marei where x. =(3-1) and roo = 2z 1.023 -106 Note
that the spectrum of the cosine phased BOC(n, m

waveform Ha'",",(to), consists entiPEryCRR20054002 293 - 16-06- 2008

~ conponent s. The correspondi ng power spectral
density (ND) is given_ in equation (4) below and is
averaged 5 over 1 second assuni ng that each spreading
code synbol takes a (binary) state selected randomy
fromthe elenents (-1-1,-1}. The-ND is: 2z 2nm '
siniax)sinill 2 g n'ﬂ el) - ispussed above, in a .
conmposite bi ary S |8t )- signal, as an
al terma't(h;ye.ffoit—ll-me_ rz‘m : e.signal is
for med" T hr oughmae "addi (¢ c4@ilni ng of two or nore
- BOC. 10 conponents for edom/spn@ading symbol . Thus,
eachwﬁfgge,pdldgg synbol has a spectrum contai ni ng," fof.y
a 2 conponent tase, a portien a of a BOC(n,m
conpcdng 7A@ -h0%bI¢i on fi of a BOC(k,n) conponent.
Noti'ce that both conponents have the sane spreading .
NGO St thepboibmof REUBHEphisS@BBCEGH Ao, fif=, S@), Bty of
code el enment). The corrp03|te conpl ex spec“:‘?ru to
replsompegents- Sc(a) = a . 11" ,(a))+ fl - atm (io)(5) 15 The
- correspondi ng power spectral density is fornmed fram
‘Thelvergspandiag bovad sfuetal sipnsity (FISD) isgiven idqeation (1) jpelbwiagg isavdaged
ovferof sebdnd Iassl%mg {hgt each spreading code symbol takes a (binary) state selected randomly

from the elements {+1, l} The PSD is:

R =
_m.m '_ {m} cos(Zn)

As discussed above, in a composite binary offset carrier (BOC) signal, as an alternative to time
multiplexing, the signal is formed through the additive combining of two or more BOC

@

-components for each spreadmg symbol. Thus, each spreading symbol has a spectrum containing,
for a 2 component case, a portion a of a BOC(n,m) component and a portmn B of a BOC(k,m)
component. Notice that both components have the same spreading code (clup) frequency (same
duration of spreading code elément). The composite complex spectrum, S(®), is then:

N

The con"espondmg power spectral densnty is formed from the product of S({m) with its cumplex

conjugate, and for real o, [3

10
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10 ¢ (co) =4.(0) g (a) (0))12 = (a H ft 11,
,",(0))- (a nm6)+ 13H Kk, (co)) a2(13 (co) /520
ki",(w + allHH H;1",)(6) where (co) = H (0) Hyn(co)
and 1,,,,,(co)=H ...(co) H kar(co) Equation (6)

wa mar/i4gosshows the differences in PSDs of thePCT/GB2007/002293
conposite BOC (additive waveforns) and tinme nultiplex
approaches. The power spectral density, On43), for
the time multiplex of BOC(mm)  and BOC(k, m spreading
synbol conponents, if the proportions. are a2 and 132,
i s: djj:;:,g% ) a%. @)40, (0) + /32 cpk, 0, (0)(7)

Ther efor'e e tlne mul ti pl ex sequence conpri ses

a2/ (a2+132 c&’ﬁ ps with a power spectral density of

Gensi 1y of COl K FRr o PF Qe Dot A e Pops

for: CBOC:@[@%&I)T Q Clogy a4 *reg;rde;.Hn t b resepnce
of the crois sgﬁt ??Iektgr)ms iﬁﬁif he ‘GBOC 'ﬁ’SDﬁ I()1) (9
10C ercs. " f80). al 6(4", H m ICA)(8) The situation
is @)gg(}ﬁ)r:bﬂl’e(dJ)V\Hen(m)for exanple, there are 3
conponent s’f‘gorm ng the conposite signal. In the tine
mul ti pl ex alisation, the conponents are

i nt &, 5er-sHd @)pHYsto)t he code el enents in suitable
nunbers to &stablish the contributory proportions
required fromeach-in the_power spectral density to

Equgtion; (P htkesrly showel therfiffearnessip Beds| of hacompargita Bofe g Yreiorms)

andHREHEHi X bpBSach e I'Ehe o RErSpdcirANISA¥ILS SB-Q(®)f fof 14 Higne |rrﬂﬂtfplbﬁ of
satellites that control out of band em ssions).

BOE(gr)ead Bk prreafing sy Rl pRoppRinis; ibfieprggertionggre o "2 Bf i

signals with each of three PSD s as equation (9)

bel gw () LUPLBRL B5) + 57 - @, (@) (%

Therefore, the time multiplex sequence comprises o/(o’+3%) chips with a power spectral density
of @, () and B+ chips with a power spectral densityl of d)y,m((ﬁ) The difference between
the PSDs for CROC and TMBOC techniques reside in the presence of the cross spectral terms in
the CBOC PSD), @ o ©):

cbcm&r ((0) = aﬂ(H;,m ) Hl:,m +__Hu,mr - H;,m) (8)

The sitnation is exacerbated when, for example, there are 3 components forming the composite
signal. In the time multiplex realisation, the components are interspersed amongst the code
elements in suitable numbers to establish the contributory proportions required from each in the
power spectral density to be transmitted (more correctly at the time of signal generation as there
are transmission filters in the satellites that control out of band emissions). A typical example has

the proportions o, B°, 8 for signals with each of three PSD’s as equation (9) below illustrates.
Op(@) =’ - @, (@) + B @y, (@) +5" - D, (@) ®

The corresponding spectrum for the additive method of producing a 3 component composite BOC

signal has three cross spectral terms of the form of equation (9).

11
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=a2 (1)",.(co)+ j62 (t) 4,.(co)+ 52 tn(co)(9) The
correspondi ng spectrumfor- t-he additive nmethod of

producing a 3 conponent conposite BQIF/GR0079002 293 - 16-0

thriee cfoss spectral terns of the formof equation
(9). PCT/GB 2007/002 293 - 16-06-2008 = (a H .00+ fl
1-4(0))+ 8 H,",(a))). (a- H,a(a))+ Ha.",(a))+ .
H,", (co0)) = a20"..(co)+ /320k.. (co) + +aft(HL,
l'rk..  + a5(H: - H.", + H.,", H,",) + 115(Hz, ,,

PR P where (2)".",(co).HL.,(to) =H (10)
?ﬁg@c r g%gaﬁg%’e(g% (

ral -terns_in equation (1

$ R . 1 02_ have a
si gni*(acdh}l (@ht Pubact@)ord e (@Dt H i@+ BsHan(@)+6-H,, (“’)) .

G earl yaat T ngey k24 h ross spectral terns

hi nde'Fé (Ph'ew%l)gﬁi&ga a?)o’&rjlgo ’-"’g_mgommn PSD for 5 CBCC
and MB@B(HT} -Hg, alf;gbjHEcd of ertbodi ments of the
present . pventio 0 al Jeast mitigate one or nore
pr obl Eﬁg( fm t @Eﬁf*@rﬁt&r* Summary of the invention
Accor digsgHy, - Bbedi, yeAts) of the present invention
provi dg a nethod of generating a signal 10 conprising -
1 he.sf"ef)rg. of generating at |east first and second."
dplei-ols @h-Hhe(adi gnal ; the first portion being
derived.,t "oy .at | east having characteristics of;
Py (P tméafgpbtﬁqﬂ’gspective portions of at |east first

qgn@,)_s_egor[q,)B@C@ygnal s having a first phase state and -

-(léﬂe sec#nhd poftion being derived from or .having

aracteristics of, at |east second respective )
portions of -sai.d at least first and second BOC |
Thei apsapectiah tefmain 2qutorotf) hyve g sigaifigang inflyenee prs the transmitted PSD.

CERNPIE PR of thdcrbdd Bpeciril thrmb RASAs SHe dafisatidiDof a common PSD for -

Advant ageousl y, when avenged over, for exanple, two
C%Wﬂ?l‘éﬁcbg'one other time period. or ' interval, the -
conposite. conpl ex.spectrum for the conbi nation of the

It is\a0 objet of entbiodigents bfther presentsnvontiop (¢ afdegstapitigaepge or more problems .

aptially reduced, 'and preferably substantially
Ofgféi%manat ed, cross spectral ternms.. This allows, for

exanpl e, .the spectrum of a nodul ati ng subcarrier such
53&’5’!—“%@%9&‘!1& a conposite BOC signal, to have
substantially the sane power spectral density (PSD)

" Acgardinglpli érhbodiments of the present invention provide a method of generating-a_ signal

comprising the steps of generating at least first and second pbrt_ions of the signal; the first portion
being derived from, or at least having characteristics of, at least first respective portions of at least
first and second BOC signals having a first phase state and the second portion being derived from,
or haw;ing cha}actcﬁsﬁcs of, at least second respective portions of said at least first and second

" BOC signals having a second phase state that is complementary to the first phase state.

Advantageously, when averaged over, for example, two chips or some other time period.or °

interval, the composite complex spectrum for the combination of the two modulating subcarriers |

comprises at least substantially reduced, and preferably substantially eliminated, cross spectral
terms. This allows, for example, the spectrum of a modulatiﬁg subcarrier such as, for example, a

‘ composite'BOC signal, to have substantially the same power spectral density (PSD}as 2 different
modulating subcarrier such as, for example, a time division multiplex BOC when considered in .

terms of whether or not the power spectra of both comprise cross spectral terms.
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20 nodul ating subcarrier such as, for exanple, a tine
di vision nmultiplex BOC when considered in. terns of
whet her or not the power spectra of both conprise
cross spectral ternms. 12 According to a first aspect
of the present invention, there is provided a nethod
of reducingsross spectral terns of a spreading

wavef orm for a navigation signal; the method

ABQIBAG B atsitabRcBifeRe Btscganenasd, ﬂgreflk pwtidandms@edoitteducing cross
temp oraII successi v ortlons of th %, ﬁq%g%? the step of
Rfaﬁ%feesmm 3 Readipg %’?VGE%E‘ prPayigpu SR 8 [risipg the step o
csnefhh Bt 8 REontiitEBiordlBSREREsiveSopRAE bONS s;ﬁéadiﬂghﬁdveﬂ)ﬁﬂ the first

second BOC signals havin rst phase stat
PGB BrroRisT EEeHied %ﬂ@ oL PG £SO AR P ond BOC

519531991%8{&%(3 ir@pRAE tsﬂaté&mﬂ @d’et se€n8 pOifiiod Ripeksdntifiin aiddive combination of
secon

