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WO 2007/ 148081 PCT/ GB2007/ 002293 Sl GNALS, SYSTEM
METHOD AND APPARATUS Background to the invention
wanhodusmsnt s of the invention relate to si gnal BCT/GB2007/002293
systens and net hods such as, for exanple, nodul ation,
navi gati on and positioning signals, systens nethods
and receivers adapted to receive 5 and process the
same. Satellite Positioning Systenms (SPS) rely on the

passi ve neggmeResysPEM] MIOHGD ANgabsaRkpegcast by a
number of satellites, or ground- based or airborne

equi valents, .in a speC|f|c constellation or group of
Bﬁ&éﬁ%ﬁ&%ﬁ%ﬁﬁ?ﬁﬁg An on-board clock is used to generate

a regular and usually continual series of events,
Embodiments lofi theningentiore pabeth 8 sigwetep spstenisnamd ahetiocls wrehesse dori example,

modlﬁqgo%dnalv%gt?dn a% %ﬁtlolnggggﬁ%% V\%‘?‘e%%%eﬁltogganw éclgrve@ a d@;&ﬁ%‘?ecewe

s8UFO- ran B ¢o as a sprea Ing co
andm@ﬁ@ﬂh@@qmence of the pseudo-random or random f eat ures
of the time epoch encoding sequence, the spectrum of

Sateﬁltéqjogﬁgr%&g Sy%’ceglgJ @PS‘) felP ﬁ@?asQVeelﬁea@urEﬁl&ﬂ H?ﬁﬁéin% AR broadcast
det erm ned yanu er of actors i ncl udi n he rate

by a gpmbss £ gielBiEs. oh aroy-easer Hgitberae @t alratic i aaighigconstelation or

grouf@Y E5n9E M8 Ak OF-bERE clo8iPs RB&H B Gerfor BN Eegullaﬂ aﬁdhlﬁuéﬂfyl ddhtinual
art, the spreading waveformis rectangul

serie gh eYeniit ofaeﬁllﬁ&a%@s ‘opachs’s fVhose fipp ?faogcweeg% lﬁc,cj)‘%’dflﬁtﬁc? 1 g jeast
assocﬂﬁwrwnﬁpecltaﬁm oP Ips@kokMdbih | do8¢ i(RBwRYast ﬁespﬁaaalﬁglceab) As a

circui The r in als a nodul a
consEF P af DB PO NG CePEn ot B RS BTOVh SatBr vapge e
spectNRf bf tﬁablht@ﬂ&gﬂﬂ@s Jpreaiever B ﬁﬁqt&my&linge deveymigddrbg@rmngber of factors

incluglg%:tﬁegra? ﬁ:%ace%tu t%le £ 5P4 ﬁ%dgrltﬁcgcidlg eﬁﬂgntg %{1%’ ha%v% OHC%llusecf for the
sprea&fﬂg&ignall tiaehd pridnag, the cpasiimnvavatagniit teckengulat)sufabbsyant eltipping

nal s .are 1m 0
rse 5 o et AR et o BB B L bR N B
signal retains its constant envel ope but has four _
The phaisg sighalt e dejpbtedi antp ypurien fignal fopdransmdssion riel @aTSIvE Mpagivers.

Appl%éa%&'@ laé lmt@f{\ﬁl\éﬁgo’veﬂ ihn %1hﬂgnQ%ﬂgﬁ fafé hpgée:lget fﬂﬁcaﬁlﬂ? %1ﬂa\°§3phase

ating signals o he’'sane
shift degving isrempingyerd tourkslulafet the earpes signgl) @{hlﬁl@, ftsg}f, damna eappant magnitude.

UsudBiy 4t 1635 +HB gﬁyhtsiéQBS o mddiBted ONB HREImS bANA in bRasb §uadrature. The

nal ntal ned by appropriate selection of corresponding
resulREQEriST SIS retaingifs copstap epvalgpRbIg hasgurmbass siatrs depeadias tpon the
two AP i isRalOHEwWdRAR *il¥be ShEBAME BAtahdRRUhSiung signals

onto the sane carrier using. .elther additive nethods
do nqtinges\ip hawe thy W@éﬁﬁfl@xﬂa&%ﬂm Litis eayiolg for @ cevsiamt s GREgfude of

the cB#BIh&Y SIBE 0 Ak haftaiR0 dy aslilbprialé el batih Gﬁcforreépﬁﬁdmg #h%ses other than
Coherent Adaptive Sub-carrier Mdul ation' (CASM.

/21l of t hese techni ques require the addition of a
further inter-nodul ation conponent that is derived to

Techﬂﬁh&ta?d ho®ABS +ARh noad tharvo @%ﬁ:ﬂé frd R dulited orfXMBBAnE: catrier using
it PSSP RO S D LGOS s 50O e
and AldttRe tethbds; Bnom ds heolﬂtbadAﬁptif/@Sub—camer Modulation’ (CASM). Both of
these techniques require the addition of a further inter-modulation component that is derived to
maintain constant carrier magnitude. For example, in ‘Interplex’ modulation, techniques are
known with three transmitted components, 2 on one carrier phase with a third on the quadrature

phase. These have at least six phase states.
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CONFI RVATI ON COPY WD 2007/ 148081 PCT/ GB2007/ 002293 An
wexenTpkugsof such a satellite positioning systeRCTAB2NT/002293

A obal Positioning System (GPS). GCenerally, the GPS

operates using a nunber of frequencies such as, for

exanple, L1, L2 and L5, which are centred at 1575. 42

MHz, 1227.6 MHz and 1176.45 MHz respectively. Each of

An te%‘ﬁ;% of hL@Han §atd11§e rﬁeﬁ%ﬁﬁgegsm i§ %Deﬁ)iam%sﬁﬁaﬁﬁg%&&!n éGPS)
preci ated by those ski

n
Gen?ﬁgy 3 Saopet?aﬁs élena\a aw%er P U Ees) sush de f@.egmle éﬂn H &d LS,
whiktyaré bt &PS 18&5 el MHZ?I%@fls rg%%i heIN 19,54 Fflﬁ-‘lzl respeafv@@d @ae%t of these
uenc 0 a

siB %ed UHIABSAE ayrerine sigh Saptl mPerbig i tgpRyilled in
the g8 mamem@mwham;smde aighah gmiteed/ef e GPS |S§temdwvygaﬁ$1ﬁsgetem is

hift eved.on to th and i s, cate S as
erodfs by XYl 7S BN E i B S e SR e (o Tt of
1.028Mghzal Ther@a dedesdigal hatshaeresram&alat spresslingnwdvisferrh,| is iratyughagsyshift

key.im o %&iﬂé}d @qypaq%gﬁged LeRhaRe (@ze@&?df a; Wy etare%%l%ﬁthat the

known I S on code
Slgnalv Biiohdghsit éOYt e aaateH@w wethe Ik dleguensyl fas ThsecoRd Xpmporgn@aln phase

qua&riuﬁp\%ﬁc@%l)@ﬁ gsdt t fel&sil%n %gdgg?(ﬁ’g Q9d69 Qﬁjcf“m%e al??ﬂa%%%uthorlsed

I tude wer I n Sigha

n
userg H&lﬁ ﬂH’é P&% gigrrd it PBYS miodulpioh wittonpeegdion tod, attlﬁéBl@Hz with a
magh AR ARER BB ﬁ)'%ve@m@?ggﬂ' p;o%gtechénh@et CA §OCQ 'tergsHss{onB @@seéﬂjenﬁw the Q

magni t ude of appreci at ed

compiy A et o4 (WA CARP) iffemmaEhidsE e | aoegetof: will be

apprel@&EbysihddcakilRll it HRSE: thit GRANGscHnBlesl 6F Beve 26R:s 0 these 51gnals are
relation to the 1 axis eggase of the CA code signal as

+352p8d? Feladign fonthe Erpxigha othe CAoade signel sepecifipdtinECI3 GPS 200C).

OneakiBied APRE &€ bRS §spraddads th @ GRES 4 Sin@ichWA6t is%ﬂcr?;%tecpﬁy the Y
is_encrypted by the Y code. The Y code is used
codanhiey ?0013 Aeused %b%ryptj%lé Pgilq. | @ skilled futhe pxt appspaiates; that dke L1

signIn &Intaﬁrh@ both 1% QN@mpokR} Adth& 82 ROLA dan & @HFQBRANGHL S given
d, the L2 signal can be represented for a given
Sa“e@ “fite, i, as 20 SLIT (t) = Ap pi (t)di (t)
cos(cot) + Acci (t)di (t) sin(a 1t) , and SL2i (t) =
S, Gy=p 1) cobla), ) Q08 Y)si@lr e and\P and Ac are the
ngﬁp ffﬁ&%g:%f ?%3 an ég g%deﬁ typically Ap=2Ac;
Bp is the anplltude of the L2 signal; 25 col and (02
S0 e Bolwe()d, () o,k carrier frequencies; pi(t)
represents the P(Y) ranging code and is a
seudo- random sequence with a chip rate of 10.23
Whe’Il%t:bps. The P code has a period of exactly 1 week,
taki ng values of+1 and -1; c;(t) represents the CA
Ap and@irathe amdiétuder df ths Pand O& Bodzhitypidally d.~2ade, t aki ng
val ues of +1 and -1; and

B, is the amplitude of the L2 signal;

®; and o, are the L1 and L2 carrier frequencies;

pi(t) represents the P(Y) ranging code and is a pseudo-random sequence with a chip rate of 10.23

Mcbps. The P code has a period of exactly 1 week, taking values of +1 and -1;

ci(t) represents the CA ranging code and is a 1023 chip Gold code, taking values of +1 and -1; and
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2 WD 2007/ 148081 PCT/ GB2007/002293 di(t) represents
the data nessage, taking values of +1 and -1. In the

woeer7/smsure, it is expected that a third m i ParxB2007/002293
signal, designated Mcode, will be transmtted in the
L1 band by GPS satellites. A satellite constellation
typically conprises 24 or nore satellites often in
simlar or simlarly 5 shaped orbits but in a nunber

di(t) RpreR&u thdlarPh &R . mmevawe@mmaﬁéuons from each
satellite are on the " sane nom nal carrier frequency
in the case of code divisjon access satellites

In thes neapdytugsy ol emeéfrdb&atr %Iﬂé‘fde&lﬂft?l@q%@ﬁbldé§g§1€?€ﬁvfafé’de il be

transit6INASBe LT hendpatarlSIshteligest ransmit different signals to
enabl e each one to be separately selected even though

A sa?e?l}/tg rc?‘nste d ‘g)rel}: l IaE: § ch{ngﬁ%é l t %ﬁ?eos%%%vg’%s i sm}ﬂaT(%r similarly
sl1ap®3®b1tsatrue irdd wimbegel sbitdplfres, mfhm*eanamxsmbm rfron @clpyateiifiaas on the
fer Lor. . dj n in
same {]onﬂfh? rc%al% f?eav?erﬁ%y dﬁlﬁﬁee%géstg&o cﬁ%?xgl?&%gs% gat%}ﬂ%{ g%{lcglnage(}%ss or on
nearlgsi r@la)ed Sequenricseych MNEHONAY. B satelfites Garsmitadiffesent signals to enable

each%hgwae's%E rf&%&@d &%E tHoG ﬁe@e%l@%}?lﬁtes Q‘ggl ﬁ%e&.’gﬁ' v131b1(f1

S|gnastra mtted e satellites. plca
ower spectrumfor the CA code has nmaxi mum power at

The flﬁfelscfm pash sqtelliigin AGPMA pysilikeditss arg dishpguishesi fsym exe another
by nlelt® of %d@ﬁ@&ﬁ @;Lreadfrfg%@&@ REYer dFFRS3MIA thprdeafify CRe R that is,

preci ated that. _zeros occur

refo Wi |
the %& H@rcn{i)s SeélP%Péesof NFYPéth@gﬁs»r there Temagy sigrificant sqopp Sanjgerference
betw&n&ﬂ@%%ls&fﬁlﬁsml&d'ﬂﬂ t8¢ $ayellitésh erypi@mr thS PEWdr rsymrﬁ@ Ifordthe € R@ode
code has _a maxi m a tude centred
has SRS Ve Ao e BEC WPTITILY beht Seeurs PGPS ohile figlementa
frequaﬁdly(,')l DBz, @$ the T2 xR C TRELedlel N vall B¢ Bfprdctif@tthad Reros occur either

. orm ulaethe ran
side SNE L renty S £ SR oS LI o TSl ke BBt or o
the F(Y) cﬁdbnhb@avﬁgxn\mﬁﬂ’hnﬁ)h@lﬂéﬂc&lt&d 1oh | 1B ac‘l ?tnd he RqeadRrRs with zeros
lor CA co create Bjnary set Carrler 20
Occwzreeeﬁ mieled e oreMe edﬁewectzdp%lﬁed%fwﬂfﬂf BTGy
exanple, J. W Betz, "Binary Ofset Carrier Mdulation
It is ki@fvnRa dirthieamb@ idtd e ranghi@\cb@afui;lﬁ@a sﬁBD&arrleﬁahatﬁ&)ZZJﬁlﬁﬁﬁgnal is

comledy Ui D040 A CHEY ST RAACR BT NP o Corrie

(BO(RGncﬁlulﬂﬂms awnl’mg appréEkedBEih, Shigeaxatsle, J. W. cBbezeden@@ ffset Carrier

oot P RAE SRR 080 G5 ik pgosoom
Interl@ﬁvemal Jpatent  aRplicatidn @CTMB?(OQ4/m3§42 Sind ntkwﬁomcatae af h@?&l@nlzleo

Rece&%rg r()?%ﬁ_g?ﬁ§ BO @Qér %@é@&rﬁ%frﬁﬁtﬁ% %fNE'vl "X‘EM clérg‘é?r‘éﬁ!:e 2003.

1 on
9-12 Sepfembyir t2003 lmmdyOmm AFSA, dirats 49 rRal Op/lemduheRs Ahef B are

inco é(rgtgn%{]eréiﬁ %g ref#%é:ggg&%ogfld% ﬁ?g&l%‘cor rlrs:\g&@cn%ﬁzﬁefl“gé’r % énbmatlon of
a portign ¢f a bislaryaapyeadindcada with e%mewnmrrlaemm@rgcbwesam BQC signal used

to m&ﬂlm ca?@éi“é{l@it dsof&) exa\q‘fﬂ)l h.l ' §“ hé E@tasﬁﬁxgll 1@%0 BUBY the & of a

and the spreadin he sequence Sprea |n
binarg §plercaatier Vg as %ﬁ épqg@gl% W@gb megulation), which is rectangular square

wave, and the spreading symbols (the sequence of spreading code elements). The BOC spreading
symbol modulation can be represented as, for example, ci(t)*sign(sin(2nfit)), where f; is the

frequency of the subcarrier. One skilled in the art understands that BOC(f;f;) denotes Binary
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exanple, ci(t)*sign(sin(27cf.,t)), where f, is the
woneiyuessy of the subcarrier. One skilled in t ReT/&@B2007/002293

under stands that BOC(f,f) denotes Binary 3 WO

2007/ 148081 PCT/ GB2007/ 002293 O fset Carrier

nodul ation with a subcarrier frequency off, and a code

rate (or chipping rate) off, Usi ng bi nary of f set
Oﬁ&@bﬁﬁl&rﬁotﬂlﬁﬁbﬂ &/ﬁh %&b&{}ﬁerfﬁgéﬁeﬁw Jf? %S ReRLY Eo?‘ 'cﬂ%g rate) of ;.

descriptions of e si d fromt

Usiggbigary pffeet cagfigrs r@gl S in thqrfg]@wﬁlg Qxymglary(sggna]ddesc(qp)wns of the signals
omiBOBk &b hated0SC 0, (1) gl(t)di(t) sin(aalt) = 'sLI;

(t) + QBLII (t) " and 5 SL21(t) =

é (t) s(co2t) wh
u&(f)e‘ émst"(ftw 4; (t)ﬁ?a(@y) t élg%@)&ﬁ%ﬁaﬁm(g)ﬁé odfm{fért Qshét) and

i n-phase (cosine) conponent of the signal; gi(t) is
the spre de for the quadrature (sine) conmponent
536?”?% ?gﬁgﬁd<8f@*985n(t) represents the sub-carrier
signal for m(t); scis(t) represents a subcarrier
whaé gnal for gi(t); col and cot are designated as L1 and
L2 carrier frequencies. It will be appreciated that
t he enbodi nent expressed above uses a single conponent
Amly 20hen 2R 20PHIEE and a singl e conponent on the
quadrature phase for the LI signal. Simlarly, the L2
my(3 s@iasbreadife @as the &S pltsS(ctited componeainefthe siglalyever , one
skilled in the art appreciates that the L1 and/or L2
s BB g 5 B G O B R T B B e -
aIternatlves have been proposed that involve nore
sCm(fbreplessnts Sisrselackirngy siepsoim@odul ation utilising nultiple
signal levels as can be appreciated from for
sCig esamteeﬁe@t gl g@at ent application
2004/00374 20 and "Performance of GPS Galileo
RECEIVEFS Usi ng m PSK BOC Slgnals ", Proceedi ngs of
o1 04 &p pre designaied plvh AL GrriedFaBiEste, 2003, 9-12
Sept enber 2003, Portland, Oregon, USA, Pratt, A R

It WiVBA appreciated Fhe€ te@ehbaliaNE:. exﬁﬂaﬁ;&ﬁ Rk OMdcsl@ sﬁtgl&f&'@ﬁiSorfeﬁxf on the in-
better control of the r

si spectrum

phatefigd B SREIP CUPRCET P Tt rttg»re@tl'c}sgﬁ&rﬁl%ﬂwleikm S L2 sigual

con@)ﬁﬂf@ h3inpIe @6mpdnes eTaever Ank sibillel in dfe agt apﬁ@ﬁ'atsthhﬁalmh Iigand/or L2
nbol nodul ation is fully defined by the equation: 4

T8 7/ 0P BUBT BEHVEBD007/ 002203 2
BOC signals are typically rectangular or square waves. However, alternatives have been
proposed that involve more complex spreading symbol modulation utilising multiple signal levels
as can be appreciated from, for example, 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, Pratt, A.
R., Owen J. L. R cited above. These provide a means for better control of the resulting signal
spectrum as the power spectral density ®@,.,(x), where X is a generalised frequency variable, of a

BOC spreading symbol modulation is fully defined by the equation:
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~n m.x) 22t sin( ). sin(77~ ( 2n M ntvo ~.cosl _)
where x = wwwa In a subset of the nulti-level digital
woaveiiesess used as spreadi ng synbol nodul ati onPCT/GB2007/002293
wavefornms, a specific category has been recogni sed
that has attracted the nanme Conposite BOC (CBOC) as
can be appreciated from for exanple, Avila-Rodriguez,
J.A et al, "Revised Conbined 5 Galil eo/ GPS Frequency
and Signal Perfor ce lbysis ", Proceedi ngs of
Institute of Nﬁﬁggé-'é nference, 2005, 13-16
on ac California, USA, which is.

