WD 2005/ 079027 PCT/ US2005/ 004487 1 MULTI - HOP W RELESS COVMUNI CATI ONS
NETWORK Field [0001] The present disclosure relates generally to wireless

conmuni CafylpQissp7agdd nore specifically, to various syst eggy@Bysicasdani ques to
schedul e direct and nulti-hop comunications within a network. Background

[0002] In conventional w reless comunications, an access network is
generally enpl oyed to sui) ort conmmuni cations for a nunber of nobile

devi ces. An access QR WIREI-ESE GOVMMUNIGATIONSHNERWQRK pl e fi xed

site base stations dlspersed t hroughout a geographi c regi on. The geographic
region is generally subdivided into snaller regions known as cells. Each
base station nmay be configured to serve all nobile devices inits
respectlvéh@éll An access network may not be easily reconfigured when

there are varying traffic demands across different cellular regions. [0003]
In contradf00ly thEhe pm@ﬁtdxmmnadel@@g groewliykio wirelese cnmm«maa@oas,

o e ahosf S0fieal, W0YatiaE Sumis oot s I Beile iectianf afRBrops f or m

a net wor K.comhehidafighsSwithin adreRRsknet wor ks can operate as either a host or
router. Thus, an ad-hoc network nmay be easily reconfigured to neet,

existing traffic demands in a nore efficient fashion. Mreover, ad-hoc

net wor ks dinchgroundquire the infrastructure required by conventional access
net wor ks, maki ng ad-hoc networks an attractive choice for the future.

[ 0004] U t[DﬁMN debaochvehfitial wdred esseoammbigicatiors, anrmunesscatiworksist gederadtyogy

t hat be i npl emented with ad-hoc etvvork %\B r.ovi.des hi gh speed
communi catq”&%@egvté'r SUPDQRL ROUHRHHGRIEADS OAta PW@ Sark meDile. deygsssi éﬂa’ll"é’e%r e

transm tt n*z&kvr%rbsir? %ﬂ*ﬁm@wgg&ﬁe& Rith (iﬁ)lﬂ ﬁ é‘d 3é1tl=:' Eéskestwﬁrdls%é}&dom put

power of t ow t hat 't ke noise to ot
t echnol ogltbsmglnmklmgeagtaphﬂssegmmt’ﬁhd geogrgpln@ @6@51} iNgenerelly sobdivideti énmccess

t echni ques _exist 1o ort si eou ni catj ons |n an d-
et vor k- ATBECRTEIRy RS & e R Dre SesicBane b ssmievaakioretvesdl Teljfeor
exanpl e, i®vReY B ¥s fERM EAL NRNMR essFdMorkRAF 8t Ye easily reconﬁgured when

there are varying traffic demands across different cellvlar regions.

[0003] In contrast to the conventional access network, ad-hoc networks are
dynamic. An ad-hoc network may be formed when a number of wireless
commumnication devices, often referred to as terminals join together to form a network.
Terminals in ad-hoc networks can operate as either a host or router. Thus, an ad-hoc
network may be easily reconfigured to meet existing traffic demands in a more efficient
fashion. Moreover, ad-hoc networks do not require the infrastructure required by
conventional access networks, making ad-hoc networks an attractive choice for the
fllttxre.

[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 téchnologies, 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



WO 2005/ 079027 PCT/ US2005/ 004487 2 invol ves allocating distinct portions of
the total bandwi dth to individual communications between two terminals in

t he ad-hoc network. While this schene may be effective for uninterrupted
conmuni C¥HO We8079B ter utilization of the total bandw deGI/USRYSANE4&IChi eved
when such constant, uninterrupted cofunication is not required. [0006]

QG her multiple access schenes include Tine Division Miultiple Access (TDMWA).
These TDMiv§ieheBibcaiy beisAt | pottiahd Y off RCt o iBinali@satthNGnbividuked

bandwi dt h among a nunber of terminals which do not require uninterrupted
comuni catonumgiicatiphabewisemigo terpiieas in/thgedihogmetwark. dibile thibsakemiedndy t o each

comuni cat | hannel . bet ween two termnals at desj.gnat.ed ti | nterval s.
10007 CotteetBeBrE g it ipres onRubltont e arfiRiHE Bt i ol beadiaiy
conj unct i @y wé AdhielRlMvhER sEdhnfitant WhintdthHteOsminhgishti G fdtfdgiBedach tine
interval. This may be achieved by transmtting each conmuni cati on or signal
in a desigpggied OieiBmbitpR! Yidbesti ddBeBediihiBas MimEOBRyikBA! MIBEHE Ak &R
carrier, [gnd ]t herel%y, \sjgf?ea\éls ?S\F%ne gpgct rum of uglheﬁg‘(lglnal " The trangm' tted
si gnal s nPNIA).s dihaseaaTBMA rschbmes ewyi be particelarty reffectiye dn déneatingdiited hat
uses a carrespondi ng code tq de-gspread the desited signal. The undesired
signal's, %ﬁ@wﬁﬁ%o@a&w TR, b, eBRmalRoVHIGh i ol Ffatsa W EFYP Sl
cont i but @nfiftetcdnBO! EMA WhBhed Bydtcd Myt ¢ (dhfte Bady R BRdggpect rum
comruni cat1 ons to support sinultan€ous transm ssions, a robust an
ef fi ci ent comhededtionghaimgbbéttvesn ibgo tesinatslat dEbignated biadhlinteneplal gori t hm may be
used to schedule direct and nulti-hop conmunications, as well as the data
rate and povgr | €vaé DIvididioSPubERUACRAS | (DAY Oteplifiedy pexC®sshsed imut ual
interference. SUVWARY [0009] In one aspect of the present invention, a
net hod of cosismetion with T Eyihini peid muuliipls comamusicativas tdwreg pachdimederyde ond
t erm nal LT 0 LSt 1 erm. nal ' avi - f] .
t erm nal gﬁa nai@’f ]Iselr]g(f‘ﬁlé‘ree?etf vfrﬁ’;' @éﬁ‘ﬁoﬁgﬁj, p&é?r%&%ﬁ%%ﬂeé%%{gnyeﬂg ?g%zészg?dr havi ng
a second fihanseival Wil 4 gifferdial codlddha S0661ates neqRtivy, RadttBerdbnadpreade heglul i ng a
first signal transmssion fromthe first transmtting termnal to, an
i nt er medi sheelryrarofi Wl sigiahe The Jranswitipdasicnals may s wpawiad i deesto8WET for t he
first recgpvi ey LOg, ' . I ] fi si gnal
tr ansm o008 3 TS RE R el o BERBHE W dthdpiedhe' ddsiba

signal. The undesired signals, whose codes do not match, are not de-spread in

bandwidth and contribute only to noise.

{0008] In a TDMA system that uses spread-spectrum communications to support
simultaneous transmissions, a robust and efficient scheduling algorithm is desired. The
scheduling algorithm may be used to schedule direct and multi-hop communications, as
well as the data rate and power level of those communications, to prevent excessive

mutual interference.

SUMMARY

[0009] In one aspect of the present invention, a method of scheduling communications
includes selecting first and second terminal pairs, the first terminal pair having a first
transmitting terminal and a first receiving terminal, and the second terminal pair having
a second transmitting terminal and a second receiving terminal, scheduling a first signal
transmission from the first transmitting terminal to an intermediate terminal, the first
signal transmission being destined for the first receiving terminal, scheduling,
simultaneously with the first signal transmission, a second signal transmission from the

second transmitting terminal to the second receiving terminal, and scheduling a power



second transmtting termnal to the second receiving termnal, and

schedul i ng a power WD 2005/ 079027 PCT/ US2005/ 004487 3 |level for each of the
first anWGHOHIIE: gnal transm ssions that satisfies a RGHUSWOZUALETL y
paraneter for each of the internedi at3 term nal and the second recei vi ng
termnal. [0010] In another aspect of the present invention,

conmuni cakyd) ey &4Bh WA first AR H&RAd SighsRAMENEES 6 hhOsHiRHed Qta%gét%hhfy rst and
second termnal pairs, the first termnal pair having a first transmtting
term nal pemmetertfor eachiof g intemyedistei¢rminal anddhe srsond eesehving terminshl  pai r
having a second transmtting termnal and a second receiving termnal, the
schedul er[06#0]ng Twranbiher aspdct gufr the pmse&tﬁﬂdmﬁt@m d i costrmmiigativns t teanisal ssi on

fromthe first tra Lttin termnal t 0. an termediate termn he first
si gnal tlﬂalﬁ ‘?ﬁ gsﬁcg?ﬁﬁe@ o 8Flecs irgt, cangl; secpn é@a’uvalnga%rﬁ#rérﬁ

schedul e, ) Y firditaRsiin ﬂenﬁﬁlaf'aﬂ@a'ﬁr&mea%}sqemmﬁ HEGRNd

si gnal transm lon fromthe secon ransmtting term o the second
recei vi ngsetendrtanainal gadt Iso/ie @l &cmdptrmnnttm@lterfmmal anlc h setondecckivilgt and
second signal trans i ons t arget qualijt aranmeter for
each of tWEA g P(ﬁﬁ%f eedng fater conf &%ﬁ %Peacﬁm.s ¥ Gamisgion [0011]
In yet a el ?ehﬁﬁﬁp | | nal