OC signal s; eco tiwv or
SRS S SPUREF HTASATSa] SePHREOR SEBUp U EEorbr g v porions
bdvidgSi sedn@ PRass btk Ghat HGHSUsTE 1Bghd Mstphsecerd aspect of
the present invention, there is provided a nethod of

generating veforn1or s adi n ul at.i
ARrErgiorm Proprrer el B e T R B 5\&\}’2?"34)5@ B bt gonerating a
CRBOGvWBbeh 6f éPrdaaip &@dﬂatﬁh‘neﬁeﬁféﬁﬁmﬁﬁﬁdkﬁ o secs@PERDE alaveforms, the

density conpri si ng reduc S spectral
CPEfmgagforp %Mﬂ@&é@tﬂﬁ PoUGRErLEgR PRETFIEGY Lot educed
cx@ﬁ;d 55&@@ RemBOE thaNRIo rspas;travmg@obfome Iﬁrsa’rand esid BAC waveforms

termned tine,intervyals r exa
+{FERE] O1he) 11 DS PEdFEREEY OB CUHET] Shg (e~ aetpe! 5 oo cips
th@ rﬂeﬂﬂ)ﬁ'c@ﬂpﬁﬂg thbeicsd dita@an@ilg foh ehefsiales of drdirs @td EH&OIKBDC signals

gnal s over a subsgquent term ned ti,ne i.nter
ot 3 Prseae et PGSR b8 s OB i T ttervals o
b@&nﬁﬂﬂﬂﬂnﬁ[’ﬁeﬁtﬂ&f Fatdsf thefirsitagll eRomf BOO ighdls Gter Andrent predetermined
second BOC signals over a current predeterm ned tine
“@ﬁF@FV%Pf%?mﬂﬁﬁ”ﬁPPF@QQPmPﬁﬁﬂﬁ?ﬁ Tmined tinme
intervals. According to a third aspect of the present
Abdtv@ilt 0R, thirekgect of [dcoptestad irvestiogn ﬁieregermoaﬂe@r a signal generator

cqagﬂ%r | sin tgel%%gez%ttg %@g cgf.re?%)rgi nfrlné(?rgl yﬁs&ccesswe (,jﬂr;ﬁ;luotn?,| of the signal; the
fist ﬁ(ﬁﬁmp&pﬂeﬁdﬂﬁng apiddsra t:blﬁbjnﬁﬁonaaﬁ ditst rea];&cﬁwrnmrtnm pHfirsodnd second

irst respectiv tions of .first and seco
BOCGRa TRGihg BoF Pt PRacnd obh el popia Blegins a sditie
cdHidation of SqROAS eRpdctig: portian diftsaidelirsoami saaid dﬂ(i)(bﬁlgnals said second
second res tlve ortjons of said firs
e G L e et B0 Bl reg el b P L RES RS o
second phase state that is opposite to the first
AphBg ecrsiodingent ,ﬁﬂﬂid&e ra epied dienaatbr pwnmrisii)gsmamsitg rpaherate at least a
ugener ator: Cgﬂ%} %D&Lregalﬁv%% e& lel’%%l %lqel{tﬁgﬁoé Eﬁf Fl &%%f tﬁ current portion
beﬁwg" Ei&med [, |o®nat Oéastahesmgnaiaracteheme wf e pssopaed mmh at least current

h
BREP RAEIPS of #deBy oo dugnf B Afbing o g ghese s, themeans

tngbhEIﬁﬂatcoﬁl@ﬁ:ﬁﬁglmleMs tpepibinaat Bfist atbsbqagtpoftions vf tiact least first and
eﬁ@%ﬂ?@&? al S haVI {' gllqa%lsfcloglsfemetl%yg% t% ﬁFs?pha%J‘s?ate.
| east subsequent portlons of the at least first and

As@edingio BOGrsi agpeal & tnavesan) isveptias testisprevidddatsigngl
conplenmentary to the first phase state. According to
a fourth aspect of the present invention, there is
provided a signal generator for generating a CBCC
waveform from first and second BOC waveforns, the
CBOC wavef orm having a predetgrni ned power spectral
density conprising at | east reduced cross spectra
terms of the power spectral densities of the first
and second BOC wavef orns averaged over at |east two
predeterm ned tine intervals; the generator
conprising nmeans to arrange for the states of the
first and second BOC signals over a subsequent



GPS and the European Union with Galileo), there are

public docunents that give effect to a recomendati on

by mutual technical working groups to use a conmon

PSD for each systems 10 em ssions in the LI RINTSS

band. This may not require the inplenentation of the

sane tinme waveform Enbodi nents of the present

i nvention allow the above conmon PSD for each

systenis enmissions in the LI RNSS band to be
ganewtor @ penerating aaCB@‘E tuﬁéfrfozas Fewtfirgfand peeond BeRt fayplorms, the CBOC
W?\%‘E Jela{e mas g redéte 1}50‘3‘16 {gé&rﬂa&&sﬁ)h Eorfrdrf ? éﬁ@ﬁ‘@ fe@hced CIOSS

er . Th a fec

min e |on t he sanme ef
spettied termepﬁthd powert sppatrabdengifieserihe ﬁvbaqdrﬁsv@ﬁﬁﬂ%wwﬁms averaged
oxJe;’a Qa% &roﬁﬁgdfme 186Ld @he &MS %%@&?ﬁ&ﬂ@)mpﬁﬁﬁlg ﬁ@aré ﬁ)tantane for the
ow ng condition I s net
StH@mqf thekl‘jrst @d ercondiBPG alzens pyer f subsequient predﬁmmme@ﬁmsmtewal of the at
legs(? Igv% fegegerg'n%d k?iﬁne%ﬁ%fv&lfs 't@ge %Ménﬂigy {ohﬁe % &% tH@ ﬁ.rst and second
up of purely 1 nmaginary conponents whi
BQﬁ@l@@(opmt) a gyueset ]prade@qglﬁglp@; pgle(;qiterrygﬂ{@| t@e atdegst two predetermmed time
nkonponent s. Therefore, under such a condition the
conp ex conjugate of WII™ , is 20= -H whilst the
)l ex conjugate of H''k," does not change %%3
ing\otaeifthraspect pfehe prpwsrisiByqnges therss AFyideda s éOIB@‘éﬁlg at least

t DpGabd kSfeséiting DA additi
ﬁﬁf’ %E%%P?‘?é%ﬁbﬁéb‘? FcPhas rfﬁf:ij{? @i; RDPGRET Hfestfing N additive
]

comthiingtion piifrganwaetive apitigns e dirg f-i% piggats Jagikie p gy phase state
aﬂd%@%b&ﬂdﬁ%ﬁ%n&%ﬁesgﬁtﬁﬁ Sn §cﬂﬁt§¢erc@1nbﬁl§t‘fcﬁ‘i‘ of b3 R FBfibons of said

enti requires that the two BOC conmponents
fitsnomel priveist RYCsvgralsdraving|al seeend Rjgesartale thoé is eppesifseiorffe first phase
e Ao Of the signal rel
st%ggﬁlkgcﬁ%{ggﬁfo%ge g ?Illa %‘ﬁéﬂ%ﬁ/’ O%gﬂgg%!%_@ﬁufg@ﬂ&s 12100t8 e g}gn relative
tosatilpdst f entrére POEiop exftthfb ﬁlgae%b@q icHEpRt Poion theiwej deviendt frgmy or having
chgfag%hgﬁ§ of :g‘%%o&gtred Akt N LB G LRSS rRBRERDEIMS of at least first and second

transmtte [s identified herein. Enbodi ments
Bogrigyels havdhg gﬁ@t plasg statg sush ghag ’thg)ﬂl@se Statsrii at legsgsubsequent portions of

thP". Pfe@ésfﬁ& zﬂlhlse(,%!n@ Ric QW%&&&BM% LA kd Rhdt ¥-subsequent portion is
si mul t aneousl Al'ternatively, or additionally,
caamirsetintrentoshelast thesestats | sed that have mul tiple
channel's so that the individual signal conponents

Eéﬂ(gcfﬁn&[té) GEthe %Sé[ﬁ RAVRLG] ¥anhe fRERE Gl ih¥ Gore aNRedvware, BBware or a
led inth will realise that such processin

qmﬁynaﬁem thawek s§la‘iﬁblb’yanb9épf’6b?ﬂeﬁib§@@e{’% offpp ieeat ipyf@tion provides a
maxi mum si gnal to noise ratio.
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Brief description of the drawin Enbodi nents of the

present invention will now be described, by way of
exanple only, with reference to the acconpanying
drawi ngs. 10figure | illustrates a transmtter or

W moalssgenerator, figure 2 depicts a known tRQTEGB2007/002293
division nmultiplexed binary offset carrier (MBOC);
figure 3 shows a known conposite binary offset
carrier (CBOC); figure 4 shows a CBCC signal
according to an enbodi ment of the present invention;

confiputl pghmi bdmisiting tresutable dstestivisofen imearatingt & onothpdt esiviem,
f or._generati e f : ' i

coredfyur et ol el s YOUE afloling B LBHbRND, EPL Giadn

Furthernores S 2t GPmavierampan fdnte Ttred pminene dum of isipen sy s for

" exatipl] GHERY br H8RIGdBy RaGEIL G¥Bk) Gips, 0N PROMY @R sthir @oRtile or

OC wavef orm accor.di.ng .t o..enbodi.nent.s of the prese
o el RAPDabosime i EprrY auen e Tpg s eiliore
storagstoriog suphasenputenesganon; figure 8 depicts a vari ant
of the schematic systemfor generating a CBOC
In e(@%l&fp BB Setwed itk A e Oalichtiod Wht&nitd bpefrdt«ﬂ'é"Fs@ch%sS PR ith
a turther enbodinent of a schematjc stem for.
GP§ anbiba Errogeas Epanamtly Gajt M%B? afﬁé’a%ca’?%?&?ﬂwwa? fiffect to a
recéhaf@RAion Gy hRtualtedfiog Goreiy grouph th disk g ebemd&OPI) fou sschaywsn’s

B

wavefvoodi Hnhotlisnedt§ of the present invention allow the above common PSD for cach

system’s emissions in the .1 RNSS band to be realized.

In a further aspect of the invention, a second method is used to eliminate the cross speciral term in
equation 6. This has the same effect as the other methods but is an alternative implementation.

The cross spectral term, @ers(®), can be set to zero if the following condition is met:

(Hyp Hy+H, - H,,)=0 or eqlﬁvalenﬂy
H;J” ’ Hk,m = _.Hn,m : H:,m

This condition can be satisfied by having the BQC(n,m) spectra made up of purely imaginary
components whilst the BOC(k,m) spectra consists of purely real components. Therefors, under

such a condition the complex conjugate of B, is
Hy =—H,

whilst the .complex conjugate of H*y ,, does not change sign:
H =+

Note that the superscripts sin and cos have been added to define the phasing of the sub-carrier in
the binary offset can;ier spreading symbol modulation. This arrangement satisfies the condition
required to eliminate the cross spectral term. This embodiment of the invention requires that the
two BOC components have phasing substantially in quadrature, one being of sine phasing and the

other component being of cosine phasing.
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Referring to figure 1, there is shown, schematically,
a transmtter 100 accordlng to an enbodlnent of the

present invention. The transmtter Q0T aoBPO0TFO02 293 ~ 16- 06-2008

means 102, that is, a generator, for generating or
sel ecting ranging codes for transmssion. It wll be
appreciated by those skilled in the art that such
rangi ng codes may be generated by, for exanple, shift
register 5 inplenentations. An alternative to -
AGEIN QirtBdriacactldy eliBdingents fof the Silvbiftion pogis reriveraychidetures process ing
throu P t.he.s ence

P S e B B RUBORTaEhe 048 B4 MRS s chomel o
pmdwgmews@oﬂcommmﬂwoa@*@mm@phaymgawﬂyseﬁﬁ@n@@%ﬁ‘Wﬁﬂkﬁﬁﬂb.
erdoaiiRiRs Sinlve fedithed Bx@tthaw}ﬁrﬂﬁ;ﬁ@rgﬂaﬁﬂls SPElR ﬂﬁ%&ﬁdﬂaﬁ‘gnﬁwaﬂ@énems

generation neans 102 is_ illustrate rodu
arg jproggssed (Fapariel By reyareilve chawels 9pe raé‘stS‘i' Plige, that such
proteXsitizSnay Qé nadesharlly) 6e optiisedrioxpivile ﬂﬁ&a&nﬂmk@ﬁalar @ise ratio. :
arranged to conbine the 10 rangi ng codes wth -
B§&g&g5 ggﬁ! ?lng to enbodi ments of the present .
Spective subcarrier generators 108 and

110 generate t he subcarrjers. 0 .
Edgpagiments ofjtheypresent dnveptio ‘Bh SP¥bg V"?ﬁg%dx’w B Sxamge only, with
refeRn€H 16 he a8RSan@ngldrawdagar ri ers. The duration of one.. :
‘bit of the data signal.is normally an integer

Pkgip o]e]S aﬂ&@&h&ton interval . For

éy“'h J%E“%A c%ﬂde Is 20 tinmes the 1 ns code
repetition interval t he data.r
deahwﬂ@ww&%‘%ﬁ%& Frr BBy, o
further pair of mixers 116 and 118, wheré they are.

