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[ 0001] The present disclosure relates generally to
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various systens and techni ques to schedul e direct and
mul ti-hop transm ssions within a network. Background
[0002] In conventional wreless communications, an
access network is generally enployed to support
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access networks are typically inplenmented with
multiple fixed site baséBéC&&HB spersed t hroughout
a geographic region. The geographic region is
gener %g subdi vided into smaller regi ons known as
cells. Each base station may be configured to serve
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across different cellular regions. [0003] Li contrast
to t hEWdEhoR HERBHAHORICK LB aastWRkk, ad- hoc net wor ks
are dynam c. An ad-hoc network nmay be formed when a
nunbe i.L.gl ess comuni cati on devices, often
refer?%ﬁ%gﬁyhgg termnals, decide to join together to
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in a nore efficient fashion. Mreover, ad-hoc networks
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connections generally results.in very inefficient
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term nal that schedules transm ssions within its own

pocoanet .In[ 06 st Nomeieo usnvemtibhad| ocasc assvdrec hdilgyesetworks are
exi st to support comruni cations _in_an ad-hoc networKk.
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typically 1nvolve
form a network. Since terminals in ad-hoc networks operate as both hosts and

routers, the 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 future.

[0004] A completely ad-hoc network consisting of peer-to-peer connections
generally results in very inefficient communications. To improve efficiency, the
terminals may organize themselves into a collection of piconets. A "piconet" is
a group of terminals in close proximity to one another. Each piconet may have a

master terminal that schedules transmissions within its own piconet.

[0005]  Numerous multiple access techniques exist to support communications in an

ad-hoc network. A Frequency Division Multiple Access (FDMA) scheme, by



al locating distinct portions of the total bandwidth to
i ndi vi dual communi cati ons between two terminals in the
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uni nterrupted conmuni cati ons,2better utilization of
the total bandw dth may be achl eved when such
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interference. However, it nmay be nore difficult to
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In one ﬁﬁ ect of the present invention, a nethod of
schedf g DS%muni cati ons i ncl udes schedullng an
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satisfies a target quality paranmeter at the first
not cause excessive mutual interference. However, it may be more difficult to
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manage interference from transmissions across multiple piconets. Accordingly,
a robust and efficient scheduling algorithm is needed. The scheduling algorithm
may be used to schedule direct and multi-hop transmissions across multiple

piconets in a way that does not cause excessive interference.

SUMMARY

[0009] In one aspect of the present invention, a method of scheduling
communications includes scheduling an inter-piconet transmission between first
transmitting and receiving terminals including scheduling a power level for the
inter-piconet transmission that satisfies a target quality parameter at the first

receiving terminal, and scheduling an intra-piconet transmission between second



receiving termnal, and scheduling an intra-piconet
transm ssi on between secondtransmtting and receivVving
wo evositoerbs, i ncl udi ng schedul i ng a power | evel PEDUS1008008758
i ntra-piconet transm ssion that satisfies a target
qual ity paraneter at the second receiving term nal.
The i tirsaiftingQné tredeians termiaty itvdidige sateddingapower level for the
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i nter-piconet transm ssion, scheduling a power level =
for t heaiscicdnlegiintenptconetdrrnminissionrfrarh at fisshiranshiidimgderminal in a

target qualit raneter at.the first receiyvin
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t r ans gahdrhisdo@ NHatl €ARKYY A0 tdrgdt it pafaheteli AP the first receiving
scheduling a power |evel for the inter-piconet ..
t r ans tgrgsnabnancheshedulingst pewen lavah §utthg Jairs-pirops  tansméssion that
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cond transmttin nd. r.ecei vi ng_ terni nal i ned udi .
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t r anspdgdedNmehat feakételigg ant pr@icstienl trangmidsioanbéteeen first
at the second receiving termnal, the intra-piconet
t r ans Miagghigingaidwgeeiving terminals including scheduling a power level for the

inter-piconet transmission that satisfies a target quality parameter at the first
receiving terminal, and means for scheduling an intra-piconet transmission
between second transmitting and receiving terminals, including scheduling a
power level for the intra-piconet transmission that satisfies a target quality

parameter at the second receiving terminal, the intra-piconet transmission being

scheduled simultaneous with the inter-piconet transmission.



schedul ed sinmul taneous with the inter-piconet

transm ssion.[0013] It is understood that other
wenwsdormeit s of the present invention will becPOBEUS2005/008758

readily apparent to those ski4led in the art fromthe

foll owi ng detailed description, wherein various

[0A13di miins snddrstbbe thiahother erobodiments lof e rresentimyentidyewill become

by wa illustration. W | reald zed, t . .
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exanpl e of a piconet; [0016] FIG 2 is a conceptual
di agram i | | uSBREEF DESCREXAON ©ITHEDRAWINGSs
formng a piconet cluster; [0017] FIG 3 is a

porglept Wabeds af i@predcnt ftvedtidngre dllustiatsdeway of ehdatipleand not
Access Control (MAC) franme for contro]ling pi.conet
conmu way Phbliitafiqrp Tgthe pregmpanygArawings prasasng| ock
diagramillustrating an exanple of a term nal capable
B015per G ise eanceptualsiiagsanaillusfratinoin ejagiplgof g pigonet;
functional block diagramillustrating an exanple of a
[0026)s c eiFI@r 2aizda hanedpard diagramsidlostratmgaan examplal of two piconets
[0020] FIG 6 is concept ual bl ock diagram

i || ustOrBaEAPIEPELHMSe of a topol ogy map; [0021] FIG

7 is a conceptual diagramillustrating an exanple o

10622k - piFdGndds 2 earasAtvehingis! laseptmgrRxampl; oka ivged%lm Access
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descr éphbledf eperdiig Wuhinaipiostieent s of the present
invention and is not intended to represent the only

‘ gﬂﬁﬂ?' MBAGS 5 lida Wit cEiBnd1 HERIKER SR hmi NN QNS Bn RY¥mPR of a transceiver
racti ced. Each enbodi nent described inthis
and baseband processor in a terminal;

[0020] FIG. 6 is a conceptual block diagram illustrating an example of a topology
map;
[0021]  FIG. 7 is a conceptual diagram illustrating an example of inter-piconet

communications; and

[0022] FIG. 8 is a conceptual block diagram illustrating another example of inter-

piconet communications.

DETAILED DESCRIPTION

[0023]  The detailed description set forth below in connection with the appended
drawings is intended as a description of varjous embodiments of the present

invention and is not intended to represent the only embodiments in which the



di scl osure is provided nerely as an exanple or
illustration of the present invention, and shoul d not
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over other enbodi nents. The dgtail ed description

i ncludes specific details for the purpose of providing
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exanp a network topol ogy f a piconet in a
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with a ster term 104 SIHPB%rtI ng .conmunj ﬁﬁt ons ti
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may bé‘nv%toﬁfdeﬁ@a%cgfdlﬂggy %&'ré!@ren@é‘ﬁﬁa BWEB cbﬁlfﬂﬁlﬁlﬁhons system is
that 1s being carried a user on foot or in

vehi cintgnded Dnerat(b ullusmeg e mventive dspecss, withehe @\a@ﬁrstandmg that such
"term nal’ is intended t.0o _encaq type of nobile
co mmm"E%tt"eoﬁﬁge%se‘i‘ﬁVS &g R gg%@i"f‘é‘%r or wirel ess

BBF a6 T Herilas Snonample e AT o SPlo B piconet in 2

sim | @ﬁrefé@é’ 'cS%uxWahBhi‘ syf6mPI 20B%dond0302 tibeshoRat @fith a master
termnal 104 may b le"to communicate with each of

t he ntendoémal t164 mupabmng O®mierEcationd dietweanniayarad mesberaiprminals
al so a eto di.r ect | ommuni cat e th o

under ?ﬁ%n g tergingly, Magd ]Zﬂt sg?no(néq;yn? hal m%ﬂn SKE™ 3 b 'lotteﬂmnal that is
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term nal
term “terminal” is intended to encompass any type of mobile communications

device including cellular or wireless phones, personal data assistants (PDA),
laptops, external or internal modems, PC cards, or any other similar devices.
Within the piconet 102, the master terminal 104 may be able to communicate
with each of the member terminals 106. The member terminals 106 may also be
able to directly communicate with one another under control of the master
terminal 104. As to be explained in greater detail below, each member terminal
106 in the piconet 102 may also be able to directly communicate with terminals

outside the piconet.



106 in the piconet 102 may al so be able to directly

communi cate with termnals outside the piconet.[0026]
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menber termnals 106 using a 6érultiple access schene,
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signal. Using a correlation process, the term nal rmfy
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configured to organize the piconet 102 with member terminals 106 that can
support a data rate of at least 1.2288 Mbps. If higher data rates are desired, the
range may be further restricted. By way of example, data rates of 100 Mbps

may be achieved in UWB systems at a range of 10 meters.

