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10 TECHNICAL FIELD
The present invention relates in general to the wireless
telecommunications 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
15 and increase the communication range and average data

throughput rate.

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

description of the prior art and the present invention.

CDMA Code—DivisionyMultiple Access
FIR Finite Impulse Response
25 HSPA High-Speed Packet Access
QAM Quadrature Amplitude Modulation
UMTS Universal Mobile Telecommunications Service
WCDMA Wideband Code-Divisgion Multiple Access
30 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



-2-- called "Multi-code COVMA". In this Miulti-code CDVA system each data
synbol is spread out in tine and spectrum by conbining it with a spreading
code. On the downlink (base station to nobile phone), the codes used to
transmt signals fromthe base 5 station are coordi nated at the base
station so that they are nutually orthogonal. In contrast, in the uplink
(nmobi l e phone to base station), the coordi“nati on needed between different
nobi | e phones to achi eve orthogonality is considered too difficult to

I npl ement, so each nobil e phone uses a different 10 random code sequence.
However, at €adfiefobilhetphorde GDMA"s ¢in thipgossithl-edde gprRrats-aeyenah

random code enc hat, are coordi nated,anong .thensel ves to be nutually
ort hogonal . é%%% %y%%ﬁgséSoFPHSS n8PtC6Heng§yaﬁﬁeﬁpﬁﬁgFVmab¥yﬁ83Plnlng
sub-stream sdtt hdtthls bbeeagibiynedasynboh sheeaswhataki $p88BaBegd 1 cBUko i N

this situation ,ghe mobi | e phone' s available transmtter power is going to
be divided bEPRES PR fftglreeﬁ?d‘é@d@oe%%%rmt shanatliseframgeropase

which each sébxslaatiayobeasyaeessiyl e narsl vad and, deeqded fher sbiee
is going to be reduced. In 20 fact, the reduction of power per eac
sub- st ream i Augumlilyi cxoldegomalll afhorostgnat , tirahse dpeohE remka Iobhbee

Bover by the PoPAEoniRBEr OB - SHSarPEEMN A TPE PE=HEEaRes Pen SLASFT8S tmuch
the average powgilet haioriés to achieve orthogonality is considered too
difficult to implement, so each mobile phone uses a different
10 random code sequence.

However, at each mobile phone, it is still possible to
generate several random code sequences that are coordinated
among themselves to be mutually orthogdnal. Each of these
orthogonal codes may then carry a symbol sub-stream so that

15 the combined symbol stream rate is enhanced. But, in this
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

20 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

25 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 a modulation scheme which develops the greatest mean
bower per sub-stream within a constraint of the composite peak

30 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



25 constrained by battery voltage, but rather the peak signal anplitude,
whi ch happens to be limted by the battery voltage. Thus, in the 3rd
Generation cellular systemthere is a desire for a nodul ati on schene which
devel ops the greatest mean power per sub-streamw thin a constraint of the
conposite peak 30 signal anplitude of all,sub-streans. For exanple, if the
nobi | e phone used a three-code nmul ti code~33"cheme with three | engt h=4 codes
where each code carries a sub-stream of 16QAM synbols at simlar anplitude,
then the total nean power that -.3- is transmitted within a given peak
anpl i tude cobsttaansmist@d. wihdBnbel gwvehe peedk argfldrade [dogysirping cont ai n

the spectru he ne power r_syh-streamis 12.1dB | ow t he ak.
I tering gehes SN PaheEE B BEwnREERER TN ER S T s re R e TEbA
st andar d desgfid bese afe ANPsOVEFEHEr OYEs-4tecdhr B8 1 2NOiH e 5o etttk ngedlode
schene since_ it specifies a |ength=2 code of tw ce the power, (42 tines the

anpl i tude) wWhi EReEhRyi enerdl Ly #FsItedses ssRrek FRECPE FRELE Hatrgher -
super | ”p%sedmgﬁdﬂ%kh%&%@@aéde%rggﬁﬂ&deaﬁa&ﬁ%@évé?\éﬂtr dveymiele wHeh 10

effectively achi eves the sane sy rate as three |l ength=4 codes. This
4+(2,2) confleogahiédnspsead]my tapdiewelhemen stiokcal iteapepdiieeswhi tdngshs2 44dB

bel ow t he peak, and is 1.88dB nore fective .than th +4+4. configuration
associ at ed vﬁ?cﬁeﬁfg tF’HFSegﬁ%r?ngF?ﬁ (3 rgéﬂ?ﬁgtlk%@@p;&%‘éﬁ@ KR ROUGHE T hes
44.(2,2) 15 eeafiaupel & ot velikssad | tihé pérsddl thaessrabberimsosbe andile
phone to be able to further reduce the ratio of the peak to pean power_ when

transmittinPFubegordde Msuilitd ofoSFgNaRETITAI 2 néé?(%r%dSWHEP-' nedyschr e
addr essef Defrlianombl 6L, 20008 (RS NOO! SHBo P! £8€0! ol TMRALL OTlendln=q

SUMVARY n one aspect, e present invention provides a transmtter
that is abl ecodesrar@nis 4ddRa20scogfnulitapienchdesbld t@ spveddrspetoram
si gnal ?ncoqhggnﬁﬁgﬁngn iéﬂnggogiggdg ggiow the peak, and is 1.88dB more
effective than the 4+4+4 configuration associated with .the
three length=4 spreading code scheme. Although the 4+(2,2)
15 configuration works well, it is still desirable for the 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.
20
SUMMARY
In one aspect, the present invention provides a
transmitter that i1s able to transmit data using multiple codes
of a spread-spectrum signal encoding scheme by employing a bit
25 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 routes the subgroups
of bits to chip value generator devices (e.g., look-up tables,
30 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



25 grouper that accepts a block of input bits, divides the block of input
bits into a nunber of subgroups where each subgroup is associated wth one
or other of two axes in a conplex plane and with a code of the multiple
codes, and routes the subgroups of bits to chip val ue generator devices
(e.g. , look-up tables, 30 real-tinme conmpyting devices) . The chip val ue
generator devices generate an |-signal valiue and a Q signal value, each of
the I and Q signal values are determ ned by: (1) bit to synbol napping that
associ ates a nunerical signal value with each -4- possible pattern of bits
in a subgroupcsgiplexpetietrat pbroftoy imukt spbyiragpany?2 paixiofrotat immmEbiccal
si gnal val ue . | ti-dinmensional. rqotation matrix (e.q., 2x2 rotation
matrix) to gz[\#lei%ét%el@énrgot%l%%dp%éﬂ Ot tg}egn%?mﬁﬁf‘ﬁ%; Sgﬁﬁg%?))v %% 8 to
add rotated andtdrdiarmsdioaadr SUSEL b6 Ala B0 dle . ¥al, UBE2 GIHASRANALRG kY the
sane axis to %enerate the |-signal and é}si.gnal val ues respectively, where
the | and Q $PgREPeVafaed FrkatR paddced pearatovehees atansl Renaddipirad to

the | andsQ ebgn@ls ¥8taesaWahl, /80 %ins—rro%?agtéd)’}nﬂ{euﬁgéﬁf g§9 A v%?u'e@

anot her aspect, the present Invention provides a net éenerating a
radi o si gnal cRirresponddacedopsal- semenexiat ito gshrgatel thpl &-atgasd eades

to carry mul ti_pl: L-bit_data s) |s. .In one enbodinent,, the t hod
i ncl udes thebs?gggag?&g%}ifsdﬁ?%??ﬁﬁ#ﬁ % fie & Eﬁ%n%? lsilﬁlr@qaggggfs
codes to 15 bawingt redtatd pyrenoks-riiB) rdiviodihendcongepeal tbi thel Bt and

nunber of suggrougs that are less or equal to twi ce the nunber of the

mul ti pl e acc¥sS1888eS: VEdFessiit§he88h axdBgrals tédorbiots zeyr os lesiieasne of a
nunber ofig | n- phasenoraQagsat WEsesEInah, L 6ast, one; pai T ,of
sai d sel ected signal a{/al ues 20 %gd geen e@ﬁ%?%%%gkggbféﬁ% g]%akﬁlcg%sa
rotation in Bephadeof generssliogt ®daddior s bfnsl gralh aatatesddpebkaikn-rokat ed

signal values,.td) i pl.yi.ng each access code with a.canpl ex signal .val ue
i ncl udi ng on%agggt%ée?gf%%%hlaégq\?a?ﬁggsEﬁ:djdg%%(?fC?Wéy ’emvglgﬁégl r of
one of the rdtated/ive phasen \wildienbadimdhtonen®hdthed ohal ede 43l atupHe

values to obtain a set of podul ated chips for each access code; and (e)
addi ng correggon8?h SHEPRIBINE R MRS LT ddee i ldhPdien agcresist o666 §Pgna

wherei n the pgakyt EnENBaEat E9mbs1Ledisedaas ape a gafi g signal Jthat
does not have ax:;?s r ot a?i ons.9nd§0 Aéld:‘Itﬁ?oﬁg?lggggc%sggéﬁ%)hgrfi %\%gﬁt Fgﬁgwall
be set forthpuphepart subynhwsléhait! @de desss iqu eqnalf tgunecantheanymbeai s

whi ch foll ow, i art- will be derjved, fromthe detail ed descripti.on, or
can be | earnéd by [%hal(%:'i%lee SRS LRI (Sﬁs usgng §3ch ss%rﬁél%ﬁ(fg&:’%fpﬁod

that both theofsekgotngngend al gy i omasigasdect obhawi-agudat aibadl
description ar exeg@jllary and explanatory only and are not restrictive of
the i nventi oh?a$S®i SHIYedt 5eBRFEFDESER P EN O Tl TRAWLNES IAVABHES

conpl et exoundies §tisadh ngoQf £t Bg B&Qﬁ@ffofHYEthﬂna§§¥ bg.gbt gined Qyplane
reference to the follow ng detailed
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
25 one of the rotated Quadrature values to obtain a set of
modulated chips for each access code; 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 axis rotations.
30 Additional aspects of the invention will be set forth,
in part, in the detailed description, figures and any claimsg
which follow, and in part will be derived from the detailed

description, or can be learned by practice of the invention.



