SCHEDULI NG COVMUNI CATI ONS I N A W RELESS NETWORK
BACKGROUND Fi el d [0001] The present disclosure relates
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specifically, to various systens and techni ques to
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signals are transmtted in very short pulses that
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network. Since terminals in ad-hoc networks operate as both hosts and routers, the

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

less interfering.

[0005] Numerous multiple access techniques exist to support simultaneous

communications in an ad-hoc network. A Frequency Division Multiple Access



conmuni cations in an ad-hoc network. A Frequency
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SUMMARY

[0009] In one aspect of the present invention, a method of scheduling
communications includes selecting a plurality of terminal pairs each having a
transmitting terminal and a corresponding receiving terminal, determining a target
quality parameter for each of the receiving terminals, and scheduling simultaneous
signal transmissions from each of the transmitting terminals to its corresponding
receiving terminal, the scheduling of the simultaneous transmissions including selecting
a power level for each of the signal transmissions that satisfies the target quality

parameter for each of the receiving terminals.



receiving termnal, the scheduling of the sinultaneous

transm ssions including selecting a power |evel for
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target quality paraneter for each of the receiving
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[0013] It is understood that other embodiments of the present invention will become
readily apparent to those skilled in the art from the following detailed description,
wherein various embodiments of the invention are shown and described by way of
illustration. As will be realized, the invention is capable of other and different
embodiments and its several details are capable of modification in various other

respects, all without departing from the spirit and scope of the present invention.



readily apparent to those skilled in the art fromthe
follow ng detail ed description, wherein various
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detail ed 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
and is not intended to represent the only embodiments in which the present invention
may be practiced. Each embodiment described in this disclosure is provided merely as
an example or illustration of the present invention, and should not necessarily be
construed as preferred or advantageous over other embodiments. The detailed
description includes specific details for the purpose of providing a thorough
understanding of the present invention. However, it will be apparent to those skilled in
the art that the present invention may be practiced without these specific details. In
some instances, well-known structures and devices are shown in block diagram form in

order to avoid obscuring the concepts of the present invention. Acronyms and other
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communicate with terminals outside the piconet.

[0026] The master terminal 104 may communicate with the member terminals 106
using any multiple access scheme, such as TDMA, FDMA, CDMA, or any other
multiple access scheme. To illustrate the various aspects of the present invention, the
wireless communications system shown in FIG. 1 will be described in the context of a
hybrid multiple access scheme employing both TDMA and CDMA technologies. Those
skilled in the art will readily understand that the present invention is in no way limited

to such multiple access schemes.
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of discussion, a frame duration of 5 ms will be used. A 5 ms frame is reasonable to
accommodate a high chip rate of 650 Mcps and a desire to support data rates down to
19.2 kbps.

[0030] An example of a MAC frame structure is shown in FIG. 2 with » number of
frames 202. Each frame may be divided into 160 or any other number of time slots 204.
The slot duration may be 31.25 s, which corresponds to 20,312.5 chips at 650 Mcps.
The frame may dedicate some of its slots for overhead. By way of example, the first

slot 206 in the frame 202 may be used to broadcast the spread-spectrum pilot signal to
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communications at the same time.

[0033] FIG. 3 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 the overall design
constraints. For the purposes of clarity and completeness, the various inventive
concepts will be described in the context of a UWB terminal with spread-spectrum

capability, however, such inventive concepts are likewise suitable for use in various
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[0037]  The transceiver 302 may also include a transmitter 404. The transmitter 404
may be used to modulate information from the baseband processor 306 onto a carrier
frequency. The modulated carrier may be upconverted to an RF frequency and
amplified to a sufficient power level for radiation into free space through the antenna
304.

[0038]  The baseband processor 306 may enable a scheduler 406 when operating as a

master terminal. In the software based implementation of the baseband processor 306,



screen, display, ringer, vibrator, audio speaker,

m cr ophone, canera and/or the like. [0036] FIG 4 is a
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baseband processor operating as a master terminal. The
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scheduler. In step 502, the schedul er may begin the

vartoms elgt rofes det ermbaisnpporied i corgungtion with the quality of the wireless

medium. Higher data rates tend to increase the amount of data that may be time-
division mulitplexed into the MAC frame. However, higher data rates also tend to
require a higher carrier-to-interface (C/I) ratio to meet the minimum QoS requirements,
and therefore, limit the number of parallel transmissions that can be made. The
scheduler may be configured in a way that draws a balance between these two

competing factors to maximize the overall capacity of the piconet.

