27 Septenber 2006 METHOD AND APPARATUS FOR TRANSM T POWNER MODULATION IN A
W RELESS COVMUNI CATI ON SYSTEM BACKGROUND 1. Field [0001] The present
invention relates to wirel ess comruni cations. Il ckgr qund 02] A
nmoder n-day conmuni cati ons system may be required ?885&1{1%5% e 2006 i ety of
applications. For exanple, a systemnay @llow for voice and data
communi cati ons between users over a terrestrial link. One such
comuni cations systemis a code division nultiple-access (CDVA) systemthat
conforms to the "TIA/EIA/ 1 S-95 Mobile Station-Base Station Conpatibility
Standard for DUAENHOIANDARPARATUSIOR TR ANV PONER,
her ei naf t er MEOBUTERA TIONSIN tANVIREIESS OMMUNICATIONSYSTYHMM i s a
CDMA systemthat conforns to the six-part TIAEIA/IS-2000 series, also
known as I x. Another CDVA systen ' hi gh-data-rate
communi cations conforns to the %‘”&ekﬁgﬁggﬁ% data air interface
specification "TIAEIAIS 856," also known as Ix Evolution-Data Optim zed
(1xEV-DO) . [0003] A network that supports wreless data comruni cations
serves data wirelessly to multiple wusers. In sone exanples, the network may
serve dat a"FBldone user at a tine. Sone users may observe a transmi ssion
channel of (():jood quality, such that they may receive data at a high rate.
Ot her user80GkhyThs pesesny ventiometitis to wisHeshepsugisatignsy | such that they may
receive data only at a |lower rate. The observed quality of a transm ssion
channel may change over tinme, such that a user nmay receive data at
different rates over corresponding different periods of time. 27 Septenber
2006 2 [ OoOBHckgwndar aneters that nay be used to neasure the perfornmance of
a data communi cations systemare: (1) the transm ssion delay required for
transf erri[ig2d Alatalepatk etoranaichtdns tdygemvieryage requied ughjppporok tdietysyist em
Transmi si on A8k VO8Ol SARRSKA! ik Y SL e AATE LIRS Beflah Biers
communi catTTons as 11 “JOEs’ T or Vol e conmuni Cati ons, but neverthal ess it may
be an i nporeantterrayiipl k. fGye syetasemmwgeatitre gyset 05 regede dofisian chaltiple-access
communi Cat (ORg RYSLE Mat ERFnEXBMR. Fra/R1d RN ol SIRHN.BRL A0 HELBY RN ead to
a greater potentral for using real-tinme applications. The average

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/S-2000 series, also known as [x. 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.



t hroughput may serve as a neasure of the efficiency of the data transm ssion
capability of the comrunications system [0005] It is desirable to maxim ze
system t hroughput. This criterion suggests that a on t t he user
observing the best channel quality should be servéa%%@ i(?&ls al so
desirable to be fair, so that a user ob8erving a poor channel quality wll
still be served occasionally. [0006] Unfortunately, serving a user at a | ow
data rate nmay be detrinmental to total system throughput. In a case where
the network serves data to one user at a tine, serving a user at a low data
rate may pPEFEAtorRRTRISERAL Y P Hicd & Prasee Hﬁﬁérf‘dﬁ‘ﬁ%?etogaéﬁéf’%?mlﬁ@?mover t he
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factor varyi ng over time with respect to the nmagnitude of the first gain
factor. npl enepnt ati ons .of this enbodi nent may include a val ue
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SUMMARY

[0007] 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



enbodi nrent may al so i nclude a val ue generator and/or antennas. Transmtters
and ot her apparatus, nethods, and systens according to further enbodi nents
are al so di scl osed herein. BRI EF DESCRI PTI ON OF TH%@PRAMVNGS 0009] FIGURE 1
shows a di agram of two receivers R, R2 at differéndepsembes 000 at the
sanme radial distance froma transmtting@ antenna A10. [00010] FIGURE 2 is a
bl ock diagram of a transmitter 100 according to an enbodi nent of the
invention. [00011 ] FIGURE 3 is a bl ock diagramof an inplenentation 102 of
transmtter 1.00. [00012] FIGURE 4 is a block diagramof an inplenentation
200 of tr &AfiErted apd Fgmeed P gomLas thrpduREtor and/opanisingesiconfigindand efanged to

| NPl ement ks AR ved bi A8 kld@kcoh@@uipu kQRAAL4] FI GURE 6 s a bl ock diagram
of a transmtter 150 according to an enbodi nent of the invention.

[00015] FIGURE 7 is a block diagramof an inplementation 152 of transmtter
150. [ 0004®P] A @uRrEtigr deeordingiogakiheficagpdines of Gn inveplon pisn inghiles 28 @aiof

transm tt %[em%ﬁt%fnd YQHR( MH@ As SERE GG g%QQ@meréktiJ,e %9?%%4«:1 aJiP %@%}%i S a

bl ock di agram of an inplenmentation 300 of transm 8] FI GURE
10 i s a blvsdklagiageiafearnrigntharerdig taeilisth gdnfoit toraredvent firsequippogsnal.[ 00019]

FI GURE 11 f, $pid ekl 0K sldbROSAM R e s E&%F&@@&%@Mﬁ&d%%dhﬁla{ertﬂ@ﬁ@ biigk 100.
[ 00020] FIGURE 1Z is a block di agram of an apparatus ALOO according to an

enbodi nentsiggd! 2e4oeding g @neqonth gaip GOODP|PraduEIRECoRg opigutgigpla Jeaimntefmegniteiebi ned

radi ation Pabth kil fackdfOPR ofel FEEvidAnd Saditlead RNeQind tglﬁﬁ fAcko? Q%ﬁl VferCOVEr age
areas of the antennas in an application of nultiple instances of apparatus

A100. [ 000PH| vith cERE tp3he magnifyiia gl tienlist ceindactsniidraler implpaentainnpel her ns.

[00024] FlddRiEmdf ingy alsb!iaGHdedh aghaBedratdr S3HdrEMidnis! UehBditdM | frdPbtRer
i nstances of apparatus A100. [0002 FIGURE 17 is a bl ock diagram of a

syst em 5100PaREoEPM dd sfrmsarisEtiiate Arthgrembpdmpis ap plsdiscloebisiy] FI GURE 18

is an illustration of a forward link signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGURE 1 shows a 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 3isa 51001{ 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 embodimen‘r 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.
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[00027] FIGURE 19 (10) is a diagramof the cunulative distribution function
(CDF) Cof the SINRdistribution in a typical hexagonal .cellular |ayout.
'[00028] FIGURE 20 is a diagram of a conbi ned radi §7i n pattern. [00029] - '
FI GURE 21 W& (3/085%i8r am of a conbi ned radi ation pa%t ﬁﬁptepdwsfé?ﬂﬁ GURE 22 is
a bl ock diagram of an inplenentati on B102 of base station B100. WO

03/ 085858 27 Sept enber 2006 5 DETAI LED DESCRI PTI ON [00031] The word
“exenpl ary" is used exclusively herein tognean "serving as an exanple,
instance, or illustration.” Any enbodi nent,. inplenentation, or application
descri bed hel0@D17]as FIGWREY Brabloclsdiagtannefcasapianhontation 800 o nshsmiedr 830.
preferred-or advantageous over other enbodi nents, inplenentations, or

applications 03 . be desj.rable to,increase diyersity with respect
to observed @ﬂéfﬁel ﬂﬁmlsﬁ?fg‘ agtamfian i eBEW\‘?BﬁﬁS&‘? Bag§ntier,l 00.
transmtter (e.g. of a network for wreless data comunications). For :
exanpl e, it mpyidle FRGURED] Eisla®IiK @hgaitof aflimblehilaidh 480 oPRURmifi& @t ed by
a transm ttegrmov%r- '??%e Wi tlﬁsrespect %o spacé Eggﬁﬁ.&ﬁat gré)(_:el versé\%i ch are
simlarly situated froma transmtter in a radial direction, but ‘
differently 0020t e FIGURE fiRasta diovki dipgram of an appgudtey AdOPextomling thser ve
different patterns of. channel quality variation. [00033] FIGURE 1
illustrates %‘g e of R IVERNGNa coi vers R, R2 which are sinilarly situated

-froman omidirectional transmitting antenna A10 in a radial direction, but"
differently mobpRt eFIGURR Ak AAordn(bfiakodbiRAdiaiohdiead.i on. If a _
possible difference in path loss 1s ignored for this ‘exanple, each receiver
observes the same channel quality from antenna Al0 as the other receiver at
all tinmes. |i0082%asFIGHRE 4 isth diaglageef el respeqitve covgrags arpas of the palenyas) ip

podr. (e.qg. .1h ial. dj s | I , or because of

int Tferencegfégﬁﬁgﬁéugﬁ&ﬂnkglggﬁg%gﬁfﬁﬁgﬁ¥$%égs', then a relatively |ong
period of time may be required to serve data to either receiver via

transm tti ng[00823)en FAGHRE 15 9@GBddraias swb cembihed ridigim patternscr eased

diversity are inproved scheduling

[00024] FIGURE 16 is a block diagram of 2 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 paitern.
[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.



al gorithm performance and increased systemthroughput. In a case, as shown
in FIGURE 1, for exanple, a greater systemthroughput nmay be possible if
the qualiity of a transm ssion channel from antenna A10 (e.g. the received

power) is | for receiver R at one tine for _rece R2 at a
di fferent Wn@%ﬁsﬁ%geach receiver then sees a bes?[}%‘%mﬁ uﬁfﬁ%y that is,

for exanple, tw ce 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 approxinmately the sane tine i? took to serve the sane anmpunt of
data to each receiver in the non-diverse exa le. In_a systemwhere a
transmtter may WO 03/ 085858 DE ésglt IO®snmit to fewer than all
receivers (e.g. to only one receiver) at a tlne rapid dlsposal of serving

t ask . t he .t mitt t.i sf t ts f
Lot eat or - nodBBE0 The erd e SombREy o RRE b BV JHESi b s e RE B9 per
unit of ti rree)xanfplhanns%daerw ﬁmsu&t@cgp?’%ny%%&ﬁerﬁ h¥ileBerARiK &'a?ﬁﬁ@d@oﬂf a

transnitter 100 according to an enbodi ment of the invention. el enent s
110a and 110deserédedi harein asatimxaniplaqhemmyt nemgarﬂy g:aaﬁe Sorsauedias girgfiened S0
maybe generatcﬁd Within tr smttﬁ1 nd/ or Prﬁﬂfu“ed .or received

f r om anot her®WYBRREROUE PYes ALhet Fmbo Iﬁeﬂl F%?PEf’i“P Ioé 3P,  RF signal

- S10 is a conpl ex-val ued nodul at ed carrl er signal having | (in-phase) and Q"
(quadr at ur e)[0e3EION BNnfly HeesRAHIERS Sncrése diehaty withGesfR¥t t6bseRdCHaRRSl! €
'signal that is nodulated using a PSK (phase-shift keying) nodul ation schene
such as BPSKiualiiy papyg M)Ver@BK coguaiticate) MethPSriansBitleEKs. g o of mo(kofdrs et

QPSK) I n anot exa RF..si S10 may include a agarkh that
"= ol ot o i a8t R St Fob SXeiBlt o ol b BRI e

16-.C . [Q88B6liorGel povRdreadated by Qaramplite® Hvar fithe $Ji1tlﬁ@$ﬁécf e $akhQRatt 0
Si naI S10 to produce ~ a first oufput signal Sl10a. The- magw‘!a ude of the

first gain figesivers yahipl are sigpilaryysituated fipng e HarMmifie0 i 4 Slivgcten ot gal n

factor Gl 18& {lﬂesnﬁgtea' QI%' thteoifr Bi& it an S g@ﬂﬁj tﬁ}gcﬁ&ll Wgth%%l di%ler

The magni t ude e secon garn factor varies e respec
the magni t udgattefnstofi ehdnnebdualisy vardaaehor .

[00033] FIGURE 1 illustrates an examplé of two receivers R1, R2 which are
similarly sitvated from an' omnidirectional transmitting antenna Al1Q in a radial
direction, but differently situated from antenna A10 in an angular direction. If a -
possible difference in.path lpss 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 petiod 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 thfoughput. In a case as shown in
FIGURE 1, for example, a greater system throughput m'ay be possible if the quality of a
transmission . channel from anterma 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



( [00037] Each of gain elenents 110 nay be inpl enented using one or nore
.active devices such as bipolar junction or field-effect transi stors.
Transmitter 100 may include additional gain elenents 110 that apply gain
factors GMOO¥8$He RF signal to produce additi oh&dSeptempder 206al s 5110. In
such case, the magnitudes of the additional gain factors vary over tine
‘with respect to the magnitude of gain factor Gl 10a. [00038] The magnitude
of one or nore of gain factors G110 may vary periodically. For exanple, one
or nmore of these magnitudes may vary according to a sinusoidal function
[e.g. cos((Dransmdyo fewrrtbarcall recgiversTle.gT to enly queadedi evrjrane timee rapididisposd] 0 i s

a predeterm.ned.p e .of fset val ue or_. fupction e. . of .time t)]. Ln sone
exenpl ary ”Eﬁ?l E’ﬁtqf"%ﬁsm SPHLTEERTY 48y @W&h{f’ﬁéﬁ“&a tF%%P sdisty dafg I‘F‘%"]%IS foEbnds,
and 't he .shohlBsiterSitiiber B?Péc@ﬂzefss(BﬁdJE@{oes%nIe eﬁt@f‘mﬁbﬁﬁt'o?%ﬁf& $ unit Bf f?ﬂn@%
particular application to an | S - conpliant system T has a value of from

one to two $Emonblgwiset nay be desirable for the WD 03/ 085858 27 Sept enber
2006 7 period paraneter T to have a value on the order of a tine constant

of a forwar I .I'n |th S. di sc ssed. bel ow) 39]

sone i npl engmde;?:f néﬂ{mé %Is Pcﬁgﬁ%@%&f@r #ﬁ&lc?ﬁﬁ% vaa’T ued
and the phaggbalinfd#e bf 8l vérfohO r@an'irﬁléniéﬂfsyl lg‘é%dtl'lﬂﬁ réc%n& a ﬁﬁfd—ﬂéﬁu@ﬁéﬂ y) .
In one such i nplenentation, the sumof the magnitudes of the gain factors

i s a const afRF) tignd SlOnuRIi/s)lgn@SdIOnmer hergeneratsd withih éapsmitier 100 andfmrgwbﬂ
factors vari.es .o sone applications of anlri%le tatlon

of transm t & U’fé(.‘?r %cebve‘dcf iins ﬁﬂ‘)&lf’f ‘E‘Fi"tl%f’dor FieBysogn exemplacy e (g of

~gain el ementgy Gl I1BYis Al ReplECRiINR ﬁ@du]ﬁﬂéﬂ'c)z{me@s hDhdvisd Pliniphas
that is not received by anotpltl1er of the gain el ema%%s Gl‘%% G dﬂod] FI RE 3

shows a bl odguadratgfic peroponents; o erarnplat RE signals K may mr:ﬂeta@mermal that t hi s

h |
goner aror 156 MadiRielf o8BRL FR (Bl BIACKERRe! ABadakly iR Sy 40 BesK ',
of logic el(pmEmRtESK)QRIK (Ghadratite PSE)ES-PSK, 08 UOPSK ¢offet (GRSK)C dhGub@kes one

or nore of the gain_factors according to one or nore predeterm ned

functions ofexgmpe, RE) signah 10 eay inclde aeparien Waral that is yagdpdateb R RJRANDO may
i ncl ude one Qﬁadm&%ahnﬁ)%%rhg&‘hﬁ%qnsga{eﬁets%ﬁas psepdlcul ated values.

