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12/166910 filed July 2 , 2008 and entitled

"Mul ti-D nmensional Signal of Reduced Peak-to-RMS

Rati 0" (Attorney Docket No. P257 02) . The contents of
this docunent are hereby incorporated by reference
herein. TECHNI CAL FI ELD The present invention rel ates

i n gener aREYCGER: REART TARNS RABHNNERICOPE $TEHAL
and, in particular, to a transmtter and a nethod for
generating a reduced peak-to-rnms ratio nmulticode radio
sFBA&s REFBRENGEpTOt REZATED WPPBICASITPN i f e and

I ncreasge.the _conmunication ra d_average data

t hr ougﬁ%ﬁl? raﬁpg;cmNgeﬁ%gq%;ﬁ%wﬁﬁd%ed States Patent
ahppevratiens ny.e hereyédto deiisgdauay, 16asioe®NENGf entitled
which are referred to within the foll ow n% descri ption

of MphEipPiBenaiengdd Ehenpteseht Badrsiad ofeadPMe-RMS Ratio”
| VLS tipl e Fl inj | .

R onen A b o G el iRt TR SO B iy gocument

Aspki hedebibiutatiporatiSbyniredesahnckb hidrein .

Tel ecommuni cati ons Servi ce WCDVA W deband

Code-Di vision Multiple Access In the 3rd Generation

cekbuiacasysrenpknown as WCDVA or UMIS, there is

current]y a HSPA met hod under specification for .

t r ansntEEi ML $Rgh Rt Bl emred aftesniia geberel gintdea gireless

at@?&@@ﬂﬁunications field and, in particular, to a transmitter
and a method for generating a reduced peak-to-rms ratio
multicode radio signal which helps to conserve battery life
and increase the communication range and average data

throughput rate.

BACKGROUND
The following abbreviations are herewith defined, at
least some of which are referred to within the following

description of the prior art and the present invention.

CDMA Code-Division Multiple Access

FIR Finite Impulse Response

HSPA High-Speed Packet Access

QAM Quadrature Amplitude Modulation

UMTS Universal Mobile Telecommunications Service
WCDMA Wideband Code-Division Multiple Access

In the 3rd Generation cellular system known as WCDMA or
UMTS, there is currently a HSPA method under specification for
transmitting higher data rates from a mobile phone to a network

(or base station). The HSPA transmission uses an approach



(or base station) . The HSPA transm ssion uses an
approachcal led "Multi-code CODVA" . In this Milti-code
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and spectrum by conbining it with a spreading code. On
the downlink (base station to_gobile phone) , the
codes used to transmt signals fromthe base station
are coordinated at the base station so that they are
nmutual Iy orthogonal . In contrast, in the uplink

(RBBILPE PhEHE 1 dnSEMS at ilonyhis Mvd tdosiodien@PMBeystem, each
n d en.di n .l e:pho |.ev .

TSRS UEbECD ChELERSIEL DI SIROIRS LAPEDLAVEy convining
i ipl wieht & spreadhngobbbie. phonetheedoandifkebake station to

random cqde sequence.  Howeve t each, nohil e _phone,
B G bR €0 35S ST hoa Bt S dhasm Lo the base
sequenefsatbatosr @i kQesdi Hatatk A Shanmel S th@ tbehey are
nutuallx ort hogonal . Each of these orthogonal codes

Yy

Ny ERAGAY cCF PP b o nsepn stasamisothRatr ek (mobile phone
C ' tr b nhan Bu in_this

P upRes SUThtin b [ PAY £BbEaL A ER0R EB0aeR heckeh Mt rrerent
povklles pjoneg tioo bectileivee b betogwem hey disf er@iMidered too
cqodes.whi ch neans that the range ove i ch each .

SObC LT Bhim Hhy T Wiites SPUPRY P BORT Ve PRARE detaRgqdi frerent
er&ffonl 6636Ss8§u88cL0 be reduced. In fact, the

reducti on of power per each sub-streamin a nulti-code

modul allPHRVST gnaF erehsmPbiéd Phonra hbbibesphdheppssible to
WOLSErLPans uoul- gy bﬁg’}ﬁéﬁéc%g?g%ﬁ n%ﬁl:gsd*:ﬂ%gl_ %??t cggordinated

transm tfer power er of s eans.
Tanengsthenaadeest tos beotmsmahich ditthayeislge pEsEr of these

th ' trained b attery voltage, but rather the
pggﬁhésaﬁg s%r %gsﬁﬁ%yt fch2 5¥p§n%gWBO%eSVPﬁ?F§8aEySO that

t BRebabhBi¥edOk{RABE1 Eh4San Ralthe ;3 CARNIAL | OByt , in this
cellular systemthere is a
situation, the mobile phone's available transmitter power is
going to be divided between the different codes which means
that the range over which each sub-stream may be successfully
received and decoded error free is going to be reduced. In
fact, the reduction of power per each sub-stream in a
multi-code modulation signal transmitted from a mobile phone
is worse than would be expected by merely dividing the
transmitter power by the total number of sub-streams. This
is because it is not so much the average power that is
constrained by battery voltage, but rather the peak signal
amplitude, which happens to be limited by the battery voltage.
Thus, in the 3rd Generation cellular system there is a
desire for amodulation scheme which develops the greatest mean
power per sub-stream within a constraint of the composite peak
signal amplitude of all sub-streams. For example, if the
mobile phone used a three-code multicode scheme with three
length=4 codes where each code carries a sub-stream of 16QAM

symbols at similar amplitude, then the total mean power that
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desire for a nodul ati on schenme whi ch devel ops the
great est nmean power per sub-streamw thin a constraint

w@Rowher2sonposi t e peak signal anplitude of allPCT/1B2009/006140

sub-streans. For exanple, if the nobile phone used a
three-code nulticode scheme wi4h three | ength=4 codes

where each code carries a sub-stream of 16QAM synbol s

at simlar anplitude, then the total mean power thatis
transmtted within a given peak a Iltude constrai nt

ilss 7trgzeBl beedwiblelpeakIbERBr © ligude comshinpint is

R A T,

teted perek -rean NBoweat ippe:f wubmertré%re iﬁF?lAz slcmmdmbbw the peak.
descrlbes an [ rovenment over t e three Ienﬁth—

] NSTRES S5 tEFeRPRaCa MEntR o further.
ce ﬁéPA%%ﬁnHQ%din&%rcr(lk?eé | A8 SihPBoesREAE UdSL WHHE three

carries two synbols in the same tinme period that a
skqmﬁlwp@mrmm desigosahemengihes éodereatfies a length=2

a3/ aheke WSl LT 000l VELYG OB S MBIRcy cerries

cumiﬁ |sg>uﬁkads1@mm stlab| sanie tdiewe | wgr fod otlet e asuparenposed and
which is 5. 44dB | ow the peak, and is 1,88dB nore
ARy RA L h&ﬁertq@ zﬁ+4$@%€on‘f~‘?‘ﬁﬁ?~%ﬁ Gh &54ECi aF ¥Rt h which

té@fé&sf@?ifn&émrém@@r@@éﬂ S & 0ggnissherdr e A d ht%géb thength=4

configuration works well, it is still
d%@ier%lbl &hfier 4t-Ha . %bq?@@fpﬂ’éﬁét@-@nbbg @&le tto flgvehep a total
duce t [ t| f. £h
R R

aélﬂf@ct‘d‘_‘lf‘l?e nendﬁ ahe addreésset fiyuaaitrians mdderismed avith the
met hod of the present |nven Io SUNNARY n. one

dlpeRe , L THE- T e sBICahivEh FoFfes ot FARGAR FRE 4+ (2.2)
that £ 1 Sudbt £oh QrdA@nNeai Y | dﬁE g Ugkng1ngbd{PLiel £Gd8Sthe mobile

phone to be able to further reduce the ratio of the peak to
mean power when transmitting multi-code modulation signals.
This need and other needs are addressed by a transmitter and

a method of the present invention.

SUMMARY

In one aspect, the present invention provides a
transmitter that is able to transmit data using multiple codes
of a spread-spectrum signal encoding scheme by employing a bit
grouper that accepts a block of input bits, divides the block
of input bits into a number of subgroups where each subgroup
is associated with one or other of two axes in a complex plane
and with a code of the multiple codes, and routeg the subgroups
of bits to chip value generator devices (e.g., look-up tables,
real-time computing devices). The chip value generator
devices generate an I-signal value and a Q-signal value, each
of the I and Q signal values are determined by: (1) bit to symbol

mapping that associates a numerical signal value with each



of a spread-spectrum signal encoding scheme by
enpl oying a bit grouper that accepts a bl ock of input

wWhra18/00d8&i des the bl ock of input bits into a PCRBE009006140

10

15

20

25

30

subgroups where each subgroup is associated with one

or other of two axes in a conmplex plane and with a

code of the nmultiple codes, ané routes the subgroups

of bits to chip value generator devices (e.g. ,

| ook-up_tables, real-time conputing devices) . The .
CRPESV A GcDBEREFRL OF RIGA d8st gereaBpapan(3). shgmrotation for

Y, : a Q.S . val ue, .ea I _gnal
VRpLELBAY Ag OISO bEe LA Re 08 sTBflaR NWRe by &
t hal t asdomeatésnalnuoest tah meitgriad (eabue k2 Erzotati_on matrix)

h sible pattern of hits_in, a subgroup; axi. s L.
CETPOTSLALE PALELn Lot 5ol D, & PR AN (e B0)aaaivion
stgnabiavatdiesc &y anapbii ndhessheral Sttt MM EAX] values
(e.g., 2x2 rotation matrix) to generate a rotated pair

oFOZFgRRPNGARGesC AhHE E8yeaddici bR genadateotheed-signal and
apdL95n89NGE PhaL a %ﬁ’éslg{nj%&égl%zs%@e yalu Zal%cli]eQ signal values

corresponding to s 0 genera
| hevinal reddc@dspgriltvakmesraespevhevebympuhedetbhehk I and

and si gnal vyal ues .havi ng reduce eak-to-rns ratio

CieEnoarsa st Ra R BRate Sl ERarRitN (s xaren dsgTees.
axi s rohatdrtiifr Z8Epededr eas dre 0t NehvasReeh dhfrides a
present invention provides a nethod for generating a

ragFBodifprarenprptangarl fedd optttna bwikh # addsiassl pgak-to-rms
Pl :odes I i l-ti.- it e

L8, BRSO B L ALy A e i wie

t fetatopafs. () aet enhodingng, minbeethbdt hiec hudiés plhe steps

access _codes to.carry the data ols; (b) dividing a
F50n Bl BTCSTH ORGP S 6 S 1B chFesPesedes to
Ota£ayathéodhvhceyinBe18ypel afvigengukt ngﬁFaSEG%ts into a
codes; &g% usi ng each subgroup of bits to select one