ﬁgmmkﬂbwuawmwmmpm@mebamdﬂ@&admatﬂﬂﬁxﬁhase signal s
produced via an oscillator and phase shifter assenbly

figihdh RO alCHOC FBAI dobdrliigho i e Budinseh QT B rededPinadnton] 24
are conbi ned; via a conbiner 126, and are output for

oSSRV RSOOSR e B PREAAR IR Wt

is fed to a high-power anplifier 130 and then
figurd 6 edepigts by sehamatispysismi for ongrytipg 2 §BQCwvelopn according to.an

erioRRRAt VB ME pledetiavEhédnt On by, for exanple, a satellite
or other deV|ce arranged to emt or transmt the :

r anp | on gf'% spsttgn Ire%trg EQBW Jxﬁl%oor 0 embodxmz;.tnts of

nve Ion I nv € sequencing o

: the resertoivattion @aprnasstb«sspmdmm@dﬁmty PLFBSe PR PR

generators for the additive conbining nethod in such _
fighre/PdbpiE a viriabi (T ieGChematicgyiterh Yor @énediiigf 0CBOT wip@fvem as illustrated
,EE gral densities, one for each phase assignment.
n an 25 assignnent is, |n the fast instance, valid

for. the duration of a singl e code el enent or chip
Fitovect shois a dirthen ¢rdadioentcrdshemelics T Eer o BETRESNE B FPrEAding symbol

mbdARHGONRERIPakdBg B ¢RBSEneRaad Possi bl e phase

assi gnnment (-and correspondlng power spectrun) is

5L i BB A Sl Wy 5 ooc

waiermage PSD of all those generated Therefore, it is
possi bl e to.cancel the signals arising fromthe cross

D@g,ﬁj_ﬁt,,;&}lemi, « N the resulting 30 conposite BCOC
spectrum I'S operation can be perfornmed with as

many conponents as required in the conposite BOC
spectrum Consequently, the average PSD may be
arranged to be identieal with that of the-tine
mul ti pl ex arrangenent of t He BoC spreadi ng synbol -
nodul ati on. - For a two conponent conposite, there are
only two dlstlnct phase assrgnnents for a and P as

follows in table 1. T @r ?f a and is
identified as-a 'phase g S|gnnen operator. Phase p=+
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a= + + _ cc= - 5Table 1 - Phase Assignnent of a
and According to this table, if half of the BOC(n, m
and BOC(1lc,nm) are generated with the same phase '
assi gnment fromthe phase assi gnnent operator
wddrmsdgn and half with opposite phase fromutrcEieE®2293
assi gnnent operator (aP=.4), the average PSI) is:
clac (ml. =0.5 .(0) Sc.++ (0) +0.5(0) (0) =
0.508c+, (0)12 +&Or ) (11) + 0.5%8(H a Hka + HT*.
Hi sca)- 0.541(Ha HH a) = al/41),"(60+ )620 kat (CO
RefdrEing\So bﬁ 1006 6f Bt IsarmEnEBt a0 trarshilpr 10(h @cqotiingeto an

ern‘qugﬁ%t qﬁ;g grﬁseegtt IIDVSII‘}F onBy an %u%é]?clgrnl 0o 5%&/.5?4853 é]}aegl% 1{}]2I that is, a 7
genarstst, (i pentating freseledion FAnEing cadevios f@ﬁ@@-ﬂ@hl It wéll bA appremafed by
those skilled in the art that such ranging codes may be generated by, for example, shift register
implementations. An alternative to generation by means of a shift register may be through
replaying the sequence of code states comprising the code sequence from a wemory device
adapted to continuously- replay such sequences. It can be appreciated that the ranging code
selection and/or generation means 102 is fllustrated as producmg 24t) and m,( ) These codes are |
fed to respective mixers 104 and 106. The mizers 104 and 106 are arranged to combme the
ranging codes with subcarriers according to embodiments of the present mventmn. ResPecﬁve
subcarrier generators 108 and 110 generate the subcarriers. Optionally, a data signal, dy(®), is also
preferably mixed with the ranging codes and subcarriers. The duration of one bit of the data
signal is normally an integer multiple of the code repetiﬁon interval. For example, in GPS CA
code, it is 20 times the 1 ms code repetition interval, that is, the data rate is 50 bps. The mixed
signals 112 and 114 are fed to a further pair of mixers 116 and 118, where they are mixed with in-
phase and quadrature phase signals produced via an oscillator and phase shifter assembly 120 and
121. The further mixed signals 122 and 124 are combined, via a combiner 126, and are output for
subsequent up conversion by an appropriate up converter 128. The output from the up converter
128 is fed to a high-power amplifier 130 and then filtered by an appropriate filter 133 for

subsequent transmission by, for example, a satellite or other device arranged to emit or transmit

the ranging codes.

In a preferred embodiment, the operation of the invention involves the sequencing of the relative
phases of the binary offset carrier generators for the additive combining method in such a way as
to provide a variety of different power spectral densities, ope for each phase assignment. Such an
assighment is, in the first instance, valid for the duration of a single code element or chip. Over
the duration of several code elements, or over the complete code sequence, each possible phase
assignment (and corresponding power spectrum) is generated a pre-defined number of times. The
resulting power specral density corresponds to the average PSD of all those generated.
Therefore, it is possible to cancel the signals arising from the cross spectral terms in the resoiting

- composite BOC spectrum. This operation can be performed with as many componenis as

rec-p]ir'ed in the composite BOC spectrum. Consequently, the average PSD may be atranged to be

identical with that of the time multiplex arrangement of the BOC spreading symbol modulation.
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15

is cancell ed. The benefit of this arrangenent is that
the PSD of the conposite BOC (additive conbination)
i's conposed just of the PSD s of each of the
constituents only, and in whatever proportions (a,P)

v ;of/e@edired. | f required, a portion of the mrmss007/002293

power spectral termcould be 15 retained through
changi ng the proportions of the positive and negative
phase assi gnnment operator. The definition of the
phase of the BOC generators is nade at the instant
Fof Rk CSRRAEhTN@mbsits, NBer€ 2B bR 1 difthe: Rk eadinhgnte 0f @ and B as
synmbol nodul ation. The _phase ssi% ment: i-S commpn to
foljopye }- i Profiehof ¢ g ﬁé%}%ﬂi‘i'i" e E”é? FEEPUHLTP P a
comon direction of the signal transition at the
central instant of| @hspriegdirng gynblol as illustrated
in figure 3 at 312|to 330. Foy a fijrst preferred WO
2007/ 148081PCT/ G82p67p§2293—pnbodiment using 2 BOC
generators, the speé?runwo t he outlput for a conbined
code and data statpg of .(1+1) hase |state of {+1}, is
Hc (co) = ce0"H.,.(o+ Mklik,mco) (a+l) sin(l 2
sin(ac) g (-1) 2nip firn.ma(-4mM co Lit) si( nif-c)-
sinfil 2k ,

Table 1 — Phase Assignment of o and B

According to this table, if half of the BOC(n,m) and BOC(k,m) are generated with the same phase
assignment from the phase assignment operator (ap~=+1) and half with opposite phase from the
phase assignment operator (owp=-1), the average PSD is: '

D (@), = 0.5+ Shur (@) S, (@) +0.5-53, (@), (@)
=05:(|Sernt@f +{Se@) )
= ', (&) + BO, (@) | , an
FOSGBU, Hy o+ H, B ) ~0.5ef(H,, - Hyp+ H, - HY)
=a’®, (@) + 20, (@)

As can be observed from equation (11), the phase assignment of the BOC generators controls the
resulting spectrum. By ailocating 50% to each phase assignment, the resultifig cross spectral term
is cancelled. The benefit of this arrangement is that the PSD of the composite BOC (additive
combination) is composed just of the PSD’s of each of the constituents oﬁly, and in whatever
proportions (o) are required. If required, a portion of the cross power spectral term couid be
retained through changing the proportions of the positive and negative phase assignment operator.

The definition of the phase of the BOC generators is made at the instant corresponding to the
centre of the spreading code symbol modulation. The phase assignment is common to the
complete spreading symbol. It corresponds to a common direction of the signal tramsition at‘ the
central instant of a spreading symbol as illustrated in figure 3 at 312 to 320. For a first preferred
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Hkan( C0) =2g (-1) (m where x = oilnmo and coc, = 27r
-1.023.106 and the corresponding PSDis: ¢ (a))
=0,,H".. (a)) + 13- chH,.(0)).(0))+ fikHk,.(c))) =
a2c13 ",,"(co)+ p243 on(0)+ aft0 nO k(11:2,in H kin+
wo fopma4sédas) 5and where, as before, (13) ,,, (HI/GB2007/002293
H,(a)) H.,(ta) IDkma)) =H" (a)). H It can be
observed fromequation 11 that the presence of the
phase assi gnment sw tches does not affect the
presence, or signs, of the power spectral densities

emfiodimebN@inBATOG ﬁex@«ors,eﬁ}:@em%n @Eanm?mﬂfos a ;oérm(mp)l code and data
Qc',(co). Ho r.. the product of the phase
“mﬁgiﬁaﬁﬁé%fﬁﬁeﬁﬁiikﬁ whi ch can take the values of +1
or -1, controls the sign of the cross spectral feint

Cons ddu(entap, Hpy(a) 8 el ad®d ng phase assi gnment
settings that ciesg t ermto be positive or
T cein

negati ve, pom%r SP ies as in equation 12
may fe %%gféﬂ__ég_f_ol 2007/ 002 293 -
16- 06=2008 f oym@;' , Ok

= co-.0(0QY .

k S T R 1 -
27;'(,_1)(?‘) ‘sm[ﬁ}sm(fr-};—) . : (12)

jmos, fid .cos[ﬂ‘_]
m 2k

where x =afw,
é,, ¢, €{+1,-1}, and
@, = 27+1.023-10°

H, .. (@)=

and the corresponding PSD is:

D (@)= (a-¢,H (@) -6 H; @) (@ ¢,H,, @)+ 5 -§H, (@)
= 02®, (@) + O, . (@) + b, b (Hy Hip + H o Hy )
5 and where, as before, (13)
O, (@)=H (0)-H (@)
®, (@) =H:_ (2)-H, (@)

¥t can be observed from equation 11 that the presence of the phase assignment switches does not
affect the presence, or signs, of the power spectral densities for the BOC(g,m) or BOC(k,m)
components, Oy (@), Pru(@). However, the product of the phase assighments, ¢ndy, Which can
take the values of +1 or —1, controls the sign of the cross spectral term. Consequently, by

10  selecting phase assignment settings that canse the phase term to be positive or negative, power
spectral densities as in equation 12 may be formed as follows.
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= (a(0).+ fi (w(a 0.11".,,, W fi ceo a. (vv)
+ /320:Dra(o)+ .1-4,",) for fd*, = +1,-1 or 0",A =

0i --c(co= Erc (co = aktc , (00+ ISZMALOB(Z@UY/OGZ 293-— 16-06-2008

Mk. H' (14) - Thus, by conbi ni ng an equal. nunber of
Signals with each of the PDS's in equation 12 and

havi ng substantially conpl-ementary phase assignnents,
~it can be arranged that the PSD of the conbined
signal, after averaging over an interval, exhibits no
f6rgOPs = s.pq.tptéray 0 ertip-1 Al ternativel y, by simlar 5

GO tnl ng an unequal nunber of terns, a reqwred.
q’p 9‘-"6( f the cross spectral. term-can be :

;Ie; ﬁgfﬁ“ci a1 h@ﬂeﬁ@ﬂam @)oer g, B, (mwfwﬂz p@)BOC
sse ve ua
requn‘é‘d :uﬁ‘?@d Z%}fb%ﬁé?@f%@ ﬁf?@nﬁﬂ IIy phase (14) -

: f@%sswgamnt%rw¢I I=L31+1enbod| ment uses a phase

alternat,iaon, a proach whereby the initial phase of one
f‘-‘(?hé r8 Qr(n m and BOX(1lc,m signals is ‘
- al t eraafed, @r Fagh (o @BU, . i sl gadlng code

signal. In this case, the averagl ng interval-is just

2 code chips as,t e ve b n e .chi
i SR R PP QP P P D S BB 17 nd having
sublitR(if1y coplementey pﬂaserxssig,ﬂtﬂent’s hte:a:s]mmang@ml@f the me the combined
signal, after averaging over an interval, exlublts no cross spectral terms. Alternatively, by similar

combining with an unequal number of terms, a required percentage of the cross spectral term can
be retamod

There are a number of ways in the BOC signals can be prooessed to have equal (or if required,
unequal) numbers of complemantaxy phase ‘assignments.

