MULTI - HOP W RELESS COMMUNI CATI ONS NETWORK Fi el d [ 0001]

The present disclosure relates generally to wireless
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systens and techni ques to schedul e direct and
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[0003] In contrast to the conventional access network,
- etworks are dynanmi c. An ad-hoc network may be
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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] Ultra-Wideband (UWB) is an example of a communications technology that
may be implemented with ad-hoc networks. UWB provides high speed
communications over a wide bandwidth. At the same time, UWB signals are
transmitted in very short pulses that consume very little power. The output power of the
UWRB signal is so low that it looks like noise to other RF technologies, making it less

interfering.

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

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



(FDVA) schene, by way of exanple, is a very conmon
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[0009] In one aspect of the present invention, a method of scheduling communications
includes selecting first and second terminal pairs, the first terminal pair having a first
transmitting terminal and a first receiving terminal, and the second terminal pair having
a second transmitting terminal and a second receiving terminal, scheduling a first signal
transmission from the first transmitting terminal to an intermediate terminal, the first
signal transmission being destined for the first receiving terminal, scheduling,
simultaneously with the first signal transmission, a second signal transmission from the

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



simul taneously with the first signal transm ssion, a
second signal transm ssion fromthe second
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first and second terminal pairs, the first terminal pair having a first transmitting terminal

and a first receiving terminal, and the second terminal pair having a second transmitting
terminal and a second receiving terminal, scheduling a first signal transmission from the
first transmitting terminal to an intermediate termninal, the first signal tfransmission being
destined for the first receiving terminal, scheduling, simultaneously with the first signal

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



and a first receiving termnal, and the second

termnal pair having a second transmtting term nal
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5] FIG T is a conceptual diagramillustrating an

ISP 8 5, LBt SRR g SR
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of operating within a piconet; [0018] FIG 4 is a

[doarfti anal 3bkocknelical 8Mck!didshmafilBgatdly SX RIS Uf Pterminal

baseband processor operating as a master term nal of
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[0019] FIG. 5 is a flow diagram illustrating an example of the operation of a

scheduler in a baseband processor;

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

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

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

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



[0021] FIG 7 is a functional block diagram
illustrating an exanple of a baseband processor
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[0025] In at least one embodiment of the wireless communications sytem, each
piconet has one master terminal and any number of member terminals slaved to the
master terminal. In FIG. 1, a piconet 102 is shown with a master terminal 104
supporting communications between several member terminals 106. The master
terminal 104 may be able to communicate with each of the member terminals 106 in the
piconet. The member terminals 106 may also be able to directly communicate with one

another under control of the master terminal 104.



devices. [0025] In at |east one enbodi nent of the
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slaved to the master terminal. In FIG 1, a piconet

102 is showmn with a master term nal 104 supporting
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with sufficient strength may attempt to acquire that pilot signal and join the piconet of

this isolated terminal.

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

of discussion, a frame duration of 5 ms will be used. A 5 ms frame is reasonable to
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opportunities in any given time slot to any number of terminal pairs using a CDMA

scheme. In this case, the scheduling information may also assign the spreading codes to

be used for the individual communications between terminals.

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

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



for conmuni cations between termnals within the
pi conet. As shown in FIG 2, these tine slots may be
waedsored? from the data slots portion 212 of tPeT/BEN®004487
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syls¥m HBY a.éfnéﬁ@ﬁ’duféﬁérflsoﬁﬂ‘? BIG THE Rl 89 ofE e Giifier as a master or
Accordingly any reference to a spread-spectrum
membai teahinal in apeodetd Antigital signkl pretesatre(DYR) mayr beoimsplemented
pects.of.the invention, with the understandi that .
wRicH s BN ars soligee Jbes ERIER g Aub et Apeci fi
algO@thhRtFétRlce FRYproCessiP dSRBRHs & Mk tlic@pfdcedtbr. €Mle DSP may be
ranscei ver 302 coupled to an antenna 50_4. A baseband ~
ugsdde pryble BOBUHRIGN @resgssgimettonsisuach aspitnd ¢ignalrac@@gition, tixme
n [ sson . 306 may, be i npl enented w t .
R 808 o el BPE Rk Rl PRt E, RS yfdiidtion and
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managenent functions that allow the termnal to

baspl t prog¢ssote P0G s Thenpsst dntefaces may include a keypad, mouse, touch

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

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

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



menber termnal in a piconet. A digital signa

processor (DSP) may be inplenented with an enbedded
wa@eomsiondoeat i ons software | ayer which runs appl PCHUSZNS/004487

specific algorithns to redute the processi ng denands

on the m croprocessor. The DSP may b e used to provide
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temaraisn shdlD (B0 refetred stohesld €mulGéopBycdmemumeationo Each of the

Schedul e intra-piconet c ni.catigns. in a way that

SIERRITUE SOTMBTHGIRET FRPIohe PHIEBIREoet ToHEs iRt poBEr lovel that
- sAEAbEY Sbrdet qRalitRpai¥etef for each of the receiving terminals. The target

quality parameter may be the carrier-to-interference (C/I) ratio at the receiving terminal,

or any other quality parameter known in the art.