[00036] Gain element 110a applies a first gain factor G110a to signal $10 to produce
a first output signal $110a. The magnitude of the ﬁrst gain factor varies over time.
Gain element 110b applies a second gain factor G110b to the RF 51gnal to produce a
second output signal S110b. The magmtude 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 fo produce
additional output signals S110. In such case, the magnitudes of the additional gain

factors vary.dver 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(@z + 6), where o = 2n/T, T is a predetermined period, and 6 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 particuiar application to an IS-856—

. ' compliant system, T has a value of from one to two seconds. It may be desirable for the



[ 00042] FIGURE 4 shows a bl ock diagram of an inplenmentation 200 of
transmtter 100. Power anplifiers 210a and 210b include gain elenents 110a
and 110b, respectively, as described above. In sone. applications, one

(..
or nore of igpal paths in transmtter 200 al i ncl uﬂes or nore
ot her proc‘gg)g‘swgésg enents such as filters (whi chiﬂﬁiﬁmg raﬁ]@ﬁ cavity, or
surface-acoustic-wave filters). FIGURE 5 shows a bl ock diagram of an
i npl ementation 202 of transmtter 100 that includes value generator 120.

[ 00043] FIGURE 6 shows a bl ock diagramof7a transmitter 150 according to

anot her enbodi nent of the invention. In this rangenent, gain element 160
recei ves RFI?PQHEWHI%‘E‘@F iﬁﬂ hayepiva eaonf{il'les‘ird%ra‘? naflgl%t‘fﬂmt@l%gta’?‘éowm

signal to pr@ﬁéﬁﬁn?ﬂéo&ﬂm?%tcﬁé&lﬁéh%@ﬁ}w). 5160. Gain element 170 receives

first output signa 60 and applies a second gain factor GL70 to output
signal 5160 to produce a second output signal S170. WO 031085858 27
Sept enber 2008039 [ bosdmt implemenfatigns, ronel crrmaotesof1giy faci@rs il Obare icopiptaxent ed

usi ng one or rre active deyices such as bipolar junction or fjeld-effect
rani ot or o valienen leuntesa B i e ks TRV on B B 2o Peredifalliy 30
~apply gai n fRetAES idPletdenitioR Uhe WimSoOMa marHP@ dio H%C%}hc id 4 effdkar@ut put
signal s. ,(00045] Aé gm'eth gaion' factors ‘Gll% descri%ed a ov%:(ﬁ?ﬂﬁesI magni t ude of
gai n factor (e@ledityaandshe phase of anteast bhe ofvthggatnufdetons vagias ovdraimeor G170 (and
of. the gain factors of the additional gain elenents, if any) varies over

t] i th to th 1 tude of gain fact 60, . , pre of
* Lhese gt (O0EEN B iR TBENARS of py e mesfiEion of rantifr 1 8E £ niRe, ©
nore gai n f aghidpetiods 6PHRIER on¥ 8t Hdfb offith blemcRRASE 03haPalsdrdeeidaiid Aty Or S

may vary over tine (e.g. periodically). In one such inplenentation, the sum
of the magnia griefacts to Reiggal thatfig aeioeecived by anntharof the(gaimyelemants J110and t he
phase of at |east one of the gain factors varies over tine. [00046] In an

exenplary i nt at ' gl ' .0 t or
G160 var | es WUFEIG: BIOREC it Block Haekitd of ) SrfPAbCldls 92 fBrlipmicts
di sti ngui she)0on® itlis timplgnatationpnale tdeeraton 01 A0npddayest B8 daid fackeiotGEI0. | n
one application, for exanple, the value of 0.is determ ned by the boresite
azi mut h angl ¥2lgg generator 120 may include an analog or digital logic circuit (e.g. ani atray of logic
elements executing a sequence of instructij‘dl_js) that calculates one or more of the gain
factors 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 el‘ementsAsuch 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 RFE 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 8160 to produce a second output signal S170.



t he t_ransm'tter' S antenna or antenna array. In such an inplenmentation, gain
factor GL70 may vary as cos(wm + (p), where cp is a predeterm ned phase
offset fungtion of tinme t. [00047] FIGURE 7 shows a bl ock dlggram of an

i npl enent at¥DI/EP8of transmitter 150 that includdsSepteamber 3806r at or 220.
Val ue generator 220 produces the gain factors GL60 and GL70 and may be

I npl ement ed as descri bed above with respect to value .generator 120. [00048]
FI GURE 8 shows a bl ock diagram of an inplgenentation 250 of transmitter 150.
Power anplifier 260 receives output signal S160 and anplifies it to produce
~an anpl i fi ¢@P0diYnaFacB2@0gaiP@lemerasibo,f 174y nﬁ?(ber Boplemested utsingt orgl ginalors 170
and anplifies, to pr d%Src]lga rrpllfleg§l al S270. [00049] FIGJRE 9
shows a bl o@KIH ‘if‘d?c&ﬁ]sﬁcf IP{?}%{ Bistienpr Hgl Cloransisiors i framspitier 590 mae r
anplifiers &nsh Wiem I as
descri bed ag%c@% Ir?%gcgﬁlegggp |cg[?5|é ?)]nag aﬁgﬁga?# %nggf&tgtgom%ﬁ%@%} SY&L}(O I n
transnitter pr@oe aldivonaholhtpdesigmale or nore: ot her processing eI ements such as
filters (which my be ------ ----- WO 03/ 085858 27 Septenber 2006 9

o e fododsy Ot %{hﬁéég"’r%a““bgm Srbpd S56v¢. o oo iide b gge At
advant age 0f1@0 viaR SR Rkl tlﬁ'ln%mhﬂ@&ﬁﬁﬂ:ﬁ FRor G0 @nd Bbthe ”%@inrfacte}sedf% 160

and/ or power anplifier 260 or bé a preexi stl ng co ent of
system In ed«hnondge:,n eltmemts,aﬂsny)t\taees owst thee withsespect edhé magaiwplensf gairf a_

correspondi ng. n out put_ si to th dded co one e. :
el enent 170? n’i?f/ me %pmaﬁ gpﬁﬁ S TOAY BW‘?F%‘F’{)(' g&‘l‘ﬂ) ement
'160 and/ or Mﬁemeﬁﬁﬁbhs‘ IoRE of QRore mﬁﬁa&o@@&e%xﬂ;ﬂe&@%w iafd S Phae Df ShEM

[00051] In one application, a transmtter as di'scl osed herein is part of a

bae st at i ogaindfaptorsamey vty aversiie éevgf pariodicabykesin ommnnh mlemmancﬂo the

exanple, the tr mtte t.of . abas ation elver [/ or
Aocens. Poi neunatdfE gy r B ablhiondty i GRRGwR €6 SR GRATETRIS of f

| S-95, 1S 20086 o@mmssg@ﬁ&csdramg@ésdﬁefﬁlfn@r enced above. Recei ver S that
communi cate with such a transmtter may be included w thin devices

[00046] In an exemplary 1mplementat10n of transrmtter 150, the magnitude of gain
factor ‘G160 varies periodically as cos(wr— 6) where 0 is a phase value that
distinguishes one instance of transmitter 150 in a system from another. In one
api:lication,‘ for example, the value Qf 0 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(®? + ), 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 w1th respect to value

generator 120.

f00048] FIGURE 8 shows a block diagram of an implementation.ZSO of transmitfer
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 $270.

f00049] 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



such as cel I ul ar tel ephones, Access Term nals, portable digital assistants

- PDAs), wireless nodens (e.g. connected to desktop, |aptop, or notebook

comnput ers) é wireless local |loop (WL) stafjaqns. [000%
Al ter nati V¥ 3% S%éstransrritter may be part of a néb\é}rﬂteﬁﬁtf‘é' Moint for a
wirel ess | ocal -area network (LAN). Receivers that communicate with such a

transmtter may be included w thin PDAs, vm rel ess nodens, and/or other
devices. In C such applications, RF si gn S10 nay be modul at ed usi ng a CDVA

OFDM h 53 | GURE -
(i(r) shows go[)%;oc ’d?gwi aanggfe gh?r'[i‘c?'a&}“éif‘lr%&'taé{?l ghgrﬁg 2‘?&{ %niﬁp{ef‘%}t g?’é)]o 1!: ,
~unit 130 pr@ﬁgggﬁteREo{Sirgnﬁhs ﬁil@ggﬂﬁraﬂ@lgzol30 may .i ncl ude el enents that

per f orm baseband processi ng operations on one or nore streans of data and/or
control information such_as coding vocodi ng, cyclic redundancy

codi ng, andf#050r Hene powitie )adva;nﬁagg,oﬁ‘ é&?ﬁlﬁljmeam@ﬂ@if tgsmigier E3bisitbateainy. by

one or nore | and/ aor,.. covering..(
“with a wal sﬁﬁzlfeﬂg?ﬁ‘graﬁ%ﬂ %gﬂ%%mﬁfﬁer nearl y Or%ﬂgsgr%rpezg%%)co%po@ Q(rz)fe
appropri at e sfa¢m! hesyhrdabe uieatranamtermty & conklruciétl by tappide BBy Sirfespdndedgide
el enent-s t hat gerformone or nore RF processing operations such as carrier

gener ati on &RSUAD@BIPHE BigRal © Ge added spmppraaty (el 2ays elemeat 47Q andiar BPWEF <)

aoner at or 1 0PE 21 B2 ER SOREARLA b JbbBCTRY hifidip MRS IERLT

bl ock di agr 80 afaydie repipdeehinBticl 4 oy3ted0 of transmitter 100 that includes RF
unit 130 and power anplifiers 210 and 220. RF unit 130 may al so be used to

d 0 th t tt h FI RES 5-9. .
Poooe, 7 SMesTs” oo eppliceion. 8 HONANES f* ScRMIIAEads RIBOT 4 c,bemaﬁfgsto an
enbodi ment Q,%atclemhms%fe&ﬁﬂﬂwm&@rcamnﬁéa%ng ”Pé ofe %@ﬂfﬁiﬁrﬁﬁ
4 each ant nna 420

descri bed above andan array of two or nore antenna
-bei ng coupl gdrttad a base Bhtisrhrameeiven aml/gmalcsesemeﬂEe Svcina wellvler system trhiys

ol emont at FOMHTE0 30 AF G SARBISHeS 1 AP dny 5 AN TRETSSREh S Fons. of
Lransm  { er Red0esdrthdkXbrbublERs wiaPGuchbR vinsh RO Bl tirRRIIBA AR AelhBls have

an ommidirectional or a directional radiation
such as cellular telephones, Access Terminals, portab]e dlgltal assistants (PDAs),

wireless modems (e.g. connected to desktop, laptop, or notebook computers), and/or

wireless local loop (WLL) stations.

[00052]  Aliernatively, the transmitter may be part of a network access point for a
wireless local-area network (LAN). 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 usmg a CDMA or OFDM

(orthogonal frequency-division multiplexing) scheme.

[00053] FIGURE 10 shows 2 block diagram of an implementation 400 of transmitter
100. RF unit 130 produces RF signal 510. 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 ceding, andfor turbo
coding), interleaving, puncturing, spreading (e.z. by one or more pseudonoise
sequences), gain scaling, and/or covering (e.g. with a Walsh or other orthogonal ar
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.