description when taken in conjunction with the acconpanying 10 dr aw ngs:
FIGURE 1 is a diagramof a traditional HSPA 4+(2,2) multicode cellular

system which is used to help explain the present invention; FI GURE
2 is a diagram showi ng the 16 points of a 16QAM 15 constellation which is
used to help explain the present inventio FI GURE 3 are di agrans
associated with a traditional 4+4+4 nulti code cel lular systemwhich is used
to help explain the present invention; 20FI GURE 4 are diagrans illustrating
different ways six dinensions li, QL @, 13 and B can be grouped to

form nul ti - ditffens® ok&l %‘?nﬁ’él@ﬁﬂ‘ﬂ%ﬁ atbatlséwttfb hbﬁp oqsaning hgepeasént

i nvention; Fl d r h ts 5 de ree 25 hase
rotation of iigngég\l%I%s t%ﬁ’gll séﬂn%dﬁf%%e# Maél eng Cl ﬁéscéfl %t AT TGQAM
synbol s rmdul@azteg@lauryt and é:qm:gaﬂna@orpdm]qf athdu bi-e xtdsre Wldﬂﬁxé igfeghkhe
anplitude) which is used to h plain the present invention;

FIGURE 6 is & 51(1:-‘1% O S‘&r Gﬁ e%bl | e phone with a 30 transmtter
configuresl in accordance with an enbodi ment of the present invention; and
FIGURE 7 is a_flowhart illustrating the steps of a method for generating a
radi o si gnal BRER REFCRIETIONQF- THN DRAWINGSo -6- using nultiple access

codes to carry muht i =N caordanc
enbodi ment of thehp#nglggnt %@%E'ﬁgl %RQ%RSAQB%@?E! €D IBEE | BTFOR™ hénﬁ'%‘géﬁp
i nvention i noayddse aoﬂmlalmedphbpe tafarsandd eroantha rﬁdlfmﬁmtri@lt defpleagnt a

nmodul ation s |ch deve a desirahl e nean powe er sub-stream
within a coné??girﬁ? 5Pt K e’&o?r%%?ﬁ &pEaRIEPGRAPRapIFFt Egé greampanying

sub- streans. dkBwings:

FIGURE 1 is a diagram of a traditional HSPA 4+(2,2)
multicode cellular system which ig used to help explain the
present invention;

FIGURE 2 is a diagram showing the 16 points of a 16QaAM

15 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;

20 FIGURE 4 are diagrams illustrating different ways six
dimensions I1, 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

25 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

30 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



10 one enbodi nent, the transmtter transmts a signal that conprises the

| i near sum of N CDMA spreadi ng codes, the codes being nultiplied by
respective conpl ex signal values that depend on conpl ex data symbol s such
as 16QAM synbols. The real and imaginary parts of these codes after the
conpl ex signal 15 multiplication constitq%g dinensions in a

mul ti di mensi onal signal space which have two di nensi ons per code. A pair of
di mrensi ons may have been selected to forma plane and then the signal space
may have been rotated in_any such plane before the conplex data synbols are
mapped to t héssinghtillsprée aceds2®ades theareyuntl niptomoslttie-ksiydaltapeak

to rnms anpli Jiatio,a r | yi ng. dat syg@g dul ation . s red . To
hel p descri be"the %{eg%n%kﬁﬁggﬁﬁionﬁgé e%gile %%%%%#%t?§n1§%%uprf%%%%

af or ement i onddhvtaradicri.onal t hree-code nul ti code schene which has the 4+4+4
configuration and the aforenentioned 25 traditional HSPA three-code

mul ti code schene which has the 4+(2,2) configuration is provided first with
respect teo FioEIRESED Hraeekithaddng detail ed di scussion about the present

The present invention includes a mobile phone transmitter

and a method that implement a modulation scheme which develops

a desirable mean power per sub-stream within a constraint of

the composite peak signal amplitude of all sub-streams. In

10  one embodiment, the transmitter transmits a signal that
comprises the linear sum of N CDMA spreading codes, the codes
being multiplied by respective complex signal wvalues that
depend on complex data symbols such as 16QAM symbols. The real

and imaginafy parts of these codes after the complex signal

15 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

20 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

25 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

30 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



invention is provided after that with respect to FIGJRES 5-7. Referring to
FIGURE 1, there is a block diagramof a 30 traditional HSPA three-code
nmul ti code cel lul ar system 100 where a nobile phone 102 has a transmtter
108 that transmits a radio signal with three 16QAM synbols 81, S2 and 33
per each 4-chip nodulation period to a bg§g station 104. As shown, a -7-

| ength=2 code is repeated twice and used to carry two 16QAM synbol s 52 and
52 successively, while a | ength=4 code, orthogonal to the | ength=2 code is
addi tively superinposed and used to carry a third 16QAM synmbol 51 during
the sane 4- chPpothpericode Aslseppptedbbivicensndl haeflohohasrrhietgendp@hMf or m

shown in FH(%%?% 1 E oL, Si_,. b has, 4-bits iLth th
synbols Si, a§385§§?h2¥gpa%% f%mgﬁF%ngﬁggyeHhﬁ%etﬁ% jggﬁk%“ﬁinégge'
interval, repréehenbnagd 40Ihepdandtht? tdeke ithaudgdithee e cogend mplo ddieahdse
station 104 can igclude testing 10 all 4096 possihilities (the "brute,
force" met hodBFloFOnEgrEEe® t Hel 1% AR Somidistly gt Red thpsEpyse—FRip

co-assi gned Hediolat enl AR G R e Nt ilad Odns Ol ThdedrFebeyahy
22, 2008 and entitled "Efficient Milticode Detection”, the Contents of
whi ch are i nébppor anedIBYREePer eReehheyebal $5, CBAnandca8i hgsuéi hjts68aM

synbol s conpy.i ses smtii bi each_of the_l co nent s of
a signal, th@kgﬁtgggggnﬁ eqﬁ?gpg%édg%bgﬁg ggrggfﬁeegﬁﬁ g$d?%%st§§gveyea

di mensi ons ofinttiee corgiigx timgnhttgbvae, rBviSesdiieidg e0vBopessibayitake.on
val ues of +1.5, +0.5 0.5 .and -1.5 ile the Q conponent does 20 |ikew se

- whi | , ;
i ndependent | TRURy GURE FLCHMY BhetS Brsisshre ionghdt GFt ARS LiRecheaFéng

located {00 thellso&Rbadei il idied Nkelsepll,easrofcar RGU S ) rfctARIuLar
grid. The peak-to-ms ratio of a single 16QAM synbol nmaybe cal cul at éd by
det ermi ni ng the pedrcadprprndexand mathedofiimednseduanecoabaeignhd Pedk

anpl i tude 25 S A L h | d ke ej Xl anpl it ude,of
TTL 55t tnaREHE e pRERCaR By sBPLa R 4R LTI PaRer ROor L oAb S B her Yag %t he
root - nean- sqeade vahde émstiEl el atrd iy aaver agilng dode sgeaeetabni”he the
anplitude over all 16 points., There are 4 corner points each with a square
anpl i tude va?ﬂ%t???§4?¥2¥h?§P 3BC8IPEPRPSTEHRSChEYSFEESTERCR bRrSddar e

anpl i tudg (1. 52+0c82khuniia®ingnth HigH A 6BAME Pmbdh & RemP A PfafgMatRing
anplitude (0.542)2 =0.5. The average of thesepoints I's

(4x4. 5+8x2. 54+ ARDES )9 eactpos. thaus anch@ aempahestesofa Bigmall, 58heThéts
g?ggé};' rms bé§ﬁgag8h£ggggeéa§]égué SzetrhcgJ Siril' 'e5a4c%1 /of4 %hSe’ t%i 8k:ﬂmie?18q%%isbglfs s

