WO 03/ 085858 PCT/ US02/ 10227 1 METHOD AND APPARATUS FOR TRANSM T POVNER
MODULATI ON | N A W RELESS COVMUNI CATI ON SYSTEM BACKGROUND 1. Field [0001]
The presewD 0308858 i on rel ates to wirel ess comruni cati ons. PCrIusoBaekyr ound

[ 0002] A nodern-day conmuni cations system nay be required to support a
variety of applications. For exanple, a systemmay allow for voice and
data communi cations between users over qa terrestrial |ink. One such
comuni cations systemis a code division multiple-access (CDVA) system
that confornms to the "TIAEIA1S-95 Mobile Station-Base Station
Conmpatibility Standard for Dual - Mode W deband Spread Spectrum Cell ul ar
Systent, herei nAfRTHODAND APPARATFUS FOR TRANSNMIPROVEER uch
systemis a CDVA systemthat conforns to the six-part TIA El A/'1S-2000
series, al sQICDURATION. INAOWIREDESS COMMUNICATIONs SYSTEM a-rat e
comuni cations conforns to the high rate packet data air interface
specification "TIAEIA IS 856", also known as 1x Evolution - Data

Optim zed (I XxEV-DO). [0003] A network that supports w reless data

communi cations serves data wi rel BACKGR pl e users. In some exanpl es,
the network may serve data to one user at a time. Sone users nmay observe a
transm ssion channel of good quality, such that they may receive data at a
high rate. O her users may observe a channel of poor quality, such that

t hey may r deBield dat a only at a lower rate. The observed quality of a
transm ssi on channel may change over tine, such that a user may receive
data at different rates over corresponding different periods of tine. WO
03/ 085858 RAIVIYSO2Thep@Fent nve0Bo jelaeptoprireens cemsnuniegtionny be used to
nmeasure the performance of a data conmunications systemare (1) the
transm ssion delay required for transferring a data packet and (2) the
aver age throughput of the system Transm ssion delay does not generally
have the sgEBidKgaéind N data communications as it does for voice

[0002] A modern-day communications system may be required to support a variety
of applications. For example, a system may allow for voice and data communications
between users over a terrestrial link. One such communications system is a code
division multiple;access (CDMA) system that conforms to the “TIA/EIA/IS-95 Mobile
Station-Base Station Compatibility Standard for Dual-Mode Wideband Spread
Spectrum Cellular System”, hereinafter referred to as the IS-95 standard. Another such
system is a CDMA system that conforms to the six-part TIA/EIA/IS-2000 series, also
known as 1x. Another CDMA system that supports high-data-rate communications
conforms to the high rate packet data air interface specification “TIA/EIA/IS-856”, also
known as 1x Evolution — Data Optimized (1xEV-DO).

[0003] A network that supports wireless data communications serves data
wirelessly to multiple users. In some examples, the network may serve data to one user
at a time. Some users may observe a transmission channel of good quality, such that
they may receive data at a high rate. Other users may observe a channel of poor
quality, such that they may receive data only at a lower rate. The observed quality of a
transmission channel may change over time, such that a user may receive data at

different rates over corresponding different periods of time.



conmmuni cations, but nevertheless it may be an inportant netric for
nmeasuring the performance of a data conmunications system For exanple, a
| ower trawemBH8Iissh delay nmay lead to a greater potential PCOrUSOm10297

real -time applications. The average throughput nmay serve as a neasure of
the efficiency of the data transm ssion capability of the comrunications
system [0005] It is desirable to maxim ze systemthroughput. This
criterion suggests that at any one tine, the user observing the best
channel qual0004] shdiwa pheansery dtht hiowbw esed itd mdasural the pdﬁfshnahba)fta)dhm

fair, so that a user observi ng g or channel egaélal i ty%v% served
occasi onal | SPTPBRIEE]ONSTF P AE( &‘e A0S RpISsign lelpyetequire rdW‘ &%Tangr ‘aflétamay
be detri menfaked thd @)athe ¥ 2EE iR Uhe sgﬁeﬁ C’?lsd‘ﬁsmgfo‘ﬁ (%fgéfyafi@és\’\mt

serves data to one user at a tinme, 'serving a user at a |ow rate nmay
pr event thegenetahkyr ha‘fer cthw s&amcl MYPar & eﬂataa cbmmwmmnbm ags@r dosserfort tveicsane
period of ti ]S ‘%%g data ra Theref ore, .\Algileit .is

desirabl e t‘bor%@ Wgatéﬂnls P% Pleph g IPB)‘ Sa%“alrﬁPorFaé‘éﬁet’aﬁ g5 MsAsHring they o
al so desi r afdiyrinBnceS6f M%a@ﬁ@&nﬁﬁﬁicaﬁbn@s kG G@fraxhahfe, SldWPRanshReRBAl A

transmtter according to one enbodi nent of the invention includes a first
gai n el emendelanehay lead dhad gradtar epentalt for Tisimgf nealstumgaapph@ﬂt@n*entThesaverage

27 ot g AanPly AR i R Br B Shkidae) GRRR R BuofRiPia '

el enent is @iﬁﬂéb@ﬂfrﬁdicaﬂ@hs@?gtaﬂ]ged to nodul ate the radio-frequency si gnal
according to a second gain actor to produce a second output signal. The
magnltudeo goth facﬁors varies over time, with the magmtude of the

second gain ()p 2k or ‘i/‘érdﬁll??@ eo’\?éPa’F% SHPtEm theaygpyt. (This Grieripyseericthatatt he
first gain aAfeQime d\der ERIANE iR dylfiy sABRAYL Bk MBS we0G] e 2

val ue generat'or WO 03/ 085858 P I gure arranged to
gener ate t his ajsmi desiraide do be daid/sorthatnt esen abserving iaguooe dhamd] qealitpmgit dtill be

radi ate si gnal s, based an the first and second output signals. [0008] A
transmit t er SCRYESAG? Sﬁ%}"aﬁéf anot her enbodi nent of the invention also includes
a first.gain element and a second gain el enent. As above, the first gain

el enent is @OO6) JuNBHoRAThtay, RPERS atReMALoA! 8atd ritB A, bd BGHBRANI & @ha
according tsoyst%m throughput. In a case where the network serves data to one user at a time,
serving a user at a low data rate may prevent the network from serving more data to
another user over the same period of time (i.e. at a higher data rate). Therefore, while it
is desirable to serve all users waiting for data at least occasionally, it is also desirable to

serve each user at a high data rate.

SUMMARY

[06007] A transmitter according to one embodiment of the invention includes a first
gain element and a second gain element. The first gain element is configured and
arranged to modulate a radio-frequency signal according to a first gain factor to produce
a first output signal. The second gain element is configured and arranged to modulate
the radio-frequency signal according to a second gain factor to produce a second output
signal. The magnitude of both gain factors varies over time, with the magnitude of the
second gain factor varying over time with respect to the magnitude of the first gain

factor. Other implementations of this embodiment may include a value generator



first gain factor to produce a first output signal. In this case, the
second gain elenent is configured and arranged to nodul ate the first

out put siwpaB/ossssording to a second gain factor to produeeTassroned out put
signal. Again, the nmagnitude of both gain factors varies over time, wth

t he magni tude of the second gain factor varying over time wwth respect to
the magni tude of the first gain factor, ,and other inplenentations of this
enbodi ment may al so i ncl ude a val ue generator and/or antennas. Transmtters

and ot her -gpRafat Bsd affBidHA0S, Bt Wil Qi FARERIANG dntenhiy thiefguesbad ment s
are also disclosed herei n R%EF DESCRI PTI ON OF THE DRAW NGS [0009] Fl GURE

1 shows a latreegeddp sastiatasighals hesedanche &rss amg secrpd gutpyt figedlent | ocati ons but
at the same radial distance froma transmtting antenna A10. [00010] FI GURE

21is ablo gr e o]
the "1 nvent LN T 008 Ttptub AR RiinbClo, HIBERASuDtrk Coff fhe HARLAAI Y 102
of transm Eﬁc&lﬁdel@flrst[gbﬂﬁbﬂa]mdﬁt GhiRE éedoﬁd gzal eleknedt agksaabafe, dre first gain

i npl enentation 200 of transmtter 100. 00013). FIGURE 5.is. a bl ck di agram
of an i npl ElEkNALS GRligeedgpd @H&ﬁ*&%’ﬁ?ﬂ%?dui%m @é@ﬂﬂf}mb—‘ﬁ@}é@%wﬁ NS0 ock

di agr am of (ffﬁé gﬂ?g?o}tc E&df'gfs?ﬁg#ﬂ?m 18 }ﬁmg'tﬂg%coﬁafﬁﬁeelérﬂé’rﬁ@ I-on.

[ 00015] FI ra n |rrp enentation 157 of transnmitter
150. [ O000Z16hfiguréd il Srranged t0 Inmdulaﬂe tor finst oftpetrsigmap heqoeding ttd orse BT gafn

transm tter 150. WD_03/ 08585 PCT/ US02/ 10227 4 000 s. a bl ock
di agr am of f&HOT {RPTeANGF: & SFHR éb’éP‘BfSI il %rﬁa’tnt' dhe ‘ieo‘btjol%ﬁ “Ciﬁﬁf? o0 is
a bl ock digg @ﬁ%&éfr 1k, WiR BRERSELAS oi’r@}{% Rtodd pa8 rfhét&xe&arii(a@ ovet 806 Wikh '

FIGURE 11 is a bl ock diagram of” an inpl enentation 450 of transmtter 100.

[00020] FI @REct1® the laagnltmdk oi tag rfirst gdin dfactap pmdaether maplemaniabens algthis an
enbodi nent of the | nvent

radi‘ation [FRACGIHEN [WOQ ]) lﬁ(fl ah §m§|§a§f)ra§rrlgg§1r o?tgt“ﬂagr ?’g}sa%émﬂte%o i} ned

coverage ar@as Afpatalis, &ﬁétﬁﬁd&a%nﬂmysﬁﬁlsambtcﬁﬁg it® fusthermembodih@nisnakaslses of
appar at us A100. 00023] FIGURE 15 is a diagramof two conbined radiation
patterns. disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGURE 1 shows a block diagram of two receivers R1, R2 at different

locations but at the same radial distance from a transmitting antenna A10.

[00010] FIGURE 2 is a block diagram of a transmitter 100 according to an

embodiment of the invention.

[00011] FIGURE 3 is a block diagram of an implementation 102 of transmitter 100.
[00012] FIGURE 4 is a block diagram of an implementation 200 of transmitter 100.
[00013] FIGURE 5 is a block diagram of an implementation 202 of transmitter 100.

[00014] FIGURE 6 is a block diagram of a transmitter 150 according to an

embodiment of the invention.
[00015] FIGURE 7 is a block diagram of an implementation 152 of transmitter 150.

[00016] FIGURE 8 is a block diagram of an implementation 250 of transmitter 150.



[00024] FIGURE 16 is a block diagram of a systemincluding nultiple

i nstances of apparatus A100. [00025] FIGURE 17 is a block diagramof a
syst em SIWO0 0a0gw58li ng to an enbodi nent of the invention. PC@AGAG]021 GURE 18
is an illustration of a forward link signal. [00027] FIGURE 19 (10) is a

di agram of the cunul ative distribution function (CDF) of the SINR
distribution in a typical hexagonal cellpylar layout. [00028] FIGURE 20 is a
di agram of a conbined radiation pattern.” [00029] FIGURE 21 is a di agram of
a conbi ned [00¢li73t | BIGURE!%ik ra.blcﬁcﬂtaﬁag}hmaf@nlﬁiﬁppé&ehmanBDOQRtrdmsagrtams@f an

i npl ement ati on B102 of base station B 100. WO 03/085858 PCT/ US02/ 10227 5
DETAI LED DESCRI PTI ON [ 00031] The word "exenplary" is us (g xcl usi vel

herein to rB881seFIGHEEAD iaa blackhsgram Oifﬁgﬂléﬁlé@en@Flo’il I4$ QFV?J’LSFBW“ Oﬁny

enbodi ment, inplenentation, or application described herein as "exenplary"
I s not necq&@«?ﬁ]' yﬁ@uﬁﬁ 1quatbg)dr&cin@%%mﬂro%ﬁhﬁﬁl@nﬁﬁtauaﬁug@hﬁ@ﬁﬁﬁﬁtm@o ot her

enbodi nents, | npl enentations I cations 0032] It may be desirable
to increase diversity with respect to observed channel qual ity among
receivers t[ﬂ&QZOdorrﬁL(B\UBEt &2 \ib tah block rdiagraint ok an (appgratust Ad 00 eacorrdiogs sy an

w rel ess dat n For exanple, it may be desirable to alter
the di strleﬁﬁﬂw yer&n?gai ated by a transmtter over tine with respect
to space such that receivers which are simlarly situated froma

transm tter[ppoR1d r BHGBREMIiea didpham 8k cosbinka kahidtion wittetat ed from t he
transmtter in an angular direction, observe different patterns of channel
qual ity variatiaon. E£00033ﬂ FI GURE 1 |ILustrates an exanpl e OL two receivers
Rl, R2 whi d90972 4yis & dipgrpRPirt DTSRI APRTPESCATP R 21 g PUIARARS LY ng

antenna A1Q,; ﬁcz{t i Ry lE‘?r‘fs d&gsop@?a%msfﬂ@ntly situated from antenna

Al0 in an ang Irectio e difference in path loss is

i gnored for thls exanpl e, each recei ver observes the sane channel quality
f rom ant enrf@0023%) aFIGHRBEOt ek diagramwé twatombined radiation|patternsase  where this
observed channel quality is relatively poor (e.g. because the radial

di stance | S[00024] FIGURE 16 is a block diagram of a system including multiple instances of
apparatus A100.

[00025] FIGURE 17 is a block diagram of a system S100 according to an

embodiment of the invention.
[00026] FIGURE 18 is an illustration of a forward link signal.

[00027] FIGURE 19 (10) is a diagram of the cumulative distribution function (CDF)
of the SINR distribution in a typical hexagonal cellular layout.

[00028] FIGURE 20 is a diagram of a combined radiation pattern.
[00029] FIGURE 21 is a diagram of a combined radiation pattern.

[00030] FIGURE 22 is a block diagram of an implementation B102 of base station
B100.



| arge, or because of interference fromone or nore other transmtters),
then a relatively long period of tinme may be required to serve data to

ei ther reweimsmsssss a transnmitting antenna A10. [00034] Pogsirhise2/aeant ages
of increased diversity are inproved scheduling algorithm perfornmance and
i ncreased systemthroughput. In a case as shown in FIGJRE 1, for exanple,
a greater systemthroughput may be possidhle if the quality of a

transm ssion channel from antenna A10 (e.g. the received power) is

increased for receiver R apDETAILID BESCRIPFFHQONver R2 at a different
time. If each receiver then sees a best channel quality that is, for

exanpl e, twi ce as good as before, data may be served to both receivers at
a hi gher r40@031&. gThelward §exdraplans peatsed exglusivey hegdin P gheanciserying ayaml it y)

in approximately the sane tine it fopk to,serve t.he .sa mount _of ..data to
each recei \?é?mp]r\%” f’ﬁ’ganﬁ%n(-’rd{li}léﬁr@émexm Smbf)%ng’ng’ﬁg}péerﬁnﬁaétfoé’ : g)r f P@hcs? Fﬁgﬁt er
may WO 03/ QRa8Rd AfeléiWSR2¢kRaplary® i hanasldssdrly i@ WRr cimatiedh prefeged &S
(e.g. toonly one receiver) at a tinme, rapid disposal _of serving tasks in
such manneradwanageohs ovartpther eabodineants, impleggniatipys, @aeRplicadeidst s from a
greater nunber of receivers (and/or to serve a greater anount of data per

unit of ti ha LW I - I f
on { of 1 g B i 0 T vt B pebcriamol o
110a and 1lphlifyeanone recei vl that comuamioate (RR)a siagsmittes (4.0. oRE mhworkl {810

may be generated within transmtter 100 and/ or. mayb ihputted or, received
fr om anot heVireless; gaia oporamypicAtionsy aﬁo’éféﬁﬁllpiﬁ y’tiW%Yg?f’eﬁfgﬁtb o glfer Sthgp g

S10 is ac hﬁ&iéﬁ%fﬁ%&?ﬁmﬁt@& %%Q?Jnéﬁnﬁfer%k/&rl?rhe K2t Bgpett (0 Parh@RBIhANd Q

(quadrature) conponents. For exahple, RF signal S 10 nmay include a carrier

si gnal t hatrecdigersrovhitlataeel sirsilarly st (onmsetratsnfitterk 8y ianegyliahuligrien, ot

schenme such_gs BPSK. (binary PS >SK (quadr at ur e,.PS - PSK, SK
(of fset QP erepily éﬁBétﬁ@rgo%xgﬁngr@,S%gﬂsﬁbﬁﬁl a@y%: n(gvcﬁﬁ%’l %%sgrvg gfa%ferr %g:
si gnal that akt§nﬁ%@gﬁ%@p%%?1%@timM (quadrature anplitude nodul ati on)
schene suchp as 16- QAM [00036] Gain elenent 110a applies a first gain

factor Gl10a to si %nal S10 to produce a first output signal S 110a. The
magni t ude d000FH f FIGURFailnilfugiretes apapiaseplevel; two feceivargikl.eRe mghich 1319

applies a Ss%%quﬁiy %?tiugtefdaﬁr%%r aﬁ&r%gidglgctﬁ&%l Rfanﬁf.ngcﬂﬁé IReMa0RY6€i2 a radial
direction, but differently situated from antenna ‘Al0 in an angular direction. If a
possible difference in path loss is ignored for this example, each receiver observes the
same channel quality from Antenna A10 as the other receiver at all times. In a case
where this observed channel quality is relatively poor (e.g. because the radial distance is
large, or because of interference from one or more other transmitters), then a relatively

long period of time may be required to serve data to either receiver via transmitting

antenna A10.