[0041] The scheduler may be used to determine the data rate for each new call. The
data rate selected by the scheduler may be based on the type of service requested. By

way of example, if a member terminal initiates a call with another member terminal to
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communications in a way that satisfies the target C/I ratio at each of the receiving

terminals for a given MAC frame. A piconet topology map may be used for this
purpose. An example of a piconet topology map is shown in FIG. 6. The piconet
topology map may be constructed by the master terminal from transmissions it receives
from the member terminals. Returning to FIG. 4, a computational module 408 may be
used to measure the received signal strength of the member terminals. Since the timing

and power level of each member terminal transmission is determined by the scheduler
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the control channels. A signal processor 412 on the

doa5F! OHE ¢ XvﬁP%r%% BEL D D SFE SR RCtES
[ex?fa &?hceggejt pr@%is rerrgntls romrt he cgnt rntéél%pchannecs using
any number of techniques including, by way of example, the Navstar Global Positioning

(GPS) satellite navigation system. In this embodiment, each terminal may be equipped
with a GPS receiver which is able to compute its coordinates by means well known in
the art. The coordinates for the member terminals may be transmitted to the master
terminal over the appropriate spread-spectrum control channel. Returning to FIG. 4, the
signal processor 412 in the master terminal may employ spread-spectrum processing to
extract the member terminal coordinates and provide them to the scheduler 406. The
scheduler 406 may use these coordinates, together with its own coordinates, to construct

a piconet topology map such as the one shown in FIG. 6.
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terminal 106e, and the transmission from the member terminal 106c should not cause

excessive interference at the member terminal 106g.

[0051] A more aggressive scheduling decision might also include a transmission
from the member terminal 106f to the member terminal 106b. If the target C/I
requirements are low enough, this scheduling decision may not result in excessive
mutual interference. However, if the target C/I ratio at the member terminal 106g is

high because of, for example, a high data rate application, then the signal power
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cAPBY tepAlsbRBd bY matnbﬁlsﬁiogrpabvep@@ fat thensdmbcr ednﬁmao mo6dkess the

nmenber term nal 106a may al so be high, resulti ng]6
P@thde@s(llme;) ifione theanembes termingld Ofe o dc Mephergrmip @6g plus the

tr-é-g%él:sqq rb@”cf t tﬁg ! %r %ﬁn af)@lf 1%%6§tﬂhgg%@flgﬁsu(gg G from the

nieibed Eerﬁ&ﬂal nesf o the hﬁ:mber terminal 106g. Based on these relat1onsh1ps the

C/I ratio may be computed in the logarithmic domain by the following equation:

C/llgdB=Ps-Lag—(Pc-LcgtPr-LrgtM)
€y

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

piconet interference.



the target, thereby degradi ng performance to an
unacceptabl e I evel hi this case, the transm ssion from

wo b@swoeasber term nal 106f to the nenber term neCT/LSBI04/038200
shoul d be schedul ed at a different tinme. [0052] The
schedul ing al gorithm may include a conputation to

urethat the target C/ | .rafi v ng:
(0Fin naho st e B e bk R fo, R S O Plos at the
m&RbEdethBhal R8s @ B0dehing 106BP Tha(/bratiodg/ Ty patthe mpaibeli tegninal
on the specific application, desjgner, preference and
1060 arayitle comwinted ie Siedosaitimmis, dogydn by, thedplovgme eqpgiion:
provi ded bel ow for a single tinme slot in the MAC frane
with three sinultaneous transm ssions. [0053] Turning
back to FIG &/IfdR=tPar-de s+ Bl -tlanedds - LeahdM) ssi ons
incl@yle a transm ssion fromthe nmenber term nal 106a
to the nmenber ternminal 106g, a transm ssion fromthe