i ncl udesnﬂngérgn{shef g?&?é‘f‘gfé‘t“?’%g Irst an secon e?g%m@%g%%aﬁ% e Si?llﬁfrnst

t erm nal fpaismissfvavbeinp dedtined tfot tanfnsi rdnemgng wmmaij scirdule, fsnmsltanemky Vi ng
term nal, d,.the secon term.,nal pair hav a second transmttin

ter i na W e OBt SEPRD CRPOTG beP FRAI. S G ARG R, B %P s

si gnal t 19 4 ter medi at e
Cerm nal | TRaurnt Wbl B dREscehd beck FERSELIMI P ELAR, & Sy @ P LS
receivi ngeachrorﬁtheeﬁrst mﬂa&esoﬁ@glm Itmnhmussnga,s thatrsdtisHees tapyt quality pdremeéter st

si gnal fans%\éﬁ& on econd SI@%H& tran ssjon from ihe second

t ransmi t t 1R §2% ﬁﬁ‘erfélen’tnﬁ Wéemgg FRyevaRgteRsnal-and neans for

schedul i nﬁwa power |evel for each of the f| rst . and second si gnal
transm ssUGAE] t hd ystatnofhereaspecttofrthe pregend! mtvyntrafm dneeramupisetieasciersioet he

|t er e’ S Rgbe HILAC ke 0 ASPQNN LRE' Wt STkl kOBl T Ur ther

aspect of e present i nve conput er ada

program Ohavims tar figt ihH@ASmRes lﬂérﬁﬁrl\aﬁ? aa @mmwewm@rte@mm l@dcmaﬁacsncpf
perform ng a nmethod of scheduling conmunications, the nethod including
sel ect i ngterminak parp favias @osreone tiansmittingfereinal wadfa pepond apeaiviag teaminalhavi ng a
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an intermediate terminal, the first signal {ransmission being destined for the first

,—
—

D

receiving terminal, means for scheduling, simultaneously with the first signal
transmission, a second signal transmission from the second transmitting terminal to the
second receiving terminal, and means for scheduling a power level for each of the first
and second signal transmissions that satisfies a target quality parameter for each of the

intermediate texminal and the second receiving terminal.

[0012] In a further aspect of the presemt invention, computer readable media
embodying a program of instructions executable by a computer program is capable of
performing a method of scheduling communications, the method including selecting
first and second terminal pairs, the first terminal pair having a first transmitting terminal
and a first receiving terminal, and the second teriminal pair having a second transmitting
terminal and a second receiving terminal, scheduling a first signal transmission from the
first transmitting terminal to an intermediate terminal, the first signal transmission being
destined for the first receiving terminal, scheduling, simultaneously with the_ first signal

transmission, a second signal transmission from the second transmitting terminal to the



termnal and a second receiving termnal, scheduling a first signal
transm ssion fromthe first transmtting termnal to an internedi ate
term nal wo b@shHiwst signal transm ssion being desti nedP€DUS2NB0G4HSTST
receiving termnal, scheduling, sinul4aneously with the first signal
transm ssion, a second signal transm ssion fromthe second transmtting

term nal b&ohd ecVindORMNBAT) @2d sdRedulidp 066 for bachUTARSIfifLaRd ¥dcbEd

term nal, and schedul i ng]@? power |evel for each of the first and second

si gnal t r SigssitsspBissionh et saiisiiey 3 taggeh quality derametey foy epelr ofitbe drtefnagdiatech of
the inter g@?@%}:ﬁ@% tﬁgrsgéoﬂ lre %%ré{ggnﬁlgfond receiving termnal. [0013] It is
a oc% e g et € o1y

under st 0o renbo he present invention w-ll becone

readily a nt .to those illed in the art omthe follow ng.detail ed
descri %t i g‘ﬂﬂgfv\heﬁ 15 P ﬂoa@até’ﬁﬁﬁaﬁnh‘é&ﬂ@nﬁ?Oétﬁ‘ép}’%@%ﬁw‘wmo&‘@ﬂ&?&%‘eand
descri bedré%m%;spa%m td 11638 sRfile@Nn 1S M lonPend ?&ﬂ&v@iﬁg’détﬁf‘edidg%éal figH) 1S

capabl e of other and different enbodinents and Its s€évera S are
capabl e ofvheriti fvagatsi enbodimestis | cfube oovemtionrare photve, arad dessribed by wapaft i ng
fromthe irit and, scape, of the present jnvention. cordingly,. .th

dr awi ngs iﬁﬁ{rﬁi’%‘?’al 188 vﬁﬁs‘&? ifpAliZed Heetnvgniion F%d@?&@ﬁ thOﬁqer u"é‘ﬁr é’tffe!}%ﬁi n
natur e and:Okindu G sClovual BRISFrDESPRORTLON s Tlch PRAMNES i1
Aspect s ofmt he pressent 1isnventi on ar eari | I ust rgat ed b; vvay0 0 exaﬁ‘p%g, and not
by way of réspedts,aall ovithouh depeeting domp dy ispiyit drsivseupe, ofviies present] GGe6forkl G 1
is a conceptual diagram.illustrating .an exanple of a piconet. [0016]. FIG 2
is a concgﬁf"ﬂ@lngg}f’% %“’i“?gsd’élfl Eﬁﬂﬁg dﬁ?lcrg’ﬁ?ﬁﬂﬁlr%tcb;eée&é‘qutﬁﬁ i € ont r ol
(MAC) fr agBnfmasRihd Rkdichfe.i Nt ra- pi conet communi cations; [0017] FIG 3 is a
functional block diagramillustrating an exanple of a term nal capable of
operating within a piconet; [0018] FIG 4 is a functional block diagram
illustrating an exanpl BRIEFDESCRPEARONOBJIEE HIRAPENGSNg as a naster
term nal of the piconet; [0019] FIG 5 is a flowdiagramillustrating an
exanpl e off001ag opAspatisaf thd prsers divedtide urd illusiritad dyangy pf exagserind[t220]
FIG 6 is_a conceptual block diagramillustrating, an exanple of a piconet

t opol ogy R¥pvayAdnpihon,n thegecompanying GaEnRgsnWhesitsck di agramillustrating

an exanpl e of a baseband .
[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;

[0018]  FIG. 4 is a fiumctional block diagram illustrating an example of a baseband

processor operating as a master terminal of the piconet;

[0019] FIG. 5 is a flow diagram illustrating an example of the opefation of a

scheduler in a baseband processor;

[0020] FIG. 6 is a conceptual block diagram illustrating an example of a piconet
topology map; and

[0021]  FIG. 7 is a functional block diagram illustrating an example of a baseband
processor operating as a member terminal of the piconet,
DETAILED DESCRIPTION

[0022]  The detailed description set forth below in connection with the appended

drawings is intended as a description of various embodiments of the present invention



processor operating as a nenber term nal of the piconet. DETAILED
DESCRI PTI ON [ 0022] The detail ed description set forth below in connection

wi th thevappeededzy drawi ngs is i ntended as a descri pti opPCDUSMOSDOAUST

enbodi ments of the present invention 3\ 2005/079027 PCT/ 1JS2005/ 004487 5
and is not intended to represent the only enbodinents in which the present

i nvent i on gndreynddEniehdelt foCefresdE Ghe _6:51?%%8{1{_1&@@&9 RS e profdng iffepgbpsure is
provided nerely as an _exanple or illTustration of the present invention, and
shoul d nomaydeesasiced. yEach ergbodimeniateserthegrie flds disglonmragaovidgboeselpaer ot her

U pose. ofSFBUP b PPAEPDAHES GRERs FHRENTD R SHR R cHEcTATENPF on.
However, [cbnsttubd £2€ padfB@E@Ndr aBvinRQesuss vkt esthér enibiRidEAts! MRe tdegilB esent

i nvention may be practiced without these specific details. In sone
i nst ances desgeiptiork ripolndes rspetifie edetaild foe\ihe epugpse sobwproviding oc Kholioagh am f or m

in order t voj.d obscuring .t he .con ts of, t resent. inventiogn.. .Acronyns
and ot her EERARIERE PURE BEpRR BT SyP e isd b dtreP By rt o BTk BAE and

clarity amgh it @hddGhe prRbRNAOEhtod Mbjibk pridiced MWthdt thER {fRvERt ddls, [R023] In
the follow ng detailed description,” various aspects of the present invention

may be desemg imstinces, Wel-lnonnenucofesandpvises ot shewadmbledkodiagremsfosydnr em
Wil e thes itnvenai%g aspects m tbe %I suLted .0r use with 't i?h

appl i cat i SR {HGERIIPY 0 CORFRIs, P Mg RrpsShb Iy Rbiony, HERRUPS ap4 o hes e
I nventi ve Rapipavs _te,%&aﬁldld»%sem@ Heapll infarbllyefof @bnRtencendadlh@tySarl ot
communi cation environments. Accordingly, any reference to a UAB

communi catintondsd $y Eméhthe scopaoétheduventiby. to illustrate the inventive aspects,

ith th t ' t hat ' it ts.h | f
appli cat i SHEETT ooBMe btk il dorion, Ve RRActsy e Bt a8 ogy ¢ or
a pi conet phdy Be dedeABERStHeUTHIER 68HOWSB S¥Ele8dtormilicRidas "s?rétém.a wollkect i on

of communi cation devices or termnals connected using wreless technol ogy
in an ad- Hese intvehtiveraspatie magbeiwrl Stitedigr use vathathinappligaten,ithoseokilled insuch as

a termnal,that.is I ng carri.ed . by a user on foot ..or .in a.vehicle

i rorart die SRvil fenl Beeitid bR mble iR R ISR s pe o
comuni cati} QRSodth&otiMmliichivd ¢aeirdithdis. Wet@HRSSy,Mdnyl RGeS0 HTONES .
personal data assistants (PDA), |aptops, external or internal nodens, PC

cards, or camynupidagensssystenans idendedemly to illustrate the inventive aspects, with the

understanding that such inventive aspects have a wide range of applications.