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

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



ways. By way of exanple, the schedul er 406 nmay be used

to carefully select the termnal pairs that wll
wen@a®eooen si nmul t aneous commruni cati ons. Each PCT/US2005/004487

comuni cati on nay be perforfred by a direct

conmuni cati on between the termnal pairs, or
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that can be transmtted in the next MAC franme wll
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difd PO bh hefilebld, 506 GHa o pe Blabilifield T el ess
nedrum H’gher da en

arates tend to Increase the amount
e oo Rbeiont i AP Be SR S e drta bicone

cdiffibhicgtich N GBRIMERA | ThedeOschBdiBink 28R isidHs! y)nag #d Bade@ on any
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T . L.aur, in.a. ha .

of Piifipie FailEE UobioiBitay e 600 bEAER Aulichy Rsutrb g voree

cataviufiicaforishee givehPrioricapasiloy 1akndyheorinaniogtions] A0 skheduling
The schedu] er .may,  be used to deternmine the data rate | .

alggithanRigy Alsq give rioritnio Rygh datp site trgpyraisiens ipynieffprt to maximize

th?‘&\%gh‘ﬂ. UL cﬁé?iﬁ%gt‘“c(fﬂgﬁlefsy B8 Shogif of! &fr 1o be transferred
requested. By way of exanple, If a nenber term nar
bétwietn tetrmenah pead bndvithehdedmyo tlneady respdremcede byrisnell tetminal pairs may

also be considered. Other factors may be considered and are within the scope of the
present invention. Those skilled in the art will be readily able to adapt existing

scheduling algorithms to any particular piconet application.

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

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



support a video application, the schedul er may
determne that the call requires a high data rate. If
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SRR H8 DR PG <o ERieBRbE e g he Incrnber terminals.
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ul e simul taneous communi cations 1 n a way a
of ¢tel edrited chimmelsar desig®ill procassar 412 emdhe ofcetviigz end may employ

recei vi term.nals fo iven MAC fr : i cone
SRS el g o U8 Bact Broe RS R s Bom R SE g ghannels
af stéreRh&RMeinchPPPAOOY Map is shown in FIG 6. The

pi conet topol ogy map nay be constructed by the master

[6086]" NARethrn@P to FIG. 6, a series of broken lines between two terminals

represents a known distance between two terminals. The distance on the map may be

derived from the path loss measurements made at the master terminal, as well as those
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 parallel
transmission scheduling decisions. Therefore, if the master terminal has path loss
information for every possible combination of terminal pairs in the piconet, then parallel

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



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

do not unduly interfere with one another.



signal processor 412 in the master term nal may enpl oy
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%&fé}%qg%gy 'ré(ddcp Jfaﬁhﬁ wgtﬁtl%a;? t %tﬁﬂlﬁ Ee%%ﬁ}%l 15@% Bfow the
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SGRANREL 2BiAMd R iFleG 6. Assuming noderate target C|
requi rements throughout the piconet, a transm ssion

th 0 I .
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utahmnms dtonm the atenibler terariingd r1 06aTr to1 ﬂialm&ﬁlﬁﬂ témlhiiie106b When
er term.nal 106e. This schedul i deci si on shoul d
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‘rcﬁﬁﬂ@'ﬂo% 86 Q&eﬁﬁl@&b&ﬂkﬁy@ﬁ@%ﬁmtﬁé H%]Iﬂﬂ‘hssiltﬁg?orﬁ Q4GB Qterminal

causé excessive Interference at t
106a to the member terminal 106g even if the target C/I ratio at the member terminal

106D is extremely low. The transmission power at the member terminal 106f needed to
overcome path loss to the member terminal 106b would probably unduly interfere with

the reception at the member terminal 106g,

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

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



term nal 106e, and the transm ssion fromthe menber

term nal 106¢ shoul d not cause excessive interference
warooslomorenber term nal 106g. [0051] A nore agpCEES1008004487

schedul i ng deci sion might dkso include a transm ssion

fromthe nenber termnal 106f to the nenber term nal
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0
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menber termhal 106g even if the target" CI ratio a
distaacertenthe menaheniteradina AObb,i the distaneerbbtyvenhe Mkmber terminal 106i

g, B TR Sird o] Tog8 e L e FPR pl o it foronce

toMPlek 6l tRATGRGR ttie RS ICYI Fafib F fiRBerbdrlerligal06€Pt | ON at
t he nmenber term nal 106g. [0053] As an alternative

oa n f
(e8] o2t G S AARAP A gy BBl
dnieq‘tfcemannnqatlm,, irt step SO&randitbatubiiplerbgp b@nmuheersdin step 506,
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nmber
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topgfog¥ il in BE AR 10 bR BB SRR kil B ughput,
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power at the nmenber term nal 106h translates into an
sein CI ratio at the nmenber term nal 106g.