whégber teﬁ&li RathclPAR 162 b8 iBRahbéetfhial 1086¢ thnthember
Inally, a transm ssion fromthe nenber term nal 106f

to the rmeebenak¥iosi nal 106b. The T/ ratio (CI G at
the nenb?ﬂpa% ?{ enﬁ%tgglggsggé nthlgerpgﬁﬁgu{efrﬂirf\%g 1bF% 6% ZP]'IG member

schedul e rmnal as follo
The si gnaferrfinberi@eiandt the nenber termnal 1069 is

equal to the transm ssion power (PA) at th er
term nal ho6ais| the Pathnloss sxom (s membst @m’f"iwgﬁﬁﬁgo the member

menber tetre%{%{(l 6a to the nenber term nal 106g. The
interference at the menber terminal 106g results from
Thd€/ISiago &C/IL Y rnbereaibenteriinat hectnmakpde compuiedanghd bgarithmic
and 106f, %nd,can be represented by the transm ssion
desaa by tfollgying RIUa¥her t erni nal 106c | ess the path

loss (LCGGQG fromthe nenber termnal 106c to the

menber termn 1060 pl Us. thep t ransmwsion, p r (Pp)
at L&S menber a?/eIPrgnﬁna F106t F%Ass ‘?%e %ath olsmge(LF- €)
fro he nmenber term nal 106f to the nenber term nal

106g. Based aqn these relationships, the C/| .0

whereg onput bes 1% e 8P lgst fORH H%ﬂ’&le’h twnead ef(%gltf) ot&?%%ember
equat i on: (Ll g PA~- LA G- (Pc - LG Gr PF - LF. Gt

M (1) vvhe?re Mlﬁgsequal to an interference margin th

at
may be uskgstis the pothntoss dionp the orepiben tawminal 1062 to the member
i nterference. Two sim |l ar equations nmay al so be
used to cgq?ﬁff{ag?(?ﬁ}ea@\? rati os at the nenber term nal
recei versp106es efadpt0Gdss f#die thé mdniticr QerfiihalE) O6et tot the member

menber term nal 106e may be conputed in the
| ogar i t hniesminghdPb-by the fol | owi ng equati on:

[0056] 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, 106e and 106b may be scheduled at the computed
power levels. If, on the other hand, no combination of power levels can satisfy all three
equations, or if any of the required power levels exceed the maximum transmit power of
the terminal, then the scheduler will not schedule the three transmissions

simultaneously.



CIEdB Pc - LCGE- (PA- LA-E+ PF - LF.E+ M (2

where: LC-E is the path loss fromthe nenber term nal
wa®s/06255¢ he nmenber term nal 106e; LA-E is theP@HURK2004/038200

Ioss_fron1the nmenber term ngdg 106a to the nmenber

termnal 106e; and LF-E is the path |l oss fromthe

[O@Tbre;(?ﬁtl%r | nahgilu Bf e?fbsgor}l n%g I”EQ &Sf %?eﬁrn]}ngg &gltgﬁﬁmltgé?leto the
ménHEP Wrafndld it B piediadt idvBiTbie GO IIrd chytrd] ubafiedld ml\lthegfollowmg
uation: C 1B dB PF - LF-B- (PA - LA-B+ Pc, -

M(&%)ﬁmré signgl proresserfbl 6an the HEagMiting§ a}h%%%ﬁ% to spread the
t nal 1 t.er
0 A0t L TR € P BhioT rrbtowe
vaﬁ@ﬁmérﬁberl&ﬁﬁnaland Lc Bis the path loss fromthe
menber term nal 106c to the nenber term nal 106b.

