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AD- HOC W RELESS NETWORKS Field [0001] The present
waelk®sloosr e rel ates generally to wirel ess PCT/US2005/003561

comuni cations, and nore spZC|ficaIIy, to various

systens and techni ques for wer control in ad-hoc

W rel ess r anal
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generally enployed to support communi cations for a
nunber of nobile devices. An access network is

typically inplemented with nultiple fixed site base
Figddit i ons di spersed throughout a geographic region.

The geographic region is generalégtsubd|V|ded into
[6008] | erTheepiesms disvbuamreaselafes Igsneralie o FHEdess (amBigAtipns, and
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g SRR HA Vo dp | VriRlE evets ey popRaigyiicRod dlof jn ad-hoc
wiRtRohigergd when there are varying traffic denands
across different cellular regions. [0003] In contrast
to the conventional access network, ad-hoc networks
Backgroypdani c. An ad-hoc network may be forned when a
nunber of wi reless conmunication devices, often
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Ve BerR §re anﬁr@&a rgi?éﬁﬁere%ﬁﬁ#ﬂ}?ﬂf EHTBhs over
a w de bandw dt h. At the sane time, UWB sig ﬁg{s ar
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oi se ' to other
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faMﬁbmalMyréd&rZQﬂﬁio@7ﬁﬁﬁﬁﬂd§Cd'd lﬂSﬂ@aﬁx‘i@o@selllfrastructure required by
conventional access networks, making ad-hoc networks an attractive choice for the

future.

[0004]  Ultra-Wideband (UWB) is an example of a communications technology that
may be implemented with ad-hoc networks. UWB provides high speed
communications over a wide bandwidth. At the same time, UWB signals are
transmitted in very short pulses that consume very little power. The output power of the
UWRB signal is so low that it looks like noise to other RF technologies, making it less

interfering.

[0005] Numerous multiple access techniques exist to support simultaneous
communications in an ad-hoc network. A Frequency Division Multiple Access

(FDMA) scheme, by way of example, is a very common technique. FDMA typically



2 invol ves allocating distinct portions of the total
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spectrumof the signal. The transmtted signals may be
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that uses_a _correspondi ng code to de-'spread the

cqarmeiaen with JYIA tyiseprasbasitindeicanyhaicationatdusing cadhetimel interval.

t - | bandw.dt h _and . . .
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t¥niiRalVey GNddnlodubatsOfH RG2S IcBffespblliSie ddde! 15 ddje@ S APLE desired
to conttol termnal transmt péﬂer PoAVor f advarse
signakr The emdesineilt signalfewhbsr mbdasl docostrunichatdr@ngt de-spread in
SU Y 00 I n.one aspect of the present
tﬁaﬂ%@ﬁfﬂ%co gﬁ%’fen%‘&y&?n‘b‘ﬁ'%er control includes

l'ing closed-|oop power. control in response to .
[B8d 1 i HgrmadereehwREk itermingle preradded dpearaically hAs s derminals
afl s@kll G 5 ' onse to .
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thamr Sshistminahmdthsehthnig is cpomemidatiaglb afhuss itgizadlesirable to control

ti ndiagati ng a pover ransnéssi on level if the )
FTRE 4 - HGTPL  ARET che P | @dvstsgy| Bierfrensg owiftyy other  terminal
comatiedatisspect of the present invention, a wreless

term nal includes neans for enabling cl osed-Ioop

power control in response to detecting a w de-band

i nterference above a t hr 8AdMIARYeans for disabling

cl osed-| oop power control in response to determ ning

[A008] Wi dls- dreerepéat todithe preses ineenhioh,cmnsetddr efsfowed,coatrél includes

ns for . . .
el%ﬁmg closed-loop power control in response to detecting a wide-band interference

above a threshold, disabling closed-loop power control in response to determining the
wide-band interference is below a threshold, and sending a power feedback signal

indicating a power transmission level if the closed-loop power control is enabled.

[0010]  In another aspect of the present invention, a wireless terminal includes
means for enabling closed-loop power control in response to detecting a wide-band
interference above a threshold, means for disabling closed-loop power control in

response to determining the wide-band interference is below a threshold, and means for
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[0011] In yet another aspect of the present invention,
a wirel ess terminal includes % receiver for detecting

e-band in erfere ce .above a threshold,. a ba e
Bl e g R Bl et RE ot FomBPSSioR PN 1 Fhe closed-
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di | ren o.those skilled in the art
bS8 refR: Rt bR on T i opirEh &t Fesfogseopctererining the
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illustration. As wi |l be realizeéed, the
11?%9%%%%% tiangaissian kel erclosed-lont pawesgentrol is established.
enbodi nents and its several details are capable of
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for controlling intra-piconet
n%%%ﬁ%gﬁ&?ggﬂ] FIG 3 is a functional block
diagramillustrating an exanple of a term nal capable
of oper at i ngBRIEN DESCRIRPTHON, ONDIPED 0E AVWADEZS
PCT/ US2005/ 003561
[0014] Aspects of the present invention are illustrated by way of example, and not

2]

by way of limitation, in the accompanying drawings, wherein:
[0015]  FIG. 1 is a conceptual diagram illustrating an example of a piconet;

[0016] FIG. 2 is a conceptual diagram illustrating an example of a Medium Access

Control (MAC) frame for controlling intra-piconet communications;

[0017] FIG. 3 is a functional block diagram illustrating an example of a terminal

capable of operating within a piconet;