% Wgsr 2009, ,
i ncorp aggg g&n bégfgterence for all purposes, in
|

whi ch sever al Carrier signals are
additively co r'm t he spreadi ng synbol
nndwhatum%a%ayefornt A further option for spectrum
control has also arisen that uses time-multipl exed

I ST T RVRL B S SRS, Rt ey PG PR elorms,

a spS(&ﬁJdJ@Itngryaﬁs B&A rémegtﬁsfm rdec hatagcheted dinnbine CahﬁMe BOT (CBOC) as

can JfaP flqp%ﬁ%téa;( ?ggrﬁgf Gue Saml‘ple Al ﬁo%"%e@f ef R “Revissh ¥iBinea
G‘”"""@H‘%WMZ‘WJ’ #als Sighkle Phppinonat Horisist’o Pr@atdimodf N8BS of

Navgpté %&E Lf%%t g%?lfefi ep%ﬁ%%ro%)ogz)g%%rﬁn&e eacah USA which is

incoRyogatdd, hegkin By, ref@rapg foj : all purp@Res, irt @ﬂch b@gralgBtngffset Camer signals
Nat i onal
are & ]lkwlgy m]t‘&%éét’ fbﬁjﬁ e Sﬁrset;‘?’t]% Ng@f“gﬁg‘tg%ﬁ pp332 345,
January 24- 26, 2005, San Di ego This technjq
A fusihel QO £OTSpRSETI; CentEq) @é%aﬁmglssry%totsemememp&ﬁed fgphaiges in

whidl @08 86€ispeshi @%Q?ﬁto@ﬁa‘tﬁﬂ Ghvereehsl A4 b&ﬁ'oﬂ@vlﬁfaoc[eﬁﬁed time

one to every srealn code_el enent (or tinme

SeqUEDREITS iCEBkP Weeefs%fremé Ye PG arptigaion ped %ﬁ%d‘eé‘s %Wen JLLR,
“,S’zg‘it@li ELANG WHEDuBOe BRutAhORel 1USailkBRE), | Posblk Chipibdi®ns to

he rel ative rt o of eac
Gal’éffn*o%té%%r Ioplt 0532‘\9%1% I HpreRse R oer c@ﬁi’f%oﬂ(’@gsepﬁ’i‘f’if 13-
16, maﬂaLgiTg?/]Ed’aSIi @tlﬂspz@tfu AMRS oatenan_g ]elrre gGaEZE&E Signavlpradidaneughl]”,
t cle fo Se 1lle
Conlipt iyt Ro G rah Sl DB Pt ot By B350 g 2+
26, L0081 Saimbieky.e Tbﬁttébhhtiqﬁmaﬁilghst 4 ppeeifie dpﬁeaﬂﬂ[gﬂt;ymtbesmbdulamon drawn
ti
frorr} %Begégc}qgel?aﬁ% gﬁtgf] ﬁgla?%gwadét%pr%sr ITeoto %Ye%% at%enatdmgfcoye e?ement (or
timesst e quhnﬁ@dsy ntiel el e okl ﬁltmu:ghshet }hadzesmf eeleating twhich 80€] meitition
is u'sT%ym Whlch (t(r)r%bllﬁta%bg L3 1ve E)Qotpmglﬁ%%c%‘aé oggs%%h@ig 3 :H‘Foglr@odulation
compmhu caatbe omgrofed. h@nlyémaryt Yeysgong of ﬂuﬁl wrigppdneeat irg dnown ghmegh it

will & hl%%r to %@Q%ﬂeﬁ ﬁqg QH 3&%@1‘[}&@\?&1 Q(ﬁﬁ\?aleﬂpg'}'ﬁhgénﬁegﬂ are also possible

that involve both time multlplexed techniques to determine which spreading symbol modulation

is used in each time slot and the use of an alphabet of spreading symbol modulations that are
multi-level and may be a combination of basic BOC spreading symbol waveforms. Such
combinations may be in exemplary realisations either additive or multiplicative or some other

means for combining the base modulation waveforms.

Multiplexed BOC
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WO 2007/ 148081 PCT/ GB2007/ 002293 A proposal has been

made for several satellite navigation systens to use a
woanmamsasodul ati on  spectrum so that the PCT/GB2007/002293

signal s/services maintain a degree of interoperability

as can be appreciated from for exanple, Hein, G W

et al, MBOC. The New Optim zed Spreadi ng Mdul ati on

for GALILEO LI OS and GPS L1C, Conference Record,

&f&gﬁ [

A plrcglt:yﬁl ’E f;ﬁ%O%'gEéV%glzggegﬁ&mlg%@An s?st!:}ﬁ@!o Jig g S%Bn modulation
spe%tfs@mqtmt@%@@aﬁéﬁﬁwww@ﬁm@m aflepee P%ﬁter@altabllhm gseean be appreciated

fro a6k SRnpR) IRWS 2B, &i QL B dC VEnseT Dﬁmﬁzpe@t Sp’f‘Ea%’mg Modulatzon for
i dentical. The disclosed cqmmon

ect ru
GAHGED: b 6% acORY LRy DEvin SPRCELARSIaN Raoral Technice

Mekting) aanDﬂs%d RlpAK2008CEWREBIIES Pipeby. tFH@ cSIhP&T ﬂﬁ&l’d’n’l 8d¥s not require
F f he reqU|red BOC nent s,

1t1.on
i O e oS B SR aROTEARE O g, Th B gosea
conbﬁﬁxOsfj%ctKﬂQVMﬁloﬁﬁ ad MRMGIeMBOCSdr MBOC] bha Uzestpasd tblyCH'ther a time

peome known C or
iR sy € o Sesmiop iR ShE et et P tpopls” The
tim€ mnsiplex @&chﬁgaeauﬂmlﬁmdy offsetsoantec] hasr_tbeku:ln&thnom walEBOCHWhilst the
sup?rposqg)n ?%1%nq1a§{3e0ﬁmg Enow%ng9$n?p§%1§e §(§C o Lyé%laﬁ‘itaﬁngﬁers CBOC.
overaII BOC signal or subcarrler 202 conprises a
Thertimepaultiplgdmetbo@@@ontrugsing ¢ spreasiingzymbal snodylptienawd vafgrm using BOC
mocﬁﬂ:ﬁ@ﬁ’ lcomlﬂﬂgl% %tlfh%ﬂatéd 1neif’g'ﬁg ZbWBEB sﬁH‘ws"X‘Baﬁh)f @i%§al§ 5. An overall

duration of one chip of spreadin There may
BOg sigpd osmpearr¢r 282 @%’@%@?S\Fél“@h‘?r&@“ ®i20Ro 1mr9§s Wﬁcfmt aPTFaskng symbol

mo&[ﬁh@ioﬁ’)&eéa@h buMBEwhZA 2ath S QurHOHBF b3 @Bip %hh‘a @ﬁ@édmg%@@e There may
burst 210 of a second, distinct, sprea

be serR HePSHe B VR G qdaktion dis eveetl 114%39@32%2 Bé? C?faRﬂS?ﬁgat least

oneaou@l: bieseniecsAl dik@iet, @Iﬁrfeﬁlﬂfg ﬂh@(ﬂ Hﬁﬂﬁl‘ﬁtlon-rb Qvﬂle.ﬂhl@ir Qﬂaracterlstlcs
OC 202 al so conpri ses prea

but %‘ﬂ%ﬁ &, fiERe gty o freq,mxixcégh T|h§ d«? q.ﬁitl}/lﬁpggz%gé/so comprises a third
spradBid lsph b rﬂndcﬁmﬁoxﬁbamtm 2y@m1c1als Hemtitibe ks SRaWlkteh tPfd S 6dith yet a

requenc n the each t hese nodul at
Rl o it HOOESy 0n SHAPAEE s St o e VRIS Biahi o BOC
cha@brefstic dhtewits i:dh{man:hIpr 1318 S Pti&Sb @hnshniseioh &oﬂlaevmag@hﬂlmmelhte the

satel it the carrier signal r
camo T PSR B pTPET T WU S By BT Sach B Bee e 214
It ca’ﬁ]bé apprédiatedathatvalyappregilay mdnliehaﬁohqn,l oﬁlpantoehgnqﬂ arfyhe complete
spreg 1P%araleg%re 21@%52 %taecrlgt}foﬁ ltﬂe %1r me frréuétppl tebl%rﬁ%let \D?h %f?x lti&%s?teg:(arrier
sprdadmgl riygibiel  wiothiatizinn serypooértis ebe calaweemaglstpd@axﬂ i bhg ®yptrghts is

t r [
deteg%%%% %@ %ti%gargp%gg)g%g% %r rlrll ]Er}ilgcsd oﬁko%g syq%elﬁﬁgg:%ﬁei'f% E)rg 1p%) iragrr\éoted to
ammIhtMmﬂwamobfﬁ@mQ2$@quand@n@H@WQn1@e6mtﬁmw§ggsﬁ@w@u@@ﬂmmn
I fy : 1@ Iy
Aid ?? t& %Clp 1/504111%1%26 f1§e ?g{méxgc}ega dﬁft Hgsu;ga@cre]% wefréqﬁ 0‘3 o on zr?zﬂzz‘um It
willjbg c@mso thtoae sBilled inth&arbiher othsr )Topastions gre ppsseﬂﬁt w@un the aqstﬂctlon that
the E)Ji‘aln% L eI a L Enpofent Red ﬂ%l@ﬁeé S 1/RE HHR N & thdMehgth of the
ar to those skilled Iin the art that other
repqiiHie SN ting Seqercep R IsHtectipn oAt he PYRECOmEsiso) it haginetdgent time

t S éYsef P&Vﬂ?f Qfiiof 86ihe GRABARQRALeres Set i N
mulr%gjl%ﬁsp es "of N, KA élfe Nis theglﬁgn%t h of the 30

repetitive spreadlng sequence. This restriction can be

@ver come al so by having different time
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mul ti pl ex assignnents for each repetition of the
spreadi ng sequence. CBOC 6 WO 2007/ 148081
weCH7GBaABN 7/ 002293 The alternative fornul ati ORCOIGB20/002293
MBOC spectrumis by neans of an additive nethod,
whereby two tine-continuous binary offset carrier
spreadi ng synbol nodul ati on waveforns are additively
conmbi ned.. Figure 3 provides an illustration 300 of

The EI@naW%mﬁIEBoﬁro@ HaRBlOd ShedBurd KN 1y ABLNG G adfiliveStheBRE whereby

and second 304 BOC conponents or wavefqrns are
two fipp-gatipgque finary 98he GRrEen sPadingsygRr i eRfuletion Ve rpyge additively

comBiREW omgm 3 p?s&zde@ald i1ROfatiof 8OCOIhE Ghvefimt ﬁs@w@huﬁﬂgecms method.
g{gzl i tudes C? Each of the BOC conponent The fi St

Flrstg B&s?cgn |3(8 b%g% QPIRANCREOT EIE :L&ufnar } A ?ds e relative

magB&Idéd oflthe tw%vmﬁcmem 30hedsecan doﬂﬁall@iftﬁﬂ’oﬁglﬁﬁé amplitudes of each of

the %(#I ggl}tjigol%tsn % hﬁg%%_%%gz ébc 1S \éxﬁﬁa%sggqne go@o Of }ﬁc £3 aBOC(1,1)

wavéfbﬂrms‘lf‘heaieemd wWavefofoBOG mwﬁadrdTBGO& ) @@uéfomm gA funben dfhahips,

ddl f f .
Chlpélotﬁ 1|1|) g éo%‘ms rea{l]m%mod% 308 1S 1llu%rat%§0%g% géggﬂgat %ﬁ‘%( ﬁgﬁ?kﬁqﬁtmg
fromEBOW ity efrarimtid 8f tb@fnqsfrané ee;orid wayefoamB 03 @udBih is shown. It can be

; .
IR AT 0n SRR Aol LI opogps e
respestian dhegropipomeltip to3hefirst 392 p@hq@oed 3 PhB@gy Theerond mﬁmw@l 310
is re‘%geﬁ ih hﬁagﬁﬂd@ tco&%}lp@ Q5 ihe 1%5 C&H&mgntc oﬁﬁ?Qﬂ@ At co%%nt CBOC

wavef or m~30 resul ti ng gnal waveform has
wavefornp}fs|ssowi, theg@ﬁ@naslgnaéwe@@;n\baw kmlm Inggreraa (RIYe wgveform
has M@sf@ls defeh Hﬁ{i/e(ﬁ frgmanMaV@(\/rﬁlfs OdPe ndeg Bﬁdﬂh@&ldﬁpé)ﬁ}nﬁlﬁﬁdes it

rel ative anE Itudes, it 15 is possible that sone
is popsyla el seye PEthesgjevels A pejesidep nary Offset Carrier

Spreadi ng Synbol Mbdul ati on The conventi onal neans of
Binandl@ftel EyphieasHaing Bphnme beriisioncs of binary of fset

carrier nodulation is through 2 paraneters n and in.

The f:%w?rﬁgnéifrﬁetgaﬁ gi}ltlg'fl nothe ccjl?)af%é?dc gF an%?mgtlﬁe Calﬁle Fw)(ﬁulaef‘lon is

throgh Ztﬂammturqapamlgn r @hemoduibetiof &rdane¢deB GC (npm)aindwlich @ agpli@Oto the

frequencglt %flrtX% 8&2 ?(F:a{n?et:reaglji \é\nc%(ertleésg té)l > }l%lléalfr?gar%{eg nl%xe é)g%ﬁ\zl\gifscﬁ ahyg are
usualtyl labsopibted ovithf a RSHe digvel sofwhlcfﬂtbe pastamedtalite qlepl Qsmﬁﬁtes at
t . ' , ri :
02355 P PO PR BRI 45 By SAC ) o
expresidgy: per second. 25 In the known inplenentati on of a
time multiplexed spectrumcontaining the two BOC
O ghigh QL BBy fgéag@lgpgﬁtxsl oobizS known that the phase of

t he spreadi ng symbol nodulation is identical at the
transition to each _code el errent (chip). For exanpl e,

i f Chipaingrste S prehlfis A cupsaspiecond.

In the known implementation of a time multiplexed spectrum containing the two BOC
modulation components, it is known that the phase of the spreading symbol 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 beginning of a specific code element, having the value -1,

then these phase assignments may be applied to each spreading symbol in the complete sequence.



nodul ati on has a positive transition at the begi nning
of a specific code elenent, having the value +1, and
wea 0gasisve transition at the begi nning of a spetidB2007/002293
code el enent, having the value -1, 30 then these phase
assignnments may be applied to each spreading synbol in
the conpl ete sequence. 7 WD 2007/148081
PCT/ GB2007/ 002293 MBOC One commopn power spectr al
MBaensity (PSD) that might be used by both Galileo and
naV| gation constellations is: 10 1 (Dvaoc(C = 11

N IO OR I INERTEE A CHE

nav@atoac&nsaaﬂatmgs signal and a 'so- called pilot signal,
whi ch does not carry a data nessage. The data nessage
is transmtted at a iovver rate than the spreading

COd?BMBOECW) TH, @)der-- Og(spreadi ng code rate is (1)
023MHz  whl st the 1élata message is transmitted at 50

blts per second. In nodernised GPS, both the pil ot
5 In nﬁﬂ}dsadaﬂtt@nzﬁzﬁgiﬂ&i @st@ﬂh@ ifli§ AA@Atb trRdm@! HolhQUAR-1Ring signal agd a ‘so-

e sar same power levels. In the tine
ol P SRestel b 13 o T e eTige « H SCESSSact Fapived o
lowdrhete hadrtle spratig coéd gRor APSOPA. icofs tHespreadii® 06deN ke is 1.023MHz
nmentsfo th i visi.on of r between )
WhllatSth ?at 855%#% ﬁ:g a %03 bﬁﬁlpgr Sﬁé‘gﬁ]\/\ﬁ mo?ms%@é%ﬁotaﬁhe pilot
and tlarta pigmils 4re vgnsdiitfcklenitbarigh meﬂ Iﬁb&smﬂ)pitﬂmm’atﬂe @aReOevelOVIB fthe time
10 multgq?]e(xeg %\%ﬁ'&og fof tg@n%rat g Bhé@ék{[lﬁﬁ(g snig:,érﬁ erel._aé? g@%ﬁ%g%e ofo c?ptions for
choasing aismmsrm foa the diyisigyafpoer ﬂmtd/ad:nahee pitvt ewinjatarvhainsls.aTlds permits

the c% Caf t;lz)nsrﬁi@tﬂl %%gft %%l&tlvg Iﬂfypo 101%% oq%{)\g?rkf?r ealclpgf tﬁe EB@ spreadmg

arrying & proportion POVET
symbah gorB@@ents v thrppitoh dinch detsyeatind sigmdhu| Bri eemmpin,l if thevﬂwnlsslteadmg

syml;ch %(Filuiaﬁ&n %Eﬁé\%%?ts G Bbbf‘lgl)aangr 19@ 6t1I oﬁler( éﬁey )iatg f)eahng signal,

povver use a ti'me nu ver sl
15 camh%/a propartien ")p@fvthfr totah E@?Yer,alsescﬂ@mlé@(l@ 1) @Ilréadnrxgrsy(n@@)modulhuolfbnly

whllﬁayg P lé‘teg'lgnalg%‘x%ir%) ggort% (1‘ y% ror% at}he g)&f@ ]blve{ Co()ulcp use a time

multipdmsd@eﬂitamaemgﬂee)dwmwwtrsleiewm ng the pr oport| ons of
power allocated to 20 the data-bearing and pil ot

I h B :
?o%],g X anCEdeyj% ;)Sm n%g)gg(lvsegnj ﬁes(;):% \r/]vom& gnal s.
o

Equafl on () e co PSH'¥or both pi kot
- bga signals in accordance with the
reqlﬂ“’?(tea? I\/% SD. CBCC

This arrangement allows considerable freedom in selecting the proportions of power allocated to

20  the data-bearing and pilot signals and in determining how the two BOC(n,m) components are
distributed between these two signals. Equation (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

25  more complex.
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For the Conposite BOC nethod, the sel ection of

paraneters to provide for power divisionis 25 nore
woaogiiesns1 8 WO 2007/ 148081 PCT/ GB2007/ 002293 POE/GB2007/002293

equations that follow show the conpl exity associ at ed

with the control of the CBOC power spectral density.