[00034] Possible advantages of increased diversity are improved scheduling
algorithm performance and increased system throughput. In a case as shown in
FIGURE 1, for example, a greater system throughput may be possible if the quality of a
transmission -channel from antenna A10 (e.g. the received power) is increased for
receiver R1 at one time and for receiver R2 at a different time. If each receiver then
sees a best channel quality that is, for example, twice as good as before, data may be
served to both receivers at a higher rate (e.g. during the respective periods of high
channel quality) in approximately the same time it took to serve the same amount of

data to each receiver in the non-diverse example. In a system where a transmitter may



second out put signal S1 10b. The magnitude of the second gain factor varies
over time wth respect to the nmagnitude of the first gain factor. [00037]
Each of ogwDr3esssents 110 nay be inpl enented using one or PEBIESIAOLRRYE

devi ces such as bipolar junction or field-effect transistors. Transmtter
100 may include additional gain elenents 110 that apply gain factors G110
to the RF signal to produce additional gutput signals 5110. In such case,

t he magni tudes of the additional gain factors vary over tinme with respect

to the magnidnu@é toffe@er thah alltredeivaisl @g. th @AD36]e fEhelvafagn attlmte rafid disposal nor e
of gain factors G110 may vary periodically For. exanp one or rmre of
t hese magni® &%én%ﬂ?ksv%ilr%‘/m&@@@%f Y aldovy ﬂ%‘i ERsBiden to Sﬁ%ﬁfﬁld?@ﬁe‘[ll?sﬁ Q% s ( (ot

+ 0), whereg, eitﬁlzlluhﬁ of réc%l\%lrg‘)@ﬁ%} waed ﬁfé?feﬁ' Qfhou 1?1”& did r%mt of time)

pr edet er m ne ase of fset va nctl 0 I n sofe
exenpl ary thmpbthela\tlse)ns t he | ongest such period is |ess than five seconds,
and the shortest such period is greater than ten mlliseconds. In one

parti cul ar j 0.a ste T has a val ue of
from one tdw@)#] H[) ﬁ}.{% ?tsrﬁﬂﬁ Egﬁlés‘f% rﬁ% mﬁﬁb /?‘f§%’§1§§y
PCT/ US02/ 1%%70duﬁerﬂ‘?ff'tﬁ’@nﬂ@ﬁt%1pt@&n@lérﬁ’edﬂ@ymaaan‘dai 108 19&ivd8 rafisleeq@incy tine
constant of a forward link scheduling algorithm (as discussed bel ovx/é

4

[ 00039] | n R&Dreighalp? WhraRE sighalrfsl0 reatebegenemied withigaransmifter dPQ awl/opmg

| ex- I h
(o0, “pert dapage §tecqiis BB Gofler BAPe Ao RO kP F sl PbMFL I fkEnEhAN e

of the gai IRFGhAIS$I0 & BcdiNplex-Falued hﬁ)dglatddlmdhyér, sigiidl hhviag Alasghaeé) aid @ east
one of the gain factors varies over tine. [00040] In sone applications of
an i npl ener{ﬂamdr@tnreafcomam t Ferexample REgignal oG gay| mﬂﬂ%ac?}@ﬂ Haaal ghat

Ll 0P b § AU RS Sl o, et

f act or toaS|gn egameerrens
GL110. [ 0004bjnafy PERY, QPSK((qBachatbfe(RSK)j iSRS 16, 0roDQREKI (offser@PSIS). i hnarib(fhbrof

transmtter 100. In this_j tlon,vaJue enerator, 120 t he
gai n fact orsa@piey RF VgpﬂeS]é)enR’éYé‘P‘g? le 3 garmigy signg) E‘Salﬁo‘iﬂﬁqegd‘s ﬁéﬁ\ﬁ

logic ci rch’(gﬁac(rﬁtugz afifidd ¢ AdehibHRemEbRABRUS-GXREUL I Ng a sequence of

instructio cul ates one ‘or nore of the gain factors accordi ng to
one or nore predeterm ned functions of time. Alternatively (or
addi ti onal |99036lal Geimelement bi0akppligsen/fiishgdin decteonfel Kla tosigmal Hiktgpredisees
that store a first output signal S110a. The magnitude of the first gain factor varies over time.
Gain element 110b applies a second gain factor G110b to the RF signal to produce a
second output signal S110b. The magnitude of the second gain factor varies over time

with respect to the magnitude of the first gain factor.

[00037] Each of gain elements 110 may be implemented using one or more active
devices such as bipolar junction or field-effect transistors. Transmitter 100 may include
additional gain elements 110 that apply gain factors G110 to the RF signal to produce
additional output signals S110. In such case, the magnitudes of the additional gain

factors vary over time with respect to the magnitude of gain factor G110a.

[00038] The magnitude of one or more of gain factors G110 may vary periodically.
For example, one or more of these magnitudes may vary according to a sinusoidal
function [e.g. cos(et + 0), where ® = 2n/T, T is a predetermined period, and 0 is a
predetermined phase offset value or function (e.g. of time #)]. In some exemplary
applications, the longest such period is less than five seconds, and the shortest such
period is greater than ten milliseconds. In one particular application to an IS-856—

compliant system, T has a value of from one to two seconds. It may be desirable for the



precal cul ated val ues. [00042] FI GURE 4 shows a bl ock di agram of an

i npl ementation 200 of transmtter 100. Power anplifiers 210a and 210b

i ncl ude gapr3essaents 110a and 110b, respectively, as degcmiusezii@bove. I n
sone applications, one or nore of the signal paths in transmtter 200 al so
i ncl udes one or nore other processing elenents such as filters (which may
be ceramc, cavity, or surface-acoustic-ave filters). FIGJRE 5 shows a

bl ock di agram of an inplenentation 202 of transmtter 100 that includes

val ue gengiesivdpathdieter] DAO4A3Ye kivaluRontths lvoder & biioekcodstagyr afia éérward link
transmtter 150 accordi ng, to _another nbodi ment of the invention. In this
ar r angenentSchesiing algortin (afgbsc,u%sggﬁglggv?RF signal S 10 and applies a first
gain factor G160 to the RF signal to produce a first output signal S160.
Gain el em?r[bodab? I B S6HE SmblehRhtaBBhd Wne Tr RGe o215 Areord P 1085e RoAPEI0T
gain factor G 170 to output signal S 160 to produce a second out put signal
S 170. WO 03he85888tHe@hasiSoP sudh2@iin fRtqro@tMAyarFavhr tiedaign petfiedieatlyy 160,
170 may be inpl emented usi.n ne_or re active vi ces,.such. as bi pol ar
junction or°PfiSef H@Pﬁ@@?&“?&’n@? SPOY %ﬁqﬁ?%@%‘gﬁse?tdﬁg(ﬁ%gfcyoﬁbsl %8%“59am
addi tional (g3l ihis) SARINhS phitalof aPBhst o8bNthE 2aiInTastotsOvaties Steraitiput signal S
160 to produce additional output signals. [00045] As with gain factors
G110 descri bed above, the magnitude of gain factor GL60 varies over tine,
t he nmagnit U804 gk some @pplicationd of amdmplemeptatign;f transmites 190 (g during

addi ti onal | I { f i [ 1

magni t ude AT IEAOAEEE el paf BY ok %, Q¥Renis TROMA M REESE abPadilf
vary peri odi gan fagtor lttn a Sigel thatnip hetecdiedd naotienef dre gur eemants G146t ors are
conpl ex-val ued, and the phase of such gain factors may vary over tine

(e.g. periqgdically one such. jnpl enent at.i on he  sum t.he magni t udes
of the gai ﬁgb‘g‘@t]or)glq}bﬂg %M%Piogg.d&gf% )?}1,lﬁlgi?ﬂneflf?zloﬂﬂg)éeoﬂfanﬁ?‘gpelreast
one of the @ai nif a6t ArplernkRDnOY8Tue tdefBratdr 00D Blodhfesaife LHRIMPARGY G110.
i npl enentation of transmtter 150, the nmagnitude of gain  factor GL60

vari es periGaiggérieyatas] Howay otcludg)an apkleg er digitsl gishrirsuit i@ uan arkeatof logic
di stingui shes one inst.ance of transmtter 150 i stemfromanother. In
one appl i cei?m?fﬁs, CFSHURK &ipHECE Rgl n}ﬂlﬁtéongfﬁﬁt f:glc'gl@f A e d By O? ktr}lee gﬁt;lr]esi te

azi mut h angh&off according to one or more predetermined functions of time. Alternatively (or

additionally), value generator 120 may include one or more lookup tables that store

precalculated values.

[00042] FIGURE 4 shows a block diagram of an implementation 200 of transmitter
100. Power amplifiers 210a and 210b include gain elements 110a and 110b,
respectively, as described above. In some applications, one or more of the signal paths
in transmitter 200 also includes one or more other processing elements such as filters
(which may be ceramic, cavity, or surface-acoustic-wave filters). FIGURE 5 shows a
block diagram of an implementation 202 of transmitter 100 that includes value

generator 120.

[00043] FIGURE 6 shows a block diagram of a transmitter 150 according to another
embodiment of the invention. In this arrangement, gain element 160 receives RF signal
S10 and applies a first gain factor G160 to the RF signal to produce a first output signal
S160. Gain element 170 receives first output signal S160 and applies a second gain
factor G170 to output signal S160 to produce a second output signal S170.



the transmtter's antenna or antenna array. In such an inplenmentation, gain
factor GL70 may vary as cos(cot + (p), where cp is a predeterm ned phase
of fset fuwotomBosssss tine t. [00047] FIGURE 7 shows a bl ockecditsgrammepf an

i npl ementation 152 of transmtter 150 that includes a value generator 220.
Val ue generator 220 produces the gain factors GL60 and GL70 and nmay be

i npl emented as descri bed above with respect to value generator 120.

[ 00048] FI GURE 8 shows a bl ock diagram of an inplenentation 250 of

transm ttefpoodd0. HReMaS @ifpkichieats P& 176ceby &e iaiplanintad gsiaf obd 60 mor
amplifies 1t to produce an anplified signal S260. Power anplifi 270
recei ves oantivatdesicgmsiich s hipalarduaeksn a5 f d'eff?Cttt@néﬁ%%c@ra&WWﬁllgéin?d’

signal S270..1.00049] Kl G 0 [ ' ' e YRl on
300 of tralsHt tagﬁgkfglog%gg%%rle%%n%@ i %i"éeﬂ' %(ég'l%h%?dgggsft iog%utg%‘ gai n el ements
160 and 17fodi@sfRaidndbobytputasignatiescri bed above. In some applications, one
or nore of the signal patF]s intransmtter 300 also includes one or nore

th i | t h i | i ch be WQ 03/ 08585
BT Lisba) 109098 o Asermadh £2in GarIoreys1 15 ARt 8D T FOEWALS 1 UL Fy0r
Anot her | ”&'186%5]&%%&&9&, the wgﬁgh&et & %%p{%c{di‘ ¢ 190§ End/&f tHE oHIRTRISS O tiR20.

[ 00050] One possi bl e advantage "of an inpl ementation of transmtter 150 is
that gain ad&ligombiaihGlernerds,af agdwaricnoydritiniewitl 6espeet 9 1e magnipulepf gain

preexi sting co ent of a syste In such case, the transmtt be
constructe CWE&&)@HS Bt OO ?@’66%8}%““ i 0y Haryoﬂ’)fn&??ﬂsl&gﬁ%’l 8 5 the
added conpgpsBhRniaBots, ool nfdr BRM fadi6ts A8 dofipldxoviiied, anPlthd piise 27 Quehr

320). Alternatively, gain elenment 160 and/or power anplifier 260 or 310
may be repgaioddctors may lvary evasttang (§-9omsiopicRRy)onk apfh PYhaimmiemeniationg Mgy t t er

as disclosed herein is rt.qf a.b j I r
wirel ess cOHh? itléea?]?%rﬂgfd%f—'f# algxgdalr%lpﬁéforﬂfzé {:o?%%ag%fq{.? e@%y‘ﬁ hgéhé%g%sg%ggpa
base stati @astdRITERI Meh fRASS 0iriedesessmboi nt. Such a cel lul ar system may

conformto one or nore of the 1S-95, |1S-2000, and | S-856 standards
referenced above. Receivers that conmmuni cfate wi,thhf#cg]a trapsm tter may
e ’

be i ncl ude@WHPhi nincry exeaRplary jERIREER AN PalFansBH Y| ¢ RAgULEde Rl 8 Thal s,
portabl e digifalg@gsy, &“@gﬁ&go as &gstﬁé-eg)/%()'{rm&%ne (€ 20 ph&RNAEEE efhat O

desktop, | aptop, or noteb uters), an
distinguishes one instance of transmitter 150 in a system from another. In one

application, for example, the value of 8 is determined by the boresite azimuth angle of
the transmitter’s antenna or antenna array. In such an implementation, gain factor G170

may vary as cos(w? + @), where ¢ is a predetermined phase offset function of time 7.

[00047] FIGURE 7 shows a block diagram of an implementation 152 of transmitter
150 that includes a value generator 220. Value generator 220 produces the gain factors
G160 and G170 and may be implemented as described above with respect to value

generator 120.

[00048] FIGURE 8 shows a block diagram of an implementation 250 of transmitter
150. Power amplifier 260 receives output signal S160 and amplifies it to produce an
amplified signal S260. Power amplifier 270 receives output signal S170 and amplifies
it to produce an amplified signal S270.

[00049]1 FIGURE 9 shows a block diagram of an implementation 300 of transmitter
150. Power amplifiers 310 and 320 include gain elements 160 and 170, respectively, as
described above. In some applications, one or more of the signal paths in transmitter

300 also includes one or more other processing elements such as filters (which may be



wireless |local loop (WL) stations. [00052] Alternatively, the transmtter
may be part of a network access point for a wreless |ocal-area network
(LAN) . Rewoioso83858 hat communicate with such a transmttePCrRasobe2encl uded
wi thin PDAs, wi reless nodens, and/or other devices. In such applications,
RF signal S 10 may be nodul ated using a CDVA or OFDM (orthogonal
frequency-division multiplexing) schene.9[00053] FIGURE 10 shows a bl ock
di agram of an inplenentation 400 of transmtter 100. RF unit 130 produces
RF signal SEOmMiRF cawity, DBOsuriageapeustidevayeedidiarsy. t hAnothgre rifaplemenasiob awél

processi ng . gperat i . 0 ne .or nore s ans of data and/or control
i nformati oﬁragﬂgﬁt%g&@gﬁﬁggs (’%196361%76%85#%(8, cyclic redundancy codi ng, and/or
turbo coding), interleaving, puncturing, spreading (e.g. by one or nore

pseudonoi sg¢000583 ueOae ppssitflaiatvatalei oTGn imMngntAONTitRAgshRted 150Mst thattgihl sh
or other orthogonal or nearly orthogonal code) as may be appropriate for

t he parti c@lemensdpfapgior pawerpmphfier 26030r 3y may hs 4 preprisiingeranranest efhat
perform on F i i r el i on
Bnd modul aty ey ah SadHcoRt, BhRalsDiin SARLP Sy BHER by BRgfildrt Pl Hapahdhl
filtering. eAixdhpentjurpigaaktdt dici midedicotmpanans (d.gr g @lanmak Ud0 aindalr power
generator 120. WO 03/0 58 PCT/ USQ2/ 10227 10 [00054] FI GURE_11 shows a

bl ock di agr@HHRIGEr 32 Ph%?@neﬁﬁ%{?%%?ﬁ%”bﬂew%k‘%ﬁ fdéer posy amphifier 1Y GHes RF

unit 130 ?%‘ioﬁ&?&gﬁ{e@?iﬁbécfih%éhg}%té}ﬂ.d 220. RF unit 130 may also be used to
provi de si gnal 10 to or within a transmtter as shown in FlI GURES 5-9.