4 [0018] FIG 4 is a conceptual bl ock diagram

illustrating an exanple of a termnal operating as a
wore®sersoser m nal of a piconet; [0019] FIG 5 iBCHUS2005/003561

conceptual bl ock dlagran1lllg§trat|ng an exanple of a

term nal operating as a nmenber tern1na| of the

net 0P20. mlllustr | .

i "o Db bbsf clssfit, MAREAG o HERDR' o Prorminal

operatmg hsatiasestehainabeia pisongtenber ter mnals is

established; and [0021] FIG 7 is a flow diagram
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opeiats at s Meybes eItk pkthe PicDEEAI LED DESCRI PTI ON [ 0022]

The detailed description set forth below in connection
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wel | -known structures and devices are shown in
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t he scope of the invention. [0023] The word
de@%@ﬁﬁ‘ll amgludess spseifice deteils fpe| thehpruiose t of meaviding a thorough
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tmaea:xesﬁaﬁrthé yrdsentbvestivi muﬁd)eq&a@t[o%ﬁaﬁﬂﬂﬁﬁlt Qkese specific details. In
advant ageous_over ot her enbodi nents. [0024] In the

SPIYF IRHHHRES: aVéi Aot dasaresRIdleviconpreshewadp black diferam gorm in
oﬂfe?%@ 'atlolﬂ the Tohcddfs GLRG" rp, iy H&ﬁhﬁﬁnC%%% Pdnd other
m Ile ese

W re ess onmmuni cat | ons e
dﬁsq:mp‘nw teemaspegyt mayehe imed \metrblysﬁar tconlvenisnce 2ad Wildrhy tahd Sire not
rgg‘ﬂﬁ g é rlp t hose g@llled in the art will readily
4o limdt the, sGoPe RELS NYRABARI ve aspects are |i kewi se
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[(ﬂﬁﬁi 'C a[%lltl?enf%‘llowing detailed description, various aspects of the present invention
may be described in the context of a UWB wireless communications system. While
these inventive aspects may be well suited for use with this application, those skilled in
the art will readily appreciate that these inventive aspects are likewise applicable for use
in various other communication environments. Accordingly, any reference to a UWB
communications system is intended only to illustrate the inventive aspects, with the

understanding that such inventive aspects have a wide range of applications.
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illustrates an exanple of a network topology for a
w@er@enesin a W rel ess conmuni cati ons syst em P@T/US2005/003561
"piconet"” is a collection of .communication devices or
term nal s connected using w Pel ess technol ogy in an

oc e t at.i onar
I9sf o, 125 ch stk 0 R ot BT AL RILET Tl e fjodgbt in
wieldss Odsmfrmﬁicatlmfs systemu. VA hpibiet" Biar dbﬂlaétlonaff cdhinfuniddtien devices
term"termnal” is intended_ to enconpass various

OF Jpeunaly CongRth MeRg VGFcs deshaalosy e jpn atﬂﬂ?@%féﬁmcm afthe terminals
nP e SMtoRMSTR i) gno’txl@ﬁ dlicR8s B %91%1 Larﬂ@tﬁ By a user on foot

si stants”( PDA aptops, exter na ern
omrde Nsh1clléCalccaaﬂi or shipd Thet then “rminalt is dﬁt\zndlaelsto nO&RAPdss various

In at. | east.o odi nent _.of t | e
R O AP ER ISR o AV aies TN Do P CRa it 8 dngiine phones,
pEx%Bﬁﬁl NBta afdtatd H‘@Kf 19{)to€§ r@%@émiletfrn?nﬂﬂfi‘ﬁaﬁ sbdned p@ cards, and
he master term nal 1, a piconet 102 I's
Oﬁm')mllmﬂmeﬁmast er terninal 104 supporting
comuni cati ons bet ween several nenber term nals 106.
[0026] maskheat Ieast rine admbdddmersyof the vaibdlesst conomumivationatsgstem, each

with each of the np er ter nals 106 in the piconet
ROt 138 e PopEr L b Yo & SR THRer STl e thgmaster

t&RARALNI TR AtTE;. Wi ta 196}%t airOQHQ %BO\HH %’Eh acrﬁﬁbtté'roﬂenﬁlfnaf 064 supporting

mast er term nal . to be explained in greater
cmmcab@t@ﬁwmvemiembmben terminakl 1 060 @ hermaste teindnal 04 may

I b bl,e t |
op Pl st e g e Fhenltsd ST DG ahe piconet. The
nie@ibe feainink@4 08B aE ABHE hisi8 tedivictll chhendBaRewith %h@bﬁkﬁhér under
106 wusing any multiple access schene, such as

ool of thpmastsr termpnaltidr Asnie be ;@Kelamdesgr@me&péaﬂ elow, each
e th
w0 LBGCRRSRAT 0 o Mle 80 e i
térmitdlSoutdidabelpiddderiescri bed in the cont ext of a
hybrid nmulti ple access schene enpl oyi ng both TDVA and
[6I2VR t ephabA ©fnindh PPma$ kbnhRMidaty WiE tRS MeWbkt terminals 106
readi | y understand that the present invention is in no
UfiBg Wnﬁmbmle Becesy sphamg, tsuph es aEOMEY, EBI\@%E@DI\[IAOZJS]W other

anltg%_g%Ec be f ﬁ%kgﬁe%%%rﬁogﬁts%ﬁg { 1?,/ tzx l})ﬁgseﬁfﬁ/wﬁgmn the

WIRBS boﬁlﬁiunﬁhﬂnﬁis @b@ﬁ%}ﬁ)\x&rlﬁmlﬁl ¢ Ot be@BEEHed in the context of a
termnals. The pjl ot sngnal br oadcast bé each pi conet