ORUBPR e SO NFh A8a tor r RO 8dsRgniad twice the number

of the multiple access codes; (c¢) using each subgroup of bits
to select one of a number of In-phase or Quadrature signal
values, where at least one pair of said selected signal values
had been modified by performing an axis rotation in a plane
of the selected pair of signal values to obtain rotated signal
values; (d) multiplying each access code with a complex signal
value including one of the In-phase values and one of the
Quadrature values or of one of the rotated In-phase values and
one of the rotated Quadrature values to obtain a set of
modulated chips for each access code; and (e) adding
correspoﬁdihg chips of each access code to obtain a multicode
signal wherein the peak-to-rms ratio is reduced as compared
to a radio signal that does not have axis rotations.
Additional aspects of the invention will be set forth,
in part, in the detailed description, figures and any claims
which follow, and in part will be derived from the detailed

description, or can be learned by practice of the invention.
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values to obtain rotated signal values; (d)

mul tiplying each access code wgth a conpl ex signa

val ue includi ng one of the In-phase val ues and one of
the Quadrature values or of one of the rotated

I n- phase val ues and one of the rotated Quadrature

vaFues t 5ot HRESTetosr nblak atetichiBe figragring general
agegssipedsn aé]ﬁd(el)hé‘ddﬁﬂgla&ﬂrfgfis %fl%dlh'd%%&fi&t%on are

each access code to obtain nu code signal wher
t hueppikry candreratdne fery edugedndsacenpatr etestoriactive of the

radj i gnal _t ges -not have axis rotations.
AggnggﬁgP %Epgg%SQSFthe invention wll be set forth,

in part, in the detailed description, figures and any

clainms which follow,__and in part will be derived from

t FRIEE DEPCRIHLION; BFi IHE DRAWZNGSe | ear ned by

practi genQfet BEmbMYeRt AR Erhigt A .beuEng }Pﬁgggrﬂ:hﬂwention
bot h the foregoing general descrlpglon an e

fodY oWiengoberainkdd esordfmramear eoexgmpl d&ol landng detailed

d . Lctive, .
B A O N MM ——

DRAM NG A nore conpl et e under st andi ng of the present
i nvention may be, obtained by reference to the

fol | ovi VRt &i 1468 BesdAgpeimorPinhen trakdi liomal HSPA 4+(2,2)
PﬁﬁlHféé&@ncéé\ﬁ_1H159689§E,@Hp@flilb_lfslgj/&gzgg\%ggﬁa: ?Ei@&piam the

is a diagramof a traditiona
nbfresentdelrebhbian;system which is used to help

Sh P ErbngeREoIE S S OB it tné 18 BofhPE 8 4 160mu
constellation which is used to help explain the present
invention;

FIGURE 3 are diagrams associated with a traditional 4+4+4
multicode cellular system which is used to help explain the
present invention:;

FIGURE 4 are diagrams illustrating different ways six
dimensions Il, Q1, I2, Q2, I3 and Q3 can be grouped to form
multi-dimensional symbols which are used to help explain the
present invention:;

FIGURE 5 is a diagram that visually depicts a 45 degree
phase rotation of 16QAM symbols modulated on to a length=4 code
relative to 16QAM symbols modulated on to a length=2 code of
double the p‘ower (\/2 times the amplitude) which is used to help
explain the present invention;

FIGURE 6 is a block diagram of a mobile phone with a
transmitter configured in accordance with an embodiment of the
present invention; and

FIGURE 7 is a flowchart illustrating the steps of a method

for generating a radio signal with a reduced peak-to-rms ratio
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which is used to help explain the present invention;

FIGURE 4 are diagranms illustraging different ways six
dinmensions |11, @, 12, Q2 , 13 and B can be grouped

to formnulti-dimensional synbols which are used to

hel p explain the present jnvention;, FIGJRE5 is a . .
dPﬁSP& EhEIPYE AFAFSS FPIeT §CaCaT Yt Helptfas@ulti-bit data
relabbas ofn 160AM-gunbel s,modubat eéink%li%ﬁ?er@cl 8R4 present
code relative to 16QAM synbol s nodul ated on to a

| @ngenrE2ovede of doubl e the power (V2 tines the

anplitude) which is used to help explain the present
invention; FIGURE 6 is a block diagramof a nobile
pbEraTMEDhDESCRAPTAONt er configured in accordance with

an enbodi ment of the present invention; and FI GURE 7

is a fIBRCMERTSHT FovEnddiongl pRéudee fsmeblde mitanr trepsmitter
08R8r ARl FAGE O b BBAkL W RoAuf 84468 PE étvﬁ}'irdﬂs develops

ratiousing nultiple access codes to carry nultiple,
el desbrabdatmesy mbover i peracodr-dadnosmmintiithdm a constraint of

enbodinent _of the_present .i nventi on. TAL LED

SRR BB e B SRR, BBk 2R PhoRL nSppeiaeans . Tn
pbage dnildGindier and acpRhEedctbat dumplefiiy 8 signal that
nodul at i on schene whi ch devel ops a desirabl e nean

pERBPTpEFSsHBS st iwhiof B €BRiFRieRIbI0 (9Rsles, the codes
CoRRE SERSR SO AOTLLLLS0eTC Al I arke chec
t Hgprend on complex data symbols such as 16QAM symbols. The real
and imaginai:y parts of these codes after the complex signal
multiplication constitute dimensions in a multidimensional
signal space which have two dimensions per code. A pair of
dimensions may have been selected to form a plane and then the
signal space may have been rotated in any such plane before
the complex data symbols are mapped to the signal space such
that the resulting composite signal peak to rms amplitude ratio
after applying data symbol modulation is reduced. To help
describe the present invention, a detailed description about
the aforementioned traditional three-code multicode scheme
which has the 4+4+4 configuration and the aforementioned
traditional HSPA three-code multicode scheme which has the
4+(2,2) configuration is provided first with respect to
FIGURES 1-4 and then a detailed discussion about the present
invention is provided after that with respect to FIGURES 5-7.

Referring to FIGURE 1, there is a block diagram of a
traditional HSPA three-code multicode cellular system 100
where a mobile phone 102 has a transmitter 108 that transmits
a radio signal with three 16QAM symbols S1, S2 and S3 per each

4-chip modulation period to a base station 104. As shown, a



conprises the |inear sumof N CDVA spreadi ng codes,
the codes being nultiplied by respective conpl ex
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as 16QAM synbol s. The real and imaginary parts of
these codes after the conplex_gignal nultiplication
constitute dinensions in a nultidinensional signa
space whi ch have two di nensi ons per code. A pair of

di mrensj ons may have been sel ected to forma plane and
t%%%%he%?@ﬁﬁl igphgRerhy I hayecBendr seatetoi FARRY tWO 16QAM

SyGhLBt anespetape éi‘es%h%‘géls@&v@ (A SYAPQLS AT 6 MBRREd  code,

to the signal space such that thé resulting conposite
s@:ghiabgpealk to tmlanmth#%d@d%usm@imv@hplswldmed and

S nDduIatlo el escrlb t he

VAR TRy | Db e d L ey o, PSR Rgo ey fame 4-chip
a;ﬁ@fgaantl QHQ@QM@@y&dUaﬂabdrfﬁ’@ﬂl(‘aﬂﬁ%rmﬂats cere geher®l form
whi ch has the 4+4+4 configuration and th

a%%?@ﬂehﬂ.%ﬁ@HREradutE@ﬁ%|S¥Eb@Atﬁ%eeS%oa@dnﬁﬁthéédé bits so

eadt+ ) €0 r o, 1
SPRCTAPEETePARo Reo L 82 o00) SROBER LTy Bicg gonverea

dit alh@d-d:m@ssmenlmﬁa@mézl heguesenttinw éﬁ19|6opos31bllltles .

REREP oY CoartsRent T AR FakSBPOLRA b BB testing

taaﬂimgmqioéﬁ%uﬁl@; qede Mulkticeodsrsel Ik BHodystddMay use
100 where a _nobile phone 102 has ,a transmtter 108

t hae ¥?<§H§ﬁﬁit SoBPi Yl BY sPghaPAwii aclared 1BARrasRbened U.S.
Sbatél%t ﬂﬂp%%cgﬁﬁ.oﬁaggﬁla?hﬁe @grh%l 9‘?0%&188 f@bﬁuary 22,

base statton 104 al eng code I's repeate
tQ\DQé aamdus&erd::ttal@hr r‘ﬁﬂﬁwlm@l\/mfm}lruwloﬁeSZDanchZOn" the
succ

ale ort h onal th
ERBERE b caie P Achaare: SBry-SaperrHpBYea ad sga FgoLn
carry aoﬁﬁuagcéﬁmylxﬁém@hsém«d@ymwé RengaTe et €PhRsmitting
period. A 16QAM synbol constellation has the general
forlpdts on each of the I and Q components of a signal, the bits
being equlspaced about zero in each of the two dimensions of
the complex signal plane. Thus, the I-component may take on
values of +1.5, +0.5, -0.5 and -1.5 while the Q-component does
likewise independently. FIGURE 2 shows the 16 possible signal
points which are located in the I, Q plane at the intersections
of a regular, rectangular grid. The peak-to-rms ratio of a
single 16QAM symbol may be calculated by determining the peak
amplitude and the root-mean-square value. The peak amplitude
occurs when both I and Q take on their maximum amplitude of
+/-1.5 at the same time, giving a net vector length of 1.5\/2,
whereas the root-mean-square value is calculated by averaging
the square of the amplitude over all 16 points. There are 4
corner points each with a square amplitude value (1. 52 y2=4.5,

8 points on the sides each of square amplitude (1.5%+0.5%) =

2.5, and four points in the middle of square amplitude (0. 5\/2)2

il

0.5. The average of these points is (4x4.5 + 8x2.5 + 4x0.5) /16
2.5. Thus, the rms value is V¥2.5 or 1.58. The peak-to-rms



shown in FIGURE 2 . Each synbol SI, S2 and S3 has 4
bits so with three synbols SI, S2 and S3 there are 12
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representing 4096 possibilities. Thus, the decodi ng at

the base station 104 can incluge testing all 4096
possibilities (the "brute force" nethod") or nmay use

t he reduced conplexity method di scl osed in co-assigned

U. S._ Pat ent plication Serial No.,12/035,970 filed |, )
FIpP Lk ydeoraspegigndhest it I5§8 o/ Ef‘jfa A1 el tiR gdreibels is
Deteggkon”, the contents o f which are incorporated by

ref erence herein. Conmunicating using 16QAM synbol s
conpriBes thamsafitiahgor 6f t BIGWRBathhovevae, | iAnda® be seen