[ 00055] FIGURE 12 shows a bl ock di agram of an apparatus A100 according to

an enbodi (BMS1df Irhend applinatiom a trappaiiter ws dstlGed hakinde pag of rdrserstation  as

descri bed o2bov 1and an array. of two or agbre ntennap? iéo eacg ant epna 420

bei ng coupl®d FHUAL RSP [ ETEETS SOMIRYHFAICRS o F Of Framnle, g frppsgyitter pay Be o

exanpl e, apRarst ddadl Qtiom elatsteser bh@oBs MdctRI P, Sath Aednlfsh8Em may

i npl enent ati ons of apparatus A100 may incl ude ané of the inplenentations
8

y
of transni tpaioEMEp®ngOr 1HHE HE thecksc?3, B8 ROABoAnel ISp dapds rgferanspd BBE- may
have an omy dL: t.d 4 i j I [\ _ S
ot enont aty e &S hE Hmbn Sa AEMAANE e SRIAH A bE Ml willp a0y
posi ti oned satlc hs t dedlolal higlephomd] afdcess Padnhiaslss penatle i digitdr asdistahBasRDAS),
substantially_ overlap.
witeless modems (e.g. connected to desktop, laptop, or notebook computers), and/or

wireless local loop (WLL) stations.

[00052] Alternatively, the transmitter may be part of a network access point for a
wireless local-area network (LLAN). Receivers that communicate with such a
transmitter may be included within PDAs, wireless modems, and/or other devices. In
such applications, RF signal S10 may be modulated using a CDMA or OFDM

(orthogonal frequency-division multiplexing) scheme.

[00053] FIGURE 10 shows a block diagram of an implementation 400 of transmitter
100. RF umit 130 produces RF signal S10. RF unit 130 may include elements that
perform baseband processing operations on one or more streams of data and/or control
information such as coding (e.g. vocoding, cyclic redundancy coding, and/or turbo
coding), interleaving, puncturing, spreading (e.g. by one or more pseudonoise
sequences), gain scaling, and/or covering (e.g. with a Walsh or other orthogonal or
nearly orthogonal code) as may be appropriate for the particular application. RF unit
130 may also include elements that perform one or more RF processing operations such
as carrier generation and modulation (e.g. one or more local oscillators and mixers) and

filtering. Another implementation of transmitter 400 includes value generator 120.



[ 00057] Antennas 420 are physically separated from one another. In one

i npl ementati on of apparatus Al100, antennas 420 are separated by a distance
of a fewwoaasmesssgt hs of signal S20. For a carrier signal pefi/tiSomgueency 1.9
GHz (wavelength 15.8 cm, for exanple, antennas 420 in such an

i npl enentation may be separated by a distance of 30 cm (approximately two
wavel engths) to 130 cm (approxi nately eight wavel engths). [00058] The
conbined radi ation pattern (i.e. the distribution of radiated power over
space) of t {904} ayFIGURM &nlmaes 4 Block diagram ef abymplamentatipn 56 bfjradssittdranges

over tine. at. | east_sone .i.npl enentati ons o 0 r a ratus as
descri bed héﬁl)(gfhﬁt, mc@@?? 5? iugﬁéSﬁ%ngﬁgw%%ﬁlriqrs %h@aﬁ%&gﬂggnﬁt 2368’(38(??% gnal
as obser vedpatisedith bRIVEdH sigh® SR kOHSwANE althiBSiittRYs BoviPRai e B4y,

predi cted by considering that the individual signals radiated by antennas

420 interfere with one another constructively and destructively. Such
i nterferenc083] bFICEIRE d3sbows @ Hegkndiagieat okam apparatowAdNB aatartingftoeind

i nt it . . J. h | .
st buti osmBRifeRE bE S i RHO Aty TR10 BRI KGRSHARY s Hesgrited,
val ues of tdivgaint dnagtayr 6f tWdeOmIte MtEARE 428, shdvmtaing 4203wl ouplsihio
conbined radiation pattern (as viewed from above) at a particul ar nonent

of time. I noRheistha@Minyt sienpls P dhe Hpnsanitieint e anpla@ppmang3dH8 includes

PCT/ US02/ 10£.2 femi mm’ i oy ' t

antennas is cc?rr{gﬁ%e?feoganeg gli:lgqrt lgﬁqtéh]?%%e%%ggsr ?Q%@%ﬁ@ﬁﬂ? ﬁ)eglg&}‘l\%cg (liev%%'f(gfnge
of the conpthsiimplensdiaioasobirgnalitterd h@0 boh¥kasi desciiieddBEvel 3 | ndi cat e regi ons
of high field intensity (or "beans') and the areas between themindicate

regi ons of ield intensi or nulls'). As the gain factors change
over tine, tot%ﬁ%é]corﬁﬂ r‘i‘@ﬁn?%é’?ét é‘ﬁ}ﬁ haxe 2By ?l‘)nE‘i’i@E‘@té‘?ak g_r d: dirggtionals 5ad§l§ t hat
the transm saieaf) L€ 8RB SmpRiRhiatibn@ Th® AREVIMES H¥enfasidd LPARMYPrAGEIARD

w t hin range of apparatus A100 varies over time. [00060] A systemfor

wirel ess datg pesittangtcsuchothet (leeig radiatianl paiterns opsicede) ongy leashcubstentidlyer al
transm’ttergveirﬂ proximty. In sone such systens, a transmtter may be
coupled to an ary ay of antennas that is co-located with (e.g. nounted on
the sane tower as), and radiating primarily in a different direction than,

arrays of ajiesTias Amemplaed42® arot pRysidallgnsépaidted Strotnn oBea@Ridr] Caln Whe

several instances of apparatus A100 having _
implementation of apparatus A100, antennas 420 are separated by a distance of a few
wavelengths of signal S20. For a carrier signal of frequency 1.9 GHz (wavelength 15.8
cm), for example, antennas 420 in such an implementation may be separated by a
distance of 30 cm (approximately two wavelengths) to 130 cm (approximately eight

wavelengths).

[00058] The combined radiation pattern (i.e. the distribution of radiated power over
space) of the array of antennas 420 as driven by the output signals changes over time.
In at least some implementations of a method or apparatus as described herein,
variations in the power of the composite radiated signal as observed at different
locations and times may be modeled and/or predicted by considering that the individual
signals radiated by antennas 420 interfere with one another constructively and
destructively. Such interference may be considered to form a pattern of low and high
field intensity (e.g. a pattern having one or more beams) whose angular distribution

varies over time in accordance with the variations of the values of the gain factors.

[00059] FIGURE 13 shows one possible such combined radiation pattern (as viewed

from above) at a particular moment of time. In this non-limiting example, antennas 420



di rectional antennas are positioned such that the coverage area of the
antennas 420 of each apparatus A100 includes a different sector (e.g. as
shown i n WD@BRESSI8l) . [ 00061] The quality of a transm ssi orCthsonei22f r om one
transmitter in a system as observed by a receiver, may be limted by
interference froma nearby transmtter (e.g. whether co-located or in a
different location such as a neighboring cell). Such a situation may arise
especially when a receiver is located at or near an intersection of the
radi at ed patloaimdreefiohdlcard e distantebaweanthesn asefras gs camideradareghigibledn of

LT anam { & aomRayisph VG EiecidChNe FHES oA O REIEF SIREher e HapSrP ¢ or
Fadi atod’ pRIRETB iR IR (BRI AP (RS ol e e e ™15

r epr esent sthehicihdidate @ugiond ofribty fledd ttermity &ali ‘uslls’hbepo e in fstarhehange Vi ty of
exanpl e, S, {terhomaLFisBon s (agers, & roaies) ad bat R apiga o us
Al ter nat 1 vy e B e o out bt o

appar at us #dr¥3d over thmecase where the gain factors have constant (and
possi bly equal) phase and a total magnitude of one. [00063] In

applicatio t jnclude.nultiple ins f r at

i nst ance o&%gb@gr a(lf i StﬂTOEPrerel\B/Sgr ‘;i/at? t"é’%?@gﬁ%a?ﬁ"%‘ 98%%? %@g@}tg ' Sftr%lﬁgin%a er
random y ofycliiic W Q31 RERERESe PG préxdRit0 22 fomd Sucty sictentsn asransmitter neygect to
ot her instances of apparatus A 00. In sone suc{;&%ap licati

. ( ons, each
i nst ance ofoupishioznarrax1gEniganascibas is §olpeatrdyvit OYIy B‘éﬂﬁegﬁﬂe OVt the
other instances, | - | o166 thAdbahOfF RAbnas Bodsed A at ed
by the ar P ya ‘3}rag‘gﬁ@#%ﬁ%ﬁi@ggﬁﬁﬁﬁgﬁﬁgﬂﬁay bé pe*i odi c (e.l%.lﬁg )
si nusoi dal ofRf tt@hsmdtera  Ii ronanapplieatiopatseearal) instancgseofi epharatus VA 1R0Nhaying/ st em
that includes nmultiple instances qof agparatus AlQ0, ea}tc@lsi ngﬁt anc have
a conbi ned ditadioaeh HEHRS 28 ROBHONE éu_%]%l t e S8Rt Ot Y5 RS The ot her
| nstances. o} 4000l RidIRELERA difitldnPRRidial. dBbusin IGUR Bl nstances of
appar at us X 00,"" variations of the gain factors in nearby instances of
apparatus Al100 are synchronized. In some such applications, an output of
each i nst afi@96d] dPiparelity oAaGGnsmissios qhenwal -from one transmitter m a system, as

observed by a receiver, may be limited by interference from a nearby transmitter (e.g.

" whether co-located or in a different location such as a neighboring cell). Such a
situation may arise especially when a receiver is located at or near an intersection of the
radiated patterns of the transmitters’ antennas (e.g. an intersection of two cells). It may
be desirable to limit the degree to which one transmitter may interfere with the
communications of another transmitter. For example, it may be desirable in some

applications to limit the radiated power of a transmitter.

[00062] The dashed circle in FIGURE 13 represents such a power limit (e.g. a radius
beyond which the intensity of the radiated field may not exceed a predetermined
magnitude). In one example, this limit describes the effective or desired output of
apparatus A100 in a case where each gain factor has the constant value 0 dB.
Alternatively, this limit describes the effective or desired output of apparatus Al100in a
case where the gain factors have constant (and possibly equal) phase and a total

magnitude of one.

[00063] In applications that include multiple instances of apparatus A100, an

instance of apparatus A100 may vary its transmit power over time either randomly or in



controlled such that the nonent at which the maxi num power output occurs
for a particular instance depends upon sone characteristic of the

i nstance.wp®GO&BFs It may be desirable to coordi nate the vacratsoonme2pf the
gain factors such that when one instance of apparatus A100 is increasing
its transmt power with respect to a particular region of space, other
nearby instances of apparatus Al00 are g¢gecreasing their transmt power
with respect to that region. In some cases, such an approach nmay be viewed
as a proceggmchivisnd Wil regdecy t0OutRE ifseanben @6 dppheaind A190 pe e esoweed stsh
fixed receivers. [00066] For an application as shown in Fl GURE 14, tgg

vari ation applisationsasechoinatages pf agpagatey ALRY vERe IS HANIHt PARCHBABRSNAEN LY, i nut h
angle of t r . e Sned ; : 0. In
a particul gfth%aog%’?f lﬁgaer%g%v\eﬂ{r]&r%gg%g%ééggeby ongedo%%%%gﬁ%gﬁ%rgﬁaﬁgi&%%g%%ﬁ%ach
parti cul ar airfg tofin@enahs @p pactatinsandd Gbay dedesiodichédg.by striweoidilopdttewi g a

i - [00067] P(t) = Po (dBn). + dB) * ) - 0).[00068] wh P
e N VTR CORE A e
variation 'aﬁ'%agth% (1909each ih&aﬁtzedlﬁﬁ¥ hhvk & Rb&bhRESadibfién PANRH of At adngddoPy

anot her one e antennas 420 of each particular instance of apparatus
A100 may bédifftestrtypeed thy othheinsfanédsowi ng expressi on: [00069] P, (t) = Po, *
cos(wt - rp) WO 03/085858 PCT/US02/ 10227 13 [00070] where Poj is the

tapped tra i top r.(e.qg...as inputt.ed to [0y el 7

amplifier E@gkél gegg?@g’éﬁgplfc&%f’gs ﬁla&ﬁgggd%frgg{éﬁlef ltﬂlgltgﬁ %tgn&ft apﬁ\{}%ér)i%\é@bbver
time. In afaidnk @8RS AR Fhét6AhARarbly sttt ©f @ppdiaius iAs 06 elre syirtirdniaih t he
range (20-100% * Po, and in one exanple, phase offset function op has a

]Loer i od equdih seroe Brchaapplipnsions crarougrut pf eaghringtaracrd PR aTp e 00 B R Let
t . .
ot oo AR ABISH e AbpEree Bohe oty R lORE StieTaNC |

mai nt ai ned e powe e sig y one of the antennas
420 and t heapiewkr idfantd desends aporr othieadhachclryistinof therinsdncthe ant ennas 420 of
apparatus Al100. In such a case, phase offset function cp may be

substanti al | nstfant . such that m nor and/or. te rary .fluctuati,ons,in
the phase JQq%g?enE@’%@e S le(tg_cagr%qa& thBJ%B%%gpogftﬁ%é?ng Cg?ﬁséHc}bBlat
si gnal i ng) WehMBtingAREYr %gp;h%s Q€088 il YesRBStsAPdnsmit power with respect to a

particular region of space, other nearby instances of apparatus A100 are decreasing

their transmit power with respect to that region. In some cases, such an approach may
be viewed as a process that dynamically moves the handoff boundary perceived by

fixed receivers.

[00066] For an application as shown in FIGURE 14, the variation of at least one gain
factor may be based on the boresite azimuth angle of the arréy of antennas 420 for each
instance of apparatus A100. In a particular case, the power radiated by one of the
antennas 420 of each particular instance of apparatus Al00 is described by the

following expression:

[00067]1  P(t) = P,(dBm)-+d(dB)*cos(wt — )

[00068] where Py is the nominal transmit power; 0 is the azimuth angle; and dis the
peak variation in P(z) (e.g. 1 to 4 dB). In this case, the power radiated by another one of
the antennas 420 of each particular instance of apparatus A100 may be described by the

following expression:

[00069] P,(z) = P, *cos(wt — @)



character of the phase difference between the powers of the radi ated
signals. [00071] FIGURE 15 shows an exanple of such an application in which
t he conbwoedosmes at ed power of each of two instances of a@pparsat/ug2A100 is
greater in sone directions than the average radi ated power. In such
applications, variations of the gain factors may be synchroni zed between
the various (e.g. adjacent) instances ofimpparatus Al00. For exanple, the
radi ati on patterns of two instances of apparatus AL00 may rotate over tine
at the sanel080Il arwheed Bgiit yhe toppealt transinitt poivasr(e.di 4sfiaperdd tangin dement 170

elocities, and such_rotation ccur in the. s direction or in
\(;ppos: tle di Qregﬁvyeaﬁg?phfqeﬁ%(i)]gr Z%@ﬁ%‘?‘g(” {sephase iong?t?ﬁgCtW FlevVagas QVeTdEPer s

over tinme af.e . - 1k ' azi | e.of the,an a. array
(ocg. as i i pOaChgichih, R GRUG Bt P BBkHo Bt o B HHRa B
cases, the gaiin ohackamnplepphaas offpaduadtith AURE aFryioBequatabedn HecdrdédGHT.a
neasure of the average power radi ated by the apparatus over tine (e.g.
accor di ng tln anophee sehmplee phasatoffyetafunomorf ynbss @ndnstat tvhlkme sacke thas aicongthe
constant-gain case described above. O herw se, as shown in FIGURE 15, the
aver age poviiase diffeaencstis aapntaingd beiyveep thrppewer @f the syl irdiptaseby eaiebtheas
conpared to KBt I: b Rdi ndot t ed
cirol eq). (6005 152 00 e BPFLEEL ek Bl B GRHEE oF it Hfe ik 0"t

di fferent |appatatwsnsl®utIn such tivases pheserdftieafundiiod gnarybecuobamiappabadtus A100
may observe different channel qualities at different tines. In such cases,
it may be deshikasiminpp and{pptemponary Agoiations geiheephdset élfﬁerﬁnpﬁslwmdcuea;e.g.
receivers t] n I ity Js.ohserved.to be hi and/or is
xpoct od t oo BRaES ir 87 BRE, 8 et B B0 A 85 et APEL Azoo
may recei vechdedcer OF tieqihack diffefentebeiweer tHalfdWeassmhe rdithtédsignal$chedul e or
other initiating event. Such data nmay be received from sources such as a
storage el e or of. storage el enents_coupl ed to apparatus A100.