. R PR — o .
pattern. In sone inplenentations, the individual ant ennas 420 of an
.appdratus Al100 are positioned such that their radiation patterns coincide
or at least substantially overlap. [00057] Antennas 420 are physically.
separ at ed WQ 8398588 another. In one inplenentati &V Septesphen86A100,
antennas 420 are separated by a distance of a few wavel engths of signal
520. For a carrier signal of frequency 1.9 d-1z (wavelength 15.8 cnm), for
exanpl e, antennas 420 in such an inplenenpati on my be separated by a '
di stance of 30 cm (%?g oximately two wavel engths) to 130 cm (approximately

ei ght wavel[BA834]s) FIGUBHEH] shpis acdetk diegramaef an implementateomds0i ofdransniter
di stri but f rad 420
hevenby ¢ BhRR R AR Lo B0 aRT R 0P L DR a8 o

i npl ement at | @ \@e@to froVRie RGPS 1 PRRANALIHS 2 AandRIHEF hPRAwWASH FIGURESSbat i ons in
- the power of the conposite radi ated signal as observed at different )

| ocations and tinmes may be nodel ed and/ or predicted by considering that the
i ndi vi dual 9Pl s G B shywsamblagkaliagran ofraneapfperatusidif0 acverdingthen

constructlvel d ructively. ,Such be..consi.der d to |
form a patt 6% mF‘HV\?efsh’ﬁ Wy%rf,ponr i élpBaﬁaHFe‘éfgﬁ ‘%‘éfeé ”Z‘l‘/ﬂﬁsﬁ“ft@rrﬁ ﬁ‘ﬁ%? §one
or nore beafﬁ;})vwﬁﬁéﬁnmx'@rtwdlc&tlﬁb@%'t@:ﬂas 420, &2h QWA 420 bBin % danse
with the variations of the values of the galnfactors - [ 00059 RE 13

shows one pdm df|the suiput signdds b ther tanseiitiesn Ipélms expples appaeav@ajAlw mdm:bav e) .
t t hi ] 420
37 Sept erbor BB 200, finolef et HabPisfaR R of Yeket it A R s B A e e

antennas is e nfpléferdtioRodittinbinftdd100CaM300k destribed Bbdvee ef fective range of
the conposite radi ated si gnal The | obes in FIGURE 13 indicate regions. of
high field mbenqs]lty (or "beans'), and the areas between them indicate

r egi ons 08056 civm poferanas 2 n(lfaf hayg, pp omnidisectional ghipndiretieral sadigtinge

over ti ne, t e t hat
The. tr anam SourSh C LA, KERERkhAfond Bid Sl AT AREn el of B Bt Uilo

Wi thi n rangearefpesitipaeditsush ARSOthehr raelsatmmepattehrm::o@@iﬂ%@i af legs satstdntinlly -
W rel ess data comruni cations (e.g. a cellular systen) nmay include several
transmitter SO¥eH2r oxi mity. In sonme such systens, a transnitter may be

coupl ed to an array of P
[00057] Antennas 420 are physically separated from one another In one

implementation of apparatus A100, antennas 420 are separated by a distance of a few
wavelengths of signal $20. 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 c¢m (approximately two wavelengths) to 130 cm (approximately eight

wavelengths).

Q- [00058] The combined radiation pattern (i.e. the distribution of radiated power over

| spéce) 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




antennas that is co-located with (e.g. nmounted on the sane tower as), and
radiating primarily in a different direction than, arrays of antennas
coupled to other transmitters. In one application everal i nces of
apparatus Al. 00 having directional antennas are pagngqniﬁ@ﬁv@lﬂfﬁftahat t he
coverage area of the antennas 420 of egc&h apparatus A100 includes a
different sector (e.g. as shown in FIGJRE 14). [00061] The quality of a
transm ssion channel fromone transmtter in a system as observed by a
receiver, may be limted by interference froma nearby transmtter (e.g.
whet her ccud geatdigptignal ppdatheqiistanep distween dhges GRteanse Hs Fonsderrd] pishobieny cel | ) .
Such a si tddabirRbn Wﬁh{tlféré!ﬁ‘é&i_vg%hg@bﬂhé YorfEiRk radiatb& GiglaY. @the icbed ROAEEHEAL Or near
an intersection of the radiated patterns of the transmtters' antennas

(e.g. an iPtigfsEEPIGH high elidniEnsity & bepms’irayd e agesdierysr emdndisafiregieie degr ee
to whi ch afeovt i@dSsidrkilor ‘Y. AM RS EAN Richbstdaroh Své QIREL e GahbifdSra@btican ot her
transmtter. For exa e, | maﬁ/ be desirable in. sone applications to

nple, it .
limit the HHYT SHEEH Bk oBESasuch b fhe rensmispion shomel THE Y ashekgeesd By @ i n
FI GURE 13 di#iphaesRed®r SH6H radoPSMBFardthsA 100 ¢Rieg overtimadi us beyond which the
intensity of the radiated field may not exceed a predeterm ned nmagnitude).
In one exanple, this limt describes the effective or desired output of
appar at us (8846614 sysgmdlas wirgpre data ceampicpiipns (f-&ct SHUlFaystEREMEL RSNV E| ue 0

dB. Alter nahinifby in blkigity] M domd Q84T yB88s, th@un@hiti@Chiy 6 Muplesé hedrQUsput  of
apparatus Al100 in a case where the gain factors have constant (and possibly

equal ) phar&enags fhabis corfosptedilfinf ety BawKEd Q9rike same GOEH AP 494 B9 nERIEasHEIn Ahat

i ncl ude Muifrdrg QlirkAdh ANGE R cRRRBAAL YSupRE QD oRP trhREHERC @ Ghe appRRALAL US A
100 may vary its transmt power .over tjnme either randomy or in WO 03/085858

27 Sept entrérerd dennces of apprctio i Yrbanmg litegiopa antepps G, esitiopeh sk det g

appar at us ke ddd FARLarkdhedy 420 lchdhodppQRes AGRCHCIUMS hahg@efsecdpRaEadsUs A100
varies its transmt power independently of the other instances. In such a
case, the S@B‘f%i“ﬁéﬁuﬁgé‘i‘)ati on pattern as radiated by the array of antennas
of each instance may be periodic (e.g. a sinusoidal pattern or a triangular

pattern) oboRPErm: Qeley of WitdlidsstonSHStnBINduhdde tlaRGAitki €S a Bt B dhsdrittgaces of
apparatus A100, each instance may h a conbined radiation pattern of the

) ) ave .

same or  dPFFEhERY bt [piteddy IEErSEn ™ P ASTREBEII IR BEHICIFT O of in 2
appl i cat i ofiffertdabcalidiCiudnl @s AUletdhBdrRigi aBY &04ES sfatiaP Pay akistSesPdd@dy 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 A100 in 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



variations of the gain factors in nearby instances of apparatus A100 are
synchroni zed. |In sonme such applications, an output of each instance of
apparatus A100 may be power- controlled such that 231 nonent at _which the
maxi mum poW& 03988858t occurs for a particul ar inst n§ teanheris0060n some
characteristic of the instance. [00065] It nmay be desirable to coordinate
the variations of the gain factors such that when one instance of apparatus
Al100 is increasing its transmt power W g4 respect to a partlcul ar region
‘of space, other nearby instances of apparatus AlLO0 are decreasing their
transmit powgrchwénismr withentspead ibhather eq;stmes lof sppastea 0. sunhsae apeh oach

may be viewed.as. a prqocess tha n y nmoves the handoff boundary
percei ved by Plgli‘f%%’as rﬂé {RFLAnge of a 1{?6 %ﬁﬁh vages 15 fangit pgperndepgifgntly,

FI GURE 14, to?ﬁ%xevékﬁéﬁhktﬁﬁbe@f TR bucheASke, 3RS cSAbied F:A5h eaﬁ Rased v %é he

boresite azinuth angle of the array of antennas 420 f |nsta ce of
appar at us Alag@y dfnarderpas tdf ceachrinstame, maylé)eppmmdlcr éﬁjgaaesmmmdalnpatm‘mtdnea

ant ennas 42 . of .each rtlcul a nce of aratusg Al i.,s.describ
PRe oy | oo s dBbeRS o Etote] PRI S spior Ry Reiss BULIRE IOTTEBDRS]
where Po isg4 E&aﬁ@ rmrcm' gﬁéhaiﬁ.%t%ée ﬁgy\%ve h%oHBﬁ]eﬁzﬂaﬂi'dﬁ rﬁ’offl‘ﬁ'éjs é a—t he

peak vari ati In this case, e power - | at ed by
.anot her one.ddferenthgpeamthnnﬂmrm&noﬂs each particul ar instance of appar atus
A100 may be described by the follow ng expressi on: [00069] P (t) = Po, *

t - 3/085858 27 t 00070 Pt oth
opped tr andhdeTL oty OFe? hoblea oy FHtcacBee quvfiols BReAtes o sPra Ao '
ampl i fier 27%Qrigiond2f#)the 288l ﬁuofssmaneﬂ}b@sastaiéé F af)%ﬂﬁthk mobfwé syiRthtdiszeav er

. time. In a particular application, the value of Pmis selected fromthe
ral(ge (¢ 20- 10@&91113 sweh applinatiang, mmltm;t@ﬁpacél ingthrgecf @pparetus AHO mayrbeopavess- a
period equal to

rd f
function fa A%EC e %%gttgﬁﬁ aﬁ%ragleg%%%wpﬁgttﬁnot%ﬁwexa@?{hggg ase 5 E‘set
mai nt ai ned QaitvReR idshicd avind® ipédwnsd dnddctdiRes of @ ilyarese of the antennas

420 and t he power' of the signal radiated by another of the antennas 420 of
[00065] It may be desirable to coordinate the variations of the gain factors such that
" when one 1nstance of apparatus A100 is n;creasmg its transmit power with respect toa
partlcular 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 vieWéd as a process that dynamically moves the handoff boundary perceived by

fixed receivers.

[00066] For an application as shown in FIGURE 14, the \.zaria-tion of at least one gain
C ~ factor may be based on the boresite azimuth angle of the array of antennas 420 for each
instance of apparatus A100C. ‘Ina parﬁcular case, the power radiated by one of the
antenmas 420 of each particular instance of apparatus A100 is described by the

following expression:

[00067]  P(r) = P,(dBm)+ d(dB)™*cos(ax — &)
[00068]  where P is the nominal transmit power; 0 is the azimuth angle; and dis the
peak variation in P(#) (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] F(t)= Pm*cos(wt )



apparatus A100. In such a case, phase offset function p nay be substantially
constant such that mnor and/or tenporary fluctuations in the phase
“'difference_may occur (e.g. for purposes of calib i on or si i ng)
wi t hout cH¥R§»PRy3#%he generally constant charact ei'?gﬁpﬁﬁgi‘ﬁﬁ %di fference
bet ween the powers of the radiated signals. [00071] FIGURE 15 shows an
exanpl e of such an application in which the conbined radiated power of each
of two instances of apparatus A100 is grddter in sonme directions than the

aver age radi; povwer. ]n.sych applications, variations of the gain
factors may @h&&lnc\ﬁrﬁﬁm}%@ds ﬂ@t‘@@gﬁ WWW&OWSEXE'%&SQ]?P%F%& yeléipent ddBes of
appar at us . || ' i | S Of
appar at s ALGG et AmpENSTICor J003; kflphl A oheRE bHRAHoncfon W Vol B0 Find
related or dinfd girefiilacdplic@ion, He) Vlid bEB); i8BsleddE fromOha ke (2000 GUP,, | N
the same direction or in opposite directions.. In one exanple, the

vari ati ons ofdtihenggramplacphase offses fundtivn @rhes peeriod dquad te breon theandaref T.

azi muth angle of the antenna a-rrayé_(ge s, in the exanpl e described above).

.g. a
[00072] - I n tIRHBIGE xRl Bitask oHaadynctionePohasit onstapt yalue sugh bigha Farsiant A100
may be - scal gd_such that. a _neasu of the avera ower, radj at.ed b e
“appar at us ov@as‘? a‘fﬁlﬁf“ffs Rymal E?}'ﬁ‘?‘iiﬁwef’%% lbcfv%egeq%g@?@l@n?lﬁﬁa’%#egtqyoW%?ﬁ]@Fi on)
is the same gferns 4HO 2@ pOWeda e EARE rARAE b loRBPBE thehdiaHndk 220 S
shown in FI GURE 155, tﬁe averﬁggeé powgr 0étrfifsndi cat eg bg t-he i,nener élotted _
circles) ~mayapperalisditil Tasuch msasce ghase offsett funetioth@ mep he tsabstangially conssant
(indicated by the outer dotted circles). [00073] As denpnstrated in FlI GURES
13 and 15, rieRithatmamgs and/er emprrary Sgtuptions ig e phpse fidereaprmayAcayt @ist ance
from an appag.at : r | e a L ogial bid \ Lfgerent
“tigfes. In sﬁ% ca %é@%f?@%g&ﬁ%@ glgssfgpglglfgg ?gﬂrﬁ&;pgghr% t][l s&%lg%dﬁ?%lyagg%\%&dat a
t o-r espect i wharaetee of thephase diffmescebetweahthe peiversuzlthe saditeddigmalsved t o be hi gh
and/or is expected to be high. WO 03/085858 27 Septenber 2006 14 [00074]

Apparatus A y ' ata directed to recei ver R100 according,to a
schedul e or]@ﬁ“ﬁj i Lﬁ?‘f‘ﬁ?ﬁedg RPN a“sif@ﬂm@%tﬁi BR FRPUGARALNG 19 ngq}?ces
such as a Sigtae RHRMERIPoweE oRE4RYOf o SABAREEoLAFYARRISA SOU-R| 8chtdrQn 3BRAT at us
A100. Alternatively, such._data nay be received froma data network such as

t he | nt er netdiregtionsaihan theegverage radiated power. In such applications, variations of the gain

factors may be synchronized between the various (e.g. adjacent) instances of apparatus
A100." For example, the radiation patterns of two instances of appara_tnis A100 may
rotate ovef time at the same angular ve.loéity,_ or at related or different angular
velocities, and such rotations may occur in the same direction ot in opposite directions.
In one example, the variations of the gain factors over time are related to the borcSit{e

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 furibtion) is the same as in the const_ant-gaif;
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.



such as a packet data serving node (PDSN P100). In a systemthat includes
rore than one instance of apparatus A100 (e.g. as shown in FIGURE 16), a
data contrgl|er C100 may route data traffic to one or nore such instances
for possi b P48 ssion to a receiver RL100. [0GY7Sgprember 2606

I npl ement ati on of apparatus A100 includes a data queue to store data for
possi bl'e transm ssion via RF unit 130 and antennas 420 to one or nore

recei vers. ‘Such an apparatus A100 may tragsmit data fromthe data queue in
sequential -order. Once transmtted, data units nmay be deleted fromthe data
queue; alt erl®74yel Mpmwaddﬂﬂnmedreda‘wadata idirsctedijo HeceenRbedlactotdihg to a

acknow edgerrent e| ved fromrec R10 76] Dat a transm tted by
appar at us AISERS d:‘!Jefy Pr AR VY ERts §F}4d{§f"’amlay%8§[mm‘feﬁla;§%‘§‘ SopiCad SUChngssR agi ng
i nformati 0”1stdf£§ecﬁerﬁént$ﬂ‘éﬁg{ bf‘gtgfdﬁﬁteléﬁﬁbnté’\&ﬁp%gﬁ Pg&&m@kﬁ@b Alternativel

communi-cat i ons.” Apparatus A100 may uni quel denti a data tiansm ssron to
a particul anch dafeimay birtd@eived. frpm ydates nctgmak spheadinednizadd, viaiaguaterface hat

hat 15 a | N pEensebrdh B h BB R noh S temebiiShoRostabar

ref erenced %@Yﬁtar&@%@ﬁﬁm&ﬁﬁ %.lﬁﬁl(e gea§ !tﬁ%ni‘ntﬁm 13}3‘%|&°aiascdﬁftroller ClO%

predet ermined size. The size of ata packet may vary according to t
data rate (onayrmgutebéanarIMﬁertdeme mfmbteesmtmshaactea)for anskibtetraabmizsideponal on
control informati ncluded in the packet (e.g. source and destination

i dentii fi ers)r?cefvr?r.ggprg‘ applications, different portions of a data packet nay
~be transmitted at two different tinmes (e.g. during two different tine
slots). In qbaeEs]or A fakher ingiihématdnosSapparap@CX 800 mmcﬁ@arﬂatat?ﬁhswdt@@ross
several parallel streans (e.g. . where each streamis transmtited over a

di {ferent frd@titu cBossibler fﬂé@ﬁj%lﬁ%?ﬂ Bah R8It ok3G end @piganasd4Bl to clief dremerR

V4l sh or 0

applicati on %p‘%g% Zﬁ)& ﬂ%ﬁfg@&aﬂﬁgﬁgfaot\b |%#a&%’%%}ﬁéat%grgﬁq%hg%o%g'}#n seragegiélla:\[/er s

R100 rel ati \veddro cmaafammﬁteamaa anfts iagWe, detsiel fiom the \dataQuBeltalictatixgigct ed
to be rel atlvely constant (e. W|th respect to scattering and attenuative
phenonena) . piied sigomity mageh '-‘2’@86‘3 PE’I@S@WG%YGH&C{&%V@ﬁﬁ%XﬁCHWPH for

exanpl e, i nR”‘iOW! rel ess | ocal | oop_(V\LL) installation

'[00076] Data transmitted by apparatus A100 may include .portions of data files,
images, video, messaging information, voice or soﬁnd information, web pages, or other
communications. Apparatus Al00 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. |

()

4[00077] “ Data may be traﬁsmi;ted as packets of predetermined size. The size of a
- data packet may vary according to the data réte (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] 1In one application, apparatus AlQO 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 aitenuative phenomena).