endln on the target C I ratio at the
[0056] Ithough the procedures for scheduling the direct and multi-hop

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

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

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

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



menber term nal 106g, the transm ssion fromthe nenber
termnal 106h to the nenber term nal 106i may be

wa@ehsamoerd concurrently with transm ssion fronP€hEs2005/004487
menber term nal 106a to thdSnenber term nal 106g.
[0054] The second |l eg of the transm ssion fromthe
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menber term na . [0055] Returnin FIG 5,

digeqhediior Yasigus: Fftj%}mefih‘gﬁ teeryingls apddarrasd %ﬂ‘gwetgalrf &ospRgive ftination
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e- hop ‘comuni cations, 1n step 506, for
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rééélvﬁ'?get%lnﬁal bhs e§ﬁﬁﬁg of tmlgccﬁﬁlﬁﬁﬁti&lhﬂﬂlmrblﬁﬁed Bélow for a single

information contained in the piconet topology nap in
timng skt irethetMAE feanewith $revsimulibrsous GassmiBEensaxi m ze

t hroughput, while at the sanme tinme adhere to a certain
[a058] ee "hfrnilhgi rackste Eﬂi@br@ thi ehpiecomedtaneonsi tresbmissjodd 36jlude a

t hou oce res far s dyl i the .direct.
AR Bon iR FEEP P FY G0t o et pitnind o6e, o
trERAMSSH BbmYhs &t&m& te@lﬁlﬂah @06H fo8fit nfeR{BEY Rirfdtal Q08s, aAénally,

then scheduling the nmulti-hop conmmunications, t hose

a gtensthigsion iromh theamembygr| tbrnapgir i 4@ Ehet mamb@rht@rr@mdblodbayThe C/1

rali P - g, Ko B BEESET e iR o e
nla0@h#tmiakashNeds] The s@ha@trbﬁgamaﬂm ndnSier b@nﬁﬁaﬂd%g)ls equal to

schedul e, the transm ssion power |evel for ea

thegravmissioningier (fn) ot the mgberiterminglahpoe frge thﬁapqﬁla lgspéLa-c) from
t}fehﬁle{‘nﬁ&g ‘?énn%él 1r0§£| E nq&ﬁﬂ]er.r t%ﬁ*ﬂn\ﬁ R86 er’gﬂen tergg? cg at the
way o

conmuni cat | ons esc
niembeacdmnhnalm osg o¢sultd ﬁbhethbaigmt trﬁ‘ﬂslmmsabmmb;atheemeﬂnber terminals

receiVvi term nal can be In the.event that the

6?& 18ty and:gqnobe tepEesemed geéb%rrﬁli}mlé%l?ﬁ Rayverc @.@51 gt thg gnember
te@ﬁﬁna'l R06c By 812 JatRsS '(]9% fﬁ’&msthé@ﬂehﬁﬁ? Bt 1664 to the member

communi cat 1 ons ‘between termnal pairs, then one or

terminal 106g plus the transmission power (Pg) at the member terminal 106f less the

path loss (Ly.g) from the member terminal 106f to the member terminal 106g. Based on
these relationships, the C/I ratio may be computed in the logarithmic domain by the

following equation:
C/llgdB=Pp -Lag— (Pc -Lcg+Prp-Legt M)
1)

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

piconet interference.



nore of the communi cations may be scheduled in a
mul ti-hop fashion. Alternatively, a decision nay be
wor@s/omweneen a direct or nulti-hop comuni cat PONYUBA®®004487
on the conmuni cation path tihat requires the m ni num
sum of total power to conplete the transm ssion
(60D eNT & Qirhif NdgatioRahb alsd RS Bsedliot domiifle the C/I ratios at the
comuni cati ons may be directed to various internediate
nregther traminabrngeiv ersvidoe ead 1ot hBlhe CHaslie(¢/ln) @t the member terminal

R s R R e

comuni cations for each tinme slot nay involve an

iterative process .of frapsm ssion power conputations

to insure that &h@&%ﬁ%éﬁcﬁl ta '@4’:/%‘ B every
recelMing termnal. One exanple of this conputation

will be provided below for a single time slot in the
whe@: f r ame Loitib thdypeth issrftana e usmbeanemiisai digs.to the member
[ 0058] Turnin ﬁ@&k to FIG 6, the three sinmultaneous

t ransni ssfemét%ll ®%de a transmission fromthe nenber

term nal 1Q8aisttRe At MRETRIM e Mddder 1880nal2106a to the member
transm ssion fromthe nmenber termnal 106c to the

menber t efemnmgl 1d@send and finally, a transnission from

(ne Teoet TSt 55 b NE RS N O0R v

be conput egminal 106, schedul er at the nmaster termnal as
follows. The signal strength_at the menber term nal L
The 4l radiod&ila) at He apranber serapnal d06h maxs cqupuedsin thy dogarithmic
' £ess the path loss (LAAG from