Al ternat i ved@w”s ugﬁéiﬁ%a Irayh D ABcerararie f oot @8t 2pphisalY KN swkish athet he

I nternet, v i V] P£100) .
In & oyst enriaed AURLERR o BHEIAT GonAtiites SADaEflshTo REGGIRSORE 5.
as shown i ndifec@urBEhat the avedme aadietet poleer InC40A apphgationsitveridaéms dfrthd faia t o

one or nore._such in%t ances f.or lg)ossi bl e tr.anszn’ ssi.on to. a receiver R100.
factors may be synchronized between the various (e.g. adjacent) instances of apparatus

A100. For example, the radiation patterns of two instances of apparatus A100 may
rotate over time at the same angular velocity, or at related or different angular
velocities, and such rotations may occur in the same direction or in opposite directions.
In one example, the variations of the gain factors over time are related to the boresite

azimuth angle of the antenna array (e.g. as in the example described above).

[00072] In these or other such cases, the gain factors of an apparatus A100 may be
scaled such that a measure of the average power radiated by the apparatus over time
(e.g. according to a preselected integration function) is the same as in the constant-gain
case described above. Otherwise, as shown in FIGURE 15, the average power
(indicated by the inner dotted circles) may be reduced as compared to that in the

constant-gain case (indicated by the outer dotted circles).

[00073] As demonstrated in FIGURES 13 and 15, receivers at different locations but
at the same radial distance from an apparatus A100 may observe different channel
qualities at different times. In such cases, it may be desirable for apparatus A100 to
serve data to respective receivers at times when channel quality is observed to be high

and/or is expected to be high.



[ 00075] A further inplenentation of apparatus A100 includes a data queue to
store data for possible transm ssion via RF unit 130 and antennas 420 to
one or mnOWO 0310888 vers. Such an apparatus A100 nay transmPCTA®OA1M22DM t he
data queue in sequential order. Once transmtted, data units may be
deleted fromthe data queue; alternatively, transmtted data units may be
retained until acknow edgenent is recei y d fromreceiver R100. [00076]
Data transmtted by apparatus A100 may include portions of data files,

i mages, Vi ggup74ITeSAARrRgs ANDO B eCive ¥k dReqEd fodRdeival RIOMBAJCONlingw@ia
pages, or other comunications. Apparatus Al100 may uniquely identify a

dat a t r anss¢hedilerort@her injiating evendr Jueh dirtpemarboaeceved. Ire) sQuicRYySYehsdsr2adi ng

code unique, to that r i i r i i A100
ises aspr Stk nel Of A bt shfhed sshls @bt BRBsERt w300, AMRAAWS, )
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packets of predeterm ned size. The size of a _data packet. var
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a data packety roaye Heta thaffioseidntest mbret suwhdinbtheces rfor possiigle (teangmissioni tega t wo
different tine slots). In these or other applications, a packet may be
mul ti pl exedegbeb8d0Qeveral parallel streams (e.g. where each streamis
transmtted over a different frequency or frequency band and/or is covered
by a diffenqesi7syal Rﬁuﬁhﬁﬂﬁﬁiﬁém&{tﬁtﬁ’&g@mﬁj afitus 8200 Yhchideh @gRRAGubO A6 Store
[00078] In one application, apparatus fQO is stationary, the positions of
the recei viersf®RIEGsbE tansreission appAhtng 13Dend AaterpainA20 4o Pnener more

environment _is expgcted t ' : P to
scattering r%%@:lveést'tglhc A1 4PR ﬁlgﬁ%fgeoﬁ%’?y&%nﬁg?%%@&&&# ﬁ%ﬁ?%%@?@rﬁfﬂ; Such
condi ti ons oi@y. HcE, tran@init@X¥adRh @nith May bei detdted Srohnthal dataoquené Witernatively,
installation (especially in a rural area) or in certain wireless LANs. In
such cases traappiiedidats yriGenaykg,resainafingih agknoy/lefeemepbisreqertediiitn LGUEF ti ne
according t he channel quality expected to be observed by each receiver
(e.g. as deterimined by the variations of the gain factors and the

| ocations of the receivers). [00079] In other applications, apparatus A100
and/ or one [00076)r eDatc ahnseritedRb0apparatus A100 may include portions of data files,

images, video, messaging information, voice or sound information, web pages, or other
communications. Apparatus A100 may uniquely identify a data transmission to a
particular receiver R100, e.g. by using a spreading code unique to that receiver. In a
particular application, apparatus A100 uses a spreading code that is a long pseudonoise

(PN) code as defined in the IS-95 standard referenced above.

[00077] Data may be transmitted as packets of predetermined size. The size of a
data packet may vary according to the data rate (or may be independent of the data rate)
and may also depend on control information included in the packet (e.g. source and
destination identifiers). In some applications, different portions of a data packet may be
transmitted at two different times (e.g. during two different time slots). In these or
other applications, a packet may be multiplexed across several parallel streams (e.g.
where each stream is transmitted over a different frequency or frequency band and/or is

covered by a different Walsh or other orthogonal or nearly orthogonal code).

[00078] In one application, apparatus A100 is stationary, the positions of the
receivers R100 relative to apparatus A100 are known, and the environment is expected

to be relatively constant (e.g. with respect to scattering and attenuative phenomena).



may be noving, and/or the environnent may be expected to vary. In such
cases, apparatus ALO0 may serve data to different receivers over tine
accor di ngwoe3pssssgchannel qualities as observed by the re®erusSny102bh an
exenpl ary application, nobile units that include receivers RLO0O transmt
i ndi cators of observed channel quality (e.g. over a wreless reverse
datalink) to one or nore base stations 'i{sthat include instances of
apparatus A100. [00080] FIGURE 17 shows a bl ock diagram of a system S 100
accor di ng tSuchrconditivaslinmgnboldf fdrhexamples rihiowireBss éocal dapo(WBLDGnstalkationes

appar atus A100 and.receiyer . BR100. Mbbjl e ' 00 includes recei R100
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unit. Likewse, it may be desirable in a particular “inplenentation to
i ntegrate regpeitedto Rl 0Dscavad by aashmicteizer (E10 @ idateominedimythe variptonscedi the ng

unit. [00081 he term forward Jjnk' refers to a transm ssion froma base
station to %h%gafﬁors ?‘Rfﬂbeiﬁfﬁ??lég (P;ﬁ‘“frsef’elé{fzfa ‘the term “reverse link' refers to

a transmission froma nobile wunit to one or nore base stations. I'n sone
systens (e.[go079F- 9 o8P labpiidatiols tpPBmatus AT0VaRdlol bk of M@dE FbcEpveRIR100CUr
over a frequency band or set of bands, and reverse link transm ssions
occur over TRayibefrepeng, apdAQuEecSRVRBRCB MaxtbeoeXnesisdsto YOPOSHT such ¢ages-t i on
to the exa e i I . I

direct ed t OPRANF & Lo RRHER" ¥ 1 RBE Rk B Pk L SE R prciphl
mobi | e  unidualidesgas ebseagdayt thgecweiaie dibyn axamgilatyr apphiestica, nafbiile runits that
application executing on.  pobile unit MO0 ossiply received by base
station BLODCIEfRIFREIEY B0 HEmsMitsndicatory ot ogafgéecgf}imneh IBAEY &8d VR far ded

to a data %&éﬁ%gsk}ever%kt@z{tﬁlﬁﬁé VB! ¥ne RASRoR! BhdeORaRMROthalBYCINGS ShstShclaloR
I nmobi | MLOO.

directed to no e unit MLOO from anot her iInstance of e unit WO
03/ 085858 REPAESSA D227 16 [00083] In one inplenmentation of system S100,
nobil e station MLOO observes the quality of a transm ssion channel from at

| east one i ce station 0Q_and ransm t correspondi ng
channel " qudPPOgH RERGUREORT R84t ¥ black adR5y of hoSifit SDacREpRRRoLe of
station 131@thodRagatitRdindBfibnt Bashdfatibh W180 ivilidds @pharaths AMDDI dnd rédivier MLOO.
ma

Y BR100. Mobile unit M100 includes receiver R100 and transmitter T100. It may be

desirable in a particular implementation to integrate apparatus A100 and receiver
BR100 into a single transceiving unit. Likewise, it may be desirable in a particular
implementation to integrate receiver R100 and transmitter T100 into a single

transceiving unit.

[00081] The term ‘forward link’ refers to a transmission from a base station to one or
more mobile units, and the term ‘reverse link’ refers to a transmission from a mobile
unit to one or more base stations. In some systems (e.g. IS-95-compliant systems),
forward link transmissions occur over a frequency band or set of bands, and reverse link

transmissions occur over a different frequency band or set of bands.

[00082] In addition to the examples described above, base station BldO may receive
data directed to mobile unit M100 in response to a request transmitted by the mobile
unit (e.g. a request generated by a web browser or other application executing on
mobile unit M100, possibly received by base station B100 and/or by another instance of
base station B100 and forwarded to a data network). Alternatively, base station B100
may receive data directed to mobile unit M100 from another instance of mobile unit

M100.



observe the channel quality constantly, periodically, according to a
schedul e, upon a predeterm ned event (e.g. user activity), and/or in
response wo 0a/0838ahsm ssion (e.g. a paging nmessage) recei Pea/dSopm2ene or
nore instances of base station B 100. [00084] RF signal S10 may include a
pilot signal. In such a case, a nobile unit may transmt a channel quality
i ndi cation based on the observed strengtfy of the received pilot signal. In
one application, the pilot data conprises a sequence of all zeros (or all
ones). The [90083] silgmab implenmtatiodedt (ysteg SHHA, emzbilmi Mticm Mri®fetbsemven tat
pseudonoi s gugnce nd/ or _covered (e h or oth
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signal S10 may include pilot signal ursts that are nultiplexed in tine
with data aPREiTEmesAse)apceiyegrizom opepsmere ipstayces of bawwiation FHIOBURE 18.
Information in data or control signals nay be encoded such that only a

speci 11 ed rRKNCT 10796 00 EPELNEES QLMY 18600RckE o pRERELRRM! Y.

such i nfor receivers In
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into slots of a, fi duration. In a exanpl e, each sl ot ion
of 1.667 ni H’théhﬂ%ﬁdg‘ oner i}eﬁwnaﬂm 0L CRGFOMBBIAES &FoUEReE ‘J beeres émﬁ

bur sts may GRENT TAL pRLPAShATTANEE cbBSAld OMroaltiiilh B prttkferfhiMCbscudidhonze
exanpl e, each tine i'ncludes two pil bursts, each sixty-"four chips
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and the data signal are power-controlle I n anot her” i npl ementation, only
the data sinpaetusi 41¢dvisememethesl Temay be desirable for apparatus A100 to transmit a

pilot signal even when no data is immediately available for transmission.

[00085] A pilot signal may be transmitted as a continuous signal, or it may be
multiplexed in time with data and/or control signals. For example, RF signal S10 may
include pilot signal bursts that are multiplexed in time with data and/or control signal
bursts (D/C) as shown in FIGURE 18. Information in data or control signals may be
encoded such that only a specified receiver or set of receivers R100 may decode it;
alternatively, such information may be encoded such that all receivers in the system

may decode it.

[00086] Transmissions on RF signal S10 may be divided in time into slots of a fixed
duration. In one example, each slot has a duration of 1.667 milliseconds. In such
applications, one or more pilot signal bursts may occur at predetermined locations
within such a slot. In one example, each time slot includes two pilot bursts, each sixty-
four chips in duration, that occur at the end of the first and third quarters of the time

slot.

[00087] In one implementation of apparatus A100 for use in a system including a

pilot signal, total transmit power is controlled. In another implementation, the pilot



[ 00088] In one exanple, observing channel quality includes nmeasuring a
signal -to- interference-and-noise ratio (SINR) for each observed channel
(ot her chaiproalosigesal ity observations may include bit- or patlhsvz/enedpr-rate
measurenents). The SINR observed by a receiver is a function of the path

| oss, which for terrestrial cellular systens increases as r3 to r5, where
r is the distance to the radiating sourgge. The path loss may also be

subj ect to random vari ati ons due to nan-nade or natural obstructions wthin
the path enilhedriadidatasigeal afd@swer-acnimited.arkh anbthes implenteypiionl dnly thedel ed
as a |l ognormal shadowi ng random process with a standard devi ation of 8 dB.
FI GURE 19 dmawignahis PORRERMMEOIGHE: a SINR distribution that may be observed in
a systemincluding transmtters arranged in a typical hexagonal cellular
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[ 00091] whefe Rb repres nts the information rate on a particular channel, W
is the totmiredsenaiwi” dbh”,octeupi edthbyittdnee $0 theahdiatingl s@bte. oThe pathdossmeayyy per
bit over interference density that is required to achieve a given |evel of
per f or manc élsobgsulgetpirandont varipsions dg i Ban-g1ags aF nERY BPRYICHOTWMHNP db W of
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received pilot "signal. (Once data transnission to nobile unit MLOO begins,
further the random nature of the path loss, the signal with the largest SINR value may be

transmitted by a base station located farther from the mobile unit than another base

station.

[00089] Data rate may be related to observed SINR according to the following

expression:

SINR

1
(E,/1,)° @

[00090] R, =W

[00091]1 where R}, represents the information rate on a particular channel, W is the

total bandwidth occupied by the signal, and Ey/], is the energy per bit over interference

density that is required to achieve a given level of performance. For example, if the

radiated signal occupies a bandwidth W of 1.2288 MHz, and reliable communication
requires an average Ep/l, equal to 3 dB, then a receiver that observes a SINR of 3 dB

over a channel may receive data over that channel at a rate as high as 1.2288 Mbps. On
the other hand, given these parameter values, if the receiver is subject to substantial
interference (e.g. from adjacent transmitters) and can only observe a SINR of -7 dB,

reliable communication might not be supported at a rate greater than 122.88 Kbps.



SI NR neasurenents nmay be obtained fromthe data signal.) A channel quality
i ndi cation may be based on a present channel quality observation (e.g. a
SINK neaworaieiss§y as well as one or nore past channel qu&Cirtys02/10227
observations. A channel quality indication may becone inaccurate if the
channel condition changes before the indication is transmtted, and it may
be desirable to transmt the channel quagity indication(s) in close
tenporal proximty to the correspondi ng channel quality observation(s)

(e.g. withi[poom2g tidens |applicat1b909$iNRl fheasByBE@Nisi ciehived by dsspreadingrthene
i nstance of base station B 100, nobile _unit MLOO _may sel ect one Qr nore
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or receipt ¥ IC% "gif%ngh‘g%sle HRY cPﬁ(B“B]r‘ C{ﬁ? nSHHHR ?ﬁ %*ag%eqsﬁlé%‘ i%n B
100. [ooog%smgidrgs)qgu t with@QreRimd §lefpsm t a channel quality indication
using a PSK (phase- Shl ft keying) nodul ation schene such as BPSK (binary

PSK), QPSK adrature PSK), or OQPSK (offset QPSK). Mobile unit MO0 may
al so transrife0 ] pl @tsys;t,mgnacpludlna rapre thapereniasiensd ehbase station Al OPepobie Iink

channel

uring. i ¢ B o0 ol sty o brerahcst of BERGGH Bad bock B Falhh , O

unit MLOO rxayh ab est olssesvedt chanhker quatint. r @h amnémmmarquplémednﬁm oft ststemn BlOO
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observed channel quality. Depending upon the particular application, mobile unit

M100 may transmit the channel quality indication(s) constantly; periodically; according

to a schedule; and/or in response to a predetermined event such as measurement of a

high observed channel quality (e.g. in comparison to a predetermined threshold value),

or receipt of a transmission from one or more instances of base station B100.

[00094] Mobile unit M100 may transmit a channel quality indication using a PSK
(phase-shift keying) modulation scheme such as BPSK (binary PSK), QPSK
(quadrature PSK), or OQPSK (offset QPSK). Mobile unit M100 may also transmit a
pilot signal. In one implementation, the same reverse link channel carries the pilot
signal and the channel quality indication (e.g. during different time slots or different
portions of time slots). Mobile unit M100 may also transmit other control information
to base station B100 (such as an excess SINR indication that base station B100 may

apply to reduce its transmit power).