hybrid mmltiple sacess|scheye ping e BDMA ead SPMAdechselogiegmlhose
188 A the Rt ‘§ g)%]ﬁﬁderrs%rﬁf t%gtct?l %&%@ﬂtl nvérﬁloﬁqg %‘?g way limited
spectrum con edd- T andom noi ?\I)
tcnmthnuﬂnpiaecdees Meimwl conet rraster term nal may be
used to spread the pilot signal. Using a correlation
[0D28T €S SA piddfet they B fitnedBY a VaAEGHIHHyOU m Mssef SlaghpNwhen a

codes to identify the master term nal
terminal initially powers up, it may search for pilot 31gnals from piconet master

terminals. The pilot signal broadcast by each piconet master terminal may be an
unmodulated spread-spectrum signal, or some other reference signal. In spread-
spectrum configurations, a psuedo-random noise (PN) code unique to each piconet
master terminal may be used to spread the pilot signal. Using a correlation process, the
terminal may search through possible PN codes to identify the master terminal with the

strongest pilot signal. If the strongest pilot signal is received with sufficient signal



strongest pilot signal. If the strongest pilot signal

is received with sufficient signal WO 2005/ 078952
wWERSERED5/ 003561 6 strength to support a m PCTUS2005/003561

data rate, then the termnal .may attenpt to join the

pi conet by registering with ?he master term nal.

[ 0029] A term nal. Wl ' | :
Beé]gﬁ‘hﬁoe SYRReFTe® | slmﬁlgﬁx ma&gl e%qéﬁ iélgnm'tﬂgeafel.rﬁj]r? ﬁggd %&Ee@t%%bm the
picﬁﬁét%?cf@%steﬁng eithitahad@tetpginainabl e to find a pilot

signal of sufficient signal strength to support the
[0029] MU Q&hiind] 3ha: bd BhdbléTRY fih@ SWilot fsigaa beyuseutiberis ao master

reasons. By way of exanple, the term nal may be t?o i

tefminal.r brsomesinstardesra teaninphapy be ppatle ipatind e pijot signal of sufficient

prapagat i on _envi.ronnen | nsyfflci t
< e P Pou PR TRl i Bl S R 4P Bl of
rdBY¥nsDEBYRABI 6F E:amipld, thelerfiiha trhag b iteofeetfrorarile master terminal.
therefore, may begin operating as an |fsol ated termnal ..
gﬁtﬂﬁle requisite

Adigrnatizely nibe OIoRPSAEG enpropment Mmay bgAnyufliciend 1 SBp

termn 0 Eﬁ:ﬂ?@% Byl N jofnC4n BxiBEW piconet, and
dfﬁﬁacr%qr?é?f.ll %%?%%t grﬁr}{e nal's gtbea%mgbl d°to reclei V(_epltc he a.m
tidiréfote, ShaynBbgibropadtiag tas fanoisolated fesminal byl ttapsmitting its own pilot
with sufficient strength may attenpt tao uire that
siglt T gAlaled JgeRah IS REOTRY L5 Gter iR S0T & By pigmet. Other
tdef O Hat ?leoﬁﬁg}.o TR8ivERES ?ﬂott 51 NRbadbd oAy thiSBoRted terminal
periodic frame structure to coordinate _intra-piconet
witinsuificiewitstrength 1y attehnpirie apguirsf thetrpitas fsignpleand join thetmgonet of
art 232?113 l\/b.di]gm Access Control (MAC) frane because it

thig 1 tte’érmb‘l"‘ vi de access to the comrunications

nmedi um for various.termnals. It woul.d be apparent to ..
[Wﬁfge_ skhg mester ﬁerm@ 1Qfltm§}h3§e. %lp]epgcﬁ.}g % %E.lcgﬁ)e/ to coordinate
i%[-’p‘{gpﬁé% Cfgﬁﬂﬁ[}ﬁéaﬁsngnmﬁe&ﬁﬁé id StrPFef@RRl foGattheBrtalth Medium

ove esign constraints. [0031] For the purpose of
AlicsssuCGintro] @ACAMErathar decamse oft dppursesti tmt@byids gecess to the

will  be used.. An_approxi nmat.e 5 fr IS I l£: .

BB B SR o s Jrvouf T sbukiids pRagefied i
H85héEbd and URRELL RpERIIKAbE Shelpaiciilar application and

tg%gﬁg%g%tﬁgly 1£f2 k%ps. [0033] Angaexaone of a II)\?AC

dvemilielesign gonstragts.s shown in FIG 2 with n nunber of

frames 202. Each frame may be divided into 160 or any _

[0031gr nHobe pofpdse wE dsbwdswn 84rameTdeatidrof sppreximetelyrayns will

bg%ggg %g%{ﬁrlnég %%rﬁ}; g‘grsﬁg H%Nh b%%&a%%été?a%%?ﬁ%ﬁ%%tg aé']é%l chip rate of
ag{gﬁﬁ%ma—tgﬁl ég BN H8ckieab SuiifiEded ratdsSdowdloSappfodimately 19.2
erhead.” By wa

of exanple, the first slot 206 in the
Kbpame 202 may be used to broadcast the

spread-spectrum pilot signal to the nmenber termnals.
[0b%2]pi | Bl agipd of aMEA O Gempstribierasistshown g BIG.20@ith @rnumber of

@Angcserrb%t. IE\ggIll ¥ramke): ?nz}yl brreedi%}&g& 1enqo \%6 Qr gnyccg%ﬁérrncl)llmb%p 3 {i]I%|e ‘slots 204.