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

20 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

25 occurs when both I and Q@ take on their maximum amplitude of

+/-1.5 at tle same time, giving a net vector length of 1.5V2,

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. 5v2)2=4.5,

30 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

I

0.5. The average of these points is (4x4.5 + 8x2.5 + 4x0.5) /16
2.5. Thus, the rms value is V2.5 or 1.58. The peak-to-rms



For the nodul ati on of FIGURE 1 however, it can be seen that two | val ues
and two Q values are going to overlap in each 5 chip period. The |-val ue of
the | engt h=4 code may be one of the four values 1.5, 0.5, -0.5, -1.5, but
the I-values of the length=2 code are 42 tines larger. The Qval ues are
scal ed |i kew se. Thus, applying the same_procedure as above to cal cul ate

peak-to-rns ratio gives the answer 5.44dB for this 10 type of multi-code
nodul ati on as nmentioned in the background section. If on the other hand,
the three | ength=4 codes of the traditignal 4+4+4 configuration shown in
FI GURE 3 hademebhtudedrahén tRethugaluby2f dr Vadh WhUICH Hay dlasside iyl of
t he val ues 1255 8135’ -0.5 or 1.5, giving a peak I-value of 4.5 and 15 a
peak Q val ue f|15<evv|' se, or a peak anplitude of I and Q conbi ned of 4.542.
The rns val ue hovewerths nodtldSismnes ¥ heUREEL Viabwevet, alisicrh sod 6NN
transm ssi on which was cal cul ated above to be 42.5, Thus, th eak-to-rnms
rati o of thrER>F e HzﬁaiBﬂﬁsarécﬁﬁé’Pi ApEsetes &8 gﬂéngl‘&(‘?@"fr %5)11’1:65?]%2 or
7.32dB, as Zth@!‘%éPﬂé’é.' npidier Backgy e rzeqngtn-khebekongy BBesnpesk
anplitude is limted, the 4+(2,2) configuration of FIGURE 1 Is preferable
to the 4+4+4thedeowontdlpnasatli.on 68f 5K URE 3-1.5, butTh&engbivpréupkoné' he

transmtter S~a ifl 106 t rat p.
output wt ho%%g%%’f%r 5@%’8‘%‘%}%{@ %St%rgpsenfsr%%%t hgﬁgga ‘?%llgen%re %’2 i%\é\%e(tihe
signal in adiixéwbseo otiers f aspplginforhe Gass-Brpoeduranpli faervd 08o t he

maxi mum non-di storting efficiency occurs when it happens t enerating
nexi num povve??l%%?EetH’i%a}FrﬁR‘Pﬁ’Efﬁgﬁaf‘?’c? H&PY LR PRFERTas '23%1%0 v é%ls- 9-

and when;qior gbi 286 4101t dyad QR IeS ISR RGE ridhe imdaim ehéishergyocan be
defined as follows: flmax = (Peak anplitude)2(lb) 5Maxi mum DC power

consunpti on sectioon thé onhthehabider t hendreabhef theeentynakrhnd acoderyi Af
e cors B8 rdRaelddef 439,40k 08RG, J 0 Bor DA INEETBURRY boR) nlean DC
power consunption (r.ms. anplitudé an power  consunpti on
used then the I-values for each would have been any of the
values 1.5, 0.5, -0.5 or 1.5, giving a peak I-value of 4.5 and
15 a peak Q-value likewise, or a peak amplitude of I and Q combined
of 4.5V2. The rms value however is just V3 times the rms value
of a single 16QAM transmission which was calculated above to
be ¥2.5. Thus, the peak-to-rms ratio of three length=4 codes
superimposed is 4.5V2 / (V3 x V2.5) = 2.32 or 7.32dB, as
20 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
25 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 1t happens to be
generating maximum power, where the maximum efficiency is
defined as follows:
30

Nmax = Peak power output (1a)

Maximum DC power consumption



15 = (Peak anplitude/ Peak-to-rns ratio)2 (2c) Mean DC power consunption
20Al so, the power consunption of a class-B power anplifier 106 with zero
gui escent bi as happens to be proportional to the output signal anplitude.
Therefore, the nean DC power consunption is equal to the peak power
consunption tinmes the ratio of nean anplL%gde to peak anplitude, which
normalized 25 to unity | oad resistance, grves the follow ng: Mean DC pw.
consunption = nean anplitude x (peak anplitude)2(3a) peak anplitude 30=
peak anplitude x nean anplitude (3b)

-10- n = nmi &nf (Wheak-tormablizedi oox wedny t boads restictpfde the mywijen
flruax is a r.amplifier. imlenentation- endent quantity, which one
may assune t§§%§8§F§E¥rCﬁﬁdbﬁr38§&9e§ ﬁﬁx?ﬁgigg?'the val ue (peak-to-rns
anplitude ratio x nmean-to-rns anplitude ratio) is however a characteristic
of the nodul ati on. Therefore, .to taFe maxi mum advant age of the avail able

pover anplifex eff iBeakcpmoddsudelld |ike to mnimze the |atié® quantity.
10Ref erripg agai nyt0it g HRr 88:.e0de Ml ti¢ede schenme shown in FIGURE 3, it
can be seen that three 16CAN§syngolggéi,b§§ and 33 can be regarded as six
4- AM synbol s, each 4- AM synbol

On the other hand, the mean efficiency with a varying

amplitude signal is defined as follows:

10 n = Mean power output (2a)

Mean DC power consumption

"

(r.m.s. amplitude)? (2b)

Mean DC power consumption

15
= (Peak amplitude/Peak-to-rms ratio)?
(2¢)
Mean DC power consumption
20 Also, the power consumption of a clags-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

25 to unity load resistance, gives the following:

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

peak amplitude

30 = peak amplitude X mean amplitude (3b)

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



carrying two bits of information with its four possible signal points, and
occupyi ng one of six dinensions |li, @, 12, @, 15 13 and B. As shown, the
pairs of (lI,Q dinmensions are orthogonal by virtue of being 90 degrees out
of phase, while the use of orthogonal codes allows three such pairs of 1,Q
val ues to be conveyed using all six dimngions i, Q, 12, @, 13 and @B,
whi ch are orthogonal to each other when the codes 20 are nutually

ort hogonal . Absent signal distortion in the transm ssion, the six

di rensions 11, Q, 12, @,. 13 and B are truly independent i nasnuch as they
do not interfefeNwixt h SRE2KAOPRERS ARG1PhE Meeerierihsi §8th8s a noni k&) and
equal rns value that is uncorrel ated between any one of the di nensions 25
li, @, 12, @2, 13 or B and any other one of those dinensions. However

t he six di nensi on¥hile Qayx U & ERwerlamndifdear empbementepiodedepasdént as

e 0L, PUECS ot U S50 SRPRELTShe ebUEniE U8R byt

Thus, thes 30marsmantdneothet r ansiid t edpshgnab-ampl i buas talR asrShown &kn
mean-to-rms amplitude ratio) is however a characteristic of
the modulation. Therefore, to take maximum advantage of the
available power amplifier efficiency, one would like to
minimize the latter quantity.

10 Referring again to the three-code multicode scheme shown
in FIGURE 3, it can be seen that three 16QAM symbols S1, S2
and S3 can be regarded as gix 4-AM symbols, each 4-AM symbol
carrying two bits of information with its four possible signal
points, and occupying one of six dimensions T1, 01, I2, Q2,

15 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 I1l, Q1, I2, 02,
I3 and Q3, which are orthogonal to each other when the codes

20 are mutually orthogonal. Absent signal distortion in the
transmission, the six dimensions I1, Q1l, I2, Q2, 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

25 I1, Q1, T2, 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
QlL, Q2, 03 add linearly and not quadratically. Thus, the

30 instantaneoﬁs transmitted signal amplitudes are as shown in

the table below (see code 1, code 2 and éode 3 in FIGURE 3):



the tabl e bel ow (see code 1, code 2 and code 3 in FI GURE 3): Chip 1 Chi
2 Chip 3 Chip 4 '"transmt = 11+12+13 11+12-13 11-12+13 11-12-13 Qransmt

QA+QR+B QA+Q2- B

10

15

20

25

30

-11-

Chip 1 Chip 2 Chip 3 Chip 4
Ttransmit = I1+I2+I3 T1+I12-1I3 I1-I2+I3 I1-12-13
Qtransmit = Q1+Q2+Q3 Ql+Q2-Q3 01-02+Q3 Q1-02-03

and the transmit signal amplitude is (Tiransmit+Q%transmit)®"®

The above shows that, since all sign combinations of I,
T2 and I3 are tested across the four chips, whatever their
individual signs are, they will constructively add in one or
other chip to produce the peak value in that chip. Unless
otherwise constrained, the worst case for transmit signal
amplitude is when the peak of T and the peak of Q happen to
occur in the same chip.