It is assuned that there are at | east two conponents

in the conposite BOC spectrum For illustrative
The RYE#BRCRat f&ﬂlﬁv SaWatd QRAHIRR) MRS WRNEE hGiedr hetBOC power
conponents. However, those skilled in the art wll

speqiralggpifys elt fishaseurnady tBatt thet 21 &t d5aH GIe rremPoRsyts i theomposite BOC
specTJilﬁl spaciitsuaief puapd@bm aﬁeyecfaﬁtfoaeu)elaardré RbnstrBXA for M) components.

mhol dul
HovgroH ot A UG RO 3] oS DI (57 2<ROMEEh B BT

spectrum Hn,m()), for values of (2n/m that are
Theespetieuml bf & Wery effpondsiet, BOOHM), edhpd ehe physed Essre@tﬁng lymbol

nary offset carrier_in.ea di ng,code s
modf o S e Bt U | EVBUEER) SRR Dot B Far oy EpeCe): o
vahhh@f (2d/tm') alat are e0én. allds bategpondtie (&g remplete cycles of the bmary offset
ol R0 TR Lt IR B 5B 5 L8 SR SA e
duraﬁWx Zb)c eaﬁldg le footle dixfrent tAl'IGﬂa;c/(rhraﬁ aT}p:eow‘teifotm uierl afos iﬂud em:ctmm

b b S AR, o g Bl

tranéifiéh £ 60-29- 1. 023- 10 hbte that the spectrum of the
si ne phase BOC(n, m maveforn] Hsi nn, m(0)), consists

entirely of imginary nts due to the presence
of the j (=I-1) gﬂé)msin ZE %Ié\eéﬁém nator. 15 Sinmilarly,
the (gérdhrd#D i narKgnof carrier, BOC(n, m,

Si ne ﬂgﬁsed synbol modul ation, is
glven in equa{ E;TEQ @;1on (3-1) shows the
conpl ex spectrun1 FB cn)yfor val ues of (2n/m

t hawheteexev@l®, This corresponds to (n/m conplete

cycl es %%= OQEQ%By of fset carrier in each spreading
code synbol he conpl ex spectrumis based on a

cal cul ation over the duration of a single code
Not€ i tspectlm i rihe( B pHase BOE(mpaY @bveforing BEY,, (0 canbigts 2f}irely of

spectrum conput at i ons extend ver the interyval
meglbAEY eSFPEBIIRTNNS O S BroSeRE Of BT NI DIVGR. I Figorpminator.

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 (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=2n/(mwmo). The waveform used for the

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

positive dwell at t=0.
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positive dwell at t=0. 9 WD 2007/ 148081
PCT/ GB2007/ 002293 1-cos sin 2~r (-1 mC2n ( in)
woéleoarsngso) ) nctoo C)cosl2n) where x = w wo PCT/&BRY07/002293

and coo = 27r .1.023.106 Note that the spectrum of the
cosi ne phased BOC(n,m waveform HO .n,nm O, consists
entirely of real conponents. The correspondi ng power
spectral density (PSD) is given in equation (4) bel ow
and is averaged 5 over %g nd assum ng that each
spreadi ng code S { ( Fy) state sel ected

%n M. The PSDis: z 2,

Forbhe
;?E?wa %|n~ (#p, Mo 0 1&hm nx @4? mcos( 2n ) As

di scussed above, in a c inary offset carrier
(BOC) signal, as an alternrati otime nmultiplexin
t heW @@n&F‘W’aforned t hrough the additive conbining ¢ gf
two R Le ,BPGr3 L@ conponents for each spreading
synbol . thus, each spreadi ng synbol has a spectrum
cont ai ni ng, for a 2 conponent case, a portion a of a
NotB3O@(the sppctoompidhe ersina phiesed BOEMingrwavefowt, FE ROOY kongipts entirely of
Noti ce that both conponents have the sane
mmg&%§8§§ng code (chip) frequency (sane duration of
spreadi ng code el enent). The conposite conplex
The spreespending PSHEndpectiab dqnp,@ﬂPSQb)(s\g}ven 1q_mup,t~(og (jl) belqy and is averaged
ovelj'ikéxg(gh)ass(lm 1Bt EM sﬁrgﬁcﬁ%?g@é"s@hﬂgl tHQVE (biPB Q{afe%lelected randomly
density ormed fromthe product of Sc(w) with its
frorrbfémlp@%ts ’c+dn}hg7§{eé’SDdﬁd for real a, (3: 10 WO
2007/ 148081 PCT/ GB2007/002293 (D c (0)) = SC* (0)) -

SC 00) = {SC (€ /., )
S, s1n(2 )sm(m)
D, (%) =— 2

m®, {m{ nx)
—tcos| —
m 2n

As discussed above, in a composite binary offset carrier (BOC) signal, as an alternative to time

4

multiplexing, the signal is formed through the additive combining of two or more BOC
components for each spreading symbol. Thus, each spreading symbol has a spectrum containing,
for a 2 component case, a portion o, of a BOC(n,m) component and a portion  of a BOC(k,m)
component. Notice that both components have the same spreading code (chip) frequency (same

duration of spreading code element). The composite complex spectrum, Sc(®), is then:
SC(CO) = Hn,m(a)) + ﬁ ’ Hk,m(co) (5)

The corresponding power spectral density is formed from the product of S¢(w) with its complex

conjugate, and for real o, B:

10
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0)) 2 (a- Hn(co) +, . Hk,m(co)) . (a- H,,. (co)
+,8 (CO) = az2(Dnn(co)+' fl Z(D knm(co) +afl (Hhm Hkm +H'm
wolkog7/14€)81 where (Dn, m (co) = H(co) Hn,nr (copPCT&@Bi007/002293
k, m(co) =Hkm (a)\JHkm (CO) Equation (6) clearly shows
the differences in PSDs of the conposite BOC (additive
waveforns) and tine nultiplex approaches. The power
spectral density, (kKTMw, for the time multiplex of

m spreadi ng symbol conponents, if
the pf@ﬁort&aﬁ%@g a2 and (32, is: 5 (1)TM (co) = a2
" (Dn, m ( (@Lsz - (Dk,m (0) (7) Therefore, the tine
mul ti pl ex 'sequence conprises a2/ (a2+(32) chips with a

power specfor: Md@d&lﬁ)Hk,,dﬁ?)):m,H%@))+énﬂfk(,,13@7)(a2+(32)
chlpswthap r sp ty, of .The
di f f er ence®bet ﬁtﬁ @[ﬁéxﬁ@ Cé@%%ﬂ &
t echni quewheresi de in the presence of the cross
spectral, ten [ e CBOC PSD, Pcross(co): 10t
cro sm%@@gi—,:@f)s?”nmt( Hkm + H, ..., Hk,m (8) The
situati ongAs exacerbated when, for exanple, there are
nponen r the conposite signal. In the
rrﬁ%f)ﬂélke{@s ga‘lm @ht i on, the conponents are
mterspersed anongst the code elenents in suitable
Equﬁ%ngg)rc? &rh? ?hce?fvrv]ts glglc fcfgre&c?%n%%%%r léltcc(x) cisE ng cgt{v)? V{aéseforms)
and bmetrmar;fkaxn dpp@ebhes1oTle mover getiay datsmt h@r\ b o Qe ﬁhgmaltlplex of

thee15 retrans sion filters i
R LB ARt e i S R LM
typi cal exanple has the proportions a2, (32, S2 for

si gpal(gywdhqgea f @)PSD s as equation (9) bel
|I%st(§%t£ < %‘tllj\}/?pg())@— (Dn m (co) +'82. (Dk, m @

(CO +,52. (D", (CO (9) The correspondi ng spectrum
Therkfore, tﬂaalrﬂdldilﬁﬂlakeemhdfmdm@ﬁsep bOade*Nehid vathcopgnen Qfettral density

b has thr Ccro
ot oSSR Rl BB IR e e S RS2 et
the FROE/fEsE2HIT érgpm?ec)téchﬁ?g@)ﬁ{% ﬁrflgo)} pl)@%n(:efxtf)the( (&&ss sb‘@‘czral tgrms in
co) .+, ! m(co) + . ,m(co "(a' Hn,m(co
"heéB%!?SIPﬂéDc '?e%o + 8" HL m(w) = a2(Dnn(CO +)62(1)
k, m(~) +82(11n{ co)
q)cross (0)) = aﬁ([{:,m : Hk,m + Hn,m ) HI:,m) (8)

The situation 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, B2, 8 for signals with each of three PSD’s as equation (9) below illustrates.
Op (@) =a* @, (0)+ D, (0)+6 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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+ a)6(Hh,m' Hk m+ -11 nm-Hk, m) + H,m+ Hn, mHAN
+/38(Hk m H,m+ HK, mH m) where (Dn m(co) =

woroain4gdsy ,, (co) (Dk,m(co) H .a, (co) Hk.mp(OGB201/002293
I, m(co) = Hco) H(co) (10) The cross-spectral terns
in equation (10) have a significant influence on the
transmtted PSD. Cearly, the presence of the cross
spectral terns hinders the realisation of a common PSD
q)f(f%)=§* O¢ ppd MBOC. It is an object of enbodinents
Bf "t he“presént’ i nvention to at least nitigate one or
nor e= {or o[ e + [S‘fH LHe) prdi- & ,,,40)). (cSuifiypiey) +of - Hhe(o) + 8- H, (@)
i nvent ,on Accorgdi ngl y, odi ents of the present
i nventi ‘%mm@oﬁ/ﬁa‘ék,ragaéﬁt‘ﬁg;g,mg?%ener ating a signal 10
conphiH(Ag the stgps.gh generating at |east first and
second por*’f'i ons of ’fhe*’3| gnhal; the first portion
bei ngadéH,yeld f o, I .At | east having characteristics
of, at st ;first respective portions of at |east
fi rs?ﬁgr@%eéjéﬁgé‘f’gﬁ%’ having a first phase state
and wheresecond portion being derived from or having
charaegtefistics of, at |east second respective

q)""p rti%:a's(d()))f ]{ralfcg?at | east first and second signals

@, hay)jng:a gpn hase state that is conplenentary to
k'tﬁ? fi rk‘ég@ghafé'gw}s)t ate. 15 Advant ageously, when

D, pldrafed@véh , (d)or exanpl e, two chips or some ot her

(10)“ me period or interval, the conposite conpl ex
spectrum for the conbination of the two nodul ati ng
subcarriers conprises at |east. substantially reduced

The grgs-gheeifab feamp (P eupiéondhe)i hare ¢ significanh iflugnce efldé%transmlﬁed PSD.

CleaPIPEit hitkencd 6f 18 -crobfbgectad] kedviS hinflQ§ 11R%8dH RN of A&ommon PSD for
Ozcsec rum of a nodul ating subcarrier such as, for

CB (?Ca conposite BOC signal, to have
substantially the same power spectral density (PSD) as

It is an dbjédt ef @ntiod 2@ntywd tHe pidseng irsethivakd it dgastsnidtasne dr @tore problems

of f gxggpal e, atime division nmultiplex BOC when consi dered
hlﬁ %€t ms of whet her or not the power spectra of both
conprise cross spectral terns. 12 WD 2007/ 148081

SumP@ry EBRADEAGD2293 A further enbodi nent provides a

met hod of "generating a CBOC waveform or spreading
Acc(ﬂ@ﬂé‘l ,a&hwairﬂ@%egfotﬁgnpfegéﬂmirfvbﬂtﬁ)h ﬁ&l@dé@ GRAdd %%enerating a signal
waveforms, the CBOC waveform having a i ]
comprising the steps of generating at least first and second portions 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 signals having a first phase state and the second portion being derived from, or
having characteristics of, at least second respective portions of said at least first and second

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 modulating subcarrier such as, for example, a
composite BOC signal, to have substantially the same power spectral density (PSD) as a 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.

12
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predet erm ned power spectral density conprising at
| east reduced cross spectral terns of the power
weperimgisi densi ties of the first and second BOEBCT/GB2007/002293
wavef orms averaged over at |east two 5 predetermn ned
time intervals such as, for exanple, at |least two
chi ps; the nethod conprising the steps of arranging
for the states of the first and second BCOC signals

A fOMRF cmhbSHRSRIMENtes PRERHesMEnedidd HeCBAE & MaforRfor tPRading
at |least two predetermned tinme intervals to be

moduigties &(ﬁ@??{larfgpm figst eprb sespgh BQC gravelnmoss fhestBQn qvaxefprgh ppving a
precBQ@nﬁédgfsbades SEREREl Rndigtr doRpkisifY RBASE FdiEACkrdsk WPectrilt 1BIMEAIS the

| east redet ed tine intervals. 10
Pov R SEEH SEIBEUP i g Y1 G A GO PRy ove a It two
pre&@ﬂmhddﬂimeqnma]!s Suthls Jeneaaple, Aleabt@’s thips; t}&liﬁlﬁlﬁﬂld:elﬁprlsmg the

stepp %rt Irrgl?gln%; fOé tgc:a r?. aers of t%atﬁg%f?tggﬁeggﬁgrgé Lsia u(glvrare a subsequent
preddierrmmﬁdlnfenmmvalmf tlwtat leasi$to pradatamgme&l tuhe ottevalstb ibe sonyflenmemtary
n -Portions
to th%?&%? bzﬁﬁggrts%ﬁlrgesﬁogcg %Q%%}%@lg g J}]ra {S %%\?/ et n\écg tugle {nge{\%pof the
at lepsih trepregletgtngned thiee ineamals. t o generate conpri sing neans
to conbi ne at | east subsequent portions of the at