d?ﬁlgﬁﬁgn%g?ﬂog@rﬁ%@ﬂ%ﬁ )6a to the nmenber term nal 106g.
The interference at the nenber term nal 106g results
from the si gnaC/lzd@sPi ski.pngPoyLiRe Peenbes+0y m nal s
106c (®nd 106f, and can be represented by the
transm ssion power (Pc) at the nenber term nal 106c

t he I L{ . herdgenal
EEE 10" BEb s BE Pl et R, pEHE TR BE1S the smomber
power ( PFlerminal héshyenber term nal 106f |ess the path

loss (LF-G) fromth er termnal 106f to the

ronber ¢ ebhpriai i 8t KB dE ot Py Sapel g fgathe member
the T1 rahinthayePgngonputed in the |ogarithmc

domain by the followi ng equation: CI1GdB = PA - LA-G

(Pc - Lc- &Ges Brthe path dassMyorp Ithe whemlger Nemsinglgllfic toothe rmember
interfereece.nrg?i%bn that may be used to account for
out - of pi c et erference. [ 0059] Two siml ar

[(ﬁ}%ldf Lleoélu%sgt%%/ing lir?tg e%%atlilgnesd(ls ° %3%%gtt§rgtep %/IC/raltiog ?’ct)rl gasch of the

receiving terminals and the path loss information stored in memory, we are left with

three equations and three unknowns (Ps Pc Pr) which may be solved algebraically.
Assuming that all three equations can be satisfied, then the simultaneous transmissions
from the member terminals 106a, 106c and 106f may be scheduled at the computed
power levels. If, on the other hand, no combination of power levels can satisfy all three
equations, or if any of the required power levels exceed the maximum transmit power of
the terminal, then the scheduling algorithm may reassign one or more of the

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



menber term nal receivers 106e and 106b. The C/I ratio
(C1 E) at the nenber term nal 106e nay be conputed in
wo b@sloomar i t hm ¢ donai n by the foll ow ng equat PONUSIN0$/604487

dB = Pc - Lc-E - (PA- LA-B* PF - LF-E+ M (2) where:

Lc-E is the path loss fromthe nenber termnal 106c to
[06W ] MenReerrirer 16 PRt 6L QRR; cahArelidilys adcBRaiRahi 1t 9§ Smfik@{that any
the nmenber termnal 106a to the nenber term nal 106¢;
cambinafiotEof owerdeypels han sadisif albthrehequatiomser Itthe framsatission power

t Lhal T ratio (C1.
9Ll IR Bt 3 TR 0 B8 £l b b 100w
be@@as idsipal doapbe tdy wiehle dhold ovd pgh donsallz@N: [SieBraBmission
=P- LFFB- (PA - LAB+t Pc - lc-B+ M (3) where: L
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e Jadl LA B : | r
o SRS SIS o phlpfhic bR ARl By of e
nasmeber terMina 106wtopmedt ilsomget! @/ natioh Aswerdselt, the selietaling algorithm
106¢ to th t i nal .106p. [0060] Substituti
R, GO FEMESY (e (ROTAROR dRie o RerRtet gmey 106F to the
e Urnti 1065 %ghg}g att HiS Al fe ARHinb ) §uBRE HeAREmber terminal

information stored Th nenory, we are left wth three
légdiat i ons and three unknowns (PA PC PF) which may be

sol ved al gebraically. Assuming that all three

[@f24t i clnsanother bebsditnenf ofatle s¢Hedualitgwgeithinl, b dvesios may be made

transni ssions from the nenber term nhals 106a, 106c, and
19 piedle,P VBl SUHBURIPPIHCTV R W SUTEAS JUHER Aectpared apart by at

14kt 2 AFedHofy QishBEe ﬁlaz[‘ﬁmlﬁlﬁqtg PRIt TIRE dQéisigﬂ\ffﬂ'yt lli]egﬂlﬁhé prior to

can satisfy all three equations, or if any of " ]
pedomiingc: power levelvednspuiatomed Int itlgs iwasel tharsehedulsng algorithm may

ower the termnal,. then the schedu] | al.gorithm .
RYEing Hhat RSP o Y e RER] L 4R oY terminat
1068 ehdRd balsehddaled Ra muBi-hép Bdthintnid&ion before computing the power

comuni cation. [ 0061] Referring to FIG 6, one can

lovelsdi Py decigien magyhbe agdej to joyta, e ¢aapunipationgtiyough the member
terminal 106d, and then a computation performed to determine whether any

combination of power levels can support simultaneous transmissions from the member
terminals 106a, 106c and 106f while meeting the target C/I ratios for the member
terminals 106g, 106e and 106d.