The slot duration may be approximately 31.25 ps, which corresponds to approximately

ok

S

20,312.5 chips at approximately 650 Mcps. The frame may dedicate some of its slots
for overhead. By way of example, the first slot 206 in the frame 202 may be used to
broadcast the spread-spectrum pilot signal to the member terminals. The pilot signal
may occupy the entire slot 206, or alternatively, be time shared with a control channel.
The control channel occupying the end of the first slot 206 may be a spread-spectrum

signal broadcast to all the member terminals at the same power level as the pilot signal.



The control channel occupying the end of the first

sl ot 206 may be a spread-spectrum signal broadcast to
wa@bkdosprssmenber terminals at the sane power | eRE€l/USH05/003561
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The master termnal may use this control channel to
THEhhAE tteﬁﬁnﬁﬁﬂﬂﬁﬁéet thidtoftrolt dhenddde défir e cdBPSHionlbfthe MAC

master term nal” may be responsible for scheduling
fraime.r a- pi conet communications. This may be

acconpl i shed through the use of one or nore additional
[08p3lead Thpeotasiem teuminaloImayhden edsponsible hfqrc sdhsguling iteiaspiconet

time slots thin hefra S
cogoeaiing. s may b pessattr R s S el ndp dadisional
spTEM-PRctrith QRAGBE Ehdiiels NehibR Sbaipyt ﬁz[ri’ﬂu@ &imé Qlodd Wvithtiethe frame,
menbér term nals and i nclude vari ous scheduli n% Is may be

sichfagrtirae slots 20&and aHbuuFI(ﬁgZ i Aheynedditionalggnird
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fog rommaeAenp baRsee derEInain ¥ it Repigapet. s ége m these

t1ﬁ1%rgp"’ﬂ g?tb%;%gleptga‘%ﬁ{]thetdﬁfargl?}@ rtloWZQJfftﬂe B8me 202. Additional

he master termn Yy al so grant transmt
igp@efiounkidhess the guwer dewednand idat sitofort cnchrqonmmb@aﬁonfbetween
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%}g‘?ﬁﬁ]ﬁeg 1n$a?1r?lug§€&1 fitke difi8o! dA§ MinsheR|of GEHRTHAL |Lﬂ;ﬁfg a CDMA

ween terninals. [0034) Thée master termina
sgtemieodn ttb basesthe selwddBnginforaation maytalsg assigndhe ﬁ%@ﬁdﬂtgﬁodes to
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AENITTLE TEMT T RO  SL
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p{acercﬁ’alnrsﬁnsgt)og@ Bkl f?ﬁ\é’efhe Afer BrrSiafe104 A %@ﬁg& one of the

¢an on e sustarned at 1ow data rates. In the event
midnatier hemhnﬂsm tot cammmisateomith ame eremgts] isodated terminals and/or

comTunl cate %Wé‘? he i.sol ated term nal,s, and

digpee @ronets; ANy ESIQRSIPRY requrR;ieh tr?{gnﬁp ROwer, an and i Lin some

1ﬁs‘1?an%€§‘ edy! @nlgrlye 'sﬁ’sttélﬁecp € QR tdatL e4TERINiTE athe Csv8n@B that hﬁgh power
sane tine. FIG 3 is a conceptual bl ock diagram

oo rpted posompleicsirIIihatsolied mmials andor adjacent

Dk I | e_ar PLECT RS-
peq%letﬁ,r thpsglaétgﬁf ear& 39 fi&‘tli&]ty nc?etrtcr)n W'?*] é{edf;i}gy a§§ piconet
c@lﬁﬂﬁﬁ@daﬁgnpﬁm&@ﬁ@@ﬁb,ﬂ c application and the over aI I
design constraints. [0036] The term nal may be

i npl enmented with a front end transcei ver 302
(0BRan oRIG i Eoreep B aEroLS 5SS ey Bt nguration
FAYBLBHa1t AL AGsd ANRIGE ¥t wHPappreciate, the precise configuration of the

terminal may vary depending on the specific application and the overall design

constraints.

[0036] The terminal may be implemented with a front end transceiver 302 coupled
to an antenna 304. A baseband processor 306 may be coupled to the transceiver 302.
The baseband processor 306 may be implemented with a software based architecture, or
any other type of architecture. A microprocessor may be used as a platform to run

software programs that, among other things, provide executive control and overall



The baseband processor 306 nmay be inplenented with a
sof tware based architecture, or any other type of
wW@e@biorsst ure. A microprocessor nmay be used asP@I/US2005/003561
platformto run software pragrans that, anong ot her
t hi ngs, provide executive control and overall WO
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e may

processi ng demands on the m croprocessor.
used to yevide yapeupsighal prcessing fonejval sprhoasgsbtt signal acquisition, time
I S s pi.lot. signal ;acquisition, tine .

seticlaRfors FnRReP ritkind, PraeRPRhL bt bEocredytion and

defnodelation Ginctivnh) biad foewangror deBdishat i on functi ons,

and forward error correction. [0037] The termnal may

(00379 | Thel it | AP ald8 Gfichdl GG iter B2 RP 158 dofipted to the

the baseband procéssor 306. The user interfaces na

baprbandi @recersoy pHld, Tbegeer inderfives swuayemluddi 5 fEbgpad, mouse, touch
Lhger. vibrator, .audi o speaker. m crophone, canera