Anoth%@%ﬁlbcf&rﬁéﬁ p?JWde§%C9Q1gal gl:x?era?tbng &%p%siﬁ@%ééﬁs Jo %Ql%?a@e at least a

state that is conplenentary to the fIrrst phase state.
subspiieriASBIaN REMEisHH Blatide o 4 legst giebreny eweﬁra?fcﬁsmék the current portion

being QRBVALfrdM] R a@%& W@V@‘ SLREARR b 61Statssacﬁged 8608 dedBO6urrent
wavef ornms, the OC wavef orm having a pre det er m ned

respeiie POrEFNS Of hfead] é‘ﬁ&% secopmhials g Tretapbpse s daegmeans to

genéﬁd't@&o?npﬁﬁlﬁgﬁléaﬂlls td @niPEneQf leksh @bp&;\&@ﬁ SREB LT Ble atleRsiilsi £8 second
the first and  second BOC orns averaged over
SIgn%lf baving PGS el BeaTRPHERFTY fodae ﬁe TREREASPATAE  t he
generator 20 conprising nmeans to arrange for the
An stigtiRenioprotiie £ sipsil careht@ o0 e 5ICHOM va@ken fom first and

secos’c'iJ B?%%g oFrJrPP &Ie e? g%ﬁlﬁ aaegméaw?ﬁ g%@g‘i\:{tarlrr?%dggwer sptectral density
compising a hesttreduged drosstsheetrslt taeof dlfie gomer pectsdl denmsdies eCihadirst and
seco@%&Oﬁe v@itoisr?se%{ls{ gv%r atel { R&yo n?rg&e YI{IIHQ(F 9 mg tlnqervzjllin tt gegerator
comprEDgchaaes 1o srrmge\fwrdbe @atgl og ﬂalﬁrst @mbﬂepcmdrﬁj)@wgﬂa@asmr @ubsequent
predﬁlé&g‘gl‘feg lﬂiﬁlrétlnt&ggltolf% apfeastt R?? ﬁ%t%&%mgcﬁ a@é nYeﬁvatlsoco @é con%n?ementary

a current portion
to thp efetes efriheléritragd élf@pnd/E@Cfsxgom ovsr a baamnfrtgedetehamai:fnmfr m@mab@ the

at 12 tvR prRASS QG ALED Welhis, at | east current respective
portlons of at least first and second signals having
rst phase state such that the phase state of_ at
Embpeg.e@ts Bahdey siet cpprisivg Akledst 2 puhesauent porEiersof th signel ightive to at

leastS 8 CRRht Sloatdal §f BRSalaft @ bl Sodich Bdind @@S¥edafrom, or having
subsequent portion Is conplenentary to the first

chargofesisties of ofagsocialgd EipGhilentt ﬁ%rgenbtﬁspeﬂee prEeRs it & lﬁ%fﬁrﬁ 39f second

mgnzﬂ@lﬁwblg 2@ bhaseetate @1fldhhﬁat Rpmsektahar dﬂ/l@dsesub@qﬁénvxpdrem@ of Be at
atiaon,t ereo an asp ect of

least g aﬁﬂp el siegtis e%%%%@&%‘mﬁ dkettes Sa?ﬁewawoa%@ i, complemgpgary

to th@ fii7phdk0&] PCT/ GB2007/ 002293

Embodiments of the present invention can be realised in the form of hardware, software or a

combination thereof. Suitably, an aspect of embodiments of the present invention provides a
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conmput er program conpri si ng executable instructions

for inplenenting a nethod, system apparatus,
wgenEriasmst or generating a signal accordi ng t oPCT/GB2007/002293

enbodi nents of the invention. Furthernore, such a

conmput er program can be stored using any form of

storage such as, for exanple, optically or

magneti cal |y readabl e nedi a, chips, ROV, PROVS and

comptéteproyr@inatdntpRisiap oRedifbleViatakiidne idﬁ\flhﬁlaﬁentlﬁg“at mblhyd, system,

enbodi nents of the, present. i nv nt| on
o BB QB S RtE o SRS PG By PR, gf e imvention.
Furth)d’mﬁgdé,amCh |arboﬁipﬁﬂé1eprbg11am01am$alss)rekdeﬁsmemy gevre badtorage such as, for

L8 t nay t el | or,
sxarity (B b B R Bl i R REH S R o e o
non-goletilp diplides. Gmtablyean‘ts)dhmmts ofitheeprestriténventian mgovide machme-readable
al technical working groups to
stor{;@&%ﬁ%%ﬁlﬁ%%%ﬁg%}’? t@']ﬁéach system's 10 em ssions in the
L1 RNSS band. This may not require the inplenentation
In cytent prepesalgdetrieereseverah Bffspnnnaipasion s#elie sreptosHaich e S8t with

Gpsl BMGRS EQRpah ed BEn BRRNS, GRRINRY cfaeame%acthat give effect to a
systenis emssjons_in the L1 RI\ISE band be reali zed.

recoppepdafion by gutugkisewicaloyorking SryheitYsea, °°’§m§’é EDR domeeh sxtem’s

emissidnd/Pede 1.0 raldsmbaat Q‘hfshﬁaycﬂo@$§1u§@ afetif@lemle@EABNI JF the same time
equation 6. This has the sane effect as the other

Wav%%oéglbe@fnep% of fhe; PiedsPh S1VERHOD | BT e APAYE | common fSDr g each

systéih’ O &fisSRB G hal 1 RESEbaddlds bORSIAH) , can be set to zero
if the following conditionis nmet: (Hr,m- Hk,m+

- H = 0. t
ML B R A T
equasipie 6.1 Mhis Madihe gpneodffepins ebeyotharmgihods hut icombemeimesmplemkgation.
the B , t [ .Qf I | .
The oAk T Pt e e B o Reabifindtmethe
conpl ex conjugate of HSrn,m is 20 Hin* = _Hsin n,m

n, mHzml Last ﬁﬁe cMPl-ex of Riikdaitg of HCOSk m does not
change si gn: + ZJ k, mk, m Note that the

ugdrsd¥i.pEsHi.nfapd cos have been added to define the
phaS| ng of the sub-carrier in the binary offset

.carrj.er spreadi ng Th| rr Nt .
R e e R L
compuness whme ctlterR(DCdkem)mpecTrh |csnsetstncf qbuwb'nbal orbmpdmentis n\kereforsnunder

u c onents have phasing
SUChacg 1t10 gla%gader qm;ne bei ng of sine phasing
and the other conponent belng of cosine phasing. 14

His = ~H,
whilst the complex conjugate of H*% ,, does not change sign:
HE =4

Note that the superscripts sin and cos have been added to define the phasing of the sub-carrier in
the binary offset carrier 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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WO 2007/ 148081 PCT/ GB2007/002293 1In a still further
aspect of enbodinents of the invention there are
wonoviidesir ecei ver architectures are identifiedriGB2007/002293
processing transmtted signals identified herein.
Enbodi nents can be realised that have a single
channel to processes all signal conponents
substantially sinmultaneously. Alternatively, or

Ina @tﬂﬁﬂlﬁh& AgHebi)of eRPORHENEIT R 16@&’&1&@&&8 alel p?&ﬁ’deﬂ Qé&%lvﬁaa‘{&utectures
e channels sp that the 5 di vi dual na

mul ti
are lemaﬁ%h PIOCESTIS [5PTEEY é@l@%ﬁ&#@@% 5oy EegiBeth gl be ralised
that GB@NAengle dBaghebkd Iphoeehsdsnall Kignal @bhpoedth stigahiigly difialtaneously.

such r ogessi not, ne essa r|I e optimsed to
At BT Gy i o p e e i Pl PR pts  tar e
indid@sLdi gnpt dompometstaeproteasatl Bgsratelyliy despeivs clafindd @rp rskiflehih the
art Wlp rea ISC tgz?c s\lﬂ\ﬁc]{l%oc s é)lg gg& tngée?sﬁlglyéb?c 8%%&9 Io n&éﬁgg) 3 maxunum
mgﬁM@nmgramlllustrates a transmtter or S|gnm

generator; figure 2 depicts a known tine division
Bnef’&ékérip%ne&% Pihggy of fset carrier (MBOC); figure 3

s oWs a known conposite binary offset carrier (CBOO);

gure 4 shows a CBQC S|?nal accordlng to an

Embéﬁifﬁléﬁﬁ REFE RegseRtHBveaies BHE nvhhe Aeseidied: By Bray oy grammply only, with
re&¢&ku§&5a&g&mﬁyﬁgaM@ngkonal schematic system for

generatlng a CBOC waveform figure 6 depicts a
f g @ aglcts m f or ene%?tlng a CBOC wavef orm
lBuIs ¢ LOP TG “ﬁ o & REERE “of the present invention;

figure 7 depicts a schematic systemto generate a CBOC
figune@\efids akmemcingi digsioromeltiblexhd ratyo vt carrib M @&Sent

i nvention that uses the spreadi ng code epoch to

I depicts a vari ant

ﬁgm%? %{1‘% as@ ng%%ﬁylg/%agﬁﬁsgt%&gigﬁer at(;l%ng a CBOC waveform

as illustrated in figure 7; gure 9 shows a further
figuis AisbriTs OGO s sepsingle & %’%@‘W‘f"é the@Es BVFHigha

spreadi ng synbol nodul ati on waveform according to an

figuie BROMiraa con@Roral @hdatit Oystell foSieherhias AACEHOC Whvelfornt her
enbodi nent of a schematic systen1for generatlng a CBCC

e s T I
embbdigére of the ph@wninvendbemati cal ly, a transn1tter 100
according to an enbodi ment of the present invention.

figure L}%efngtgn §<!Heltnst?c sy;tgrg t& QJHQJa{e%eéBCFE? @Q\Tcéfolrgl%ccc;rmﬁé toI embo@ments of

the present invention that uses the spreading code epoch to control phase inversion;

figure 8 depicts a variant of the schematic system for generating a CBOC waveform as illustrated

in figure 7;

figure 9 shows a further embodiment of a schematic system for generating a spreading symbol

modulation waveform according to an embodiment; and

figure 10 illustrates a still further embodiment of a schematic system for generating a CBOC

waveform.

Description of embodiments
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generator, for generating or selecting rangi ng codes

for transmssion. It will be appreciated by those
wekod7iieshsin the art that such rangi ng codes nmayCD&B2007/002293

generated by, for exanple, shift register 5

i npl enentations. An alternative to generation by neans

of a shift register may be through replaying the

sequence of code states conprising the code sequence

Referi@Mod i pREDL, Yinéle Vik GRowd dapéreicdly, GORhdsPuRKSIOY dceq@tiay to an
such sequences. It canjg ﬁ@ﬁ reciated that the E&P%ﬁ q
embqdipent of dheRietesh AP 1J8 e ! ORecomeTiaes mqags S, &
genetatdrUfek b@teREin@6r RleotligGhmihogblds)fotahsiistibn. . It WIR S€ apmetesed by

ctive m xers

are fed to S 04 and, 106. The .m xers .
oo e B SR APRTIERS OB NG ThE" 10 AR s
implemeﬁlmlom t Ansditbaaive i te rgsneaation rbgli megnd of ersb‘rﬁtdfegiatat sapfbe ttheugh
repla? aﬁqlf%\ég r(])ener A talgeessﬁ?n%lglﬁ g}pr é%)la Jul ctrei fgo%p %rrgén?orr? device
adaptdzdtta_csmtgmais y de@y puchi sqwhess  Ipraaf @r aiplreymamdﬁb@t tw tdngltnh gode
w00 505, Al SUEMELEL s FUEALER) L 0 St o
fed tp mespectivie mixgpret (4t dndnl 0p.n The warers ﬁ&rarléxl&ﬁwréearrﬁnﬁe@@@hme the
rangﬁlg q,gdes v{'xth' sﬁ?}%&e}s‘ ﬁ?&dﬁ@% i BBinfed &f ﬂ%gﬁésbﬁt' 1%nt10n .Respective

terva data rate is he m xed
subcargersgeqeTabs 198 gnddif gqpmt@&heesub@aﬂ% %tmmlkyr@i!a%sagr}al @) is also

prefe%bﬁﬁfnﬁ(e& 1fmand ra%%xgg c%? hi&d MB@@YH&H eThd $@ekioM dffonk Bit of the data
hase and quadrafure phase signals produced via

an
signth e parmabOm BtrgeTAHdRe Bhibe pede ra@@%%ir%ﬁr‘féd: op fEpmPie 1 GPS CA

codeTﬁ ?s TfOUtﬁﬁég Qhe X %&He%}ﬁﬂﬁdnﬁnﬂag@l 20is LiB4 das Ao BDIbPE dThe mixed
nbi ner ,. and are output for _subsequent

s1gnaésolnl‘@épd5 i Hnarcbgw taona %ﬁlﬁr Bﬁ? (i)féxiuéer%bl 6@81%\;}38[, fvvg?re ikyg are—pp%ed v{?nh in-
phas@ sdnfuhdrhiiRPhis] @1gb!e@s HOMNMET ifhn osdil@ol ShdfpRake EIBf& assembly 120 and

SN S I R CE T —

subs@entfup cor@XRIGAILE an appsepriede lup tenveiter dLfie Thed@iue from ticupgedverter

mt ar. transm t r ing codes. In a e
128 {5 5 e PR OBLRE D B el B en SFP Pl D5 138 o
substduent Seaiessiinty, fof exahpler @ badliite er othérakeise afangérbtolpimitam yransmit
th of fset carrier generators for the additive conbining
eI gi %n such a way as to provide a variety of
dlfferent power spectral densities, one for each phase
In a prsireheratmdime8 ¢lie cperati® A dlei igveniéantinyadves the seqrsnding aftthe relative
hasésrl)% ttl?erbcf Xf@ef &nfe%en%ﬁ%rsdfdf ng hcﬁiﬂwgfcoﬁblﬁfng ‘iﬂeﬁlog ‘ﬁ{jﬁlch a way as
uration of séveral code
to pre\rlémfemlsty %ﬁlf%mefrpwm@p%ﬁwee%esm dorgadpibageessigngent. Such an
asmgﬁfﬂ&ﬁ'lplx he tﬁ?s% %sta@c%%aﬂ@ Rhe fdhign 604 LR8P QM'e%emﬁlp Over

pectru enerated a pre-defined nunber of tines.
the dméon pfeegmr@l. qqge plemgsits, SeVEt Wawora@lﬁé icpqe aenEss BisHdessiile phase

assighidént @éﬁ@%@i@&pgrﬁgﬂg%f)wélsbecﬁ&ﬁﬁﬁ g&%fh@erd%tp%ideﬁng@ﬁfnﬁfepéﬁlme’st The
I's possible to cancel the signals arisi fromth

resultipg POV EREEF A depaiynoriepopdioter teupveragy 259 ebmfodrse g@é’e@ted

Ther&&%cﬁ 'Is%bmb-mto%aﬁ)&ﬂ‘h@hg&[h #idifg Bem Py rexs IR uritdrihs ASthERBYiting
nponents as required in t@; ite BOC %pectrunl

(0]
compoBifs BRGETRSFM. ¢ M aSRErHee © 63 a¥iPFgEet Eoipgnents as

requﬂré&ﬁiﬁl tHe Gahpowité BOCQ@éctrQﬁl Chsediehity, m&labér@éea?smhﬁ}alfbgﬂmtl to be

1dent1ca1 w1|‘;]1 that%thse %gng ?nql t1p exsa}/raanggllnent 09 tﬂe %bc spreaciling symbol modulation.

16



10

15

WD 2007/ 148081 PCT/ GB2007/002293 For a two conponent
conposite, there are only two distinct phase
wazesi’gasmsnt s for a and (3 as follows in tabl erdT/GH2€07/002293
product of a and (3 is identified as a' phase
assi gnnment operator. Phase D=+ (3= - + + - a= - - + 5
Table 1 - Phase Assignnent of a and (3 According to
this table, if half of the BOC(n,m and BOC(k,n) are
Forglec% re8tBched dobhpbdie, HaRrPRRSE0 AKDLPIIRM:si stﬂaleoc and B as
hase assi gnnent operator (a(3=+1) and hal
foll@weéqbteel %asedw 2l is poaitfied as m@m@%ﬁtgn@gépmre@r
(a(3=-1), the average PSD is: (Dc (co)Jare 0.5 . SC++
(co) - Sc++ (co) +[Chrase S CIQ;)~ C+- (co) = 0.5
(1SJ00I2 + (SC+-(0OQ))/ ,2(= az2(Dnm +f ?2(Dk, m(0) (11)
+0. 5af 3(Hhm - Hkmtl m He m+-0 5al/3(Hhm - Hkm+Hnm -
Hknm) 10 As can be Qb@efvgd‘fron1equa ion (11), the
phase assignment of the BOC geperatofrs controls the
resul ting spectrum— BY_altocat nngUFbto each phase

assignnment, the regulting cross spectral term is
cancel l ed. The benefit of “thislarrangenent is that the
PSD of the conposite BOC (additive conbination) is
conposed just of the PSD s of each of the constituents
only, and in whaLguer phRkORAERIANT o(Adp3) are
required. |f reqU|red a portion of the cross power
spectral termcould be 15 retai ned through changi ng

Acoeﬂalgm Biscrtls, Hrhelf of the ROCHE) and BOCEnen) fre gstieraie %Hl&&%same phase
ass1$r§'§én9f}5‘1ﬁ e HRE AliMment Jﬁb@at&i?&ﬂ}@ﬁ hﬂha@ffwﬁﬂ"@ppgﬁﬁ%as@fﬁom the

BOC generators 1s nade the insta
ﬂw%ﬂﬁﬁgewﬁhmmw@rﬁﬁFThehe@@ﬁg¢3§bﬁ t he spreadlng code

synbol nDduIation The phase assignnent is comon to

Cc 5S orres onds to a
®C@gﬁwﬁ=8§R$ G%) he §r332$‘¥ |tionpat t he
centra t ant adin nbol as illustrated
in figh?é? )Eqﬂs®0&%gg ko? nylrst Zrefe??ed 17
WO 20074 / 007/ 002293 enbodi nent usin
BOC geﬁe Hﬁ%ﬁé/ﬁﬁg Qhectrum of the output for a ) %10

conbupecs He a dava - BBt .54 1.7, phEse ar e of
{+1} aﬁg § l%]Hg a0, Hn: ?n(co)ﬂ(@)%gmﬁh '(01)51 n)t +1
27r .—Qﬂ %,,((m ifh@:269) sinl Yzxin Hn, m (GO _ j mDoo
Z-cos(70' 2n)

As can be observed from equation (11), the phase assignment of the BOC generators controls the

resulting spectrum. By allocating 50% to each phase assignment, the resulting 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 only, and in whatever
proportions (c,f3) are required. If required, a portion of the cross power spectral term could 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 transition 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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2'r (-1 Im~) sinl 2k) - sin(m (12) Hk mom _

jmCOO ° COS -0' Cm C2k) where x = COc)o On, ok c-
wo20074143081and coo = 2'r .1.023 -10" and the PCT/GB2007/002293

corresponding PSDis: ¢ (co) = (a - OnHnd" "co) + /3

. &kHk, m(co))) - (a/ "I$nHh,m (W + /3 - Il k,m

(CO) a2l n, mCV)+fl2(Dk, m CO)+al gnCk(H, m Hkm +Hnm

-Hk, M 5 and where, as before, (13) (D n,m(co) =
embb!ilﬁ)l)il)t usm B-BAC E&@datdss, Me(Plctramtds tHeldukput fd'“ﬁa combfa€d cddk and data

can served fromequation 11 that the presence of
Sta’f@t%é*‘ﬁhalsaé“é@%i’fg{ﬁ%ﬁst swi t ches does not affect the
presence, or signs, of the power spectral densities
for th Og;,ﬁ r+@9§( conmponents, (Dn, MW,
( Dk, n(C\G/{v)§ I—Iomg\t?é(r the pfoduct of the phase
aSSI gnnents, 4n4k» )\A@llng §%§h(ﬁf‘§ke the val ues of +1 or
gn QPnyhe \orngss spectral term

olz:‘yrt(hs 5]
sf(éqd 3r| Y. Dy, 10 SE"} gﬁzﬁase assi gnnent

settlngs t hat ca&se t ermto be positive or
negative, power spec ties as in equation 12

may be formed as ;ICijI 0 \M) 2007/ 148081
PCT/}&;O(})?/Qp%ngn 9%, 1,+1 or On, &k = -1,-4?
++c H,gap) =

- g5kHk, m/ (’E'g;

Y IH. " (co) /~+ I~
H,", / (CU + f-0
"kHk, m (co)) =a2-~n, km( c) +af (Hnm - Hkm+Hn, m

-kaﬁ@re(>14) a%or 0, Ok = +1 -1 or 5n,gk = -1,+1
V+c(co) =( Dt a2( Dnnm(
)+ SZWHFV{/)‘L > %( it HkmHN, ™ HK, m Thus, by comnbi ni ng
an equal@ awrhen29f105i gnal s with each of the PDS s in
equation 12 and having substantially conplementary
phase assignnents, it can be arranged that the PSD of

andtlheommdhne@SDéffignal, after averagi ng over an
interval exhi bits no cross spectral terns.