(especially in a rural area) or in certain wireless LANs. In such cases,
.apparatus AL00 may serve data t.o different receivers over time according to
t he channel qualit expected to be observed by e receiver. (e g. as .
" determ nedV 3@?¥5€;ari ations of the gain factor sggﬁﬂﬁﬁ’@h%‘c?adQQ)ns of the
receivers). [000791 In other applications, apparatus AL00 and/or one or nore
receivers R100 may be noving, and/or the environnent nmay be expected to _
vary. In such cases, apparatus A100 maylServe data to different receivers
over tine according to the channel qualities as observed by the receivers.
~In an exenpl3h copfitioanmmagnholdnfir exampie, 4o mhwireless iqcabitoop b instaiipgon
transmt indj 7S : I Iyt e i a ]
_reverse dat gF%E@@ﬁérﬁ%%&eﬁ%gggﬁs %‘?%rk@%iapg?uﬁglcgg & P?%%%ﬁ%g@ﬁ%f
apparatus Alfidy seR80&E] t&| diiBfent Fehayws ofebtiqrk actiodding@ ntootheactmatie fuaitP0
according to an enbodiment of the inventjon. Base station B10O i ncl udes
appar at us AXSDeGpdta Be absayed yrpach respiven (6 8. af detormoimed fyy tha everiatiensi afdhe R100

~and transm t ar%%égyﬁgbeﬁéﬁ&ﬁd%&eé}g@i n a particular inplenmentation to

i ntegrate a : receiver O into a single transceiving
unit. Likewise, it nay be desirable in a particular inplenentation to

i ntegrate rq0e079dr Riothenrpplicationsyidppantud 1000 addloraoisd og hore réceiveeeRI0MY
unit. C [00081] . The term forward link' refers to a transm ssion froma base
station to JR¥ OF MHR® FAMAN BeFRviTenmeRimaR det ehprried doeYask | nfch cses s to

a transm ssi | | : : ' L@t ] me
Systeom (o GoPpabBRROIRY) wive 8l fo MRCRREHGENCTRVE RS focthh Ao i ™
over .a frequmabkiesmnubsarved &y thé rdvancss, Janah exevplay dpplikationy aobite ssitodst occur

over a different freguen and or ,set of bands. [0Q082]-In addition to the
x5 dedbihte IFcRETorcinf Hinsi fdkmBront Ao veLerre @ b podtect o
~ nobi _| e uni t )ikl RevERS REBARLY) QooreC 0t §Bdre ! BAB SR dhBY ifdhfleTRtdnes WP T
(e.g. a request generated by a web browser or other application executing on

mobi | e unit appaetusPoddi bly received by base station B100 and/or by anot her
I nstance of base station B100 and forwarded to a data network).

e T oo ERYERECEy B B GRS L S Sl b ¢
- embodiment of the invention. Base station B100 includes apparatus A100 and receiver
BRI10O. 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

I

" 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 Bl'0.0 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 'appiicatioh executing on
mobile unit M100, possibly received by base station B100 and/or by another instance of
'baée 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.
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WD 03/ 08585827 Septenber 2006. . 16 [00083] In one inplenentation of
system S100, nobile station MO0 observes the quality of a transm ssion
~channel frgom at |east one instance of base statio 00 and smts a
cor r espond My Rel quality indication to at Ieggjt%;L eﬂﬁéﬁ‘ﬂstances of
base station 13100. Dependi ng upon the particular application, nobile unit
MLOO may observe the channel quality constantly, periodically, according to
- a schedul e, upon a predetermi ned event (¥ g. user activity), and/or in

. response to l sSsion (e.qg. a in age).. recei from one or
rr_o?g i ?\_st anc@ptogsfE;?gzg’ét%Flﬁﬂgéa%gp%%gﬁ@ﬂggg%%uaS}E%o‘?ﬁ‘?ﬂeﬁ(91? a
pi | ot si gnal quiity 8GN rdhshifisifon GhalRY fhéin 40 idast'Bie inkfaRBS B ha & nﬁiocﬂgifd 'ty

i ndi cati on based” on the observed strength of the recelve pi ot sign

one appl i cat tramsmitshe cpir¢sponding shamebquaisy imictigndoae leatt aild ofzthe dsstdmoes af | C
ones). The pjl ot  sj be ,coded (e.qg. spread w th a predeterm ned
pseudonoi se B?@qﬁ%’?%@%%ﬁ?empé’& tg% %@rtlc&]‘a[ HPEQIW?%HT’&PI?%F‘HEM?@&WQO nal
or nearly or bhasanae cHafhel) quafPedisiafRy CoctiRitan! R2AIdHE 88 LCRUEMIARAIPS
may serve to i1dentify or otherw se diStinguish one pi %t signal (e.g.
transmtted psedetepmined cwestr (eig sisemasivity), andfmriatespohi©®) af ramsnassoarhéeg. 4 t
may be desirabl.e for agfarat%is A100 to transpit a_. pilot si P@i even when no
data is i me8tEREMmPssags) eagved frop @F&ﬁgfﬂ%gﬁsﬁﬂ?ﬂ[@é’ﬁ%ﬁm&’bg - signal may.
be transmtted as a continuous signal, or it may be nultiplexed in tine

Wi th data angjas4r OnkF Siensl SIPhBy ifcRide AR knalTn Thél 8leasel § nidiile unftGhaide
pilot signal bursts that” are multiplexed in tinme with data and/or control

si gnal . bur strengnpt @ichasnel hguatity mdiatioribasgeg. on Hieopbrervedrstiengthaohtherreesived ol
signal's may he t . encoded such.that only ecir-fied receiver,,or set

edor ver s R1BEOTEPoEGEE mRbllHion Bhe By CRERRS FoeaRRE VRN ReyS R 1
encoded suchohdsdt Tielpifot GRinYEfAy b8 doded $8/8! ?madnwh Qesrederniined BRA6R0ise
Transm ssions on RF signal S10 maybe divided in tinme into slots of a fixed
duration. | nsesence; #rfos cowted (&g.ovith asWalsh wr stheg wrbpganad oy neptly pebegomas. | n
such applicatiQns n | ..sign S t.y ..
predeterm neg&#eg'c aplng ntgr R{MP% Eh"lg %&gg s(%o@veﬁﬁé O%J?ﬁ%%ﬂ [ Igé&ée%cwcﬁlf%eor‘sl ot

i ncl udes t woothietwike ligtBigaishe@rhpoixtignall @, tedmsiittiddn byl phitivnlartinsthnoecefur at

the end of the first and third quarters of the: tine .
apparatus A100) from anocther. It may be desirable for apparatus A100 to transmit a

- pilot signal even when no data js 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 signalé may be
(w, encoded such that only a specified receiver or set of recéivers R100 may decode it;
aiternaﬁvely, 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



slot. [00087] In one inplenentation of apparatus A100 for use in a system
i.ncluding a pilot signal, total transmit power is controlled. In another

i npl enentation, the pilot WO 03/085858 27 Septenber 2006 17 signal and the
dat a si gna™@PH08s8Rer - control | ed. I n another inpl ekESeptémber@006 the data -
signal is power-controlled. [00088] In one exanple, observing channel

qual ity includes nmeasuring a signal-to- interference-and-noise ratio (SINK)
~for each observed channel (other channel jquality observations may include
bit- or packet-error-rate neasurenents). The SINR observed by a receiver is
a function diigrtahang#tehddtasignal wiei piwdreontreliade ST ardtherdlhdpldraentaiiost enly the
increases as,r3 to.r5 where r_is the distance to the radiating source. The
path | oss nedpte g isRevetmoatelledy r andom vari ati ons due to man-nade or
natural obstructions within the path of the radio wave. These random

vari ations [ e : i ReaeW : (QCess
wth a stanggg?jgﬂgvﬁgﬁ%ﬁﬁggﬁg’ %ﬁ%ﬁ%ﬁ% S % : oneg\e%%glr]r% egggngl I NR

di st ri-but i onintehfatencmymdraoish satio/ (RINR) far sycht ebecived| cdinng (othen shiudtrek geality

arranged in typical hexagonal cellular |ayout with omidjr |.onal
2Nt onnas, | arPtEerBIGRAEE GTICF B, ORRRF e SO M PFORaey. e RGBS dar d
devi ati on. ﬂ%@eifér ist Qefu{xjée}i?ﬂoai‘ Bt mt:!étﬁ l%Es,t\Bﬁcig%P terPSshrial L3BuBE $Gabmy th

the | argest SINR val ue may transnitted by a base station |ocatéd farther
from the nobinbieasenias 1 foarl, ahet hds tHeatisancttetthomdidiRgA8ake Daka path lossmyy be
‘related to observed SINK according to the follow ng "expression: SINR

[ 00090] Rb =apyqlmEesubjerct to, rapdgm verifgme 933 tavinen-anads ar apued ebstsudtives withisrthet i on

t ' hannel Wis the -total bandw dth jed by th
Tonal . and 18 PEORTsGROR. S nbfoelldts aF BN GRSl oloml | o
required to $aRGWME randbhy BockRVeith 8ftaneitideIRAGE of BAUB.SFIBWRE, 19 shoWd @ne

radiated signal occupies a bandwi dth Wof 1.2288 MHz, and reliable
conmmuni cat i grkample of a SINR distribution that may be observed in a system including transmitters

arranged in a typical hexagonal cellular layout with omnidirectional antennas, an *
‘ propagation law, and a shadowing process. with 8 dB standard deviation. Because of
the raﬁddm 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

(Eb /Io) , (1)

C [00090] R, =W

'[00091] where Ry, represents the information rate on a particular channel, W is the

~ total bandwidth occupied by the signal, and By/I, 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 Fy/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.



requires an average Eb/10 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 Mips. On the other hand, given these par anmeter val ues, if

t he recei i ubject to substantial i int erf m adJ acent
transm tte‘&?)os@?ﬁsp%an only observe a SINR of -7 Hteﬁf@?‘?gra%é@o

communi cation m ght not be supported at a rate greater than 122.88 Kbps. WO
03/ 085858 27 Septenber 2006 18 [00092] In one application, a SINR

measurenent is obtained by despreading tii8 received pilot signal. (Once
data transm @Q?on to nobile unit MLQO begins, further SIN . neasurenents

may be obt ailf®¥92 off PR aHB‘t‘%@%Pgﬁaﬁm}R racasuement i§ehtripgd by despmeding thay be

based on a pressat u t) as
wel | as one %)r Ief?pas?‘ﬁ!l:hanne tdéﬁa :?rsﬁﬂé’b ésﬂe)ﬁbvgﬁ gﬁs&l ﬁgndégﬁﬁ ﬁﬁg\%fl

i ndi cation rﬁiNRbmmemaﬂsquaﬁtte bf)tairh& ﬁhmnmel dstangdghaln Ahenges tjxﬁihwe t he
indication is transmtted, and it may be desirable to transmt the channel

quality indndigatiosnmey bs haseskent %rﬂf@?e&F chawpel rﬂllallt}t Sbsarwation feegpdntiNy
channel quall%éa)iureﬂ[%ﬁg a%éa\]i/éIP 26 Dhe (- Iﬂore‘élﬁats?é]ghaﬂaegr% 1@? o ‘%ﬁ%}{?ﬂg Oc}g%ﬁinneu it

system i ncl udi' ng nor han™ one 1 nstanc
MLOO nuy selqaalitydndicaionng beomhe iwesurafe if alseclenagl mdﬁib(ﬂcbﬂaﬁgﬁcbeﬁtﬁre the
pararreters Bér;(:h as.best observed channel quality. In an exenpl a

i npl ement at il Cf&t‘onsiﬁs‘éfé‘i‘ﬁm@i‘éoanqrﬁbma% beidestiabls 1o drgsmy @ﬁa‘?h%ﬂelqﬂl&lhrtx y

i ndi cation S n?tﬁ')tr d

exanpl e, m)tli;fr? géul?lrrtlr Mo& % grdjﬁﬁgtﬁe tg%a |t§ H'tj?iﬁéc%?r on t%uaﬁ%
i nst ance of obmatmms)l(e).g Bﬁmmwmteslmbresponds to the best observed
channel quality. Dependl ng upon the part i cul ar application, nobile unit

may tr e nnel i.ndi cat.i o onst ant |
i odi cal | jﬂﬁ@éiorﬁ\ ?163’3 g1 Incl Ihaé‘n?ﬂeolp tfl’i(‘rc‘%%fg%ﬁ§@t‘f”6)ﬁéoo mobile
pr edet er m neg;avend nﬁyebleec%ﬁeaﬁaﬂ&ertﬁmmeé oﬁbad&lﬁﬁoﬂtﬁﬁro%@ecpbﬁ ék%ineﬁa&'@' ity
(e.g. in conparison to a predeternned threshold value),  or pt of a

transm ssi osugh @rsnbgsteoltscmdrcélanmﬂétcmb@s &1 abamcerr@laawmpl@mmnopetfomjeMbr | e
uni't MLOO n%YlObr 210840 tunft 19ﬁ68 B el qugldtI Ci?z&fc%@on“%o B0 1ehst §I|1<8 selected

instance of base station B100. For example, mo_blle unit M100 may send a channel

quality indication to the instance of base station B100 which corresponds to the best
~observed channel quality. _Depending upon the particular application, mobile unit
M100 may transmit the channel quality indication(s) constantly; periodically; according
to a schedule; andfor in response to a predetermined event such as measurement of a
high observed channel quality (e.g. in comparison to a predetemﬁned threshold value),

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

Q [00094] Mobile unit M100 may transmit a chattnel 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 channelqu_ality indication (e.g. during different time slots or different
portions of time slots). Mobile unit M100 may also transmit other contro! information
to base station B100 (such as an excess SINR indication that base station B100 may

apply to reduce its transmit power).