[0024] FIG. 1 illustrates an example of a network topology for a piconet in a
wireless communications system. A "piconet” is a collection of communication devices
or terminals connected using wireless technology in an ad-hoc fashion. The terminals
may be stationary or in motion, such as a terminal that is being carried by a user on foot
or in a vehicle, aircraft or ship. The term “terminal” is intended to encompass any type
of communications device including cellular, wireless or landline phones, personal data
assisfants (PDA), laptops, external or internal modems, PC cards, or any other similar

devices.

[0025] In at least one embodiment of the wireless communications sytem, each
piconet has one master terminal and any number of memmber terminals slaved to the
master terminal. In FIG. 1, a piconet 102 is shown with a master terminal 104
supporting communications between several member terminals 106. The master
terminal 104 may be able to communicate with each of the member terminals 106 in the
piconet. The member terminals 106 may also be able to directly communicate with one

another under control of the master terminal 104.



[0025] In at |east one enbodi nent of the wi reless communications sytem each
pi conet has one naster term nal and any nunber of nenber termnals slaved to
the masMR2080T0RAl . In FIG 1, a piconet 102 is shownP@IUR2085/mE487er

term nal 104 supporting comuni cati dns between several nenber term nals
106. The master termnal 104 may be able to comunicate with each of the

nenber t efooR6lal S THE Sndster idiehindli 108784y colBuieh ithl B Fub@ber ERRiNARYI SO be
able to directly conmunicate with one another under control of the master

terninal uduE ayDORdopleoRge7sdhemEUsIb0sy GEMA7 FLBVIpo(GBMAher eyt @thelt erm nal

schemo, SRRy 1O ITRRGE SR wockd b el ik ™70

i |1 ustratgjrtles coairh@nisatRms §9dtém Ghokhen PI@SEWill beuesrmma intthé€ combfiedfass
communi cati ons systemshown in FIG 1 will be described in the context of a

hybri d nuhxlmﬁlr@ ipleasecss stheme eémipmg hefh TR ATIDRICIMEA Gmilologisindhowt es.

<"t o thi e e St sbactond P e RE RO ihehIEh 1 B8 PR TRbed o "y

be for medd siciRmvdipl€hdcesf schaies. By way of exanple, when a term nal
initially powers up, it may search for pilot signals fromvarious p| conet

master t gjpgipal %p{wﬁeﬂﬁg%% Bén Q'irél‘?éi!fﬂ?ﬁra%\’s' g%}pbie%ﬁﬁ;l ot

t erm nal y ‘be an® unno spread spectru
r ef er encetesmmabinitidlly popreesub, a’pmay seanch oo pilotuigrads from, vmq:ursmwmetmastwn noi se

bi I bt 51 gifRisag ﬁvée@ales@f@@ﬁﬁ?%ﬁg%?ké@g ! ST TSR AR i oLgh
al'l possi Qx'nfrxod’dl‘%t@@ﬁ;ﬁ-é Rl b S\{”g%gﬁ fér@ﬁd%‘si@ el‘(’j‘”]%\n@?rﬁﬁﬁ'ﬁ?&:h{lﬁpgeﬁ

pi l ot signa ngest IS rece ficlent
si gnal  stondiggtationhs sqmpedd—raadmnnnmmnn(ﬂb{) aodatwmiquenén ¢dob pisomdt nmiastemy

tt t to joi th t b hth t t | . 0028
'n some | %gu;gggyege R T
suf 1 C1 eNlonirdl oy SLE0 GrbudtPyPLBRME PRIVSAR O BURIY M EnfAich orkliha TRy "esUl ¢

from any reasons way exanpl e e termnal may be too far
fromthe ﬂmﬁrengest piloti sigxial. mﬂlelstralngemqmot sighal ipreqeagd: with sefficiendsigrat nay be
|nsuff|C|ent u port the, re |S|te rate, n either case, the

ter i nal PR 3 GG £teeiatest wgtahﬁ R?BW@P mayh ATty W 1% heray

begi n 0pef)i%ﬁéi‘Qy%&&ﬁgﬁﬁﬁft}f@mﬁ&%ﬁ%alpy transmtting its own pil ot

j0028] In some instances, a terminal may be unable to find a pilot signal of
sufficient signal strength to support the minimum data rate. This may result from any
number of reasons. By way of example, the terminal may be too far from the master
terminal. Alternatively, the propagation environment may be insufficient to support the
requisite data rate. In either case, the terminal may be unable to join an existing piconet,
and therefore, may begin operating as an isolated terminal by transmitting its own pilot
signal. The isolated terminal may become the master terminal for a new piconet. Other
terminals that are able to receive the pilot signal broadcast from the isolated terminal
with sufficient strength may attempt to acquire that pilot signal and join the piconet of

this isolated terminal.

[0029] The master terminal 104 may use a periodic frame structure to coordinate
intra-piconet communications. This frame is often referred to in the art as a Medium
Access Control (MAC) frame because it is used to provide access to the
communications medium for varions terminals. The frame imay be any duration
depending on the particular application and overall design constraints. For the purpose

of discussion, a frame duration of 5 ms will be used. A 5 ms firame is reasonable to



signal. The isolated term nal may becone the master term nal for a new
piconct. Oher termnals that are able to receive the pilot signal

br oadcastwd pmsmtdogy i sol ated termnal wth sufficient specemgtdosomysatt enpt
to acquire that pilot signal and joimthe piconet of this isolated
termnal. [0029] The master termnal 104 may use a periodic frame structure

to coordi [EYA M g e} gg,e‘[a QFEBayERd | | | e eferred to
in the ar%&g@ghﬁﬁﬁ%‘é cegés: ControﬁBI %‘m%ﬂe%r a%eg@gggudgga 1|%Itési(gw&l}ls{eod to
provi de atk2kbpt o the conmmunications nediumfor various termnals. The
frame may be any duration depending on the particular application and
overal | dmmB@n COsédaiplé 6f a MOAC HReeRUiuBRSS]s sbwi i FIGS D a#ith A niind8Eodur at i on
of 5 ns wll be used, 5 ms frane is reasonable to WO 2005/ 079027

PCT/ US2005a0eA¥7 Eaph Scamsriarbe divideningo 166 ppanyaetbersurgbey afitisas sold 284desire

struct or o TEAFSRAFRERER 4% i RBrsrbORE Y B SEBI® b MER: Ty be
di vi ded i ThOfrAH0 B4y adticadd berhe B8 D elotsofor bivefdesd. OBY Wit of editfiple! MHe fiet at i on
may be 31.25 s, which corresponds to 20,312.5 chips at 650 ps. The frane

may dedi celele2@oimethe frames202) may be vseddo brondgest Ry spregd-specaranpilal signabtd i r st

sl ot 206 | he franme, 202 y Re used .t o.broadcast the spread-.s trum pil ot
si gnal toaﬁ(ﬁl‘? qﬁgﬁ%;%rgwa Ser rﬁﬁa{’@& Sfﬁléalpﬁnﬁgpocg}l%sﬁatﬂerrg&r%csg?fpg&f’h%r entire
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in FIG 2. The control channel occupying the end of the first slot 206 may

be a spr eetnagleceaupyingi Gaaend of dredBesstslato2¥i mayhbe reespierdspeatiunnisignal t he
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comuni cations. This may be acconplished through the use of one or nore

addi t i onaffamgpr ead- spectrum control channel s which occupy various tinme slots
within the frame, such as tinme slots 208 and 210 in FIG 2. These

addi ti ona[008bhnt r dThec nzastee| ®rmigl beay heoampasibleyfarhechedstieg intmmicomkt t 0o al |

the nmenber terninals d i nclude var.ious., scheduling.infornmation..Th
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bet ween t g iNeStriftht Qinfo! BRaEEAREE obSupS MUk Rirhé Slot€ wiltRE e frame,
such as time slots 208 and 210 in FIG. 2. These additional control channels may be

broadcast by the master terminal to all the member terminals and include various
scheduling information. The scheduling information may include time slot assignments
for communications between terminals within the piconet. As shown in FIG. 2, these
time slots may be selected from the data slots portion 212 of the frame 202. Additional
ﬁafonnation, such as the power level and data rate for each communication between
terminals, may also be included. The master terminal may also grant transmit
opportunities in any given time slot to any number of terminal pairs using a CDMA
scheme. In this case, the scheduling information may also assign the spreading codes to

be used for the individual communications between terminals.