[00095] In some applications, both the forward link and reverse link data
transmissions occur over time slots. In such a case, mobile unit M100 may send a

channel quality indication in every time slot. The time slots may have the same



duration in both the forward and reverse |ink cases (e.g. 1.667
mlliseconds). Alternatively, data transm ssion on the reverse |ink may
occur at woloomesssglata rate, such that a |onger tinme basePomiusomae2be used
on the reverse link to inprove efficiency. [00096] In one application,
nobile unit MLOO transmits a SINR index that represents a quantized val ue
of the SINR neasurenent. Using nore bitgqgto represent the SINK index may
allow a finer quantization of the SINK freasurenment at the possible expense
of nore corgplfwnt ¥h BHHH Ohe MirRarldr ans NMessisONiKky @akwade.g Theoa7naeNissapdi)g may
be linear or predistorted. For a |inear nmapping, each increnent in the

SI NR i ndex Aliesmtivebhfata srapepiseiep On dRhigvETse Hak SAYFICCH! ¥newgheata Fiensic e, g.
2.0dB) in th . i r i . i ncr enent
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measurenent. For exanple, a predistorted mapping may be used to quanti ze

t he SI NR nm§eé0963 nehi orecapptitationt mebiie onilt M 100erandimsts i SINRI index tattepraser(tCDF)
curve of the SINR di striP ti as shown in FI.GURE 19.. 00097e]n h{lﬁ@mher
appl i cat i orf BTk VAUHRE © JEHERCRt, CUSRE TRUF iSSP teRresent on as
a data rat : Ie; ; t he SYRRE Y ; uest
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reliably sifippoetcomphexityadnal/aranerertegpamstsiomagvetizad. ditef mdexnmappingsnay he one
enbodi nent, . the request indicates the requested.data rate., | of her
enbodi ment 1MERe OF éﬁ%g%t?ftf’i %"rnﬁﬁﬂ’gﬁr &apgﬁ‘rgereae@ﬁﬂgfemtg?t énettheoﬁ synglgig’é t hat
i ndi cates thgefQ8dopdsshlimo MbRasSUYER @mstad amddeX (.9t ROEBYPE Rt SINR shed
table of data rates. In‘'yet another enbodinent, the request _indicates the
qual ity of ménsufeorentr dior ianRredistasied amapping, NRCh fiaesnenii #1¢ SINK dedexynay base
station B10Q0Q_ assess et er m t [ I at.e t . In a
systemt hatre]i)rﬁ%ﬁng3e(§?fﬁ£)ergteg{che§ﬁﬂonnn§ei ns aﬁ%gag%hgrg's eﬁcgrt egitalf.@%egé Igfg(glgt%?%d may
be desirablgagpiig mRRi beuskd to YllABize ahé ISANRNinkasarabannel matchlthé yuinothtivat i on

such that only a selected one or nore instances of base stat] 100 may
receive théilﬁft@émfumtl‘?ﬂ EAE)sueYs @ﬁ%@lﬂ%ﬁﬁ“@é‘@ﬁaﬁﬁ%@%%ﬁéﬁﬁgg station

B 100 is assigned a code (e.g. a_ Wl sh or other orthogonal or nearly

ort hogonal ég%@])] tﬂ{;\tan'bgleyggﬁmg , h{%@ﬁ{; I N1 00N Brandnfid ?rfécgl%aln%l hasy:

) itati ] 3
station Bl I'n"conmmuni cat i wth nmobile unit MLOO, and nobile unit” MLOO

covers t he indiantitel agjaadats yatendqueat.i dior wixamptchenatsite uio M E¥Dh onagli trapsedt 2 he
Sel et | oL, o 20 42RO 0 BRIRP e O TSR
code, such d,Bgbrt.0Mne 8418 rate request may take different forms. In one embodiment, the
request indicates the requested data rate. In another embodiment, the request is a
| number or other symbol or set of symbols that indicates the requested data rate, such as
an index into a preestablished table of data rates. In yet another embodiment, the
request indicates the quality of the forward link (such as a SINR index), which a

receiving base station B100 assesses to determine the appropriate data rate.

[00098] In a system that includes more than one instance of base station B100, it
may be desirable for mobile unit M100 to transmit a channel quality indication such
that only a selected one or more instances of base station B100 may receive the request.
In one such embodiment, each instance of base station B100 is assigned a code (e.g. a
Walsh or other orthogonal or nearly orthogonal code) that is unique at least among the
instances of base station B100 in communication with mobile unit M100, and mobile
unit M100 covers the channel quality indication with the code corresponding to the
selected instance of base station B100. For example, the symbols of the channel quality

indication may be exclusive-ORed (XOR) with the unique code, such that only the



WO 03/ 085858 PCT/ US02/10227 20 instance of base station B100 that perforns
the identical XOR operation (i.e. using the correct code) nay decode the

t ransm sswor3/08385& parti cul ar exanple, the uni que code i sPCa/Ufat/siz2rode 128
(one hundred twenty-eight) chips in length. [00099] In one inplenentation
of system S 100, nobile unit MLOO cal cul ates the maxinumdata rate that
may be reliably supported in |ight of thg observed channel quality,
guantizes this rate to an available (e.g. indexed) data rate, and transmts
an i ndi catinsmndefofttaks satian Bab) ehal pedomad the dderticaltdORedpegativini (i.y. usigj that i on.
In one such application, the mninmum avail able data rate |s 38.4 Kbps and
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measurenent in the system e process galn o the system the design
of any error correcting codes, and the desired |evel of perfornmance.
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applicatio | jneak.; i b 1 i LSE;
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nunber of - bpdrformeseed to convey the channel quality indication. In one
application, the nunber of available data rates is seven, and a 3-bit rate

index is us ' he channel quali ipdicaijon to. identify the reguested
one anong tlﬁggiedb&a HPPYigg 2 g[r??g‘ﬁfb’?}tt}éf ﬂpgwlgﬁerf%fae%ﬁtlﬁaﬁ rgﬂére RE %‘%&ﬂnel,
qual ity i ndigeRifyQRe FRAYedSl EdtRRSEDELREY als6 dUOH 8 hbire dFAEIcRNABRI the folwaray be
desirable to enSure a | ow f)l‘ObabI lity of error in the transm ssion of such

i nfor mat i onlink (¢.& doh te aswellermisntization erronbeyepmyhesgaidujatethmaximum data rate
and the closest available data rate). An increment between the available data rates may
represent a compromise among several factors such as the accuracy of the channel
quality measurement that may be achieved by mobile unit M100, the losses (or
inefficiencies) that may result from the quantization of the data rates, and the number of
bits needed to convey the data rate request from mobile unit M 100 to base station B100.
In one application, a linear increment of 3 dB separates adjacent available data rates. In

other applications, a nonlinear mapping may be used.

[000101] Likewise, a compromise may be made between the number of available data
rates and the number of bits needed to convey the channel quality indication. In one
application, the number of available data rates is seven, and a 3-bit rate index is used in

the channel quality indication to identify the requested one among these data rates.

[000102] In some implementations, the channel quality indication may be transmitted
redundantly. For example, it may be desirable to ensure a low probability of error in
the transmission of such information. In such cases, mobile unit M100 may apply an
error correcting code to the channel quality indication before transmission. In one such

embodiment, mobile unit M100 includes a rate (8,4) CRC (cyclic redundancy



error correcting code to the channel quality indication before

transm ssion. In one such enbodinment, nobile unit MLOO includes a rate
(8,4) CROvOmgo83Isss r edundancy WO 03/ 085858 PCT/ US02/ 10227 PRI/uShBoRSUM)

bl ock encoder that encodes a 3-bit data rate nessage into an 8-bit code
word, and base station B100 includes an appropriate decoder. As described
above, it may be desirable in some apphjcations to cover the code word
before transm ssion with a unique code corresponding to one or nore

sel ect ed i pR4RBGRP bRIckhaseddst thhi etoBesl @(B-bit (dak ene nwaspdgeciatd am 8-hiheodode
word includes an excess SINR indication.) [000103] In
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overhead may be realized. Other protocols to transmt a channel qualijty
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invention. [000104] |n .' Ei“': AIFNV o r@en(?m fge @
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an arr angeaftntpieqatdi@sehiglie@civerng thassems tatlieodats catel peevidusly eqedstidng
half of the tine slot to decode and/or. decover_the channeldr%al it

i ndi cat i on Reripdisetmsminsipn rith B08OREAT GRS I&@b_élll%"t’ e RIBEP oG e Ert go be
transm ssi %Pt Rla @?’:‘a’?{]@g froff GFRH Yifne dnﬁqn%i Rlgudd 01‘,9@9%?1!9 hé @R dtRnDf elifor dat a

is availabl'e an ransm ssion to another receiver is not selected). If
the next syegeds toefaulty reeepticots of selatite @icaencak). dn apapplicttioni verBkoET Bty
continue to nonitor the rever s§ l.i nk . channel for Gﬁ)ew cQanneI ual i “4

i ndi cati onsTMsPE g FRRENG thst T %tl‘é‘?/é?ffa%?fésf PolsvT ]r_eflﬂc 198 T S €atiMon,
mobi | e uni t MOQGHaARIMLE nfayChaRRAR ed UBtHeE YrdthEHlS 8 ir@fmit a channel quality

indication are possible and are included within the scope of the present invention.

[000104] In one implementation, mobile unit M100 transmits a channel quality
indication within the first half of each time slot. Such an arrangement may allow a
receiving base station to use the remaining half of the time slot to decode and/or
decover the channel quality indication (if necessary) and to configure apparatus A100
for data transmission at the next successive time slot if appropriate (e.g. if data is
available and if transmission to another receiver is not selected). If the next successive
time slot is not available, base station B100 may continue to monitor the reverse link

channel for new channel quality indications until a time slot is available.

[000105] In one application, mobile unit M100 transmits a channel quality indication
at each time slot during periods when mobile unit M100 is receiving data transmissions
as described above. In such a case, mobile unit M100 may or may not transmit a pilot

signal during the remainder of the time slot. During periods when mobile unit M100 1s



at each tine slot during periods when nobile unit MLOO is receiving data
transm ssions as described above. In such a case, nobile unit MLOO nmay or
may not twensmss& pil ot signal during the remai nder of wPh@/usomen2st ot .
During periods when nobile unit MLOO is WO 03/085858 PCT/ US02/ 10227 22 not
receiving such data transm ssions, it may be desirable for nmobile unit MLOO
to transmt a pilot signal on the reverge |ink channel, possibly during
the entire slot. [000106] In certain cases as descri bed above, nobile unit
MLOO t r ansmetsregeigingraueh datwa*hmmssiimi;i, damaprbet desbrable fot andbdle WBhitl B 00t

i ncludes a e data ra and bas station, BL0OO t ansmt data to
Im)bi :Je uni t{ﬂ?%léﬁgaai’l QLTEnALOR, tr‘é T a]f“j( ‘:rehé{"é‘%]’ E%SIE)WC(#H éé"e%ntlrf’ts %my be

unnecessary for base stati on B100 to explicitly identify to nobile unit
MLOO the raf0s0d6]t e coaiia dabNSdes&rid. aboRe, OfnbBile BRIP M R ir3fitsRAGRnaEIat | ON
B100 nay transnit at a rate that is different than the requested data
rate, baseddwity indicatigatterbase stationd 108shat incknday ai tegidsted: datbaate, sndabasen
B100 (e.g. e t. v I to tran bile unit
V100, ava 1 SHRPPIAE Baun B Hha 20 SR, IPMIDRI S ot Brld Bhtanl: "Buiieh
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to nobile u]mt MLOO over another forward |ink channel may be detected

by mobile uMilPONhDME phHe: dnda Ha@%mﬁ%l%s AR §4ieB APPHCIEPHS, bﬁmmtm Bio0 mpy
exenpl ary i t r | to
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pagi ng si gnthk remyrdee aeaitabbewd Kase gtatlsmrﬂmd (by. Quqmarshza; amatntpsfalacDmaiilable
sequence) or . otherw se, forna suc hat on the particular nobile unit
MLOO may i nPeFHIsEYt 14 mope “é“tsvgﬂg’rﬁ‘ﬁqléé’lel tFRHS ROV é‘nfl tPéﬁVl%‘F?éY 1$f&6ivgflce of
base stati OthaBndiOQualfPr BdicABIONEIS UG, dal&t atﬂgeddz@yrafe%@ aﬁv (?%Ct ed
to mobile unit MLOO and transmt a paging signal m)bl un|t 0
[000108] | ncosmimaniegipd ite anehgtes unib A &0G oaer omotﬁﬂroﬂarwm;d ek ehumet| atr amaly bect ed

to nore th ne,. i ns ance t._ MLOO, . may fransmt paging signals
to nore tha%teocgee ?%‘Ef%@g?ﬁqnﬁ)&dq aetr‘HﬁF’tlgs ,{fand/ or may receive
channel quality i ndl catl ons fraom .nore than one instance of nobile unit

MLOO. |n ori@06167) Gess, chassast ahblemefhion MBase SLAGCB100arMEmST £ pbfiberent

instances of npbile unit MOQ for data transm ssion from one tinme sSlot to
t he next. signal to mobile unit M100 upon receiving data directed to mobile unit M100. The

paging signal may be encoded (e.g. spread by a particular pseudonoise sequence) or
otherwise formatted such that only the particular mobile unit M100 may interpret it. In
a system that includes more than one instance of base station B100, more than one such
instance may receive data directed to mobile unit M100 and transmit a paging signal to
mobile unit M100.

[000108] In some applications, base station B100 may receive data directed to more
than one instance of mobile unit M100, may transmit paging signals to more than one
such instance of mobile unit M 100, and/or may receive channel quality indications from
more than one instance of mobile unit M100. In one such case, base station B100 may
select one or more different instances of mobile unit M100 for data transmission from

one time slot to the next.

[000109] After transmitting a paging signal, a base station B100 according to such an
implementation may monitor the reverse link channel for a channel quality indication
from mobile unit M100. Upon receipt of a channel quality indication, base station
B100 may transmit data to mobile unit M100 (e.g. beginning with the next available

time slot). If no channel quality indication is detected on the reverse link channel, base



[ 000109] After transmtting a paging signal, a base station B100 accordi ng
to such an inplenentation may nonitor the reverse |link channel for a
channel qwelowgssssaidi cati on from nobile unit MLOO. Upon r@ceiysb2/afR2a
channel quality indication, base station B100 may transmt data to nobile
unit MLOO (e.g. beginning with the next available tinme slot). If no
channel quality indication is detected the reverse |link channel, base WO
03/ 085858 PCT/ US02/ 10227 23 station Bl may retransmt the paging signal
a predet er giapeA BHLOVOBIayOfetrdahsiis - the Alal Fﬁfgnélgha/leii YpredeasenisddhumbeBb Qinnasy
receive a command (e.g. fromcontrol Cl00) to termnate the process
(e.g. becaudermtivelyebasesitigndd 08fmpareciye alcP@ﬁlaBﬂdggl om,rongrg 14049 on
with nobile unit 00 0 0 JF bj 00, may
request dat%eé'“r‘?aé%% s‘gsrl()%ér?g @%%&ecé‘%‘:’f grfoetﬁ?q I nga?gélgde}sbo tgfs?%ﬂjsrptl?to:v?)sn%Bloo
at each ti gBmehdicatién YHthasotitd waiit M@OBhannel qualities change). In such an
application, it nmay be desirable to coordinate the transm ssion of data to

nobil e unit MLOQ anmong the differ nst es of base station .
[000111] | AOQHAOE onenphigatinn. i ed%ﬂl%@ﬁ@ﬂ% regpest gﬁta tFPé‘tS'é‘}?é’é’né mﬁ%se

station f 0 00fat &afRtifnd [SRSEIeS 3k GBlati0e BRRIdee uNi t
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base st ati aoslitkkOchanpe)t Imlench fanesppliegtichatin mayahe rdesirdde thnOOECk@mgItbe
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i nstances gfjgpase station 13100 that have data directed to nobile un|t
MLOO). If robile unit MLOO then requests data transm ssion froma different

instance of base station B100 (e.g. in a channel quality indication
subsequent 1[00Q11dhshi paedych llﬁﬁlem@éwtlpﬂQfﬁé@nhﬁ}o%eﬁblrﬁﬁpﬁe Ghitage $1REPN have

not yet be smt tion,
the mow i natlfdREFs Bl o8 drch B lranghbilon oy HRRAE bt MRS ORI
t he nost recmot th@ﬁdﬁh@ apSpAge foessape aotatidrl i@staficesOE. baNet gatiatsi B0y thatt he

new i nstance may sel ect data units to transmt_ us redi gtive schenes
based on rigentifies thedaga H%nsﬁlﬁge‘évg?ra‘a‘@mcplleaﬁgﬁﬁtf%l@(5#68&‘5) gsb‘\rlr\ bPeEidat e
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station Bl
unit M100 (e.g. instances of base station B100 that have data directed to mobile unit

M100). If mobile unit M100 then requests data transmission from a different instance
of base station B100 (e.g. in a channel quality indication subsequently transmitted), the
new instance may send data units that have not yet been transmitted to mobile unit

M100.