[0029] The member terminal 106 may be configured to determine whether it can
satisfy the minimum data rate requirements of the piconet by measuring the link
quality using the pilot signal broadcast from the master terminal 104. As
discussed in greater detail above, a terminal may identify a pilot signal through a

correlation process. The link quality may then be measured by computing the
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pi conet by neasuring the link quality using the pilot
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di scussed in greater detail above, a term nal may

identify a pilot signal through a correlation process.
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m ni MdphRaist hreshol d data rate. This may result from
any nunber of reasons. By way of exanple, the term nal

et rs t he r ([An( : .
A o df e s 10 HRRE mb P Abie fo fnd g pilot signal of
i nsuf gufficientt signl Strpmgih tto siygportetipeiminirewdadrathreah@ld data rate. This
ei ther case he term pnal be unable to join an .
exi st Ay TRl JFRIR any REMPRRofdEaions. yW%&f s 487 tegminal may

aS e 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.



an isolated termnal by transmtting its own pil ot
signal. The isolated term nal may becone the master

WO eoosilmerks f or a new pi conet. CGther term nal s tPer/Us2085/008758
able to receive the pilot sighal broadcast fromthe
isolated termnal with sufficient strength may attenpt
[0032cqulnminhad FQ. A, sipgriadicaframg gtmctuhe npiyc baatsedfto support
this isolated terninal.[003 urin .to FI 3, a,, .
per | GPERHiCAHonS Pruyer Bt i SmigglfsrtorrSd o in the art

conmmuyy| %H%A@@és!‘@%ﬁtrb?@tl\m\@ﬁ |ﬁ%me-lﬂé'c§usfa liB{¥R1sk@ to provide access
typically referred to in the art as a Medi um Access
Cont rtel th(: Megmimieationpavedive for the temeigalso Bhoviages may be any

$ﬁge? nﬁgespe% rr{glr'lqg}lt %Pgﬁ@ﬁfng@% i or (%ﬂvgralz rdgélgﬁa cg'nsﬁalnts

par t ifdHtRE pappkd 6AlisOksdAda mﬁfeaidxatcteﬁwm nEOREL bahgHds . A 5 ms
For the purpose of discussion, a frame duration of 5

ms wi frameyis reaseablatosacemmodais 4 mgh ehip s#ia10f 659 Mcps and a desire to

f 650 M dad
o suppan SRt R AE 0030 D08 0033 an

| f MAC t
(HRR: © 67 w0l MREEHHE sithnizsiy WA Wit pspep of fames
nu ”beIOZOf Eddh"Barfib sy RDdividM inRYa aimb¥eaPtife k&fs B0y way of

slots. The slot duration may be 31.25 ns, which
cor r esxeopds 1 Gotipe 3lots. c“ﬁhmlohﬂurets@l wepde 3Ar%§ i Wiegh eppresponds

f)i/gfh a%tZSSB%b\gﬁt%Sﬁ) exé\r ak b& ofqg?é éi?ttg Srgtl}enﬁe%nﬁee may be

fr afTBde'dEb%teﬂ&M o@erhés@dB@ywiﬁef ami;ﬁé the fifdt 3Rt 306dn the frame 302
broadcast a spread-spectrumpilot signal. The pilo
si gndpay-,hg,ugélchyﬁpe mastep frminalssip (Wo@g@t a@pread-spectrum pilot signal.

e ERLANE b RS BP0 B0 e shr
end oith bEboﬁtrblSdShaaheitas 306wy FbE. B The eanhdpﬂiaﬂna]l wccupying the
si gnal br oadcast at the samsﬁg%lf | evel [

| ot
si gnatnd ofite FEtslat 308 mavba & -BRSSUTER %gr@éim%sfeist at the same
Chanzlfclw Qg dsnﬁleté}ﬁ)or PS'THeoﬂlaEcEr LR midy2fi%- this. control

[ 003 chedul 1'ng i I on na br oa cast usi ng

one ochammeleo defiliet the nadpeyiticac- thq;)hb‘k@ fimmeont r ol

channel s whi ch occupy various tine slots within the

[oo34te, Sukdiuiiag tinfeemeatian sna308e droaddid lilsﬁlng:loﬁe a3. mbfee additional
schedul ing informati on nmay i ncl.ude tinme s|

assi giRedrspestain eqptiolaehandels vdreh ﬁaqupym@s ftinge slgfsofithin the

assi gARENLS ARY % ﬁgifgaﬁ@ Srl‘?)mntﬂ‘?} %‘St "l’hég {eﬁ}llénrgapformauon

occupyr ng a portion e fFare
i nf ormay indiydestimke shst asbgnmems rfot exchl aciivé tedahiaak affeesecime slot

te :(r:tr]n %glfgln%lgpt glrlqg]hnaélgcégdoéom%hg Sata sf ltsugcec%pylrl\l/g atploflj-tlon 312 of the

frame 302. Additional information, such as the power level and data rate for
each active terminal may also be included. Multiple terminal pairs may also be
aissigned to any given time slot using a CDMA scheme. In this case, the
scheduling information may also include the spreading codes to be used for the

individual communications between terminals.

[0035] FIG. 4 is a conceptual block diagram illustrating one possible configuration
of a terminal. As those skilled in the art will appreciate, the precise

configuration of the terminal may vary depending on the specific application and



assigned to any given tinme slot using a CDVMA schene.

In this case, the scheduling informati on nmay al so

WO p@buaeet he spreadi ng codes to be used for theCT/US2005/008758

i ndi vi dual conmmuni cati ons bet9wen term nals. [0035]

FIG 4 is a conceptual block diagramillustrating one
possitht everalh eggn edristraintd Forttke purpades ofslaritposmel edanlétedess, the

in the art will appreciatge, the preci confi guratj .
of ¢ HTOWT VBBV Apeat 3 il CHear TS O (i oLt WS torminal
appl iGa s ARREMmUBERIily, HowbeR, SRASAVEMINE Sondepfs drd Bkewise

purposes of clarity and conpl eteness, the various )
i nversuitetde conasptis weirioks mehatecompiaigation d¢vacasontsserdargly any

a UB terminal with spread- ctrum . capabi ki .

oo VEIEForEh o o P R hL R € ael BB ity ¢ dpgate the
for usgiohfadpaéts 8PthePréteht iaOETHOR] Wah i urdietstaEhg that such aspects
Accordingly any reférence to a spread-spectrum UAB

t er mheak aivgd¢ ranga dbeppdiepionso i |l ustrate the vari ous

aspects of the present invention, with the

[003Er st Theliterindh anayshecimpepeved whdneefrantinddranaerieer @02 coupled

appl i cations. 36], The term nal be i npl.enente .
o Ch § onfne ik Achaschang arocper AL HeN b SRR B P lspgscetver
404. fyobaprbedhAI0GE8586r AFPmER e RtipERmtRlROwitR af d8ware based
transcei ver 402. The baseband procesSor 406 may be

i npl earehitestireyi arhenatheo ftyneapt atshieadurgr chba safiware baged architecture

o, ek bR B e RSLRET 380 o

(not ghewiofiwasd poRfaes tiag andigabther tiligs, hrovidotiesatiee control
prograns that, anong other things, ﬁ{aovi de executive
g@ﬁﬁe

cont rasid evrialbvrsiem| managementiimg t pllpwtthe fermiipgl to operate
al | ow.h ] e et

o HRE A R 0 BBSER R R Py Bl Yo s
606 nm@yly alss inciluiielaudigitl sibngl pratessord DEP) (ot sheswy wiflDaPymbedded
(not shown), with an enbedded_ conmmuni caj.i ons software .

| ayer CORRBRNCEINS saPPRTC MyPoWIihering | pPheaiion; sPRrikic Peorithms to
reduc i : ' pr

The. CER RSB BRI TR e o S REDS P may be used
pr oc epspogide watibiosigna yrbeeasing iflnattions gndl asapidpti ssgrtal eequisition,
time synchronization, frequency tracking, .
spr eadhe p sYRFIANZ e s ﬁ%ﬂ?ﬂ%dﬁ?ﬁéﬂ%n sngéd'Specmm processing,

deno ' éﬂm‘e}r} i iBhYAhAl FRWART erfRchAESARN-
[ OOB%E%%&tgher m na &Eg‘fllog?lg})cﬁlig%él udg vari %us Cuser

j fa 0 t : S

R 255 AA5pACHE) S e yiacgband megscssay e
key pabhsebandpeocessun @6 s The aser intiesfpéeaymayrinclgde, by way of example, a

vi brator, ~audi o speaker, m crg,phlone,.caner a[nd/or 1 he
| i ke.keypad, mouse, touch screen, display, ringer, vibraior, audio speaker,

microphone, camera and/or the like.