A first embodiment uses a phase altemation appro_ach whereby the initial phase of one of the
BOC{n,m) and BOC(k,rﬁ) signals is altemated for each chip of the spreading code éi’gnal. In this
case, the averaging interval is just 2 code chips as there will have been one chip whgre the
spectrum has the characteristic of ®™ (@) or @ "c(») and one chip with the spectrum of & (o)

. or &"e(m).

: ‘R'eferring to ﬁgure 4, there is shown a number of waveforms 400 for generating a CBOC

wavefonn 402 having a power spectral densny with substantially zero Cross spectral terms that
usually arise when combining a ﬁrst BOC(n m) waveform 404 and a second BOC(k,m} waveform

406. In the illustrated embodlment, the first BOC of waveform 404 is a BOC (1, 1). However it
can be appreciated that other BOC waveforms can equally well be used. The second BOC

waveform 406 is a BOC (5, 1). However, again, it will be appreciated that other BOC waveforms '
can be used to realise embodiments of the present invention such as, for example, those déscribéd
m the above referenced techmcal papers and mtematlonal patent apphcatmn Embodiments of
the mventtou are pot limited to either BOC(1,1) or BOC(5,1). In the fol]owmg examples
BOC(6,1) wnli be used instead of BOC(S,1). '
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are %;(;nlljp ?meg@t thatsis fhg\'e nﬁ%gsg%r&éﬁ%pq% BQeaLJ r?tﬂns,é ﬁ&. Q@ﬁcgfof tanc? preferably, to

or Crc(03). keening to figure 4, there is shown a
- nunber of waveforns 400 for generating.a CBOC 15

vvaveform 402 having a power spectralpEEmsE PROR/DD2 293 - 16-06-2008"

substantially zero cross -spectral terms that usually

- arise when conbining a first BOC(n,m waveform 404

and a second BOC(k,n) waveform 406. In the
illustrated enbodi ment, the first BOC of wavef orm 404

is aBCC (1, 1). Hovvever it can be appreciated that -
Figirdr confpOBs wavretieoofithe dotted leepm)ls koy4 1etal represeotgeeldeteTinipable points
of%ﬁ%&onﬁggﬂx\@?@tfﬂgr Wcéllpge A g?e«gg%atg Rr tht }Jurpm\@fvlﬁﬁsn'anon only, o

preci
i BreredOBp €16 bon atibses. i oot o FE € It can be
apﬁrbtﬁat&ﬁﬁﬁ G&tnegdﬁvegamgaﬁnﬁmhmﬁm thd fist (RipQ PP &,, is tdisdRntal with a

scri.b |n 0 eferenced tec a
neg R Fob Rt i O b PRI B bR S BOE S BRCAOR, For e

- putphees pfthe preseotppplicationosuch pmaligemknt endesigtebment BU@@&mq;ys otiﬂle BOC

used i nst ead % PCT/ GB 2007/ 002 293 -
empediment, e thﬁ s g7 todhe inphase o foyhayg the srme glaase dgge or
conditiv S THdGork,a nﬂaﬁ:ﬁivé fuiig trangiHoR DEME fint BOM skredforinal bénciding with
o BRLRL Bl P ALy s 400y Ll 30 o
G ohplyase sthie of genditien, | The somyoee BSRiseltgreathet ishesinsidast nssnv?ggomg
tmﬁt:ohhﬁe Elk(dﬂzﬂl ©B'be §f prhda@r %%&Jﬂﬁps) phade s€89orR6ndition. It should be

M do) -and dod Etem Cﬁfnlgld&\é‘n{'i‘rﬁb@%ﬁﬁl 81 isBECBapbintn| the BSsent

B B8 b S AR bR B 1D WL D

sutrsmgally \idengaal. N Colncalast thetmena tpositivet gring tramsition lof phe first BOC

wape%ﬂm%4 Qrfd trl%?aﬁl%«? %u?l%?:ém%t a 9 £eg&mé6t6wa ﬁfm I&(ﬂ'&m such thax the

pur Ication, suc

0ses o
frs i pmeresh BOS: pevefrmascd md 496 ~snih 1 el RbRSe o i aptghase. The
coﬂwwa&lﬁg PRasét Qe 3N Gondibn Bi(+ e Tﬁer amd&seeis alsé @, @aP @] Nhégative

t
et st ot o SR r R a4 SR FRE0E g CRulE b pd fogona
BORawayefotne 4@@are sad tsleves & ghage shate ooswdditivrog.. +)Tahé theffostand second
BOCSGUALLYS 499 b0k 2N Sil td B buPbr phie of ' st phdelC eMaf Qppeciated

. frmp04 ‘col nci di ng W{Fgﬁté‘?%"ﬁﬁs §tf3lé\\’la§'§gm tr}%ﬂt&re‘a'i?sﬁ'ltl on odes

are @kt &tq;hhaav &llala(re 2 (+9) phisa sétes tThbse skilledCinniehi 4ri @ifl. rec“saﬁse that the

e r e [ t .0

oo SIS e ol T (g SO B RIE L U

resrﬂmfehaage(sm theryprqaﬁrageodsﬂ@tﬁé?%rd%wbﬂsm42¥t shoul d be .
hoted for the purposes of the present application

Ad(hﬁl&ly dnhmmmgaﬁeeﬁr&tﬂu %or(d"BOG‘)va\Qﬂﬁm{ 404 andl 408 Rould, but for the present

t | nt d bet
:nv%xggﬁl ;t‘.l 3 re%gl} éfu Ff Sm%a#()g %& n? ?rsl?ﬁeée‘&"%? S according to a first
emiweinehoofithel Mmmv@nmgam-eedgmmgatt they erofstspestralgfmis tof the power
%Méf%ﬁrﬁ%4 ﬁ[d%e&ﬂ&‘ hod BeE Ja&@orfnk for nﬂlﬂg&r of given

*F second. BOC waveforns 404 a 406 are said to be out )
chipgtpeporhare cgcellefl op Averaeprhor é?v eﬂﬂ%ﬂ&'&%@% FOHAPTY2IJFES &F the power
spedtiue of tl sutimBskintdf @2 fird 4¢4tand sgcondBAC eaveRkeins 6f 4 sbsafuient chip period

wav e posi
cantel substantiatin ensiely, ifhe fornep prdssBBTTHderms-o This mshla by aﬁrsame&ihat the
first HOY Sndhe A 565 BOEWEveRimestndi tion (-, +) and the first -
and second 20 BOC wavef orns 404 and 406 are said to
be out of phase or in anti.-phase. It can be °

appreciated fromthe illustrated enbodi nent that none
of the BOC waveforns for tdee |IIustrated chi p peri ods
are out of phase. Al have a (+ +) phase state. Those
skilled in the art will recognise that the equival ent

of such phase changes from (+,+) to (-,-) and from
(+,-) to (-,+) can al resul t of changes -
in the spreading cod Eﬂgate 453%5? dat a syrrbol state
422. 25 Additively combining the first and second BOC
vvaveforrrs 404 and 406 vvoul d, but for the present
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PCT/ GB 2007/ 002 293 - 16-06-2008 the subsequent chip
peri od have the opposite phase state or condition t.o

~ the phase state-or condition of the @r@@%@r]mﬂ@%_ 16-06-2008

and 406 of an earlier chip period. Thi s i.s achi.eved
in the illustrated . enbodi nent by processing the
second BOC waveform 406 such - that . the waveform
shown in 418 results. Referring to the modi fi ed BOC
wavef orm 418 and t'he fi rst BOC waveform 404, it can

ﬂ’gﬁ'{"éﬁ%ﬁﬂfé‘ l%étﬁ%% aﬁrel nt he %3.1% hé{e I‘&%&?Eﬁn &qg;'edﬁl'}aée or conthlon

oﬁhemgv&efmnmﬂmanmsém earhertChlpseno(Lk -). Therefor e
conmbining the first of BOC waveform 404 and the

TRV bdicosl i§ %%WM@&@ Bﬁir&lﬁin@ ﬂﬁd&tﬁﬁﬂSB(DO @vaveform 406 such -
C o] rr'p 0S| wa or
ﬁftP"’bI gﬁgf‘ t“ﬁ/Xl% mpél\ﬁéfm% ?e’ﬁe ensi twy?e% {418 and the

C ﬁ@am: dma"omoumc dndaaibe apprgs@edstpadhq pliaset stptessorr eninditipng gzlternate
- banfeeh hne {131@: %L@T NRVaL oF MadOd mghésb EihadG§ Q. d.) BQerefore,

wave ore, It can ggre0|ated t hat

cwqb@:qsom@e firss 198 QG wayrdore 104 a9 then @0@’& gecond BOGr wivafoom 418
prodtRS R Holnphsity B%r\%ﬁﬁﬂﬂgﬁﬁtﬁtﬂ aH&&ﬁbl@lfow%ﬂsp?mﬁk@ﬂ The power _
e | n a on ave
Pﬁ%ﬁﬂgg‘-ﬂﬁg’ a5iind FROE 4o nc G5t G0 JEhdl Wi i lo B4R moc
wmfbﬁﬁ @041Endathe seo@idaBE evalpforart0e o Thdrefor, it oar besporeciited)that the
gs%g{?ap C\gggﬂi 8@52 vtk pﬁﬁst&ﬁmh,msn&bm tokfat 884 MBOC
e SecC 4

mave or ns ere Should be a
mm@ko net cross product contribution to the power
spectral dénsity. Figure 5 shows a schematic system

In2RR el ProvidiQOMS] Sifav@rage heds phase BB bfjtha firsb@R and second 406 BOC

'ac ordi ng.to t.,he PrjQr_ar f.
ﬁfmésnaae %&agcedé&?n eﬁha? or %ﬂ%&p@@lﬁ?{f&ba of %ﬁ‘}f@ﬁégﬁnﬁﬁ% of the first
404 aed elgecand 406 BaC ewrasefm thpmeshadbe azeroget ‘t“@ﬁs crofut Fﬁ“ﬁgﬁ’“‘mﬂ to the

ﬁesgg%ggemg using an adder 512. A multiplier 514 is-
use to conbine the BOC subcarder 502 (CBOC) with
code 516 ons)

-ang? ? gtg’?vg IB%"W@V %?fhé"%‘? epr‘g vveq[ %%%g’t&grl% T3 C&Ifzer én%l ngto the

privDit. ok flai SAFB A wavg foonefol iand HAIBOGC/ (nanddng BOGY(k,m), optionally scaled, via
scﬁ?r‘; sﬁsr Anggbd ?n& & g{nﬂygﬁ L:Q %nﬁmle& Wr § 00 A RiultiBlier 514 is used

OC wavef arm or

wm@mmgogwswrrﬁ@am mmdes fR%e 4G r HherRywerontibutions of

. hEpRQE BOBWav&lbrms BR cPE:REETy tieltbaiid 508 Bnd STh@sisy/ e ffidietiOPand (1-7).

conprl ses a pair.of BOC waveform generators 602 and

04 f Olr_dgﬁlggg C' 39 g@? esgﬁcn*n){%ogéée%)t | fgﬁéﬁp&fﬁCBOC waveform or

spreadie ymbrel x@@elawm@namoré@atoea embodimeng ¥@P Qmﬁbmléﬁ'?@“ The

syﬁérg 684 co?ﬂb{ﬁ?e Gt rBCﬁ‘.tf. Gf?\ﬁﬁ)ﬁﬂ neﬂﬁﬁspdfiﬂil 488 Ggg é‘&q’?ddcﬁﬁﬁh respective
ower contri butions o e ve an
werr s RIS M %v@r%?% g, g a'aﬁﬁ«gmtg?%nd 608 are
scM@ﬂ ¢h @é’a[&sﬁﬁllé and 612/oe sdnfeapprepriate nmansﬁ’cmgeg wfdegited pewer contributions
of%l’g%ﬁ%:\aﬂ? Ondéog JQG&f [hhgo p%e S¥%&9Jéf§ tﬁaQ ?s que ég& waveform

appropr i‘at e ection o

. 6ldoefficients a and 11 together witli respectlve

multipliers 616 and 618 and generators 620 and 622.