[0032]  The master terminal may periodically set aside a fraction of time for peer-to-
peer trapsmissions. During this time, the master terminal 104 may assign one of the
member terminals 106 to communicate with one or more isolated terminals and/or
adjacent piconets, These transmissions may require high transmit power, and in some
instances, can only be sustained at low data rates. In the event that high power

transmissions are needed to communicate with the isolated terminals and/or adjacent



time slots may be selected fromthe data slots portion 212 of the frame 202.
Additional information, such as the power |evel and data rate for each
comuni cati on between termnals, nmay al so be included. The naster term nal
may al sowgrWe30Me2Insnit opportunities in any given ti mMCEBUS00YW44HTy nunber
of term nal pairs using a CDMA sche®e. In this case, the scheduling

I nformati on nay al so assign the spreading codes to be used for the
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aspects of the invention, with the understandlljng that such aspects have a
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may be i npl enented . . .
system management functions that allow the terminal to operate either as a master or

member terminal in a piconet. A digital signal processor (DSP) may be implemented
with an embedded communications software layer which runs application specific
algorithms to reduce the processing demands on the microprocessor, The DSP may be
used to provide various signal processing functions such as pilot signal acquisition, tixne
synchronization, frequency tracking, spread-spectrum processing, modulation and

demodulation functions, and forward error correction.

[0035]  The terminal may also include various user interfaces 308 coupled to the
baseband processor 306. The user interfaces may include a keypad, mouse, totach

screen, display, ringer, vibrator, audio speaker, microphone, camera and/or the like.

[0036]  FIG. 4 is a conceptual block diagram illustrating an example of a baseband
processor operating as a master terminal. The baseband processor 306 is shown writh
the transceiver 302. The transceiver 302 may include a receiver 402. The receiver 402
provides detection of desired signals in the presence of noise and interference. The

receiver 402 may be used to extract the desired signals and amplify them to a level



wi th an enbedded conmuni cations software |ayer which runs application
specific algorithnms to reduce the processi ng demands on the m croprocessor.
The DSP ey 2008/079932d t 0 provi de various signal processi pagrivstmsoeas; such as
pilot signal acquisition, time synch¥onization, frequency tracking,
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i nformati on contained in the received signal can be processed by the

baseband 3¥tocessor 306. [0037] The transceiver 302 may al so include a
transmtter 404. The transmtter 404 nay be used to nodul ate information
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processor agthese skiliesl indhe aith vaH req@ifly apprebiaten theofchedunler 466 ogneiimibedtiorthison t he
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configuration, software configuration, or conbination thereof, which is
capabl e ofapablefod paifogning ¢he eariovs Sinpienstdesertbeddwrsini.bed herein. [0039] The
schedul er 406 may be used to schedul e intra-piconet comrunications in a way
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ariety of ways. By way of e l.e, the schedul er. 406 may .be used to
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ways. By way of example, the scheduler 406 may be used to carefully select the

terminal pairs that will engage in simultaneous communications. Each commumication
may be performed by a direct communication between the terminal pairs, or
alternatively, the communication may be routed through one or more intermediate
terminals in the piconet. A communication routed through one or more infermediate
terminals shall be referred to as a “multi-hop” communication. Each of the
simultaneous communications may be scheduled at a transmission power level that
* satisfies a target quality parameter for each of the receiving terminals. The target
quality parameter may be the carrier-to-interference (C/I) ratio at the receiving terminal,

or any other quality parameter known in the art.

[0040] FIG. 5 is a flow diagram {illustrating an example of the operation of the
scheduler. In step 502, the scheduler may be used to select the terminal pairs that will
engage in communications during the next MAC frame. Initially, the scheduler may
determine the amount of data remaining to be transmitted between each terminal pair
currently engaged in communications following the current MAC frame. The scheduler

may also schedule new calls between terminal pairs for the next MAC frame. In most



termnal pairs that will engage in sinultaneous conmunications. Each
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{00421  Scheduling decisions may be made once the data rate for each intra-piconet
communication is determined, These scheduling decisions may be based on any
mumber of considerations in accordance with any known scheduling algorithm. By way
of example, scheduling decisions may be made based on a priority system, where voice
communications are given priority over low latency communications, The scheduling
algorithm may also give priority to high data rate transmissions in an effort to maximize
throughput. A fairness criteria that considers the amount of data {0 be transferred
between terminal pairs and the delay already experienced by such terminal pairs may
also be considered. Other factors may be considered and are within the scope of the
present invention. Those skilled i the art will be readily able to adapt existing
scheduling algorithms to any particular piconet application.

[0043]  The scheduler may increase the amount of data that can be transmitted in the
next MAC frame by scheduling parallel transmissions. The parallel transmissions
should be scheduled to maximize data throughput without causing excessive

interference. This may be achieved by using a priority based algorithm to schedule



data rate. If another nmenber termnal initiates a voice call to another
menber termnal, the scheduler may select a | ower data rate to support the
cal | . Thavadaeorwees for existing calls are known, andeCh@isefosoedsto not
need to be recal cul ated. [0042] Scheduling decisions my be nmade once the
data rate for each intra-piconet conmunication is determ ned. These
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from transm ssions its receives fromthe menber termnals. Returning to
FI G 4, athescheduler 406 may be able to compute the path loss to each member terminal.

[0045]  The member terminals may also be used to periodically provide the master
terminal with path loss measurements to other member terminals in the piconet. These
measurements may be based on scheduled transmissions between the member terminals.
The path loss measurements may be transmitted to the master terminal on one or more
of the control channels. A signal processor 412 on the receiving end may employ
gpread-spectrum techniques to extract these measurements from the control channels

and store them in memory 410.

[0046] Retwrning to FIG. 6, a series of broken lines between two terminals
represents a known distance between two terminals. The distance on the map may be
derived from the path loss measurements made at the master terminal, as well as those
reporied back to it by the member terminals. However, as will be explained in greater
detail shortly, it is the measured path loss and not the distance that is used for parallel
transmission scheduling decisions. Therefore, if the master terminal has path loss
information for every possible combination of terminal pairs in the piconet, then parallel

transmissions may be scheduled without having to know the angular coordinates of sach



conmput ati onal nodul e 408 may be used to neasure the received signal strength
of the nenber termnals. Since the timng and power |evel of each nenber
termnal ‘transm ssion is determ ned by the schedul er 406, this information
may be pMYRWSE7HY? t he conputational nodul e 408, and t BGBURIOSAHR4EY t he
measur ed received signal strength, tlhe schedul er 406 may be able to conpute
the path loss to each nenber termnal. [0045] The nenber termnals may al so
be used tmepbet Rethival With psspudtde thd@asi@stesninall eAsh palctivdl natpaHdweoss a
measurenents to other menber termnals in the piconet. These neasurenents
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distance between the same terminals is also known, the effect of the environmental
conditions on signal propagation can be estimated by the scheduler 406. If we assume
that the environmental conditions are relatively the same throughout the piconet, the
scheduler 406 may be able to compute the path loss between terminals for which no
path loss information is otherwise available, The results of the path loss computations
may be stored in memory 410 for later use. In short range applications, such as UWB,
accurate path loss estimates may be made by assumming that the environmental

conditions are substantially the same throughout the piconet.

[0049] Once the piconet topology map is constructed by the scheduler 406 and the
path loss information stored in memory 410, the scheduling decisions may be made.
The scheduler 406 may use the information contained in the piconet topology map in
conjunction with any other appropriate factors bearing on the séheduling decisions to
insure that the intra-piconet communications scheduled for the following MAC frame

do not unduly interfere with one another.



extract the nenber term nal coordinates and provide themto the schedul er
406. The scheduler 406 may use these coordinates, together with its own
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map in cerpassiet inberfenerick abthe nodnhear tarppmad 106@t e factors bearing on the
schedul i ng decisions to insure that the intra-piconet comunications
schedul ed [0§51] t heA fiableondohgsiVEGolisdulie dicisioatmiphddlsy intlues factimsiidsionone

anot her. WD 2005/ 079027 PCT/ US2005/ 004487 13 [Q0501 Bef ore describing a
met hodol odipm dhe megmphes; taimpgak he6k tor dha momber denmgnglt 1008k h If ke dargetn§’k er ni nal
I n a paral . L ) SS| | o4t 1S lLystratdy . ) t he
mpact of "paeriel R Hellbef PELLATTER s by ool diR spitidutfe Wb R B
noder ate nofk@el i/ dxceRii¢i manmhftelfdiemisg hBlvivetdre iPtiRonedet @1 raténaniigsi on
fromthe menber termnal 106a to the nenber term nal 106g can probably be

schedul ed rewrizey teraial 06djsthighsbacpige i 65 prample.griighdatasatp application,Akan 106¢ to
or o . o ; O™H . t
G 1 eqon it L B er GRSy Y fomn BENSCMbLNGnitR P fhad AL b WY, 55 0°

shoul d nothigR s a&¥Geadh, ¢eusk tkedskiat eieferhed etheeiddter 1éraiindl N8bg 106G& and

the transm ssjion fromthe nenber term nal 106c shoul d not cause
interference may reduce the actual C/I ratio at the member terminal 106g below the

a

target, thereby degrading performance to an unacceptable level. In this case, the
transmission from the member terminal 106f to the member terminal 106d should be

scheduled at a different time,

[0052]  Another illustrative example will be discussed in connection with a pending
transmission from the member terminal 106h to the member terminal 106b. When
considering the piconet topology map, it would appear that this transmission should
probably not be scheduled concurrently with the transmission from the member terminal
106a to the member terminal 106g evén if the target C/I ratio at the member terminal
106D is extremely low. The transmission power at the member terminal 106f needed to
overcome path loss to the member terminal 106b would probably unduly interfere with

the reception at the member terminal 106g.