[00095] 1In some applications, both the forward link and reverse link data
transrissions occur over time slots. n such a case, mobile umt M100 may send a

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



(phase-shift keying) nodul ati on schene such as BPSK (binary PSK), QPSK
{quadrature PSK), or OQPSK (offset QPSK). Mobile unit MLOO may al so transmt

a pilot sy Lp one inplenentation, the sane reverse |ink, nnel
Sty BJogsss D S embr %@&g

carries the pilot signal and the channel quality . during
different tine slots or different portions of tinme slots). Mbile unit MLOO
may al so-transmt other control information to base station B100 (such as
an excess SINR indication that base statilBn 13100 may apply to reduce its

transmt power). [0009 n sonme_apphkicatio both the f.o rd..link and
reverse |i n\lgﬁlﬁi)ﬁog 1 ?%ﬂiinﬁlhgsfwgmﬁégﬁrr%%? nﬁ‘%ec_aﬁso_t(%.g' _Ilnéégﬁmuhse_ -

mobi | e uni t AMRaiiR)y, 28RAdraAsmEERA bR thélkebist Yink BeHyCHCLOR 4 BwRY 84t rith Fck! OF -
The tine slots may have the sane WD 03/ 085858 27 "Sept enber 2006 19 duration

i n bot h .t he thasradenger et base uni mayibakiserherethe (revegse linka®impraveiefficionys ) .
Alternatively, data transm ssion on the reverse |ink may occur at a | ower

data rate, that alo r tine..bas Lo may . be d qn the reverse
link to inpiﬁ@gbﬁéf £ Pt apLCat g BEBIS PR MRS ¥ S IR s aCrmreseist o0
transmts a aSpMdRtizaexué o ithd SINIR SRAbEremSntd UBKIhE 2R6ke s US rEfreddne (1) SINR.
measur enent . ing nore bits to represent the SINR index nmay allow a finer

quant i zat i orindsix miye aPWR fines quandizeten ef the (FNBoseasyreanank pleths possilfle wapanse
complexity apd/or nore tra 1 SSi over head. The .i ndex. i ng. may b

[ hearor - g daite R Ry PR AR i TR R S
i ndex repr ageat Sr HrédEthBsPONEIMY linkef @@ppindf cack ARGERBAt ATBNSINR. fhdeX. 0dB)
in the SINR C neasurenent. For a predistorted mapping, each increment in the

SINK i ndex reEBresentsppcoEgspandgis insreasn of actongieat pmounie(esy- NI en®INR  For

exanple, a ' e ' i .lse | ze..th ' :
measur enent %%g{rlr%%n%hEt %‘é’ d E&Eg@ﬁé&d\% m %’#?’i%ﬁ% iq%%g%@ftr’\ﬂcﬁ 1él)1r‘i= I@:)I}g%eﬁ T8 of
the SINK di atpresuat aadiffeens hevwase i he@IRR. iddasuré@OO TForl dxampi, laepredistorted

application, nobile unit MO0 transmts the channel quality; indication as
a data rat e TREPRE MaYH uasth i Aeantize fhe SINRK, meagpormend o patel the cymulagigeest

a data ratc t _ | .
ol by soppapyion it TR R SR SRl PRADFR TIOMRER,

enbodi nent, the request indicates the requested data rate. In another
enbodi nent , [0097] eqire ehothsr application, mobile unit M100 transmits the channel quality:

indication as a data rate request. For example, mobile unit M100 may transmit a
request for transmission at the highest data rate that the measured SINR can reliably
support. The data 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 inc_licat_es 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. .

[0{)098] 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 suéh
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. 2
Walsh or other orthogonal or nearly orthogonal codc)'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



nunber or other synbol or set of synbols that indicates the requested data
rate, such as an index into a preestablished table of data rates. In yet
anot her enbodi nent, the - request indicates the é of the forward |ink
(such as a SINR index), which a receiving base s&gg ember 28Gsses to
determ ne the appropriate data rate: [0Q098] In a systemthat includes nore
t han one instance of base station B100,<% may be desirable for nobile unit
MLOO to transmit a channel quality indication such that only a sel ected one
or nore instances of base station B 100 may receive the request In one such
enbodi ment instaice 9t Piss sareeB HIO thatperfarms thegfentic] PR epezation Grredsing bodarete. g. a

Val sh or omsym@memg@{aaﬂanﬁlssmﬁalhlaxﬁa@mmm 18R be LRRYs d Walii QU E @At | east
anong t he ﬁtances of base, statign B100 in comrunication with nobile unit

MLOO, and HB%‘¥QMdHHW9”N@6bm5%UHP@§Qhe channel quality indication with the
code corresponding to the selected instance of base station B100. For

exanpl e, t Ig])g(}@}'lﬂtb% ﬁnlﬂéméﬁl&ﬁo&w&% SAbtRobiYe uditNd AL QR BY nR&imum data

excl usi ve- t he uni que code, such t hat only the 27 Septenber

2006 )0 i Wéet% &Ry 8% refjally S@P%‘?‘?délhh@liebﬂlf Alserverbehapichaualityedyapizss thisdpte JOR

operatien fi av@ﬂab‘!rbs(’e %anH@@d)CdlfarI@&t and GRAEIts MR Ynlasadsr thiavdilRpash s A | na
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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
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nmobi | e unit MLOO, the Iosses (or inefficiencies) that may result. fromthe
quantlzatlon of the.data rates, and the nunber of bits needed to convey the
data rate t fromnobile unit MOO to base i on B100, I n one
appllcatloﬁaggy §88ar increment of 3 dB separates%%fFSBEﬂpﬁﬁvgppgble dat a
rates. In other applications, a nonlinear mapping may be used. [000101]

Li kewi se, a conpronm se may be nade between the nunber of avail able data

rates and the nunber of bits needed to @invey the channel quality

indication. I'n one application, the nunber of available data rates is
seven, and achecksum) bipek pnensier jthat spsedasre Brhit gafavatsl massass tllgto ann8tbitagdden t o
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channel qual ndtamx_ﬁesdﬂreabbmnvacb chmneiayqaﬂlztyo 1ﬂaﬁsa10nst(ata anecBﬂa@ﬁlmdl depres of -
absol ute reference agd arelative refere | N one. such application
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time to time and may reduce..or prevent accurru ation of error
(e.g. due to faulty receptions of relative references). In an application where fewer bits

are used to transmit the relative references, an overall reduction in reverse link
transmission overhead may be realized. Other protocols to transmit 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
decdvcr 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 seiected). If the next successive
time siot is not available, base station B100 may continue to monitor the reverse link

channel for new channel qﬁality 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 is
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(e.g. due to faulty receptions of relative references). In an application
Wwhere fewer .bits are used to transmt the relative references, an overall .
reduction _in reverse link transm ssion overhead be reali - Ot her
protocol s W8 Y% P8¥%it a channel quality indicati gﬁ%ﬂ’zeﬁﬁ@{i@ and are

I ncluded within the scope of the present invention. [000104] In one

i npl ementation, nobile unit MLOO transnits a channel quality indication
within the first half of each tine slot. Buch an arrangenment may allow a

receiving base station to use the .rensinin alf of the ti sl ot decode
and/ or deco rmf"ﬂgngﬁgﬁ]ﬁéﬁ %%WV‘?‘?‘?@IF%E’%B}? %qSFaWQEkQEgH’:@? Nhg’
configure appa{salitsp ﬂ@%nafﬁﬂﬂ@&@ﬁélﬁiﬁﬂaﬁ%l%sﬁbﬁl_ %éerﬁhlsgl‘%%S' ve time
slot if appropriate (e data 1s available and 1f ransmssmnto

another receiver is not selected). If the next successive time slot is not
avai | abl e, bH9818G]atln @nﬂam@:@sm dﬂ@mqu@om mobile writ MIOOr teansmite a ¢haknel

hannel f i t di til at | abl e.
[000105] 1n HAFeE pRReEan it base dinipt T, RS ebs admecled i iy L brekry
i ndi cation ahi&ABN00 kdBsrtOHatd 46 'rﬁkﬂnléea!impﬂﬁow théakjubfed Qb OO fuch

receivi-ng data transm ssions - as descri bed above. In such a case, nobile
unit MLOO nesases, itmgy hounngecgssary fordaps stetion Bilghtd explicitlygdemify te mtmidemltof

the tine sl i n en _.nobi u /08

Sopt enber - 20003k fk BF ieciets AT En ot Sk st g, b5hq ey Bif Fhy
desirabl e f Ofrafodi At 1t thatMbQfifféent tham R Hebucktdd d=04 ragd, Qia@d &f‘schQ’aétéx\éee[sse

| i nk channel, possibly during the entire slot. [000106] In certain cases as
descri bed ab@pdesovsiss uailabie tovhase stafign BH0Pde.g. quusrside, agorn afydatmayadlableon to
base stati on, e d.da n
13@.’00 transm té‘g mpﬁ{ H{O%ﬁ%)Lq SMEiOP %ﬁ%{ﬂ% Tthe & é‘g‘f’% tag Pégf‘i‘%ﬁ%ﬁé% ‘}eﬁ such

cases, it mayhdbgelunpsitgshdiontib, bhsaush adabesn 1B Oath OrabX Pkingi Ubad inBeNtel y to
nobile unit MLOO the rate of the data transnission. In other appli catl ons,
base stati oncomumpnigaipd to rmehily nisMA0Q gver pvpther forwand lple hanneh orimay be
request ed da t urces available to
base stati on&%%éfg%ﬁy mgﬁﬁggﬁgg%ﬁg?gbéﬁ %&Eﬁtﬁﬁ?ﬂ%{bﬁl 1ES§§2| | able to transmt

to nmobile unit MLOO,. avai I abl e .transnt power) and previously received

channel qual [(loylﬂﬂdllnaanl exenplhry snplbmeameen, bise glation BI0G tbe&isngs%qﬂgmy e

communi cat ed .t o _nobi | ni.t 0 over anot forvva d | ch may be
: ! signal to rhob(:i‘leuuﬂlt NP/HO% upo¥1 receaivmg ﬁtta du'ecte to n{oglie at'}vﬁoo The Y

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 BlOO, more than one such
instance may receive data directed to rﬁobile 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 M 100, méy transmit paging signals to more than one
such instance of mobile unit M'IOD, 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 MIOO. Upon receipt of a channel quality indication, base station
B100 may transmit data to mobile unit M100 (e.g. beéinning with the next available

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



detected by nobile unit MO0 fromthe data transm ssion itself. [000107] In
an exenplary inplenmentation, base station B100 transnmits a paging signal to
nobile unit MLOO upon receiving data directed to nobile unit MLO0. The

pagi ng si g9 03P85858e encoded (e.g. spread by a partiRentembesc2@0moi se
sequence) or otherwi se formatted such that only the particular nobile unit
MLOO may interpret it. In "a systemthat includes nore than one instance of
base station 13100, nore than one such - bgstance may receive data directed -
to-mobile unit MLOO and transmt a paging signal to nobile unit MLOO.