THe linWekston &%ha;gp B phadb She toh @bndltiR of I8 BT GRAGforms 606 and 608 is

I1lustrated
controlled by appropriate selection of the coeﬁ‘lcsents a.and P together with respective multipliers

616 and 618 and gencrators 620 and 622. It Wﬂ] be appreciated that the system 600 illustrated -

21
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| mvwenqaebe replisedyp whish Pﬂ%étrog? Pfrikegr anf

represents the general case. In practice, only one of

the BOC waveforns will be inverted at any one tine

and, accordingly, the first coefficient, a, for

exanpl e, can generally be fixed or set to +1. The BOO
woeeeinsess 624 and 626 havi ng sel ect ed phase®CarGB2007/002293

conbi ned via an adder 628 to produce the CBOC

wavef orm 614. 5 Typically, the CBOC waveform 614 is

multiplied, via a nultiplier 630, with a spreading

wavef orm 632 produced via a spreadi ng waveform

rep@QeRR H:I&tg@;[eraﬁi Sae. Mipeactiqer @dydonn gf o BOCyendorat el BIdveitsl at any

rive r | o :
G enér afmor d’é‘g%OﬁﬁeE{:‘nl‘Jts‘)1J gl n%%ntgs %?g&ﬁgg C?Bgés?g%%ﬂ ?’%{%gof%@ *L
Thecaac tyeavefeszs 63k and FRoViaViEn sdactr phzses %ﬁéormnetiw& R 24y 688 t©

pmgﬁgﬁé@hgegm&mgmkg$pon5|ve to the code generator clock
chipping rate 638 or nultiples thereof. 10 Referring

to. fi sho sche syt 0]
Tygicily: 'ﬁ 8§9|n§m§ éﬁgﬁ%5%$%h%¥gﬁ'%6fe§glH%ﬁsgﬁ%zsgmmmm
wavzioci |6§2t producedaneed pravisgworelimn genergtongpie hroupraading cogf geppraior
6328 8,:?‘%[1‘ By la.t:[‘é(s@iﬁ&tbto{j co&m:ﬁlpﬁﬁ/lél: hecratﬁ-l@%t BAbddfthdni of the present

siml escri b wi t rﬁ erence to figure
&

LSRN Ffoﬂeﬁfode

genB@ioGock QRIbiR rhie @380 nBitipheihagol esponsi ve to the
spreadi ng wavef ornf code epochs.. The system 700

Ref%rgnng{s A‘TS e ’1"’atl:leg'aJ y 0% %%mmv ?&8{\ %0%’1}%{1@& aSCg(S@wmﬂ)rm or

or’ pro uci ng respective orns,

@@ﬁg mmb))l moBagiord wBEIfR anqordp@g;o appnbegiment of the piesent invention.
Thev§? ﬂﬂ%taﬂi%@y nfhar D raPiBerBehRitietedh e 16 GAlre b, Dut/tbthe fiﬂse

or Sone propriate means,, according to ‘desi r ed
invesHeer BhSHR ?ti‘tﬁ{ﬁﬁnf’%ﬂ% beipe PSSRV EPS B8 t%n?h? SPEaiing
waﬁeﬂanﬁlb&le%ﬂmﬂ@ ST ByswRVD G6mpritds, palr KEBOE sravef@mighera@B(U2 and

o5 SRR, il M G BB SRR ShcRos S

the eawdformb 764 argly 708 e epledl. antize sogletsd f iawrh 718f ortspime appropnate means
BRI ARBIE livefRaPRRBlahY 908 to th it
mx&ﬁﬁ% f |er§3$%6 and 7%% and genefators 720 ana ?fgmmme
waveform\7 14, thds, iipt ROG eI RA{*t he system 700
illustrated represents the general case. In practice,
TheOiftVefsicN& dnings b€ pREEsa \ve foarditon wi e BIRC wavering G0catnddify is
éomgtg%fl h' aé)lpgaﬁxt'l se%%&o%rogjthn g!)éfﬁ ﬁfn% agd(ﬁ{%ét%r vﬁtﬂﬁasi{ehtfv@ Enultxphers

can genera or se
716 Ehe 7md\gam@tm T8O apd a22arizuwﬂ12® pprodisiest e hecdem Ma&@gﬂeﬂ

repradefits ?%;é?nﬂeﬁfgasé” @ paau@dgﬁy onb 38k BORTwaREEH Gl bdNeveRROE any

wave Typi cal | t he CBOC wavef or
one A e IPEI A SR B0t AR oS B B iyt 0 1
TheCBOE whdZork o4 &eﬂmu laviflg Sqcedphag oo denged efaatoridd 328 to

h ;
eGP RO o g I iy g
lpsplier m twyth afspm%gm caid Prgrioed veapwrpsdmgs@de Torasrsirgid. The
spretda %'geraltor %4’ 1so<Ir1v81 by af NAGGRA BL. 1He s%fe&l'xﬂg &de has an

y cote period, that 1s, every epoch ge chi
assqgr@*?epl olitality|ef regyiatht Spansd erocksyas s Thersign, the s+ 1113’} SPOFS crmeged at

the Q‘Q{ (Ff%WEHé &wﬁ Rt GhidvalylePoth O cc&tie clgfl feridll. eTHR Mwatidn of thic Btates
However ments .can be r sed in

of BisRERONg o %@H@*— o8 A axfofelrant ﬁ an  BE s %‘i‘bm"%‘e%%i?ﬂge realised

in whlcA@e phiabr @4 sibh@teSk@nicanbe M E)bbmf:ﬁm thapp etrtheauthrt oBtvetyl code
further, enbodinents can be realised in which the
~State of changes at multiples or fractions of the
code period. Referring to figure 8 there is depicted
a schematic system 800 for generating a CBOC wavef orm
according to an enbodi nent22of the present invention.
The system 800 is the linear system5 equivalent to
that depicted in, and described with reference to,
figure 7. Two BOC waveforns 802 and 804 are generated
via respective BOC waveform generators 806 and 808.
The wavef or ms 802 and 804 are optlonally scaled via
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It should be noted that a second preferred enbodi nent

may be realised by understanding that the conbination

of the spreadi ng code generator 838 and the 0O

generator can be replaced by a new spreadi ng code
wgeneras@l produci ng sequence B, as opposed tRCT/GB2007/002293

sequence A. Accordingly, the conbination of the 13

coefficient, multiplier 822, spreadi ng waveform

generator 838 and 20 nultiplier 830 can be repl aced

by a correspondi ng spreadi ng code generator 846 as is
pefsdd0 8l fufthdr] gibbéimButs danibe reaksediinrveich tieastatsif §abkingep at multiples or

produced by the first and second spreadi ng
ﬁﬁ%%ﬁ”f%gﬁgkﬁ?ogé 836 and 846 to be substantially :
statlstlcally i ndependent random wavef orns such that

Refsping (afigpe thirp 6 depifiprbs schymatic-systpm §RQ)fop genepting pCROC waveform
ac@maig&s aﬁtre&b&ﬂhaﬁ @€ thebyrest:h envamberrhefsyseem 800 Ak (near syjtem

t f
B35S0 TP A TP s AR PR pge s
302 ad phase sshateb vidorespotiive GG W@veﬁathm*@amﬂa €80h LanD 08.0f The
wa(reF rm% 56 6hd( 804 ke Q;t{ﬁﬁc?ly%ﬁﬂéd,e%a sdas gﬁ}sdnﬁ%d2 pc{c&ﬁ’@ﬁé }cORsired

e Cross_spectra Is influenced

PP RNl REPGR PIRTOI 0T vsd RO erefogms 816
and® hm/\ﬁe %uﬁ:[{')ﬁmtal spSitive eflPiés BIU anar 82dUsy 8@ oAand B coefficients

L ng .S nodul ati g mavef rmacco t
sl rR TP BB BB SRS B THERLOUE S o Heral
amipszbcam phaad $iyie i confiition ¢fobat BRAE waledons bﬁa:d'em mrbmous chlp or other

i B hR SRl R S ans b é@%ﬂ“‘éﬂﬁ% N
83¢, éypmﬁ@ﬁm@ wageforms $Pat epds§adhesmerpled iby dreective | spiepiings wayeform

geJefa%Fst 436 Qr?d $30ETROEBAD G234 8 B QRICRIBY hERSnAhO Fhvefodths 840
OC wavef orn1generators 902 and 904 for producing

anq’ségﬁ%‘tgtaic\?’é‘ vefornms, BOC(n,m 906 and BOC(k, m
908. Optionally, the maveforns_906 and 908 are
It shayrid techpted that ssweering pefdtdemindin@dtnay be solived bpprdersienditadhat the

mgtﬁaﬂ@oé%c galﬁgﬁ 0 -desid esk AIWRT %gastsa QL ARBelby a new

6 and 908 to e conposite
sprepdipe Fesle rﬁemator mﬂalemg 89uenge P °§B‘?S%da'i9l Sﬁf@l@%ﬂfrﬁboﬁmrdmgly, the
conBRtbALF @R Paverkisies) &L&lpheﬂwzl Ept QAR Ofhverorne tgafegmozfss and

h t dit f the BOC
R R L e L
figeoRf tmm@msmasmdmg wateﬁ@lei freducadi by Itherfes patdetond spreadmg code
gengt%éot 'sg{s &5 ?olb% A gﬂﬁg b2l VG2 Zuch that,

preciate t

on #vetags t‘qeam@bbr p’é(dx”@sieﬁ(-s) Hhhﬁé Sf@@fh@? bﬂlﬂ%ﬁlsfé' thg prmbered(t-dand ¢
, )Blﬂké’stta%elf%:gé hep %dc%ié%fo@{ s?i& e thrins *a;%réqu&ﬁh Eh]?ﬁithatt-%r&){d -
one tinme and, accor e fir
3 B F R0 B oL MRy S B TR ) PRS- P dsired
propdigonBEike WassehRiriBermb B\ifgnosdtyahd led] efimbiddnes. M ned
phases, 924 and 926 are conbined via an 10 adder 928

Refgrgn\/%{oqgﬁrgél%% iR 8 Bmgﬁc@yﬁélé 900T£6P I‘Bé\lc}ng a sgx@ﬁhrfé%%oi

'S nultlp Vi a [1er
modplatipn weewfiresasraigng e %@dmeefd olce PVPeat HW%D{S‘P% adPhgystem is
subﬁaﬂam@rﬁ@a& ad @bt &%bedmﬂl Rt riume@gangartea PHagY inPsdsdon. or

is driven by an osc tor, 936. The
phsge, gate‘aopailgy peing GOy B e o roc b 4 S pgiod or
mulﬂiallest dr[Habifons thefeb B CTHeOmSerh B @aiprises a Phie of/\ﬂ@@fvtwmrm generators

o 535 SRS RO, P SRS 3 s

data si gnal 940 using a nmultiplier 942 to produce a
conmbi nation of the CBOC waveform the spreadi ng code
signal and the data signal23 It can be appreci at ed

t hat enbodi nents can be realised that enploy a
separate code sequence for the BOC(n,m and BOC(k, m
spreadi ng synbol nodul ati on. The duration of the code
sequence is identical for the two spreadi ng synbo
nodul ations in this exanple but this is not
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20 For exanpl e, enbodi ments can be realised in which
one of the spreading code generators has a period
that is a multiple of the period of other spreading
code generator. Furthernore, enbodi nents can be
weabi/aesii n which the | engths of the spreadipug/Geder/002293
sequences do not have a rational nunber relationship.
The spreadi ng codes are nornmally selected fromthe
same famly but this is also not a necessity..In
order. to cause the average spectrumto exhibit
Opthuik1 the tveedfdriys 206 a0 O o¢ gsled, Shacdlaad10 et YR, or biige dpppriate
medhs) da msj%ei%l (gsn'llg wgrhr,% [nﬂﬁtgti%%l cﬁ'ttilecﬁ(t)e f ab&éjr%@%ﬁgl %1% 908 to the

rdn quence
competile skedfiref 14, et 1z,é¢ ‘éw sirepdingfyndelmodilation mﬁmﬂlél |y

zero. This is true also for enbodi nents descri bed
TheVintdisidnedr@has of biusé bigti o Sorititd ofbthe Elme: wefolil P dkilpds is
conf ot e RRRERS FiGimat ot PR Mo b et T e S ph bl
916gmed) 8namd genefatqrmotm 9280 dtawgém epmcmbeé tHabthe shierf @0ahustrated

repro&RN R %&1 %a? Eagé h[g gmt«,ﬁb% rbnﬂ, R¥ bﬁ?@ﬁ ‘%E&Qé B9 b%Qm{)e}t&?at any

can usua t he I's_woul
one {e atd @ﬁoréle}% f?’lf‘é’t‘m%%flﬁ ﬁffr °°Fﬁéleﬂ§éh eravgestally Bertixedopietiag
ThetBDJ h@defon’ﬁ@ s&mcgt delé&e&&rafefehﬁ@dﬁﬂ&bd; pDiINd Db ragmaned via an

S t .
aaat 58 G Py B ot it g G RE HRCCR Qi grvedpns ofd i
mulfding\vds 2 wumm:am; aith ya sma@gaccabl%?- poguskd enacawreading code
gen#MBh yT}E%?mD Qcﬁ%eﬁe%or@?%’é Wen b g)'écyl?altoi‘ 95&1 afhe‘si@ﬁ that is,

0

ongest c € sequences.