If the I and Q signals are of the same form, then it follows
that the peak-to-rms ratio of the 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 V2 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 gix dimensions I1, Q1, I2, Q2, I3 and Q3 could

P



Q- QR+XB QL-R-@ 5 and the transmt signal anplitude is
.-2transmt+etransmt ) 0.5 IT The above shows that, since all sign

conbinations of 1i, 12 and 13 are tested across the four chips, whatever
their individual signs are, they will constructively add in one or 10 ot her
chip to produce the peak value in that chijn. Unless otherw se constrained,
the worst case for transmt signal anplitude is when the peak of 1 and the
peak of Q happen to occur in the same chip. If the | and Q signals are of

t he sane formrL then it follows 15 that the peak-to-tins ratio_of the
transmit anpPitGEBabiveny RegEospefins @@@KVE%MW‘FI%N grgrone eANEERERL

where the comhi,pat,RBROLHL ﬂﬁﬂb@r”@fﬂ:&hhﬂ&r&f‘éﬁ?oé%ﬂ bhecpeak apdsthe

tins by g2 alike'relative to one. There seeking a nodul ation
scheme with 4.| biaepebket botas matlbejr(mf g Q 120 aal3orie syadpopr déude=64} ow
peak-to-rns he_c |ned t si gnal Ref err| o] 4,
t he di agramsgshg\%lv tﬁlé);% A 6)?‘ g% siP6h$S |use(§ Iffevﬁzs 1 % %nc%%Ebe
grouped to falmgv&dmﬂamedalsﬁb&Sbﬂer4ﬁy@dﬂnﬂ®r%@d M—Vdﬁtl\e,san%flve

t hr ee- di nensi onal nbol s 402 .and 404 are cubic when t he nodul atl on_is 4-AM
in each of tRETERPE GHEEAGH drRERSIPRCE % Vai FRnsH g dyce @ 1045 VPl 13

and B can b&nQOQQQEﬁH%{:M Ql’LBHBeQabH éﬂﬁz{eﬂ&s.bﬁegfV‘QyV6fQJBuﬁ&azflﬂf"!)éucésaSi X
4- AM synbol s , as three 16QAM synbol s 406, 408 and 410 (FlI GURE 30

4), or as thé aﬁoVéﬁﬁntl oned two 3-D synbols 402 and 404 for which the

nonmencl ature V3A nmean Al i.t ude Modul ati.on al on ch a of
a 3-di nensi onal slv%géaréln93)&? nmﬁfilugkﬂipg ?‘%es’?aﬁmd“nﬁenlg?o%s % ngz

@, |3andB dtmefsiond; althraatthel yubecgeonpediaatopasVioy/ ayﬂbab4aad one
QAM synbol . Thus, when, the nunber of gm nts along each of three axes is 4,
then the totBICHERLEr G19IRATRS Ghatatherrmabel litiansaay & FREANSCaiFon’

64- V3AM can Q@aﬂé@dothb%e‘ﬁlﬁ% diUrT RO Bk Sphagkopd each didension,of asV4
woul d produce a 256- V4Al nd five points al ong éach dinension of a V5

coul d pr oduc‘éOJaSl@,’QllaV$AM C<a1m?bld Siex rpopsed ahan odchldingepsicon  &f P4avs,
could prOducsugh4gg6Eﬁép%&ane formed by Il and I2. A computer trial of

15 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 I1,I3 plane and
the other symbol was rotated 45 degrees in the Q1,03 plane.

20 What this means, is that instead of applying symbol 1 to code
1 and symbol 3 to code 3 as in the past, the codeg in one
embodiment of the present invention receive modulation from

a 45-degree rotated symbol pair as follows:

(T1-I3) /N2 + 3(Q1+03) /N2
(T1+I3) /N2 + 3(01+Q3) /N2

25 [cos(45) =-sin(45)] (I1+3Q1)
[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

30 1/V2. 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:



Regardi ng the nodul ation as spanning nore than two 10 di nensi ons, such as
the cubic constellations 402 and 404 of FIGURE 4, indicates that the
constellations may be rotated in planes other than the 1, Q or phase pl ane.
For exanple, a constellation could be rotated in an 1,1 plane or a QQ

pl ane, such as the plane fornmed by Ii and3l2. A conputer trial of 15
different rotations of the cubic constellations 402 and 404 of FIGURE 4
showed a reduction in peak-to-rnms ratio from7 . 32dB of standard triple
16QAM usi ng three | ength=4 codes to 5.44dB when one synbol was rotated 45
degrees in the 11,13 plane and the other synbol was rotated 45 degrees in
the QL, @B plane. 20 What thiehipanships thap3i agtead of applying synbol 1
to code 1 and synbol, 3,to code 3 as in the past, the codes in one

enbodi ment of thecﬁg%s%nt=inveﬁtion tecei vé nodolation froma 45-degree
rotated synmbghapakeaassfoll ows; 25[cos(45)1sin(4%)] (11+Q) = (11-13)/42 +
j (QL+@) /42 [sin(45)cos(45)] (13+0) = (11+13)142 + j(QL+@3)/ 42 As can
be seen, the codes are respectively nodulated with the sum and difference

of the two synhol i e scaled by_30 1/.42. The rotatjon matrix woul d
result in other s%naﬁ | n%hela?c}% h%lpotaﬁ PofMiEFECBt REr ChRafYIRe b5 ghl 25l 1t ees.
Now consi deranda$3<Dite$Qd, adidt3iniggt he | engt h=4 orthogonal patterns as

follows: -13- Chipl Chip2 Chip3 Chip4 code 1 =11-1-1 and code 3 =1-11-1 5
and conmpute each chip as a function of the synbols 51=11+j Q@ and S3=I 3+j (B,

obt ai ni ng: Chip £i@ni, Ghi @y 2 £hbp ip 4 10 g2 xSi-3353-Si It
can be seen that the result isﬁ%hat tﬁ% Sy F% Si and 53 are each repeated
twi ce wi¥h a'%i%n changdl but-$h an $hterlesved order 31,33, 33, 51.

It can be seen that the result is that the symbols S1 and S3

are each repeated twice with a sign change, but in an

interleaved order $1,83,83,81.

15 Other orthogonal code pairs produce similar but different

results, as shown below:

Chipl Chip2 Chip3 Chip4

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

30



15O her orthogonal code pairs produce simlar but different results, as

shown bel ow: Chi pl Chip2 Chip3 Chip4 code 1 =1-1-11 20code 3
=1111 42 x315353Si 25Chi pl Chi p2 Chi p3 Chip4 code 1 =1-11-1 code 3 =1111

'12xSi 53Si 33 -14- Chipl Chip2 Chip3 Chip4 code j. =1-1-11 code 3 =1-11-1
5' 12xSi - 5153- 53 Chi pl Chi p2,6hi p3 Chi p4 code 1 =11-1-1 10code

3 =1111 42 xSi Si 3353

Chipl Chip2 Chip3 Chip4é

code 1 = 1 -1 -1 1
code 3 = 1 -1 1 -1
5 V2 x s1  -s1 s3  -83
Chipl Chip2 Chip3 Chip4
code 1 = 1 1 -1 -1
10 code 3 = 1 1 1 1
V2 x s1 s1 s3 S3

The latter two examples conform with the current HSPA

15 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 1). In the two latter
examples, the length=2 spreading code would be 1, -1 in one

20 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,

-1l and 1, 1 , 1, 1 in the second case. Thus, the present
invention is capable of reproducing the current HSPA

25 modulation which transmits two symbols on a length=2 code and
one symbol on a length=4 code, by using three Ilength=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

30 of producing modulationg 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



The latter two exanples conformwi th the current HSPA 15 standard which
specifies that two synbols shall be transmtted sequentially with a

| engt h=2 spreading code while a third synbol is transmtted using an

ort hogonal |ength=4 spreading code in the same period (see FIGURE 1). In
the two |atter exanples, the |ength=2 spreading code would be 1, -1 in one
20 case and 1, 1 in the second case, which are the only two possibilities.
The | engt h=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 pre’ent FhiRkeTHIRAN cagrbras ofedeprddkeinye Helkipriamd . HePR 25
nodul ati on i r ansgm wo synbols on a | ength=2 code and one synbol on
a |length=4 ggaggd%yeﬁs$%%é?%?ee | engt h=4 spreadi ng codes and applying a
45- degree axi s rolatwvas als@ plaret dgdteddidy the restaxesimmha plane

defined by two inaginary axes. However he present inyention i.s also
capabl e 3% O?OIBP%ﬁ% i B y%ﬁ'[%?ﬁ%r%n &g c?ff]?ee%fte% FRAF TN
cannot and hastDe! BNGrSe@Ned, r&Sa SHWLHAGdMEL fiy siftlh egraxaspl est 14
addi tion, the peak-to--ns anplitude ratio produced by the above 45-degree
axis rotationsefarre jemplest thesT apde? axepMELLTEQRRLOage tRaEheetRiBR,
bef filtering, f 34 L Qv [ h
oo Il L%0d0; 1 Ul t2dBota bt ddbearoq rht UAS Alae-LoveRL! gated how