A te £, v y 5 Hne I
urBer GO Eed o Lo e G RGP R o
spectral l@?@n,geﬁbw@@ [ ARG, ¢, (H,,, - Hyp+ H - Hi )

and where, as before, (13)

®,, (@) =H" (o) H (o)
®,, (@) =H () H, (o)

18

It 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(n,m) or BOC(k,m)
components, @ m(®), Py n(®). However, the product of the phase assignments, dni, Which can
take the values of +1 or —1, controls the sign of the cross spectral term. Consequently, by
selecting phase assignment settings that cause the phase term to be positive or negative, power

spectral densities as in equation 12 may be formed as follows.
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There are a nunber of ways in the BOC signals can be
processed to have equal (or if required, unequal)
wounodransosof conpl enent ary phase assi gnments. APCT/GB2007/002293
enbodi nent uses a phase alternation approach whereby
the initial phase of one of the 10 BOC(n,m and
BOC(k, m signals is alternated for each chip of the
spreadi ng code signal. In this case, the averaging
foﬂwt¢ec=v4ql+1| e,rjzgugt =21c9de chips as there will have been
o 9ne chip wher'e the spectrum has the characteristic of
(qﬁmc(qéoy (@ (D" "c(co) and one chip with the spectrum
of t£-(gl € ref i ur, t here
is shémwfﬁgn%g?gcﬁmgvbe or H@S@}L? %fg (9)1>| ng a
CBOC= a'® W&&ﬁbﬂﬁf@l 409 +af(Hg, -d povndl, sHeckral densitg4)

th_sybst ly,zero cross spectral t'ernms that
forVg}9 ¢%\I I+bl Zir ?g@ %henlizzrgnbl ning a first BOC(n, M waveform

@*Md:)ar@f a(@econd BOC(k, M) waveform 406. In the

i1l ust t fi st wavef or m 404
is a ”("gwf{%@gl"-b veof/%}ﬁtm Hétaﬁﬁ%%bﬁem at ed t hat

ot her BOC waveforms can equally well be used. The

ThuS ege&dblﬁ@gan wehebe FefndiSwith B6of(tRe PHY’s indQURME r12 and having
eciated that other B wavef or ns

ap
o SR o ffeur P G e s PrFPgeddPat it St fdbstombined
s1griahvimﬁt1‘i'eﬁerglr%uﬁ‘/ﬁ' aSntedvall ex@basiy @oss tsﬁb@ﬁzﬁ &SRS CAlt@ﬁﬂwely by similar

e referenced technical
com 8 R SRS LA PSS BB e gpecigm can
be retmiwe@int i on are not limted to either BOC(1,1) or
BOC(5,1). In the foll ow ng exanpl es, BOC(GI) will be

T BB 0888 e P el R PSS R g g

unegjgl) prerobery afegmpleBerttay Ali-Be tskigimengspr esent
pre-determnm nable points of the waveforns 404 and 406.

A ﬁHt eﬁi@(ﬂinﬁ&ﬂ @%rae;ISHa% ﬁ@n{gh@ht ap fo%h FRERHULL BIES Rﬁ’efse of one of the

lustration on ed I nes”408 to
BO%HWH%%%@%%SI% stihaterpaigp &r Aech ship o the BEeaditts qede SIgrtal In this

caseC 88 REagiAP RIG6d1 ?\Qt ﬁQ@&e &ﬁ}% RPN LY LRI R8n Bﬁ@@lﬁ? L8R the
within the first chip, n, is coincidental w

speclum dgaip charagisripliy qfr%n;éqaqu& “c(tand poer dhép With Se spenirgn of " "o(®)
od of the second BOC waveform 406. For the

pur poses of the present application, such an alignnment

and agreenent of transitions of the BOC waveforns 404

Refegting @0Buat 4t Herepis eshenenr armmberbplewprsfonms 40 Hert ganeratinghe CBOC

wavEb P2 aSink R foher e@t@a@ ﬁ&nsn}ﬁ whe gibglﬁﬁﬁall%l 780 TREEY sﬁe@t"f’atl tdrfA€ that

E@aveforns are sal be i'n phase or have the sane
usu

haée whengambyping %%%W%ﬁl) wne?red&ﬁ@nd %seﬁ@gld?tq)% ) afeform
406.t hamsillishaBd ehbddiBent, | thesfirstBde YayREBRMAOY . BOIAG] B MBwever, it

negati ve goi n transitign of the second
can Jp R RO o e S0

or

BOC
“taase sican AUl el Reousdy d hg speond BOC
Wavefbmpﬁfﬂ)aS@ BOAYS 1pr HEeWwd el baoNit wilhee pPRYiERS Bial SR BOT waveforms

Lol nCc ent OS t e ol n tra SI.t
“can tgfuiS o K dnibiog § A5} S Biese RO ishnlghepuftsatbs cxaples hoss dgargbed

in the tabdve referec@d déchhiodl.papdrs aﬂthlkldamﬁal patent application. Embodiments of
the invention are not limited to either BOC(1,1) or BOC(5,1). In the following examples,
BOC(6,1) will be used instead of BOC(5,1).
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noted for the purposes of the present application that

t he phase states (+, +) and (-, -) are substantially
woOdermii4gml . Coi nci dence between a positive goi RGT/GB2007/002293

transition of the first BOC 15 waveform 404 and a

negati ve going transition of the second BOC wavef orm

406 are such that the first and second BOC wavef orns

404 and 406 are said to be out of phase or in

Figaat bolﬂiiﬁ&s@. nuiber of el doesdigielio3go praasa r@fr@&rﬁ pﬁH‘—determmable points
e converse | SO true

o DDk B oS RREER A B Sk o i,
the mméﬂmemosom 446 dreﬁshpws iat bMﬁg giothé gnctpbiim sf the (‘BD@fchlbh et can be

40
R R A e R Ty S R L R
negBOCs YAy einsitios wzl:b)m ﬂ@n’rérswdhﬁo @ried sfdhdsetandBO© whveddrmptas Eor the
t 1.-ne
o BT R SRS e o
WaV?fé’fmSt ¥ 3nd| 496tat sheeprehtepnipable prdigs, that és, g midpoptsaimethe present

emb()\hdnerhalg Such that the Iwa PSR 2213195 be P(ﬂﬁe@e Skth thufedché %rr}e@ﬁasg Lthte or

Il recognise that the equival ent of such
concgqxfgln él“@grefope@ ﬁpfgptm% going t{ansmc)n Ay it HAQ wavzj’orm&O{f coindiding with

a nefdiRe AdiSOtrRAGIHM ofdfe RBeontl BV faveforkMBRRES ditdbd iR %hase or to have a(-
readi ng code, state 420 or_ data synbol state 422. 25

> ) Rg'ﬁFtSF% Py coniisRni Hy FomEerss i stisoalg: %&%&OBE)@GN positive going

transmme&@rams s4i840 B ARG ovethRle a pHth) Eﬁ)arse 558 or B&rﬁﬁ%ﬁt It should be

r}ventlon cl\(/agz l%%/ result jn the waveform 308 shown in
notet (13 Ml DRTPORES by Pressnl ABRGAton Ity 6 g 61igs (1 & and G, o) are
subs&ﬁ‘ﬂihbl@h idemnicalof Cbiﬂ&d@fcé%ﬂieeﬂ VRO rgoitﬂé araatifid @€ dhes HEH BOC

that the.cross s ectra r.ms of ectrum
s A AR P PRSP T OF k0 Bl oo e et the
first mm/ef:@rdrm)c fravef@ms l4cm &xid 496 af saRino 6O LRST PRisk Gﬂmadhﬁ-phase The

{ avera nsurin at th CI[ 0SS

corSBAERE oF s i ie R R i SHBEES drfloy @t 1 3 Regsive
going ll.mmmtommf ’Ebif fitshBOCi watfod040aad 5 @&ﬁih}é @@ tra&nﬁtiﬁf of #® second
BOC?\fgz,i\%]f]ogr\E}gl%g %Haeﬁ d rimape féja ? (sjtat%ro? ci(): gg@ Mi Higg and second

hases arrang
BOCetf vetorms 4)&4 and 40§ angrseifl ecr bebduy of phaseocarmcaitl mairstlanam telappreciated

fromGHM 1!11(1&1[ %d anB@dnltht [ ncgt{] - QF the I‘?&e‘%‘%@hﬂ%ﬁ) iy u-gmféd %}-ﬁ%%eéiods

achi eve @ﬁ/ ensuri ng secon
are qBOEY Miaseef Ot heveat (+, @@hms@%Whmmg@d zi@iil cz»@imeécro@nﬁ@gaat the

equntah:ﬁt M&?%@Q%aﬁ@s Qroﬂfe{ -@% E— )Sl’gndtﬂjoqn g-}p-g Q(?'t t+§ g)bgﬁc? occur as a

state or condition e stat tron o
result ¢(fehaees indhpspisnding w@mst@tﬁézmwat@syrml gae fid%er chip
period. This is achieved in the illustrated enbodi nent

Addibyely Bensigapmt B el Qr Bod AhvsHeh JOhaénthJ@@ wd‘@d’ %f.lpf"omthe
shown jn 418 resul ts. Referring to the nodif
PreseRb (RYPRSIOM epry Apsylt tindhg Wﬁ%@?oredé% shoya j fligris, %ozﬁoweverc gignals

accoﬂﬂﬁlga(p@ AR brﬂEcﬂdnénhaﬁthé ﬁ%seﬁhﬂﬁ&u&{ & %%n?éd s(ﬁ@lﬂﬁﬂllal ﬂh@ a%ss spectral
rnat e betwee

e 65 Bt P o et g o s (G i sécoph upE PG ataveroms

for amﬂ%bmbmgvémﬁﬁﬂsl pfeﬁlbd afaf cabéledva Qfeﬁ&@éﬂ 4 byadiuriddehat the cross
ifie econd vvav form418 uces e

specBE SR &5 BOEeT BB ST 1 G2 U LR O GRE, bl piugrond BOC

wavepes bf akbutdequsittcitip p'Ehed prewemplspetiry,ahatdS mave yhaeds didagzed to at

least reduce the effects of, and, preferably, to cancel substantially entirely, the former cross

spectral terms. This is achieved by ensuring that the first 404 and second 406 BOC waveforms of
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CBCC does not contain cross spectral terns relating to
the first BOC waveform 404 and the 10 second BOC
woaveiiesist 406. Therefore, it can be appreci at eBCTIGB2007/002293
the power spectral density of the CBOC waveform 402
substantially corresponds to that of an MBOC signal .
In general, providing that, on average, the in phase
portions of the first 404 and second 406 BOC
the maeqﬁanf ldh‘ap %eﬁo&h&xantﬁedp@ylteapha@é} bl'@ij]? di’rhcoﬁc]?ﬁcfrﬁﬁ)pﬁﬂ 2&9 s(tjate or
out se of .the first an
con#l’% g{é‘ggl%: %ﬁéggﬁg%{}%‘ﬁ%ro H”éf}lép %881 d be a zero
net cross product contribution to 15 the power
Thisgpebiered indenglivstspted Bingodiser by tevscoand SEHEwWatef@msAPs tsadln that the

wavé@r% sfhg\;r H{éﬁg lrzléégl?sg R%ggr%gqg &15 %ﬂ%@% g{é@efoérp éid&a Aa%g %r q’rst %OC
Waveg'ngl 4(}3@3 4an, hqr)apm@@ﬁatgmw( the @ase@gntqsmqajohgmors cibmde bvqwaen in
phase€, Q@t &I @- 5}3 §ncf"5{g ﬁéﬂse d htpﬁEhaE G’%”Z”@her&&% d&%’ﬂﬂkd}“t‘ﬁe first

usi ng . use
of B@Srﬁwﬁ@rm ﬁ184 B@i:ﬂ@ uBRdified segond, %@C( wBelymyd 18 predusysrtha einmysite

BOCCRA 8foRA Go2 %Qh-ﬁrl@mﬁgféﬁ%w&%?éc@rhlbdéhél NSy h@%o&z&%p%‘afdeﬁ&ty of the
BOC wavef orns are cont r ol e scal ers

CBOS:¢pes gel 0gteodpssi serdt Emmss rsﬁwng( fo-thy firsRBOLy wawgorwm and the
secoild BUC Gvabefoln @I Tiere8d9)\Wtad b SpHRdPRikddGh Yife! RO PRctfaP Hensity of

e RGP SR T8 S MRS RRRG of <he

present invention. The system 600 conprises a pair of
In geBEDRL, pvavidﬁmg Ithm: @e raesrrmeouhs inGpBiase @l of0of tﬁe(ﬂrstpuom ditdetrgnd 266 BOC

e BB SR RN B Bl S0 OE R IPEbE P o

404 znd dessegond #e6 B@élm@f‘omaham sho6liDe @rzers matEcr@sp prodmut catirdbution to
C ing to desired power contributions of

the p?ﬁ%@%e&sﬁ d%r?srrt?

wavefornms 606 and 608 to the conposite
. waveform 614, that is, to the CBOC waveform 614. The
Figurie psbeves @Wh@nat@ﬁmﬁg@ SQf foppradreingtaapmpesite BONigtabIP2abcordieg to

the pﬁgpdrwax%; 9%&3&%@%? O én%l 50§0B§e I’HI fn‘? lahc? gO@/(g nt)?’optlonally

propri‘ate selection of the coefficients a

Scaletio@étswéqrs wh§ 1and 8Epawior {pecombiningy areepanbigdaisggingaigetaiid. A

multlﬁﬁ‘éﬂ 81 £§:0(s8d B2 AR tB280C lsbibciikd SdQG(CQQQ? Sthat s?ﬁ:a&ﬁ@&ode 516.
the system 600 illustrated 21 2007

The pogrey qepBhBHI0 9580 Bair PR e Watsfams fe ca&wgﬁ%ﬂpy %geglersﬁﬁff and 510
using¥oerGtib@ey @l yy).one of the BOC wavefornms will be
inverted at any one tinme and, accordingly, the first
for exanple, ner xed .or
Refe3 loyfgBiei Hesg sHatis g 8 20 B OB g VevetSi or
spreaSieg evhtad npldalats wivelota mbdoritt 16ian @fboﬁdﬁﬁf of@B8pre@nt invention.

e Qe 0P PARAR S U b1 POCotr S0 Eroe 0r B0 SBE6 e

respeetive [ROLadtavr(prmyyaBE (0,668 ZhdB@Cieo a$08/| Gpt&bnslﬂy @rdvaReforms 606
and 6\U§Valeef &51”21 9% gca?etrsoglo ﬁ'6 13_ rc]>re SO gp%golpﬂ J (%n%gz% gcecrc}red’ nagt tg desired
power contributions of the BOC waveforms 606 and 608 to the composite waveform 614, that is,

to the CBOC waveform 614.