C onents of-a _signal, the bjts being equi spaced .
SOARCSH T Phifsd A e %k de AL BB P8R Lap in eacn
cenpb exesigial Thane-valus off htd -1eorponRenicomy megkBe one of
on values o f +1.5, +0.5, -0.5 and -1.5 while the
GFednentalgsess J-ixelli-se rRdepentent ISLE pheuREvalues of the

_Sf@ﬂ\%tltlj-:@ d85B058LbYs gignal 1 ppLols wehghgatg1195aked scalea
inthe |l , Qplane at the intersections o f a regular,
reckemgsear drhus, Theppeakgt 6henssarmt | profedusenglse above to

BT TSR ERECT B S HBah & Sar g A The \je CoF this

afpbé t ol emPCeil Sodd efbdidldt dorart Qdnkerd thethe background
maxi nrum anplitude o f + /-1.5 at the same tine, giving
aSfetioBet of £l @AgbReocther Bandp thgheheas taeoth=4 codes of
r - - SO vial,ueal ¥ ' t
R e e
4usednehepoithes IeyeA uwist Hoxr squedy evanil itade hedmeaft of the

B ed 2 B 000000 21! IR iR FED P14 5 ana
nd il oFvaquar Bileepl 4¢ Ude 4 edk dmp2itubedof Thend Q combined
ag g r4a.qse\/20.f ‘tI'lhlgSfmg %Iar?LtuSe ilcsjw(eééﬁ' f s -Sussxtz \/g ’-c'- irﬁég 'tsl'ze /r:ILn6s value
of a single 16QAM transmission which was calculated above to
be V2.5. Thus, the peak-to-rmg ratio of three length=4 codes
superimposed is 4.5V2 / (N3 x V2.5) = 2.32 or 7.32dB, as
mentioned in the background section. Therefore, when peak
amplitude is limited, the 4+(2,2) configuration of FIGURE 1
is preferable to the 4+4+4 code configuration of FIGURE 3.
The mobile phone's transmitter 108 has a power amplifier
106 that generates a mean power output without distortion that
depends on the peak-to-rms ratio of the signal in addition to
other factors. For a class-B power amplifier 106, the maximum
non-distorting efficiency occurs when it happens to be

generating maximum power, where the maximum efficiency is

defined as follows:

Nmax = Peak power output (1a)

Maximum DC power consumption



= 2.5. Thus, the rnms value is 2 .5 or 1.58. The

peak-to-rnsanplitude ratiois thus 1 .5 V2 / "V2.5,
waki10/01286 deci bel s i s 2.55dB. For the nodul at i BCT/TE2009/006140

FIGURE 1 however, it can be seen that two | val ues and

two Q values are going to overbap in each chip period.

The | -val ue of the I ength=4 code may be one of the

four values 1.5, 0.5, -0.5, -1.5, but the I|I-val ues of
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val ue

the I ength=2 code are V 2 tines Iarg The Q val ues

aredsediead 19Rew seed TREs  urdppl yi tﬁ@séﬁﬁérﬁﬁbdéﬁﬁr@aX1mum
a§f§98¥§n§§dgé%cﬂga§%fﬁ ale- La- %gﬁﬁt%%'o gives the

answer pe of I -code nodul ati on
as nentioned in the background section. If on the

other hand, the three | ength=4 codes of the
tpﬁﬁitToﬁ5E§%¢2¥EE&EH§E§uratlon shown in FI GURE 3 Had)

been Uﬁsgl&ﬁﬁnnthgowefabgﬁguh Elgach woul d have been
any of the values 1.5, O. or 1.5, giving a peak

| -value of 4 .5 and a peak C}value Iikemﬁse or a peak
anpl i tyde I | ed .
ﬁ%mégérofggﬁhg%ﬁgfbﬁﬁ%s e%élr%éy%% f&ggh a varying
sangll et 16QAM yhahstisdsiedinahli eb Wa31owbculated above

to be V2 .5 . Thus, the peak-to-rns ratio of three

| engt h=4 codes superinposed is 4 .5L/2/ ( 3 x V2.5) =

2n32 or 7.124B, pafrenlicpned in t he background (2a)
sectlon Therefore, when peak anplitude is |limted,

t he 4+ (2Mean) DEopbivglir SONSHIBEIPNGURE 1 is preferable
to the 4+4+4 code configuration of FIGURE 3 . The

nobi | e phone's transnmitter 108 has a power anplifier
106 that generatessa smalipodenZoutput without (2b)
di stortion_that _depends on the peak-to-rns ratio of

the si gnal MPARalYi PPYRTt 6C8FHEP Y85 ors. For a cl ass-B

power anplifier 106, the maxi mum non-di storting

ef ficiency occurs when it happens to be
= (Peak amplitude/Peak-to-rms ratio)?

(2¢)

Mean DC power consumption

Also, the power consumption of a class-B power amplifier
106 with zero quiescent bias happens to be proportional to the
output signal amplitude. Therefore, the mean DC power
consumption is equal to the peak power consumption times the
ratio of mean amplitude to peak amplitude, which, normalized

to unity load resistance, gives the following:

Mean DC pwr. consumption = mean amplitude =x (peak amplitude)? (3a)

peak amplitude

= peak amplitude x mean amplitude (3b)

Combining the equations 1lb, 2c and 3b results in the following:



generating maxi mum power, where the maxi num effici ency
is defined as follows: hnmax = Peak power output (Ila)

wovexoaus®C power consunpti onand when nor rmal i ZRGI/IB2009/006140
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unity |l oad resistance the maxi num efficiency can be

defined as follows: hmax = (PRegk anplitude) 2 (I1b)

Maxi mum DC power consunption On the other hand, the

nmean efficiency with a varying anplitude signaINLs o
defined as foll : h = Mean power out put a an

oBuBr TEonLuREr Bne2-FPEnT 6 LA Feadey Do oy Do (4)
power consunption = (Peak anplitude/ Peak-to-rns ratio)

2 (2c)_Mean DC power consunption Also, the power

consunfPbibf bfx a tCaPowRrpawer ifdplri el emeBtaktihnzependent

' bi S b or,t,j on .Q_t he
SBESDY DB IERRR Ao EAB P 8Lt A o 1venay
coasumpzedn i shequatalwet hépparktpowsr cemsliptidd) ratio x

t h ti f ampl i tude to peak anplitude, ,
mﬁggﬁTEHSthléﬁgglFB EEFFgEP adSr BSVEVEhc’, ChRrvesteréstic of

f eheomb&gladean. DO e £ SAS WD HAAE maIBARARRNNAG X of the
(peak_anplitude) 2 (3a) peak anplitude = peak
aﬁﬁﬁi@ﬂggexlﬁﬁﬁﬁfaﬁﬁpﬂﬂéé@r(3ﬁ§ft%m®m©Yng<¥h%_Would. like to
FALAln0PS the 240800 GRCRESHLLS 1N e T T "

mac peak-to-rns ratro X an-to-rns ratio) (4)

Wi | e Referrina guaver tanmphef tleree-code multicode scheme shown
| [R! PBORAT S ON; 0eRENIBNY s eny that three 160aM symbols S1, S2
and S3 can be regarded as six 4-AM symbols, each 4-AM symbol
carrying two bits of information with its four possible signal
points, and occupying one of six dimensions I1, Q1, I2, Q2,
I3 and Q3. As shown, the pairs of (I,Q) dimensions are
orthogonal by virtue of being 90 degrees out of phase, while
the use of orthogonal codes allows three such pairs of I,Q
values to be conveyed using all six dimensions Il, Q1, I2, Q2,
I3 and Q3, which are orthogonal to each other when the codes
are mutually orthogonal. Absent signal distortion in the
transmission, the six dimensions I1, Q1, I2, 02, I3 and Q3 are
truly independent inasmuch as they do not interfere with one
another, and the receiver noise has a nominal and equal rms
value that is uncorrelated between any one of the dimensions
I1, Q1, I2, Q2, I3 or Q3 and any other one of those dimensions.
However, the six dimensions I1l, Q1, I2, 02, I3 and Q3 are not
independent as far as the mobile phone's transmitter 108 is
concerned, as the values Il, I2, I3 and likewise the values
Ql, 02, Q3 add linearly and not quadratically. Thus, the

instantaneous transmitted signal amplitudes are as shown in

the table below (see code 1, code 2 and code 3 in FIGURE 3):
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quantity, which one may assune the designer had
al ready maxi m zed; the value (peak-to-rns anplitude

WO 261000136rean-to-rns anplitude ratio) i s howevRCT/EB2009/006140

characteristic of the nodul ation. Therefore, to take
maxi mum advant age of the avaidib! e power anplifier
efficiency, one would like to mnimze the latter
quantity. Referring again to the three-code nulticode
schenme shown i,k RE 3 Lt can be _seen._that three
16QAM synbol s EPE}_ES and S3'Raf be rEGAPdad as SHAP 4
4- AMsyabolss IT1edach 14- AMISywipelTcar ryi-ne 4w bits-of-13
information with its four possible signal points, and
occ@ff?ﬁlﬁﬁ'@t n@1gR2ER% di MQ%s |1 Q10Q2+28 QR1-0%3-03
and @B . As shown, the pairs of (1,Q dinensions are
ort hogonal by virtue of being 90 degrees out of ggase,

wiiifleChpetygesnit ositlegdbnainpt dtedeal Eous & hee +00GHnsmic) °-°
pairs of I ,Q values to be conveyed using all six
dinmensions I, @, 12, Q2 , 13 and @B , which are

or t hogThal alhaveatiowet hee tyhefintbes TDAEG AR MBI lhs of T1,
oigholﬁanais. Absent signal distortion in _the

tTandlif'sS? ofiT St RESEFY 8rmeRsi &he 1fourgchips, glhateger their
anila (Bi @n g1t s 'dl@p%@ﬁp%i'lﬁ.a%%%Qrﬁ%_tﬁwﬁ/dgdglo%n one or
interfere with one another, and the receiver nolrse has

L e n@himnto eguafueas thel peakharlive umcortred! atleib. Unless

. any .1he dipgensions 11, Q  _ 12, . 13 .
or %ﬁ‘g%%gaﬁ_\?ﬂ%’fﬁé%ﬁ%ﬁe S WBYES Wi feRsi 6R% t signal
taveo bi udke nensilons e ddak 12 fland 18hansk{B & & NMdppen to
i ndependent. as far as, the nobile phone's transnmitter

IUEs Tonkes e #HiMe val ues || , 12, 13 and
|'i kewi s€ thier &%’d@%i@nglgarg%)@gﬂeléaﬂr?eafg¥maq{i}ée}g&t follows

uadratically. Thus, "the instantaneous transmi

haal thenpeakdes mre et showh e transmit amplitude is the
same as the peak-to-rms ratio of I or Q alone where the
combination of I and Q merely increases both the peak and the
rms by'VZ alike relative to I or Q alone. Therefore, seeking
a modulation scheme with a low peak-to-rms ratio on I and Q
alone can produce a low peak-to-rms for the combined transmit
signal.