[0038] FIG. 5 is a functional block diagram illustrating an example of a baseband
processor and a transceiver. The transceiver 402 may include a receiver 502 and
a transmitter 504. The receiver 502 may be used to detect desired signals in the
presence of noise and interference and amplify them to a level where
information contained in the signal can be processed by the baseband processor
406. The transmitter 504 may be used to modulate information from the
baseband processor 406 onto a carrier and amplify the modulated carrier to a

sufficient power level for radiation into free space through the antenna 404.



[0038] FIG 5 is a functional block diagram
illustrating an exanple of a baseband processor and a
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receiver 502 and a transmttda0 504. The receiver 502
may be used to detect desired signals in the presence
[0039]0i s&habdseband pfoeessncéO@nady anghdd signdlguodessaas F@¥/ afd 510 on
where_information cont.ai ned.in i
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fromthe baseband processor 406 onto a carrier and .
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pr oc eropesgorf 401 tthe sehedaleh §06 mptye e it 0dtwire pregiom running on the

mbedded sof | i , I |
Sy RO RESHE! SybHBh & s S o AT o o

enabl @had&hsebisetot IRbitedhethizpenddinentd and nivysiecimplemented by
termnal. In the software based i npl enentation of .the

basebether mearsekadyn Apdhe arie nghyling, pdrardyee rophigaration, firmware

sof t V@n%ggéa%?ﬁa%wﬁgi %ggﬁrﬁh?ﬁ 0t %Q%Oﬁﬁﬁﬁa?ﬁél ﬁhgreof, which is

However ose SKi | e art rea
appr egipable of padoratihg thel varioddfintiforsaesdribetl hextit.o t hi s
enbodi nent, and nay be inplenented by other neans
AT | Durhe Alltset-if Béti@bh BvatdnAiilg ke sabdilg0BthaNbe used to
I rmavar e _conf I gurati on, sof tware confi guration, or ar]%{.
conbi rrgotiste théerlbofTheiignehpiosessarsafiBeansk SHben drarirangmitting and

the vari.ous functiopns rihe | Q,: 4 .

car | "BROPR B Rl BE ST B8 PRl lRiafe Bt b o, PMERES on the
may bghypisihtd CortyehirB ushg padad-spddtauns it@haiques. In this manner,
processors 508 and 510 on _the transnitting and

r ecei tiersghedyier $99 ry beswwd o detsrmingithadaiafate megded toggpport the

term t he ' ) h ;
Lor m B8 B Qin' ACRRALONI BREEMUHact RO R/ Mbcted by the
schedsshedul&0606rmaybies based dnothdetype of servideereqadstedr st eneans well

needed to support the call through an_exchange.of. .
si gnaknav Helhs age Sy WARO g@agml%tlgaggng@{ m%?ﬁéates a call with
schedyl &, r%&ﬁ@%eﬁﬁn?ﬁé SRt 4 DRIeb ¥PRli@tioR &hY s@Rduler 506 may

requested by neans we
determine that the call requires a high data rate. If another member terminal

initiates a voice call to another member terminal, the scheduler 506 may select a

lower data rate to support the call.

[0042] The scheduler 506 may also be used to assign a block of time slots to the two
terminals during call set-up. The number of time slots assigned by the scheduler
506 may be based on variety of considerations in accordance with any
scheduling algorithm. By way of example, block assignments may be made

based on a priority system, where voice communications are given priority over



known in the art. By way of exanple, if a nenber
termnal initiates a call with another nenber term nal
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determ ne that the call requiltes a high data rate. If
anot her nenber termnal initiates a voice call to )
anot higph feergTrcohmiicions.t ke sahkdulat 06 HAY alva\giwapranity to high
a lower data rate .to supp he cal.l. .[0
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pri or jkibnf¥atamy W akEl ¥R ithe et oRuIN d‘r&ha}OBé a@ﬁ@ce@ dweiig the call
priority overhi gh | at ency conmmuni cati ons.

schedbdsed 0506 srasenhlogdingiof shernpsier tegmingl. rﬁhyﬁe dlsitled ingthe art will
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be tr fogided between the two term nal nay al so be

consi déred. The tine slot assignnents may be in bl ock

f\m%ﬁ asrrdesdichied ABOWRy Qlso SBRtdoRfigekell NtOwalAle itRultaneous
rame. The tine slot "assignnments may be fixed for

t he etrarsnassias| to maxmmgle Idetaathimilghlelﬁ dUhé sehednking af simultaneous

based ey t.he curr adi n S
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exi st HageSt R Gbddivifg Sirfidald. s fnay d8 Yicliavdd iaw \athety of ways. By
application. [0043] The schedul er 506 nay al so

conf i gfay@cf exemplend B@eémﬁﬂ 506 e S lox BT SPBRS! {eghniques to
maX| gl?t thrlfs)éiglllﬁ ons s (i%h‘?%ﬂﬁﬁ lgelfﬁ{aﬁed in ai/ simultaneous

Si mJI nsm s one

t hat &@@Smét@én toethid ﬁecbﬁhafwﬁouhé maimanfaewgw qudlay \pmeameter at each
the receiving termnals. This be achi eyed in
vari ervewmgwg%@m%y *@fgeéx%%b Sl PARHIESS 1B oo elsp greceiving

|
{nri Z\ngm sg?é},%?a over 2#1&215“1&9@2 ?érl%g)ung dg%) é{%\ gﬂggf tHehGuahty of Service

si nul {@FSTEGuiteheumssatslss wheduded dwd rat@cessary to the
maintain a target quality paranmeter at each receiving

[6U4 nalvaride pbwreg Géntﬁil atdhbjqupatareiagbelsed dpyth@icheduler 506 to
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ed
to meethedile sgnultmeyu% asgrgsiens Vbt be qiched ie gomestion with
th edul L0l
t eshﬁ'rgl: elglc?ef}]t?f%%aﬂ&ﬂg e 3 Sehgtg%éﬂco &’r fﬁr&lﬁfier %geg@«% gl%smlssmns

schedykiwesh ntwlot Gn@dials G als Bims| mc:rm.ew | Thdst remcémes will then be

di scussed in connection wth
expanded to cover transmissions across multiple piconets in the same cluster.

Transmissions across multiple piconets will be referred to as “inter-piconet”

transmissions.

[0045]  The scheduler 506 may also set aside a number of time slots for peer-to-peer
transmissions. 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 piconets outside the cluster, the scheduler 506 may decide not to schedule

any other transmissions at the same time.



I ntra-piconet transm ssions. "Intra-piconet”
transm ssions refer to transm ssions between two

WO eoosiloerbs i n t he sane piconet. These concept sP@i/UB2005/008758
t hen be expanded to cover trgnsm ssions across
mul tiple piconets in the same cluster. Transm ssions
[@64aiss wstuniipg dopihe anahentwhitl the ectief termiadistio the piconet shown in
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active termnals in the piconet showmn in FIG 1 are
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rati QrfnQfigRal 'Ga& M amiy Bhd Power Iiet THEEadhORRIBEY terminal
map may be used for this purpose. An exanple of a
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t opol .ol may be const.ruct ed h st er, term nal

fr om BEimEPL I PRV PRECEVLE Ryl R B e 16 el ogether
t er mwith $he 1dhFdd Retivedisip@al GrdnkfB, the sche@@IBP YOG able to
nodul e 516 nay be used to neasure the received signal

st r erfgpufe Bapathdossdnasash memherigmenglur i ng schedul ed

transm ssions. Since the timng and power |evel for

06481 neMbe mansheniteraiinals anyralsosbonsedsto geripdighlleproyidet the master
schedul er 508, t timng and power |evel information. .
my DR B ot SR P i Hadall i 8 piconet.
t ogetiRise %éa@u&ﬁﬁnﬁ%ﬁ% R0bdsed &inV Sshedilod atansrnlseidgé between the
t he schedul er 506 ma e able to conpute the path | oss
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may al so be us Q_periodi A r%'{d IRSLES .
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t er mi fiemdbe qomgropehapmels gud sierethemip Me1gry1he

transmtted to the master termnal on one or nore )

[9p4Yad- Rebueringnioc §HEr 61 « lsareselof broken dingn dletvesc s derminals

ﬁég s Sﬁ%g}%@%{tégﬁb% ncgstgrpc% b%%eekl)lem%sé%gm}n%ls? Xfﬁeagitstaglpeegg the map
may be derived from the path loss measurements made at the master terminal, as