SEieB o ispia D sPh Py SRS sorekes TiegRBa TP EI Rdep ofher

inmneaputadvikdsock diagramillustrating an exanple of a

t er m nal ggerating as a master term nal. The baseband
(B0 es SBIG-308 3 souspiual ok diageam iHusrsting verexaople offreterminal

iVer - J.nclade ceiver 40 The .
opERRE s 4 rpete, el RS ALERE P esith capel i sapen it the
ttahgeepree S6AC €llef traidecrad0? nay endladed Geceivinel02! eTIR ¥&iver 402
402 may be used to extract the desired signals_ and
P fast ‘¥Pt?q1i‘@ﬁw qf flegired gigpals yp dhe Presersierefi naise awshinderfence. The
. . . q
e RieD 0% S8 K6 dsd BBk ot Beel ARl bty gy to o lovel
whaye bifematios [cod@imdtin dhs rdctived siddl caihbe proaesod biyahe baseband
404 be used to nmodul ate information fromthe
pgcgggggﬁ ‘processor 306 onto a carrier frequency. The

&Dg | ated carrier may be upconverted to an RF )
1943 Euen@%’e tapngceisers (R imatalse inglugde ar transaiter d9dhe The argmitter 404

r [ . e .
P FE0T0r R, BULRERARAR bR R RMER oo 2 camier
fizqivadyl eThd Ofiodieted operiat mag Bes upcom@Ebdriot &1 M @equdty and

thﬁ ggftmarg.ba%ed [ Igﬂggta&ion of the baseband
amphled i p suffisient prwes Spdialen Y fise spacgdhrapghdhe antenna
3p4.0gram runni ng on the m croprocessor. However, as
those skilled in the art will readily appreciate, the
dul ' L. Aj ' j t. and.
0P e PieXS0hchf pfitescot 206 iy LAtk Seh BRP RS Ron oftliing as o
niastet tedinivgl.alyy the software based implementation of the baseband processor 306,

the scheduler 406 may be a software program running on the microprocessor. However,
as those skilled in the art will readily appreciate, the scheduler 406 is not limited to this
embodiment, and may be implemented by any means known in the art, including any
hardware configuration, software configuration, or combination thereof, which is

capable of performing the various functions described herein.

[0041] The scheduler 406 may be used to schedule intra-piconet communications in

a way that optimizes the capacity of the piconet. This may be achieved in a variety of



har dwar e configuration, software configuration, or
conbi nation thereof, which is, capable of performng

wao b@swzeosous functions described herein. [0041pCT82005/003561
schedul er 406 nmay be used to schedul e intra-piconet
conmuni cations in a way t hat optim zes the capacity
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tdrgMehud Ry Reasgbedsy s ‘3? .tﬁé‘(ijacé?\f/in% NRrriindi! ¢ AEOtPoet quality
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termnal, or any other quality paranmeter known in the

[6042] [ OOR]5 &5ldzorkeptaalblogn@RpualNRIASkKs Sk BYIAME of a terminal
illustrating an exanple of a termnal operating as a

OREIARS a8 & MeAwET tarmenal c hElakisehedules 406 is rerawnwivith phantom lines
i i | || lng. that Lit | bl ed by.
iIRRBAAT L 2 nob bt 8% bk dralebst o G Sherdbion as

nmeditiee terirgiidll MEie codfpueatiohi fuhatiaascedler 1302 ik RN S4RE i@kther the
SOE is the sane whether the baseband processor 306 is )
bass st PIREPSEY 00rte SPEPIIRg asvbaHer epembry termaingl, and therefore, will
nhIS BLaken . MRkl SURaRAGY Y PRL s fhoppicncs
3] ' sed..ear.li in.connection with . the
[ da%g gban‘gSs pdri%)czlg%gorggrgg ‘;‘cgé%e@b"r“ef k tke EJ&%SFtéarnd processor 306
cofiguirdtbds, a inhstersehaihal, ithoscasdilign rBassmemy nlag beesudeas to all the
to all the nenber termnals in the piconet on one or
nEghsr tegminaly indhepisanat onpre of mgRaFoniob sbannels. Thezigsal processor
el Vil - ctr .
A8t SRERALAR £ Tl SIS AESIREL K, o it e
s¢hedulongninformatibia froed thardnipol el biid proviledomtd @nt®ller 418. The

18...The _scheduling .information y include the time .
sclegiling, SpREITS TOF IPB0S AF oe  Fibh AEREBBIAS 1 ofhen darious
trh AR OB S ' i v

and dz;t arate oﬁ)ﬁkerﬂlaégﬁ[%er[t%gﬁ4 ’A‘Fh‘ga%:%%?g?%{leﬁ%él%ﬁgﬁtarate
fiseaclsed to provide data rate and spreading

information to the signal processor 412 on the

[00ddpi viTip eoutrdller 418 mohddubed td rprewat sdHtONstet and NPreading

.nenber termnal. Using this information, the signal
1“31? Bolo 10E) Sighal, PFSEsOE 4120 AUINE cEPiBing £ P tthee scheduled