The inversion or change of phase state or condition of the BOC waveforms 606 and 608 is
controlled by appropriate selection of the coefficients o and § together with respective multipliers

616 and 618 and generators 620 and 622. It will be appreciated that the system 600 illustrated
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634 is driven by an oscillator or code chipping rate
generator 636. Enbodi nents of the present invention
woaom7nesaseal i sed in which at | east one of the acawB2007/002293
generators are responsive to the code generator clock
chipping rate 638 or nultiples thereof. 10 Referring
to figure 7, there is shown a schematic system 700 for
produci ng a CBOC waveform or spreadi ng synbo

reprBSRRY R LR WY, efnogfrﬁﬁtla& Galynb 8f 1hoBBE WRBQHhIBMtbe hveftbtat any
Onegresent i nvention. The systen1|s subst anti al

maida pecprdinglyaihe Hist caetfisisat (i Phexpmplercan ameially bq %ﬁfi grgtto -+l
The BOC faveférhe qb as(e 626 HM@’égsieIthe@ phf3B5e cShbhel ﬁ@ radiaidep 528 to
ei y or being responsive to the
m”é%ﬁ@%ﬁ%ﬁg Wﬁg Qﬁicode epochs. The system 700
conprises a pair of BOC waveform generators 702 and 15
Typit@ity, ftior CBOGdwevefigmr eklipac mbljiglidOiana wefitgiies $3BOGEM 2 rgpreading

L B BEELKA ) o708 AL Lo B MBYSLIR RO R

are sca a sca
634 aprivepby ait esciiletane, codelpirinti ity generdersilpe Empodiments of the present

1nveﬁﬁ)<§1t crah péﬁteélgg&"m 1&@?le§%evlﬁ%f%gﬁ thx%ﬁatc@@Qe {88onkiQe {orﬂl‘fe code

osite waveform 7/ wavef or m
genemrﬂr Cloph ehippingetsitah oopultplerigedff phase state or
condition of the BOC waveforns 706 and 708 is 20

Refé}ﬂﬂ]g%tB @lehed, Bdte @QHMM éoa&ﬁatﬁ@.yse&ﬁ 1000 rodubBg a CBOC waveform or
coefficients a and toget her with respec

sprepiing PICPlepedularion o o aee G ARPRLEIEY St sy grventon.
The ls¥stap 1slsut@n@dmp rsﬁlﬁlaﬁfoelﬂattdaﬁ‘hbém&ﬁﬁé&?&m t6Quiel d, Bﬁttﬂ)lath@ﬂhase

represents the general case. cti onl
vl B BIo e rr by SR RPo O 4 g breading
wavefofin/caie @pdchl. Mile\tystdm VO(EO()&mﬁlsee a pafief BOC stavefoed dneia@rst 702 and

o SRS RSB35 BBl Py LGB, optoas,

the wenrdﬁdrmedo&mal 23 addedled/ 2B dcaler?Y 1P rod 0teort veneCPEOpriate means,
acco[:n}ﬁ {oo efr}lqreg ]pg\\yera%gtm%l?tl n bf f %O(Esggﬁve}l\amf ?] and77%)§ to tche comp051te

a spreadin
wm@mdm7FBQMp&@dm@QEO@nawabspVEbdlng code gener ator 734
The spreading code generator 734 is driven by an

The q‘l’?\%r a({ aJroc'il%rfgé Eé)f il; % )E/)er glagdn@%oﬁ %F'ﬂh'}?éc %V_II?%%6%Q d708 is

ity spaced epochs 738
conttql]la@ by approprijte sqlc}ctlormf t}Qegcqeﬁio@hta pgedld tpgether h’@thgfsaﬁthgmultlphers

716 SYET % a‘fi@%&epa@(fré 95h arld @b, iSwin®¥ ?yresasmm B¢ sysRAE708 MR trated

peri od he duration of the sta R correspond
reprfesenw the gensraheaspningiraciicy el oa ehBpBOGrwaypfopns Widhejmsterted at any

one BRPOH FRAYS oG MRr @ﬁm’b@%b $86coefRiedh hn EddSral 8BS Bxe@lor S +1.
sign alternafion can be set to occur ofher than at _the

The payforgy g%, a%a%ﬁ hazlglg\/@ege@py;af%gg fombmed via an adder 728 to
proditéel dlmw&%%%mperprHyﬁhé cbotuivefim ’Bﬂfti@ﬁiuﬁﬁﬁ&ﬁ via a

can be realised ich the state of 0 c
multiplies 739 @gh BrPeAE R AL BPYHE VEGdETBEre G Rty i’y The
spre?cﬁ’ngf @M @ndatbhe3eid 8ri@eMyChedsolllafel BRI TIe: Systiam B0 has an
. en I n e accordin
s HErAO o EEeL TAPO B iy oHE P e L5y hpdnpee o
the stafteof EVdﬂyE&fde patllethat is, every epoch, or code chip period. The duration of the states
of B correspond to the duration of a code element or chip. However, embodiments can be realised

in which the phase of the sign alternation can be set to occur other than at the start of every code
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5 equivalent to that depicted in, and described with
reference to, figure 7. Two BOC waveforns 802 and 804
wanergesmst at ed via respecti ve BOC wavef or m geneCaiGgn2607/002293
806 and 808. The waveforns 802 and 804 are optionally
scal ed, via scalers 810 and 812, according to desired
respective power contributions to the CBOC waveform
814. The scal ed BOC waveforns 816 and 818 are
peridtl $&1PfukBS,; enWodinleBS PALEd réRis&iih binRh g St 8P Makked ’&)tgnulﬁ’Mes or
the a and (3 coefficients 10 according to desired
fractigns of thg &0¢51P58% or phase states over at |east a
current chip, or other interval, as conpared a phase
Refatiag ® figureCOthele s depictefl atsbi&maﬁﬁymﬂm aborargemtatioy € ICB®C waveform

ook 2 e biindl o e bl B ke TR phaplle g v
equivaletti tp khae depic@R8n.cand deRBBd Whith sferepesdionfjgwea e TorBO®@ 32veforms

802244 §3%,d ééﬁ{;%’sc? 4 dabg Gg%e%&%ﬁ l&‘é@%?oﬁq%agéné}%mgi‘g@af gﬁdmsos. The

generators waver orm
wayjgforydy §&d attsly SCduaeriopigpnelise soaked.efio semer8 81 antis8 lanekcauiing to desired

resﬂéaiv@ go@et‘c&ﬂﬁ)n%%ns & he ddocs Q%k(gﬁnkﬁqél nefe qcaﬁégaéo@ Wi GO 816

rred odi nent may i sed erstandlng
andt iﬁﬁtarq ﬁ@lﬁpb@drmm@ﬁneéfmveomultlﬁ@r%féﬁoe@du %?@ bodle @endPagogiticients

acc&@ﬁg Msﬁéaerelgtlﬂ%ﬂ%reﬁ&oﬁha&%ﬁtég %véreclpiegﬁ e ulPdht &hiP €W other interval,
sprea I Ng code gener at or TO ucin sequence B, as

as coppekPhase ey qerraditian Oﬁ\@é&% Vjile{prme plsover o ptsvignt fimor other

inteSh1. tTHE rdsBltie P REfekting 814 a1ﬁ18h$ i@ ln‘luﬁfph&? %ia r&PE@RE M Gipliers 828 and
wavef orm generator 838 and 20 nulti pI i er 830 can, be

830r &p| BEadnhy HoILBRT EEDARUISAY BRTESITH gTGE S gFef e o 2veform
gen&4Brs 836 hiidl $8OWHe CBOCTWFbon B4 i Plodude@ @y kun@Sing bR waveforms 840
readi n vef rms produced by the first and second
andzg%@a’&% m ‘6‘8‘e8 generators 836 and 846 to be
substantially statistically independent random
It shwaldek asias ﬂmm&ecdzh@tqferradmnmvcﬁmag @nay bh ecalisettibe Itlndbfrsta(m&lng)that the

com?gpatlc)(n df t%f sl(%reaﬁlgg cqQ 1gg:rsfera a% e c? Puf %S%eﬁé'ator canq)e rep?aceg ¥)y a new
spreading Wd@@ﬂ%é;tmqtrod,dcmg EsaqrsncarBa as epposedew, seculhew Ah ekc(:erdmgly, the

. - t .
o, 85 b SRS AESSOby ARG gy 058 v o
mulfiplisp 830 ¢ap e aéplackrbbic s owssppdiog sratadingrarde gepetatof Bifersge shown in
ﬁgupyf; tﬂ% rleﬁ;‘fr@é thggprééggﬁl\@ao%rmsﬁgdﬁgeﬁ bg glgt stfah@ Hercgn F)readlng code

shown “a ematic stem or prodau
gen@s@tpre §8ﬁ itrgl 849 itrolest suba’md@myaﬁat@mpauaam&psndw@@@@mwmfoms siah that,

on a@gfg&?gﬁ‘tﬁl{%})&fﬁ E*hﬁl iﬂ 1 Bﬁas & s cg—cﬂ% Y E&rﬁﬁ@r 'oP(—i- -} and (-

escribed wth reference
;+) phesefsfagpgr & Seme pigportig Oﬁth@creﬁ aﬁeétml rigreg gfeaeguied, Jon pivgda) and (-

) phis@ls@les QR b AN 1 PEIIRGe BRHufBd:! B BYan@K(- BEWAG states. The desired
responsi ve to the data synbol peri‘od or ~ multiples or

propoptiga of féﬁgr%swe«?cérelftemrrﬁ%m%wfeéw @@deV@bfrﬁm%@@e a pair of
BOC waveform generators 902 and 904 for producing

RefernexﬁgQGQTghr‘ée) Bioke iWeRAINOS ¥BemABONsEnT00936 pratistil3@Hpfeatihg symbol
23 WD 2007/ 148081 P /GBZ 07/ 002293 ti "%gém s

mOdPﬁBOWG@F%’Pn%CC@" 8 4h @ SHBOLMEt A A gresPf Jrveioper
subs@ifitial 9 kznibi 16 thadeag@{bed phith atference to figure 6, but for the phase inversion or

phase state/condition being controlled by or being responsive to the data symbol period or
multiples or fractions thereof. The system 900 comprises a pair of BOC waveform generators

902 and 904 for producing respective BOC waveforms, BOC(n,m) 906 and BOC(k,m) 908.
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nmeans, according to desired power contributions of the
BOC waveforns 906 and 908 to the conposite waveform
wODdo7/ st is, to the spreadi ng synbol nodul at POTI/GB2007/002293
wavef orm 914. The inversion or change of phase state
or condition of the BOC waveforns 906 and 908 is 5
controll ed by appropriate selection of the
coefficients a and (3 together with respective

Optlﬁihhllljl | At WeveSorm® 266 a1dch0 kB saneh, gﬁ@@eﬂeﬁ 910509392 8N8bnR%Bpropriate
reci ated, that (& stem 900 |Ilustra¥ d

meaiee g otinn § EREGERG STobate: o PoPaE FEEPTBIY B0 e
compdaite BREFonm\Oe 4, aliants, witilel spx’raﬁhmgwmb&l&d)dakticﬂﬂyaveﬁﬁﬁ ot4.nme
and, accordingly, for exanple, the first coefficient

The "i’nveg%ﬂ og%'ﬂ%[%g of ﬁ)hgg Falcexc?rd <.r11t1<§ ii%hg B-HC 81av %18%693§9, 908 is

waver or ns ecte or d erm ne
contrgHell 9 propdate sﬂlmtlweqi thei caeffipietOo. aidbtoz@iRs wutb rggp@tivcBultipliers

916 Eri@le9 l@%%g%}’a‘ﬁf@ 95@ 39111%22 T}{%ﬁ %L: l %qrecﬁﬁe%gt%% ‘9@%1%@66 Mustrated

is rmultiplj via a mul
fepreé?ﬂ“etﬁ%l BYgrat eRde @1372309% el ek Qﬁ‘ ﬂae BOG perefelimsgvill belénverted at any

one tﬂﬁé‘ﬁ{daéc@&rdﬁgﬁ forl EmPIB, rtﬁ@@strbgef@iagﬁ ) %ﬂleéeﬁérgl[y l%%e!i Br set to +1.

an osci | | at or .
The {395? W?V@iom%fhaﬂ(leg pedecter 4 6@@“@\?@ Wﬂséﬁagé‘i @ryin&?é |ar93@mwdd¢a an

addef9bg itplpesiuey t}fer@Ed)C apsefolteroenf . Tybhen 49“@)(@&??@ %%fl)ﬁai 98 is
e spreadl ng

Hmhmﬁ%glnathq q %? OC waveform 91
& Pt 8Plgs 230 Vit ePTIdmEdCogs 942 diEadacedi nal [spisaging code
genetagir B, armubﬁemkg ®le @ﬁ&aﬁ)p93aﬁ@&iweﬁbﬁmm&hm&aasso Thé&figd, iRt is,

adi.n e sSi and the data
1, g? cxﬁ:glls c\ﬁ'flli.lgeg 8Y?r3b taa%&’@é’?’é\? ﬁ‘ﬂes Q%H?r}?éli‘ﬁ“’é’ fcan be
reallsed that enploy a separate code sequence for the
The BOCfammmpsuliing cBOGAkiomjof sherEall Iwgveﬁgmimm an® digl spiebding wiveEorm
i f e.code sequenc ent i for
932 ?Vlf\lgﬁ‘ﬁsﬂrl;?g ggian%ﬂss;%o%o r%%élaar?u ti her ?Jl Har ‘Elgéﬁfﬁﬂém%{?f‘ of the
CBOEhyayetoxn, st spreedinsede ;ignalz@dFﬂmrdaam@ml e, enbodi nents can
be realised in which one of the spreadi ng code

It caﬂ%‘bé&ﬁ(e& tﬁ@&nﬁbdmﬁ%ﬁ{s Qrgbé @Q%ed tRat% taI s ﬁa?_al’jér) %ch r%wnce for

perlo of ot her Sp rea gene

the BOHGHEY ArhBQCEsm S!ﬁ@afih@w Hm@cwlamil cﬁhetdmeatlb@ afythh 90®fsequence
is idéhfi&dl W&Wo%ﬂraﬁ&ﬁjgesyﬁﬁ)gluﬁ%%o&ch e em\ﬁ% Wit B Qn%eilssary.

nunmber rel ationship. The spread |n? codes are nor
For example.teapoqipghts eaicbegatiseck lﬁl‘ﬂmﬁi‘ onp gf the |§preading cgfle; gengrgtorsghas a

periol QERSIS 1 4 Youltlphe OF @Y féri@d CFUSEer | PRABHE B SREEHT UMutRrmore,
gxhlblt ubstantially 25 zerg Cross_spectral terns,

embofifenis i BRoHLSS TR TiaiFectis pl dascpiepdiat Goge segpences do mot have a

rationaNglepen dﬂ[ﬁbndhﬂﬂ dTHA spR LA/E EABSars Qorhﬁﬂ;‘ se]lé%%kl MrofHhd 3hme family
correlation_(at zer o time offset) is

but 5,5 & 7t & PPOSSIEy 81 Oréfy 18 cie the ygagg eFtEy o Sl Hhsatially

zero closCipelidl tavink Nthe @lve rcedes 8hédd hh@Wihesictbridies 8f infiB®ndent random
or the nbodj ment s

[ Ay t f
LT L AT RN R S
true atsb forreenbodichents ﬂ&qm&ﬁ@&ﬂa réfbretide@o figvDes0iAe. g%e eved i StinhaféLthe

f t th e.avera
specilly o 8 RO Ay B S o b o ol epee
sequehes. df thartat cole @mhofs hate diifidrént edquére leﬁgqu eieo essuitdbdedaveraging
time c?aﬁ'ﬁwaﬁf ge %o%n& hﬁl'tﬁe 11 xﬁx\? Ql?%: h{ 1¥§ ? 5 ﬁ&r t%(}lil u@qotﬁ%t boﬁlnosf tlhr%%uences

a sequence
had refyned ol téelofespdwevedstam@)ptsltmﬁs (hh*eng adequemde aéngshe«hatelncﬂ& lowest

comrrloﬁ‘ %Hlmg of mw&gg oisﬁig %}d%&uiaﬁl:elqyence lengths). However, substantially
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24 WO 2007/ 148081 PCT/ GB2007/ 002293 acceptabl e
results can usually be obtained for shorter intervals
wOheot/1u$0811 ongest conmon nultiple of the 2 co®#eT/GB2007/002293
sequences. Further enbodi nents can be realised that
i nfluence the correl ation between the BOC(n,n) and
BOC(k, m) spreadi ng synbol nodul ation. This techni que
enpl oys a (slow) binary data 5 nodul ati on conbi ned,
accﬂﬂ@ﬂeetés’ilhb Yannaghdllly b io@inkd/ 8k Yhort@NhervAID thal thelIBiEes anﬁﬁgﬂ Rditiple
ﬂgo? ation conponents This has the sane effect as
of th 1 SRIPHG® he phase assignnents as in above
enbodi ments but over the nuch |onger period of many
Furthett emtvilimedisrcat be msliSdahat anfluenth ddi cvealktidrsbesedea it BO@(nIny) and
C e S 100 |IIust ted.in
BO?&% sfithlh DR nditndL? GGG BYF el dae
‘@é@rﬁlen aqombmeq,oo@feaab@ 1oQipligativelyic pmig msp‘"eolter vpreadir& BOG:lation
COH%IY&ESOI‘ ITﬁIS ]'l%QGLh@@ng‘ gﬁ@(}t é{grﬁtelﬁ%ﬁg\l\ﬁg %Ihg ?}%Q ’a{?m above
k,m, are optionall cal’e det arm ne t
@mvﬁsﬁﬁ@PPW€@ﬁbm@Pd@@WFfWE@@P Yﬁ@abhémﬁ@ﬁﬂimaveform
1010. The scal ed waveforns 1012 and 1014 are
Such @ﬂ’@rhtﬂﬁdmeni/is BcHeRSRQ0Y HopRotdiih fiké | €M he J01H, 80 11¥Qa=§od in figure
wthre |ve readrn codes 1020 and 1022 produced
10 Grprises B it 9eouh BORVHERED §eherifan 6012; B 000 pro s resectiv
BOQ O4vefore mmxwamfsor B[ he UEET v&SefSﬂa{se@deaﬂnﬁm@@oqk m), are
forns 1028 and. 1030 a

oni R Ple D R R R e G e 0 e S Btsthem 1010.
Thetshﬂed)wareﬂ:lrﬂns conmxnaolsaeeadblﬂ@, s m@équve QﬁﬁlpﬁMﬁb@iG @nd 018,

dul at on as the base-band
il ST RO St cHTBr ot P REL SR 1Ry rgane cod
gengratey ukﬁ% yanﬁ oro26r aﬁih&’rﬂiﬁm maveforh‘le,\/\mbé ras Spt'eadr_ﬂg a&ymbol modulation
W&V%%%O:Eln Bq?%()ugerg gom e dmjrhgrgsg)l?c N eﬁa sslgrifrai slnﬂ%g F%C,l Y()(3ﬁ éo produce
the o\rewéls:osl]oleod sredading rsymbcw cofld srymtobieand datrh) moéuiawmmpiveﬁorm oWes used
|
as tl\’?/egorealgeta &8 ‘E@%%ﬁ%ﬁ%ﬁrg{aé%n%eﬁgeﬁt agleg freciuencH fC s transmlssmn
Hovggyver, ltueeml corjditioni thit the @Fﬂpsls“@lsaareduﬁhantlsamyldomntst unﬂmemes and

pref&%l& elthi at@'t?@ef %Egeﬁ?ﬁ?%y i ee H‘Bicorﬁﬂi}{edogomgfég%I)\@g}tsgectr%lm

magnhi t ude o not necess
vari abl e nodul us signal envelope is desired or is

Emb&élg@ﬁtts sy reerhsgchmé;v}g_qb @ dlsmedylus giger] iapgpanstat signal envelopes are

used' QEﬁllbﬂférapéé@@te@ﬂﬁp&@%oh@ra&fsqgﬁ &R aﬁrﬂ&l A pgRal S @ﬁﬂta%‘ 8 onstant
the transm ssion of multjplexed binary offset

magalardr PEGI S ynBied notmiresssay palSt ¢ r’”éﬁélﬁrn%"@%‘é}s rls%e@a@ae is desired
or iss@deplablet € in the visible constellation are received at
an antenna 1102, and are processed in an RF processor