Referring to FIGURE 4, the diagrams show that the six
dimensions I1, Q1, I2, Q2, I3 and Q3 can be grouped to form
two three-dimensional symbols 402 and 404, These
three-dimensional symbols 402 and 404 are cubic when the
modulation is 4-AM in each of the three axes. If fact, the
six dimensions I1, Q1, I2, Q2, I3 and Q3 can be conceptually
grouped in any desired way, for example, as six 4-AM symbols
(FIGURE 3), as three 160QAM symbols 406, 408 and 410 (FIGURE
4), or as the aforementioned two 3-D symbols 402 and 404 for
which the nomenclature V3AM is used, to mean Amplitude
Modulation along each axis of a 3-dimensional space (a V3).

In principle, the six dimensions I1, Q1l, I2, Q2, I3 and Q3 could



the table bel ow (see code 1 , code 2 and code 3 in
FIGURE 3 ) :Chip 1 Chip 2 Chip 3 Chip 4 Itransmt =
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QA+Q@R+XB QL+QR- B Q- R+B Ql-R-@ and the transmt
signal anplitude is (I 2 trangmt+Qtransmt) "5 The
above shows that, since all sign conbinations of II,
12 and 13 are tested across the four chips, whatever
their individual signs are, the% will constructivel

a@ﬁt?ﬁnﬁﬁévﬁiyd?%gFOEH?G 3% OPEOUHRY AP Pl aR\pT QA Symbol .

tfﬁusCh%ﬁenL@hésﬁuﬂEQ§r$fS§o§ﬂﬂ§té@bﬂ&deaéﬂeofmfﬁfee axes is
case for transmt signal anplitude I s"when the peak of

I4anbﬂ1elhet]peaikoml Qunkppemt ooty im & Be b avebofli §s. 4°=64,

t and si gna e of .the_ s t hen
1571 e PREREERE BASoel Bal Ad TR i idpentels points
aﬁpbn@t@h&:n ﬁltnléﬁsiaﬁeoﬂ$. thwmmau&e satso-wiaM, emd five
Q al one where the conbination of | and g merely
i PerBES Rl A I?aﬂli’edb’éﬁﬂséﬁﬁ he Vésc%’f/l RHqGEe a 1024-V5AM,

rehatiye 58iht0r 2 RHAL 088 TAEHENLE 6n S€€KI 18 Bould produce a
nodul ati on schenme wih a | ow peak-to-rns ratio on |

ahdd @-¥baHe can produce a | ow peak-to-rns for the

combi ned LLARSY! (o] 98k LELET 1100 LOLAIE L s then tuo

di agr ans IShow™ 9ha{—th he sIX

13imedsBneansbengasuped tabieor svhvweelhaeeodsmeosi andl 404 of
%nbols 402 and 404. These_ three-di nensional synbols
4

SOURE 404 THHeRhs EPRoRBENEORDHRT LEF PP all A FRtAted in
eﬁQEQnQE Blﬁﬁe%grt?l%na)iﬁ'ﬁe ifoaftBhggg Pbnd!. m%pr@x ample, a

can be conceptual Iy groupe
i @oaﬁyeaéstned eyl d fagr rezattrpldelnm Si, X BlAvesyniolRs Q plane,
such as the plane formed by Il and I2. A computer trial of
different rotations of the cubic constellations 402 and 404
of FIGURE 4 showed a reduction in peak-to-rms ratio from 7.32dB
of standard triple 16QAM using three length=4 codes to 5.44dB
when one symbol was rotated 45 degrees in the Il,I3 plane and
the other symbol was rotated 45 degrees in the Q1,03 plane.
What this means, is that instead of applying symbol 1 to code
1 and symbol 3 to code 3 as in the past, the codes in one

embodiment of the present invention receive modulation from

a 45~degree rotated symbol pair as follows:

]

(T1-I3)/¥2 + 3(Q1+03) /V2
(I1+I3) /N2 + 3(01+03) /V2

[cos(45) -sin(45)] (I1+jQ1)
[sin (45) cos(45)] (I3+3Q3)

]

As can be seen, the codes are respectively modulated with
the sum and difference of the two symbols which are scaled by
1/N2. The rotation matrix would result in other scaling if
the rotation were other than through 45 degrees.

Now consider that codes 1 and 3 are the length=4

orthogonal patterns as follows:



(FIGURE 3), as three 16QAM synbol s 406, 408 and 410
(FIGURE 4 ) , or as the aforenentioned two 3-D synbol s

waRoama3«l04 for which the nomencl at ure V3AM i BCTIER2dA09/006140
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to mean Anplitude Mdul ati on along each axis o f a
3-di nensi onal space (a V3) . disgprinciple, the six
dinensions I, @, 12, Q2 , 13 and B

coul dalternatively be grouped as one V4AM synbol and
one QAM synbol . Thus, when the nunber of points al ong
each of three axes is 4, then the total nunber of
points in a 3-D sygnbph thiA3=6Aipsochhganotation

64- V3AM can_be used, Likew se, four points along each
di nensTeneot a=va wébul d piloducela 2561V4AM and five
Pehdt Scegong each dinensign of goul d produce a
1024- V5AM and si x points al ong each i mension of a V
6 coul d produce a 4096- V6AM Regardi ng the m)dul ati on

' t han two di.nensi,ons, _such as t
g%%‘?c c%n%\?%:?ga% onr}ls 6> EndB6516F Plf ﬂyInbOls S1=I1+3Q1
| ol ce3 B3 +has , t betaonshgt | ati ons may be rotated in
pl anes other than the I ,Q or phase plane. For
exanple, a constellation could be rotated in an 1,1
pl ane or pl ane formed by ||
and 12 . &%mgu?lél? r| a@?{?? 1H@rent rotations of
¥ %ubi ¢ cobt el Ia$3 ons 22 and82404 of FI GURE 4

t| peakt rns tio from7 .32d

SJ;pst an%’ae: %%[e%ll RS tlé&&l\/lrﬁgl E& tfr ggalteﬁ ?h—w“@%%ss%oand S3
BrdddBchhencpaecsdmaliomswiehated Agrdeghge§el N e in an
I, | an and the ot her synbol was rotated 45

eeé‘sé r ¥R Pptahe.SWhat this neans, is that
|nstead of applylng synbol 1 to code 1 and synbol 3to
code 3 as in the past, the codes in one enbodi nent of
t he pridgwn orthengbined cedepad nsodubatcers fiidmmbut different

Ai%sqlelggsfele arsotsegc%gn en_iLng!“ pair as follows:

Chipl Chip2 Chip3 Chip4

code 1 = 1 -1 -1 1
code 3 = 1 1 1 1
V2 x s1 S3 S3 s1

Chipl Chip2 Chip3 Chip4
code 1 = 1 -1 1 -1
code 3 = 1 1 1 1
V2 x s1 S3 s1 s3



[cos (45) -sin(45)] (I11+Q@) = (11-13) / 2 + | (Q1+@@B
)/V2 [sin(45) cos(45)] (13+JQ@B) = (11+13) /V2 +

WO ¢@AaR3d V2 As can be seen, the codes are respeniB20el/0p6140
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nodul ated with the sumand difference of the two
synbol s which are scaled by The rotation matrix woul d
result in other scaling if thé rotation were other

t han through 45 degrees. Now consi der that codes 1 and
3 are the I ength=4 orthogonal patterns as

fol | ows: Chi pl Ch¥pZptnfharenifhargodeird= 1 1 -1 -1 and
code 3. = 11 -1 and conpute_gach chip as a function
of thec%‘?/%rb%s S=ite | O hnd Shel 341 OB, obt ai ni ng:
Chip ledde B2 €hir31Chip-4 It can be-%een that the
result is that the synbols SI and S3 are each repeated
twice with a sign change, but in an interl eaved order
S, S3y2S3, SI. xher ogthogopgal code pairs produce
simlar but different results, as shown bel ow. Chipl
Chip2 Chip3 Chip4d code 1 =1-1-11code 3=1111
Chipl Chip2 Chip3 Chip4d code 1 =1 -11-1code 3 =1
1 1 1Chipl Chip2 Chip3 Chip4d code 1 =1 -1 -1 1 code 3
=1-11-1 Chiplcrhpp2cehpp3cEhpp4chipd

code 1 = 1 1 -1 -1
code 3 = 1 1 1 1
V2 x s1 si s3 s3

The latter two examples conform with the current HSPA
standard which specifies that two symbols shall be transmitted
sequentially with a length=2 spreading code while a third
symbol is transmitted using an orthogonal length=4 spreading
code in the same period (see FIGURE 1l). In the two latter
examples, the length=2 spreading code would be 1, -1 in one
case and 1, 1 in the second case, which are the only two
possibilities. The length=4 codes would then be one of 1, -1,
-1, -1 and 1, -1, 1, -1 in the first case or one of 1, 1, -1,
-1 and 1, 1 , 1, 1 in the second case. Thus, the present
invention 1is capable of reproducing the current HSPA
modulation which transmits two symbols on a length=2 code and
one symbol on a length=4 code, by using three length=4
spreading codes and applying a 45-degree axis rotation in a
plane defined by two real axes and a plane defined by two
imaginary axes. However, the present invention is also capable
of producing modulations which the current HSPA specification
cannot and has not envisioned, as shown in the first three
examples. In addition, the peak-to-rms amplitude ratio

produced by the above 45-degree axis rotations in the length=4
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code 1 =11-1-1code 3 =1111The latter two
exanpl es conformw th the current HSPA standard which

wapaoihi2zes t hat two synbol s shall be transm ttBCI/IB2009/006140

sequentially with a | ength=2 spreading code while a

third synbol is transmitted uskng an orthogona

| engt h=4 spreading code in the sane period (see Fl GURE

1) . Inthe two latter exanples, the |ength=2

spreadi ng code would be 1 , -1 in one case and 1 1

idpdde Woldomt 6P GRFR Was €adReesh Pafgre filtering, from

Ié&léﬁh4&@e | engt h=4 codes woul d then be one of
pPSﬁé%% nd 1, -1, 1, -1 in the first case or

one ofIdl wasl a,lsol :Lleesanrbalted Thqw Ithe Irdtmitien secomy plane

case. t he _pr esent i |on i S bl f

R T TE T LN g e peak-to-rms
tFRNSd S b!@e&%@%ét@ih aaﬂ&rt@dhazllqgﬂafm& @B@ation, it is
synbol on a | engt code, QX using three | ength=4

sprekri TRy df@d@’é{m 5Ppl §i Ped 2 @%g’bé@hakﬁéoﬂ@t 5Pi e same
d&?& pl %b%o?;%ltg§dsgértc‘fprégggl@éeéhgg dtﬁ’?1 pggé'aé‘]?—to rms ratio
ef 1 hed by