[ 000108] | n statioe B imeat tetvassmbathe Risitiy signdl34d Gledaymiinat nvumbenbod whéeect ed
to nore than one instance of mobile unit MLOO, may transmt pagi ng signals
to nore thanﬁéﬁwu@ﬁehaﬁerﬁﬁt@ﬂ&w&mﬁb@ﬁée aﬁpmnwéd?-gaﬁamcﬁonﬁﬁycrr@g&)w@
channel qualilty. i.nd) | r e, L.OS o ' Is

MLOO. In onééﬁgﬂgggggfrbgéagge&g gﬂt)eicg‘% eBi%(gﬁér%agﬂﬁgg{ge%f?B%%e&%?S@n%f@ dlﬁpfntérent _
I nst ances ofcomminication mtith\vioile writ MIA0O). t r ansm ssion from one tine slot to
the next. [000109] After transmitting a paging signal, a base station B100

according t i npl ement ati Qn, may nitor the reverse |ink channel
for a chann p&tﬁﬁ] ?ﬂ&/‘m%@ﬁﬁm% mfﬁaln‘sm%ﬁpféwqeqms@datawfﬁmm&mﬁ oM g
channel qual §itey i ngi O S ' ; mi . TP | e
unit MLOO (ed.lg%e teg%%ﬁ%éﬁg&wbt ?‘%@%?&P@ﬁal-%g{f@/ SH[?}E 'sla%ttgl.%?? tcﬁo channel
qual i ty i ndiguakfiesnchiaagejet et esdchorant dpplicaion; e ntaynke alesinatdd to hmealivife the

03/ 085858 27 Sept enber. 2006 3 stati 13100 nmay _retransmt the pagi.n
signal a pré’tf@f‘g’rsﬁf’ﬂé’ daigi8 arotdle v GO‘W?%M%WQ}“S@QE‘%“ gt{lgﬁqegﬁtlg?oo
may receive gyogponmand (e.g. fromcontroller Cl00) to termnate the process
(e.g. because another instance of base station B100 is in comunication

Wi (h mobi I e unit MLOO). [000110] In one application, .-nobile unit MO0 may
request dat 400014k ninseie suchs ingplemgntation of tsystent SHM sanoinstanere of thase eati®1 00- at

cach, 11 Sliopffon kel N8 AL R hEPoSHEREE M CHINEP . o
nobi | e uni t AMoA0thaeeast b vddhttemedhed &S oo afistRfced ATehab Atdtns BR0that -
identifies the data fransmitted. For example, controller C100 may send such a message
to all such instances or only to those insta:rlxc.els‘a'ssigned to communicate with mobile
“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 inay 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 unit.é 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



[000111]. In one such inplenmentation of system 5100, an instance of base
- station B100 informs controller Cl00 of .a data transm ssion to nobile unit
MLOO. Controller C100 then sends an update nessage to other instances of

base stati MEHBERF8t hat identifies the data tran&ﬁ Beptember 2006np! e,
controller 00 muy send such a nessage to all such instances or only to
t hose instances assigned to communicate with nobile ~unit MLOO (e.g.

i nst ances of base station 13100 that havezfata directed to nobile unit
MLOO). If nobile unit MLOO then requests data transm ssion froma different
‘instance of Sbesgorsdxatipls) aBikfiibet of MhstantestofHasdsiationBA0O (a0 TabEVeCat’) @by be
subsequently transmtted), the _new instance may send data units that have
not yet been?SEARSHR FoBERUNKCateoRith sabHe mnit\MEQ), tasgsbatllogst im pawh endpprhasael on,
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metrics such as_the average transm ssion rate and prior update nessages.
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one application, data“units are 1dentifTied uUSing unique sequence numnbers.
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data units is_jnconplete and mal)t/l i dent.i f)é_ and, request retransm ssion of the
mi ssi ng dat a2 Bighttumoyeygatean tha atiye set of gibile #nitddL00.i ¢ may be desirable to
limt the degree of variation in the conbined radi ated signal of an
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2006 24 ¢S1 or exanple, a nunmber of I nstances se station 00 (an

) aef_tmi ve set' jnomainstacesasfsbapnatiation Bnmay ¢atledefeetbankbinfemation thi GOppdrtssed
t least i { th 2], i i | t ed, i it 00. .
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threshol d or jfsgfi¥iod). PRESHRY RICHTINGY beeORatidt BEPShsrRBhiRmatith fo MHY] TRY

report this observation, and subsequent control signals may direct nobile
unit MLOO t otramithibpowies eft mobie veit Miti0anEdbe charngl qualitptobesrv@l by mabilorunitr om
its ' ’ '

M100 varies so greatly that coﬁtrol information transmitted by base station B100 is not

received, then a control loop may not function as desireél.

[000116] In another example, mobile unit M100 may receive a paging signal from
base station B100 as desctibed 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 implcmentaﬁoﬁs 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
redﬁced to zero and may also represent the same power limit as the circle in FIGURE
13).

[000118] In one such implementation of apparatus AIOO, the magnitude of one or
more gain factors varies as [k * a(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
ﬁé radiated by such an implementation of apparatus A 100 (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 cxamplé, the value of k corresponds to
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active set, respectively. In such inplenentations, it'nay be desirable to
avoid indueing a high turnover rate in the active set of nobile unit MLOO.

' [000115] Ipn another exanple, conmunications betwe bile unit 00 and one
or nore i WXUNEES of base station B100 may i ncl ugz %&Hﬁ&?&@%mtion
that supports one or nore control loops (in a particul ar exanple, RF signal

S10 includes such control information). In one such | oop, base station B100
transmits information to control the traB8mt power of nobile unit MLOO. If

the channel qual ity observed by pobjile unit varies so greatly that
control inf ogn%isfrﬁ PERL oMY t“'@%a %‘EE‘E @%tlrg%i@@di%sﬂéta §-ScEEREan) hen
a control lo it of Hoifdete2RiAS; | QRizke] t | q,
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too greatly, then: ile unit K MLOO . hot receive the paging signal,
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of the radi gt80heSdv@RARbnizsq! i mMted. FIGURE 20 illustrates one possible
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i npl enent ati on of apparatus A100. One may see that this pattern has a .
-1 esser degr ed0F119hr Ifdahé gualiy of o oirmnebiaswbis¢rved paimabila uait MHnis timevaEyiBgRE 13
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one or nore gain factors varies as [k * a(t) ere I's a constant factor
and a(t) is &omerther feaction of testime.elt mayrbe desiGbREoxChedidevdata transmissioss to

radiati on pattern of. | ned_si gnal r.adi ated. b uch.an .

ol erent at | Shoe S BrEPSREGer e e e iR Rk snptysT dai e higher than
condi ti on whekeayparying terns are reduced to zero and may al so represent the
same power |imt as the circle in FIGURE 13). In this exanple, the val ue of
k corresponds to WO 03/085858 27 Septenber 2006 25 a desired_peak power
variation fadf@f12p} B somejirgpbgmentaiipng( bgse statign BH.0§ caleulatesfpagsjbly for several
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shown in Fl GifEcdlfonanid receives from each instance of mobile unit M100. For example,

calculéting this average may include applyiﬁg 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 & hi gher-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 sérved, with the result being co,mpared.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 hi gher than thé 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 schedunles 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] DRCi(n)/Ri(n), where Ry(n)=(1-1/tc)*Ri(n-1)+(1/tc),



di scussed above, the variations of gain factors of nearby instances of
apparatus A100 nay be synchroni zed. [000119] If the quality of a channel as

observed by nobile unit MLOO is tine-varying, it MLOO rmay
i ndi cate a higher channel quality relative to thengv% %t&é“ EOQ me fraction

of the time and a | ower channel quali %rel ative to the average for sone
other fraction of the tine. It nmay be sirable to schedul e data

transm ssions to ¢ nobile unit MLOO during peri ods when the indicated
channel s higher than average. [000120] |In sone inplenentations,
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Mo ¢ avor 1 Aeath cinaflrBeh G0 ek L hA S TSR L R SRl Ay e

i ndi cat i oncondidbredlaih 8cheduling dhta nmsm;siolm(te gt shahgeg e load baghvirbenaaetad@iotat a rat e

t which the inst h d 000122] It b
gesi r:a(t:)l e qng SJ?E%%%’%% a&%‘fﬁgﬁ)‘{ g%@%%%%“ e?gﬁﬁﬁl‘(e?%e\éﬁﬁ‘ée“[%“ chan]nel gﬁé i '? y

i ndi cations as nornalized by a data transm ssion history. In a particular

exanpl e, aos@beduheeiinpdhiasshedithaklet FROMEXh pdﬂicaaﬂ ﬁp@ﬂ&dﬁbﬁ $af Nepedd tohat
nobil e unit rati o af ﬁﬁieSted data rate to

average s e‘P"QFIQ’&f ?cvgfltrqig? g’[%ﬁ%'g’%fg%':%?&%ﬁ Wj)yeﬁu(gr}j des o distributed processing, for
Ri (n) =( 1- 1dxhuapis,RKeparhty HisthdeCif,a sZHedﬁeprﬂLﬁdiy ZO&apled 6 cﬁr%&ﬂ.ﬁxélhde&hﬁ e@&hDRCL i s
Lne a2 Bl SRty bERVERASHS BYomobl b bubrb g *0°
const ant . Hase Qaten &1HOH WOl scheduler BHS0 isheupiad toelathGReuct Q1B (8L .0b Secet through t he
time ConStqaﬁQ{[le qu%yw eh %g in%%esltle ttllleva%lolurr;!tto?%ata a 'lgﬁé ?orr trtarrl]s?hrassion), 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 channe! 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



one, and its particular value may depend on. the application. [000125] The
schedul i ng of the data communi cati on can. be based on additi onal

consi der at | such as the guarantee of service ( f the r, the
queue size{,’vﬂ]ﬁ’éﬁsﬁfﬁe of data, the anpunt of del aﬁ%@%ﬂ?i’@a@ﬁgenced, and
the error rate of the data transm ssion. Other factors may al so be -

consi dered in scheduling data transm ssions (e.g. changes in |load or

envi ronmental conditions), and such vari@fions are included within the
scope of the prgﬁecgt inveaFti on. 000126 Tale irtT% ment at.i on of, schedul er
H100 in a paftiClTar” ABPITCATTN el “DEFERG A tAEFIHER MAY-Re Rraghicsd at

distributed sphegdidiithg obaf eRSEA Y sietn HRRbaHodifestioli 16 thd lkdi®shs Pr ocessi ng,

for exanple, a separate instance of a schedul er HLI00 nmay be coupled to or

even included in each instance of base station 13100. FIGURE 22 shows a
bl ock di agr af@9128h Iniccrranmple, thenvalessonf the tingpapasioss of ithenvariBtions phthatgaih

schedul er H1QQ_ i s .coupl ed.tQ ,dat ue .(e.q. .,to receive the . queue
Size, which (AP A égll[e%teil 18 Sbth 8%8%&01&‘9%%58?@‘ e EPmEIRT S e

appar at us Al@gplicafitgk, HRCQirdesn BRHE GefiBd Gnayl Be fRORIMESTOL AR Bks. GHPdonhe/
i ndi cati-ons). Conversely, for centralized processing, schedul er. HLOO may

coor di nat e t BpDlifatians, thmdme perieh of e magnituge and/as phase arigionsds elso dased e

B100. In so c I d i chedul er 00 be,.i ncl uded it hi.
controller g?ﬂ%&“%%@%f@&? S@Qﬁ%i&%ﬁtoe zfnn:e?&qtéaéﬂg)(%gsgxg stpﬁ%‘g\‘?gttlileach%lﬁgr of
the gain facidasvertoethp eahgsitter, thihinkbdrtandriyure ®f defidctad bid biler bb&nictoi®in

peri ods of these variations to be relatively short (e.g. to increase a rate

of channel qt#l Vieiityefte-2tion), it may al so be desirable not to excessively
reduce these periods. Once a receiver R 00 observes a channel- quality, for

exanple, it | &3] : Ier e&ﬁi,i . ity
indication a tlgglr g?Z"‘: \i;:g@%g?%ﬁ?ensta@gg%rg%getﬁﬁgfe (S)‘%I@eg su @@%@?g‘%}%&v&%&gg{d in
channel qual ehablea@eyrpersohtskitied ial the doietod amke alyl e tthe peckogieinviaionnp¥ationd .
such channel quality variations, on channel  tracki al gorithps, contro .'
| oops, and/ oﬁ%ﬂaﬁ@i"%@r theseoprabeqimenti e B@ssrbde,tar@égggewct P%BICTEI@ s 58
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the invention may. ticed at e transmtter of an existing system
Wi t hout nodi thecatvention may e inglemesed in [paA0E 28] whole aisea bardrpired cirdist, \aglaues

of the time peri.ods of the riatjons of the gain factors are selected to
be wi thin s POPHACORSHOBHBIAE K5 78 HICH IR PO b EFTER T RS ¢ he
duration of HRGWARS hfGriEYoaBEd S nSANBILY st8ldge 9l ofRatPpDgrdn 18R 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:




applications, the time' period of the nmagnitude and/or phase variations is
al so based on environnental factors that may affect channel quality (e.g.
the speed of the receiver relative to the transm r, the n r and
nature of reflectors and other obstructors in théﬁi§ﬁpﬂﬂﬂﬁ?r2868). [ 000129]
The foregoing presentation of the descrilkped enbodinents is provided to
enabl e any person skilled in the art to ke or use the present invention.
Various nodifications to these enbodi nents are possible, and the generic
principlesgprgﬁgnted herein may be applied to other enbodi nents as well.
For exanpl &°“@™enbodi ment of the invention may be inplenented in part or
in whole as a hard-wired circuit, as a circuit configuration fabricated
into an app! i cahi@pmiRechhprkingi Ntegrated circuit, or as a firmare program
| oaded into non-vol atile storage or a software program | oaded from or into
a storage nmedi um as machi ne-readabl e code, such code being instructions
execut abl e by ah fisgtrzaip elemend goufigured mndt asranged Ho anodalate arradiedfreqrenayr signbedded
M CI Opr 0Ce3&eiding 4 &ﬁ@%mﬂi&érlt@gmdﬁé a QD& fiput lihal; @hq ST gnal processing unit.
[000130] In a further 1nplenmentation, variatirons of one or nore gain factors
may occur in response to transm ssions received, e.g., fromnobile unit
MLOO. For exanpi eecondagadroetirnent donfiguied epdoarrapgeadt te mwdulhite dppadiatiieguead;0fenaby be
selected b : i i i t ransm ssion i s requested.
Thus, the %“?‘2“331 i Jr%?/"e“ﬁtgit"‘gﬁgﬁh’g ﬂ’r%y“?“rn% s\gﬁ@ggnﬂ@g@gg, linmited to the

enbodi nents di scussed above but rather is to be' accorded the w dest scope
consi stent wi t hwhdien pmagreiugd e'shedingt gaio Yastor varrs oveeimeli scl osed i n any fashion
herein. WE CLAIM 27 Septenber 2006 29 W claim 1. Atransmtter
comprising: a fifaly 93hMnLemahe CORLS gl Gl Andsarrangsd 46, odul atg. a

radi o- f requency si gnha ACeor ing to a s gain fac or 1o pﬂ% uce a first
out put si gmagnitudenef the fgggaindecpai N el emrent configured and arranged to nodul ate
the radi o-frequency signal according to a second gain factor to produce a
second out put S\Iﬁgerll'eallll at least one among a magnitude and a phase of at least one among the first and

second gain factors varies over time according to a periodic function,
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.