4. which lifies, fi nd.frequen es
Flguﬁwg L EOynar gnitipet r?ﬁar%rer"?r ﬁh@adaaﬁrrl Prgpess ¢ ﬁh%n%a?r&mg from
the t14h&isddn dﬂmlﬁiﬁe@ﬂ@ﬁlﬁ@sﬁfseﬂ Qrrieosinatt eIdletsignﬂs dm@hﬁﬁeﬂéﬂ’om each

satel%%%es) tﬁe@?stibl cr:c%gtlél: aeuon are rgceweg gtdanra% egﬁavlel%.’z, %el procen;gd in an RF

processor 1104, which amplifies, filters and frequency changes the signals as is known in the
prior art. The output 1106 of the RF processor is connected to a digitiser 1108 that produces
digitised received signal samples 1110.
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30 25 WD 2007/ 148081 PCT/ GB2007/002293 The digitised
recei ved signal sanples 1110 are applied in the
wexeaeipkensy enbodi nent to a correl ation processor/GBRAZ/002293
which correlates the digitised received signal sanples
1110 with a group of replica signals 1114, produced
by a signal replica generator 1116, in a correlation
bank 1118. The specific formof the replica signals

The MgitkedlepRRES s@ﬁhltsbﬁplbslﬂ)ﬂooire Sipgindl is the ieia@nmeesz enbedmént to a
corr%%gﬁbpcgzesgprofﬁ?,h\gﬁ&%ek ﬂg(ﬁ %ﬂent 5| n@Fs {:lqO with a

groupio@ ﬁa@hca skgnalan 1 Bis prlGBOE] bya siphal reph&V@herﬁte)pl ]Ilé,an Qi cgrnah’uon bank

i_ni.ng..a rier n .
111{"8%18 S%e“"gf‘ig rmao%gxbe lic i g?s;ﬁ yj é;e %nrdre, o1, rhe ﬁ)g)auf %n ?s Bem.%ﬁeé;ewed
and the dkosamdption rﬁfarsybssqmntamcieamg odexaaplieofor the €ombmed Badryi Offset
Carrgeﬁéilg%l%“l,t %gg@% C]é’p%r ésflm%ﬂ{ 4e¥el T rpggab sr@ﬂgml@ by uéeﬂtcgm 19{ng54 residual
carriprrsignhias eodanigng @mﬁ&lablum swbealra@n noqslatin. thte Iq0d§ alné biapy gybearrier
mod I%Jnl 4t gro:!f { ﬁlf %fl? '}ﬁ‘@mﬁ ?fyofate( dﬁgtveﬁlngtmgmk rﬁﬁ& with carrier
orns p e’’signal replica generator,

signgbr gersiquaheing E’Rﬁh iifrelhase) @ed jqpadrgiere §’P]gfmilIShlP é’pth éarecelvef carrier
refeldRSE @A (dot down) Mat3SkeHs bhPBr thOsidMAErefiRh b RFatdreRldaca

generator, are a code replica generator and a

sub-carrier replica generator. The outputs of the

Preférmn% Vi< Liﬁ(!lud%h BB LEna freflillge gér@ﬁltdr qaiq) 5‘1{1 eddicalto WeCearrier replica
I ned formthe said nposi t e |nar%@.15 of f set

genegalqry g @ “é’fi?; FeRlica aeﬁer%fors@ﬁaﬁ%%véaralgrp@elecacﬂen%r i HiFeRusof the

indivaduaf B8R et 8N the Géplida GO | ke cdibiit to GbrhS @k sgidr dohbsite b1na1'y
signal, can be realised as a tinme nultiplexed signa

‘ﬁ&%ﬁﬁFgﬁﬁmgeparate parts of the nodul ation are
transn1tted in atine sequence. One realisation of

as .two po a miltileve
1o NP L, B PR P BRI RET 4T P SOBPEeRFY @t ier signa
can ﬁeqeaﬁmdeas Speei rﬁmlﬁplambcsdgnmtewhae@f separath paﬁs gﬁ allesmadubation are

transmlt(t)Mn a time sg#'l rl%e(‘ﬁé%he retaf% ﬁa ion (f%'csuch a u%]nal has V\B ?ns ofa mﬁ;cﬂevel

mponen eve
modﬁlamcmt wzufefohheranapttadcm avpeafiorims sdReRe] sSpacﬂﬁceﬁmTvcahryents of such

s1gn§§i taleeag'lo% 1§iy 12 ¢ e% %gdllnggr% hgsh ?wcl %Xrﬁf)o%eﬁ% 6)?[‘ithe Quuitilevel

preadi n
modulhﬂlqmswarvafoed |T|he ﬁvsav%ﬂlg rrmhg_amzvefcem &2¥nis |artg‘tl@11y|@pmfu@ symbol

consﬁhm{iesle%fﬁs 0 2+é %0% 0 dlgllgqeu\é&{)t 'Tﬁ@‘le ag‘%s%?ézdlh% Qﬁﬁo&ls illustrated in

et ween separ at
wavespranmiAL sepreFensing the gedd algaeats drl w11 20 4l heyeiticyl Jaghed tinag dndispate the

bourfam%s bk@é&l sea%@ %Qaen&erﬁéﬁ&b ohlef;@eéw gvam@rrd poalis 11%%ra1'1% of a 5-

for each Erea I Ng
of

Ievehsn@a@wem@pléwmg thaé%vlelg ﬁntlnﬁ% e & -.dénti Gy e%bﬁwe%dmgssaémbol

The 'c&He]e?eQ?ent ;ﬁﬁnﬁléﬂﬁ ghe mﬁﬁa(fap{‘zvﬁh 3296 1poaf | 'T%H rﬂﬁrd]-'aaveform 1206 in
resents time multiplexed version of the second

figurg 5? ERERSPIYS %ymwltwgwf\@ﬁﬁnff@w secopd spreading SRR WAV RSt Fr04-
In thé 21% WhRfokh r13®6 %qu% e Rteasniss at ehm?am%ﬂ&ytv?%foﬁﬁsyafd are
wavefornms and are repr esent ve of 1 .y T y - %
represgiatisn 8hthe h Onalv SPBPIRCHS (?TQW&“‘F%EH‘HHP% dT}&ﬁ’otg’éé 8?%&8%“% the
thirdtWeform 1206 is representative of the outer levels of waveform 1204 at {+2, -2} but are
transmitted after the first 2 code elements in the third code element position and with a -1 code
element assignment. The fourth waveform 1208 in figure 12 is a replica based on the time

multiplexing of two Binary Offset Carrier signals, 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, -2} but are
wonemarsmsied after the first 2 code el enents i RCT/GB2007/002293
third code elenment position and with a -1 code
el ement assignment. The fourth waveform 1208 in figure
12 is a replica based on the tine nultiplexing of two
Binary Offset Carrier signals, BOC(n,n) and BOC(k,I).
elemEhe drd ffktraded QER a B@cm)%%zaldgdf&&&bl R@Tﬁ@ﬁ@@&b@é@&&&% code

| ements are iJlu th a B readi n
elenie,ettﬁtfaﬁ RS aﬁ@@h e e heeq°§§@ﬁtg§maf3% for code
elenichls Bahd ated 1 \and i1 &sIB@B(eBI Zhe s@iceRtienglusyitbizlnot the eanedfoheeach
assi gnment code nd are. =71 and. +
con BRI R T S R P dRAR S 2 Sl M e s
carrsantunﬁomntsea@tat diftenqmb nﬁms from Weeveafror mgh408,n atl.023MEzend k x

L OZ@K/H—H‘ I)éslptl.ct% NKK 2 Ig'ry Xrep’ltigig %%‘E@é% }%}gtlfﬁ? tmtﬁt?tﬁes? %{t? ﬁ%cupying

carrie onents are- at set
diffeseant mpepveslpppieg timé segments of A@NFansmaitiell kaveform. (PBMeplica waveform
folle%%H%Bﬁc‘éﬁﬂo%natmn%ﬁg&hﬁ&x replica signal is formed
h these parts occupyling different non-overl appi ng
tlne segnents of the transmtted waveform The replica

AleHRMRS Qhtbdinteats! oyeihe s8N LAl rdQid¥Bbrniah of ﬁgure 11, but split the
enbodi nent .. 10 ternative enbodi nents enpl o the same

compRaiqai o theotigtal &y thab et M6 oaied yiaescrapate watneettﬂnt tto figegoneiator

proceRHIIANE, f&h@th@fco&ék&orsﬁaﬂlﬂﬁ]]wsﬁt dnB3hbddNB&R ti 1BplGad kigh® doMpoRents
se%a te con E%i ns tq the c rrelator 6[tr)%ocessor i
are geRerated coninyously arr%gaé‘tdd’n’ tipe fi ?fiffgephlcﬁﬂ ELRBINT Hepply has
signtlheqj_uemk the Rinfeh @dgﬁdspdhﬂfﬁ@ @[bg@ihﬁt ar@fiprapeine fétedch component. These
nd are gate n ti

. t th th [

siends i SRR ST SITES S bt BE oh APPHe D dPeng tpor

the tdnmltja of ﬂescmndutt&g szt S&mbh aTheasdditiafdd rpﬁcmésism‘g&tefpoﬁ the signal

sen i oA P e b B e O e Pl rmgapagined

useschetren gite thatigioiws phssegecaiid dxiat yt thé timbevhbr &ns rqtite@ichnd prevents
1613 1=) - The addi tional processing step in the

3
Im%&Fq°§?°mBenera of converting the continuous signals at
the tinme of generation to the output format required

In al{rlalzértxa?ivg ' o&tﬁ&rﬁ 151@ fgn av@at QEE rentftgleé 'g ncﬁ‘clt tl?et s1gna1

eqU|r pre&ents pdssage t
compmwentwte pentmmqﬁhrraw@éle apie tnmutam thalcoreqlatlan prpeesgarh d bk mﬁqtmance

Ilggen%t gl@iﬁ% ShdTBYtRANS r!elhfc‘a tvlargi%nsg@it fhe c%fﬁBé/s"i’cg ’31%'igibtlhgag%ve sub-

he si gna conponents are conti nuously avali
ommwewﬁmwe Gutipry offer sapingg ip mﬁelmr@eeel%ty The
performance of a receiver using the continuous
replica versions of the conposite signal nmay have sub-

opti mum performance but nmy offer savings in receiver
The &‘Wﬁ F@k?d? entobave Reen Aseriibe b ibtisEAt © thf‘as'@db% ghpnnels having the

samé] %ﬁfvbi‘n@ eﬂttéé/l t hH&wfer, eapRdinRnts here| n@NBm@ L hanArh Sarrangements.

Embog}ments can be realised in which different chipping rates are used.

Although embodiments of the present invention have been described with reference to the L1 and
L2 frequencies, embodiments are not limited to such arrangements. Embodiments can be realised
in which other frequencies or frequency bands can be used according to the requirements of the -
system using the invention. For example, the lower L band (ie ESa and E5b), the middle (ie E6)

and upper L-band (ie E2-L1-E1) can also benefit from embodiments of the present invention. It .
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same chi pping rates. However, enbodi nents are not

limted to such arrangenents. Enbodi nents can be
woeeal7iiggdii n which di fferent chipping rates areCussi007/002293

Al t hough enbodi nents of the present invention have

been described with reference to the L1 and 30 L2

frequenci es, enbodinents are not limted to such

arrangenents. Enbodi nents can be realised in which

will el prefiftdl URN Sich endbdifb RS WRN GYe RARUSLARB DGabtSBRe components
according to the r ements of the system using trt)w

i v
rathFrﬁ]%aé‘ﬁlﬁWH Cowelgi‘éqﬁ%% aR9%& | ower L band (ie E5a and
E5b), the mddle (ie E6) and upper L-band (ie
Furthmbrk; Edpodimentabf chebpraghi invéntiom and bekinndsdtribed fwithhference to

stan%ﬁ%é@ 6%3?/%‘%8&)%8 gkllled 1f1 lthezaIYt avgﬁcﬁg%ﬁ{é eﬁlg?gcﬁlg%nts can also be realised

using ditedative BOC. nay use signal s having at | east thr ee
conponents rather than the two conponents descri bed
St11161*?t@n\é? it vﬁﬂrbte Qﬁfrg@z&@d th@cmgdﬂﬁ@rﬁg §anQ>fe réah?ed@ﬂ GRkh Iihe number of half

|nvent|on have been describ reference
cyoley efpdabeariBO: chiBREY 89de cahie % ﬂaaﬂloe%l of o e g nteger multiple or a

nonBREYLL Gl %pfédoft tﬁ@tchl% nf@l@ms rrﬁlextesls %aan@lhﬁgun%r &aaiohélepﬂ betWeen the
usi ng ernati ve BQOC. further, it w|l

numBef st é‘tbicaéfl%rdla]tfﬁ&tleséﬁ%@ﬁ Fl?ﬁé ﬁ‘t‘rét“i‘?an be reali sed [ n V\,hl ch
the nunber of half «cycles of a subcarrier per chip of
EmiRdigReie of &8 pha@elﬁinvhlﬁibﬁtde@ﬂ&d&fbo@dﬁve RVRBd oftthe ifahs@@&Ion side of
or a

mul tiple nt.e |.t e of the ¢ ., that
the [Rgentiprh s % wbop e st inbEon B G e Tl SR s, for
exaﬁl}hé: spﬂahﬂﬁ@srymbf)l moditaioh ivevefbialsf compodie ignaiel dohﬁoﬁlhlB!DC signals,

of th
e R e
in tigf art bpesciatey almit |aocra>nvdr§¢aetystm meltpom ap;bwatgenﬁrtad:dn@n are required to
recely® anA all%cegs ea sr,}d C?,tlsr a(S‘nScEn oSS quf(l,d gauﬁhe ld%m uﬁq ﬁ?sém Fo? generating

I On WA
and mamspmsng euch |sgndls sdemgmng)als ppreciB@E rsqegznalssmerela it ccamegieng the

tran%xﬁfjgpfseraklgﬁg) I JPl?ege:f%\f]et gh@odﬁ#@%ar{fx tgee 5re§)ern ﬁql‘}ggf?){a ﬁsg rrglaf’éqg systems

wever, —one appreci ates
metltoHa epraratisepaad sseigys fas mocmnmmalsapqzbaas Hrossdesrthed ead.ver
are required to 15 receive and process the signals.

AlthE¥¥hEn R 8bSK inkakiRFhati®d LG ea) theRBSe ABBIEREHs Ae &yp%;seﬁed QFn” and

generating and transmtting such signals, desi g}r qg1
COSahavaémwpﬁ%yemsécb@@%msm@ceh%%w fop preampl pRpdQes §1) aphi@-1), it

will bé aipedtlated DR AL LIGNSL in TROHEAD 1Ry aé@@ﬂly@ﬁtoﬁbl@fo ﬂhb‘& terms that

present invention_alsg relate to systens,

do ngfsaiesstypse bemn dt VidabePe prPpteddha @@E&qnﬂ@ﬂ%?a@ ﬁar%hsc?él ghwhich

the ‘85 Lii0B&” d@RatikeHeadomed. Al t hough in the above
mat hematics relating to the above enbodi rrents t he

e 4B < Aol e ParrcBeer L R Fherrd ke ST B R e R EOC
comﬁo'.ﬁ)snta nﬂmﬁéﬁirﬂén;ts dré notlinkited b:ESua]p m&gmﬁned Hmyooﬂinﬂﬁ’e carjl be rteghsed
e

rt.that. th are e
in wﬁlﬁllz) Squm oé%;%or{rho comaléunﬁ ds usgxp}:%r eéiﬁlg}p u,se 1%{]?]110%)% ctom\%n fg can be
usedas a0 allrenadppr £ Cirtieedtetrhtte ®riditvenemiudtipgiaativb eomigaing sight be an
outplll’crk'r3’1\"111 Ia‘fohgical network that processes a number of BOC inputs to produce a composite

output, which can be a binary or multi-level output.
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the "sin" and "cos" superscripts interchanged. The

above enbodi nents have been described with reference
woOo@Eddsasi ve conbi ni ng of the BOC 25 conponenP€T/GB2007/002293

Enbodi nents are not limted to such arrangenents.