I'magi nary axes. Howev e present
| oy e dhiored SEradns o7 CepEth | vl tdioyr cabtics nop rapdidations. 51dB when

ich the current peci ati annot and, ha
NS BB R TS FOLRER TLASHERS bRahit ds, © plane
| Fe B&HEH $d @8, tﬁé@l%%kaﬁ@—uﬁéstaﬂpaigmlr akib Y seedtegrees
by the above 45-degree axis rotations in the

|vemgw}&4k&1é>latrr@ pl ECEOAM I \isageRitiend, thrfRhase angles
4
L1008 Dol U PR, S 00 Lttt sacic jn ohis

avatt bl aanekangtaxilsy ab f @cded the peak-to-rms ratio.
In order, to retain rtho onaluﬁg after rotation, it

prefer?%ﬁhtBYQSFeéi t A&+ 180 SRR S %hePBn g &led as
the1 B&We:

(1) a 45 degree rotation in the I, I and Q, Q planes involving
two of the symbols, and
(2) a rotation in the plane of the remaining pair of I, Q axes

involving the remaining symbol of the three 16QAM symbols.
The results are summarized in TABLE 1 below:

TABLE 1

Case No. | PEAK/RMS | P.A. Efficiency Factor
1 7.32dB -3.20dB
2 6.51dB -2.80dB
3 5.44dB -2.32dB
4 4.77dB -1.99dB

where:
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code. A conputer search reveal ed that the peak-to-rns
ratio is reduced from7.32dB without axis rotation to

wW@2ahbB29hen t he second 16QAM synbol i s rotat eRlCB0B2009/006140

degrees inits | , Qplane relative to the first and
the third synbol is rotated 6Qsdegrees inits | ,Q

pl ane. Thus, evenly staggering the phase angles of the
16QAM synbol s reduces the peak-to-rns ratio, in this
particul ar exanple, by 0.8/ dB. Both types of axis
rotati on may now be applied, as follows : (1) a 45

degree-LOf afd on isi £heh e, 1%Q§ﬂda%r21?c?c19£é@,eslength=4 codes;

i nvolving two of the synbols, an arotationin
the plane of the remaining pair of I , Q axes

i nvol ving the renmainin f the three 1 M

synbol "?lgeﬂ}goreiuﬁ gcﬁjg%f%mﬁz%%uﬂ% = %e?%]\'}\ﬂ codes
TABLE d yhedees$08€ Piasd F6tdtiph o A6AMesE &gk the@feen the
| engt h=4 codes; Case No. 2 is triple 16QAM using

trheee 1o hsymeebes with a progressive phase

rotati on of 30 degrees between the three 16QAM

synbols; Case No. 3 is triple 16QAM using three

| engt headse des3 viit hrapd &-tephé esiottathoaeilrertdiéi44 codes with

pl f two_of the synbals d.a_45-degree ation
et Ane SR oPRoie TG BT s CxbeoREPoLs and
4y i 5 AFed0sE MNLatIoN R 8Readdipl Hf@lo @ ehdeghfe two symbols;
rotation in the I ,Q (phase) plane of the third
s3dol . Note: Although | bQAMwvas used in the above
exanples, if desired QAM constel |l ati ons of other sizes
coul d be used, for exanple

Case No. 4 is as Case No. 3 with an additional 45-degree

rotation in the I,Q (phase) plane of the third symbol.

Note: Although 160AM was used in the above examples, i1f desired
QOAM constellations of other sizes could be used, for example

640QAM.

To assist the base station's receiver to decode mobile
transmissions, the mobile phones which conform to the WCDMA
standard transmit a known pilot code that is superimposed on
other data-bearing codes. The pilot code is used by the base
station's receiver to establish a phase reference, and to
characterizé the multi-path channel to facilitate the decoding
of the unknown symbols. For instance, triple 16QAM uses 3/4
of the total available orthogonal code space (i.e. three out
of four, length=4 codes), and the pilot transmission uses the
remaining 1/4 of the code space. There is a trade-off between
the quality of the channel reference provided by the pilot
code, and the amount of energy it uses which would otherwise
have been used in the data-bearing codes. This compromise

results in the pilot code being transmitted at a level of about



64QAM To assist the base station's receiver to decode
nmobi | e transm ssions, the nobile phones which conform
wo 01e2$COVA st andard transmit a known pil ot POOHEB2069A06140
i s superinposed on other data-bearing codes. The pil ot
code is used by the base staggﬁn S receiver to
establish a phase reference d to characterize the
nmul ti-path channel to facilitate the decodi ng of the
unknown synbol s. For instance, triple 16QAM uses 3/4
ef. 2tiBer¢ b ai vavai thblbercgtthre@awdle swuleod paxmi thie.pilot code
e qut of faqur

52;ﬁ§ﬁ9§§95ﬁdh§§btpﬁe%%®ﬁéﬁﬁ% %%%?'gﬁ tﬁe co eC@H channel.

Thererfsca dd ade-wddk-bed waen r%xftG_OQbﬁhrIcy_LLQ‘flrtd’]Ehe pllot code
channel reference provided by the pilot code, .and the

ano B thieTe RSP Ianals €99 ich igt HARGEs & RRePW:
been used in the data-bearing codes. This conpromni se
results in the pilot code being transmtted at a | evel
of about-12dB rel ative to tla®LErgt h=4 code synbol,
and this pilot code is designhated in the WDVA
standard as the E-DPCCH channel. The effect on the
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20

peak-t o- Mg JANL PPEARZRMIN A A e ff il Olert8bderaitor
anot her o@rthogonal| code is <homn in TABLE 2 bel ow
TABLE 2 For cbnpl ete%eéisdBTABLEs 3 and- 2146& ow show
t he Ca|Ch|aLc pefrfoLh sTtaf-tet |uu = ed—TosT e
filtering, ?h ang H ?%%%t a pil ot code a?n each
case, the pllgt code5L31aB phase (or-guaddature) w |
the first 16QAM syhhaol whic¢h is nodul

| engt h=4 |code4 The|r8eo22¢Bi ded cosi ne2r8FFBof f fact
a i s equat—to 0622 —as specified for the OMIS (WCDI

wirel ess system TABLE 3 (w out pilot code) TABLE 4
(wth pilot code)

For completeness, TABLES 3 and 4 below show the calculated
performances after root-raised cosine filtering, with and
without a pilot code. In each case, the pilot code is in phase
(or quadrature) with the first 16QAM symbol, which is modulated
to a length=4 code. The root-raised cosine roll-off factor
o is equal to 0.22, as specified for the UMTS (WCDMA) wireless

system.

TABLE 3 (w/out pilot code)
Case No. | PEAK/RMS | P.A. Efficiency Factor
1 8.74dB -3.91dB
2 8.02dB -3.55dB
3 7.32dB -3.27dB
4 6.67dB -2.94dB




TABLES 3 and 4 confirmthat the proposed 45-degree
axis rotations still achieve approximately the sane

WO 2doo0i2dh i n peak-to-rns ratio after filteri NBCEHMR009/006140
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with or without addition of the pilot code. The best
phase of the pilot code was foynd to be when it was
aligned with the | or Qaxis of a | ength=4 code

synbol, and this phase was used in all of the above

case nos. 1-4. Referring.to FIGURE.5 , there is a
di agram t hat vi sualql%—zm»@iﬁid@a&é phase
rotati on of 16QAM synbols 502 nodul ated on to a

| engt h=4 code relative to 16QAM synhal s 504 nodul at ed
on to a Ieﬁgﬁh EOcco%Epdf/Fd’lﬁJoPeAt thﬁé\%enGyZFlalcrmg
t he anpl i pude o—the L,allng an t+O01; Ae
smal | gP constgl I atl ngggoééi%‘s seen to f togégct Iy

i nside the Targer dorsizidmt|on 504. 13 gambe seen
that the value orf Qvalue contribution fromthe

smal | er, @5-dégree |rot R cpde can bed AREBT onl y
seven val pes—Thig ar—feat ot ERoS gsed—t|0
reduce a | ook-up tdble %ased transmt%sr%inal?
generator, as is described in detail further bel ow
with respect to FIGURE 6 . Referring to FIGJRE 6 ,
there is shown a nobile phone 600 with a transmtter
602 whirgBr.uses Lhlpk &AOAM signalsd B réraeustﬁébree axis
confornms to the above teachings in accordance w thone
enbbdrfens. éf‘—lﬂﬁ}eaghe§§ﬁt abpventinahelMothet hameombsiuction in
t rans o n and funct S

BrabatP b R do GBI PR efloe AT iR daih e gaat vion

hef etine ;Surtote cddaa .eaThe doske: |pﬁa£§e/alf the plist af®ie was found
thus each chip value can only take on

co ni cat ed,
pﬁg%? wael valtRs. ationel widadihier P & exisyqfue dpnoth=4
| ABEE N NMHY Bl U ieyh depend Oglewsbat Bans 12 B tishe above case

nos. 1-4.

Referring to FIGURE 5, there is a diagram that visually
depicts the 45 degree phase rotation of 16QAM symbols 502
modulated on to a length=4 code relative to 16QAM symbols 504
modulated on to a length=2 code of double the power (\/2 times
the amplitude). Due to the scaling and rotation, the smaller
constellation 502 is seen to fit exactly inside the larger
constellation 504. It can be seen that the I value or Q value
contribution from the smaller, 45-degree rotated code can be
one of only seven values. This particular feature can be used
to reduce a look-up table based transmit signal generator, as
is described in detail further below with respect to FIGURE
6.