[0053)  As an altermative approach to scheduling a transmission from the member
terminal 106h to the member terminal 106b at a different time, the communication may
be scheduled through one or more intermediate terminals in a multi-hop fashion. By

way of example, the communication from the member terminal 106h to the member



excessive interference at the nmenber termnal 106g. [0051] A nore aggressive
schedul i ng decision mght also include a transm ssion fromthe nenber

term nal 106f to the nenber term nal 106d. If the target C/ | requirenent at
t he menbd¥0@WrMY9921 106d is | ow enough, this schedul i ngPOBETS3IEN0MEY not
result in excessive nutual interfered¢e. However, if the target C 1 ratio at
the nenber termnal 106d is high because of, for exanple, a high data rate
appl i cat i RRninkhe06b it B¢ enAed ﬂﬁhﬁ\ﬁ%@ tHeAmshblt emina0mokhe HRAResast el nal

106f may need to be sufficiently high, and as a result, cause excessive

i nt er f er efigwsnugsiarh powenpe the arembes| termgggl 106h san jhe sighidicanite raduced dduce t he

actual C/]_rati t . he ne [ rm.nal. 106g.bel ow, th t.ar . thereb
our adi notssaiise! " S HREcd SR ion 8Os SmBbbl el 9y, R
t ransni ssiedfctdnditiaAEmizEeh pobwhedt thedembeierhdal TEhRMER s tiftoHnatredke6d

shoul d be, scheduled at a different tine. [00521 Another illustrative
exanpl e win C/lratidias dhe sethben terovinm i06en Denendiggpenthienigreet [Glhsatiosat e from

t he menber term nal Q.the menber termnal 106h. onsi dering the
bl conet ¢ BEEPG YRR Fe M e SRR oph, e Thdieer otiunh 105 up BB R
probably pehidie 196D ahy! B8l selREBIAr Edtcheiyt RithhGadshBBSeR Tor@thé dmbde nmenber
termnal 106a to the nenber term nal 106g even if the target C/| ratio at

t he menbetermisnahi Ofgto thaompmber tesminadnt®g. | ow. The transni ssion power at the
menber term nal 106f needed to overcone path |oss to the nmenber term nal
106b woul f005dbbalilhe seochd legi oft the fanemissidh franh ¢he member carmartal 11061 tethiser

term nal 106g. [ 0053 an alternatiyve approach to.scheduling,a
t ransm sstoH PE?HP’(Q% 1 Yaispz’terﬁ%ﬁ%ﬁ“ crgerthvith ﬁral{‘g@‘%f%ﬁo@%b at a

di fferent gf.i QR [ Iﬂﬁ'}{b t MARe re
I nt er medi %Hteeﬁ?g})gr#%a S | niﬁggﬁglt??- op ?ﬁﬁ;ﬁ%ﬁfqggf%v\égé g#ﬂgxarrpl%,imgﬁe
comuni catithougdhr thenbtrhemissot powereat theratmb&Gamiioalt e megneed Whooksad0027
PCTI US2005/ 004487 term nal 1Q6b nay be routed through the nber
termnal 268ithe ﬁfpoglﬁﬁeg Oh&he trnsEnissqn, oS Ay tHsoRpth logs r@ﬂ)@t% B Beer i nal
106h can BR:LOR b GRdh &téﬂanﬂﬁ'eﬂﬁ@ﬁF,orhe ﬁfsﬁﬁﬂﬁﬂ@ﬁ&e‘%n Ret teinflf66
transm ssion to the nenber termnal” 1061. This reduction in transm ssion
power at tinktheantreberttenminalal06g @ty b anifitientds atietwatathei nesultiags mterferefdel ratio

at the nenber termnal ]106g. endi on the tar.get | ratio at the
menber temk’é{?l ﬁé’@?etst%‘étﬁggﬁﬁﬁ{ iogﬁ"efm ‘?rﬁ%“‘}ﬁ‘ﬁﬂgggt erm nal 106h to the

menber

[0055]  Returning to FIG. 5, the scheduling algorithm may be used to schedule the
direct communications, in step 504, and the multiple-hop communications, in step 506,
for each MAC frame. This may be achieved in a variety of fashions depending on the
specific application, designer preference and the overall design constraints. By way of
example, the scheduling algorithm may use the information contained in the piconet
topology map in an aitempt to schedule communications that maximize throughput,
while at the same time adhere to a certain degree of fairness among the piconet

terminals.

[0056]  Although the procedures for scheduling the direct and multi-hop
communications are shown in FIG. 5 by sequentially scheduling the direct
comnunications, and then scheduling the multi-hop communications, those skilled in
the art will appreciate that the order may be reversed. Alternatively, the scheduling of

direct and multi-hop communications may be done in parallel.

[0057] The scheduling algorithm may also be used to schedule the transmission
power level for each communication, in step 508, in a way that maintains the target C/I

ratio at each receiving terminal. By way of example, direct communications may be



term nal 106i may be schedul ed concurrently with transm ssion fromthe
menber termnal 106a to the nenber term nal 106g. [0054] The second | eg of
t he trandy® g¥sgiP0RT om t he menber terminal 106i to the RERESR06/0448al 106b
may al so be schedul ed concurrently wilfh the transm ssion from the nmenber
termnal 106a to the nenber term nal 106g in the next MAC franme. Although

t he transgihs&ileninPenoR tindd sIbTiE (e CHIeatld Bindach d&ieiviny 1dd@@th] k& BemefICr eased
over the second |leg of the transmi ssion to overcone the path |oss resulting

from t he Ingths euent éhat she Wegehbiizatio pbeash segeiving termingd connet ha aret fies &¥eR t he

menber tepm nal ' er f. | pal be .suf.ficient to

2t tenuat cipat d80 Pty M O P B S R el B et
ratio of e SfEDesmiwmivatiehs AP sdhe@ied irRehiulidhog fishidnl Qulidmatively, a _
schedul i ng al gorithm may be used to schedul e the direct comunications, in

st ep 504, deghdion Keynbe made chabweencd digal enmwWirdopicemypugcypg basedonetheh MAC
frame. Thj s may. be achi d i rj f i di he

spoci 11 ¢ SuBTNstfaf bt AU reafted, P b Ehtu onT BE 1OUF pP SRS RLByRR b8

const r ai NirgnsniskiolBYet@feen aHE MRhknal tpags.s Chigde lrhilg-lRipgedrhinificaRiohs Uagy bee

i nformati on contained in the piconet topology map_ in an attenpt to schedul e
communi catirented torvrions mtermediaiaieanipals and fOWﬁfg@ tor theis gespapiive desinatighere to a

certain d e, of f ' ) ] | t Rough t he
pr ocedur eﬁe%“g-“ralss ﬁ@@h%. ﬁérﬁtt%{ego%&rcg?ﬁe Qi#g?#gﬁa[ei tlﬁ(%gh ﬂg?(k)lﬁ%% h?%gt%lhgﬁsaslgr e shown
in FIl G S5nhiti-E6s wehinhalida¥icss Hied vhdhntimehglotdnfagCinvo e Nz iicgaive OfiSeesd s t hen
scheduling the nulti-hop communications, those skilled in the art wll

appr eci at Bangqssion power eempigtiqns tpdnaire dept the tapetabilvaatip is et o8 §¥IYl i ng of
appr et - D _ . _ e T
Schedul | nirisa e SHEARLGAL 6P, AN AR bilow. bER S0 100

| evel for tigeGlot @OMBEIMACHinddwith thred dmuliieous ragsmiggiodshat mai ntains the
target C/1 ratio at each receiving termnal. By way of exanple, direct

communi cajGozg i g\@cﬁ%#ﬁi%ﬁtﬁeHﬁ@e%ﬂ@céﬁ&ﬂé%snﬂs’éiﬂiﬁhﬁéiﬂéeeﬁ in each

time slot if the target C/I ratio at each receiving termnal can be net. |In
t he event trefemissidre fiemgthe @embentiemningl d66h toethei wiemper etennimal 106gnet be net