Enbodi nents can be realised in which sone other form

of conbining is used. For exanple, nultiplicative

combi ning can be used as an alternative. A further
Althal.hgh&lidh’bbifé/@nﬁo@mﬁdtﬁ illﬁ'\ie\beermesdi’ﬁlbbct \iviﬂ{ fefednte/Q tlﬁﬂiﬁtﬁuﬂbﬂwleast one

e an fromaJdo et wor t ha
of thﬁrog s[}) %eéler&toﬁsu %Jflar %&V?fﬁlﬁgtegl%? $4E Bgt Igmtfed thereto. For
exantyOJ piees B fgﬁiGIMtcambe farfabcc by tharvolnBinationi d:ﬁapryacﬁxfg code generator A in

com E#%éﬁhgds%ﬁg &f&%ﬂé%? 6% 7é%g 0vée enbodi nents have

been described with reference to the output of at
The jalbqys tembpdimens§ hava deen deetibed wih e equploleastib ererging codagartbowever,

embmngtgﬁrghotqgg@g IR, S oﬁé)@nﬂf}t erhﬂomrﬁeﬁg chhﬁé@&l@ed fQ¥hich one of

exanpl e, the R generator can be forned
the se@heiw&mlp é@e@forgrm eaefioddhats éémgfmlﬁe?ra%mu pier?f the spreading code

periddUTRh IRdr 'sﬂ'@ad\M ohdcagenhﬁtaﬁtxam&n{ow tHYdinsdafsQ a8 b a5R8 & which
_megenerator The above e odlnents,have been

Rl Qfihe) SRAPAHRSt G BRYUTRCSeHfgRT haysr % ErtiPRRY DEgbrg gelationship. - For

nW@iéﬁEngths R BRAEpRRAScods Sqikibes! hdyl Hegﬂmta I’ﬂl\?\}i}’l_@&ﬁ prdcdéts fof prime
I n |1 C one O

exanp i ments can be realise
‘mm?%%mgﬁﬁ@&ﬁqgﬁﬂﬁbde generators has a period that is a

mul tiple or sub-nultiple of the spreading code period
It willf becappicbiated ﬂ‘[&t Ehadfbdﬂ\@ exbdéimgen atieen ddscttet e\rlﬂflmrte:xpressmg the

enbodi nen se S_of
s RO PR PG bt eacnaed “Re R b FOPolfs canbe
reahwdnb&rhlomeinm axasplagy. cafean vﬂtﬁbhethzaa‘piee&wotsheadu@gtﬂbgl wobdulations

he, spreadi

formmrg ta o%{ngosnf, %(9 %QVef&rgl n@l?gjsiﬁ otrhm%xr? ??re%f Ignggqnlﬂglln?%% ? Pave a

quadmtlllrh phyee abpmehnpa)t snmetdﬁm “quhef hbol Bhaefrnbkatqu@nt s have
been descri bed 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
an exenplary case in which there are two spreading
synbol nodul ations 15 formng to conposite BOC
waveform (CBOC), the two spreadi ng synbol waveforns
have a quadrature phase rel ationship or sonme other
"out of phase"” phase rel ationship. 29 WO 2007/ 148081
PCT/ GB2007/ 002293 CLAIMS 1. A nethod of generating a
signal conprising the steps of generating at |east
first and second portions of the signal; the first
portion being derived from or having 5
characteristics of, at least first respective portions
of at least first and second signals
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having a first phase state and the second portion
bei ng derived from or having characteristics of, at

woeawii14gBcond respective portions of said at | easiGB2007/002293

first and second signals having a second phase state
that is conplenentary to the first phase state. 2. A

nmet hod as clainmed in claim1l conprising the step of
determining the at least first 10 respective portions

of said at least first armgbLgerond signals to have said
first phase state according to predeterm ned

transitions of at |east current respective portions of
said at |least first and second signals. 3. A nethod as
claimed in claim2 in which the predeterm ned

tlr ansiAt hehesd affgerarating asignalcomprisiite the gprsef igererapiog &1 leassfirst and
of at d

5 A e hofo ok BB Rk, Rufk JRR R, o yavine
t he arhaasigitice gF mbleest st pareptiveerortiony pﬁ %ﬁ@std?rs@ad gecond signals

| east pivideSh RAGhERCRN ol BB %E&n@?ﬁﬁ%h %%@gaderlved from, or having
predet erm ned nunber of chi the at | east fir'st

and s&kiErisicy R ekleas Secﬂ?‘h‘éilﬁﬁkye Rertiensqfivalg o lgash fpt and second

pr ecedigigs ehiap _mséoencvguagema&matad coln@REenthilyt& the HEsS PIRGES i€
portions of said at ast first and second S|gnals

det b f
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a spr mphcmg: m@malof sddd aTAleﬁEﬁhDdldB@ccmldaigffEld té Bavarsyid first phase
Pr ece?tatn %cc%raa ngsto preth\ﬁgnmn%d t{aﬁmfa ons o? gtslt a[sI curx%}lt r%s%gctlsfgg Grﬂons of

si gnal's conp ree
of gem&¢aﬁmﬂqkaaﬁimxmmmwﬁﬂmrn1or spreadlng nmodul ati on
waveform from first and second BOC waveforns, the

GBGC W&ﬂdﬁrép J‘ﬁﬁﬁé@gl &alglrfﬁile\;lﬁ&‘rlhg ?gedet%%nﬁ’é?i%smons of at least

spectral density conprising uced cross
spect purentreypagive portipes of efleast fipiand seapndiignels piedle sete.t he
first and second BOC waveforns averaged over at | east

UWo  AregiRidek Faned ih bt RbRE ¥RlnSi in WHi6h MB LRt current respective
conprising the steps of arrang |nq or the states of

the fPerEers ghtpidat éfaﬁdir%ezfsi SrPAteRalpipstPrises & pirsletgiaipRd number of

pr edetigpsof 0RA: lehsfBrst dddts@oi@digfs. t he at | east two
predetermned tine i-ntervals to be conplenentary to

0 200 1.148081 PCT/ 0.7/ 002 st at es.. of
She 1 RMETTOA UBEHE BEEErGRAF S Rer Tan 5, g T respctive
pr edepetions nﬁszlud at haastifindt etd/satond @ifgnetlsh&)r@hsds aq;sddetbmﬁned number of
Pgegﬁgah?p:%rgfi‘ g at le V\ﬁgF]ﬁ'{ {]nﬁggc\aé?clr %%mﬁs ﬁ%annmg a erhod oﬁ 4 tspreatdmgdmgnal
| east first and second conplenentary Cross spectra
f.er nsAdfetitodes slaivesd is pey preeddingentaim tin edichfthe #dedsi first andSecond

and sggggqo eg@%gggg£§6£%§r the at |east two

pr edet tinme Inter S are

7. A method of generating a CBOC waveform or spreading modulation waveform from
first and second BOC waveforms, the CBOC waveform having a predetermined
power spectral density comprising at least reduced cross spectral terms of the power
spectral densities of the first and second BOC waveforms averaged over at least two
predetermined time intervals; the method comprising the steps of arranging for the
states of the first and second BOC signals over a subsequent predetermined time

interval of the at least two predetermined time intervals to be complementary to the
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wanod7aasisir educed cross spectral

generated. 9. A nethod as clained in claim8 in which

the predeterm ned power spectral density conprising

terns of the pOT&B2007/002293

spectral densities of the first and second BOC

wavef ornms averaged over at |east two predetermnm ned

time 10 intervals conprises substantially zero cross

spectral terns of the power spectral densities of the

f ir Ststa@da @f 56 Ciax e BXNMBOES AFAR oamer Aged pdatrmaded kiR Stiterval
gredetern1neq%g me intervals. 10. A signal

gener the 2t emhto R e ey &iier at e at | east a

subsequent portion of a signal relative to at l|east a

L ur r entnethod bd daimed ingladh Jrimwhich e apnangiemnis sydirthdt enleisefirsgand

15 der| Cr

of P Eer Qe e £ et BORGIPLACHE LBl T e o

f i r standpetonbBORdVaypigmes avehthyiahlgadh tW9 prodetypmined tigredntervals are

the neans.4o generate conprising neans to combine at

| east” subsequent portions of the at |least first and

second signal s haV|n .a phase state that is

%onplleimetpdps clpiged Hiet aﬂinr@tn VHidistae gieditemingqd povkerSpgfifal density

genergdmpfisi t@éa@lrma&dlcfbs@éopabtm EnCEAMRY foSeNGeARBAD it of the

det er mi ne 't i@ | east current respective gort i ons

of sdit & sPead PG FaYCTURY ERHAP VS YrigtSs M OPRAVEMEST dime
firstinteplia eempiisat euBRADIIIBE &rﬁsspsrp@ﬂﬁt eifid BEthe power spectral

transjtions o | east ¢ t respective .porti
of "t HETSHE ot Tt R S sROb e eGP SR & (gl tvo
generpaddeterngifedaing ite@al.n cl ai m 11 in which the
predeternined transitions of at |east current

foespe f s t t t
SI gna S ar attor n;ér(?smgzrg a%§1.ao %ngrgf% ﬁg }Kelasg é nsgﬂ?sg gir?ftefo%% of a
cl ai rveglali rnlaathooeft ledstad werrehf portion 2f arﬁlgmls the quirentagortion being
l eaStdexq‘%r rfﬁ)m OF %%&&Chtdbl?{g C}&PJCIC&‘I&HJ? O‘pg.t IEA}?C ntl I'g&%g&l (§] portlons
first seéon si gna npri ses ed
nunbext abreasd: ifirsp sndofecctnldelmls h@a@ a fifst Bltanaﬁ@i:e §b@:mﬁ@s to generate
S| gn%a;irés’lnﬁg mén:é BRI ﬁsseaéen%@rh&ﬁd)fltﬁg ANYasOfirst and

l"'east current
r espeewny @grydﬁrhammgp@ﬁe siate thatds eonfplqmentagiie thedies Rppse state.
signals conprises a predetermned 31 WO 2007/148081

IHJCT/ GBAROT LARI 3 clzﬁﬂﬂg@ﬁrcla% 16 BorRSisRb nlch@ tatdet&rﬁﬁ&&tthe at least

first and secgond signal s, spannin
spr e SYIHG TEPGHE portiads ofssad Friemst & gtr?é‘?‘ é?CBP‘? %%%nﬂa 1g e first
any @hasel sadtéTeccbflidgOtolgkedofermiibd Mrahsit@natof |aedakt &urfent regvtive
second si a%$ fonPr se at eas three signals. 5 16.
A S|éﬂﬁpm%gﬁ ah fegyt fpshynd 5eq08Y 48535y a CBOC wavef orm from
first and second BOC
12. A signal generator as claimed in claim 11 in which the predetermined transitions of at

least current respective portions of said at least first and second signals are the same.

13. A signal generator as claimed in any of claims 10 to 12 in which the at least current
respective portions of the at least first and second signals comprises a predetermined

number of chips of the at least first and second signals.

14. A signal generator as claimed in any of claims 10 to 13 in which the at least current

respective portions of at least first and second signals comprises a predetermined
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wavef ornms, the CBOC waveform having a predeterm ned
power spectral density conprising at |east reduced

wonows4gisect ral ternms of the power spectral deReTiGB2607/002293

of the first and second BOC waveforns averaged over

at | east two predetermned time intervals; the
generator conprising neans to arrange for the states

of the first and 10 second BOC signhals over a

subsegueet oPERFEHL R Meehstt filfBardNeBiniadionals dpht@indta b@adtof a
two predetermned tinme intervals to be conpl enmentary

to th¥@efiag88%f the first and second BOC signals

over a current predetermned tinme interval of the at

[ 2ast Abkighel gpreeti@tae clatned dh dny W€ clhiftsd 0 val 46in which the & legstdirst and
gener at or, as .cl ai ned_in aiml6 in which the neans to
arransﬁgonfiglgéad%ﬁon%ﬂg%?aﬂ?g llgFeﬁI%%fsét first and second

conpl enentary cross spectral terms of the power

tpect palgnalogenerpior & ashertthng of CBQE veanefore Somdirgmnd second BOC

wavef Qe{vllgﬁ)nﬂéf e bﬁ@@%aﬁ%&ha@%@;f’ﬁrﬁ%ﬁéﬁfn@a B@\ger ﬁ)bdﬁﬁl density

intervals are generated. . g generator as_,
cl ai nesenpriping ptdeagh reducpdhorgisispesiral iamp pEle TSR PRRSEA denities of the

spect £:3 anddeRsldtNOC ARERlsNSeRbed 8RS bt [8HUHE Prddb@Bifined time
spectral terns of the power spectral 20 gensn ti eé? %ﬁst ond

the fiPEERbakE LREBHCOBBESINATELS oBT2ge (U Jat SBvL Pl

| east sebiMa BRI Fernedbdein®ht fréteRiniaddSingOiNRIiab&dhe at least two
substantial]y_ zero cr?ss S ecie{mal tergg of t@tg%flpomgr d
spect Prefeteraied Ppeicyalsin e ¢amplimeRey '8 BEGHES st and secon
wav ef BoOssigsRlI 3@tk QuRdnt JredeleBiisdd tie jptetdbiofriid nedeast two
time i %erv,al(f., 19. A signal conprising at |east a

subs eeSHF™HET EPOREYS he signal relative to at |east

a 25 current portion of the signal; the current
por t i Arighe igagra@ras eeohddrionpinot6 ihawhidhghe oéras Borengess sucl that

por 1 SHeS o selinh oy broS LERER (S BP B phfer spocel
a fi r@sfpﬂaﬁ éleé'trataegi segoreB G whavefdres pmge at teat ewcopre@termined

Ieastt]i esiﬂgﬁz%ﬁ;é%}éené%%&i ons of the at least first and

second si gha soclated with said at |east a
subsequent portion is conplenentary to the first phase
5} at ed sigpal agyepte 2 tlaBod in gy (GEp obieh iy rpaigterngiged pgwer spectral

S| ONadenGQRInkpRisidg AlledsEaSihecl &Sk RGP @EANGL RRY HhbvddSspectral
the first portion being derived from or having

char afepgiisssel; e Bt apd seewt BOCe aviloms ayerapedaeyer it degpt two
I eSPeGtdedBnRd 1ith® Rferval cordpribed dRstahtidll§ tzerdRebsS 20 terms of the
signal s havif?‘ag a first phase state %ﬁg: t he_second

por t | Rsier BReptFY daiesities &f tirer fh ana seRad WHARLRT BYeraged aer at

of orieassRGrakRhinéd thne iatervagast second 5 respective
portions of said at least first and second signals

P&Vi ng SIagnaa ecgr(r)lgrqsh?ghaaﬁeeast a subsequent portion of the signal relative to at least a
current portion of the signal; the current portion being derived from, or having
characteristics of or associated with, at least current respective portions of at least
first and second signals having a first phase state, such that the phase state of at least
subsequent portions of the at least first and second signals associated with said at

least a subsequent portion is complementary to the first phase state.
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state that is conplenentary to the first phase state.
21. An apparatus conprising neans adapted to receive

weigmaksms cl aimed in or produced by a met hodrPoT/GB2007/002293

systemas clainmed in any preceding claim 22. A nethod
generating a conposite waveform conprising conbining
at least a pair of 10 spreading synbol nodul ation
wavef orms having a predeterm ned out of phase

pel at AQns Al d3m ﬂﬁﬂig&b elavgRA an@Scord ﬁ&ﬁioh@ dheaf&stqioaiomdmg Berived
claim?22 i sai.d. at_ | east rea
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cl ai g‘jqelth%ﬁ %ol{ﬂrge%t&y]ﬁ \@%fgr%pa%l at least a pair of

spre veforms have a
quadrature phase relationship. 26. A waveform as
&l.ai mAd appirasisgiompisng meaph pdehied i gogive signglkas cfsdned igfor produced

spreagl metﬁaﬂmgsten?-& RHES 19 LAPpbRYiS: BRinANt | - phase
rel ati‘onship. 2 A transmtter conprising nmeans to

realise a method or conposite vvaveform as cI ai
dhy of* neqthodrpgneygling g cogPOSEY WaRiGrE CMYRT e OROFT Y %Eeast a pair of
rreanss;@é&amgeﬁrdba MBERIINE RaveRIRORiiR Weptedetitine® louBlBY phase
part . sg@ a vvaveform as claimed in any of clains

24 toF BRECOeN e/t ogr am conpri si ng execut abl e

I nst ructl ons to inplenent a nethod, system or

appar Atmishodtasafuimdadt ih elaind 22 irewhick exid eirledsba gainef spr@diag symbol

Sign a!ﬁlgg ?a‘uoa %Tm%ormf ﬂav%%y r%ur% Hhasg rela%or?slhm 30.

Machi or age = ram as cl ai med
inclaim?29. 33

24. A composite waveform comprising a combination of at least a pair of spreading
symbol modulation waveforms having a predetermined out of phase relationship

therebetween.

25. A waveform as claimed in claim 24 in which said at least a pair of spreading symbol

modulation waveforms have a quadrature phase relationship.

26. A waveform as claimed in claim 25 in which said at least pair of spreading symbol

waveforms have an anti-phase relationship.

27. A transmitter comprising means to realise a method or composite waveform as

claimed in any of claims 22 to 26.

28. A receiver comprising means adapted to receive a composite waveform, or any part

of such a waveform, as claimed in any of claims 24 to 26.

29. A program comprising executable instructions to implement a method, system or
apparatus, transmitter or receiver or to generate a signal as claimed in any preceding

claim.

“30. Machine-readable storage storing a program as claimed in claim 29.
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