[005%756] Fieubatsi 4 H&ﬂo@?tuhﬁbl@cle dlagtdand ilus(rdfing af xarhyple of a terminal
target C/I ratios

each of the receiyving
w?ngaetbaeehaad htpro@g@rmnﬁm@ 287 BeBPEfeTRnAe nﬁ‘ éﬂﬁga'ﬁlf 406 is
eft t.h
L P S 8 By

308! durih bp&aﬁéwﬁ 4 ﬁi&ﬁlbeﬁta:nhmak aT]neschnﬁxguratlbe of thegransceiver 302 is
si mul taneous transni ssions fromthe nber term nal s

the Geme viimseer he breRBNdEotsEses HOqt RFTANE, Fe? FBIT Fgmember
tﬂ%‘é@; det‘.‘ﬁ%*e?orel Fin A6t B GisQshRr fufBQd, TIO £R64V Q80208 sBdwn in

evels can satisfy all three equations, or if
FI&ny fof the bempletpmessed power | evel s exceed the maxi num
transmt power of the termnal, then the schedul er

[0059]! I tniAts ﬂisbli’tyéed ecatlive irhroeendotianswith sthenbaseband processor 306
B Rest e el e e SeTedl o L U905
m rﬁf)g{]t ifialk fh Eg%%&&ﬂcp&?én@dﬁﬁo&r&%nﬁél dMRfR]$ OTHe @knal processor

anne Int oW Nng frame si gnal
41|@r Oﬁ eths aﬁcéﬂlﬁgomd eyt empbyi sprcadgspeciunna@/rog@smge@ ggract the

schedu 1ng 1ntl(1)rmat1on 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.

[0060] 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 communications to the various user interfaces 308.

[0061] The controller 418 may also provide power level information to the
computational module 408 for each transmission from another terminal. The
computational module 408 may use this information to compute the path loss from the
transmitting terminal by using the signal strength measurement from the transceiver 302
during scheduled transmissions. The path loss information computed by the
computational module 408 may be stored in memory 410 and provided to the signal

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



schedul e assignnents before being provided to the
transceiver 302 for broadcast to the various nenber

Wo erosiosesss. [ 0058] FIG 7 is a conceptual bl ocRCTHUSZ0&EMS200
illustrating an exanple of gtermnal with the
baseband processor configured as a nenber term nal.

The schedul.er 406 i.s sho W ; ' :
bropigagtr Ag oG RapoqiineRl Yb Uk apRar BB s recciver (not
shdWHCR 8B/ be36ked €8! pioRitieqipefdihdte infasnaionsaiies mbeemiemainal over a

The configuration of the transcejver 302 is the me
conitrd chanmel broadrasionathe spgnabrresessorsf aod RpiEansesiiy A

master or menber termnal, and therefore, will pot be .
[0062% c usEreedsignal prosessoMALS maxisdised & srgod cQnmHGR1ons to various

FILG 7 for the | et . . i
megihe fpie YORRORS POl nccRutppica o Hef BUBAERated from the
va O isBtinst R8s 309RmEL Rbretl & Bibndier 42(antiicthe seHeilulgd transmission.

assi gnnments may be broadcast tq all th b L
A B B o b e Sl pommunications

channel s, ' 4 LV
T T
datah@tes gfresiihg oerd afdotamsinissionf povver el o6 tter eimrpwmieations may be

and provide it t I . ' .
PR PRI e EToh EFIEOE H O s o oIS LB igplys the
traﬁngﬁisé{i@ﬁ :p%%r tlé'v@{‘ﬁﬁi/ $eiRbSratnthe@nsl fheQEhirfRer B the transmitter

rmnal”, as we as the power l'evel and data rate for
40dan the tfame&iNer 02 control l er 418 may be used to provide

a rate and spreadi ng inf L] t [ I : :
(0 Ces b vaonsoRFRaNR ok HEB, AMyifesy Afia HrHHR, foscribed in
cohh@BsAiwigl BRSentRdientdBiRbiBEed kérsinnahy bélimpignichied or performed