=

well as those reported 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 simultaneous transmission scheduling decisions.
Therefore, if the master terminal has path loss information for every possible
combination of terminal pairs in the piconet, then simultaneous transmissions
may be scheduled without having to know the angular coordinates of each
member terminal with respect to the master terminal. As a practical matter,
however, a piconet topology map with angular coordinates may prove quite

useful in scheduling simultaneous transmissions.



fromthe control channels and store themin nmenory
514. [0049] Returning to FIG 6, a series of broken
wo 2ovegotret ween two ternminals represents a knownCT/US2005/008758

di stance between two term nalig. The di stance on the

map may be derived fromthe path | oss neasurenents
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pi conet topology map wi th angul ar coordi nates may
[0081je qRetigninged WHIG. 15, shh eigudli prgcassorub thmayuss used to extract the

transm ssions. [0050] A piconet topol.o Wi
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syst emmnstructtapisonetopdioge niap saelths the one sedwimmFlge 6.

equi pped with a GPS receiver (not shown) which is able
[005ZPNPUthe sch&duterB0di may ase the pieans topeldgykmamrto iestithéte the path
art. The_ coordinates for tthe menber ferm

als. my b .
t r ansiess bedvee temEnalaRATE of SYlHeth RptholPEs Hffﬂ’éma ion 15 not otherwise
appr op.i - t 3 #minals and
T R
used the enstiromotentahecomditioes. t Singe rthe padlorldén bewecennal number of

provide themto the schedquler 506. The schedul.er. 50
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may ussinidie by thersehedutay 506, Y we pssumedbati the ewviranmepial ponditions
| oss bet n.termnal_paifrs . for which.path i
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pr opagahileR aimafes nestberthidetbyyssithingshitete bevirdn@ifental tonditions

we assune that the environnental conditions
are substantially the same throughout the piconet.

[0053] Once the piconet topology map is constructed by the scheduler 506 and the
path loss information stored in memory 514, the scheduling decisions may be
made. The scheduler 506 may use the information contained in the piconet
topology map in conjunction with any other appropriate factors beating on the
scheduling decisions to ensure that the scheduled transmissions do not unduly

interfere with one another.

[0054]  Before describing a methodology for maintaining the target C/I ratio at each

receiving terminal in a simultaneous transmission environment, it is illustrative
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transmissions.

[0057] The three simultaneous transmissions include a transmission from the
member terminal 106h to the member terminal 106g, a transmission from the
member terminal 106¢ to the member terminal 106e, and a transmission from
the member terminal 106f to the member terminal 106b. The C/I ratio (C/Ig)
will be computed first at the member terminal 106g. The signal strength at the

member terminal 106g is equal to the transmission power (Py) at the member
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where: Lc.g is the path loss from the member terminal 106¢ to the member

terminal 106e;

Lug is the path loss from the member terminal 106h to the member terminal
106e; and

Lrg is the path loss from the member terminal 106f to the member terminal

106e.
The C/I ratio (C/Ig) at the member terminal 106b may be computed in the

logarithmic domain by the following equation:

C/lg dB=Pg-Lgg— (Pu-Lus +Pc-Lce+ M)
3)

where: Lrp is the path loss from the member terminal 106f to the member

terminal 106b;
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LF-B is the path loss fromthe nenber termnal 106f to
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the rAdripsevertlevels van satigfghall tyee eanationgethensifie aree transmissions
schedsﬂhlglgal%{bé &%eﬁﬁ?&ﬁéﬁ%ﬂ%%ﬁgﬁ%l evels. If, on the

ot her no co on o wer | evels can satisfy

t hrege. equations, ,the he three .transm ssions .
Bhony) o PG BERGR BB PBARBPAEH (o AUGCRIPY [GBRBISS A Tuming to
conceft. MBy mefibexfeahmher] 6ob ih MLfirsPhicOMR Y02 may establish a call with
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member terminal 106b to the member terminal 208a should not be scheduled
concurrently with the transmission from the member terminal 106¢c to the
member terminal 106e. The transmission power at the member terminal 106b
needed to overcome the path loss to the member terminal 208a would probably

unduly interfere with the reception at the member terminal 106e.

[0061]  As an alternative to scheduling the transmission from the member terminal
106b to the member terminal 208a at a different time, the transmission may be
routed through the intra-cluster bridge terminal 106a in a multi-hop fashion. In
this case, the transmission power at the member terminal 106b may be reduced
to accommodate the shorter distance transmission to the intra~cluster bridge
terminal 106a. This reduction in transmission power at the member terminal

106b translates into an increase in C/I ratio at the member terminal 106e.

[0062]  The second leg of the transmission from the intra-cluster bridge terminal
106a to the member terminal 208a can probably be scheduled concurrently with
the transmission from the member terminal 106¢ to the member terminal 106e in

the next MAC frame. This is because the transmission power at the intra-cluster



pi conet topology map, it would appear that a direct

transm ssion fromthe nenber termnal 106b to the
woreosao176®er ni nal 208a shoul d not be schedul ed PCT/US2005/008758

concurrently with the transmigsion fromthe nenber

termnal 106c to the menber term nal 106e. The

t r ansbrides itemipal Vi®I6a aleedddeto rovnivemet the pathalbssldGhe meathed terminal

to overcone the path |oss tq the nenber term nal 8a . .
woul U8R OB alsts, Cudihey RRHHROH GONET MeEtRd R bIosh Mapismission

the nReb&n e Hepdkr 1QRfnalé 4966 landS2080. aMREARE, 18 fufa-cluster
scheduling the transm ssion fromthe nenber term nal
106b triglge Hernieato)Gatie fuithesl awag Szoratthe nuginfice terminal il@6e than the

the transm ssi.o be, routed t hr h.th . .
intr aI!‘%‘Pﬁ%fttS‘FmB% L@ﬁé g eﬁeaf?feit?é%ﬁ#%yéc’ .‘FﬁF‘if?r-emS‘& the reception
f ashi fmhe hBmb& tSrgiageLo6khe transm ssion power at the
menber term nal 106b may be reduced to accommobdate the

ter gl t héit o1 fiCoreld €1ustik! e inal 104 i
RUGH o EL IRl e (RARRTAAR! 70 fiEorlet sl o it Krminal 104 in
powerthat firsh picoratb d 02 t isr respaaisibl 6or tsclmdslivg dsansmissioan from the

increase in C| I O t he _menber rgin 106e. .

| D062 oThe Rl g oqhe ST kgl S0B b iasies terminal 206
| NET 85 ClhU Se88ndOpicdkE 10 18 feghondBRA fdi0sdhbuliRMRMsmissions in the
term nal 208a can probably be schedul ed concurrently )

Wi t h reherse dimaetinns siTha thanmer i evhieniter mesteniterainal9 sehetdnle their
t he manbeﬁ tertm' nal %106e iR the nextb I\@C frams.thHi Sk ]

i s beCHFSRYE HECTPERRGH CHTISSIRIREPa% e g same, and therelore, only
| Nt 1 aschbdifing! dcistti ihedofh&dion Wit anea@ftssich YR B8 st piconet
the path loss to the nmenber term nal 208a is | ess than

the t&ntmithes pesang avieaneh 28d ewilk be discpsedct These decisions include
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the nenber terminal 106h to.the nenber .term nal 208a. .
The rBQeRSAEHE ok HEaDESE TR W?"H&i‘etﬁg LapshaisHPR Get th gherber terminal
r esposd schedul i ng transm ssions in the
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i nal I LI T ' I: I .
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fromthe first picaonet. 102 to the second. piconet 204
wi | 1utes;the. raniipission duaughh esnBReTIsice  igge terminal 1862, may be

function of path loss between the two member terminals 106b and 208a. The

path loss information, however, may not be included in the topology map
because the receiving terminal is outside the piconet. As a practical matter, it
may be inefficient in terms of overhead to require each master terminal construct
a topology map of all terminals within the cluster, although this is certainly a
possibility and well within the realm of the present invention. A more efficient
approach may be to dynamically add to the topology map terminals outside the
piconet that are in communication with a member terminal within the piconet.

The manner in which terminals outside the piconet may be added and dropped
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term nal's n-the ‘clus
t er m qpadss 2BBwo Picoretsl s case, the master termnal 104
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67 NalThd A8Rtek ferhlifal MBAIRthd BFHpRRNt2AR: mAP AlsBRSAEback to the
ernmnal 206 responds to the query indicating that the
me b emasigrciomeinal¥pin teispcandeplemeb A mfenmaiion2glating to the path

006 ' he.re . | . .
|t or i PO CBo R e BRRE R oB AR 17 1B3kdual Brigee tormina
i ntrarophUsPelh Wsk dgforingfich HatwebQ6te Maiberd @Gminal 106b and any

secondary intra-cluster bridge terminals (not shown) may also be included.