the rotation 1n any p € conpose -axi's an ected the
peak-t o- 1ns bsrad¢dwced nfxoomder . 324B eratinowt tdwjonadtidtyl @i ties 6 obbdB owhent is

preferred to_sel ect t [ _and es which he to the same code.. A

conput er seat&h %MEGQWG{?Y@P}@@%ESD Bpﬁﬁéﬁ?gﬁﬁ%qeﬁs F]é‘d'h‘é%&c’f go?r}afl?%ZdB
Wi t hout aXi SréDieivOnct Bhé r31dR ¥henHdenseaahOIQ bl d 69 dedaéed 30
degrees inits |, Q_[pl ane 10 relative to the first and the third synbol is

rotated 60 dEgriles FrRirkane Q pihute. IYeRLY everdgeBing geie ighase phates

angl es of t L%g o) ofu p. -LO-r B rati i n.thi :

parti cul ar gt%?anp eM%ﬂgm SFeadls %g%hl&%?/]%er%oo éégllr%t?%f a%?o%hjr"nsay
now be appl imalktasuldr fatdgubke, ¥)0a848Bdegree rotation in the I, | and Q
Q pl anes invol vi two of the synbols, and, 2) a rotation.i.n the_plane
of the remaini ngn%%ﬁ]? G¥PPS §§x3§1§0 ﬁ?‘ﬁiaotrjx/‘?rhgm‘tg‘ﬁe NOMePRi RS | ®F the
three 16QAM synbel,s: The results are summari zed in TABLE 1 bel ow. TABLE 1
25 Case No.

(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

20 involving the remaining symbol of the three 16QAM symbols.

The results are summarized in TABLE 1 below:

TABLE 1
25
Case No. | PEAK/RMS | P.A. Efficiency Factor
1 7.32dB ~-3.20dB
2 6.51dB -2.80dB
3 5.444B -2.32dB
4 4.77dB -1.99dB

where:



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: -16-

-16-

Case No. 1 is triple 16QAM using three, length=4 codes;

Case No. 2 isg triple 16QAM using three, length=4 codes
5 with a progressive phase rotation of 30 degrees between the

three 16QAM symbols;

Case No. 3 is triple 16QAM using three length=4 codes with
a 45-degree rotation in the IT plane of two of the symbols and
10 a 45-degree rotation in the QQ plane of the same two symbols;

and

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

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

15
Note: Although 16QAM was used in the above examples, if desired
QAM constellations of other sizes could be used, for example
64QAM,

20 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
25 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
30 the guality 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



Case No. 1 is triple 16QAM using three, |ength=4 codes; Case No. 2
is triple 16QAM using three, length=4 codes 5 with a progressive phase
rotation of 30 degrees between the three 16QAM synbols; Case No. 3 is
triple 16QA4 using three |l ength=4 codes with a 45-degree rotation in the 1|1
pl ane of two of the synbols and 10 a 45-degree rotation in the QQ pl ane of
the same two synbols; and Case No.“4 is as Case No. 3 with an

addi ti onal 45-degree rotation in the 1,0 (phase) plane of the third synbol.
15 Note: Although 16QAM was used in the above exanples, if desired QAM
const el | at i 611RdH relhelvei zesheoléuy e disedie synbekargpid tBASAM 1PDTFOEsSI st

the base statiaon's receiver to d bi |l e transm,ssi ile
phones whi ch% drgrﬂattc?‘ilﬁél Mﬁ@n%@%&ﬁ {‘I‘lhae I?.ﬁo%v?mccgq?&%%g&é t hat
i s superinpagrde8Rcothsd tBal BobRabd NEnsedeS o dheiqulvlimpdteisilseddde t he
base station's receiver to establish a phase reference, and to 25

char act eri z&n REqHENeY -QrEhPEIRAINGOdD I Ehaatie (PR ORIPBE t he
unknown gynbol s. For instance, triple 16QAM uses 3/4.of the total available
ort hogonal code space (i.e. three out of four, |ength=4 codes), and the
pilot transm ssion uses the renai ni ng THBLEf2 t he code space. There is a
trade-of f between

Case No. | PEAK/RMS | P.A. Efficiency Factor
1 7.61dB -3.344dB
2 6.97dB -3.03dB
3 5.81dB -2.50dB
4 5.29dB -2.244B
10 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
15 o is egual 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

20



30 the quality of the channel reference provided by the pilot code, and the
anount of energy it uses which would otherw se have been used in the

dat a- beari ng codes. This conprom se results in the pilot code being
transmtted at a | evel of about -17- -12dB relative to the | ength=4 code
synbol, and this pilot code is designateddgn the WCDVA standard as the

E- DPCCH channel . The effect on the peak-to-rns ratio of including the pil ot
code on anot her orthogonal code is shown in TABLE 2 below. 5 TABLE 2 Case

No. PEAK/RVMS P. A Efficiency E%%E%r4l(%ig dgiigtBégge% 6. 97dB

Case No. | PEAK/RMS | P.A. Efficiency Factor
1 8.96dB -4.01dB
2 8.27dB -3.674B
3 7.60dB ~3.40dB
4 7.07dB -3.14dB
5 TABLES 3 and 4 confirm that the proposed 45-degree axis

rotations still achieve approximately the same reduction in
peak-to-rms ratio after filtering and with or without addition
of the pilot code. The best phase of the pilot code was found
to be when it was aligned with the I or Q axis of a length=4
10 code symbol, and this phase was used in all of the 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
15 modulated on to a length=4 code relative to 16QAM symbols 504
modulated on to a length=2 code of double the power (V2 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
20 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.
25 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



-3.03dB 3 5.81dB -2.50dB 4 5.29dB -2.24dB 10For conpl eteness, TABLES 3 and
4 bel ow show the cal cul ated 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 synbol, which is nodulated to
a length=4 code. The root-raised cosine r II-off factor 15 a is equal to
0.22, as specified for the UMIS ( WCDVA) \b rel ess system TABLE 3 (w out
pil ot code) Case No. PEAK/RM5 P. A Efficiency Factor 1 8.74dB -3.91dB

one embodiment of the present invention. Note that only the

transmitter's components and functions which are relevant to

the present invention have been described herein. Since, in

each code intervél, 12 bitsg are communicated, thus each chip

5 value can only take on one of 4096 values. In fact, each chip's

real value or imaginary value may depend on fewer than 12 bits,

and thus may only be able to take on 1eés than 4096 values.

If the pilot code is taken into account, and it is only one

binary bit transmitted on only the I or Q channel, then the

10 real or the imaginary value may depend on a maximum of 13 bits

which means it may take on one of no more than 8192, but probably

fewer, values. In any case, these values are sufficiently few

such that they are capable of being stored in a relatively small

memory by today's standards, for example, a memory of 4096 or

15 8192 values for each of the four chips, where the contents of

the memory determine the nature of the coding and the axis
rotations employed.

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,

20 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

25 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

30 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



2 8.02dB -3.55dB 3 7.32dB -3.27da 4 6.67dB -2.94dB -18- TABLE 4 (with

pi | ot code)

10

15

20

25

30

Case No. PEAK/RMS P. A Efficiency Factor 1 8.96dB -4.01dB

-20-

bits plus one pilot code bit. The bit grouper 604 selects the
bits corresponding to the two axes of the three intended 16QaAM
symbols and routes the bits to the correct look-up tables 606,
608, 610, 612 and 614. 1In particular, the bit grouper 604
routes all 4 bits of symbol 3 to the bit-mapper table 606 which
produces three I-indicator bits and three QO-indicator bits.
The three Q-indicator bits together with the two I bits of the
first symbol then address a 32-value’ look-up table 608
(actually only 28 entries are used) to obtain a chip I-value
that will be’ subsequently transmitted. Similarly, the three
I-indicator bits together with the other two Q bits of the first
symbol and the pilot code bit address a 64~value look-up table
610 (of which only 56 entries are actually used) to obtain a
chip Q-value that will be subsequently transmitted. It saves
time if the look-up tables 608 and 610 actually deliver the
T and Q values for 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



2 8.27dB -3.67dB 3 7.60dB -3.40dB 4 7.07dB -3.14dB 5TABLES 3 and 4 confirm
that the proposed 45-degree axis rotations still achieve approximately the
same reduction in peak-to-rns ratio after filtering and with or w thout
addition of the pilot code. The best phase of the pilot code was found to
be when it was aligned with the | or Qaxjs_of a length=4 10 code synbol,
and this phase was used in all of the above case nos. 1-4. Referring
to FIGURE 5, there is a diagramthat visually depicts the 45 degree phase

rotation of n%%gAM %ﬁn’ool s 502 15 nodul ated on to a | ength=4 code rel ative
to 16QAM sy desphd fsdurat el oar vt 86 #nterngishare asteladilvapanfe thebbawar