[000112] In one application, the new instance of base station B100 transmits data in
accordance with the most recent update message from controller C100. Alternatively,
the new instance may select data units to transmit using predictive schemes based on

metrics such as the average transmission rate and prior update messages.

[000113] It may be desirable for controller C100 and/or base station B100 to be able
to distinguish data units (e.g. packets) from one another. In one application, data units
are identified using unique sequence numbers. In such a case, mobile unit M100 may
detect that a received sequence of data units is incomplete and may identify and request

retransmission of the missing data units.

[000114] In some applications, it may be desirable to limit the degree of variation in

the combined radiated signal of an apparatus A100. In an implementation of system



to distinguish data units (e.g. packets) fromone another. In one
application, data units are identified using unique sequence nunbers. In
such a cawe,03eisss e unit MLOO may detect that a recei vedprseqisence2nf data
units is inconplete and may identify and request retransm ssion of the

m ssing data units. [000114] In sonme applications, it may be desirable to
limt the degree of variation in the c i ned radi ated signal of an
apparatus A100. In an inplenentation of "System WD 03/ 085858 PCT/ US02/ 10227
24 S 100, forooerERhBpleda RUMBEF ofbhstities dR 68 iAW EOB(aat baive Be Pihay b0
“active set') nmay be "assigned to conmunicate with nobile unit MO, based
at | east i respigned mmumn@mrw;th mgbi¢ heiy MG, hasedaat depsbip PAHPY ghe ghiapnaly 00.

If the stren ived n v t dd
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report thi Sab@béﬁrp{&iet&ﬂmnéﬁnﬁdstﬂfb@md%ﬁiﬂ)emh peddeingimeldsiromyhreshokL; tmobitebi | e
unit MLOO to add or delete those instances of base stati ongﬂéoo to.or from
its activemieM100emezdepqis|this ohservation.i aRsl aHhsaquent GABIrol sigpaly Y diest rabI e
to avoid inducin tur t i

MLOO. [0001rE§'j’ﬁ %maﬁ%@% dii e E@%ﬁ%&%gﬁ@%‘éﬁ@@ﬁ%’bﬁ %ﬁf‘t MLOO
and one or achBé eetl Rspeneely. dh sbn&smlﬂéméntmnﬁlﬁmayme desirhblel¢o feed baluking

i nformation that supports .one or nore ntro ops (in a particular
exanpl e, RP bighhamograate je thepetve sit AT B9Rt ?BT‘“ ormation). In one such

| oop, base station B100 transmts information to control the transmt
power of noghfrsinir aﬁ@tﬂ&' exalnpld) @omanatiotd Btvedn RBEE WaH NIOOTERIA bife dini t
MLOO varles so greatly that control information transmtted by base station
B100 i S notmoreeinsianess, oft bese statioo M 00| mab@mﬁlw@yfmébackunﬁqwmlaélw@éEPI?%

000116] | h |
from bhse QEATesoLo0 RebyRarrbiElihbsyBete, FF ¥igh SRl RealdnRomtane

observed byinghiati6n )k Nint oneLER 106, bek sltam)nngUﬂﬂra/nsnhﬂaeﬂfdﬁmblléretmntrol\/ﬂﬁo may
not receive the paging signal. 000117} | n sone_inplenmentatjons

appar at us ATOBmilpewest ¢fomobiie upib MiPe| If ghe channe} geplity ofsesveshby m 11F’l“ﬁ’i‘tt ed.
FI GURE 20 i trates {gnal
o 2 e P SBER, SRR BRI LAChAkl AR @itk e BT B0, R600C)
this patterﬂcélaéd,ahdn%&ﬁﬁrdﬂﬁwpeﬂa}aiot\fmauah|as)demdcorrpar ed with a pattern as
shown in FI GURE 13 (the dashed circle represents the condition where
varying terns

[000116] In another example, mobile unit M100 may receive a paging signal from
base station B100 as described above. If the channel quality observed by mobile unit

M100 varies too greatly, then mobile unit M100 may not receive the paging signal.

[000117] In some implementations of apparatus A100, variation of the level of the
radiated signal is limited. FIGURE 20 illustrates one possible radiation pattern of a
combined signal as radiated by such an implementation of apparatus A100. One may
see that this pattern has a lesser degree of variation as compared with a pattern as shown
in FIGURE 13 (the dashed circle represents the condition where varying terms are
reduced to zero and may also represent the same power limit as the circle in FIGURE

13).

[000118] In one such implementation of apparatus A100, the magnitude of one or
more gain factors varies as [k * o(f)], where k is a constant factor and a(f) is a term that
varies over time. FIGURE 21 shows a possible radiation pattern of a combined signal
as radiated by such an implementation of apparatus A100 (the dashed circle represents
the condition where varying terms are reduced to zero and may also represent the same

power limit as the circle in FIGURE 13). In this example, the value of k corresponds to



reduced to zero and nmay al so represent the sane power limt as the circle
in FIGURE 13). [000118] In one such inplenentation of apparatus A100, the
magni t udewofo3os85r nore gain factors varies as [k * a(tpCr/ushzie2k is a
constant factor and a(t) is a termthat varies over time. FIGJRE 21 shows
a possible radiation pattern of a conbined signal as radiated by such an
i npl enent ati on of apparatus Al00 (the daghed circle represents the
condition where varying terns are reduced to zero and may al so represent
the same pavdssirtd pedk peweheadationl facion (ElgCURE dB) and nut)his s éx@npre-meahe
val ue of k corresponds to WO 03/ 085858 PCT/USOZ{10227_ 25 a desired P?ak
power vari afPGAMMECE ST pondgternpinistigeyrocess gvhose vajues qrq dnyted Agrige pangs) -1,

det er mi ni st 441, aRndel Bt S haP SRR HRAH. YR MeshodnEin FIEURRH1 4 §n& he
range [-1, +1]. In one such exanple, a(t) has the val ue cosga t +0). As
shown i n Fl GuREssed abont, thli saistiors] oh gandactoseofvizmaitnt instascesf ofgpiparafiacA 0%k of
near by i nstances of ,apparatus A100 nay be synchroni zed. [000119] If the
quality of gxagﬁ;gﬁp{gthggz cgserved by mobile unit MO0 is time-varying, then
the nobile unit MLOO may indicate a higher channel quality relative to the

average fooeany firasd qenitPbf 4 Bemhél® obbétved b wRibile hait Ml 00ty dind-Yary@kat i ve
to the average for sone other fraction of the tinme. It nay be desira feto

schedul e dathenitheymehile anis M1Q0omayrdiqate apighenvhaond uupkiy rplefivowsthoaearagne
i ndi ted it Vel i t : 0
ol enrent ar TanRe, F8tdn & 1ng HhIAEA & 1938 FUELOGEuG FAINCI 1 SRlEe for

di fferent i sshandes fattiopbf the time.t ItMhODe desisbly @oheduld Heta pradsmaiskions af
channel quality indications it receives from each instance of nobile unit
MLOO. For eXeabpeeamit MIO0Q dusingrRpriods whep dhe dadigsigd ichanned Qualyy| iyihighes than

| ow pass fi 'a{/é’rﬁ d0 a history of received channel quality indications. Base
station B100 then transmts data to those instances of nobile unit MLOO
that indicate a higher-than-average channel quality. [000121] In another
exanpl e, a [0k sInfsomecimplemensasianedbase satibn B160 calshilateat(pessitly i seherak he

particul ar instance has been.served, . wth the result bein ared to a
Cur rent chaSratEy o Aeasehaanh B aveGet ¥ Mreop B af FORRe el
transm ssi ofindicatibh@Sedetdivest B¥Rr e@dh aMbtdndst amefbit GRPINIOMIN FolVERENNBOSE
channel quality indication indicates a
calculating this average may include applying a low-pass filter to a history of received
channel quality indications. Base station B100 then transmits data to those instances of

mobile unit M100 that indicate a higher-than-average channel quality.

[000121] In another example, a low-pass filter is applied to a history of rates at which
the particular instance has been served, with the result being compared to a current
channel quality indication. In one such implementation, data transmission is biased in
favor of an instance of mobile unit M100 whose channel quality indication indicates a
data rate that is higher than the average data rate at which the instance has previously

been served.

[000122] It may be desirable to schedule data transmissions according to channel
quality indications as normalized by a data transmission history. In a particular
example, a scheduler H100 schedules the next data transmission to that mobile unit I

which has the highest ratio of requested data rate DRC to average served rate R:

[000123] DRC/(n)/Ri(n), where Ri(n)=(1-1/tc)*Ri(n—1)+(1/tc),



data rate that is higher than the average data rate at which the instance
has previously been served. [000122] It may be desirable to schedul e data
t ransm sswong/swssor ding to channel quality indications agCcmarserli2zzed by a
data transm ssion history. In a particular exanple, a scheduler HL00
schedul es the next data transm ssion to that nobile unit | which has the
hi ghest ratio of requested data rate DRG¢o0 average served rate R [000123]
DRC, (n)/RI(n), where R(n)=(1-1/tc)*RI(n-1)+(1/tc), WO 03/085858

PCT/ US02/ 100001246 Whge DR, iwtherdatm(él cursntlpeeqiastad bpheobdlarunéif Ryx Y ieghest ed

b bi | t rved rate of bile unit | In
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integer greater than one and its particular value depend on the

appl i cati onany @OSiigE]intEaer gshted thaimgnofandhiss danmutmmm]nm oy dependnorbéhebased
on additional pn5| derations such as the guarantee of service (GOS) of the
user, the qu}gd}eaé e, the type of data, the anount of del ay already
experienced, and the error rate of the data transm ssion. O her factors

may al so be[(mr_lzs]derlead séhedelatpe @8l the Glagka tambiaitaiibe SdafNbe basbddon CAuANERE] | N
| oad or environpental caonditions), and such variations are included wthin

the scope ofORSHEErgioBs sHeh ?ﬁﬁ)érﬁqa@ﬁtee[qfcﬁ@meq (GRE) phiflecisentthe gesveotize, the
hedul
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centralized istr ssing is desi 7 et
di st ri but edtrpusndesen.n@thdraiactersanpy alsoabesecpﬁfcme&l imﬁzhedhﬂmgdatzatﬁﬁmwbﬁ
H100 may be, coypled to or even. inclu ed i n en%(;h i nstance of base station B

100. FI GURE®S dnrpges in logd &ewnmrwm ofongifiqnsh | amdesieh rvagatigms 1370 inglugdpss o

station B 1Q8ninn¥Bédde ot eesileat invEllfifh. i s coupled to data queue QL00 (e.g
to receive the queue size, which may indicate the anount of data availl abI e

for transm ssion appar atus A100, and receiver BR1IOO (e.g. to receive the
channel qu a[QWZ IndFheaimplamipntation\odr ssbeqgulert SH0Beint o partiedarpapmiessomgnay

sehedul er KO0y 538564 DoLSIALE oL dabi RS ERAT SesbetbL  RiSsnobaees
included. W tiiributegioplotéking! fdsléXdmple, a separate instance of a scheduler H100 may be
coupled to or even included in each instance of base station B100. FIGURE 22 shows a
block diagram of an implementation B102 of base station B100 in which scheduler
H100 is coupled to data queue Q100 (e.g. to receive the queue size, which may indicate
the amount of data available for transmission), apparatus A100, and receiver BR100
(e.g. to receive the channel quality indications). Conversely, for centralized processing,
scheduler H100 may coordinate the data transmissions of multiple instances of base
station B100. In some such applications, scheduler H100 may be included within
controller C100.

[000127] As noted above, in some cases the variations of the gain factors are periodic.
While it may be desirable for the time periods of these variations to be relatively short
(e.g. to increase a rate of channel quality variation), it may also be desirable not to
excessively reduce these periods. Once a receiver R100 observes a channel quality, for
example, it may be desirable for the receiver to send the channel quality indication and
to receive data in response before a substantial change in channel quality occurs. It may
also be desirable to reduce the impact of such channel quality variations on channel

tracking algorithms, control loops, and/or other operations that may be active, such that



[ 000127] As noted above, in some cases the variations of the gain factors
are periodic. Wile it may be desirable for the tine periods of these
vari at i orwotos/oksss el ati vely short (e.g. to increase a rateTafSorheanel
quality variation), it may also be desirable not to excessively reduce

t hese periods. Once a receiver RL00 observes a channel quality, for
exanple, it may be desirable for the receiver to send the channel quality
indication and to receive data in response before a substantial change in
channel qua# imethoder apparatus apmydingksan mbadsienadl the irvenectumeay bherachipatat of
such channe ual i variations on channel tracking algorithnms, control

| oops, and/thS‘F%&PﬂBlﬁ%Bﬁéﬁna‘?‘il%% SYHER ‘W@})’“ﬁ@“"é‘bﬁ‘ia@@t BERSERSE WO 03/ 085858
PCT/ US02/ 10227 27 a method or apparatus according to an enbodi nent of the

i nvention n@PODESIPMAGhE eRsnple, theNanies a0 $KE filne g)eﬁbdﬁaf %1 \atihiiehsSOfThe Bhin
wi thout nodification to the receivers. [000128] In one exanple, the val ues

of the timefaplors aessadectedhEo parwiship onoryfard fiakgighpduler Bmerepnataat. s dh semed t o
be wi thi . - Cations.
P o at BRI, fE S ARSI bet O ra G WS U ) APURy RBBI! S ofRS

the durationo perio e sane for ain ors. sone
appl i cat i ongpplichtéorisj thie tingy peribdodf thé énagaidd atdorophAs® vardtiane isvasd Bise@a i S
al so based on, environnental] factors that may affect channel quality (e.g.
the speed ofMViRBIER@E{acks thatmay pleqt shapreliGuahtnie: g dhe sperd ofuthsdecaver

nature of reflRetOus @&Qnﬁl&é}?{hemﬂe&lghghgu& of f&gggkﬁﬁ)&& er SHsfrudtors in

[ 000129] The foregol ng presentation o escri Iments 1s
provi ded t ctheeomafutyg ey person skilled in the art to make or use the
present invention. Various nodifications to these enbodi nents are

possi bl e, neric principles presented. herein nay be appljed to

ot her enbozfiaﬂgiéyé gz:ev@fqufr}gopreﬁg ne?feiﬁ QWBB?%WOW%{%E Pﬁglé#f?it(‘i’n_ may
be i npl emendr@Blel dhyPpérkorPEkillBd W The® aftStodmbiRy Br ke @k preb&iiihvenBdnd VadidgUi T
configuration fabricated into an application-specific. integrated circuit,

or as a fimpAdidicatignsdg these|cnodimenis arcrimssiblst, and the gensrie geinoiples metentedr e
program | Oai%?gnfr{lﬁgjer ?@1&8%8 ofher teglrbsgl%lileél sgésu\gvneﬁs FOR. g)@i'é#‘p t%,(r)ae?ed algc{dzwérﬁ?ogf such

such code being 'ons ~ execu y an array

as a st and-tak dheentibn afid)e deléthplefcatedDinOpa6 90lin WHold @€ @riard@wifd, ciRhitOhdar
digital signal processing unit. [000130] In a further inplenentation,
vari ati ons Greugrongguigpr fabicatedainigpy applicatigaspecifip iptegplssdrops, or as a

transm ssi o, 8€Hry&im 15adkd infd PH-TRRIE St oM 0w 52 prEXAMPbEded from

or into a storage medium as machine-readable code, such code being instructions
executable by an array of logic elements such as a stand-alone or embedded

microprocessor, microcontroller, or other digital signal processing unit.

[000130] In a further implementation, variations of one or more gain factors may
occur in response to transmissions received, e.g., from mobile unit M100. For example,
a combined radiation pattern of apparatus A100 may be selected based on the direction
from which data transmission is requested. Thus, the present invention is not intended
to be limited to the embodiments discussed above but rather is to be accorded the
widest scope consistent with the principles and novel features disclosed in any fashion

herein.