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

those skilled in the art to consider the distance between two terminals engaged in



conbi nati on of power |evels can satisfy all three
equations. |If the transm ssion power (PF) is too |ow,
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[0063] In yet another enbodi ment of the scheduling
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before the power |evel conputation is nmade.

configintdarer whstehiesnaph thesscheduding laaalgmh@lts:mmnbn |bmdpam to all the
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exa?Ir if the scheduling algorithmdetermn t hat

seliedulingindormesipp fron Bemcemieolphanst andprovidglit tp%(fon@r@ll@lh‘éw The
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tramsTinesionisetb rind dtond eanerhiee tertinid), ztsr\%‘llsm thsipowsr leayl dnd data rate
supported as direct conmunicatjons. is only

en
forr el Ligissheduiipg RiqEnHHORIERY plsp ml%qle A 0536 Inglgating Whether
tHEERREal 18 el i@ mediate terminal supporting a multi-hop communication. In that

case, the time slots for receiving the communication from a member terminal and
retransmitting the communication to another member terminal may also be identified

with the corresponding power level and data rate.

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

provide the recovered communications to the various user interfaces 408.



106g is al so scheduled at the sane tine, that the
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each. The schedul i ng |n ormation may al so In
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power |evel and data rate.
with a general purpose processor, a digital signal processor (DSP), an application

specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete 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
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rate and spreading information to the signal processor
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transm ssions to the nmenberotermnal. Using this

i nformati on, the signal processor 412 may recover
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kehigtvin'i@l 186 hed uhedodab@ ASIAES ndiSbe EOGIRPENtHeO%Scessor such that the

i nformati on conputed by the conmputational nodule 408

pEespsiss can apaddinformetion fipry rod anile prfovmation toothe Istorsgegmedium. In

. e dur
B PEEERRG (R Re P BAT R hA R e prgpssor and
tha@stotags resthadi m@yn tesidefintaheA SIEY, NTHEA SEORASYietide & HRSerminal, or

reciiver (not shown), it may be used to provide )
ctsuhgienalie thenrltgrasiieoithe prochsonaad dhe slerage Tasdivpemay reside as

dg\éﬁg&té ﬁ‘lémﬁmmh-tﬁé@ﬁﬁﬁ%ﬁ%f %%%égghsi gnal processor 416

ranscei ver 3 e signal processor

[ﬁ%’%& g?y;[‘gf Pn)}'&g QIS td\%?c?iﬁl[iﬁr? gﬁ@% %@Aﬁé Te%n%@rr}egts\{g {)rio(\)/ijd%d to enable

n

a0 potson skilled s thieryt thendkieiod ubedhe ghrdsemtthidiiod AV arfiss nisfications
ig%grfaga& 308 and stored in a buffer 420 until the
tQ ol e gL

meatrslisls tspdilymppereat wthewpskiledtin fhe art, jgad the generic

| t . .
PRt Bl BheCAGrolta? Bp U5RG MES GERRa s vifhayt departing from
the spiﬂils spscopt®ffthe irvpnead- r&“}:ms;‘ tt]liej}‘nlrepim deedtiog is dbteintended to be
Si.gna rocessor 416 .ma so pull. fromnenory 410 |
liaiftdatns o FroBRSimm o MOV, Poseet Plinitia SF Aropided, the widest scope
cBMidtentRipiEh @ Hhinefpl@tand REvARRILARE §REBsdd H¥Rein.The data
rate, spreading code and transm ssion power |evel of
t he conmuni cati ons nmay be programmed into the signa
WIRCESS e AhdEPYIst he controller 418. Alternatively,
the transm ssion power |evel nmay be programred by the
controller 418 at the transmtter 404 in the
transcei ver 302. [0070] The various illustrative
| ogi cal bl ocks, nodules, and circuits described in
connection with the enbodi nents discl osed herein may
be inpl emented or perfornmed with a general purpose
processor, a digital signal processor (DSP), an
appl i cation



specific integrated circuit (ASIC), a field
progranmabl e gate array (FPGA) or other progranmmbl e
wo ogso7@evi ce, discrete gate or transistor | ogPCT/US2005/004487
di screte hardware conponent2$, or any conbi nation
t hereof designed to performthe functions described
herein. A general -purpose pfagsgsor may be a
m croprocessor, but in the alternative, the processor
may be any conventional processor, controller,
m cr gcont robleRfod schidlife BRERMuRR atidhsPE . may
al so be inplenented as a %onbl nation of conputing
devi ces, eelcting fichmhd setandriensfing pBBF, thadirst terminal pair having a

1,.CI Opr 0cessor,. lural ity of. m croprocessors, oNneor. .
S aigs, pebadomd $ At ghs g (s A egecqry! ferminal pair
Hain@ BYse it arSHGtiing Qi aAd b 98bonll PR éiking! REm#AmE; hods or
al gorithns described in connection with % he o )
enbodi nentsshefludiok asfet $ignaditransralysie fienbibeifeet thinswiting terminal
o BLRA R et R RLE TR bR e o e i
rBRMhE teiindl.esi de in RAM menory, flash nenory, ROM
menory, EPROM nenory, EEPROM nenory, registers, hard
di sk,  a r exbedbing, siptaneousty ity the firsi fjenst Hanrspissien, gf second