(" 12 tines thevampldd ugg). Imed 0 3 hggcali ng,apd V\'}ﬂ%?t N, sﬁﬁgegpéhk%f
constellation 502 is seen to fit exactn] y inside the larger constellation
504. It can b&¥agesanttest. tIrethisaxwendre Qthal LeoRoup drialidsuéd 6n G0 AIL0Re

particul ar 1 oatuend o8 CHoiEG pE 00 . Al PR AR R Bl
si gnal gener atdrctasl iCOMesuichedel Bodelai lcday thaitdrelsaw with respect to

FIGURE 6. 25Referring to FIGURE 6, there is shown a nobile phone 600 with a
transmitter 602 wWAPEhOBERYLE (E4Am tReQhRPE YR8 £08, 610, 612 and 614

are input to a sequential multiplexer 616 where the I and Q
values for chips 1, 2, 3 and 4 are then selected sequentially
to have an order that is determined by a multiplexer control
10 signal inpﬁt 618. The multiplexer control signal 618
determines whether the I,Q wvalues for chips 1, 2, 3, 4 are
output in the order 1, 2, 3, 4 or 1, 3, 2, 4 0or 1, 3, 4, 2 which
was shown above to depend on the exact selection of the CDMA
codes and their assignment to symbols. Thus in one mode, in
15 which the order ig 1, 2, 3, 4, and the look~up tables 606, 608,
610, 612 and 614 are pre-computed to omit the 45-degree
relative phase rotation of symbol 3, the transmitter 602 is
able to generate the triple-16QAM modulation specified for the
current HSPA uplink standard. However, the transmitter 602
20 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.
25 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
300 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



manner that conforns to the above teachings in accordance with -19- one
enbodi nent of the present invention. Note that only the transmtter's
conponents and functions which are relevant to the present invention have
been descri bed herein. Since, in each code interval, 12 bits are
comuni cat ed, thus each chip 5 value can.qnly take on one of 4096 val ues.
In fact, each chip's real value or inagrang val ue may depend on fewer than
12 bits, and thus may only be able to take on | ess than 4096 values. |If the
pilot code is taken into account, and it is only one binary bit transmtted
on only the fagro) chaanel, tbhén2fhe QQadealtuge trivelulFagnsany dvange by

depend on a maxi mum of 13 bi.ts which ns 1t nmay.take on .on f_n e
Chon 8105, “uECel YRt Pakirtolar find fand b Hhtuo8 Fidih iRl a0l %
suf fici ent| yad®@w Ssisdett had 1§ heygare < apahl @ieh beshgestnfiesingd carelats vel y

smal | nmenory by today's standards, for exanple, a nenory of 4096 or 15_8192
val ues for eedt Aremrt e ¢asbhed FrRIHEHT ner RTHRFY W of ThRe of

det er m ng t%ﬂﬁ&gﬁg@ﬁw&:&e x&f(ﬁﬂl’&&o@%@éi‘@ axks defﬂst a+ONgBMPEOXEd to a

In this exa val ue two chi ps depends on two bits of a first
16QAM synbol tzmusmit Iovel Bt s gowart hinpd idyerol6382enduthen fed bdimgugh

rotated 45 degrees such that b its two real bits and its t i i hary
bits affect ?%‘H%%% ftd‘:l%teﬁegé% %?‘ﬁ ﬁg.m%m lfs \ﬁréﬁspé%e?yé\ﬁc%%olﬁ GURE
5, it can bens®es, tdrakltbensentel hulHrudn amriRewidiad edobyinbehet ®y$bem

| -value or the Q value_of a chip can take on only one of seven distinct 25
val ues, not 9R1QYStABlYoGAMEEdVaripRedNpPAsd (@EMInang hd 3 fudeH 2B a

first gr@Upﬂéiﬁgbﬁfénéﬂ%‘%t.éﬁdﬁ§a%ﬁt eH%aSSXQr.‘ val ues for the

| -contribution and second group o ree bits that indicate one of seven
val ues for the QToutritthe itwansTiitseredl@t isnmblemaol trendg®3 tcdatbeushae by

a small | ook table 30 or a fewlogic gates, to Jnplenent a truth table
that can be Iﬁéu%ﬁ:% efcfoo(%‘? i‘?etb én%q’lf%%\é_c %‘f%ﬁg‘f%ﬁ%ﬁp %cﬁapﬁﬁﬁhgﬁehby
Thus, in thiengXxeyphe 4 be tt gongpat ben 602thascapbs la BLOYREE G8huthbibs| s
configured to, receive blocks of 12 data -20- bits_plus_one pilot code bit.

The bit groupefides 3w bieskiafelnpyt Ridis apermindgles ¢heUds OdREsWBEL Ehe
t hree ingen o. : : i r -

abl 65 606, €08, R10 LD Hndrs e i S o O S r %88,
routes all 4 biompbéxspirboke a8ntlowtihd bi tcodEpper ithad| reubOio i cddes odanés

three I-indicator bits and three Lndi cator,bits. .The three i ndi_cat or
bt o t gt nETOUTER e SHETOT oo b e op, FELETASOE PRERTSHTT (e Eats
32-val ue | 0oke Up. | AR} k-G08 thatkEal ton DN Y@ & Bifut iesy deeiused) Uheobhapn a

chip 1-value 10 that will be subsequently transmtted, Simlarly, the three
| -i ndi cat or ¥R+4et E68EKEEOK tdetiReDt HERCEABSQa) t 3-9i9RRe VALYE SiboR and

the pil o CQSLQSP(};]]% fddrass a 4‘%1'\_’6‘1)563 drRoks U ntdabcbes@%Baﬁofva‘Mﬂé‘éﬂ' 88k %456
entries are actua ?y use?is%to obtain a chip valle that will be
subsequent | yWetremmsimedeby: | t{1$abés 6 tsiymddlf ndwpimpkthpt tadsesigd8saad
610 aCtuall¥h£§é£¥§£lt£§§nal 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
25 (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 values
respectively, where the I and Q signal values having reduced
30 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



and Q values for both chips 1 and 2 which depend on the bits of the first
synbol . For exanple, the | value of a first chip 1 may be a one-byte val ue
packed into a 16-bit word along with the | value of a second chip 2, and

| i kew se for the Qvalues. 20 Thus, the | and Q tables 608 and 610 woul d be
of size 28 tines 16-bits and 56 tines 16:pils, respectively. The
other two chips 3 and 4 in a 4-chip period depend on the sane four bits of
the third synbol and on the two bits which belong to a second synbol rather
than the first synbol. As 25 described ahove, the bit grouper 604 routes

all 4 bits off SBFFEENE3 3 FahemsiticRdppet 1ndblensed etk opfsdesddnenthenr ee
1-indi cator hitsgandatibect hEe8 15 i-pdl %ﬁ%t?@)ﬁ %o -'r-@%ﬂe@regﬁr DifdiLates bits

together with the two | bits of the seco synbol then address a 32-val ue
| ook-up tabl &sehas(heepafiegcohbygdlgbose er rinsmnsnit tsediay eisebtthienaboval ues

for chips 3 i e subsequently transmtted. Simlar t he
three |-indi g‘%?gl%m%ﬁt&?tscatwog%?%arrn%va?rhstﬁg (#%eercql%ut(f bit S5t ?ﬁeaégéoﬁl&
synbol and t hebjielsotoeode fiiktreaddiraites 68-vad UL |R0ka Upits Plud abbe 1614

(of which only 56 eghrggs a:?% actual |y used)_to obtain Qvalues for chips 3
and 4 that W pEEUEEEGGORN P FaRdiRst 18Y. PEnUERCs texarpiiee ERalrsdreup

tables 606 60BOL0.aLA O WOHLERYEnROR BPLE SOMPUE SALERN

Rg L O
the 5 sel ected mul tipl'e access code patte The output's ?Lrom
t he | ook-up PxEsented8vestdonsl12 and 614 are input to a sequential

mul ti pl exer 616 r . d val ues, for ips 1, 2 and..4 are then
sel ected sequenti a |§“¢€§h%$§9a°n§8%f88?mﬁﬁg?ri @Bdgltaeg Wﬁgﬁ%@c%ﬁﬁgﬁ?y&er
control 10 skgnahplapaht64§. tHderaddrmpliexentiont bol usighaloAddebpnasnes
whet her the %Og vgb%es for chips 1, 3, 4 are output in the order 1, 2,

2, :
3, 4 or 1, 3! r ql03 61 and,[iléHvhach difowmerendied isaddye fd LoR1ERE

exact sel ecthan-&f1 ttﬂ%@%&%,aeﬂet&%ﬂsﬁéﬂ@ﬁ%@tm%Q é@%ﬁoge}ﬁ%&&% I n
one node, in 15 which the order is 1, 2, 3, 4, and the [0ok-up tables 606,