RS orls 86 MRESbEL tehhBa R POLifP Eﬂié‘hﬁoﬁﬁa‘ﬁ%ﬁ, @8 qiglafﬁx&éégor 412
the recovered conmmunications Yo the vari ous user
miapi trenof eicesnBaE cat{ods 4t Fther membercteinainalé b theeappedpsiate times and
information .to the. c

rovide power, | evel nput at i onal
P iﬂ?!tﬂe SV c O E TSI LS GFORT U IMGLHER SO
[OtO?igfn nallh'e ;rgrleﬁoller 418 may also provide power level information to the

computational module 408 for each transmission from another terminal. The
computational module 408 may use this information to compute a path loss from the
transmitting terminal by using the signal strength measurement from the transceiver 302
during scheduled transmissions. The path loss information computed by the
computational module 408 may be stored in memory 410 and provided to the signal

processor 416 on the transmitting end during the scheduled time for the control channel



conmput ati onal nodule 408 nmay use this information to
conpute a path loss fromthe transmtting term nal by
wWa@g008978982 si gnal strength neasurenent from t hBCT/US2005/003561
transcei ver 302 during schedquyled transm ssions. The
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004 di nEhe mgnalmrmlswrﬂlﬁomshbe nedtte spread wpmaiunipagonsto various
ngér)]rglge{rﬁénnirtfﬁ {}/?thu p agtt a the S %gxlﬁ érf)ay %eoséfénlia&?(ﬂ- gom the
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Alternatively, the transm ssion power |evel may be

[0047)r anFEGE o o fiew cuyram lillestraddd amexddisle of po&et ol operation

404|nthetransce|ver 302. [00Q47] FIG 6.1s a flow

SRy CORMUOLCFEORS thehgesRn t@?am@%f teggingls dpnestdhilished.  Tn an

t s .
PR AP onthETeSRTDILER » RASRA MRS o REHRIBs bidireotional
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s emiieal FEh RGPt iR AFoeBing SOHIRAY JADFR terminal B

bR digRRSEthért thirg a@@é&%&l@hgﬁ'ﬂ 4o k&R N, tBnlifaltd & the transmitting

recei ving term nal rmnal B Sends signals

tentingl and tanminal doid eacieceiviggd¢rntinalt er mi nal A, terminal B

is the transmtting termnal and termnal Ais the

[0@433i vi Tige teeeivingatermin@Da@Tormisahe peweveangrol eperatiad of FIG 6. In
erforms h ower con rol oper on.of EFIG 6. In

flmwﬁ the E%WB%%%‘FT BRRTAM diighepredgerigdicafly. In an

eﬁ%ﬁf?ﬁéﬁ? dth@%fdw%‘f“&)ﬁ{rbyo érﬂtuﬁ{‘ is g&?&ﬂieﬁ%ry tiffe QQ’E"BrIn another

control operation is performed every tine slot. In

canvotiveant, thebpwivereermtrol h)@emm ris gerformed @p@ryaframn | B Would be
erfaornmed ev arent to.

BRI AR Tiose RN it AP Rip that Bt p8 e PBRREHE Rnstsbive SxEusons of

{54 BERESEONEroR $F& b0 BS FOG. 6 dBFend9War thE AtdIak a99§6a@fbh0 Mt would
of FIG 6 depends on the wreless application.

algoubed apparah t dhegspsildert in 6let 416 $hat ke Itimesd peripd hetmcm successive
e&@c%ttloﬁg](?f thé BFWQ oln&gl gpe‘i‘a R brHGCE gas:nI lyeepro grammable.

[0049] In step 800, closed-loop power control is enabled and open-loop power

control is disabled. Closed-loop power control involves a feedback signal being sent by
the receiving terminal to the transmitting terminal to provide the transmitting terminal
feedback regarding the power of signals received at the receiving terminal. Open-loop

power control involves setting transmission power as shown in FIG. 7 and described



executions of the power control operation of FIG 6

can be progranmable. [0049] In step 800, closed-Ioop
w@owen7sdsnt rol i s enabl ed and open-| oop power PCDI$200$/003561

i s disabled. Cosed-loop power control involves a

f eedback si gnal being sent byl the receiving ternina

to.the tr smttln term nal to.praovide the

BRI BRIV | R 4 SPRRLISNT b ool e JSmipslg STd pRibags signal
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power control involves setting transm ssi on power as
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power control is enabled. Then, the flow of control
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l‘i“}ﬁlbrf elf dhe inferferes iup darroviiangd intesferersthgman stepal0s, ghe narrow-

IR e SRR BRI 1B ey . A
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aﬂ%ﬁw 808,. the narrow band interference fromth
JGEehERY termingl deteapines whetherdherg ipanothgr laterfénee hif in step 806,
j N
ﬂﬁ Hcgiﬁlleng&%biﬁfnal tdcmu rcE %@ qg‘% {év(fjﬁﬁe?rgaﬁnﬁ 1§%g%r%rb t%etnelg step 810,
cke&i-loap potvier casr&mi Ib\zt\mgntﬂ&ﬁ receiaingdemeinsa aiﬂsh&\hehmmng terminal
r interferer
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step 862 F&'aSext fiBDetifa.Step 810, closed-1oop pover
control between the receiving termnal and the

t I d
(0S2TT o1 AT SnbBARIAE e RcABRT ARG R0CH: 1218 BBy wo)
sighap \Sﬁ)anfenna B0dexRetdiver 40 am@hﬁéd)@ﬁ&]ﬁdqﬁemﬂr downconverts the
PR e e PG FeDeiy PRGOS RacEIE ey signdls.
TRER & ﬁ§m%ﬁm@&a§1m§r&em?@myrgﬁ%§dh Brock&efl ved RF

signal's to internmediate frequency ignal's, and

[(fUSEiLer %tﬂleeﬂlgocﬁfn%{ig ?celve}-%zl eﬁ o in%ﬂfe&ﬁ c%& t&uitop pterén%ling an

sl g processor tal” processi
analog measurement of total received signal power from the transmlttlng terminal. This