ST IR ooyl SRR Pt

temfingleas] i nformation from and wite information to,

t he storage jum In th ternative, the storage .
medi um rrayscbgﬁlﬁge@!rﬁ?wqro?et"ﬁ f‘]?fr Sﬁ‘é’s§ r“.heTﬁ’@t FPdc g%“%ﬁl signal
t%gmisgﬁn?tﬁéta%%ﬁgsd'auﬁl'g@yqd'aﬁt?' gsrafnete@rroﬁéh& of NRe Anibimediate
may reside I1n the termmal, o | sewhere. In the
teintiealratlithesecohdreoeivomstsnninalnd t he st orage nedi um may
reside as discrete conponents in the termnal, or

el sewhere. [0072] The previous description of the

di sclbsed Hrbaditimehio$ dlsinpriowhemsih tthe enbdituéingnof fher Siosh signal

skilled i he art .to pake.or use the present .
oI IOBr e POURT A AT ST £ LS anbisinstiom the
il tlrangﬁliﬂ'tﬁ% Aern¥inARE WLhst tRevBRSEmSkhl difdithd2obd$ vathithe second
and the generic principles defined herein may be

sippl tressntission dess nohkaidinesth 9 tagethpelitydepameterigr thedirst receiving
th i i f the i ti Th t he.
terhan i i, Bhest SRE Ty Pt ienBnBe cr<PBe BV s EBinely ¢ ne

enbodi nents shown herein but is to be accorded the

w dest scape copsi,stent. with the . principles d novel )
features d ednggjé’g (}feqri%l%% Iﬂ% %ﬁr_%ﬁlj\lzﬁ%qnéﬂeﬁ_&ls et signal
tians SIRIN EbnP fths CHRE UtdnSMiGaEMAhiaaL t®Nhe BRMIEEGEVIAS terminal,

sel ecti ngi first and second termnal pairs, the first X
spliansabslpavith fesepepdasignal transmission, does not satisfy the target quality

parameters for each of the first and second receiving terminals comprises attempting to

compute a power level for each of the direct signal transmission from the first
transmitting terminal to the first receiving terminal and the second signal transmission
that satisfies the target quality parameter for each of the first and second receiving

terminals.

4. The method of claim 2 wherein the determination that the direct signal
transmission between the first transmitting terminal and the first receiving terminal,

simultaneously with the second signal transmission, does not satisfy the target quality



first transmtting termnal and a first receiving
termnal, and the second term nal pair having a second

WO e@i®moet i ng terminal and a second recei vi ng PET/IBIVA5/004487
scheduling a first signal teansm ssion fromthe first
transmtting termnal to an internediate termnal, the
patdnsdters | 8P 3holt bAMSITSSE | M0 é@@éﬂ!ﬂr&@ﬁr‘iﬂg{‘ﬁs@mﬁﬁk fshe ﬁfnic'ﬁ%ﬁ of the
receiving termnal; schedulin simultaneously wit
distanceibetveesi t@n Airstrtramsmitting temlnaé agé tenirsbiegeiaing termmal and the

AR BeisR Tue By RS AR Tt e e

| evel for each of the fi rst and second si gnal

par anet or 165 m800R SRR Mebihdie et g girct signa

tfahﬁnfs&@ﬁnﬁrofﬂ? GRé VRO tfaﬁéﬂ’ﬁ terbnindin o NBE hﬁh@t GbcciviRg Merminal,
1 wherein the scheduling of he first signal

strpglfpmapesdy onth tlnﬁtse@crndc%ﬁw itrgasmigsivny daedinet satisfy the target quality
g}ea%lr%%nrg ?619&1%11 r(]) %}desgegcl)r@ r%rcrélivp n?%léﬁgls Esr £ ﬁmn%lon otn Igath loss
isfortahticineewsty the fnht ﬁmnﬁaﬁlgrténﬁmgmid the S %@@Wlﬁ? terminal and
does not_ satjsfy both a target quality paraneter

peteloss infprmation; l?FitWECIt &erﬁrﬁtaﬁra%ﬁﬁﬂmﬁée%ﬂﬁe%ndcfhaISPQO}ﬂd receiving
erld ﬁaﬂ‘?t er for the second receiving termnal. 3. The

ne d of claim2 wherein the determi nation that the

direct signal transm ssion fromthe first transmtting

ter m6nal el B@th];)%l osftcha[iﬁlcg 'v)ﬂegﬁ% b ﬂ}s@ %d second termmal pairs are
S|nultaneously W e second signal transm sSsi on,

selleetsd fioin s picosétyoftidrenihals.get qual ity paraneters for

each of the first and second receiving term nals

conprises attenpting to conpute a power |evel for each

of the di rEet nstigniloft slainsnd SBither tolprisiAe donkticting a piconet
transmtting term.nal to the first receiving termninal

tepploPhmape ash hereym at laastam PRitios; ohthenath logs iaformaationys derived
At g ]5&§gﬁ%%k%§r&§pter for each of the first and
t