608, 610, 61Zhareresgnarinyert tonpit sding variovhe e eyt e meaats vacphase

rotati on of I ransm tter 602.is able t.o_generat he

Lo e e iinas) cPrphREptl BRRTOLEELEORE 122 BRI tife amga
However, 1§ heftinahdohtd®2rh@023 Zthgux BLEe. able die it pabeChilps trinamierder
that is not %Bgci fied in the current_ HSPA uplink standard, and can generate

signal s wi t h®PedoRRdEHRRRIE b- A nleaR1 -IRE IR $RP 4biRidgmaay & iodnd! (or

ot her types ebmi 1 0ns) j a : I -up
tabl es 606, 608,%10% 612g\gr?§é%1'4?ﬁgr5g ﬁrﬁ%&%ﬁ%ﬁ??gf’ﬂﬁg%t&% gf%?%é:lfg@%as

two out puts 62BPAAY BN @hiveH e thespdepéndlon propilesddsbatsyobols such

Digital -to- I n 622 and 624 and two reconstruction.filters 626
and 628 to g%tgalfﬁQ%}gn %géét izfrhee I aﬁad;ﬁﬁ%dgl%lpﬁﬁ?g Osqpéﬁlfl §° and
632. The2r ecafisér utid ednfilldxesighatd Mtk 6281 fayide Fhqartutd Rifkkehkebas n

the digital domain_and part analog filters in the anal og domain, and
jointly inpl bhéhfUlid HesnsPrna} Sdendd, SRACEn, heWlpgetvaskinmmeipns per

UMTS/ WCDVA Sys&8M 4 Sod £t £ a seshisaside, sl ste fdd e g Aith 2
roll-off -22-- factoS% a ecc)qual to O. 22Er.>l éj%g%a\{ ure nr%d%ﬁlaéféoéregiéd%%f\grﬁh&G
recei ve the Rbaeé nuedisthémethe antr@ hrepae signdlavéd3eand B3z ahdn any

oo veny sl A s e RO 80 98 18°hb b Eeh Mo E ¥ chHl®
25 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

30 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



5 the quadrature nodul ators 634 and 636 are anplified to a transmt |evel
by a power anplifier 638 and then fed through a duplexing filter 640a for
simul taneous transmt and receive nodes, or alternatively through a T/R
switch 640b if the system enploys only tine-division-duplex (ping-pong)
nodes before 10 being transmtted by an_gptenna 642. Thus, the
transmtter 602 is able to transmt data using nultiple codes of a

spread- spectrum si gnal encodi ng sbhene by enploying a bit grouper 602 that
accepts a block of input bits, divides the block of input bits into a
nunber of sutrRklbupy widrelesseaveldgrods iBreadeert attddtni bAs of@cast her
of two axes j L .COf .ane _an i | i p > nd
routes the s%%ig]{raotuoprsmdos?é%fgltlg't&%cﬂ?p %%%%e%ggﬁg?% %Eﬁ: g\gioglésé%efgé%%ieoegk-up
tabl es, realx=diam @onpait epplded ceas)bofhe achigalvdlmssy igeneyr apbandewndes
generate an |-signal_ value and a 20 Q signal value, each of the I, and Q

si gnal val ué%ead]e'il??ga]eraL@Pﬁ'nEH 55‘9‘?‘91(1?@ HICWES E?ﬂ%BFoﬁﬁ’ﬁBi ﬁﬁtjt‘ﬁagtlgnadl'
associ at gs a nUNB{dCAriiPra rrabue M tihsach spassi bhenpat termrditig in a
subgroup; (2) axis rotation for nmultiplying any pair of the nunerical,

si gnal val ueghdyrefrrnad d¢spemsi ofiap m@th@goﬁoﬁa@fprfx gERaratgng & XadiAt i on

matrix) to ge te.a,rot [ .Sl lues;.: ; it o]
add rot at edgEgl aglr wﬁgrﬁl-go%%g%gﬁ n%% c%%-gél?ggr?\aé%l\%aﬁﬁégag%é?%%%g%(ﬁén%gt% t he
sane axis tagbnetat eathe thubt fipas, andl €3-S igndlateutpubotal irsscespbotcael vy,
where the I and Q signal values having reduceg %10 (%ak-to-.rms ggti 0 when
conpar ed to WHd FREREIF R GARVEH IR i hTeRPe% 600 SOMRTGP ST TREr-ePS

degrees.;p  of: | {a)sheekdhie iappresaired bRatnbheuopepaki 888es8SE&RSs (49 ,
(2) and (3) do not need to be perfornmed in real tine, but -23- represent

a mat hemat i czrwiethri ddlon sombwhe tieteet é6 M helhdividdao@ s ofisedt Hy

the invention to._r n it a e i hed

transmtter 1%13%/0 &sg%ﬁéga%%\% %Cﬁ“ﬁ%t@caaﬁagf If?llgglé(}%% 0 lplr?’g- E\g?%%?tehﬁ set
of | ook-up Tunidresffohediditei v amlases cofleshésd@pdaid) billcs pbisglegpeh ot
bit, and the | ook-up tabl es may be used to reduce real-ti conput ati on or
power consurfi%P %ﬁ%bﬁﬁr&f’usseér%dﬁrﬁg? e2 pPBEERE (Giv et IR S APt
enbodi mept QiuddAnsMd te1o892 RARS RAen @esed i hed 12hote dfe apaliiplarmeghée ng
the present i1nvention by using | ook-up tables 606, 608, 610, 612 and 614
whi ch is computitdssnadt yQeefireicawre jsignedl Yahees Hoadv deent Heodi it BY er

602 may al sq_J ; -t h re L nventi_o usi ris kve
Toans such ST AT e Rer ut e vl ol Tig it (e B O e FegR TS
function of IreHHs:d ruutgdddmatihite evd hess cas eobtdien t ransnedt Bn-H@seaor

transmt a signal that corrpri%es the%ine r. sum of . N, CDMA spreadi hg codes,
the codes b&AWPHRAMGESHVPLYSSy (FESBelS Ve (géntﬁﬁlg]RlEiLﬁﬁ’ag ‘?F’acfsrggézcteﬁaq‘tcﬁgﬁend

on conplgx dafd HHDQYS %%?@éﬁ%&flﬁﬂé@l& ear&ehrantal 8gi saryneart s
of the codes 20 after the conplex signal nmultiplication constitute )
di mensi ons iaf &heutetatedndiromiiass graPuagaeburfavdarpt W ldisfe§oi oRsaper

code. A pair of, dLeashons MRV NEKe Deen sel erlatld 0. Jar Mg Rl 368) andnhhen
e signal space may have been rotated in any such plane before conplex

dat a synbol s(dlacddadery weppetdondiey 2hiygnd espaceacckersoredenpbeakhsati on,
one real and one imaginary axjs is selected to formthe gl ane, and.a

rotation of #FHIGHEES isanpmt i Eeesath tRatPeHe EORbBS| FetiPghdl TreaReto

rms anplist udgs rédiyon Add ef oaRPInd i ded &n SY MRkt MadekatiAn Havd edusedxikn
anot her inplenentation, two real axes are 30 selected to forma first plane
in which a 4®ugreas r@atevonlds.perfornmed, and two i magi nary axes sel ected

that when L60AM SbDEE e e Sepbad b ERE Teraboy B shir R Pio 4Ed
on to the real and imaginary parts of multiple,
additively-superimposed CDMA codes can be regarded as

30 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



-24- cellular wireless waveformis produced that has reduced peak-to-rns
ratio. In yet another inplenentation, a 45-degree rotation is applied in
both a real -imagi nary plane and a real -real plane, to produce a | ower
peak-to-ns ratio signal. 5 Referring to FIGURE 7, there is a flowhart
illustrating the preferred steps of a nejhod 700 for generating a radio
signal with a reduced peak-to-rns ratio using nultiple access codes to
carry nultiple, nulti-bit data synmbols in accordance with the present

i nvention. The nmethod 700 conprises the steps 10 of : (a) deterpmining a

nunber of tef rﬁ,ﬂlmqrml@r@ccé@'@ c%%c’fﬁ@féa@fypﬁﬁ%“‘a%fﬁn§yﬁﬁ5% edieys7a2)
(b) dividi ng, Ubgy aLgikess,or
equal to tmncgﬂ?hgﬂﬁ&' e?kéﬁ #Ekeﬁglt e?ﬁg%égs c6§§§§¥§?§%a754f o )
usi ng each sub@kﬂupe@fnghSeerswéeo¢utpmka1uhduhﬂaxcaasHWG;ﬂu&§9n§10@5
Quadrature sig val ues, e at | east. one r of t