Referring to FIGURE 6, there is shown a mobile phone 600
with a transmitter 602 which uses triple-16QAM signals in a

manner that conforms to the above teachings in accordance with



and thus may only be able to take on | ess than 4096
values. If the pilot code is taken into account, and

WO 201080128¢ y one binary bit transmtted on onl yPE€HEB2009406140
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Q channel, then the real or the inmaginary val ue may

depend on a maximum of 13 bitggwhich means it may take

on one of no nore than 8192 , Bﬁt probably fewer,

val ues. In any case, these values are sufficiently few

such that they are capable of being stored in a
r@ﬂeuémhdédmanﬂIoﬁnmm&rymbﬁemadaywensﬁ@ndarHgtefbhat only the

exa nmenory of 4096 or 92 val ues. each_o
FERFTC O 7R COmRrE o ShCaREE oY R Lagnary moievant to

d@i@fﬂﬂé&ﬂﬂﬂqm@ﬂﬂﬁ:mﬁd@b@@eﬂ ﬂ@s@h}dbbﬁehax:éin Since, in

rotations enployed. In this exanple, the | value of

t%clm gsie deperaslon M ifsist 8T6f CaMRpRFaE6AM By RpBRCh chip
angl @ ahgélg'g%é)fo BohDidil s YAl e £8 #dcDCLRn chip's

rees such that both its two real bit
a:neial tve 1tsoor niegpgiarar pivied. vaf fagtdaedwmnd onaf a‘eenfthéme 12 bits,
with reference to

dﬁﬁi g“@%éﬁ;$mevf¥ﬁg C ORtTi but v ef?%ni%%spgggﬂi%g§6 values.

syfibghe ti tdie doqal Le ’@ékéﬂ‘ﬂelﬂ:daéd;@o@fltﬁ shépi€ads only one
take on only one of seven distinct values, not 16, so
tlﬁvenqlmrbbttfsrwsmh%tg%%%% thest Pe Pedlie@@eto ghen the

EFEE K SHR, BhafiBary, TRfhe oRAL SHEEsE 8 Rt of 13 pite

or t con ut 1 on an second group o
tin eeh mebs st hamayntakaten one af neeware Chbne$lydr bturh:eprobably
ﬁ%contr|b t|on hi s reductlgﬁ from4 to 3+3 %% clv £
T&=hy V& B 381 ERGPeh P BB R a6 é&%&? y Lew
t QuéHREREHhe@ atﬂélbﬁphﬁmb%ﬂ baingat heededus e@1frafMely small
the smaller constellation 502 in FIGURE 5 . Thus, in

tTAFBOEX &I ape & ﬁ&ﬁ@ﬁatr@@r, éez #5NRl B 12 GIBIRISF 0604096 or
V\%ﬁ&ﬁ‘ TS ff&“ %%hbeff% t gr?spofwhje%ed% @bbbitents of

us one p ot co er 604 selects
th]&e memory determine the nature of the coding and the axis

rotations emploved.

In this example, the I value of two chips depends on two
bits of a first 16QAM symbol and all four bits of a third symbol,
due to it being rotated 45 degrees such that both its two real
bits and its two imaginary bits affect the I value of the two
chips. However, with reference to FIGURE 5, it can be seen
that the contribution from the rotated symbol to the I-value
or the Q value of a chip can take on only one of seven distinct
values, not 16, so the four bits of the symbol can first be
reduced to a first group of 3 bits that indicate one of seven
values for the I-contribution and second group of three bits
that indicate one of seven values for the Q-contribution. This
reduction from 4 to 3+3 can be made by a small look up table
or by a few logic gates to implement a truth table that can
be deduced from the smaller constellation 502 in FIGURE 5.

Thus, in this example the transmitter 602 has a bit

grouper 604 which is configured to receive blocks of 12 data



bits corresponding to the two axes of the three
i ntended 16QAM synbols and routes the bits to the

w@rineer3¢ ook- up tabl es 606, 608, 610, 612 andPGL/IB20091006140
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particular, the bit grouper 604 routes all 4 bits of
synbol 3 to the bit-nmapper tabjg 606 which produces
three I-indicator bits and three Qindicator bits. The
three Qindicator bits together with the two | bits of
nbol, _t hen address a_32-val ue | ook- €;$) tabl e
4

t f
6g§t(5§3f‘a%| BR PP to8odRt PIes 41 RaEAYTPEPBBtai 4 selects the
CRipsl cyad &ﬁ@ing‘\ﬂdd the sphsequentd ynbransdm tit8dndeq 160am

Simlarly, e three I-indicator bits together wt
t ﬁﬁmbpﬁéram@wxocgt@a sthefbibe Ha tde sgnbettamblthep gidkdtes 606,

SR Dbkpscds o3, Sl v gpk bl o RIS (BT o o

res are ac

chbpt@svalua bhat of sk Isgbseqientbly-happeni tdele dds which
saves tine jf the | ogk- ug tapl es 608 and 610 actually
d@FPéEFthEhFeﬁna IAFBESTT B EBoPRACRIBES10aRRdcator bits.

whhehcidepenrd o ithe J¥ 13 cef t&B@tBbff%l@l’Y'@@ tw’czaof bits of the

exanple, the | value of a first chip 1
ohérByt eswetbale phekedafdresa ¥6- BBt—vwlltldz al@m]g mpt ttable 608

t e econ chi d. ikewse for.the
ek Rl TR B i B0 s R 6 v
behat ®ire 28 Etuh’wzlﬂ&'ﬂb]j S radithrbit dddies sieribislrS s, the three

respectivel The ot her two, chi 3and 4 in_a 4-chip
pEr LB BERERPGE ERECERRE Thth CHRSCOFT (e @I OF the first

S¥9ﬁﬁblaé}9d Qe E?l&‘é’occpcﬁé Hwh b@i@r@%l S00%4.Q; escrﬁfcig%‘?c—up table

synbol rather than the first synb
aﬁéQe of hehith erlougder |04 Iutes aildtmilﬁM sisgid)sywbobtain a

L8y S, i PR Lo, OECULED P OHUERR LBy 2 oo
Themtahnieetﬁgel hdbkatpr tiblest oget has BLbhatbealwy Heliver the
bi tgn OfQ tvg%.uséescggg both chips 1 and 2 which depend on the bits

of the first symbol. For example, the I value of a first chip
1 may be a one-byte value packed into a 16-bit word along with
the I value of a second chip 2, and likewise for the Q-values.
Thus, the I and Q tables 608 and 610 would be of size 28 times
16~bits and 56 times 16-bits, respectively.

The other two chips 3 and 4 in a 4-chip period depend on
the same four bits of the third symbol and on the two bits which
belong to a second symbol rather than the first symbol. As
described above, the bit grouper 604 routes all 4 bits of symbol
3 to the bit-mapper table 606 which produced the three
I-indicator bits and the three Q-indicator bits. The three
Q-indicator bits together with the two I bits of the second
symbol then address a 32-value look-up table 612 (actually only
28 entries are used) to obtain I-values for chips 3 and 4 that
will be subsequently transmitted. Similarly, the three
I-indicator bits together with the other two Q bits of the
second symbol and the pilot code bit address a 64-value look-up



synbol then address a 32-val ue | ook-up table 612
(actually only 28 entries are used) to obtain I-val ues

wo or1006m2ps 3 and 4 that will be subsequently PCT/IB2009/006140
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transmtted. Simlarly, the three I-indicator bits
together with the other two QJjts of the second
synbol and the pilot code bit address a 64-val ue

| ook- uptable 614 (of which only 56 entries are

used) to obtain Qvalyes for chips_3 and
tﬁaﬁ ﬁylr‘l e TSIy RBAY| 3P PRARHS 264 aqtﬁlat%%sfsusew to obtain

eyafRh Best ol 00Ky t @bl 859600, 608 610.11612and,8L4quent 1y
woul d have been pre-conputed according to the sel ecteg

cgwnﬁmttt:tstie docesss coderdatt thaslodhaupeples 666m608 610,
t 6 612 and 61 ein
1882 A0 14 AR Mo Oplen pE ANEOHE S Sl P co the

foelebipd ¢tDMA2mul8iphd Acaeest beﬁtesglaectte&ehs
sequentlallgEto have an_order_ that is determ ned

it pEBE YeRes e BRel S oosres G L& Oful £ E 0t ks and 614

capkr thﬁt%@' a6é§qegﬁewnnﬁa1*a@§&e§@rt Bee! thrgam@SI and Q
for chips 1, 2 37, 4 are output in the order 1

3vall4e@rfqr clBlps 4. 24 drand 8 are thep whﬂehtwdsssqgmtlally

Vﬁa@rg dgls poezpcgeP r1:1L1c';1h(:e %Ce: eSJ’:%{J_eCetdI %y ?hﬂg'i%ﬁ%gm er control

es and T hei 1o assignment 10 Sy

maﬂgnaun ibeh tdis .or derhes dultPoleBer 4ontarul t I%anal 618
ok up.tabl es 606, 608, 610, 612 and 614 are
@tesﬁbafeédwtletaﬁift the 128 a@dTU@e‘s it phbse?, 3, 4 are

rQﬁ@ﬁh@”lIﬁtl’%’@?@E]@l; 4 he tpagsni tger,602 4,s1abte 4 0 2 which
generate the triple-16QAM nodul ation ‘specified’for

cwaﬁeﬁhowspﬂb@w$lmm<%ﬂandhmu1tﬂbmem@mt.shdectawawpﬁtEhe CDMA

o ou ut, chips_i.n.an orgder t.hat is
%dgée%P ?% Iﬁﬁre ttﬁfixgﬁjf%hk Lﬁh&§r8neaW8de’ in
Cﬁhlghnt&ﬁ@toﬁ:(ﬁxgmmﬁ wi,th, reﬂmﬁﬁtn@akobn tpsdEltd® 0B, 608,

enpl oyi 45-degree rotations (or other types of
rgﬁ?gty(ﬁﬁ) FRACH 1r SN ePEGTFGERYLted to omit the 45-degree

relative phase rotation of symbol 3, the transmitter 602 is
able to generate the triple-160aM modulation specified for the
current HSPA uplink standard. However, the transmitter 602
is also able to output chips in an order that is not specified
in the current HSPA uplink standard, and can generate signals
with reduced peak-to-rms ratio by employing 45-degree
rotations (or other types of rotations) which are pre-computed
and stored in the look-up tables 606, 608, 610, 612 and 614.