WE CLAIM:



a conbined radiation pattern of apparatus A100 nay be sel ected based on the
direction fromwhich data transm ssion is requested. Thus, the present

i nvent i orwDI3/081858 nt ended to be limted to the enbodi mrenPseTdisszugged above
but rather is to be accorded the w dest scope consistent with the
princi pl es and novel features disclosed in any fashion herein. WE CLAI M
WO 03/ 085858 PCT/ US02/ 10227 28 CLAIMS,4. A transmtter conprising: a
first gain element configured and arranged to nodul ate a radi o-frequency
signal accqrpjAypviso a first gain factor to produce a first output signal;
and a second gain el enent configured and arranged to nodul ate the

radi o-frequency signal according to a second gain factor to produce a
second out put signal, wherein a nagnitude of the first gain factor varies
over tine, and vher eih transmgar ¢cangeisoig:t he second gain factor varies over

time with respect_to .the magnitude of .the first in factor. 2. The
transmtter acc_c?rfé‘ish%‘aJ? 81%_3}65??19 l,gumépgiaﬂaP% tﬁﬂ@%ﬁ“@%ﬁ@%ﬁ?’tﬁﬁguwyst 2

gai n fact org Al h&srdEto 4 fiffeg AR ERIEH 1B Prdducd alRéd REE sfcMAchh®dn. 3. The
transmtter according to clarm1, wherein a phase of at |east one 2 anong

the first and secsaehdgdinckmenoeantiigaredandavengad teenodplataihe radigrizaguencyr
according to ¢ t. one, anpng. a .2 {ragn.i tﬂde and a phase
89% S1

. _ =
of at |east"@W gc:a?%ﬁ‘&g Wagsre%ﬁ%gglgﬁ%?se%gﬁ%duﬁgf opd ol

actors varies over tine

according to a pekdrédianighnetié efthe g ghinaetoeviriet (ver iidd, @id t he peri odic
function is not |ess than one-half second, and wherein the period of the
peri odi ¢ functi ohdreinggnagnitude phig second sauciapi@s vanes oygetipe JridFesnest to
according t L: , i ptter further conprising 2 a value
gener at or ég%ﬁ#gﬁ@£ (g2%4§¥§%ﬁg§§k1% generate the first and second gain
factors. 6. The transmitter according to claim5, wherein the val ue
generator 2 includes a |ookup table confi d and. a ran%gd Jo sto%:,e val ues
itude of the fi

ur
of at |east one ‘anonglhetfnsmiticraccording do glagm daVReEH NG Ma rst

2 gain factor varies over time according to a periodic function.

3. “The transmitter according to claim 1, wherein a phase of at least one

2 among the first and second gain factors varies over time.

4. The transmitter according to claim 1, wherein at least one among a
2 magnitude and a phase of at least one among the first and second gain factors varies
over time according to a periodic function, and
4 wherein a period of the periodic function is not less than one-half second, and

wherein the period of the periodic function is not more than four seconds.

5. The transmitter according to claim 1, said transmitter further comprising

2 avalue generator configured and arranged to generate the first and second gain factors.

6. The transmitter according to claim 5, wherein the value generator
2 includes a lookup table configured and arranged to store values of at least one among

the first and second gain factors.

7. The transmitter according to claim 1, said transmitter further comprising

2 an antenna array including:



7. The transmtter according to claiml, said transmtter further
conprising 2 an antenna array including: W 03/085858 PCT/US02/ 10227 29 a
first antwoma/ogssd i gured and arranged to radi ate a signal Poagsd2/on2t he
first 4 output signal; and a second antenna configured and arranged to
radi ate a signal based on the 6 second output signal, wherein the first
and second antennas are configured and agranged such that the 8 radiation
pattern of one antenna substantially overlaps the radiation pattern of the
other antenna. afirstlneenint aosigiré®indacaped tgratintecd sigml Dasedhwertbe firsa val ue of
at | east one 2 ampng the first and second gain factors at a nonent of tinme
i s basedt oRutpubgigedi ¢ azinuth angle of the antenna array. 9. The

transmtter aC_CerS?éudglgi a%?en%h?i)m e M cfarkdr g&agﬂl fabigke 4 H%ﬁﬁ%ﬁse@%ﬁﬂﬁé sing 2 an

antenna array inc Ing: a first antenna gured and arranged to radiate
a si gnale basesid@ntpubeighaly st 4 output signal; and a second antenna

configured and arranged to radi ate a_ signal based on the 6,secaond output
si gnal, wherein qugclg;l}est%rsh seenstapt e g‘éregétb%%’fn@ﬁdﬁ'ﬁfﬁlatﬂaﬁtg? aﬁce
equal to;a rIl(ﬁXYioancﬁf‘@ﬁﬂl)fe&Qtamﬁanﬁ& stemkialy SodrlpatRNGH agbDpatern dOhe bhRr

transmtter according to claim1l1l, wherein a sumof the nmagnitudes 2 of the
first and setanal gain factors is substantially constant over tinme. 11. The
transmitter according to claim1, said transmtter conprising at least 2
one additional gain el enent, each additional gain el ement being configured

and arranged t @ nodufiatiankReicr acidRdiht eSUIeRe Y, whebial a vt@osidit Nt chea
corresponding 4 additional gain factor to produce a correspondi n

addi ti onal amemgube Bisgard secopdgan flackors ght BomeRkoi g is hagedon b@lﬁél?ﬁf irst,
second, and_addjti gnal A S 6 is substantially constant over tine.
12. Atr an%@&é@n@g%}f&gﬁngeélpg%%.

9. The transmitter according to claim 1, said transmitter further comprising
2 an antenna array including:

a first antenna configured and arranged to radiate a signal based on the first
4 output signal; and 4

a second antenna configured and arranged to radiate a signal based on the
6 second output signal, ‘

wherein the first and second antennas are separated by a distance equal to a few

8 wavelengths of the radio-frequency signal.

10. The transmitter according to claim 1, wherein a sum of the magnitudes

2 of the first and second gain factors is substantially constant over time.

11.  The transmitter according to claim 1, said transmitter comprising at least
2 one additional gain element, each additional gain element being configured and
arranged to modulate the radio-frequency signal according to a corresponding
4 additional gain factor to produce a corresponding additional output signal,
wherein a sum of the magnitudes of the first, second, and additional gain factors

6 is substantially constant over time.

12. A transmitter comprising:



WO 03/ 085858 PCT/ US02/ 10227 30 2 a first gain elenent configured and
arranged to nodul ate a radi o-frequency signal according to a first gain
factor towprosdssses a first output signal; and 4 a second gaCa/tShrnent
configured and arranged to nodulate the first output signal according to a
second gain factor to produce a second output signal, 6 wherein a magnitude
of the first gain factor varies over ti4p, and wherein a magnitude of the
second gain factor varies over time with respect to 8 the magnitude of the

first gain fact@firstk3in eléigerticantgired end acamgedingotdatel saiadiolfZequaner ei n t he
magni tude of the first 2 gain factor varies_over tine accqrding to a

peri odi ¢ f sigealiaseprding to FRESHEAHNBROF FRProdieH WShgP Py A2, wherein a
phase of, at |lea i drbd $4d ARt EPREGAINhE ALt BRtpuar i es
over ti r?’e. 1.5. g‘tﬁcg)g?ﬁgﬁlsm t%]grcggﬁ%orr dlérﬁlg tog?:l aim 12, ewher ein gt | east one
anong a 2sigagnicterdimgand secqudaaim fattoato predsdte asveomhwriguttshgnat.i r st and second

gain factors varies. over ti ccording to a periodic fungtion, and 4
wher ei n 6 peri o¥hgrein ﬁglaﬁ%w‘g‘caﬂfghﬁf ﬁﬁ{;g?lg,ﬁaqtgr SP‘éesrstm?ehé’H&one- hal f second,

and wherein th i it SRR §RBAE o diH MickbrOAribs o tinBWRh kdipectiour
seconds. 16. Thghtelfegtﬁng%ag%lér accordi ng %c} claim 12,Osai d transmﬁtter

further £ denmpagnitude ofithedirstegagefaetoat or confi gured and arranged to generate
the first and second gain factors. 17. The transmtter according to claim
16, wherein the value generator 2 includes a | ookup table configured and

arranged to stone vahug$rafimitter h@ofdin@REcIANDIY wHekein tHer mhgmtnde sfhefidstgai n
factors. 18. The transmtter according to claim12, said transmtter

further 2 2 gaiorfpetbsyarigs anerdime asrRTdRE t/a PHAdiHUAGHon first antenna
configured and arranged to radiate a signal based on the first 4 output
signal; and WO 03/ 085858 PCT/US02/ 10227 31 a second antenna configured and
arranged to radijat e ahsit@nehitleasedrding tdaim 12, wherein a phase of at least one

2 among the first and second gain factors varies over time.

15.  The transmitter according to claim 12, wherein at least one among a
2 magnitude and a phase of at least one among the first and second gain factors varies
over time according to a periodic function, and
4 wherein a period of the periodic function is not less than one-half second, and

wherein the period of the periodic function is not more than four seconds.

16.  The transmitter according to claim 12, said transmitter further
2 comprising a value generator configured and arranged to generate the first and second

gain factors.

17.  The transmitter according to claim 16, wherein the value generator
2 includes a lookup table configured and arranged to store values of at least one among

the first and second gain factors.

18. The transmitter according to claim 12, said transmitter further
2 comprising an antenna array including:
a first antenna configured and arranged to radiate a signal based on the first

4 output signal; and



6 second out put signal, wherein the first and second antennas are
configured and arranged such that the 8 radiation pattern of one antenna
subst ant iabDlog/ogsses | aps the radiation pattern of the ot her pCcanisenne27 19. The
transmtter according to claim 18, wherein a value of at |east one 2 anong
the first and second gain factors at a nonent of tine is based on a
boresite azimuth angle of the antenna a&iray. 20. The transmtter according
to claim12, said transmtter further 2 conprising an antenna array

i ncluding: a fi rasdecant anemaconfigyed end amzhgad taragede & signaldiasecomthgi gnal
based on the first 4 output signal; and a second antenna configured and

ar r anged® t SeFW OWRM §1892nal based on the 6 second output signal, wherein

the first and segond,3d BAPATH *LEnESRakAL 8 RYfidudtishdaftnRA4ath fhat def ew 8
wavel engt hs of a carrier signal of the radio-frequency signal. 21. The

transm t$ erradiator phtregn dbomd aitennd 2ubsidntialy pverlaps theotadiakien paiign ofiheother of

the first and second gain factors is substantially constant over tine. 22.
The transni¥¥2accor di ng to claim12, said transmtter conprising at 2

| east one additional gain element, each additional gain el enment being
configured and arranged to nodul ate the first output signal according to a
correspondi ng ad®t i G transmitsgriaceerdingrto elairp S awberen vl feashepe

Cecond, andiit by BREARYsscPT R dpQoS gl BlorbCpE BRI POBIGRaRREE 7' 1 o

23. An appafzahiih sholke cfalicaiteraasitagsi on, said apparatus conprising: 2 a
transmtter including an RF unit configured and arranged to output a radio-
frequency signal, a first power anplifier configured and arranged to out put

et vy o A, TS BT L GRS R a0
arrangedzt ccoppirpitig s swermadrappidddiegl si gnal based on the radio- 6
frequency signal a fi%? antenna configured and arranged to radiate a signal based on the first
4 output signal; and

a second antenna configured and arranged to radiate a signal based on the
6 second output signal,

wherein the first and second antennas are separated by a distance equal to a few

8 wavelengths of a carrier signal of the radio-frequency signal.

21. The transmitter according to claim 12, wherein a sum of the magnitudes

2 of the first and second gain factors is substantially constant over time.

22.  The transmitter according to claim 12, said transmitter comprising at
2 least one additional gain element, each additional gain element being configured and
arranged to modulate the first output signal according to a corresponding additional
4  gain factor to produce a corresponding additional output signal,
wherein a sum of the magnitudes of the first, second, and additional gain factors

6 is substantially constant over time.

23.  An apparatus for data transmission, said apparatus comprising:
2 a transmitter includirig an RF unit configured and arranged to output a radio-
frequency signal, a first power amplifier configured and arranged to output a first

4  amplified signal based on the radio-frequency signal, and a second power amplifier



an antenna array including a first antenna configured and arranged to
receive 8 and radiate the first anplified signal and a second antenna
conf i gur eeoanasmss anged to receive and radi ate the seconecamso/idazed
signal, 10 wherein a distance between the first and second antennas is a
few wavel engths of a carrier signal of the radio-frequency signal, and 12
wherein a nmagnitude of the power of thepfirst anplified signal varies over
time, and 14 wherein a magnitude of the power of the second anplified

si gnal vardogfig@éarland hiraReditd butpespebnd emphifiedsignil baskel wf the kslipower of t he
first signal. 24. The apparatus for data transm ssion according to claim
23, whér eifreqpaney signaly@@dspmitter is further confi gured and arranged to

radiate a si gnal, j1a5e JHGhilidd £ f inioh A EcitichRId Adiaehbat o veleival me wi LR
respect to angle 1n a hortzontal” plane cent ere§ at the 4 antenna_array.
25. The apparadids thefirgatmplifiedsignalsei encemdonttinng configired srdaqrangptbioei n a2
period of the variation of th ield intensity is not |ess than one-half

| fi n
second andee@ive a@#@é@éﬁ@ﬁ%@ﬁ&{}}ﬁ@&ééﬁ}%g 26. The apparatus for data

transmssion f"‘%ﬁ&‘é%&i‘st%n&é K dthe WRG RE Bedoh@ an@niizadi @ féw eauesesthsi gnal
is encoded using a schene. 27. The aﬁparat us for data transm ssion

accor di ng éfm elrdémsi @] oftie dadio-dreguensy signplienther conpri sing a data queue
configured and afranged ta store data j Ll er

confi gtk ed and t sage rected to a nmobile
unit when fhe data queue stores data directed to the nobile unit. 28. The

apparatus for data transm ssion according to claim?23, said 2 apparatus
furt het4 conpri sihgrein & maghifusie oé@mcgmr@égwc %ﬂ@é&fdts X‘B’Wé’eﬁr channel
quality indicat.ion fr s i hQBHE8p8o T/ US02/ 10227 33 4
wher ei n, b%@gylhhreapei?gfgutgegg%bﬁgdec gtltrllen%%lé%cfggl ity ?néi cation, said apparatus
is further configured and arranged to transmt data directed to the nobile

unit. 29. The apparatus for data transm ssjon acgording.tq,claim said
32 The apparatus for data transmzlssswn according to cglm%& w eremzs%id
2 transmitter is further configured and arranged to radiate a signal whose field intensity
varies periodically over time with respect to angle in a herizontal plane centered at the

4  antenna array.

25.  The apparatus for data transmission according to claim 24, wherein a
2 period of the variation of the field intensity is not less than one-half second and not

greater than four seconds.

26.  The apparatus for data transmission according to claim 23, wherein the

2 radio-frequency signal is encoded using a CDMA scheme.

27.  The apparatus for data transmission according to claim 23, said
2 apparatus further comprising a data queue configured and arran ged to store data,
wherein the RF unit is further configured and arranged to output a paging
4 message directed to a mobile unit when the data queue stores data directed to the

mobile unit.