Information, the signal processor 412 may r ver ..
witho ranrgeriecalt puspese f propaseTh & digitab signdle PIoresspis (1§§1%¢ 7 application

appropria t.i mes i d
o R oM ARG O, BULS Grob b AP ¥ty (BGA) or other
prb8@BHlabIhdogionddvidd, edis#dB galy al strarmpistri i odisereiee hetdware

information to the conputational .nmodul g 408 f . i
COmMENEREE.si F1 $HALI0B: ot dFigtied 0 Iyﬂﬁ@“&‘&ﬁﬁ fenetig, g?s"“bed

hegé;l?%& %eﬁ'&%r—%s#ﬁ%éegg& A R AR YProbRsGOPRYA Cheldl@rnative, the

: I70ss e transm’tting termnal by using the
prgc@pml nﬁyL 1&3 gijn ddmnmpaaieptocéssgm ¢amerotlers rrgisedoppipollpgpor state
uring schedul ed transm ssi ons, The th.lo . .
mpsiies ARRPBTTSETORLA B FIRRESRGH BuE S B RATot BERorp g devices
e.gax BELHAHE Af b HIPAHN &/ nrickBprabebs, @\plwtekitytod rhib@psdcgssats, one

Focessqr 416 on the transmtting end during the
ors aimerd utnégfopropssdrer int lsenjenetiano With #n AR 198k c s tany | pther such

various enbodi nents of the term nal enploying a GPS
anz{c,g&?a\%ﬁg?- (not TP oYIng

[0064] 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 may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. A storage medium may be coupled to the processor such that the
processor can read information from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to the processor. The processor and

the storage medium may reside in an ASIC. The ASIC may reside in the terminal, or



shown), it may be used to provide coordinate
information to the master term nal over a contro
W@ b@snedsshr oadcast via the signal processor 41BCEHOS2004@38200
transcei ver 302. [0062] Thetisignal processor 416 may
be used to spread comuni cations to various nenber

S |n the_pico €,1.C0 ' ' .
cIBhGE! ghndEHrTEY: B HaroesTosnF e FRALER JpfPhesige o
disehedd @d;npd@leﬁtsw&feqzsmﬁag bidligwtielee schedul ed
transn133|on At the scheduled time, the controller
[mf}%j e%ﬁéi AERripBbie 85 Se UREIoSRIERY Gkt MSprovidsd tdenable
fe the signal processor 416 for
ang pensald slsﬁatmhmprtomuon yse trp pregent anveation. Vasious grodifications

@%ﬁ%ﬂﬁﬁ@@h’reaﬁ} % rs%dﬂgrr arentetx gﬂms% skﬁ]{gﬁ in the art |and the generic

prRERERRAhed AdeYmby Be & iefde lotter 4tBodifeney Wﬁhoul e]leyamng from
the transm ssion power 1evel may be progr.amred

fh itit of hape HfSheyinventon. AN TG BiesaRt IMYERlioh e ot Tiend to be
Slover O
e B P Fighpdrepis ibdln AR Bt R, bl JEGMBL (E wdest soope
coﬁﬁﬁeﬁﬁhﬂome\{mhblpldsand miboﬂlfmn'esdmlssdddmmin herei n may
be inmpl emented or perfornmed with a general purpose
processor, a digital signal processor (DSP), an
WaAT IS €. MMEPers:fi ¢ integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other
programmabl e | ogi c device, discrete gate or transistor
| ogi c, discrete hardware conponents, or any
combi nation thereof designed to performthe functions
descri bed herein. A general-purpose processor nmay be a
m croprocessor, but in the alternative, the processor
may be any conventional processor, controller,
m crocontroller, or state machi ne. A processor my
al so be inplenented as a conbi nati on of conputing
devices, e.g., a conbination of a DSP and a
m croprocessor, a plurality of m croprocessors, one or
nore m croprocessors in conjunction with a DSP core,
or any other such configuration. [0064] The met hods or
al gorithnms described in connection with the
enbodi nents di scl osed herein may be enbodied directly
in hardware, in a software nodul e executed by a
processor, or in a conbination of the two. A software
nodul e may reside in RAM nenory, flash nmenory, ROM
menory, EPROM nenory, EEPROM nenory, registers, hard
di sk, a renovable disk, a CO-ROM or any other form of
storage nedi um known in the art. A storage nedi um may
be coupled to the processor such that the