The sequential multiplexer 616 has two outputs 618 and
620 which are respectively provided to two Digital-to-Analog
convertors 622 and 624 and two reconstruction filters 626 and
628 to obtain continuous time I and Q analog modulating signals
630 and 632. The reconstruction filters 626 and 628 may be
part FIR filters in the digital domain and part analog filters
in the analog domain, and jointly implement the desired
filtering, which, in the case of the UMTS/WCDMA system, is

root-raised-cosine (root Nyquist) filtering with a roll-off
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and stored in the | ook-up tables 606, 608, 610, 612
and 614. The sequential nultiplexer 616 has two

Wi1pneR3618 and 620 which are respectively previ/tidoym®6140

two Digital -to-Anal og convertors 622 and 624 and two
reconstruction filters 626 ang 628 to obtain

continuous tine I and Q analog modul ating signals 630

and 632. The reconstruction filters 626 and 628 may be

part FIRfilters in the digital domain and part anal og
flidaters & rediel apal @gZZJorraQnadan@qu@ Mol Liergoireméstd and 636
the desired fil erln f

ONIFS] syg? lnu?s rgg raFgg% cd%%ﬁég(é%g (1% 630 and 632
MU irsgoddd ikerlingosulllata thkhr afithacteine sndadin® carriers
0.22. Quadrature nodul ators 634 and 636 receive the

GO RIGULE thhf JeHHPR ATy STYHILTBI 0 gagputs of

ik r §3RQELEMELY ridedubabe st hem Wahh @% NerandnSin€ied to a
carriérs that are at the desired center frequency w

Thermnputlswil the agpaveat anelibderaddBsasdAtiae f¥% through

L8 EBULLS;02 HEOTYL) L83, L PRI Lk Soceive

Sidadd ARLOMSE EFARNBITElRhrRRR] HeT /REed,tchy 640b if the system

alternatively through a T/R switch 64Qb if th st em
TSI oYY t FABSARYY SPoAD I0BPeS™( JERGIperee Imtiies before

beiole &%ﬁ&nii%@%%tég Dy &mAangepna 642 . Thus, the
transmtter 602 Is able to transmt data using

rrul ti flleugodde diraasgpréad- §pacis Lﬂblse gealtrensadicndata using

| 0 a bit rou er t
RO SR M8 Ao f QY SRESPRLS, Bonome oy
Iéﬁ;@l@yﬂ@’@eblefgmmaps t\h&t&acﬁﬁﬁﬂt§&b]gl@d]p djslnput bits,
associ ated with one or other of two axes in a co

pila’\fﬂéi%%&hﬁi Phogk duenptt (e SiPEP it BuEhgELt ﬁﬁéwgogps where
%&ﬁ&w%f%&%ﬁla@éé Wi R V& UengensratPb axes in

eV|ces (e ook-up tables, real-tinme conputing
deviams) ex ﬁlhenehapd with a code of the multiple codes, and

routes the subgroups of bits to chip value generator devices
(e.g., look-up tables, real-time computing devices). The chip
value generator devices generate an I-signal value and a
O-signal value, each of the I and Q signal values being
determined by: (1) bit to symbol mapping that associates a
numerical signal value with each possible pattern of bits in
a subgroup; (2) axis rotation for multiplying any pair of the
numerical signal values by a multi-dimensional rotation matrix
(e.g., 2x2 rotation matrix) to generate a rotated pair of
signal wvalues; and (3) addition to add rotated and/or
non-rotated numerical signal values corresponding to the same
axis to generate the I-signal and Q-signal output wvalues
respectively, where the I and Q signal values having reduced
peak~-to-rms ratio when compared to the I and Q signal values
with an axis rotation of zero degrees.

It should be appreciated that the operations in steps (1),

(2) and (3) do not need to be performed in real time, but



val ue generator devices generate an |-signal val ue and
a Qsignal value, each of the I and Q signal val ues

wheiingotas ermi ned by: (1) bit to synbol mappi nBCT/HB09/006140
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associ ates a nunerical signal value with each possible
pattern of bits in a subgroup;o{2) axis rotation for
mul tiplying any pair of the nunerical signal val ues by
a multi -dinmensional rotation matrix (e.g., 2x2

rotation matri x).to generate a rotated ir of si na
vﬁ?BE?Seﬁﬁda(@?%Eﬁﬂﬁgﬁﬁﬁlt365&81F695t85 4 §p delermine the

NeNs i @ipyeduBLNEELE &y SheanahvaRl LSS t@%@%@%@%nyz t&éta bits.
the sane axis_to generate the |-signal and Qsig

odtphas vla%:@sdqafe@pebecﬂv@b@ive whee rtgrarkand t e m@ys |U@r$althe above
Vﬁk#ﬁém?@!' gg r&edfﬁ_% K- E8 rr}se—rc%tng))u When Cor{parfdlook—up

va ues Mﬁth an s rotatlon of
zeabldegfeesdlffeshﬁuldab&e@p@f etheat ¥ ddtat dihes plus 1 pilot
ogerations i n steps and. (3) dq not need to

1her fBFERS hOP arlg ﬁblgﬁuwﬁgp%széﬁﬁd tRatREREE E§p1-time
desmgueaemoﬂfoﬁ@w& dehstiibhReohnsr bna %‘}_g%gré@ﬁé‘ee?nﬂ&ﬁﬂng the

e invention to represent 12 data
b@éﬁséé§cﬁnﬁéata@®ve a transnmitter may use the above

mat he e efiniti L - CO f .

| ook- E'%}lt ar%%’og ent f?Perrel% %g ﬁeés]a)%%latskeﬁﬁ (geaﬁcflbed above
baBS:Lrp]d)lJané.npih@tth torearthtd havkaekoupby ad 85y Mypibep tables
ugﬁg qureduce real -ti_me_conputation or power

PorPt: Hlappsr Slbsiehtodyi FeMENEShiesedtly efficient
| BMORdd OR1 AN eRRQAk BNt +RE dFANSM dd&F 689288 % NEE M mpl ement

descri bed above as i npl'ementing the present invention
bi}has@m@sehl@bld-mrﬁn@iﬂreéwwslrleO%arBQm B2k B1el means such

1BLeby! ofgeehet ARl LEogll LR, e Liepg cine oo
pEasent oh e fthicon3 yhgisd Bgt¥ar i Ilhlélaﬂhte@’ satéyeH®aRrsSnsmitter
8%89 can transmit a signal that comprises the linear sum of N
CDMA spreading codes, the codes being multiplied by respective
complex signal values that depend on complex data symbols such
as 16QAM symbols. The real and imaginary parts of the codes
after the cdmplex signal multiplication constitute dimensions
in a multidimensional signal space, having two dimensions per
code. A pair of dimensions may have been selected to form a
prlane and then the signal space may have been rotated in any
such plane before complex data symbols had been mapped to the
signal space. In one implementation, one real and one
imaginary axis is selected to form the plane, and a rotation
of 45 degrees is applied such that the composite signal peak
to rms amplitude ratio after applying data symbol modulation
is reduced. In another implementation, two real axes are
selected to form a first plane in which a 45-degree rotation
is performed, and two imaginary axes selected to form a plane
in which a second 45 degree rotation is performed, such that

when 16QAM symbols are mapped to the rotated signal space, a
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as by conputing the output values I and Qin real tine
as a function of the 13 input bits. In either case,

W baoveresi tter 602 can transmt a signal thaPCT/1B2009/006140

conprises the Iinear sum of N CDVA spreadi ng codes,

the codes being nultiplied by,jespective conplex

signal values that depend on conpl ex data synbols such

as 16QAM synbol s. The real and imagi nary parts of the

codes after the conplex signal multiplication

ceidnilegt ewit abasEo@ Vet ermuisi o falthgitgnags reduced
space, havin di | QNS .Rer.. ¢ 6 _of
oot heg have Tebn earos i, TR TPl Akl doqdeares
thetia tile signabpipade imaybdial eabeem -dimgtesichany apyane and a

such pl ane before conpl ex data synbol s. had been mapped
TN B IgRARNSpaES DTF G 3 HOMEREHEAKT b ZoRe-T el 1omal.
and org ddBgiRALY AXESREST seliratedst 8 fnsider pliandstrating

and a rotation of 45 degrees is applied such that the .
ddrepasiaferyiatha tewakof oarmethagl VPAdéoragiepegpitding a radio

applyi.ng.dat a ol snodyl ation | u I r
i S8 B0 B 0 R Bng By PO B eccoss
fd'd'c%iets ﬂbg@@rfﬁ i €hp Be 4amdegir-ae tr dibatai epmbsels in accordance
performed, and two i nagi nary axes sel_e d to f.orm

pidiie thR RGN o 100ESd A5 d““ég%@@tﬁséaﬂ@m@rlses €ne steps
Re f Qlfederevah nlibRl MERLESQBM sy ahR) St 8 e NBOPEL: t@des to
the rotated signal space, acellular wreless waveform .
icsmnotheeth thatyrfasl g dgtepd’ pehk- (0- Adgifdanpe gueupeet bits
anat her i npl ement at.i on - de e ' j .

B0 B ABE S o el AR EC RE T glel o Ewice che
neatbdrealf phaneylt DoPs eauucassacbdesr (peak-10t ) g c)atsbdng each
signal. Referring to FIGURE 7 , there is fl owchart

i FURERAUR | 9y PhESpler aSleF st of 2 RERRGY Poo FoPhase or

QADREA iV asi?ﬁ!!a@ YARRls Wiefe r gUCRE f1eaknd OpER® of the
rat1o using nmulitiple access codes to carry multiple,

mntphdie oat Quegmbslse siggwdr dembees had been modified by

performing an axis rotation in a plane of the pair of selected

In-phase or Quadrature values to obtain rotated In-phase or
Quadrature values (step 706); (d) multiplying each access code
with one of the signal In-phase or Quadrature values or one
of the rotated In-phase or Quadrature signal values to obtain
a set of modulated chips for each access code (step 708); and
(e) adding corresponding chips of each access code to obtain
a multicode signal wherein the peak-to-rms ratio is reduced
as compared to a radio signal that does not have the axis
rotations (step 710).

From the foregoing, it has been shown that modulating data
on to the real and imaginary parts of multiple,
additively-superimposed CDMA codes can be regarded as
modulating sub-groups of data bits on to the dimensions of a
multi-dimensional signal space, and that the peak-to-rms ratio
of the resulting composite signal can be advantageously

reduced by applying axis rotations in planes defined by pairs



10

with the present invention. The nethod 700 conprises
the steps of: (a) determ ning a nunber of the nultiple

wW@ewoessi2sodes to carry the data synbols (step FORYB2009/006140

(b) dividing a group of bits into a nunber of
subgroups that are less or egual to twice the nunber
of the nmultiple access codes (step 704) ; (c) using
each subgroup of bits to select one of a nunber of

I n- phase or Quadrature_ signal val ues, mhere at | east

gﬁedpauemsabneheﬂhe mﬁc‘a%teciar QR rRRUF e IT AR rghfgegllovs a

had 0§ I 51d PrRidORrbRsRitter,
Fan e o ?%g'£%$€8%¥t %ecte&y?ﬁﬁgﬁgég orgéya rarurg S
al de?el{férO@f@aﬂer obarex dutgnha&e.tdfrOL@@ehC@tSlﬁﬂefevdll@§§rtlon

(step.70 i ng_.each access. C

enck Weth %h%]ilé gﬁla%g# QEF U lnecg oartV%oenreY qu%e and

tﬂ.?l%rre%ts@h%d clo?erﬂﬁ_S%.iﬂ orfa! aﬁgrﬁdél r &r Shgephgy¥alives tthroughput
btain a Set of nodul ated chips for each access code