in a give ti.me slLot for sinmultane di rect communi cati.qans bet n
Ler i el BERSion GRS oS BGY DfrelodB AHRER B e, 10DS58% SERTUl ed i n
a mul ti - NQRrahRRLEA frofth HR Adhbiatdnind 106f to the member terminal 106b. The C/I

ratio (C/lg) at the member terminal 106g can be computed by the scheduler at the

master terminal as follows. The signal strength at the member terminal 106g is equal to
the transmission power (Pa) at the member terminal 106a less the path loss (La.g) from
the member terminal 106a to the member terminal 106g. The interference at the
member terminal 106g results from the signal transmissions by the member terminals
106c and 106f, and can be represented by the transmission power (P¢) at the member
terminal 106¢ less the path loss (Lo.g) from the member terminal 106¢ to the member
terminal 106g plus the transmission power (Pr) at the member terminal 106f less the
path loss (Lr.) from the member terminal 106f to the member terminal 106g. Based on
these relationships, the C/I ratio may be computed in the logarithmic domain by the

following equation:
C/IG dB = PA - LA.G - (Pc - LC-G -+ PF - LF-G+ M)
1)

where M is equal to an inferference margin that may be used to account for out-of-

piconet interference,



deci sion may be nmade between a direct or nmulti-hop comuni cati on based on
the comunication path that requires the m ninmum sum of total power to
conpl et ewnenesnroazrsni ssi on between the term nal pairs. A¢EEs2008bd4iss7hop
comuni cations may be directed to vasious internediate term nals and
forwarded to their respective destination termnals in a subsequent tine
sl ot of tpfos WC I Geimike e &tﬁtﬁﬂ%%glsé?fbetﬂ%d%r&ﬁ{ pufthe OH! hliod!APthe
conmruni cat i ons for each t| sl ot Involve an Iterative process of
transm ssnmmbpntmmmbmpuvm.ﬂ@ﬁs almblﬁ)ﬁ’us LiFhe CAastia {&TH) at thetm@hberrtermioali s net
for every ecel Vi ng e e.of . t tion will be
provi ded E,%éeo%a)f Bt cmn@%?fg]]l‘]gﬁ qgﬁ’é&@ Wéhq\%@sowﬁq%ﬁgﬁ t hree

si mul t aneous transm ssions. [0058] Turning back to FIG 6, the three

si mul t aneous transm ssions include a transm ssion fromthe nenber term nal
106a to the nmenber terni @4t dBGBEc - o t-(BoskisdiBar ErdrMd he nenber termi nal
106c to the neff)er term nal 106e, and finally, a transm ssion fromthe
menber term nal 106f to the nmenber term nal 106b. The C/I ratio (CI1Q at
the nenbeghbes m nal L&%Qﬁl R Pathelos® Fomt @tk Biénibee ieahedul e @t thbhBemba@st er
termnal as foll ows he signal strength at the nenber term nal 106g is
equal to the transtimmgiabl0geower (PA) at the nenber terminal 106a less the

path loss (LA-G fr r t naI 106a,to .t nber ter naI 106g.
The interference at Bt‘ﬁelsr{ﬁ%r?ﬂg\?ﬁ’tg%rffeﬂ% Fé%l?ﬂ@ ]fqggnﬁottﬁ?s TBFERY]
transm ssions by themabeted aadi nal s 106c and 106f, and can be repr esent ed

by the transm ssi on_power (P¢) at the menber terminal 106c | ess the path
| oss (LC-GQ from t hbraetsbthe path ddssafromdBe menbdrdempinle 1 061 tor thie maemb@6g pl us

the transm ssion po&g@(ﬂf@ at the menber term nal 106f less the path |oss
(L,;-G fromthe ne G nal 106f to the nenber term nal 106g. Based on
these rel ghi @?FthBqC/E;P@tﬁé'mé&ﬂidr@erﬁﬁaltl@@%@tﬁee&mghté&TE m@qageﬂtlhﬁicc domai n
by the follownge(t]uatlon C1GdB = PA - LA-G- (Pc + PF - LF-G+ M

(1) wher edmopin tydbafoliowingiequationst er ence nmargin that my be used to account
for out-of- piconet interference. WO 2005/079027 PCTI US2005/ 004487 16
[0059) Two sim | ar equatiqns, ma edt crrpu the C1 ratios at
the nenber term nal recg?ISéers %BBL’F&nzﬁloé ]29 io (CIB) at the
menber terni nal3)

where: Lrp is the path loss from the member terminal 106f to the member
terminal 106b;
Lap is the path loss from the member terminal 106a to the member
terminal 106b; and
Lcp 1s the path loss from the member terminal 106¢ to the member
terminal 106b.

[0060]  Substituting into equations (1) ~ (3) the target C/I ratios for each of the
receiving terminals and the path loss information stored in memory, we are left with
three equations and three unknowns (Pa Pc Pr) which may be solved algebraically.
Assuming that all three equations can be satisfied, then the simultaneous transmissions
from the member terminals 106a, 106c and 106f may be scheduled at the computed
power levels. If, on the other hand, no combination of power levels can satisfy all three
equations, ot if any of the required power levels exceed the maximum transmit power of
the terminal, then the scheduling algorithm may reassign one or more of the

transmissions to an intermediate terminal for a multi-hop communication.



106e may be conputed in the |logarithm c domain by the follow ng equation:
CIEdB = Pc - LGE - (PA- LA-E+PF - LFF-E+ M (2) where: LCGE is the path
| oss frowidivesemoirer term nal 106c to the nenber ter mPGI/US0DE0448%- E i s the
path |l oss fromthe nenber term nal 106a to the nenber termnal 106e; and
LF-E is the path loss fromthe nmenber termnal 106f to the menber term nal

106e. Theydgl r atidfertibh BIFIBL of o ERAREHiR UsbE-0Ah BAGP iSRRGy GRARIed 1N

the logarithmc donain by t owi ng equation: C 1B dB = PF - LF-B - (PA

- LA-B + Fumbingt®Bofipaver 1¢@)s ednesatistylatl Bréesequiptéonsatlf theolanshrissiort pewerember

t er ni nal f to.th i pal_ 106h; LA-B is th th |, th
rorber ¢ el 100 JBa e B ara CEEIERS st e MHoih oo BsomaBbIohar | oss
fromthe pRARGS theeighah Mayl®btoot Redl@udRITRRI patt ﬁisﬁ‘glﬁkﬁ). 106t thRGR8on

Substituting into equations (1) - (3) the target ratios for each of the
r ecei vi ngpewem{Pahitsthe transomigtingaterminek s06{ii$ ncraasecdote weerthe targetr@hoatio atwe ar e

left wth, three equati t br ee _unknowns (PA Pc PE Il ch. may _be sol ved
al gebr ai ¢ e xgCc1ving g%?ﬂl??g q@ﬁ@ﬁ'ﬂ% %het%@lsé]d’&é?ar O]ﬁ;erfe&?] “ﬁé}l tﬁgtaﬁ’élﬁ 8gf:het hen t he
si nul t anegidgvlf RABIHAP POGYS mdek Pc@térﬁé QYEFEES! Alser bl ke dBBaulinkOfisorangl 106f
may be schedul ed at the conputed power levels. If,” on the other hand, no

combi nat i onyodecisiowier rdsehadule Bwntrazamission difom ther smbsydenpioals 106§t to theany of
t he required.poyer. | s.exceed the maxi mumdtransmt power of the
Lorm nal . erR forind B R e oA 37 b R R el e
~transm sshgge to an internediate termnal for a nmulti-hop communi cation. WO
2005/ 079027 PCT/ US2005/ 004487 17 [0061] Referring to FIG 6, one can
readily a ai It 4 Sy ' : ' sl | evel s
an sati oSPRE] [ a et EbriBhd 3 pch BBl Meo AOTER RELOR nhly TR

to schedule every communication between two terminals which are spaced apart by at

least a threshold distance in a multi-hop fashion. This decision may be made prior to
performing a power level computation. In this case, the scheduling algorithm may
determine that the transmission from the member terminal 106f to the member terminal
106b should be scheduled as a multi-hop communication before computing the power
levels. A decision may be made to route the communication through the member
terminal 106d, and them a computation performed to determine whether any
combination of power levels can support simultaneous transmissions from the member
terminals 106a, 106¢c and 106f while meeting the target C/I ratios for the member
terminals 106g, 106e and 106d.