2. A transmitter comprising:

a first gain element configured and arranged to modulate a radio-frequency signal

according to a first gain factor to produce a first output signal;

a second gain element configured and arranged to modulate the radio-frequency signal

according to a second gain factor to produce a second output signal,
wherein a magnitude of the first gain factor varies over time, and

wherein a magnitude of the second gain factor varies over time with respect to the

magnitude of the first gain factor; and

an antenna array including:



wherein a magnitude of the first gain factor varies over tine, wherein a
magni t ude of the second gain factor varies over tine wth respect to the
magni tude of the first gain factor, wherein at | ope ano magni t ude
and a phase of at |east one anpng the first and %giSSHﬁnﬁﬁPﬁaﬂggtors vari es
over tine according to a periodic functj%n, wherein a period of the periodic
function is not | ess than one-half second, and wherein the period of the
periodic function is not nore than four seconds. 2. Atransmtter

conprising: a first gain elenent configured and arranged to nodul ate a

radi o- f r equenc¥ fist griana coanfiawediandgrengediofridiaie 2 gerahbasescanghe firgt qyinyerignali a fi r st
out put sigppal; a second gain elenent configured and arranged to nodul ate the
‘radi o-frequency signal according to a second gain factor to produce a
second output signal, wherein a magnitude of the first gain factor varies
over time, andavfendinienaa epafeiredand aganged o radiztp pdigeaibrred gk the seopnd pwsmit over

tinme mﬁthsﬁﬁgpect to the nmagnitude of the first gain factor; and an antenna
array including: 27 Septenber 2006 29 a first antenna configured and
arranged to radiate a signal based on the first output signal; and a second
ant enna conf i guherdinghedirgapdsrgend apignnag dic gondigared pefhastangsd seah that thehadiatien ond
output sl of HOEHER bl Serdfthes£EABH AL URSLRH fudipl | Our ed and
arranged such that the radiati'on pattern of one antenna substantially
overlaps the radiation, pattern of the other antenna. 3. The transmtter
accor di ng3t o cThé mngnitwhaeceiing & dainfe wbircine vhleastat bng carrangettivefiftiandt and
second 9alfohBghfaSo@he AndRAPAnRis b BFoniaoRARSTnhlh efIF BE bz AU D angl e
of the antenna  array. 4. transmtter conprising: a first gain elFenent
configured and arranged to nodul ate a radi o-frequency signal according to a
first gain factdransmittgreonoiésinga first output signal; a second gain el enent
configured and arranged to nodul ate the radi o-frequency signal

a first gain element configured and arranged to modulate a radio-frequency signal

according to a first gain factor to produce a first output signal;

a second gain element configured and arranged to modulate the radio-frequency signal

according to a second gain factor to produce a second output signal,
wherein a magnitude of the first gain factor varies over time, and

wherein a magnitude of the second gain factor varies over time with respect to the

magnitude of the first gain factor; and

at least one additional gain element, each additional gain element being configured and
arranged to modulate the radio-frequency signal according to a corresponding additional gain

factor to produce a corresponding additional output signal,

wherein a sum of the magnitudes of the first, second, and additional gain factors is

substantially constant over time.
5. A transmitter comprising:

a first gain element configured and arranged to modulate a radio-frequency signal

according to a first gain factor to produce a first output signal; and



according to a second gain factor to produce a second output signal, wherein
a magnitude of the first gain factor varies over tinme, and wherein a

magni tude of the second gain factor varies over tj wi,t h res to the
nmagni tude of the first gain factor; and at |east 3@%&!’1‘?“6}@‘?‘? ain

el enment, each additional gain el ement l:fdi)ng configured and arranged to
nodul ate the radi o-frequency signal according to a correspondi ng additional
gain factor to produce a correspondi ng additional output signal, wherein a
sum of the magnitudes oQf fhe fi r;t, second, and additional gain factors is
substantial |y coffSPineaingisment eppligused and; preanasd tor mpdulatiyifie; hgutey signplst  gai n
el ement coatirgiug ®ch sasveld g4in Aviged ptadudededond eutput EigliLo- f r equency si gnal
according to a first gain factor to produce a first output signal; and 27
Sept enber 2006 30 a secog{% in elenment configured and arranged to nodul ate
the first outputhetsnfmpent d’gF TG BB PO RRB YN factor to produce a
second out put signal, wherein a magnitude of the first gain factor varies

over time, wher@ichifa Rghikidde 1 skhf SECO0Er IS KACkAE WHRbSSt QY e ti ME

with respect to the magnitude of the first gain factor, wherein at |east
one anong BeEREYKiof hadrshin Bct8hase of at | east one among the first and
second gain factors varies over time according to a periodic function,

Secon: ot e fapetson e "
erein a peri ogheps ith&stf}?lé'ﬁgﬁgcp &lg@gaa O@gh??&gmﬁéﬁt dndak fmﬁgﬁk gndsecon

and wherein the period of the periodic Ion Is not nore t our

seconds. 65ecoRdeRig fastors ages averHaRd as¢aading tg appriaglic faRgtin.el ement confi gured and
arranged to nodul ate a radi o-frequency signal according to a first gain

factor to produggidn { iehisd oA Ribdis kB is fbt &s‘sqezp%ngﬁ;lﬁse%n%%at conf i gur ed

and arranged to nodulate the first output signal according to a second gain
factor to produce a second output signal, wherein a nmagnitude of the first
gai n factor varvwhesimtheperiof nEthe paigdiptiectiinns ot maggrihanfow sedondshe second gai n
factor varies over tine with respect to the

6. A transmitter comprising:

a first gain clement configured and arranged to modulate a radio-frequency signal

according to a first gain factor to produce a first output signal;

a second gain element configured and arranged to modulate the first output signal

according to a second gain factor to produce a second output signal,
wherein a magnitude of the first gain factor varics over time, and

wherein a magnitude of the second gain factor varies over time with respect to the

magnitude of the first gain factor; and
an antenna array including:

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

and

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

signal,

wherein the first and second antennas are configured and arranged such that the radiation

pattern of one antenna substantially overlaps the radiation pattern of the other antenna.



magni tude of the first gain factor; and an antenna array including: a first
antenna configured and arranged to radi ate a signal based on the first

out put signal; and a second antenna confi gured azc} ﬁrraprﬁgd %@ adi ate a

si gnal based on:the second output signal,, wherei ¢r second
antennas are configured and arranged su that the radiation pattern of one
antenna substantially overlaps the radi ation pattern of the other antenna.
27 Septenber 2006 31 7. The transmtter according to claim®6, wherein a

val ue of at | east one anong the first and, second gain factors at a nonent
of time is” baseﬂ‘eérﬁm&l“i‘?f’ﬁr"‘“é’gfdf% ta sl @ vhassty acvabe th‘geaéh‘tl’éﬁﬁ’&néﬁhﬁ H{pt andg A
transni t t efecona Fiih ERiofGit a RohbitSF tigels BasRll NEBYres@ORMih@tH bell Skt Afchangay t

nodul ate a radio-frequency signal according to a first gain factor to
produce a first output signal; a second gain elenment configured and arranged
to nodul at® thé"‘?r?qs%‘t“eb%i’ﬁrt?ﬂﬁm%l gnal according to a second gain factor to
produce a second output signal, wherein a nagnitude of the first gain factor
varies over ti rseﬁrsa@stnvﬂme%t QorftigliRg! Thd qﬂsnggé s %dﬁﬁﬁomacﬁﬁtr%umgts%awa“ es
over time with respéct to gnitude o e first gain factor; and at

| east one a&%ﬂlﬁﬂ'ﬁﬁ’ﬁ‘éim@élpﬁﬂc@lf@rﬁ?ﬂme efetrutpdthignrlbonal gai n el enent being
configured and arranged to nodulate the first output signal according to a
correspondi ng 0 u S i tional
out put signal, aadwﬂgeczr)I{edl %egﬁhﬁo‘%ﬂﬁ%@ drr%ﬁn?r%l Egeé[s&’o B J?@rgﬁpgﬁt@gofﬁgg and
addi ti onal acgfaiiing f%@?%’ﬁ%gflllgfac@m‘l??f(&melaélﬂqoyd %Mﬁlalffﬁl over time. 9. An
apparatus for data transm ssion, said apparat us conprising: a transmtter

i ncl udi ng an RE a radi o-frequency
signal, a first %g&mll{earrﬁgl%%ilﬁg;b?ggfgsg ?%E Jgglg?{#énged to output a first
anplified signal based on the radio- frequency signal, and a second power
anpl i fier conf ivwhgreddaamgniarde wﬁgmjsmmeMIpfattoavariaeco@crdtiraerpaliﬂ‘lfriwdctsti: gwal based

on the radj,0q [ RYYEHIFt Bl RBbr, RN

at least one additional gain element, cach additional gain element being configured and
arranged to modulate the first output signal according to a corresponding additional gain factor to

produce a corresponding additional output signal,

wherein a sum of the magnitudes of the first, second, and additional gain factors is

substantially constant over time.
0, An apparatus for data transmission, said apparatus comprising:

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 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 radio-frequency signal, and

an antenna array including a first antenna configured and arranged to receive and radiate
the first amplified signal and a second antenna configured and arranged to receive and radiate the

second amplified signal,

wherein a distance between the first and second antennas is a few wavelengths of a

carrier signal of the radio-frequency signal, and



an antenna array including a first antenna configured and arranged to
receive and radiate the first anplified signal and a second antenna
configured and arranged to receive and radiate the second anplified signal,

wherein a distance between the first and second a eg*%ﬁ% '
wavel engths of a carrier signal of the radi o-freggen y ls‘?%enlg%éﬁgvnd 27

Sept ember 2006 3a wherein a magnitude of38he power of the first anplified
signal varies over tine, and wherein a nmagnitude of the power of the second
anplified signal varies over time with respect to the nmagnitude of the

power of the fifstes ) 4hdkinial Qs ENBvBPRALRINS of Bindah el LIS Bl YhDaficCOT di NG

to claim9, wherein said transmtter Is I'gured and arranged to
radi ate a sheal whose field intensity varies periodically over time wth
respect to angle in a portion of a horizontal plane centered at the antenna

array. 11. Theoﬁﬁg@{tﬁé&ﬂ% Ewgﬁéf%ets%cf%? ?}Ej;)eﬁ?d;eg Fﬁéﬁaﬁ G L0 b vﬁ&a}%s’ﬂ}c}%

wherein a perioc riation ntensity I's no ess than
one- hal f stbewaghitadredf thstpoyeredtherfird bigeel.f our seconds. 12. The apparatus for
data transm ssion according to claim9, wherein the radio-frequency signal

i s encoded,usi 13 .The appara aor, data.transm ssion
accordi ng %d(; cr%e%p%a?og %gtggiﬁ‘ﬁl%?‘ﬂ“s"gfaﬁ?"{ﬁg% ts %%{%pé’i‘g}?eﬁeén ot as'mth Gele

conf i gur edfugthet configared ent arongddde eadditet msignahehmt fieltl lreerRy vamies pirmdikallytover

confi gured.; - i I a nobile

ini ¢ when TROVARELRNNStheldn RULE o EASLAGIRSBAGE w HCBERESERY ° T2 The
apparatus for data transm ssion according to claim9, said apparatus further
conpri si nglla r efei apparatoo fifr | dytar lexohsraisdora tacendme do terim dOewhiarcia acpaindell tlgual ity

i ndi cation_fur i | nJ wherein Sal ratus 1s further .configured
and arrang‘éar a/[?éogot? thglg@f?tgnél gt" |1?S§§}a§3& thgﬁlts%é)%)%oﬁﬁ %gaﬁeﬁia}an Ogs%eaong% a val ue
of the channel quality indication. 15. The apparatus for data transm ssion

accordi ng 10 cl Hiemppdatussor data ppamisios afdordingetd claid 9pwvh&tin ghearadic e gither

configured.and. arr ed t |ize a value of the channel quality
i ndi cat i onSI%(S?Fléelhcf@e[r&gﬁs]?g%ﬁDE/Q{ %%?"r}%nsm ssions to the nobile unit.

13. The apparatus for data transmission according to claim 9, said apparatus further

comprising a data queue configured and arranged to store data,

wherein the RF unit is further configured and arranged to output a paging message

directed to a mobile unit when the data queue stores data directed to the mobile unit:

14. The apparatus for data transmission according to claim 9, said apparatus further
comprising a receiver configured and arranged to receive a channel quality indication from a

mobile unit,

wherein said apparatus is further configured and arranged to transmit data directed to the

mobile unit based on a value of the channel quality indication.

15. The apparatus for data transmission according to claim 14, said apparatus further
comprising a scheduler configured and arranged to normalize a value of the channel quality

indication by a history of data transmissions to the mobile unit.

16. The apparatus for data transmission according to claim 14, said apparatus further
comprising a decoder configured and arranged to remove from the channel quality indication a

predetermined code that is at least nearly orthogonal.



16. The apparatus for data transm ssion according to claim14, said
apparatus further conprising a decoder configured and arranged to renove:
fromthe channel quality indication a predeterm code t ha é bé at | east
nearly orthogonal. 33 27 September 2006 Ixa A net HQH“QEH 006 ansni ssi on
conprising: applying a first gain factor t0 a radio-frequency signal to
produce a first output signal; and applying a second gain factor to one
anong the radi o-frequency signal and the first output signal to produce a
second out put signal, wherein said applying a first gain factor includes
varying a Eﬁgnl%Hﬁﬁm%ﬁ“ﬁﬁéuﬂﬁm§?oﬁﬁmﬁm$¥&ctor over tine, wherein said

appl ying a second galn factor includes varying a magnitude of the second
gain factor ov et il t, ' n
factor, wherei ﬁc{ a astt %ﬁeﬁgggﬁg ré&al? %@6@%@3%@%{@?2%&8?? !?11{ agfggdrl and
sai d appIyWﬁg a second gain factor includes varying at | east one of a
magni tude and a phase of the corresponding gain factor over time according
to a periodic f e i.0di S, hot

| ess t han one- %Pﬁ,&ggagsgﬁ% %‘ﬁidﬁc gdreél? n t(ﬁ% tﬂ%?aid%aﬁgﬁgkﬁgfgﬁe}%%%g&cﬁ%uncti on
i s not moreuteyssiEnal prodgessowerad outgut signatet hod for data transnmi ssion
conprising: applying a first gain factor to a radi o-frequency signal to
produce a first anong
t he radi o- frequeng%Pg#%%%%ﬂg%dﬁ?ﬁg #%@ ”@%§§§@59¥.gn§Pt e(gﬂw Jgﬁgglsecond
out put si ghsterowHerei n said applying a first gain factor |ncludes varying a
magni tude of the first gain factor over time, and wherein said applying a
second gai n fact var n e of. the se aln act or
over time with rlgeéelﬁeg%l %}%’%ﬁ}% 3 seXonra%Tamcfg& % 1{“{1 &° }’aqm% gt “ﬁac{ °F a‘{n ating
a signal bgm@ﬂmummthmnéwm@mﬂmumpmbn@mgmahﬁdméhﬂamsﬁamnal region with a first
antenna of an antenna array; and 27 Septenber 2006 3~

wherein at least 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

factor over time according to a periodic function,
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.