Quadr at ure §?§£&P¢¢hhﬁggeﬁaﬂggégﬁeﬂﬁﬁrfF%ﬂS SgﬁﬁﬁﬁYﬁQﬁ¢k?EﬁF axi s rotrﬁlon
in a plage afpdhaddly PmislRdEhbild-Phase oF Qiadagbutatualthesughpeit ain
rotated |In-phase or adrature values (step 706) ; (d) multiplying each
access code xZXes th one of the signal In-phase or Quadrature val ues or one
of the rotated | 0 t 1904 #%géﬂ o
nodul at ed chi ps 01%2)3'1 . gnélgé:sghae gﬁ(ﬁ %IfJ%glnd% dwlﬁilg:j)%eﬁpCl "
correspondi nguwehi peealf EhChsaraesd cndetm@ obtaompanymhgld@d@wsmgﬁwﬂand

wherein the peak-to-rns ratio is reduced 2 conpa dtoa.r i.gna
that does néteHHPIheRakhe %‘f%‘i‘?%ﬁ%cqesttae’g’eﬁ %PgﬁotnhelFo?alg%lgl%&%M
has beenoshoundatoddubat RS dabaneiohtid Moy eahiand toaghaaisqasde of
mul tiple, additively-superinposed COVA codes can be regarded as 30

modul ati ng sueqtiogrsof datta Binstent t d8 hélddress ®f of numerous
I ti-di h i
mul ti-di mensiongal a%nedeq({g'lt pa(fr%%laﬂq:(#%né gal}f?fai%ut}:%utglgﬁi%?éﬂ§ Qf1 it

resul ting composi signal’ can vant age y re y applying axis
rotations i igpanesngeficredtyy qairist oR2Fhefimiendnisirss Siite Feduetanh of

peak-to-rns ratio allo kljmte transmtter such as a nobil e phone
transmtter ,éet%“tf’éflkWe\rﬂﬁtfre‘d;i TPt wit hout excessive distortion
and wi th higher efficiency, thus conserV| ng battery life and



5 increasing communi cati ons range or average data throughput rate.

Al t hough mul ti pl e enbodi nents of the present invention have been
illustrated in the acconpanyi ng Drawi ngs and descri bed in the foregoing

Det ail ed Description, it should be 10 understood that the invention is not
limted to the disclosed enbodi nents, but instead is al so capabl e of
nunmerous rearrangenents, nodifications antf%ubstitutions without departing
fromthe spirit of the invention as set forth and defined by the follow ng
clainms. -26- CLAI NS 1. Anethod for generating a radio signal in a
transmtter wannamis:.educed peak-to-rnms ratio using multiple 5 access codes
to carry multiple, multi-bit data synbols, said nethod conprising the steps

of : determning a nunber of the multiple access codes to carry the
data synbol s; 1. VidiRgy by, A Ridn Qraupgy . .2 Qéﬁi‘é’ of; fids iiptoza
nunber 10 of subgroups that is less or equal to tw ce the nunber of the

mul ti pl e accessraodegster with asiregueachpsabgtouwpmsf rbittis tieisgl rulfibyea
plurality of chip val ue generator devjces, one of a nu r of |n-phase,aqr
Bumdrat it esi useraciesdRRcPe hy TE e i G g = 8vsbPiBy ogaid

si gnal val ues rhatheeenmdisfingd the perder ¥mg an axis rotation in a plane
of the selected pair of signal values to obtain rotated signal val ues;

mul ti pl yi ng each ad&dssdadéeant thgedorpltde BigharleaareSsepads g easryf
sai d I n-phase yal %aa%@ﬂ%§asqf said 20 Quadrature values or one of said
rotated | n-phase val ues-and orne of said rotated Quadrature values to obtain
a set of nodul at ed ddhiipS nfgor beagviacgesspeadea @rghp of biaddimg a number

corresponding chi of each, access code to obtain a pulticode signal. 25
2. The neghodCG?sgﬁgFﬁpr,tQﬁEr%ﬁrﬁ%ﬁﬁ«?IS§9€ ed®at"1easth oA %fo ftge

signal val ues reQmAR1SES >R lcRfesl;n- phase val ues and a pair of Quadrature

val ues. 303. The method of claim2, wherein said axis rotation
using each subgroup of bits to select, by a plurality of

chip value generator devices, one of a number of In-phase or
Quadrature signal values, where at least one pair of said
15 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
20  Quadrature values or 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.

25
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.
30 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.



is a 45 degree rotation in the plane of said pair of In-phase signal val ues
and a 45 degree rotation in the plane of said pair of Quadrature signal

val ues. -27- 4. The method of C aim 1, whereinsai dsel ectedat | east
one pair of signal values conprises an |In-phase signal value and a
Quadrature signal value. 5 5. The method of Caim4, wherein said

axis rotation is a 45 degree rotation in T%@‘plane of said In-phase signa
val ue and said Quadrature signal value. 106. The nethod of Claim1, wherein
said selected at |east one pair of signal values conprises all possible
pairs of an In-phase signal value paired with a Quadrature value, and said
axis rotation in the plane of a pair of values is through an angle that
progressi vel y incré%sesﬁ@%ﬁm%éﬁﬁdﬁéi$l%¥mﬁalM@§F615f#ﬁ$ﬁéeh%Fh%géﬁﬁl€ﬁéFn1
6, wherein sai ressi pner i e | t r b V] by
t he nunber ofcggfggggféziéggbgga %%%éégb .Tjgﬁﬁit og%b%hgﬁgi%? ?g&hggg?ﬁ
sai d codes ar emnutaugluag rertthegenainaCode-lDievi si on Mul ti pl e Access, CDVA
access codes. 9. Atransmitter conprising: 25a bit grouper that accepts a
bl ock of input bits and divides the block of input bits into a nunber of
subgroups where each subgiouRthesassociated iy t/hc@aenoka0thekief rbwataxas
in a conplex plane and with one code froma plurality of codes; a plurality
of chip val ue lfeRefat 8£Jde¢i tesathat Fecdivelzma v sgbgr dupeharebFignfltom
said bit groupgn %n%ngﬁ@ﬁﬁif%P%%r%%%&%n%E %%hu%.%%% a Qsignal value, where
and va ) y:

each of the | Q signa ues are determ ne

10 6. The method of Claim 1, wherein said selected at least
one pair of signal values comprises all possible pairs of an
In-phase signal value paired with a Quadrature value, and said
axis rotation in the plane of a pair of values is through an
angle that progressively increases for each pair of values.

15

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

pairs of signal values.

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

access codes.

9. A transmitter comprising:

25 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

30 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:



- 28- bit to synbol mapping that associates a nunerical signa

val ue with each possible pattern of bits in each of the subgroups;

axis rotation for multiplying any pair of the 5 nunerical signal val ues by
a multi-dinmensional rotation matrix to generate a rotated pair of signa

val ues; and addition to add the rotated signal values and the
non-rotated signal val ues corresponding t©™“&he sane axis to respectively
generate the |I-signal and Q signal values, where 10 the I and Q signal

val ues have a reduced peak-to-rnms rati o when conpared to the I and Q signal

val ues which have an axiss ¢ ellsiyalboof mappendegngesasiBcidbest hanstties] of
Caim9, further conprising: 15 a plurality of Digital-to-Anal og convertors
and filters tFat9Rdr VRéKSpY bEle s dtheopsibdnapaarer Qo §ade valars oé the
generate cont%gg&ggu éqe signals with a desired spectral containnent;

a plurality of quadrature nodul ators that nodul ate the 20 continuous tine
signals on to a cosine amxdssinetgaionerfohr equencyl wanve; sand pair o the

transmt wer_ anpl.ifier.that anplifjes the nodul ated cosine and sine .
o e R S Oh ek e S R T B 58518 That ke Be Lo

G aim9, whichd gyerpable 0frAREAL iJAd H B OREe ghlRde WSiRG ;Z2emne degrees axi s
rotation and in another node using non-zero axis rotation for reduced
peak-to-rns ratio. 3012adfhd iranemeddethef rokaitadosighedeivalyardabfogkeof

| Dput DIts comRE $8% a1 AR $21108 ATReL 0L AIHBOLRURROLRL! 3,18 BLX.
each containing two bits, the bit-to-sSyno pping°associ ates relative
nuneri cal val uespeattive ifyjogener@9e the I-signal and Q-signal values, where
10 the I and Q signal values have a reduced peak-to-rms ratio when
compared to the I and Q signal values which have an axis

rotation of zero degrees.

10. The transmitter of Claim 9, further comprising:

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

a plurality of quadrature modulators that modulate the

20 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.

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

peak-to-rms ratio.

30 12. The transmitter of Claim 9, wherein said block of
input bits comprises 12 data bits, the number of subgroups of
bits 1is six, each containing two bits, the bit-to-symbol

mapping associates relative numerical values to the four



possi ble bit patterns 00,01,10 and 11 corresponding to four-Ilevel anplitude
values of -3,-1, +1 and +3, and said axis rotation is 45 degrees in the

pl ane of a pair of signal values derived froma pair of bit subgroups
associated with two 5 perpendi cul ar axes of the conplex plane of the sanme
spread spectrum code. 13. The transnmitter of Caim9, wherein the
transmitter is incorporated in a nobile phote.

possible bit patterns 00,01,10 and 11 corresponding to
four-level amplitude values of -3,-1, +1 and +3, and said axis
rotation is 45 degrees in the plane of a pair of signal values
derived from a pair of bit subgroups associated with two
5 perpendicular axes of the complex plane of the same spread

spectrum code.

13. The transmitter of Claim 9, wherein the transmitter

is incorporated in a mobile phone.