[0063]  In yet another embodiment of the scheduling algorithm, the piconet topology
map may be consulted before the power level computation is made. The advantage of
this approach is that the communication between the member terminals 106f and 106b
may not automatically warrant a multi-hop communication just because of the distance
between the two. By way of example, if the scheduling algorithm determined that the
transmission from the member terminal 106f to the member terminal 106b should occur
concurrently with the transmission from the member terminal 106c to the member
terminal 106e, then both transmissions may be supported as direct communications. It
is only when a transmission from the member terminal 106a to the member terminal
106g is also scheduled at the same time, that the transmission power from the member
terminal 106f becomes problematic. Thus, an algorithm could be readily devised by
those skilled in the art to consider the distance between two terminals engaged in



(PF) is too low, then the target C 1 ratio may not be net at the receiving
termnal 106b because the signal may be too weak due to the path |oss
(LF_B). IWwotkesdrpeism ssion power (PF) at the transm t triogrgusessmongl 106f is
increased to neet the target CI ratim at the receiving termnal 106b, then
the transmssion may interfere with the ability of the mnmenber term nal 106g
to neet it : - rati: o | S ' L., may
decide to cﬁg@?ﬁg‘%ﬁfﬁg 'It]%elé Pgrrllstﬁisﬂslgit%lﬁ&#l%)ﬁ]nt‘ﬂgseng%g‘er t*@?nﬁﬁ%gﬁnﬁ?a §0 the
menber t ertainfiadls 186 hnilingugh iaitial ndchedodnliga tiecition mwithl respecth tas nfultbhognber
term nal 106d. ,%62{) EBP anot her enbodifgent of the scheduling algorithm a
deci si on RYIOHENGAYQES DefgreCoRIing PeYE VS nmuni cat i on bet ween two terni nal s
whi ch are spaced apart by at |east a threshold distance in a nulti-hop
fashi on. TRPed]decPsrotharagheduling decigpnsoret Made dheio miaynbe drapemidied |tethe
conputatiaon, J4n . thi.s cas the schedulin | gor.i may . deternmi.ne .t hat the
Cr Ao ssi B d dhrteRa 1 the PRV ok 62 e hlO Rbeisaf of Talvihes

shoul d be galtefiathedR8%ningd el HIG: habsi eNProdeRat i MobekafRsaipstidgay be power

| evel s. A decision may be nmade to route the conmuni cation through t he nmenber

termi nal 16dto weaditheschadels aprigrmeangrbetere beingmgotidedtior the remsseivaetBder any
renbert eppiisaRd HoaaRo T de SRR AHBRRE | ¢ eet i ng the targer OIT ratios
oo meniOBFA ne P20k gt BREs arte et shobbris of Y oo
consul ted g %@b&sﬁ@m@ﬁﬂﬁ&esk&vﬂnﬁg&gﬁ%%h Elste%gglr. t’i‘gre %eﬁég%gﬁr%%gf@f this

approach is that t nmuni cati o etween the nmem and
106b nay shotvnavithopdntamllings irstraiing thatriilis nethembdrbyuthiedaseband jposessoecause

of the dis} e, between the two. By.way of exanple, if the schedyli.ng

al gori ¢ hm SOGFE ABEFEFAR ES B Fermiter IFFEHRALS T BnCOTGHIAtE GRUAGERISEVER 2IE 106f ¢ o
the menberyt &bk NBhet CRRCHY ' qx&gdg sion
fromthe nmenber teremﬁ%g@eig&%gg#g%ﬁ%gsﬁ%n@g éﬁﬁaﬁg %B%ltélagrt E{én ote?]

t ransm ssitemsinalpgndthesafpmomi dotbe discumedd fncthran NTivatrawsesived 302 isshowh ym when a
transm ssmgro%t he nber term nal 106a to the nenber terminal 106g is
al so sche for the fEMBISIRNCEY e, that the transmission power from the nember

term nal 106f becomes_ problematic., Thus, an algorithmcould be readily
devi sed byl0066ose Askdisresged neakies i tcoprection swifBr then dagpband rirecesearndh t wo

termnal s &%ﬁ%@r%g ab n%t%qgrg{lgﬁ?tgg Zch%ﬁ:ﬂ_{m%sgsg%n%gél}ggy be broadcast to all the

member terminals in the piconet on one or more control channels. The signal processor

412 on the receiving end may employ spread-spectrum processing to extract the
scheduling information from the control channel and provide it to a controller 418. The
scheduling information may include the time slot assignments for the various
transmissions to and from the member terminal, as well as the power level and data rate
for each. The scheduling information may also include a message indicating whether
the terminal is an intermediate terminal supporting a multi-hop communication. In that
case, the time slots for receiving the communication from a member terminal and
retransmitting the communication to another member terminal may also be identified

with the corresponding power level and data rate.

[0067] The controller 418 may be used to provide data rate and spreading
information to the signal processor 412 on the receiving end for the scheduled
transmissions to the member terminal. Using this information, the signal processor 412
may recover communications from other member terminals at the appropriate times and

provide the recovered communpications to the wvarious user interfaces 408.



18 conmunications in relation to the termnals in close proximty to the
transmtting termnals in making an initial scheduling decision with
respect W makbrooop conmuni cati ons before conputing ppseisioaselsgs7 [ 0064]
Once the scheduling decisions are made, they may be transmtted to the
menber termnals in the piconet over one or nore control channels in the
follow ng~ MAC franme.. Referring to FlG 4, a signal,processor 416 on the
transmitt FRB“%‘W&"'”‘ \a B‘éendﬁé &y BrSsIoR 1 ﬁ‘épps%%aﬁ’r]égpa%@?%%ﬂf%s F&¥or e

bei ng proyé gieekdlia nidheory 40 9661 6REduIEPfof Aranfihiagidgast to the various nenber
termnals. [0065] FIG 7 is a conceptual block diagramillustrating an

exanpl e ofgogsi € MR contpbiidr as eRANg - RIRC S5aF fir@‘éifuﬁa aghenber
t erm nal .tThe] sche%lcg? 406 ‘fd;ge ngﬂf)vm W?I'E h phgntomlﬁﬁes [ 'aﬁg?rstgt Fl{ngg t hat
it is notcempitthiechabympbhielebd88 bfendegsh o tressswissiorB Oord u anethero parmndlon B a

nmenber termnal. The configuration_of. the transceiver 302 j the same
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signal processor 416 may also pull from memory 410 various communications for
retransmission in a multi-hop fashion at the appropriate time. The data rate, spreading
code and transmission power level of the communications may be programmed into the
signal processor 416 by the controller 418, Alternatively, the transmission power level

may be programmed by the controller 418 at the transmitter 404 in the transceiver 302.

[0070]  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
programmable logic device, discrete gaie or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,

e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one



provi de the recovered communi cations to the various user interfaces 408. WO
2005/ 079027 PCT/ US2005/ 004487 19 Commruni cations intended for retransm ssion
t 0 suppowto fusktigetvop communi cations may be stored in NECOUY204GH44RTE i |
schedul ed for retransm ssion. [0068] 200he controller 418 nmay al so provide
power |level information to the conputational nodule 408 for each

transm ssi om.: r:m T E 2 u i I e use
this infor ?ran?lt’%en%@?&%&%@gtﬁeeﬁ%ﬁﬁsw?@m E'e%&t%f a‘%ls)(r%’lH t?tﬁglstsga%/ﬁ nal by
usi ng t hecsnfignadti®’i r engt h measurenment fromthe transceiver 302 during
schedul ed transm ssions. The path |oss information conputed by the

conput at i gegi1] MOdThE nfhdeRY ddorithal desckiBedBiRbMAR Hith B VAHNEENdRs t he
signal processor 416 on the transmttl_na end during the scheduled tinme for

t he cont r disclosethherin map ha cabodied dirgethy draedinrresefvase moduletexeetiterdl

enpl oyi ng GRS recejver (not. .sho j t be us to provide di nat e
i nf ornati 5’% atpgo‘fel‘?%wnérsltneaf éqxgt?%ti%o oy%P%a H%%W%ﬁ mﬁ%ﬁﬁ _TBSP%% clg‘g&f via the
si gnal pregass9r kR aRéhdrile ROMNSEDhLEr FHROM Q06 dry,T fmmamlm@ﬁ@?gessm _
416 may be used to spread communications to various nenber termnals within

t he pi conaegistyusehard fialint canewhle digly akddD-RONi erany®ther donm pestospge medimyser

interfaces 308 .a ored.,in buf f.er Ll hg schedul e I 1 Ssi on.
A the schuatndh e b Rrdef rinEimd e ilipion s e i PES M ek SRR
comuni catpr@essor b readiafdiiafien fé2l) ah® wirie bR onb.0Me SERigeh8dii@l In
spread-spectrum processi ng. The signal, gr ocessor 416 may also pull from

nenory 416hsdisrepiiyecthmstomegeampding may be Arie thegpenssarn e prraessonaid f ashi on

at the appropriate tinme. T t. eadi C t i sSion
cover 1 oudhe BptRhanddilE mAV EeeliR 18 o At STERSIC heny SR6HRs B e ARG PP
processor efsbGhbie. t fie ioaltdrahtiel tkel Brocéisbie bid e/ Stobage th&lituamayiresdons power

| evel may be progranmed by the controller 418 at the transmtter 404 in the

t ranscei vdliscagocompeyepty] in thpteyaingb gs elpewhese.r at i ve | ogi cal bl ocks, nodul es,
and circuits described in connection with the enbodi ments di scl osed herein
may be i nj0&iant eThoprepins desmigtionof thealigtosed anbpdinpotsds pravideddo enatde di gi t al

si gnal processor P), an application . specifi.c integrated cirgcuit (ASIC),
afield p%&@ﬁﬁ%gﬁﬁeé_’ﬁ @eﬁftﬁp:ﬁqu@g&e @p%&qsg@mv@@@?gw%ocftﬁgﬁn@n evi ce,
di screte gahRs@bmbb@RnA WL bGhSily %Jg%&h?{oechbﬁzf QYR80 ﬂ?&ﬂ%ﬂ& ’Bl’iesgeﬁ@ﬁc any

conbi nati on thereof designed to pértformthe functions descri bed erein. A
gener al - pyrinoipdes plefived bercinmayy be appliddcto axthisy cadmdimertisiwithoutt depading éronat | ve,
t he

the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



processor may be any conventional processor, controller, mcrocontroller, or
state mnmachine. A processor nmay al so be inplenented as a conbi nation of
conmputing devices, e.g., a conbination of a DSP and a m croprocessor, a
plurality of mcroprocessors, one WO 2BD0D5/ 079027 PCT/ US2005/ 004487 20 or
nore m croprocessors in conjunction with a DSP core, or any other such
configuration. [0071] The nethods orcAmasi t hns descri bed in connection with
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2. The method of claim 1 further comprising:
. determining whether the first transmiiting terminal and the first receiving terminal are
spaced apart by at least a threshold distance, wherein the scheduling a first signal transmission is based on
the first transmitting terminal and the first receiving terminal being spaced apart by at least the threshold

distance;