Since both the member terminal 106b and all intra-cluster bridge terminals are
members of the first piconet 102, this path loss information may be provided
from the topology map maintained by the master terminal 104 in the first piconet
102. This path loss information may be added to the topology map of the master
terminal 206 in the second piconet to support multi-hop transmissions across the

two piconets.
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[0070] In the case of a direct inter-piconet transmission, the scheduler in the master

terminal 104 of the first piconet 102 may be used to ensure that the transmission
power is adequate to meet the target C/I ratio at the receiving terminal 208a.
This may be determined in a number of ways. By way of example, a high power
transmission may be used with a high spreading factor and a low data rate so
that the signal can be decoded at the receiving terminal 208b even in the
presence of interference originating within the second piconet 204. The high
power transmission, however, may cause excessive interference within the first
piconet 102, and thereby limit the number of simultaneous transmissions that

can take place.
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way ‘of exanpl e, hi gh "power transm ssion nay be used
wi th 208aj ghlasjsrod amimmsjolfs awztyoye zenigned toosupgart she ealkbythe scheduler

that the si decoded. at. th
G R i
ori gi tirh®glowd sihBh]ﬂl Bé}ﬁa&eiﬁ%Wa)pﬂhﬁﬂlﬁ}QEerQMhe drget U/Dhtio for each

povver transm ssi on, howeve er, % cause excessl ve
i nt erfeerizingdemmingiin thenfrst picanet 4030 bis widlxdepgrdion Hsrteapgmission

limt the p@&’ga%%(ﬁgl%f] at %}n%ﬂl%gy’?erﬁgﬁrﬁ?slp‘bi%ﬁgﬁ c!upﬁé ¢ represented

can t& ernati ve I con

may Cppthdiffiddveing kgudtivher - pi conet transm ssion. During

call set-up between the two termnals 106b and 208a,

the scheduler in the master termnal 104 may b e used

to determ ne thg daj heeded tof sypport the call (4
based on the typlé)g’o;Ba;g?f\;z/l%%:e ?Ogbq%%st ed. A target @
e heReE e e T A B A Rk R ™

targ engl,l{ﬁgL hsi ﬂﬁe @aﬂlalﬁﬁd ﬁémrﬂiél trBnsgni@tirfeate@eihald dobria ttheOfirst piconet
or an tﬁr targ ett qual it patrarreter Igﬁgt | east one
enbodlGgetotthe regeiving g@mm@}@l%aﬂy ei? fPégo y b e the

0 4 s B s €L 5 Bl B0 i
[00725605311;@0515@20@;@& qual ity paraneter is determ ned

for the receiving term nal

M is equal to an interference margin that may be used to account for out-

:

of-piconet interference.

[0073] In at least one embodiment, the master terminal 206 in the second piconet
204 may elect not to schedule any transmissions during the inter-piconet
transmission from the member terminal 106b to the member terminal 208a. In
this embodiment, the time slot assignments for the inter-piconet transmission
may be transmitted from the master terminal 104 in the first piconet 102 to the
master terminal 206 in the second piconet 204 through the intra-cluster bridge

terminal 106a. These time slot assignments become constraints in the



208a, a block of tine slots may b e assigned to
support the call by the scheduler in the nmaster

wo evositmerbs 104. As described in greater detail PeEr/UB®E035/008758
the assignnent of tinme slotsoghould b e made in a way
that preserves the target C | ratio for each receiving

ter msaﬁéduulﬁgtilgoﬁﬂhﬁﬁtfoﬂo itigeD I@edonﬂiOﬁwoﬂ'dm 204 drld depanmdable for
the transm ssi on power (P106bh) g d at t

ter maqmdull@santreomq@nefcﬁﬁn%wgﬁr %?901%({; giconet (P8, s a

foI I i 2 i
NP LRGN AR e 9081 & e o ratimission

t he reeeir \(PRg) helybeadm@Af&hby ticosbed@08=0f the miwstepd¢rminal 104 in

Iossfr% the transmtting termnal 106b in the first

pi confbe 1% picoget he receiving terninal 208a in the

second pi conet; is the intra- ({)l conet interferenc

[0824)r ec \ﬂnﬁ'@elt GHWPMGDBO@Q scheqis Belisriaasivr: biaina §@36 of the
and Mg, £ gﬁ%n t ?Olﬂh e{ngc?x%ﬁlﬁé elﬂﬁ§ TBh& RadsiflsidRY sifuaneously
used 16 acEount for "0 ST conat i nterterence.

[ 007 3yith th&tintkepisonat reanemixsitinnent this lkmbodsment, therviriable “I” in
206 in the second piconet 204 my &I ect. not to
sched@ﬂuetl%gﬁ)tmﬂrk@m SIBIESI AT G FRETAR Flcb?aé%ﬁl&transmlssmn

trans

£8P als Ty BB AN 1405 o taror 7 o
sI ot @iyszbgg}mﬂtﬁmembertbhmnalrﬁ%a pi conet transn ssion
may be transmitted fromthe nmaster termnal 104 in the
foorst piTeedies td GEG! 8, fweeinfagii®net framsntisdion20Gith thet seeond piconet
second pi conet 204 through the intra-c|uster bri.d

t er m 24 aoghewnHandapeqpslysih the dpghRiSARY %@Hﬂ-ﬁ%ﬂ The two
const g ag%%me{]trg& SRsHGHUhEREe @l t&@lsﬂﬂis@ﬁhfﬁmtrﬂ&nﬁéi"qgﬁﬂnal 208b
plcone Are unavai I able for schedul I ng

| Nt r atopinember tetmians 208s mmdsa wiahdrhissioh drose cumebepiterinal 208d to

204. As I t :
oot etmenbon erpnabalit 1A shanting dleprtr Bty Do B fopmfi e power
?8 40??#%6%1 PQH shiBGors GO el ﬁécegarﬁ l?(? MRS URE thi@tMBtatio at each

st prconet. [0074]" I n anot her
errbodratrmntng teheimmt e dbé eecand plhena’m%%er In v mann¢r goglar to that

of th i conet 204 may,.sch ra onet

trans gﬁﬂ? E TRGFHCHh FHs Aot Ae &)hﬁg CBB% g‘ﬁre%n the master
tr anStEraﬁiaP o6 lorﬂ tﬁeh b&oRIDAIBELG4 nia?%lg%fd@dﬂyesoh‘e thienfollowing
equation (4) will have a non-zero val ue, and

t her etquragipns: ncrease the transm ssion power (P 106 J)

required at the nenber termnal 106a to neet the
target C/I ratio

C/Tzosc dB = Paogs - Laosb-208c — (P20sa ~ Laosa-208c + P1osb - Liosb-20sct M) (5)
C/aoge dB = Paosa - Laosa-208e — (P20sb - Laogb-208e + Piosb - Liosv-208et M) (6)
C/Taoga dB =P1o6b - Liosb-208a — (P20so - Laoso-208a + P1osa - Liosazosat M) (7)
where for any given transmission for terminal x to terminal y:

C/1, is the target C/I ratio at terminal y;

P, is the scheduled power level for terminal x;

Ly.y is the path loss from terminal x to terminal y; and



(C/'1208a) at the nmenmber term nal 208a. [0075] Turning
to FIG 8, two intra-piconet transm ssions with the

wa@ewsnai7ps conet 204 are shown simul t aneousl y weehusioes/008758

i nter-piconet transm ssion. TDe two intra-piconet

transm ssions include a transm ssion from nenber

t er mi Pab theG8hedubedpoviee levieb foriteradinag? @§ce., astdiree of interference at
transm ssion from menber term nal 208d to nenber

t er mahind08e. A scheduling algorithm may be used to
limt the povver of each transm ssion to that necessary

to ”EBt 15 gaf BEL frgnl etnfthi% t@ttezrgrge‘idi ly.r ecei ving

t er m nal e secon p1r cone n a nmanner

?Il)m lﬁ%est)“ge F?Zfr&gﬂ zﬁﬁw@? 9?fﬁﬂ? gfeé@?l%{aﬁ'?h?an@%y ggtg&gz;rded to
the s@eondtcP kRl 2804 tRYsedrdioftdct 804 YrofPihk Sndshe termmal 104

follow ng equations: C/I 208c dB - P.0Sb - L208b-2
( P208# thqdﬁssi Powet. +The gatb 1pssoeferaaten (Mogs za{ss)bemcenzths @nember

P oor bRt 1ty 46 TR Fpenys 3 8Rne pFOD RS e By g master
- (P&@ﬁbmal 105@Rking C8A sEtlp. drHel reddmapSartudy! for &Z}argé‘[@/lfratlo and

for any given transm ssion for termnal x to term nal;