28.  The apparatus for data transmission according to claim 23, said
2 apparatus further comprising a receiver configured and arranged to receive a channel

quality indication from a mobile unit,



2 apparatus further conprising a scheduler configured and arranged to
normalize (A) a value based on the channel quality indication by (B) a

val ue baswo osnsmshi story of data 4 transmi ssions to the mobiusez/unetr. 30.
The apparatus for data transm ssion according to claim 28, said 2 apparatus
further conprising a decoder configured and arranged to renove fromthe
channel quality indication a predeterm ged code that is at |east nearly
orthogonal. 31. A nethod for data transm ssion, said nethod conprising: 2
appl yi ng a firstyigaiin Haeed 61 a valua of ddicharfebquiing indsdagoa) saidapparadhsde a first
output signal; and I 4 applying a second gain factor to _the

radi o- f r eqiegtfey cenfigied W%@i‘g@ gansERiiae diggetssiio ths pelile Ut wher ei n sai d
applying a first gain factor includes varying a magnitude of the first
gain factor over tine, and 8 wherein said applying a second gain factor

i ncl udes varyi n@9a nagieidppstatuefort daea trasanssibngmicordirgctbaiaion28; sdidme wi t h
respect to the nmagnitude of the first gain factor. 32. The nethod for data
transmi 3si GRPUBMS FHTGE CPHPEIAE ﬁ15§f,dufﬁﬁé?‘éfigﬁlr‘?ﬂcaqdeaé’éapge%mm]:’rﬁng\)?ai d

app! Y1 NG 3 o i b Sfikel AP AURaRPbY (B 2uiSCERR of Al b Aara

i ncludes varying at | east one of "a magnitude and a phase of theé

cor r espanditragsmgaiongltd the harbiloweit. ti me according to a periodic function, and
wherein a period of the periodic function is not |ess than one-half second,
and 6 wherein the period of the periodic function is not nore than four

seconds. 33. Thegmet hag fphiralRter ddiRReiE a6/ Hiondaito28; kadm 31, said
method 2 further conprising retrieving a value of at | east one anong the

first and spponusdeiher comprising afdeendes cordigogs! analsirEangeso08MOss §5@! the

PCT/ US02/ 10227 .34 .34. The method. for t SITh SSi ' to claim
31, said msCAUH! q‘f“%m‘%‘h% 1084, ?Clgé r'l'g'f:le%%é) ?g{a?%ga%esagﬂi %ﬁg?%gtgé gn t he
first output signal over a spatial region with a 4 first antenna of an

antenna array; and radiating a signal based on the_ second output signal
over substantialdly t e mghadgr data ransmission, said method comprising;

—

2 applying a first gain factor to a radio-frequency signal to produce a first output
signal; and
4 applying a second gain factor to the radio-frequency signal to produce a second

output signal,

6 wherein said applying a first gain factor includes varying a magnitude of the
first gain factor over time, and

8 wherein said applying a second gain factor includes varying a magnitude of the

second gain factor over time with respect to the magnitude of the first gain factor.

32.  The method for data transmission according to claim 31, wherein at least
2 one among said applying a first gain factor and said applying a second gain factor
includes varying at least one of a magnitude and a phase of the corresponding gain
4 factor over time according to a periodic function, and
wherein a period of the periodic function is not less than one-half second, and

6 wherein the period of the periodic function is not more than four seconds.

33. The method for data transmission according to claim 31, said method
2 further comprising retrieving a value of at least one among the first and second gain

factors from a lookup table.



6 region with a second antenna of an antenna array. 35. The nethod for data
transm ssion according to claim 34, wherein at |east 2 one anong said

app! yi ng wofoztsssgjai n factor and said applying a second g&cm/usaziae?

i ncludes varying a magnitude of the corresponding gain factor based on a
boresite 4 azinuth angle of the antenna array. 36. The nmethod for data
transm ssion according to claim31, saigynethod 2 further conprising:

radi ating a signal based on the first output signal with a first antenna,
and 4 radiating4a siTgeaetisioddaa tlahenissonactondihgw clsing A4 said methad second
antenna, wherein the first and second antennas are separated by a di stance
equal t@ afyrégr eomaREngngt hs of a carrier signal of the radio-frequency

signal . 37. The ng i ! b SetpRsi S v L ehidh Withla Wherein
a sum 2 of therz{n%%tﬁl%tdau%grgalg?&tat@ t??rﬁfs% gt:'qg s’}%rgagnd gd;fg)r? 1f ac%lors is
subst ant4 alfiry a6RARA 8Mdn ai@Mma atiageand38. The met hod for data transmi ssion

according to claim 31, said nethod, 2 further conprising encaodi th
r adi o- f r equency radigmg 2 $1ghal asedEnhe SRR ‘}tpgbélg‘ﬁé?vﬁéﬂlﬂ%ta’?‘f%& tg%§paal Ha

transm ssi ?%@gg,%(ysggm;domg E_r(‘grgl;amﬁﬂ thod 2 further conprising:
[ [

storing da rected to a no e unit; and 4 outputting a pagi ng nessage
directed to the nobile unit. 40. The nmethod for data transm ssion according

D oL L oo e U AR B VRO R R BT g 10277

35 receiving a SRann e uni ased

on a value Qf ahdg @Bé@ﬁﬁﬂyir@%ﬂiﬂsi aih Ridkraint @fid abpBApE secon@galatactali rected to
the nobile unit. %1. The nmethod for data transm ssion according to claim

40, sai d nmendiedes varying & magnicesdepfites eyresponsing g4im factonbasedof yBOHBHEd on t he
a val ue based on a history of data

channel quality. indicatiaon. b a%r
transni ssi &ﬁgn'%/tga{‘ Soﬁhﬁqnéené%l .@"42. The method for data transm ssion
according to claim40, said nmethod

36. The method for data transmission according to claim 31, said method

2 further comprising:

radiating a signal based on the first output signal with a first antenna; and
4 radiating a signal based on the second output signal with a second antenna,
wherein the first and second antennas are separated by a distance equal to a few

6 wavelengths of a carrier signal of the radio-frequency signal.

37.  The method for data transmission according to claim 31, wherein a sum
2 of the magnitudes of the first and second gain factors is substantially constant over

time.

38.  The method for data transmission according to claim 31, said method

2 further comprising encoding the radio-frequency signal using a CDMA scheme.

39.  The method for data transmission according to claim 31, said method

2 further comprising:
storing data directed to a mobile unit; and

4 outputting a paging message directed to the mobile unit.

40. The method for data transmission according to claim 31, said method

2 further comprising:



2 further conprising renoving fromthe channel quality indication a
predeterm ned code that is at |east nearly orthogonal. 43. An apparatus
for data woan®s§8ssi on, sai d apparatus conprising: 2 a tramsmuspysro2encl udi ng
an RF unit configured and arranged to output a radio- frequency signal, a
first power anplifier configured and arranged to output a first 4 anplified
signal based on the radio-frequency sigmy, and a second power anplifier
configured and arranged to output a second anplified signal based on the
first anplified regeizingrathanzel quality amdieatioa feom aynohilelvndi el a first ant enna

fi d and dt [ d radi at he f|rst lified
PRl b L IR R e T AR Ty R T
t he second meRhdHilegditsi gnal, 10 wherein a distance between the first and

second antennas is a few wavel engths of a carrier signal of the
radi o-frequency signal, and 12 wherein a magnitude of the power of the

first anplified Ei.gn%h"ar{h%g Q' dHra frhﬁ‘?nﬁssi@ﬁ‘gcc%ﬁdih“’“%rc%ﬁl %@%ﬁ%&dﬁ'd& of the
power of the secorid arrp(fllnrel ed signal vari'es over T respec? to the
magni t ude Ofurﬂqbﬁcq@?mling)ﬁorhﬂﬁziﬂg (A} a ¥hlge dhsed4sh. thd bieanaplR@laditis dicatiodigy a
transm ssion according to claim43, wherein said 2 transmtter is further
confi gured @ha valyedhagedion ahisiry of datg tiapgypissionhiodhe mobjlgupiit ensity vari es
periodically over tine with respect to angle in a horizontal plane centered
at the 4 antenna array. WD 03/085858 PCT/ US02/ 10227 36 45. The apparat us
for data transm 4%i onThemethddgr dava orhssmissidh acchating 10 Aain?4(eaidaakthdd t he

variation o he field intensity is nqt | ess fhan_one-half second, and not
gr eat er @ha%@smor%@@mﬁj@momg o ﬂaep%wa@ aﬁfarm@a%tlao%%rﬁefm@r%code

accor di ng t@ackal hdJeaPsfifbdonhle 2 radio-frequency signal is encoded
using a CDVA schene. 47.° The apparatus for data transm ssion according to

claim43, said 2 apparatus further conprising a data queue configured and
t is.further conf.igéj.red and

arranged to stor %.dat %Q Whgtrug if(pr &a?ae trgllzsmlfsnsilon, said apparatis comprisi
arranged to output a PAGPRY
2 -a transmitter including an RF unit configured and arranged to output a radio-
frequency signal, a first power amplifier configured and arranged to output a first
4  amplified signal based on the radio-frequency signal, and a second power amplifier
configured and arranged to output a second amplified signal based on the first amplified
6  signal, and
an antenna array including a first antenna configured and arranged to receive
8  and radiate the first amplified signal and a second antenna configured and arranged to
receive and radiate the second amplified signal,
10 wherein a distance between the first and second antennas is a few wavelengths
of a carrier signal of the radio-frequency signal, and
12 wherein a magnitude of the power of the first amplified signal varies over time,
and
14 wherein a magnitude of the power of the second amplified signal varies over

time with respect to the magnitude of the power of the first signal.

44.  The apparatus for data transmission according to claim 43, wherein said
2 transmitter is further configured and arranged to radiate a signal whose field intensity
varies periodically over time with respect to angle in a horizontal plane centered at the

4  antenna array.



4 nmessage directed to a nobile unit when the data queue stores data
directed to the nobile unit. 48. The apparatus for data transm ssion
accor di ngwom®3o8mssn 43, said 2 apparatus further conprisingCa/userei2eer
configured and arranged to receive a channel quality indication froma
nmobile unit, 4 wherein, based on a value of the channel quality indication,
said apparatus is further configured agd arranged to transnt data
directed to the nobile unit. 49. The apparatus for data transm ssion
according to cl &5m 48’Fhewpélra@safma<éatatra@nnéﬁwmeqc0tfbn@tq dpimydh vEereral er
conflgured n hannel
quali ty 4 nd .caflu%% %h%ggﬁ?@n oﬂ%?’% %nélﬁ) is fot tégé fiin ¢ Bﬁ‘é ﬁglfgé‘%o%%ﬂ& 6"
transm ssi gisatérahihfufedrohés. uni t. 50. The appar at us for data transm ssion
according to claim28, said 2 apparatus further conprising a decoder
configured and arranged to renove fromthe channel quality indi cati on a
predeterm ned c t i I el for
data transm ssi gfrée sal gdﬁg?%%ué fgtg&n%%?m ng%’{Sl %Jp}gﬁﬂﬁg{mﬂm?r}?%?l gal n act or

t o a radi o-rhdiedreepencysigmnhis dnoogedadingea @DMA sthemel put  signal ; and 4
applying a second gain factor to the first output signal to produce a
second output signal, WO 03/085858 PCT/US02/ 10227 37 6 wherein said
applying a firstggai nl‘l{eaaﬁ)g%atdsrf@tl Meeaﬂﬂlygl&ga&ofmgtota%ﬁi shige first
gain factor over tine wherein said applying a second gain factor

i ncl udeg ve&ppanaglsiumlmgmpnmdangfa datasquesec@rfeguge;l andf axcinged wwatore datap Wi t h
respect to the e%lgf the ai n factor d2t BW net hod for data
transni ssi on acc Ehet é‘f”e'ill ieareq and aprangad to pu éaaﬁ%}ﬁé sai d

appl yi n@g a rhésssde cﬁﬁ:’ct&dft@ﬁtlﬁfbﬂ%'iﬂltiﬂieﬂ tRO@ALY BElietstGeS @4te dadted foahs or

i ncludes varying at | east one of a magnitude and a phase of the

cor r espondimepilgdinit- 4 factor over time according to a periodic function, and
wherein a period of the periodic function is not |ess than one-half second,
and 6 wherein the period of the periodic function is not nore than four
seconds. 48.  The apparatus for data transmission according to claim 43, said

2 apparatus further comprising a receiver configured and arranged to receive a channel
quality indication from a mobile unit,
4 wherein, based on a value of the channel quality indication, said apparatus is

further configured and arranged to transmit data directed to the mobile unit.

49.  The apparatus for data transmission according to claim 48, said
2 apparatus further comprising a scheduler configured and arranged to normalize (A) a
value based on the channel quality indication by (B) a value based on a history of data

4  transmissions to the mobile unit.

50.  The apparatus for data transmission according to claim 28, said
2 apparatus further comprising a decoder configured and arranged to remove from the

channel quality indication a predetermined code that is at least nearly orthogonal.

51. A method for data transmission, said method comprising:
2 applying a first gain factor to a radio-frequency signal to produce a first output
signal; and
4 applying a second gain factor to the first output signal to produce a second

output signal,



53. The nethod for data transm ssion according to claim51, said nethod 2
further conprising retrieving a value of at |east one anong the first and
second gawp o3fsssors froma | ookup table. 54. The net hod fPom/usar/&227

transm ssion according to claimb51, said nethod 2 further conprising:

radi ating a signal based on the first output signal over a spatial region
with a 4 first antenna of an antenna aBFay; and radiating a signal based
on the second output signal over substantially the spatial 6 region with a
second &nt enna ofhespin spdepplying 3 Hipt a8 factpranelpdesowrying adeagaitudaefdhe ssi on

accordi ng tfﬂst(r:%ﬁj ﬂb%f‘ovm%giaﬂdat | east 2 one anobng said applying a first
gain factor a sal d applyrrng a second gain factor includes varying a

magni t ude of t hevleneinesidapgdiying Dsicond gaih Gactdrdaelddeyvagyihg b &sighitude éfzherut h
angle of the antenna array. 56. The nethod for data _transm ssion according
to cl ai m 5Fecs;gAnvReion Qversime, with &speehip thespagpitude f teifhgt srinsiagiosal based on
the first output signal with a first antenna; and 4 radiating a signal
based on the second output signal with a second antenna, WO 03/085858

PCT/ US02/ 10227 528 wigeanethodéor darastanamiismacoctdmgite nhas 5ar ehaepaat ddaed by a

di stance equal to a few 6 wavel engths of .a carrjer signal aof _the
Fadi o-f rieqBAEYo0E GHERPPISRE THS! BT FPITDR S ERP DI ATACDRT 8D 469 di ng t o
claim 51, Wﬁ@ﬁ@ésﬂfa%{hz%ﬂﬂlez%t Bhe bMemABGRIde U8 pagsgeté}?_hé é(fr?ésﬁgrgg?g;gﬁf?nd gain

factors is substantially constant over tine. he net dat a
transm sbi dactercevsr dimsgeeerdirigdp mpstipdisdiettioptdndld 2 further conpri sing

encodi ng the radi,o-f.requen i gnal ,.using a. schene. 5 The, net hod for
data transmissi Weé%egﬂ’gpﬂéxf@e%FBP%CETC%QEiI%%%?Sﬁg}?n_ (Elefll??fislff‘é?ndcﬁ rising:
storing glata di naekas theoperiod@pitleSpedividic; fundttbnds Qb MbtelthAdfoar BRShAY NESSage

directed to the nobile unit. 60. The nmethod for data transm ssion according

to claimb51, said nethod
53. The method for data transmission according to claim 51, said method

2 further comprising retrieving a value of at least one among the first and second gain

- factors from a lookup table.

54.  The method for data transmission according to claim 51, said method
2 further comprising:
radiating a signal based on the first output signal over a spatial region with a
4 first antenna of an antenna array; and
radiating a signal based on the second output signal over substantially the spatial

6 region with a second antenna of an antenna array.

55.  The method for data transmission according to claim 54, wherein at least
2 one among said applying a first gain factor and said applying a second gain factor
includes varying a magnitude of the corresponding gain factor based on a boresite

4 azimuth angle of the antenna array.

56.  The method for data transmission according to claim 51, said method
2 further comprising:
radjating a signal based on the first output signal with a first antenna; and

4 radiating a signal based on the second output signal with a second antenna,



2 further conprising: receiving a channel quality indication froma nobile
unit; and 4 based on a value of the channel quality indication,
transm t twog@3dsisas directed to the nobile unit. 61. The nmPChawoi/on2dat a
transm ssion according to claim®60, said nethod 2 further conprising
normal i zing (A) a value based on the channel quality indication by (B) a
val ue based on a history of data transnB8sions to the nobile unit. 62. The
met hod for data transm ssion according to claim®60, said nethod 2 further

conpri sing remoWHFEFIR thsnishandssaendantennas preyepaiafed By iaskstancgeaurltte pdewed
code that JReRhoth35h cASRS Li¥nA'FRRABA frequency signal.

57. The method for data transmission according to claim 51, wherein a sum
2 of the magnitudes of the first and second gain factors is substantially constant over

time.

58.  The method for data transmission according to claim 51, said method

2 further comprising encoding the radio-frequency signal using a CDMA scheme.

59.  The method for data transmission according to claim 51, said method
2 further comprising:
storing data directed to a mobile unit; and

4 outputting a paging message directed to the mobile unit.

60.  The method for data transmission according to claim 51, said method
-2 further comprising:
receiving a channel quality indication from a mobile unit; and
4 based on a value of the channel quality indication, transmitting data directed to

the mobile unit.

61.  The method for data transmission according to claim 60, said method
2 further comprising normalizing (A) a value based on the channel quality indication by

(B) a value based on a history of data transmissions to the mobile unit.

62.  The method for data transmission according to claim 60, said method
2 further comprising removing from the channel quality indication a predetermined code

that is at least nearly orthogonal.