18. A method for data transmission comprising:
applying a first gain factor to a radio-frequency signal to produce a first output signal;

applying a second gain factor to one among the radio-frequency signal and the first

output signal to produce a second output signal;

wherein said applying a first gain factor includes varying a magnitude of the first gain

factor over time, and

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;

radiating a signal based on the first output signal over a spatial region with a first antenna

of an antenna array; and



radi ati ng a signal based on the second output signal over substantially the
spatial region wth a second antenna of an antenna array 19. The net hod
for data transm ssion according to claim 18, wher ast anong said
applying a first gain factor and said app)ying a Zzg%ﬂﬁ E§1 4¢ﬁﬁi) i ncl udes
varying a magnitude of the correspondi gain factor based on a boresite
azinmuth angle of the antenna array. 20. A nethod for data transm ssion
conprising: applying a first gain factor to a radio-frequency signal to
produce a first Qutput,sr%nal ying a second gain _factor to one anong

t he radio-frequtrtips apighal] aﬁﬁ&“ﬁﬁéaFF?%?Pm6@FﬂﬁF”§W@ﬁ§Pﬂbﬁh$ﬁ%Hh€§“a second
out put si g¥ifh a sedA@ h@éra SPdntinRPRlayang @ first gain factor includes varying a
magni tude of the first gain factor over tinme, and wherein said applying a
second gain factor includes varying a nmagnitude of the second gain, factor
over time Mith Thegsibed for datp Hensmisgipn pqgerdingfo dlaim 18 whereinygfilestone pppne spidcei vi ng

a channel a@fi@ﬂng fa Mirdt rgslh tfardreﬁu Ja[d)a[ﬁb@m@‘al%bdoﬁd E:ﬁh ra,ctor rr@maéwaf-yrﬂg@h HahAugdi rected

to the nobile unit based gn a v%£ he, channel gﬁa ity indication; and
nor mal i zi ity g c%‘frsaedes gpip £acto bas “q‘i?éﬂsﬁt"tafmi‘%?“@!ftoif apgnia aEmst ory of dat a
transm ssions to the nobile unit. 21. A method for data transm ssion

conpri si ngig, appiylbtﬁgjﬁradtgt%sﬁgglghcgﬁlgﬁﬂ :to a radio-frequency signal to
produce a first output signal; applylng a second gain factor to one anpng

t he radi o-frequency signal and the first. out put signal to produce a second
out put signal, anplEngp Arsseanifaepiip ¢ radip-feapiney tignphiopradies affrstionpliimal var yi ng a
magni t ude of the first gain factor over tlne and 27 Septenber 2006 35

wherein said anghyhpd A.385ARMR ) {a%Rhe ACkIISRALY LBt JIREN e of

t he second ga tor time w res ect ude of the first
gai n fact owiput igrel toipregdues acbranmhedtpud sianal.t y |nd|cat|on fronra mobi |l e unit;
transmtting data directed to the nobile unit based on a val ue of the

channel qualit Ywherein said applying a first gain factor includes varying a magnitude of the first gain

factor over time, and

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;
receiving a channel quality indication from a mobile unit;

transmitting data directed to the mobile unit based on a value of the channel quality

indication; and

normalizing a value of the channel quality indication by a history of data transmissions to

the mobile unit,
21. A method for data transmission comprising:
applying a first gain factor to a radio-frequency signal to produce a first output signal;

applying a second gain factor to one among the radio-frequency signal and the first

output signal to produce a second output signal,

wherein said applying a first gain factor includes varying a magnitude of the first gain

factor over time, and



i ndi cation; and renoving fromthe channel quality indication a predeterm ned
code that is at least nearly orthogonal. 22. An apparatus for data

transm ssion, said apparatus conprising: a transmgter incl udj an RF unit
configured and arranged to output a radi -frequen@f] §§?@H&b?rzﬂgﬁrst power
anplifier configured and arranged to ou t afirst anplified signal based
on the radio-frequency signal, and a second power anplifier configured and
arranged to output a second anplified signal based on the first anplified
signal, and an antenna array including a first antenna configured and
arranged to recHieiRin sgithanphiiea weondipainfiagtartindlydss yarylag a sagnide ahithe secersc ond

ant enna coga‘lﬂﬁubmelamﬂlammﬁﬁ@%ﬂ]@ma%ﬁta&é/&ﬂ@riﬂstgﬁﬂmtoﬁ the second anplified
signal, wherein a distance between the first and second antennas is a few
wavel engths of a  carrier signal of the radio-frequency signal, and wherein
a magni t ude of TefdvigovEdRANSkquakfy indjcatian fepd mebilsgnisi gnal " varies over tinme, and
wherein a magni tude of the power of the second anplified signal varies over
time with respeet,b0otde JROPI tHEE il ﬁ]@t BRUELn %fvamaebgfthé «aﬁnﬁ%‘[ andly 23
The apparatus for data transm ssion according to clalm 22, erein said
transm tt elndicgfionsaidt her configured and arranged to radiate a signal whose
field intensity varies periodically over tine with respect to angle in a
hori zontal pla . arfr 7 24. The
apparatus for glg?lgﬁ%% gﬁlg%egcgf%ﬁeqé@g%fngp%b&taﬁ%eletgﬁgnn%’io%mﬂ%tﬁg?ﬁéag%%%ri od of
the varia¢fttegongk the field intensity is not |less than one-half second and
not greater than four seconds. 25. The apparatus for data transm ssion

accordi ng cl g i i O- y:. signal is encoded using
a CDVA sch%ér)'re.‘ 'giéfggp htélsggg%tgg%ﬁéﬂggé’g’gg?pé’t‘{aﬁ'gg@%qég on according to claim

22, said apparatus further conprising a data queue configured and arranged
to store data, ahlsseiter inblediRE aniRF tunit sorffignied exd arcogddi tgwntpat andiodreqenged t o

out put a pagi . t ile uni n_t eue

tores da At AR RRE GrPhAS EhAR s RN YRt o BIEHbIRs BT et B

transm ssi te rabedeqeny steoalchmli anve@hd maviedaragiifiar enfiguréd) aridneranged to output a
second amplified signal based on the first amplified signal, and '

an antenna array including a first antenna configured and arranged to receive and radiate

the first amplified signal and

a second antenna configured and arranged to receive and radiate the second amplified

signal,

wherein a distance between the first and second antennas is a few wavelengths of a

carrier signal of the radio-frequency signal, and
wherein a magnitude of the power of the first amplified signal varies over time, and

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.

23. The apparatus for data transmission according to claim 22, wherein said 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 antenna array.



conprising a receiver configured and arranged to receive a channel quality
indication froma nobile unit, wherein, based on a value of the channel

quality indication, said apparatus is further cogki ed ;and anged to
27 S mBE 206

transmt data directed to the nobile unity,28. Th dat a

transm ssion according to claim 27, said paratus further conprising a
schedul er configured and arranged to nornalize (A) a val ue based on the
channel quality indication by (B) a value based on a history of data
transnissngns tgQ the nobile unit. 29. The agpar@;us for data tr@nsnission
accordi ng o cl B APRAaS iy fala frasmission gegerdine fo claphngd; whetgn 2 proied @bithe

conf i gur edvasimibn@f tha figle thténeity i€ ABIEGs ThadthetHAR seb@una hotCpiueakek thyin foflieCadids.on a
predeterm ned code that is at |east nearly orthogonal. 30. A nethod for data

transm ssign c rising: applying a first gain factor to a radio-frequency
signal to pr odﬁ@g aﬁpaff’lt‘%sff’r %E)ﬁ%%T’g’éﬁlﬁh%ff’?rdm&%‘l%lﬁpﬁzyF"[ﬁj@‘a ﬂ?é&%ﬂ'é“@&l“ﬁ factor
to the firsgnadséfRodedsbignatDMA phagdice a second out put signal, wherein said
applying a first gain factor includes varying a magnitude of the first gain
factor over tine, 1V 27 Septenber 2006 wherein said applying a second gain
factor i nc%ﬁudegﬁ\?aﬁpy?rﬂgs O ER UERFESSIOR AcPREding & RNy A2n SHId APRATatE BIrRen me i t h
respect t gcohipﬂ?iﬁgig Qath lq]g@e Qfmﬂgﬁ]_ﬁdfa}}d Stran@éd tradsioa@ B, ,wﬂéil%ﬂf @k RFakitlie ﬁgﬁhexone
anong said a ing a first gain factor and said applyihg a secaon gai n
factor i nc‘f"ﬂﬁ@%‘y‘\ﬂéﬁﬁ"fﬁ@g‘fgﬁo PURL:2 PsEdResRefalFfid faé o egm‘é H‘i‘é‘é thrdafan o

cor r espondquage feésiilatafd@edtalto thé @fobild uiit. accordi ng to a periodic function,
wherein a period of the periodic function is not |ess than one-half second,
and wherejn t period of the periodic function |s not nore than four
seconds. 3%: Ahﬁ\st%%ra% orq S RIS S SstaRi Ty ?a‘gvﬁ‘ﬁPai?tFFg fugther; 1 st

gai n f act ofondplsiflg b Acte®erf doRAKILACINISArGNRE td CeclvO© 8 UBSma dublity tindidatigifroriiagnal ;
appl ying a aﬁgond gain factor to the first output signal to produce a second

out put si gt Uhherein said applying a first gain factor includes varying a
magni tude of the first gain factor over tinme, and

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.

¥

28. The apparatus for data transmission according to claim 27, said ‘apparatus further
comprising a scheduler configured and arranged io normalize (A) a value based on the channel

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

29. The apparatus for data transmission according to claim 14, said apparatus further
comprising a decoder configured and arranged to remove from the channel quality indication a

predetermined code that is at least nearly orthogonal.
30. A method for data transmission comprising:

applying a first gain factor to a radio-frequency signal to produce a first output signal;

and
applying a second gain factor to the first output signal to produce a second output signal,

wherein said applying a first gain factor includes varying a magnitude of the first gain

factor over time,



wherein said applying a second gain factor includes varying a magnitude of
the second gain factor over tinme wth respect to the magnitude of the first

gain factor; radiating a signal based on the fi rs?7g$%§%h§%ﬂaﬁgﬁover a

spatial region with a first antenna of an antenn iating a
signal based on the second output signad-over substantially the spati al
region wth a second antenna of an antenna array. 32. The nethod for data
transm ssion according to claim31, wherein at | east one anpong said

applying a first, gain factor and said l.yi ng a second gai,n ctor jncludes
TPy Y g a mgn; vtk S St DR atian G Har Fadion Thedbee oh s BoNbe: t o
azi mut h angdirefactbr dvhetiranyigniegpeaits ty magidmdeoofmetihagaih dtctodlat a t ransm ssi on
conprising: applying a first gain factor to a radi o-frequency signal to

produce a first output signal; applying a.secon ain factaor, to the first
DUt s gnal tBTIDtIGB Sheciionn F UM STaran Ho S5t & tHare 6o

wher ei n sagdin &ppl clgesavafyingSd lg&tiofe bAL ndgniduCind deshaseadtythd\Erdspdhdiiy fdide of
the first ggin fﬁctor qve time,, and. wherein said applying a second gain
factor inc ﬁ%@mﬂgP?¥ﬁﬁ'%g%ﬁﬁﬁp?%ﬁ NN he second gain factor over tine

W th respect to the magnitude of the first gain factor; receiving a channel

qual i ty i ndi catwideif & féFod ofMBB pérRdvdid Mirction1 868 tsOffarfoné kM ecoid, ke channel
quality indication, transmtting data directed to the nobile unit; and

normal i zing (A) a value based on the channel quality indication by (B) a
val ue based on %herin te geripd of thy geripdicfuction is aetanse hen oweesBsi | e unit. 34. A
nmet hod for data transm ssion conprising: applying a first gain factor to a

radi o- f r eqyency A sletdakor it RERANGSEN Sonfdrikiag: out put signal; applying a second
gain factor to the first output signal to produce a second output signal,

wherein said appléing a first gain factor includes varying a nmagnitude of
the first gain arplyieedirggein factonis a radierfroghencyisigna & prodysph firshepteyt sigebnd gai n
factor includes varying a magnitude of the second gain factor over tine

with respect t Oapﬁaﬂﬁ\g%%h& Eg#faglfor t]i)lﬁ% ffr.iat roﬁtbutg%.heﬁ tg I?rS&L% a second output signal,

wherein said applying a first gain factor includes varying a magnitude of the first gain

factor over time, and

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;

radiating a signal based on the first output signal over a spatial region with a first antenna

of an antenna array; and

radiating a signal based on the second output signal over substantially the spatial region

with a second antenna of an antenna array.

32. The method for data transmission according to claim 31, wherein at least 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 azimuth angle of the antenna array.
33. A method for data transmission comprising:
applying a first gain factor to a radio-frequency signal to produce a first output signal;

applying a second gain factor to the first output signal to produce a second output signal,



receiving a channel quality indication froma nobile unit; based on a val ue
of the channel quality indication, transmtting data directed to the
renoving fromthe channel quality indication a predeterm ned code

unit;
t hat

and
is at

least nearly orthogonal . 27 September 2006

38

wherein said applying a first gain factor includes varying a magnitude of the first gain

factor over time, and

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;
receiving a channel quality indication from a mobile unit;

based on a value of the channel quality indication, transmitting data directed to the

mobile unit; and

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.

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

wherein said applying a first gain factor includes varying a magnitude of the first gain

factor over time, and

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;
receiving a channel quality indication from a mobile unit;

based on a value of the channel quality indication, transmitting data directed to the

mobile unit; and

removing from the channel quality indication a predetermined code that is at least nearly

orthogonal.

nobi | e