;o /hy peth lopemayhgerbtained frapy theapompstational mpdule prd irgemory in
t he Vv

o FOSMLoRRE20d S LA phfE dobes L Soblion wio
schedutragiqoaeiaranseision onthiremmﬂnalpmn(au 102., a source

of interference at termnal y)\ Lz.y is the path | oss

fooPe) t e0Hchdhe Barged G/BFaionlr elich re_EBﬁl Sgafeﬁﬁinagﬂ tHeadebéhd piconet
(C1 o8a) for the nenber term nal

f or wedednd thet pash Mt@fomﬂéﬁm msubzaeltqadq lrttqm eqedsadS) — (7), the
|
o Sonv AL 0 BE RIS | Al B0 DR bl oo ve

t he neatibfed, t}&h nthe\edmpidébpane lé\F& (P& theembinbed teZidal 106b in
was conput ed by the master term nal 206 during call

set - Upe Trfiiscaivhil 0 mgy\bs rasmitted fortee tr%asgeétter@mal rl,%.la the first
and t t

oo SRR SO RUEE AR 160 O sheqi ot mastr
206 itarmhinel $@dref ri fiest piemmt leédneyart]heneschlemule areat inore intra-

wWth intra- gtllconet transm ssions within.the first .
pi corfifonthransapsionssimpligngays wth thejinteg-picpnetizasmission. By way

recei yf AGnip®&! Thd &heliflet BEHREMRNE REARALDS ARMRAD plcbﬁa 102 may

path Toss information is substituted I nto equatfons
(5) -sch&ule tsiraultaneously with the inter-piconet transmission, a transmission

between member terminals 106¢ and 106d and a transmission between member
terminals 106e and 106f. The power levels may be scheduled by algebraically

solving the following equations:
C/Tioea dB = P1ogc - L1osc-106a — (P10se - Liose-106a + P1o6b = Liosb-106a+ M) ©®

C/T106r dB = P1gge - Liose-106t — (P10sc - L1osc-106f + Pioeb = Liogb-106e+ M)

©)
where for any given transmission for terminal x to terminal y:
C/1, is the target C/I ratio at terminal y;
Py is the scheduled power level for terminal x;

Lyx.y 1s the path loss from terminal x to terminal y; and



power |evels may be conputed. Assuming that all three
equations can be satisfied, then the conputed power

wo ewsl10(7B8 o b) for the nmenber terminal 106b i nP¢T®ES2005/008758
first piconet 102 may be trangnmtted to the nmaster
termnal 104 in the first piconet via the
intra-cluster bridge term nal 106a. The scheduler in
t he mBS§ e stiRsdmldaadowkPievef fok Reeminal 5 (i.4) £onede ofRterfB¥nce at
then schedul e one or nore intrapiconet transm ssions
si mulianegus Wi th the inter-piconet transm ssion. By
way of exa | e, the scheduler in the master term nal

f hedul i mul I
o bt P GRS LT Fansi si on’

bet ween nenmber term nal s 6d and a

trans%lélsq Yables W 64Pa%8RD é? *FFSI owp GECeph theyppster levels for

The hedu |

ot S et (RO GG N @b ks ARG PghoR with two

106 C-eghaticds @Gnd o GoknowiBl Q de L 106e-1 06d + PIO b L

106 b-106 d+ M) (8) CI o f dB =Pio 6e - L 106e

[00RAf - {Ptht@@entlthdt@Be sched@ér ih the AA6ter terthinhO0F fol%ﬁrsf\fﬂnconet

) (9). where for any given_ transm ssion for term nal x

to t ekl driprmingy that 5O Pﬂ@b%n&l'fl@étof ©PWeF davels ean Staélsﬁﬁ thons (8)

y ; P I

N a?ﬁ (@ elfsﬁ;flﬂqﬂ{ﬂg ef-cﬁgﬁrér’]& tpé)'}xr%]y ‘rf]ézﬁeisoéxc‘e (%rlﬂéqﬁlam;ﬁqum transmit

and Pzpdvxter tolf @ns Qi etk eehrpmm,rthéxeﬂ@ scheduléremay edssign one or more
a source of .interference n nal

|(s t HBITRRIGInpt TaNSIHEHAMS fonF1e erzb Cé& PéFlﬁ%en%lP% Aﬁmﬁvelyn the
the vséﬁe(ﬁ@érerﬁay Qe 8 fdﬁ&b%th(e%eﬁ?stoﬁgo uﬁ{sﬁuégmwmou the intra-

except t ovier eve S ransmtting termnals
106¢c duﬂﬂerﬂﬁﬁgp temainalni6ef dibe,schesluding dleei‘sit)nsxﬁtt boﬂmction with this

equati o and two unk 07.7] In th nt t

Chot oo et ot linctud? i aotass ok i ThinbRial torget
pi conef rakfd isled@ fpﬁ@dﬁ@@ 1obahd DG4 81 Iﬁétt ARthgThe REWBAL time slots.
| evel s can satisfy equations (8) and 9) or if any of

@er eq hE SArBEVRust SR ﬁ)g?c)éf %ﬁﬁk% rsgéﬁﬁ]e%fcﬁﬁ§ l&écnbed m

one or nore termna ul er
reas suognecmioa with nthe eembudiraends ahmhtsedi rlmram’ B8y d»aammemented or

e SE Bl b SSe o Bocsor 059,
R e e
(FPGA) or other programmable logic device, discrete gate 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 or more

microprocessors in conjunction with a DSP core, or any other such

configuration.

[0079] The methods or algorithms described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module

executed by a processor, or in a combination of the two. A software module



mul ti-hop transm ssion should include the process of

confirmng that all target C/I ratios in both piconets
waedsamde®04 can be net during the rel evant tiPET/EBNS008758

[0078] The various illustratip4e | ogical bl ocks,

nodul es, and circuits described in connection with the

enbodhaersitle dh RAMS@EmMbAY, lash Meyndpg ROP erBidiEg FRROM memory,

B o AP QMegmry sy et BRI oo aeig ity O ROM, or any
i nt e%t?%ﬁ%l&?'cﬁcéf&ta ¢ ARlddm ld?loi;vh‘%:rxdthg TP gr g"&@ﬁ'g@ B&Hi¢m may be

arra or ot er programmabl e [ oglic devi
di screetipledad hegprotessorsiush that Kegirocesshrsmnetal inforchatior from, and

er | OPRECRETTEHEN Pofle R8s TG Of B IteRatve, the iorage medium
genengly y PUROSS! Wﬂ%?ﬁ‘é&%sd?ﬁyl"ﬂ%epr@cé&(ﬁf AR 186 R e mBstm may

in the alternative he processor may be any
conv emmd@ ireén ;ArS&x@es’lﬁmrASI@omay o¢siderin the carmamant crroetld;eesdﬂ,ere In the

or state chi ne. oce al so.be | Iene
as a }PSFa%t Fl‘ﬁnpfﬂc ﬁﬁgﬁ ﬁ)ﬁ atgi/ﬁgg e@edlgmg m yaresuﬂe as discrete

conbi RatjoRtht®n Be RERiANbrlsdwheRPr ocessor, a plurality
Of nlcroprocessors one Oor nore m Croprocessors in

ﬂ* Junciphe re‘% dg cg?aoﬁ QFf he dRéc1SRY eﬂﬂaﬁ@ﬁne%%@ rovided to enable
on |gurat % e nethods or algorit ng
desc ranlyep:brsam clciHed it ithe arti tohmike oermise dherpnessnidinyentose v arious

herein be odi ed.directlyvy..j har,dwar e,

oot ¢ e SRtains 2 Dpe SoegaiEnts Witk he SBAY Afuren g Those skilled in
conbi pat f e d WBfifed RENETRY bESpplfed h
RAM é&ﬁ%’?ﬂ% e R oerapflied B otfer
EEPR@mbadnnems m@gutsdapaemgtfmm theti sprit er acemvﬁtbb emmngkn Thus,

ot her form stor um _kno
Che bt Prosst, BrBnr il fidroud RoRfal B e HPSHed shown
proceags@h bat'Ehoteadccsdded ﬂ[eoﬁﬂ‘éﬁ%oﬁ@ébﬂsﬁ%ﬂlt w.fmher@hnaples and
from and wite information to, the storage nedium In
t he alovelfrairagalisclased betsiiage nmedi um may be integral to
the processor. The processor and the storage nedi um
may reside in an ASIC. The ASIC may reside in the
ter mi WAHATJS GLABME® ES: I n the alternative, the
processor and the storage nmedi um may reside as
di screte conponents in the termnal, or elsewhere. The
previ ous description of the disclosed enbodinents is
provided to enabl e any person skilled in the art to
make or use the present invention. Various
nodi fications to these enbodinents will be readily
apparent to those skilled in the art, and the generic
princi ples defined herein may be applied to other



enbodi nents wi thout departing fromthe spirit or scope
of the invention. Thus, the present invention is not

wo ndosnads to be limted to the enbodi nents shop€r/bgezoes/ 008758

but is to be accorded the w @ggst scope consistent with

the principles and novel features disclosed herein.