-

power measurement is used to generate a feedback signal that is provided to transmitter
404. In an embodiment, a feedback signal is generated by a feedback generator
included in the controller 418. In another embodiment, a feedback signal is generated
by a feedback generator included in the computational module 408. It would be

apparent to those skilled in the art that a feedback signal may be generated by any



[0053] In an enbodi nent, receiver 402 al so includes
circuitry for performng an anal og neasurenent of

W ot0al07896z ei ved si gnal power fromthe transm tPCTYS2005/003561
termnal. This power neasurg nt is used to generate
a feedback signal that is provided to transmtter
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generated by a feedback generator included in the
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those skilled in the art that a feedback signal may be
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feedback signal to the transmtter 404. [00
indigaipna kragsmgisaipn ipovwse deveb (herdivafies pomer fepdbacknbignal).t Ghe power
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e ski L.l edi a I,ttJ ng .
BT nap cn bl e JoA LR IORI I Adowgy adjustment
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transm ssi on ower |evel value or.a change in .
tormiirel fp 206 ErsNIBE 'WBVEAL. TPOBBImIing BB ba traseiver B2 starts
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Ip eo @rnibodiidng,. the quality parameter is a C/I ratio at the receiving terminal. The

quality parameter is compared to the target quality parameter. In an embodiment, the

target quality parameter is a desired C/I ratio for a desired data rate.

[0057] In response to a quality parameter less than the target feedback parameter,
the feedback generator generates a power-up command. In response to a quality
parameter higher than the target feedback parameter, the feedback generator generates a

power-down command. In an embodiment, if the quality parameter is equal to the



[0056] In an enbodi nent, the anal og neasurenent of the
conbi ned power of signals received fromthe

WO e@s®mM9st i ng termnal is used to determ ne a PLEUS1095/003561
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power -up command. In response to a quality

[Qﬁifﬁmat br ahi ghlerdimbmin & heweracomemahédsl mnkrapmlr afiet 2r(n: integer)
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[0062] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application

specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
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WHAT IS CLAIMED IS:



limted to the enbodi nents shown herein but is to be

accorded the w dest scope consistent with the
w@eriono7geses and novel features di scl osed her ei PCT/VEMI5/003561

IS CLAIMED | S: WD 2005/ 078952 PCT/ US2005/ 003561 15

CLAIMS 1. A nethod of powerl2ontrol, conprising:

enabl i ng cl osed-| oop power control in response to

detecting a wi de-band interference above a threshol d;

di sabling cl osed-1oop power_ control in response to

deterni ning the wide- bandkMM¥Sierence is bel ow a

t hreshol d; and sendi ng a power feedback signal

i ndi qat ARfetBoPOMRIwdr taRedll othidgevel if the

cl osed-1 oop power control is enabled. 2. The nethod of

claim 1 f¢gnetimg depeprloapi pryver diostapl inmgspopsemtol detgstipg weyide-band

. ol hLh response.to detecting a w de-band

1@%’{%&?&%’8@%%@%{}@%& t hreshol d; and enabling open-1oop

pover conidisablihdclo&FAOHS Bow & @datre] i Ie'sc}msé Reddtdrifning the wide-
band interference is below a threshold. 3. The nethod

band pieafesence isprlpwiadhiepholdondr f eedback signal is a

PO D SRR B kSRR OB LOREARFS phDePBYRop 1ve i
thddogedviesp peeetumalcolsis gmabled. s a power - down conmmand

i ndicating a decrease in power transm ssion |evel. 5.
The nethod of claim 3, wherein the power feedback

si gnal Tie @efhoder cldin 1 GarfBRBEmbfisiagqual i ty paraneter
Is less than a target quality paraneter. 6. The method
of cl ai m 4isajieg epsR-lopR PPYRCEOITOM ib FRSRORSEGA dletectingia wide-band

. g‘xfg.g %}Q&F d.fsa quality paraneter is greater

n@ an %&?égr%‘éee% qua ?iff}{l%araneter. 7. The met hod of

claim1l, fenalilingropendpop powe @atrdl i‘igr@pcﬁmed@alleierrﬁin@[gaihe wide-
i ndj cating wi de-band interference. 8. A wireless

b?‘é‘fﬂ?ﬁ ?nché‘h}b‘?ﬁ?‘giaﬁ]@rPS}}ﬁi‘gns for enabling cl osed-1oop

power control in response to detecting a w de-band
interference above a threshold; WO 2005/078952

PCT/ Bs2btsmgthedqof claig 1, wherein the power feedback signal is a power-up

command indicating an increase in power transmission level.

4. The method of claim 1, wherein the power feedback signal is a power-down

command indicating a decrease in power transmission level.

5. The method of claim 3, wherein the power feedback signal is a power-up

command if a quality parameter is less than a target quality parameter.

6. The method of claim 4, wherein the power feedback signal is a power-down

command if a quality parameter is greater than a target quality parameter.

7. The method of claim 1, further comprising sending a feedback signal

indicating wide-band interference.

8. A wireless terminal, comprising:
means for enabling closed-loop power control in response to detecting a

wide-band interference above a threshold;



means for disabling closed-1oop power control in

response to determning the wi de-band interference is
whedosnrsast hr eshol d; and nmeans for sending a poMEr/US2005/003561
f eedback signal indicating a omer transm ssion | evel

if the cl osed-1oop pomer cont i s established. 9.