Qgtep 708) ; and (e) adding corresponding chips of

each %Cl% Y] %o%%lttq_pq_%t AUnib 3! IcQge t?ﬂeg%%les@?ﬁ:r 8rention

t he 0rns Fatro is re uceg'as conpar éd

mdzeo begnal i1 hasttwesdndin have tehcecamp@nlfmlat |11>)mw1ngs and

(step 710) .. Fromthe fpre oi n has_been sho

RS 41 TS BREE TS W e PARa ERGRar g Should be
Rt ok hip! @heaﬂg‘jféﬂlﬁ'ﬁd)ﬂ i PR mmmseedCDMﬂtmmclosed
can be regarded as nodul ating sub-groups of data bits

emhiaglinten téi me Msitonsinsft eachulits - dlfishsicGRaPls gdl mumerous
3 eaacrera and that t I?ﬂ%(i%beﬁ.kcg(}ﬁ({@ rfldq 0 ﬁbéﬁ%d%é | R thout
05| S|gndl can antageously reduced by
a@a&rﬁ‘ﬁgagammm afted isoisciitn gff enfes idefdniddrbyapaigtsdforth and
di mensi ons. The reductj on e{ eak-to-rins ratio all ows
& g i (e (USRS i%ﬁ@ﬁ as a nobile phone
transmitter, to deliver greater power output w thout
excessi ve distortion
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and with higher efficiency, thus conserving battery
life and increasing conuni cati ons range or average

waelaae/0026Oughput rate. Al though nul tipl e enbodpPeem280%f06140

the present invention have been illustrated in the
acconpanyi ng Draw ngs and desggibed in the foregoing
Detail ed Description, it should be understood that the
invention is not limted to the disclosed enbodi nents,

but instead is al so capabl e of nunerous

F&AdMBigenment s, nodifications and substitutions

W t hout departing fromthe spirit of the invention as

set forth and defined by the follow ng clains. CLAI M5

1 . Alret hadnéohodeimer gehagabingdi vadigredonil wigh a reduced

redyced peak-to-rns ratio usi |tiple_acc 0
PEAXARy Pal (FBFEC. mhif 17 bt ot Sy ABSTE ™ St ro g carry
R iNImtine istapsdata dehBoIEN Hgid@ oetived @fmddiesing the

mul ti pl e access codes to carry the data synbols;
@¢ibeod 9§ ‘a group of bits into a nunber of subgroups

that i tle%ﬁ.rﬁrngeggggmﬁ& bW G I’ﬂ'ﬂ%tﬁ‘k’)‘f%eécgésé R&des to carry

mul ti pl'e access co usi ng each subgroup of bits to

stlee dateneyofbcd syunber of | n-phase or Quadrature

si gnal _,val ues, where at _l.east .one pair_of said

sel ectHY GGhP JAPHRsChAH eWr%r?D&i ?F@gegyg%e??%qrrﬁ)%s that
ans ades 1Rt alduen itd awlanemf didhaelattiet pailtiafle access
signal values to obtain rotated signal val ues;

mddgspl yi ng each access code with a conpl ex signal

\S/g: ge dgl(ﬂgu%'a%gl gﬂ%ggfouia.bg b Phas gl e and sogen@fber of
In-phase or Quadrature signal values, where at least one pair
of said selected signal values had been modified by performing
an axis rotation in a plane of the selected pair of signal
values to obtain rotated signal values;

multiplying each access code with a complex signal value
including one of said In-phase values and one of said
Quadrature values or of one of said rotated In-phase values
and one of said rotated Quadrature values to obtain a set of
modulated chips for each access code; and

adding corresponding chips of each access code to obtain

a multicode signal.

2. The method of Claim 1, wherein said selected at least
one pair of signal values comprises a pair of In-phase values

and a pair of Quadrature values.

3. The method of claim 2, wherein said axis rotation
is a 45 degree rotation in the plane of said pair of In-phase
signal values and a 45 degree rotation in the plane of said

pair of Quadrature signal values.
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Quadrature val ues or of one of said rotated |n-phase
val ues and one of said rotated Quadrature values to

wW@bi1alm236 set of nodul ated chi ps for each acceRGI/B2€/006140

and addi ng correspondi ng chi ps of each access code to
obtain a nulticode signal. 24,7 The nmethod of Caiml
wherein said selected at | east one pair of signa

val ues conprises a pair of In-phase val ues and a pair

of Quadrature val ues . The nethod, of claim 2

wher efn sai‘bea?@@iqfépit(%%lmé'awh%r%é@rsé’eld?EFé?FEﬁdlarF least

éggdggﬂleof)f i:§1':.1§1 RALTy %ée hass shonRal- p“h%slée%l%glavalue

gree ro on i1nt ane of said pair of
ehadaaQuaératgmaIsi@haésvadue The nmethod of daim1 ,
wherein said selected at | east one pair of signa
val ues conprises an | n-phase signal value and a

Quadr gt ur ersigpak Al BE. CBaimlie RERednokaldaiemié rotation
wherein said axis rotation is a 45 degree rotation in

uﬁeapaar@e@re@amtﬁl@na%% eheymlianmlQfe S daghase signal
@gdragﬂa s llgin%at@g%%r i1k of daiml

erei n'said selec 9 &ast “one pair of signa
values conprises all possible pairs of an In- phase

si gnal valu pai red_w adr ture val u [
axi s Pot at | PRERAG Opq[ ‘2?1@1 SFF of° %ﬁ?ﬁeegecm% & 1east
b?lre%aaraafaggbﬁaihaalﬁégg&@fﬁprygéy ANTreesesbIopaeanh of an
pair of values. 7 . The nmethod of aim6 , wherein

gm@h@s@gﬁ tanplevalite @ada 5hwahll @ Qedraterse Yedreesand said
di Vls ed, 0 1%?1 éﬂugpﬁr p?.gv\%abfsa%aff ghelvyBldesis & hrough an

netho erein sald codes are
mﬂghﬁIﬂhamrwmmymaﬂsﬂﬁmmywmnnraaaeswﬂdn;ﬂaﬁhxnﬁﬁngof values.
CDVA

7. The method of Claim 6, wherein said progressive
increase in angle is ninety degrees divided by the number of

pairs of signal values.

8. The method of Claim 1, wherein said codes are
mutually orthogonal Code-Division Multiple Access, CDMA,

access codes.

9. A transmitter comprising:

a bit grouper that accepts a block of input bits and
divides the block of input bits into a number of subgroups where
each subgroup is associated with one or other of two axes in
a complex plane and with one code from a plurality of codes;

a plurality of chip value generator devices that receive
the subgroups of bits from said bit grouper and generate an
I-signal value and a Q-signal value, where each of the I and

Q signal values are determined by:
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access codes . 9 . Atransmtter conprising: a bit
grouper that accepts a block of input bits and divides

W@ baokdiadk of input bits into a nunber of subgPCUEBR009/006140

where each subgroup is associated with one or other of

two axes in a conplex plane agygl with one code froma
plurality of codes; a plurality of chip value

generator devices that receive the subgroups of bits
fromsaid bit grouper and generate an |-signal value .
and a Q si & SealSyELOIhEREPEEEH thE Y ﬁléslocgrﬁ&e@ & gigerical
‘é%'g&&%& LeudeleLy By 16005 PROh FBBRAIHD 1hh@kch of the
associ ates a numeri cal “signal value wth each possible
patieomupef; bits in each of the subgroups ; axis

rotation for .multiplyin pai . of -t he nunerical.
si gnal val l?écslsoyrggﬁﬁﬁg- iﬁn ngllugﬁétplyéggt i O n%{%rlirx of the
tRn@eneat 81 gna0tairtPaiTa alilsigldmevalives] avthation matrix

addition to add the rotated signal values and the
ffon SeoEaPES & gindiated Rl ot sl R héd e

axi s to respentiy %cgealbﬁjaé txgﬁ't'eﬁ'% ANdral d th
Q si gnal v:ﬂ uese,lo\%ere the Ih%an 5 Si gnalajnval uéas ur?zasvgn ©
aoreduded gie aki-drel e lnas cothsEsmonparedd chshednamkis to

Q si gnal, val ues which ve_ an axis _r tion of z
SR LVSle, SRS A S (1 o1 B LA eg° P fiopies . where
GBI DY sBgREUTdds Olavid fidtaludelt prakego-rms ratio when
convertors and filters that further _process,the

lcoginprald drRl Bhsi gnandaPuedorsloditdiate Wkt nigs an axis
t]%or?aﬁ&p%f mth g desited spectral containment ; a
Y

urality of quadrature nodul ators that nodul ate the

10. The transmitter of Claim 9, further comprising:

a plurality of Digital-to-Analog convertors and filters
that further process the I-signal and Q-signal values to
generate continuous time signals with a desired spectral
containment;

a plurality of quadrature modulators that modulate the
continuous time signals on to a cosine and sine carrier
frequency wave; and

a transmit power amplifier that amplifies the modulated

cosine and sine carrier wave signal to a transmit power level.

11. The transmitter of Claim 9, which is capable of
operating in one mode using zero degrees axis rotation and in
another mode using non-zero axis rotation for reduced

peak-to-rms ratio.

12. The transmitter of Claim 9, wherein said block of
input bits comprises 12 data bits, the number of subgroups of
bits is six, each containing two bits, the bit-to-symbol

mapping associates relative numerical values to the four



continuous time signals on to a cosine and si ne
carrier frequency wave; and a transmt power anplifier

wo bav/oenzpd | fi es the nodul ated cosi ne and si ne PBGK/IB2069/006140

wave signal to a transmt power level. 11. The

transmtter of Claim9 , which is capable of operating

in one node using zero degrees axis rotation and in

anot her node using non-zero axis rotation for reduced
peak-to-rns ratio. 12 . The transmtter of Claim?9

phesébiesabilt blmtkt@ng nddt 0Bi-t9 condrikbs cprrpgpending  to

the. nu nb £, 0of subgro of bits a €

SBHE ) iR brres VAR BE, 33 (Jhnord BBl "N said axis
@@&aeuahessr@$ aldgteedrl iR thalpllaﬁhelﬁ TaOpah]E of signal values

f our possible bit patterns OO 01,10 and 11 th t
é‘@?#¥§§or’ﬁﬁ% 2o P -QlevRIt afHPEFQHRS ATRACIAteS, with two
%r% F%uﬂ@yjéﬁgéj6@“@hé(Eéﬁ¢15k|§lé§ed§§rﬁﬁé isamehepread
Bla pair of signal values derived froma pair

ebebittrugulogrdesups associated with two perpendi cul ar

axes of the conplex plane of the sane spread spectrum

code . 13. The transmtter of daim9 , wherein the

t ransmizt.t errHes tir-agemperat-est ialanmobi Weepbbnethe transmitter

is incorporated in a mobile phone.