WHAT IS CLAIMED | S: CLAI M5 ¢1L.AaMst hod of schedul i ng

comuni cations, conprising: scheduling an

i nter-piconet transm ssion between first transmtting

and L eRihddr sERSdning tomhieldddbmgcaapedtd:i ng a power

l evel for the inter-piconet transm ssion that .

sati sfi es sgheduligstangintaripigongh frapsission petgan firgtsransmitting and
receiyj r.nal. ;. . SC i-ng j.nt j SR
oo AR PR AL PR R e picon
t er m halsHisslonc thadi sads g hg dutden gualityopaamery edt fher fitsheeceiving
intra-piconet transm ssion that satisfies a target

qual itexmipak avbt er at the second receiving terninal,

the intra-pj %Rﬁﬁ. ' I FQ: S C s
si mul taneosﬁisl&gvlﬂi?1 % %r{]e [ 12(?@68 r{f:%lﬁllgtﬁg %O?laﬂr;%&'yérg?%cr? n d2t.ransm1tt1ng
The naidheckivhg tdrmimalsd ifidudihg scheduiing s posgert lewad fon the iiniep-piconet
t he schedul e fg];l the inter iconef. transm ssion to tge ..
fi r stiraneByRsian: teh gatisbiesiantarget Lualiey, BaTametet 2hdhe erond receiving
sc he@ghﬁm&g hd PfralgildrRt Rhd8diod baNE FRSIRA difulthfous with the
second transmtting termnal. 3. The nethod of claim1

wher einter{pirencfisdnsmissipar anet er conpri ses a
carrier-tointerference ratio. 4. The nethod of claim1l
wherein the first transmtting termnal and the second

2.r ansTid methgd afidame ¢ finthangotmprising adassnaittengnbebelreduleffonthe inter-
first piconet, and the first receiving termnal, is a. .

e mb ISR TSR pioc Hife first ﬁwwlﬁﬁgﬁ%ng]‘f a0 plrgpsipitting the
wher elchedule fdr it eSintrh iRdbaet &Aﬂsﬁgssz&lrtmtﬁ@éecmm&iﬁiﬁg hinal.
transmtting and reCeiving termnals are nenbers of a

first piconet, and the first receiving termnal is a

fre mpogtisf of &t B RACH, BBuanBTEaRcbt Ephses®s carricr-to
t r ansintesferemoe eiopr i ses i nformation, the information

bei ng destined for a third termnal, the third

term nal being a nenber of the second piconet, but not

4 menplgy methodhef dlainsl whetcinahe firftaramemliitity teididedrand the second

conpri sing scheduling a transm ssion of th .
P transm%ttmg and recelv%ng terminals are members of a f?rst piconet, and the first

receiving terminal is a member of a second piconet.

5. The method of claim 1 wherein the first transmitting terminal and the second
transmitting and receiving terminals are members of a first piconet, and the first

receiving terminal is a member of the first piconet and a second piconet.

6. The method of claim 5 wherein the inter-piconet transmission comprises
information, the information being destined for a third terminal, the third
terminal being a member of the second piconet, but not a member of the first
piconet, the method further comprising scheduling a transmission of the

information from the first receiving terminal to the third terminal.



information fromthe first receiving termnal to the

third termnal.7. The nethod of claim1 further

W@ owpnoss$g recei ving information rel ati ng to per/bSio056808758
between the first transmtting and receiving

termnals, the schedul ed power |evel for the

1.nt erFipi mothed of tRiis M fagharcobgirisingaedaiviag informdticnirelating to path

information. 8. The nethod of ¢laiml V\/ne.re{nthe

fi r stlotsREtwRsn: e st tEAnIPHERS ARHTCRYNECORIals, the scheduled power
L1 ansgld libfle A SIEARI Wil S60bAR: & fdleRofiBFHRifroRhatfon.
first piconet, and the first receiving termnal 1s a

menber of a second piconet, the method further

é?onp“ﬂfé l%tgth‘bﬁ ad?sc!ﬂi%at ; Nohetdif thd R 'n‘%{h&ﬁﬁﬁﬁ% ‘iefrﬂl!ih%a'i”'afié {0 second
Sschedule to a thir ermnal 1 n the second piconet,

t he tthainsshittieg ahd edcelviighgrmmsians melnbefsarf asfidsepiobnenoand the first
i ntra-pi.conet trarsrri ssions in_ the se&ond pi cqnet .

9.
The rEYHVASOREIBING! Y 2 MRFRPREr O SnPPioRs nigjoRredi Hiei mythpd further
firsteg rﬁﬁ%’ ﬁ‘anégﬁ’i‘ijt?nsgt Ud Hﬁtef—Pfc@%étpfr ksion schedule to a third
orf, and a se e

transm ssi cond spreading code to t

i nt r adepninenagn the asesond spicomet,t Hee fthird ttespinaladeimg ewmpensible for
being different fromthe second. spreadi ng. code. 10. A

ot hoshe SR R LR O G R g

receiving in a first piconet information relating to a
schedul ed i nterpj conet transm ssion from g second

Pi conbite mathad ot platy L ithigher cAPRFISINEEFSIGHng At %f—SB¥e@g‘HétC°de to the
tr ansifies 3iAAS: lrbndniGidel, Fal RiCORAL spbddind'@ode to the intra-pi

i nt rglmg??o(%et transm’lss’i ons t?ei ng %ﬂg%edéhu%weg ¢ fo the Infra-piconet
si mul transmdasviny thei fidst spreadingt @xde pemgndiffetentfremi the semond spreading
11. A method of schedul ing conmunications, conprising:
receiPPfig in a first piconet timing informtion

relating to a schedul ed inter-piconet transm ssion

froma first tr itting termnal in.a second piconet

% a in_ﬁ}t*o‘lr‘élcs_@ﬁ?rhs“ﬁ]@gf URLCALODS, FHEBPTRIRSt pi conet ;

schedul | ngoalyihglih s Bir§OfiEinch ARFRLA] Pllaft! WP & hchoduled inter-
second transmtting and receiving termnals in the

fir stpipirebtretsnsssen framesesdnd picdret;tahé i nt er - pi conet

transm ssiop; , schedul i a.power. | eyel for .the, .

| nter- pi coRatapg foRPEli AT i picone! Sppaissjops;jne first piconet
qual ivih R MiflRdondt trhREnikdibid bERE AcNédided SitHIBAlousBWith the
scheduling a power |evel for the I'ntra-piconet

t r ansiies-plognetitipasmessonsf i es a target quality parameter

at the second receiving termnal.12. The nethod of

claim1ll further conprising transmtting the schedul ed
PowerA method of scheduling communications, comprising:

receiving in a first piconet timing information relating to a scheduled
inter-piconet transmission from a first transmitting terminal in a second piconet
to a first receiving terminal in the first piconet;

scheduling an intra-piconet transmission between second transmitting
and receiving terminals in the first piconet simultaneously with the inter-piconet
transmission;

scheduling a power level for the inter-piconet transmission that satisfies a
target quality parameter at the first receiving terminal; and

scheduling a power level for the intra-piconet transmission that satisfies a

target quality parameter at the second receiving terminal.



| evel for the inter-piconet transmssion to a third
termnal in the second piconet, the third term nal
wheirnsgorresponsi bl e for schedul i ng i ntra-pi conePCT/US2005/008758
transm ssions in the second pyconet. 13. A
conmuni cations term nal, conprising: a schedul er
1gonf maEreshdd of ehgdul leflﬁther pb@prifihg aR@EmitiA #Y scheduiled power
between first transmtting .and receiving termnals
i ncl wﬁh@réhmmmw@egtrwmm%%q teﬁp rgrtesnpipal in the second piconet,
| nte

vl it BE it SRS RoRo 10t ochBhiiple 867 BicoRlRhpiegions in
schemdseboﬂd{riédsm. bei ng configured to schedul e an
i ntrapi conet transm ssion between second transmtting
and receiving termnals including scheduling a power
1Bevela é@fmiiCatiots hémnithal Oreiprisignsm ssi on t hat

satisfies a target quali t%’t g neter at .the second

r ecei vi ng atselhegufeaiconfigied for s i@%%m%nt%rrpam ransgpssion between
bei n

e SR LR o) BTBIEPSY s e o
13 f the ilii&fr—p@c{mmf fraisngssiont thainsitisfi¢ser tacgeh uglity @dranteter at the first