The V\Arelesstermn urther conprisin

means for BrRRbAY Cfl%a]ggﬁgl 8@’5%&&? POSHE v B?rIfF in fsponse o

demﬁﬁﬁgﬂfemdeibm infeitferenceligisci bR adhicB R4 #rence above

a threshol d; and neans for enabllng open- | oop power

control i ringaspinseendingler daWasi g bQCIke Svgnd]e mém@tmg a power
Wi rel ess

A1 BRINGFif B DSLRMo mg%gm&%gtrgx istunfRqnt el e cnal

is a power-up comand |f a quallty parameter is |ess

t han 11. The wreless .

ter mg’rj:afrﬁlog'%Ie egéj% ',"X] ﬁﬁ@%%%?nﬁ‘l%%dback si gnal

is a pOV\ﬁﬁeﬁ@m m@mm%pbﬁ-l@pqp@bért d6nR8l ﬁf%ﬁlﬁfnsé $o detecting a

\%fi gter than a target quality paraneter. 12.

F P’%!isgltftr@rr?ﬁcﬁ&bwec%@fﬁsh%lﬂn@ a receiver for

det ecti ng g

a baseban p?%ggs%%pg?%&ﬁggﬁ ﬁ)ﬁg‘%{:? g ﬁré Ogoe\l;l\ér(gtenmmng

thowidedband interferenctsie btlow ddiahoidng t he w de- band

interference, the baseband processor coupled to the

receiver; a transmtter for sending a power feedback

si gnH). Thel indeeldsh gertid WET cldifrA B S WheRirDthe pve! febdbatib@ignal is a

cl osed-1 oop power control is enabled, the transmtter

POYSHIR aomalaflﬁ & 2 Griibhasempebisdess dhan atgrgetpealily papester.

term nal of claim 12 wherein: the baseband processor

di sabl es open-1oop power caontrol in response to

det ebk-i HBe warelgss serpupad of plainy 8r whetwsimBwvroveer tfhedbaplo lsignal is a
rR0 o ASEARRE CUF PRl SOER. R G0 L AER JRUEY pormetr
interference is bel ow a threshold. 14. The wirel ess

ternyna 1.m. wherein the power feedback
Si gnaQ{1 ‘%%s&gel%s ama% 08t 1f’m:mml if a quality paraneter

i s | erseivhafor aetb@fr@@wﬁldaiah& iht@@EranaRibve ¥Areshold;

2005/ 078952 PCT/ US2005/ 003561 17 15. The w rel ess

t er it Ratebard Pregepsor Aor \ghahliign cloprd-leeneroves capintiok in response to

| raneter

digie A 51::6 zﬁﬁlae %ﬁf"fg{e %?ééfg? CtﬁéJg?s%?aﬂd F})ggceqy(? coﬁlyleﬁgo B0 %R ver;

Co nmﬂrmsnnﬁzacfabﬁadnggi: pmv?frlﬁ@hdy hakgsi gnad irelitating @fpower téansmission
| uct i xecut abl e a, conput er program sai
l%vgﬁﬂﬁt Eq cgg@r PP PAKES gOQ%Cﬂ-p}S. ghabded, thg tragnsmgc]ter coupled to the

baseband processor.

u..

13. The wireless terminal of claim 12 wherein:

the baseband processor disables open-loop power control in response to detecting
a wide-band interference above a threshold; and

the baseband processor enables open-loop power conirol in response to

determining the wide-band interference is below a threshold.

14. The wireless terminal of claim 12, wherein the power feedback signal is a

power-up command if a quality parameter is less than a target quality parameter.



a conputer readabl e program code neans for enabling

cl osed-| oop power control in response to detecting a
wovaentrsasd i nterference above a threshol d; a cRepUSB®N5/003561
readabl e program code neans for disabling closed-|oop
power control in response td determ ning the

wi de,ba [ rference i.S,hbel threshold; and a, . )
compitarte i S BREE r B EL oaghriBy Podie gk signal is o
eweidoiveedhacdodst ggadlity pAdinesk id\gee PO R téré&'@%ﬂli@%ia@ﬂneter.

| evel if the closed-loop power control is establisShed.

17. The conputer readable nedia of claim16 further

CONMpi6.Si NYCompeiehdbld 6As@R! emBH@FHAM CBER AR08 {Rfructions
di sabling open-loop power control ‘1 n response to.

ecahlp Ry agompHisT B@@éﬁma@@rmﬁﬂmembl@en@n; tomajsieingd

and ram code ans, fo

enabf PR Rap e R, Bhath s 58 FraPlEp SiouBHoge power control
id e¢sponsertd detet iy avvitie-tand dntefftrehéLdRNE @ thrsstogd;ow a
threshol d. 18. The conputer readable nedia of claim

16, HEEMBMET FeAdAblRDReEr b ersisaasans dorglisabling clpserbloep paper control

. ¢ . Cor | o
SRR ol LSR5 L 49185
of chabmpiitr reddebleipnogrive @deanedns dobeidingsa gowkr fdback signal

- [ lit ter is greater
iﬁﬁg%{%da? ]g%jv&e% gg%ggﬁllf){} le%ﬁg& I léqeﬁ-alggpngower control is established.

17. The computer readable media of claim 16 further comprising:

a computer readable program code means for disabling open-loop power control
in response to detecting a wide-band interference above a threshold; and

a computer readable program code means for enabling open-loop power control

in response to determining the wide-band interference is below a threshold.

18. The computer readable media of claim 16, wherein the power feedback
signal is a power-up command if a quality parameter is less than a target quality

parameter.

19. The computer readable media of claim 16, wherein the power feedback
signal is a power-down command if a quality parameter is greater than a target quality

parameter.