3. The method of claim 1 wherein the determination that the direct signal transmission from
the first tfansmitting terminal to the first receiving terminal, simultaneously with the second signal
transmission, does not satisfy the target quality parameters for each of the first and second receiving
terminals comprises attempting to compute a power level for each of the direct signal transmission from
the first transmitting terminal to the first receiving terminal and the second signal transmission that

satisfies the target quality parameter for each of the first and second receiving terminals.

4, The method of claim 1 wherein the determination that the direct signal transmission
between the first transmitting terminal and the first receiving terminal, simultaneously with the second

signal transmission, does not satisfy the target quality



determ ning whether a first direct signal transm ssion fromthe first
transmtting termnal to the first receiving termnal sinmultaneously with a
second direct signal transm ssion fromthe second transmtting termnal to
the second receiving term nal does nd? sati sfy both a target quality
paranmeter for the first receiving termnal and a target quality paraneter
for the sgwuangeterscier \eacly of dherifivst! gndssdoenk reasiyimg térnmals iigaaindtdoansihesi on
fromthe first transmtti term.nal to.a internmediate termnal, the first
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termnal to the second receiving termnal; and scheduling a power |evel for
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the direct signal, transm ls)sion from the fjrst transmitting termnal to the
first rece®d ?st dRioRnALen betwegn thm et Srpsmitiing teramskauhthesiegeng receiving
transm ssi@p...does not satisfy the target quality parameters for each of the
first and second receiving termnals conprises attenpting to conpute a
power |evel for each of the direct signal transm ssion from the first

transmtting tegmn h LISt ecel Vi term nal angd. the cond si gnal
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first and steeadidegisongof effingRl S.- 4. The nethod of claim| wherein the
determ nation that the direct signal transm ssion between the first
transmtting termnal and the first receiving termnal, sinultaneously with
the second sigpal tTROSHLBSHOHE cﬂﬂﬁs6nﬂﬁ'ﬂﬁ?tdoﬁfpl‘isﬁﬁec&l?s’tﬁ_@ﬁn%ﬂéabicbﬂetzz
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functi on ofopology mofips tand cwhdretnvatdrast epdriion of theapathiloss imdorration naberived t he
first recejvi Qﬂ term nal .and the distance between the first transmtting
terninal anertHePICRRGIPHREEMIPng terninal . 5. The method of claim | wherein
the determination that the direct signal transm ssion fromthe first

transmtting termnal to the first receiving termnal, . . .
8. The method of claim 1 further comprising selecting a third terminal pair

-

having a third transmitting terminal and a third receiving terminal, and scheduling a
third signal transmission therebetween simultaneously with a retransmission of the first

signal fransmission from the intermediate terminal to the first receiving terminal.

9. The method of claim 8 further comprising scheduling a power level for
each of the retransmission of the first signal transmission and the third signal
transmission that satisfies a target quality parameter for each of the first and third

receiving terminals.

10.  The method of claim 1 further comprising scheduling a different

spreading code for each of the first and second signal transmissions.

11.  The method of claim 1 wherein the parameter comprises a carrier-to-

interference ratio.



simul taneously with the second signal transm ssion, does not satisfy the
target quality paraneters for each of the first and second receiving
terminals is a function of path loss infornmation between the first
transmtting terminal and the first r®ceiving terminal and path |oss

i nformati on between the first transmtting termnal and the second receiving
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signal transnissions. 11. The nethod of claim1 wherein the paraneter

conpri ses tgmiagk ithe schgdulphbeipg dvdiie copfigyred to schedple arfivst pignal deansmissioni m 1
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further configured to schedule a first signal transm ssjon
for each of the intermediate terminal and the sécond receiving terminal,

14.  The communications terminal of claim 13 wherein the scheduler is
further configured to schedule the first signal transmission if a direct signal transmission
from the first transmitting terminal to the first receiving terminal, simultancously with
the second signal transmission, does not satisfy both a target quality parameter for the
first receiving terminal and the target quality parameter for the second receiving

terminal.

15. The communications terminal of claim 13 wherein the scheduler is
further configured to determine that the direct signal transmission from the first
transmitting terminal to the first receiving terminal, simultaneously with the second
signal transmission, does not satisfy the target quality parameters for each of the first
and second receiving terminals by attempting to compute a power level for each of the
direct signal transmission from the first transmitting terminal to the first receiving
terminal and the second signal transmission that satisfies the target quality parameter for

each of the first and second receiving terminals.



fromthe first transmtting termnal to an internediate termnal, the first
signal transm ssion being destined for the first receiving termnal,
schedul e, sinultaneously wth the first signal transm ssion, a second

si gnal t vemgmsswioon fromthe second transmtting term par/usmoshessecond
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17. The conmuni cations term na claim 13 erein the scheduler is
further configured to determne that the direct signal transm ssion fromthe
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further configured to select the first and second terminal pairs from a piconet of

C

terminals.

19. The communications terminal of claim 18 wherein the scheduler is
further configured to construct a piconet topology map, and derive at least a portion of
the path loss information from the piconet topology map.

20.  The communications terminal of claim 13 wherein the sceduler is further
configured to select a third terminal pair having a third transmitting terminal and a third
receiving terminal, and schedule a third signal transmission therebetween
simultaneously with a retransmission of the first signal fransmission from the

intermediate terminal to the first receiving terminal.

21.  The communmications terminal of claim 20 wherein the scheduler is
further configured to schedule a power level for each of the retransmission of the first
signal transmission and the third signal transmission that satisfies a target quality

parameter for each of the first and third receiving terminals.



signal transm ssion, does not satisfy the target quality paraneters for each
of the first and second receiving termnals as a function of path | oss
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sinmultaneously with a retransm ssion of the first signal transm ssion from
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communi cations term nal of claim20 wherein the scheduler is further

configured to schedul e a power |evel for each of the retransm ssion of the
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transm sstogHBunicEivelpreouplodio thegesiverand drappmiicr.of cl ai m 13 wherein the
paranmeter conprises a carrier-to-interference ratio. 24. The conmuni cations

termnal of claim13 further conprising a receiver configured to receive
communi cat i on25 r on’ke ginumuhicatjonsfenminat of glaimaddiugther comeprisings receivingi gur ed

tot it i cati the plurality of terninals, the schedul
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processor configured to despread comuni cations between the receiver and the
between the scheduler and the transmitter.

si gnal

26.  The communications terminal of claim 24 further comprising a plurality

of user interfaces communicatively coupled to the receiver and transmitter.

27.  The communications terminal of claim 26 further comprising a receiving
signal processor configured to despread communications between the receiver and a
first one of the user interfaces, and a transmitting signal processor configured to spread

communications between a second one of the user interfaces and the transmitter.

28, A communications terminal, comprising:
means for selecting first and second terminal pairs, the first terminal pair
having a first transmitting terminal and a first receiving terminal, and the second
terminal pair having a second transmitting terminal and a second receiving terminal;
means for scheduling a first signal transmission from the first
transmitting terminal to an intermediate terminal, the first signal transmission being

destined for the first receiving terminal;



scheduler, and a transmtting signal processor configured to spread
comuni cati ons between the scheduler and the transmtter. 26. The
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31.  Computer readable media embodying a program of insfructions
executable by a computer program to perform a method of scheduling communications,
the method comprising:

selecting first and second terminal pairs, the first terminal pair having a
first transmitting terminal and a first receiving terminal, and the second terminal pair
having a second transmitting terminal and a second receiving terminal;

scheduling a first signal transmission from the first transmitting terminal
to an intermediate terminal, the first signal transmission being destined for the first
receiving terminal;

scheduling, simultanecously with the first signal transmission, a second
signal transmission from the second transmitting terminal to the second receiving
terminal; and

scheduling a power level for each of the first and second signal
transmissions that satisfies a target quality parameter for each of the intermediate

terminal and the second recetving terminal.



31. Conputer readabl e nmedia enbodyi ng a program of instructions executable
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readabl e negimabf claim 31 wherein the scheduling of the first signal
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transm ssi ons.