second recel mnals. 4. The nmethod of claim?2
wherein the deternmination that the direct signal
trangm ssi f
and the 11 e o8 RECHUT 1 bkl co AR eldolnb Bt Fginat pair
hhhlﬁgSaeﬂﬂletrSﬂl@iJﬁingt teanisgl asd arthird eesiving taatihgf a{nd Eheduling a
a ualltypar ers for ach of the first and
é‘{:% tﬁ%fﬁ P SiTaneqsly; ik 2 gpTan@ISsIon of the first
%}qﬁf @:ﬁﬁﬁu&%ﬂ"ﬁ&ﬂ tﬁ@ﬁltéﬂrfeﬁfatetté 0 b ihd Grst ROV tedifal.
t first recelving termnal and the di stance Detween
the first transmtting termnal and the second

receigvi ng e fbMal of claim 8§ further comprising scheduling a power level for

each of the retransmission of the first signal transmission and the third signal

transmission that satisfies a target quality parameter for each of the first and third

receiving terminals.

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

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

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

interference ratio.



5. The nmethod of claim2 wherein the determ nation
that the direct signal transmssion fromthe first
WO e@idmoeti ng ternminal to the first receiving PET/IBIVAF/004487

simultaneously with the se@dnd signal transm ssion,

does not satisfy the target quality paranmeters for

each jof t ﬁ&hefméﬁbd VTLISRC PRy richd ﬁéﬁhﬁﬁa‘n@ thé fist signal
function of path [oss information between the

tlansmissiiont ifiogn t the nifined| transmitting ftﬁlmnnalr doeithe ngtemdnatn aterminal

an ath.loss i.nformtion betwe
SBRdBR Y R JFRRTG e RROEEGutnar apilriny fom the second
tilaBéHitHA terBinalfoetheBédond rekivehSiefmmanher ein the first

and second term nal pairs are selected froma piconet
of termnals. 7. The nmethod of claim®6 further

conprii3si noy E&Hﬁﬁlhiéﬁﬁbﬁ&eﬁnﬁhlc@&ﬁﬁn&ﬂ%m' ogy map, and
wherein at least a portion of | oss

i nf or mat i erschedulen ¢ondigureddmseleet fwst: @mbsecpmbﬁﬂrmgxal paigs, the first

od o [, ai further
L R e P P R e R S Sk i R and the
st RahinaDPaiz Havirgd ar RE@IQ trdbnliidd th@dina®Add a second receiving
schedul i ng a third signal transm ssion_ therebetween

tepngls theesshedujenfeing Airther pemigwredsioosehedule pefirgt signal transmission

t
L, ORISR PO LSRR AT, B, s
tifansrhizseion deiny destingd Soh edufiist gecaividgyvesrmired,edchédule, esiabitaneously

af etransni ssion .of the first s naI fransm ssi on
H’d tﬁfh é{TFth siegals F@H%?lsil%n%n?%@?‘{) & Rat @%P}SélPP o the second

tltaﬁgrﬁﬁﬁnfg oY 1 %@%Bﬁ& réc@fvnfgafé&nﬁfal tha shddle ?Pgwer level for

hird recelving termnals. .~ The mét hod of cla
eﬁ@h ofibe fegtrapdisstong sigtad ttalllsrm981m8dhatf satisfids astpmaqnahgy parameter

code, f each o e f.irst . and secpnd SJ
s of et eits Wmindiaha B PSR B e dRminal,  ne

par anmeter conprises a carrier-tointerference ratio.12.

The thod_ of claim1.further conpr.isi ansm tti

(he fr ot MgHERTRAALHHRS LGl RinvieRe 1 poete the schbduter is
fﬁﬁl?éﬂ%ﬁhﬁgﬁretg td @h@@hﬂ@ khd @rst Jﬂ?ndl %ﬁilﬂﬁﬂbﬁ‘ﬁea &1{%6{@1@@41 transmission
sinul tanéously with transmtting the second signal

froma tienfixst irensnfittong teheinsk toothhd ﬁrsfamwmtgl tngnmdr simidthngoysly with
t he se ond rece|V|n

e 5eeDRd Bl fERmlRth GEChASatipd o e BlatBLbS8Reter for the
firétr ﬁdceﬁrﬂik safeid ALY Mo adlrgRadiSity tdaganhdtérS for the second receiving

terminal.