processor can read information from and wite
information to, the storage nedium In the
w@bkdaosnexssd ve, the storage nedi um may be i nt egrBCT/US20041638200
processor. The processor anm® the storage medi um nmay
reside in an ASIC. The ASIC may reside in the
termnal, orelsewhere. In the alternative, the
processor and the storage nmedi um nay reside as
di screte conmponents in tQﬁﬁ%ﬁgﬁinal, or el sewhere.
[ 0065] The previ ous descr of the disclosed
enbodi nents is provided to enable any person skilled
in tihe anmbodBRechedulitgeohrupcamestcompuiengi on.
Various nodifications %@ t hese enboﬂggents 'II.ge nal
readi |y AHBRMERPEBIHEETIRA P b iR {fansiifiggming
' 1.ncl Vﬁf% 4+med herein nay be applied to
an%?%%rés%ﬁﬁ%lé?%ﬁit S 191?{11%131? departing fromthe spirit or, .
scope of defeeminingerat itorget Thality phmemstessfont edchy ehtthenreceiving
ngt intended to be Iimted to the enbodi nents shown
terqEpAls#But is to be accorded the widest scope
consi st eRthdahtife t fuRbhddek PkRaala NgarRe¥elont eabtir esich of the
di scl osed herein. WHAT IS CLAIMED I S: CLAIMS 1. A |
tranemiitiog efrmirelie thu ith regrresnondingcisesiving, terpinpl fthg peieduling of the
.selecting a pluralit f ' ] [ :
ssppiygrents prrgroer i el s bl ol fudohl AR e signal
tranSiiSsidas ;thalesBERdsN iRg taRgdtaqphity qaedndier foar eackt el tHeoreceiving
each of the receiving termnals; and scheduling
tersiinglbt aneous signal transmi ssions fromeach of the
transmitting termnals to its correspondi ng receiving

term nal, the scheduling of the sinultan ?us )

tradni ssFhsmeethokof@aifg &mh@ewm@nsanw%eéu ngpdlitfergnt

eagh of .t he si . 1.SS] that satisfies the
sp{eg:ﬁgltgtco%gqrie? éﬁéﬁb%%ﬂp%ﬁisggéﬁ of the receiving

terminals. 2. The method of claim1 further conprising

schegdul i a differen ' : e

ST orl troanheq f G, BEEAM B3 BRHT phncRR chmBisce2®
cakig-te iRt t¥nARASRL er conprises a

carrier-to-interference ratio. 4. The nethod of claim

1 further conprising scheduling a data rate for each

of the sipAhethb@BBEMIRS1 Bitther Bompigingedhbulingfa dutaiana fr each

wherein the schedul ed data rate for one of the
of the signal transmissions.

5. The method of claim 4 wherein the scheduled data rate for one of the
signal transmissions from one of the transmitting terminals is used to determine the

target quality parameter at the corresponding receiving terminal.

6. The method of claim 4 wherein the scheduled data rate for the signal
transmissions is a function of the type of service requested for each of the terminal

pairs.

7. The method of claim 1 further comprising broadcasting the schedule to

each of the terminal pairs.



signal transm ssions fromone of the transmtting

termnals is used to determne the target quality
wQaroanexse? at the correspondi ng receiving ternPeEIUS2064/038200

The met hod of claim4 wherein the schedul ed data rate

for the signal transmssions is a function of the type

of gervi reguest.ed . ' j :

7. She. maBRGHIS oh i A Fe o rsile Rl Ahe Bt with 2
codd oadcasting the schedule to each of the term nal

pairs.8. The nmethod of claim 7 further conprising

spreadi ng the broadcast with a code. 9. The nethod of

cl aigm 1 wigr@biol e asiiedulvhagimthe behediling b ko sianultaneous

transm ssions is a function of path | oss info tion ..
trahsmoissienc ks of funpiéon A PaW {oss ARforaRtA, fom F%Fheafz Hﬁaeoffa{l%“mg

recei ving, t 1_pnal . The method of claim9 further
tel”&“dﬂ@gﬁ"se.ag‘é°f{é‘?é?€eil“§%gfeg%“nggt h I oss information from

one or nore of the termnals. 11. The nethod of claim

1 rein,the termpal .pajr e sel.ec :