LAy erﬁe? chavgse memﬁéyre@hmed ?r@aﬂqpkéar fraptéens thirpefuence
the correlation between the BOC(n,m and
The waveform resulting combination of the CBOC waveform 914 and the spreading waveform

932 is multiplied by a data sigoal 940 using a multiplier 942 to produce a cpmbination of the
CBOC waveform, the spreading code signal and the data signal.

It can be appreciated that embodiments can be realised that employ a separate code sequence for
the BOC(n,m) and BOC(k,m) spreading symboi modulation. The duration of the code sequence
is identical for the two spreading éymbol modulations in this example but this is not necessary.
For example, embodiments can be reatised in which one of the spreading code generators has a
period that is a multiple of the period of other spreading code generator. Furthermore,
embodiments can be realised in which the lengths of the spreading code sequences do not have a
rational number relationship. The spreading codes are normally selected from the same family
but this is also not a necessity. In order to canse the average spectrum to exhibit substantially
zero cross spectral terms, the two codes should have characteristics of independent random
Sequences so that.their murtual cross comrelation (at zero time offset) is substantially zerc. This is
frue also for embodiments described with reference to figures 6 to 8. The averaging time for the
spectrum for the embodiments described with reference to figure 9 is the duration of the code
sequence. If the two code generators have different sequence lengths, then a suitable averaging
time can usually be found. In the limit, this would be a duration such that both of the sequences
had returned to their respective starting positions (having a sequence length that is the lowest
common multiple of the divisors of the individual seqﬁence lengths). However, substantially

24
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BOC(k, m) spreadi ng synbol nodul ati on. This techni que
enpl oys a (slow) binary data 5 nodul ati on conbi ned,
preferably nultiplicatively, onto one of the
spreadi ng nodul ati on conponents. This has the sane
wid Joepig@s al ternating the phase assi gnment s BSr/GB2007/002293
above enbodi nents but over the nuch | onger period of
many data bit durations Such an enbodi nent is
schematically depicted in figure 10. The system 1000
illustrated in figure 10 conprises first and second
Ea@@olmmﬁ Qdn @8N Bk aBtahs fQLbdterin\rvad Gdn e 0aEt Sfhmon multiple
ol a (ftéve 10 BOC waveforms 1006 and 1008. The BQOC
WAV ET S °Boc(n, M and BOC(1c, m), are optionally
scaled to determine their respective power

Fueiihm Fmbqsiunqn@wsn boreglifed dpCalugesedieotorrelatipniretvepie ths B&ICEHm) and
%%lban %oaﬁi;ﬁ&mar €hif Q&Eﬁmmﬁdmﬂbﬁ £ QSPRCLME data
4ailt|p E S

d 10 respective spr.eadi
i e T T N T g AL
commﬂaztgermisaﬁa@ rtee 162 it asl ARGatinkhthe Ememsigfnmnmsas in above

colf 5 SRS RIS 1 SXOTRLodTRHL AL 88 adhBaniiav el OF B,

are C respecti ve data

signal.s 1032 and 1034 to produce the overall conbi ned
Sudysm embrdirpently shematicalbirleristiindieve i st d0P ivstsisd i figure

10 \oEeRf@r ikt ahi koMBBOC agvifhie: REGRorDa0UL 4% d 004afrbdubing Bkpective

Bt feRrEL TR ko, TRt BBE TRk POCHHE & PRl
optibally ssdleginaﬂesermme tipirfréspeitemoiver commdtmstiothe EBIOGeveeorm 1010.
Thé‘&%eé"&v% Jrﬂplld’l | negbﬁ%@ onPoEQd, GhQ ec‘éi%&hf#?ﬁ isfﬁﬂé"énd 1018,

e CO %povve ectru
witlrrpertive psadingn cosles 182 |a3<leé|0 2npr9\si%£ vigaicrRgpfive sptserdiney gode
ge@famahoza%dcm& ate BOBNRdveBAMENQPESE PFBdibS @ﬁnbol tmodulation

SRR 0 o R AT TN e

ﬂm@iﬁﬂE&ﬁﬁmﬁﬁnﬂﬁdnggmﬂmECGESﬁﬂylapﬂhyummﬂamnamwmhheTmsumd

s @99@9&@ gﬂ%m% A ng&gkoﬁ md@g h{s&% cg@gfe Beflfe] T%gaémﬁnssm
How@alptiw 1 coition by thhdaigisgnes greanfiisiondy fandem 28 influpnse, and

prefefaBl S m&a QR fss BPakitdl RifxRAintheBhYinef dofglex fWek 5RErum.
S|gna The signal s transn1tted fromeach satellite

S SR oA 1 YA CRABH TSR k. FE P DL gove

used 1941l hippieciateibiaf dug Sonsfraihts @nfsarmecf Bt @rperEYiCy Uit vy emstant

) leHodhed signhl\@rvabfle Bitesired

madpffie S ENEE 24 1 o DOM. dofly b dSableDiod A sigrh e s

or igaoPtablRat produces digitised received signal sanples
1110. 30 . The digitised received signal sanples 1110

Fig&é @1 ok bl Gmbodihde oBX REEYAN V0O aaﬁp&d iw‘rﬁﬁéesd e 8ignals arising from

- GPaPEr Sbt PUBBRTR e ghat it TR Farifstp o
satex'dfte inelpl vidlde eingrlddtion dré Tebeivighad dymnfbyl()& i gwairocpaa@il i elaRF
pro&?s@xef@ Jhlz;!n@pl ep filteds { ﬁ'chﬁEﬂc? 'ahalﬂ?ég kthé'-é'i%ﬁ.lg a-sr hse own in the

specl orn1o the replica S|gna epends on
prior i tl’vp@ltm 1&6@#&11@51*5@1'%@8@&@%6@*& tp aﬁ@ﬂﬁﬁél%%temoduw
&g&ﬁakgawﬁ@ﬁmﬁggﬁﬂ&QQﬂi processi ng. For exanple, for
the Conbined Binary Ofset Carrier signal, known as
CBCOC, a multi-level replica signal nmay be used
conbining a residual carrier signal, a code signa
and the binary subcarrier nodul ati on. The code and
bi nary subcarrier nodul ation are provided in early,
pronpt, very early, late and very late forns and with
carrier signal versions beisng in both in-phase and
quadrature relationship wwth a receiver carrier
10reference oscillator (not shown) that forns part of
the signal replica generator, 1104. Preferably, also
included in the signal replica generator 1116, in
addition to the carrier replica generator, are a code
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i ndi vi dual elenents of the replica generator are

combined to formthe said conposite binary 150ffset

carrier signal. In a separate aspect of the

i nvention, an enbodinent of a conposite binary offset
“ngwuﬂmmsignal can-be realised as a tine nulPCTiBMT®02293

si gnal whereby separate parts of the nodul ation are

transmitted in a tine sequence. One realisation of

such a signal has two portions of a nultilevel 20

nodul ati on waveformtransmtted in a specific tine
TheS@igiieA &&ew&)ﬁi@iaf baenpirtiotll A nipglied fin shecéxesplgni adododiment to a

corr(%%%a Bacies or lq h}cﬁ ’co%@a%{sgk\l/e: Bse r%gﬁt |do§n£1\%a %igfylgsr }TJIIOT ith a
grodpi of seplic s1anhie1ﬁ émrcrde%@d\kméw n@h%mr% 1416 By Gogplytion bark
1118/ p’hﬁz@ﬁ’écﬁﬁ SENTBAL repikA Sighdld N4 @Jpeﬂd@&i th@’Mﬁé & s@nals'ﬂemg@ecewed

-1, in se ce. There_ ar
and i e SRCCTL FOSGAUS BP0 3 t?‘%% SRR ey Omet
Carﬂérgl@zﬂ,t ISowd as GHOC, a:lmulfﬂwel\t@hba ggvlal mlaslieexsled ¢ombiming a residual
Lndi ¢
cerif St o et g RS RS> & °?%§1df°§1?*?&‘é‘°%‘%m

modaleBen jre pesividein satii, Mgy mlearwawerﬁgd Wé 1%%1155@6 with parrier

' smgn‘!iﬁ veré'ic]ns Ring~ th » botPin-phase Hd fRLareae helﬁ:ibh@ﬁﬂkvﬁ@ oSyBh@k carrier

e e 6 SRS S T e S0 e

represents a tine nultlplexed version of the second

prei b5 T R e RAEEEI T sl 110 WL LR R

 genewaio hieran@darplica gene@or mqw s@emﬂalt Teplisa generaps [Thy outpyts of the

md1v1]dgxal &R [Egﬁp @in’%c‘?’ répﬁca"@}f&;t&r iR 18fned W rhhthd shi€ &ﬂ@‘)osﬂe binary

offset carzier s1gnal

In a separate aspect of the invention, an embodiment of a composite binary offset carrier signal
can be realised as a time multiplexed signal whereby separate parts of the modulation are
transmitted in a tirme sequence. One tealisation of such a signal has two porﬁons of a multilevel
modulation waveform transmitted in a specific time sequence. Specific embodiments of such
signals are shown in figure 12, where each signal has two components of the multilevel
modulation waveform. The first of the replica waveforms 1202 is a tertiary spreading symbol
consisting of the levels 0, +1, 0, -1, 0 in sequence. There are 3 spreading symbols illustrated in

" waveform 1202 representing the code elements +1, 1, -1. The vertical dashed lines indicate the

boundaries between separate code elements. The second waveform 1204 is illustrative of a 5-

level spreading symbol having the levels 0, +1, -2, +1, 0, -1, -2, -1, 0 for each spreading symbol.