transmt .t he schedul e of int i conet .
tr an§?ﬁe§’élP%F?r¥le$ e F?hfé{lfef Sgﬂgﬂﬁq%ﬁwgr@n 12pseft foyschedplg an intra-
tr an?i@ohett l?x%n?xﬁﬁﬁgﬂl FetRbed Reca 'tr'ﬁfnﬁﬁ‘fttﬂi% Qngt recelvm 5term1nals

transm ssion to the second transmttin er m nal
The Gwimding cabédmtiagt 2rpviveal lewdl firathe mafchcme rransmission that

conpris r iver the transm.tt

user SHRES pleteeL QRATY SRS S PO A aBr Y e AR 1 intre-
Comypionat 't&ﬁ&ni@bﬁ)ﬁ BaAE hehehBED shallthdvons Okith e inter-piconet

transceiver. 16. The communi cations term nal of claim

15 wimenghissiphe user interface conprises a keypad, a

di spl ay, a speaker and a m crophone. 17. The

comrmuni cations term nal of claim13 wherein the

l4ual iThy @Eemmmetations otepningk of elajur i3 efirther comprifing en trgnsmitter

wher EPRAFRT ) eI Dranhting BerhPRaicom frBrdistdedp o first

tr an%smitﬁe;% ABEANIHSC eIt kATt MiHeAlsShe¥uRe HEMRRN Bf Ofnt@-piconet
first picone and fhe first receiving termnal is a

me b drangrhissios ébﬁﬁ@efpﬂndéﬁ@ﬁmﬁ@ng tpreingbmuni cat i ons

termnal of claim13 wherein the first transmtting

term nal and the second transmtting and receiVving

ISer niTial sonamenicetideer Sroinak of idlaim p# clortber, comprising a transceiver

L: Lg i ecwgn%gggﬁgla n(? & 8?1%“:13’[6{%06 conﬁgured% ahow a user to engage

in communications with another terminal through the transceiver.

16.  The communications terminal of claim 15 wherein the user interface comprises a

keypad, a display, a speaker and a microphone.

17. The communications terminal of claim 13 wherein the quality parameter

comprises a carrier-to-interference ratio.

18.  The communications terminal of claim 13 wherein the first transmitting terminal
and the second transmitting and receiving terminals are members of a first

piconet, and the first receiving terminal is a member of a second piconet.



20. The communi cations term nal of claim19 wherein
the inter-piconet transm ssion conprises information,

wo b@siiof76s mat i on bei ng destined for a third tePoi/ngtops/008758

the third term nal being a nepper of the second

pi conet, but not a menber of the first piconet, the
46heddhe comaiunieafiond feaninabof dlgur Elwhereacthe diudt éraasmitting terminal
transm ssjon of the information fromthe first

oor b SreAmALSGIRG B e B nels e mggbers of a fist
comuBiGAbl, QRS iHeChiftt Rbkivitlg fr@indl 13a dnitae b SRIMRFst Picdfet and a
a receiver configured to receive information relating

t o past¢condgicobeit ween the first transmtting and

receiving termnals, the schedul ed power |evel for the

I nterpi conet transm ssion being a function of the

i26f or ffht icommudRatidiwetenamaiiof da@ Bheh¢remrthe adteregicaleatramsmission

13 wherein the first transmtting term nal ,and the .
sec on QOTPHISHRIXTAGOR RS PECEPAHORCP G firsiapd Tofra third terminal, the

”E”beﬁ:lﬁlrcpfenﬂitfai Bﬁi%lg@li ﬁf@ﬁ%&r ofofhd ste&ﬁldfﬂi&ﬁ{et,trtﬁlg @Y h Member of the

termnal is a nenmber of a second piconet,

conmufirgaticamet; the sehieduller being Herther wopfigeried do achedule a transmission
transm.t.t er .confi gured, t ransmt, the Jjinter-pi.conet
{1 ane e behot Rt bhbE e Bt R e ebfal i WY R § SRR

second piconet, the third term nal being responsible

28 ond B! EosmRnlcBAGr PR LR PR HEIPFgPE 2 roceiver

cl ai Medgndied 6T re VBT indriithtitn pfe%iﬁlésﬁf pﬁﬂﬁﬁé&%@cﬁre&@ the first

assign a Tirst spreading code to the inter-picone _

t r ans iagshidinga el secsving tergyradsa dher gcheduled tnowehdevel for the inter-
intra-piconet transni ssio t he fjrst. spr.eadi ng code

bei ng PHORRar BT E e e Boetettp ot BRRRisRoae 29 A

comruni cations term nal operable in a first piconet,

npri.sing: a receiver configqured to receive e .
o0t or e cansi it Sirebal o Al LBk oRs By gpsmiting terminal
transgh§ $hOReddn@MrinshRERBRI FRBJIng RMAMaRC BRIHeRIbers of a first
configured to schedule a plurality of intra-piconet

t r ans picosetpard ithe firsd rédeigng pirmbnadtis wimémbey of a second piconet, the
intra- gi conet ..transm SIZ' ons bein .schter:dul eg dto ir. "
si mul CANEBRERYON THMPRE TP IIH SR TERH ‘?ﬁ%’&ﬁ%%? O transmt
25.  Ateoniraipiconti @aHndiRidhH thtd0P Ry 2 teinidallinftBé second piconet,
pi conet, conprising: a receiver configured to receive, =
ti mi ndhd thirdtermina being ragnongibledorschedidthg ita-piconet transmissions in
[ nter-ﬂpis%ggl% i&gr?e@sm ssion froma first transmtting

term nal o A & second pi conet to a first receiving

termnal in the first piconet; and a scheduler

%gtn T/vle %egorﬁr%uﬁigg?o%lél énfithal notf Fdafh 3" %Eﬂﬁerr a@osmnﬁrfc’s%r'lgog processor

configured to assign a first spreading code to the inter-piconet transmission and

a second spreading code to the intra-piconet transmission, the first spreading

code being different from the second spreading code.

24. A communications terminal operable in a first piconet, comprising:
a receiver configured to receive information relating to a scheduled inter-

piconet transmission from a second piconet; and



second transmtting and receiving termnals in the
first piconet sinultaneously with the inter-piconet
wo e@3amssi on, the schedul er being further conPCTyUsBU5/008758
to schedul e a power |evel fopgthe inter-piconet
transm ssion that satisfies a target quality paraneter
at the fimstsch&iutdrvicogfifigedn mal schedide sahphlivdlity a op OiMefa-piconet
| evel for_ the intra-piconet transm ssion, that
sat i depgRisgopn iy dhe sl Plopnifalaiel i PiCARet seRArssions being

3 | of
e b S b i
to transmt the schedul ed power |evel for the

t th
A

for schedul mgmeﬁtdoalf@umdnai fedseavvesmxmagonﬁommtfoherelatlng to a
second pl caonet . A comnml cations fg{er m na
conprtRgdpisd Wé“éﬂ%c%? UEBSTEEHOR NEORN? | "eFTa?ﬁI%lgﬁ’@t terminal in a

trangm syl %n@@tgl i Sci;]égx'hfgttérﬁﬁédﬂﬁ Iﬂe'}ﬁftgﬁ&iﬂef%ﬁav' ng

termnals |ncI ing a power or the
i nt er - pi carseheduteaceniigsediv tcheduls an irdfakEsoret trangyeitsion between

ual it raneter at _the. first eJV|n t er.m nal nd
neanSedogR AR A AFPeIviRG S B e THHRPS: similimeously

bet wegf, ARCARS.- gﬁc‘oﬁ@tsffhﬁémgﬁo@r}ﬁe IsBici e rb‘llrﬁgef‘uﬁ‘ih@f‘'cc?rnfigured to
i ncl udi ng sche a power level for th

intr aclpﬂdulﬂ%powmamﬁh s itlhmintératicast trslﬁsrmssmn theat gatisfies a target
qual i ty..par anet er he second rece Vi t erm nal

the. i HprRaE ot o R rEERARE tsbhingsif SeReRulf # Bower tevel for
si nuliangAUsicoet RradnhRissidhethadkARABS at faf¥s HusBtyOParameter at the

second receiving terminal.

26.  The communications terminal of claim 25 further comprising a transmitter
configured to transmit the scheduled power level for the inter-piconet
transmission to a third terminal in the second piconet, the third terminal being

responsible for scheduling intra-piconet transmissions in the second piconet.

27. A communications terminal, comprising:

means for scheduling an inter-piconet transmission between first
transmitting and receiving terminals including scheduling a power level for the
inter-piconet transmission that satisfies a target quality parameter at the first
receiving terminal; and

means for scheduling an intra-piconet transmission between second
transmitting and receiving terminals, including scheduling a power level for the
intra-piconet transmission that satisfies a target quality parameter at the second
receiving terminal, the intra-piconet transmission being scheduled simultaneous

with the inter-piconet transmission.