oi cofec g eliapt e HhuRs o ERRERE Heldiih oo path loss
infVResRINfréh ©ns oh adud dftbe kmBialsul t aneous transni ssi ons

is a function of path loss information from each of

the transmtting termnals to each of the receiving

t er nijnal sphelRethbd@ERRMON whbrefd demetdinhlipaifesre selected from a

conprising receiving the path loss information from
picmet oftempinglsof the piconet ternminals. 14. The met hod

of claim 12 further conprising constructing a piconet

t opol ogy map, and deriving at |east a portion of

: ( t he
pat H2 os sThenfasthest io§nclaimonhlt Réiepie dhiet S8y of pgultaneous

15. . The met had of cl-aj f (P i s
R O o DR o PGP 480 of e i
tebRindls €9 bdcB T Hiebgviap eerpfindlie receiving termnals. 16.

The nethod of claim1 further conprising receiving one

of the schedul ed signal transm ssions froma

cor responghidienctdl of clda 12 dnstisrt éonm@isirey méoeddiisg ther patA loss

comrmuni cations termnal, conprising: a schedul er
infarmiztig frevh ang o anase of the pLognefiteAYing$. t er i nal pairs

each havi ng

14. The method of claim 12 further comprising constructing a piconet
topology map, and deriving at least a portion of the path loss information from the

piconet topology map.

15. The method of claim 1 further comprising transmitting one of the

scheduled signal transmissions to a corresponding one of the receiving terminals.

16.  The method of claim 1 further comprising receiving one of the scheduled

signal transmissions from a corresponding one of the transmitting terminals.

17. A communications terminal, comprising:
a scheduler configured to select a plurality of terminal pairs each having
a transmitting terminal and a corresponding receiving terminal, determine a target
quality parameter for each of the receiving terminals, and schedule simultaneous signal

transmissions from each of the transmitting terminals to its corresponding receiving



atransmtting term nal and a correspondi ng receiving
termnal, determne a target quality paraneter for
weawk/06f559 he receiving term nals, and schedul ePCT/US2004/038200
si mul t aneous signal transmsgsions fromeach of the
transmtting termnals to its correspondi ng
receivingtermn t he .schedul i ng. of €1.54:
terrisHy SOIGHETS BT R o r e S oo T AR power
1evERER Qéh BPﬁe%gﬁﬁﬁaﬁME‘s%ﬂsstﬁhMSﬁ&&he sapdtafuabily piremeter for
target quality paraneter for each of the receiving
cadheofithewgkeiving8erniihads.conmuni cati ons terminal of claim 17
wherein the scheduler is further configured to
schedul e a different spreading code for each o f the .
si gndl t Thasounssimertiond Gerninel ebelpini FArThesan (1Be njehgfiuler 1s
of claim 17 wherein the..qualjt re€O [ :
fud SBERSS, 1t SEORISnE 0 e SDGb TEIE ok HAPA PP Ing sigual
tu&ﬁﬁ?&iﬁi of claim 17 wherein the scheduler is further
configured to schedule a data rate for each of the
signal transm ssions. 21. The conmuni cations term na
of glgai mii%Q Whetgidbhetsahatyf gindar aherirtht opalinepatmeter
the signal transm ssions fromone of the transmtting
cohmprisesadagriérstotisterfercocaiatier mi ne the target quality
paraneter at the corresponding receiving termnal. 22.
The conmuni cations term nal of claim20 wherein the )
scheiul edtdatemmanisations tseoimabiof (dhdmslgherein the scheduler is
transn.ssi ons is function of {h j ed
fothr SOHEATB 1 SeodDy AfRaraar ek S5e FRh B BRREST
term nal of claim17 further conprising a transceiver

configured to broadcasting .the sched . ¢
et rinal [hA SrmSACRS CONHINYCAETD A (A A ogpedit data
L Bh@ar tht il trAeRNsiohk MnPorsd ¢fad trpisademgaerminals is used to

ragéoiﬁkl%%r etil} tsoglﬁspr ead the broadcast with a code. 25
dcFereninotimtaTE e aualiiy parasai i fheOTIEFRINADE TECRHER B ITHY:

schedul er is further configured to schedul e the

si mul taneous transm ssions as a function of path | 035

i nf o22rat | Bl bommupizetionsf terhisak pheleim 20; Weereiarthe sghedyled data

each of the receiving t.ermnals.. : d h of
o REAIOHE ST OB - ATA o8t iR Fice reqiested forsach o
ﬂét%ﬁrﬁﬂa‘i giryer configured to receive the path |oss