The code element assignments are identical with those in 1202. The third waveform 1206 in
figure 12 represents 2 time multiplexed version of the second spreading symbol waveform 1204.
In the third waveform 1206 the first 2 code elements are shown as tertiary waveforms and are
representative of the {+1, 0, -1} components in waveform 1202. The third code element in the
third waveform 1206 is representative of the outer levels of waveform 1204 at {+2, -2} but are
transmitted afier the first 2 code elements in the third code element position and with a -1 code
clement assignment. The fourth waveform 1208 in figure 12 is a replica based on the time
multiplexing of two Binary Offset Carrier sigpals, BOC(n,m) and BOC(k,}). The first 2 code
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third waveform 1206 is representative of the outer
| evel s of waveform 1204 at {+2, -21 but are
transmtted after the first 2 code elenents in the
third code elenment position and with a -1 code

wel Boentesassi gnnent. The fourth wavef or m 1208d1GB2007/002293
figure 12 is a replica based on the time nultiplexing
of two Binary Ofset Carrier signals, BOC(n,m and
BOC(k,1). The first 2 code elenments are illustrated
with a BOC(1,1) spreading synbol whilst the

elezﬁamh;s&a Jlestratédeitic @ RO Eneprtading syentiol fvbidst rtizet mblsequetthtwa code

elee? are %?ust?a@edgv%% A %M@%hmdﬂ%%g%gﬁe 78 %b&%&é’:&fem@ U code

CO ment respectively.

eiergqg@@ safl daeeni agiurlaeiperivily Thscoderpiemsnt fprafiqyis mog de same for ea.ch

Qﬁpﬂeﬁéveﬂoﬁn Ve e Qe %2&&; 1.643 1HE add 01 OTBVETZlwiPiR3he sub-

and 1 x he sub-
carriep, SOMBRPEARES 15 2h ggggﬁgg}]z ﬁf}% SR B feot §Igf‘a? é’ﬁf‘t’he CXFE B ke x
1. OBII\@-D:aiespaétwalyx An 628ilHey mplitalsizeallis GRBMHwith dispre paris \oedupying

' dlﬁ"%gnt 11)35 Igper gr tﬁ!?é !:e erﬁé M trén§rmftt9c{ m&%t I:Thé pé?)ﬁ& Waveform

OCC erent non-overlapping tine
foﬂ@@gﬁﬁmﬁc m%@@%ﬁi@ﬁﬁeﬂed wavef orm The replica
maveforn1fo||oms an identical format in one

embodi nent native e ts e | o
AR pabiient ey it S e Gy e SBBRYS B ppe e
coniphﬁbnﬂwfﬂﬁmﬁgﬁals scofhat mesesaregmaaiedsm $chadte t:mgc@marfe the correlator

proGedlol 11%9 %ﬁ%&g&gﬁgm GE brle s %0&19%%% R Gl Bhporents

proce SSOI‘ correl ator I N one
are pawbioidi] pastituousihendragsygieied i tislogn Hit thaypRSishusekeeRgrgior 1116 only has

s1grgﬁaﬁfuﬁta@ cheGRIRL LhMCHsRkNG RO AL B tﬁﬁatb for tehdﬂ'%oﬁﬁhn&rﬁaﬁ‘hese

he repllca si gnal generat 11
sl 1% bite RED, S Eoeos S IGP gC PGS frias Sepaing upon
the a&ﬂﬂ@dﬂ& 0Bt tf@fmzﬂathglﬁbﬁﬁﬁmh efhe adfities® pidoessing sieg & thayignal
r ertiar or
s P e o S S g Ut N Blngt e
used 4 tims gtk thetlalvivg maﬂsagé @lf tmtSlgnﬁr h’eﬂlaé@{i e fis I]ﬂ‘ﬂ@@‘éé@l HAgyents
nal generator converting the

pwégﬁgFﬁggugﬁgﬁgﬁafs at the tinme of generation to the

output format required uses a tine gate that allows

In eﬁ%ﬁ&ﬁﬂﬁe RfnbddiBens,i twagnaatrﬁrhﬁvet ﬂhaﬁmmﬁgfm rdnfoveds s¢ thatuthe gghal
an reve SS e. 0
comaﬂnea{s) ﬂxgn(n]uw,gg 8}%@%@? Wéﬁh mpu ﬁ?xeg c-lgllrela OH lebxgss% h%g?lﬁc@mance

of 4 reEivayatsing rMsnEonEohous o-plitaatersidne of rttgrmmpw,sﬁﬁpmﬁémas hgyeesub-
optish Bt 'ﬂ?&g&%exut% oicf@f%ﬁng%n bR el RO the :
cor el at'1 on processor e perfornance of a receiver

usi ng the continuous replica versions of the
conposite signal may have sub-opti num performance but

. TheMB¥eQfibSdimead hadg Sech MedcARA iR referap toetié T and @Baifitels having the

abqvye, enb d| ts have.,b en descr b
samp Chipging) T TR i STEOHESA'S ng tﬁe g%ﬁ%g gﬂu%g‘{ Rhilbbents

Embodinests cé:idameaabseﬂ irewlicodiffeent shipping refestard used t ed t o s uch
arrangenents. Enbodi nents can be realised in which

Alﬂg{ﬁgofe%{bgm&e&pbm ke dvitioR hfve BERAUescrtel e &J&rence to the L1 and
odi rent s_of. the Fresent invention

L2 Graua P SRS EBT S GG 5 N oHhd M gepga0 om borelsed
in V\fh[cﬁ QtHeNBiqRencied Bib@éillum b&dﬁdﬁaﬂ baoted hecntdingdo the reguicdments of the -

od n
o ST RO ART 5 580, BTG SR Dbl o
and apreol demiyid B2-k Rl rcey dba @mﬁh ﬁgm@fnbquueents of the present invention. It

.
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system usi ng the invention. For exanple, the |ower L
band (ie E5a and E5b), the mddle (ie E6) and upper
L-band (ie E2-L1-El) can al so benefit from

enbodi nents of the present invention. It wll be
waPhbeak@ied that such enbodi nents may use SimgTaGEE2007/002293
havi ng at | east three conponents rather than the two
conmponent s descri bed above. Furt her nor e,

enbodi nents of the present invention have been
described wth reference to standard BOC. However,

wﬂpgﬁa@%bllatle@ €hai $hch Bﬁb@ﬁﬁenﬁ Qﬂi&ﬁ:@é ated Habiﬁé aERRo d‘jrmtaﬁonénts
-can al so be reag ed 5 $5|ng Alternative BOC. Still
rm¥%@?ﬂ£9WmF@WﬁW?ﬁ EBBEPYE ated that enbodi nents can
be realised in which the nunber of half cycles of a
Futhetvoes rinbediprats efhibp nofend invortion duve been adescn%%dswﬂa rrergree to
staREA BORY @ weRR ohd\{KQBE in (AU dphto@atl thd eliSAthois @8Ed1so be realised
multiple of the chip, that 1s, there is a rationa
using (5B S04t | onshi p bet ween the nunber of subcarrier
hal f cycles and the chip duration. 10 Enbodi nents of
Stilt frethapriewitl b appreciatiditoherctodiomeity et babwlissd rawhichl e wseher Giipall
ccheE Gd sﬁ@(z‘gﬁ'ﬁ% ﬁ?&? L o A% Qf bl DeabiPUE S I8 Byerd Qﬁhte%e? mulépRr 2
e generation I d

,~ modulation and transm ssion of,
nonsiptgeva mltiplecef thes chip, Ghat ds o € 2 RIALPRE SiFfeRskip between the
pudBRE s e kA8 IR MRI0 kiihe BPHRRRHL € Signal s, conposite
- BOC signals, and ranging codes conbined with a
ubcarri.er or subcarriers. t i Vs
Em ?%f’?eln% & fﬁ’ﬁ pfeﬁeélaﬁ‘ﬁn S 1d ceﬁ(%:’f’ a%e‘ée ]{lﬁ%{om’ggdc%n:@%\?s e siclf o of
the Syveiition;) tharist, by, the prperpticnumodiindon enddiapupissipnof pigeply sughyjas, for

X,,L,g; (E:fﬁgge ' QB Stobrke copBfR | smal OREBpIBEBOC signals,
® S |e’[ls?ree |n§y¥lﬁ%laﬁg%1tugﬁ§§@ole§%ngﬁed?g S)fﬁéﬁe@fg?@ s1g1;111sd
andgenging apden eorebingd iR AR RS SEGRHErS o ion 1o HRE PR oRpsalle
in 88 a@REYRRkk M€ a cBFREsY SfstehS (FROE | Aypddde 2 Rueivaecare feqtited to

transmt oper.ations. Ther.efor i. e o
reoieRbPeestIEHEn Capa e pificarh Bp T BT AFAEAL Ron tyMnerating
andappamiiging Ses sigmds, rdedgingensipproprialer rewoesis meprdy the abayesse ehthe

as. th de Re) ' . i1 £e to systems,
ooy hRRBE S ey SRy O AP JUER: LilabOf BPRIE: o o
methoioappreaiispr ayd regpiyers %moowmgewls sHehAs theesedescaiReshabere) y

used .in sone instances such as, for exanple,
ALRRIEHA HRRASove Mathemnakics Zelalihg toi the abblel embediagmyr thesuptreiipls ffsin” and

. those skilled in.the art th he e TR

co B esmprory b e et e b SBABIL Al () 2nd G0,

willt Ha @ppreciated\biy Ithoseadkdlizd frethe prp thatctheartapaeqpail ermietiindto tgrms that
e& i { {8kt Rmb@EentsCRS be realised in which

do ‘%ﬁ%‘@%%?{‘%gkﬂé?‘i. %t‘*élpgﬁghéé%g .ﬁ?'cﬁ%ﬁggrgse enbodi nents have

the f5é8 pndfises spnseeringi iEKcpae¥l ence to additive conbining

of the BOC 25 conponents Enbodi nents are not limted
Thel 8B0v& B0 B érdd IR srBsth Heschived adih refatse camldiize reatiniged thenBOC

whi ch sope.other form.o L ' :
e A e e o
in vétich someadther dormAT feambiniag isaistde rRonexdayple oultipligitive gemigping can be
usezf%layaf?r%rﬁa%%. X ﬁgﬁngfmﬂeﬁhtﬂrg 10 hdaiRe B ip1ieHE Bmti iy idht be an

oglca network that processes a_nunher of B !n‘%uts.Tt
outpupfres @ desice] petweskiers Progesyss £ pEber Rh PR 1RAEF 1B &0 Y ngpposie
outrRf, wilih bdn-bk @ ¥iRhry QkHnPlillevel Atguhough the above

enbodi nents have been described with reference to the

out put of at |east one of the a and p generators

bei ng a square waveform enbodi ments are not limted

thereto. For exanple, the /3 generator can be forned

by the conbinati on of spreadi ng code generator A in

conbi nation withal |east @ge further spreadi ng code

generator C. 5 The above enbodi nents have been

described with to equal |ength spreadi ng codes.

However, enbodi ments are not limted thereto. For

exanpl e, enbodi nments can be realised in which one of

t he spreadi ng code generators has a period that is a
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It will be appreciated that the above enbodi nents
have been described w thout expressing the phase
rel ati onshi ps between the spreadi ng synbol nodul ati on
wavef ornms. Enbodi nents can be realised in which, in
widhoenaeghiary case in which there are two sprrEauiBego7/602293
synbol nodul ations 15 form ng to conposite BOC
wavef orm (CBOC), the two spreadi ng synbol wavef ormnms
have a quadrature phase relationship or sone other
"out  of phase" phase relationship. CLAIMS 1. A nethod
Altifugh @6aovagnhodiosss hivebden ddscribed with ofereacedpthe awpwi gf at least one
veformfo navi ' ' e .
of Y iar b Prsoere-BR A A SRRl Akeat 3R SPLA e b, Tor
exatnplagibe B lgkneragy coebs fovred dyrihd eombingHontof aprepding seflerggnerator A in
comMAME Q¥ HHat feldPorks inkrblr PRAdiQBd RRERSENt I Ng an 5

addi'tive conbination of first respective portions of

first and second,BOC si.gnal.s .havij fir
T e ERGL0E SRR i SH el fohhibe RUEE Brovere,
emiodirents ark inotrlindted Sheeton Horeasyis tibaingots tindigeabifed Guwhich one of
L i il M bR RbdiNE0d
tho il U0 pB BN PE ot AR Sk 8 s3ERNLle bORDERINRuode
peripgof aneierispreadingieadscsentatre Furftsomare, ARbagisunts Sanche gealizeq 1o which
the Wn@thdbelinG QFFRKIing icB@ dehiRndet 8P nefhatted eidianmighet Rebatibishipt For

respective rtio of said first, and second -
oxaigg i eoels o B S PP eoTsLE b e RN P ofprime
nunfbee dehetiptesnéeitiier.ansi ti ons of current respective

portions of said first and second BOC signals. 3. A

It WilF Yé% %&re@ﬁte& Iﬂ%f ﬁ@%dv@ e&t«%rﬁ@n% Hatt BB 8ddcribBe without expressihg the

predetermned transitions of at |east 15curren b
p hinpdetygen the Frieading fmgkm%ﬁﬁhﬂ%@ﬁﬁﬁﬂﬁo%mg?ﬁfﬂ%‘%m ¢
realﬁlécﬁintxi?l_ﬁch,s \%nraﬁ. exém;ﬁzﬁry ¥k 110 OHhidis thede atengavd spriadingsypba cedilaipns
claimin whigch the_at current res [
Forme 19 torone e trr e CHAGH SR S PG fetorms ave 2
quadreniephse slationship detoar nihme dutrefiphzes’” plrbe relatignehinf  t he
first and second BOC signals. 5. A nethod as cl ai ned
in any preceding claimin which the first respective
portions of '
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20said first and second BOC signals conprises a
pr-edet ermi ned nunber of chips of the first and second
BOC signal s spanning a period of a spreading signal.
6. A nmethod as clainmed in any preceding claimin
which the first and second BOC signals conprise at

| east three signals. 7. A nmethod of generating a CBOC
waveform fromfirst and second BOC wavef orns, 25the
CBOC wavef orm having a predeterm ned power spectra
density conprising reduc&dAdMdss spectral terns of
the power spectral densities of the first and

siecondy’ Bl GV EfBh T Bro@VplRERE R ek sbadin@dRbefSitfor a navigation
predeterm ned tine intervals; the method conprisin

t he sts'gp@ e r@‘ﬁhﬂ:}gr@{nﬁ@sqgﬂhe 5158 of igepeEing first ecpnd tgemporally
and sgeRAdivE6rishIbRlLS sPMTinAwsktRSAIURNirst portion representing an
predeterm ned _tine itﬂéerval of the at, least two C sional

pr ede A ienEbIER Phiust FsRegive Popignt 8hiFe TR R signals
t he sthadifss Bt phbe shaicragd ha Bdondposta OdspeksEBEhy &i GGk Scombination

over a_current predeterm ned.ti Lnteryval of the a

east of WP BRELRmAEE O S 1 aPy arand BOCRiRePRaR second

as cl aispgdvd poridihavidg iarseavhd hast leteathat angpposjtei to- thkufilat phase

t hat at | east first and second conpl enentary cross

spect PAI® terns of the power spectral densities of the

first and second BOC waveforns over the at |east two

B edetfemuthoéds tdlairecd int Erigial soaprsinEOge riep atf edgtermining, the  first
met ho %é?éc;ti% e%%g of $idCHi 4% Secbfh BM)T') Qignaﬁsh[@ have said first phase state
predetefrmn power spectral density conprising at

| east apastilinead predoeaingg anstians efepmEt BFPeEE PpbRRsyof said first and

spect ral,,fgnasikhas of the first and second BOC

wavef ornms averaged over at |east two predetern ned

time intervals conprises substantially zerqQ cross

Spect Faleded HeclBined feolpBvbm St e Breddiiingg iEpytiogs obgt leas

t he fictuSdnt RERHRGONOnBPGimarEfeerndBOTVEnag ad dasene. at

| east two predetermned tinme intervals. 10. A signa
eneragtor_ conpri.si ng neans .t.o _gener at. ' and .

gle con % P%tﬁ%dg?’sthl@ed;ﬂgj GRLESTegRe s }no“zhsl&o‘;]é %tﬁéas STgRg respective

t he f ippsibngudsiiil ofvstragd seeiBOG gigmalr @ohgiites ¥ eredetermined number of
conbi nat | 0 | I ] portions of first and

seconaﬁ%ﬁﬁﬁgﬁgﬁg%g§%§@f§gégl %$st 20 phase state and

t he second portion representing an additive ) )
Sonbi Hempther asfclairaedon any rsegsdias FiviE ip ovhidh sy fresgegtiye portions of

First ;a065 RGBS GIR bSmpRal For&REARHd RHPEICIicNiBs of the

portions having a second phase state that is opposite
to thérg P]?ds‘tioﬁgﬁ‘é)é: signals gpanng a perigd gf fpregdingey®ebr as
claimed in claim10 conprising neans to determ ne the

fol r st ACHENLSNEs EGBRE Gt hweprpedihg oasn bf wisiel thef firsSindasaebnd BOC
second_B%g;si nal a%Hhaviqg said first

signals comprise at least three signa

7. - A method of generating a CBOC waveform from first and second BOC waveforms,
the CBOC waveform having a predetermined power spectral density comprising

reduced cross spectral té;rms of the power spectral densities of the first
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25phase state according to predeterm ned transitions

of first respective portions of the first and second

BOC signals first respective portions of said first

and second BOC signals are the same. 13. A signa
generator as clainmed in any of clainms 10 to 12 in

which the first respective 5portions of the first and
second BOC signals conprises a predeterm ned nunber

of chips of the first and second BOC signals 14. A

si gnaland enerdBQC wasfaiaivraged aven iﬁamwwfademmﬂéﬂ tirge ipigrvals;
i n whi | f

and RO iEftnk FRREEL bR KOS Btegoffhc iSha sccond
nunmberB@E sizhilp Qvemfa stheeqfigng grredetﬁm@édwdmml 8f Gigaptgeast two
Spanmﬂ?&ie@nﬁﬁ&l‘ t‘ﬂge gfter@alssg)r ﬁ@%rﬁkgeﬁénﬁﬂato thd Qs Af the ﬁrst and .

signal” generator as cl aimed in any of clains_ 10 t
i n whisetpnd BOCE signgks oxgi@ @@%de@ﬁd@% teghet ?hg ét lﬁfst two

-l east JDiREniRddIRAR!iervd®. A Signal generator for

generating a CBOC waveformfromfirst and second BCC
waveforms, the CBQC waveform . hayin redet er m ne

Sover Aspebedasiclasidh Py .‘LPpW@r ﬁl@ o i et B & firt and
spect k&ond @ﬁﬂﬂi&n@ﬁmﬁyhﬁ)s@@\ﬂ&fﬂ &ﬂﬁcdf It]ﬁ|p0dan;§¢ctralelsnsaﬁes bftbe first
first 5 a con wave v,

| east @ %\E? ?ﬂr}ig%é(?é”ra?[ﬁ atq nt&r valpreda@ %etﬁné? %%elé‘?als are

conpr igsdefgedneans to arrange for the states of the
first and second BOC signals over a subsequent

I edet el nthgc? ﬁanggd 1!:1'3&1% %Q{J vﬁfchttﬂéepréfetel‘ﬁﬁéit potvs}épslaectral density

predetern1ne Intervals to conplenentary t
t he stempiingft kekerefliced t:romeoérebtetm oBbEPey e rkfcisal é@@ﬁleﬁof the

C ur r e 205 gj%(? g&:‘)ﬁf ﬂb@evgavt:foﬂﬁs 'a‘nﬁ'a%&y Ber (&t léaﬁecwatpréd@l@ﬁhned time

etermned tine intervals. )
gener anterraly SoranTispsnBYSHIaRY AT 1S SPPCFKiﬂl tE‘li‘?flst eth‘i’ré‘%"sr spectral

to ar EaRaRs 8 BUERt th@tse@hd | FARS twavbibgds ARAELERA least two
conpl enentary cross spectral terns of the power

spect PEdclgraRyptimedtgyalt he first and second BOC
wavefornms over the at |east two predeterm ned tine
i10t er valsgnar @ngene kabgiing2bidds Aosiegarat genadateosndagmporally

claimed in claim1l7 | mhlc he ed ternlne ower
poct PCC R SEPE GHplhF ST r L0 e Sae B aahaft sadiive

ternBcs&bmheanMEmﬁgaamep@mmdeﬁﬁntm@smnmﬂﬂwémgmhkmwngaﬁmt
phase state and the second portion representing an additive combination of second
respective portions of said first and second BOC signals; said sccond respective

portions having a second phase state that is opposite to the first phase state.

1. A signal generator as claimed in claim 10 comprising means to determine the first
current respective portions of said first and second BOC signals as having said first
phase state according to predetermined transitions of first respective portions of the

_first and second BOC signals
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first and second BOC waveforns averaged over at | east
two predetermined tinme intervals conprises
substantially zero cross spectral ternms of the power
spectral densities of the first and second BOC

wavef orms averaged over at | east two predeterm ned
lime intervals. 19. A signal conprising at |east
first and second tenporally successive portions; the
first portion representing an additive conbination of
first respective portions of first and 5 second BOC

~ signal 4 sibal pengrar £ ¢laioed ed@mgil an ghigh the torrdetemppnddransitions of

por ti gq, qe%ggcs‘?e%hi(,%%d afitlahd QB2 NALL AR same.

second respecti've portions said fir and second

BOC signals having a second phase state that is ' )
oBposi4 Esrabgempratof psdximpthigay afcipings 1009 12 %W%Eﬁlb‘é‘F Sgst gespective
conpr ip%i'tfdgs SRR $irsR DB tED T 86RIS\BmBiGNA bredSGerflit Mdber of |
in claim19. 21. An apparatus _conprising means
adapté%q¥6“?%@@?@@Sﬁ”&?ﬁﬂgﬁgﬁﬁﬁduced by a method as
10clainmed in any of clains 1 to 9. 22. An apparatus
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the generator comprising means to arrange for the states of the first and second BOC
éignals “over a subsequent predeterrnined time interval of the at least two
predetermined time intervals to be complementary to the states of the first and second
BOC signals over a current predetermined time interval of the at least two

. predetermined time intervals.

17. A signal generator as claimed in claim 16 in which the means to arrange is such that
at least first and second complementary cross spectral terms of the power spectral
densities of the first and second BOC waveforms over the at least two predetermined

time intervals are generated.

18. A signal generator as claimed in claim 17 in which the predetermined power spectral
density comprising reduced cross spectral terms of the power spectral densities of the
first and second BOC waveforms averaged over at least two predetermined time

intervals cbmprises substantially zero cross spectral terms of the
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26. A signal generator as clained in claim110 in
whi ch said additive conbination of the first
respective portions of the first and second BOC
signals are tinme nultiplexed portions of the first

-and second BOC signals and in which 25additive

conbi nation of the second respective portions of the
first and second BOC signals are tinme multiplexed
portions of the first and second BCC signal. 27.A
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sign alsecond BOC signals baving a first phase state and the second portion representing an

additive combination of second respective portions of said first and second BOC

signals having a second phase state that is opposite to the first phase state.
20. An apparatus comprising means adapted to receive signal as claimed in claim 19.

21. An apparatus comprising means adapted to receive a signal produced by a method as

claimed in any of claims 1 o 9.

22. An apparatus comprising means adapted to receive a signal produced by a system as

claimed in any of claims 10 to 18.

23. A program comprising executable instructions to implement a rﬁethod, system or

apparatus, transmitter or receiver or to generate a signal as claimed in any preceding

claim.
24, Machine-readable storage storing a program as claimed in claim 23.
25. A method as claimed in claim ! in which the said additive combination of the first

respective portions of the first and second. BOC signals are time multiplexed
portions of the first and second BOC signals and in which additive
combination of the second respective portions of the first and second BOC

signals are time multiplexed portions of the first and second BOC signals.

26. A signal generator as claimed in claim 10 in which said additive combination of
the first respective portions of the first and second BOC signals are time
multiplexed portions of the first and second BOC signals and in which
additive combination of the second respective portions of the first and second

BOC signals are time multiplexed portions of the first and second BOC signal.
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27.

A signal as claimed in claim 19 in which said additive combination of the first
respective portions of the first and second BOC signals are time multiplexed
portions of the first and second BOC signals and in which additive
combination of the second respective portioﬁs of the first and second BOC

signals are time multiplexed portions of the first and second BOC signals.
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