Informati on fromone or nore of theterm nals, and

menory configured to store the received path | oss o

i nfobqrat i P @HMCURIELRING tR@iRehed Wl 119 dalidrgeoaprising a
W th access to the nenory. 27. The conmmuynj cation

tesorivaedonG i 46 hoadcaghes EPischadlede ik A dRe fegninal pairs.

24.  The communications terminal of claim 23 further comprising a signal

processor configured to spread the broadcast with a code.

25.  The communications terminal of claim 17 wherein the scheduler is
further configured to schedule the simultaneous transmissions as a function of path loss

information from each of the transmitting terminals to each of the receiving terminals.

76. The communications terminal of claim 25 further comprising a

transceiver configured to receive the path loss information from one or more of the



further configured to select the termnal pairs froma

pi conet of termnals. 28. The communi cations term nal
W@R00sl06d589 27 wherein the schedul er is further PCT/US2004/038200

configured to schedul e the g nul taneous transm ssions

as a function of path |l oss informati on from each of

the,transmtting termpals to_.each of .th ecel Vi .
teril Rl STemgry ORIt oL M e BPdarAt 15F Tnomistion and
whiskHirt {heIscIeNIE iS5 o giretl afhSHeBsY @ tHe@drh@ryr ed to receive

the path loss information fromone or nore of the

pi conet termnals, and nenory configured to store the

r eceiyved gt dnifeScdtidhe teRtihANof JREnWIE vetidteih e scheduler is
schedul er is configured with access to the nenory. 30.

furtitee configvued toaselconthe tesmiriahpairsotors lapieangBof ipenianls. t he
scheduler is further configured to construct a piconet
t opol ogy map, and derive at |east a portion of the )
pat B8] os§he ndoommaicasions rteminsleopictrome?” tvopaseingipe nggpeduler is

1. The co nicatigns.termnal, of ¢laim17 rt her
oGP B PEILE B vEp BRI e R P Aol S g Toss
infoliBatfonlRsit bSsh & tHE Bhnshii NS MriShA0® dach 8f GRrERMIONRNRals.

one of the receiving termnals. 32. The comuni cations

term nal of claim17 further conprising a transceiver

conbogur gthet QomBkBiciEoN CeritlindlN@f SelbRel UL @ dfigihen adomprising a

transm ssions froma correspondi ng one of the
transcgivsriconfignyed ¢o measivesthe path lesg m%umttom fremsoneepiingsg of the

.CO I.sing: ans for | ectin ' . :
iR PP Pion Rl G ol R B WePiyshobafl logs fnformgtion
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determining a target quality parameter for each of the
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32. The communications terminal of claim 17 further comprising a
transceiver configured to receive one of the scheduled signal transmissions from a

corresponding one of the transmitting terminals.

33. A communications terminal, comprising:
means for selecting a plurality of terminal pairs each having a
transmitting terminal and a corresponding receiving terminal;
means for determining a target quality parameter for each of th§
receiving terminals; and
means for scheduling simultaneous signal transmissions from each of the

transmitting terminals to its corresponding receiving terminal, the scheduling of the



selecting a plurality of termnal pairs each having a
transmtting termnal and a corresponding receiving
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34.  Computer readable media embodying a program of instructions
executable by a computer program to perform a method of scheduling communications,
the method comprising:

selecting a plurality of terminal pairs each having a transmitting terminal
and a corresponding receiving terminal;

determining a target quality parameter for each of the receiving
terminals; and

scheduling simultaneous signal transmissions from each of the
transmitting terminals to its corresponding receiving terminal, the scheduling of the
simultaneous transmissions including selecting a power level for each of the signal
transmissions that satisfies the target quality parameter for each of the receiving

terminals.