@m

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

each of the first and second receiving terminals.



termnal pair having a first transmtting term nal and

a first receiving termnal, and the second term nal
w@ados/ohaei ng a second transmtting term nal anBCBUS2005/004487

second receiving term nal, 2¢6he schedul er being further

configured to schedule a first signal transm ssion

fromyghe fiyeStohfdRRAiddd RYmi@A "B @hint 038%herein the scheduler is

internediate termnal, the first signal transm ssion
ﬁh@mgccnhﬁgﬂradem dbermihe thatrthe dirscee sngnzrigtrmnmsnml between the first

sche Ly wi.th the .first
RRROHRE Leritet e aBE tRseiate R StrdlsiPsi wifh the second
siEREP HansnkiddISHl dolek MBt ERIsH BRI tafRt hﬂﬁlt??@ ter® 64 MR Gf the first

termnal, and schedule a power | evel for each of the
and r speont reeeivioadiesmgnls a5 r anfnetioni ofisthe hdistages ibetyess the first
trpBiffing Bl 8 LBl oo R g BLodd o PRI RAERR e i
traasmitin € fiin@ias atEiheiseendatceiviag terthzhabher ei n t he

scheduler is further configured to schedule the first

signal transmssion if a direct signal transm ssion

fromihe fTHesborhfmanfaiibhd Bemiigi raMeathink 013t Refeid She scheduler is
rece| Vi 119 termnal, simultaneously with the second

Trarontrmpesiite dletmminp deatnthe dzrct signabdramsmissigngliem the first
ter [
ﬂ%ﬂ%ﬂ ke RS 5 el PRl bR’ il i B sccona
sighahiramdmission, doee nobwatisfy det faces quaitpipagdmeddrs dbragach b’f the first
erein the scheduler is further, con ured t
aﬁ@ﬁ@% drgciiag PHENYF 28 e fuRsipn At %ﬁéﬁi@ww 5 aeRehe first
tlfahgrﬁ ttlﬁ% BT tah&‘ thel SR8 Rai dofaStat ﬁgﬁn‘félﬁﬁtlon between
termnal, sinmultaneously wt t e second signal
the ﬁrssnammttmg tehoeisalrand thasdcohd rachivingategeinalgual i ty
paraneters for each of the first and second receiving
termnals by attenpting to conpute a power |evel for
each 1S t H.Hled bomnmniz:ia'gmd ternduned nofsslamm 17 ametdﬁe the selieduler is
transm t t ermg nal the first. recei r m nal.
E FRATIEIEG 1P SPRarbe: ik s SFORL (FAIa st BT f riconet of
idafiggk qual ity parameter for each of the first and
second receiving termnals.16. The comruni cati ons
termnal of claim13 wherein the scheduler is further
conf I4gur edpfd e Qﬁfrﬁhmaﬂﬁnst ?@fnlﬁdﬂeofduaﬁﬁtlsswl@%n the scheduler is
transm ssi on between t Irst transmtting termna
fantigert doafigired tto mewmmt agidogetntiopalogy siapubnddeiesit yeasi 4 portion of
tthe ﬁicond Si sm SSI? does not satisfy the
hepy DT PRI B he- 11 1ot and

second receiving termnals as a function of the

di st ce tvveentheflrt tr t er.m _nal d.

the f i St T 0 ot 10 B A e s forther
céﬁﬁgﬁfe&% sdlEd ra&mra tdrind] PaiFHAMNg ANHird B8nESGAIerminal and a third

recel Vi ng t erm nal

receiving terminal, and schedule a third signal transmission therebetween

(@] _T

simultaneously with a retransmission of the first signal transmission from the

intermediate terminal to the first receiving terminal.

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

parameter for each of the first and third receiving terminals.



17. The comuni cations term nal of claim 13 wherein
the scheduler is further configured to determ ne that

W0 b@sarsert signal transm ssion fromthe firstPCT/US2005/004487
transmtting termnal to th® first receiving term nal
simultaneously with the second signal transm ssion,

doesnot @kl sd¥mbfitad HsIRImMRlJft HaiRRNB LR B scheduler is
each of the first and second receiving termnals as a

fifrthree configuéd twaschedude s diffifrentrspteadmgisedevios sacthef the fisst and second

Ir smttl n termnal and the first receiving term nal
qff’i‘(s “informati on between the first

transm tt| ng t er m nal and t he second recei ving

t 8. Th t f cl.
uher €0 ¢ FECSEHBRUERRPE RAFIRr O HPTD P d et ofggporamete

chbBrifdstadan@éito S8 Rnt&fAonal pa|rs froma piconet of

term nals. 19. The comuni cations term nal of claim18
wherein the scheduler is further configured to

CONSHRUCT 1o Rﬁoﬁﬁﬂﬁﬁc&tﬁﬁ@ h QT clAR0 PiihLe c&{lpﬁs@ﬁgqﬁ receiver
a portion of the path loss information fromthe

cpiftgmed ta oqmivoggonnamcaﬁms'ﬂmncaqoﬂmnmc af temsnaiseamd adtansmitter

of .cla 13 wherein the.sc ther configured . .
oGPl B ool Fo PR Ao PIAU Y St fgfbe schedier being
cbﬁmﬁﬁﬁﬁﬂabﬁzél?@oﬁﬁém&ﬁk réddileR ahdirhskniigeei Vi ng term nal,

and schedule a third signal transm ssion t her ebet ween
simultaneously with a retransm ssion of the first

si gnak. t r angoamhdicdtiofsdrinal BF 8TalfE 2l FHnndr RbMpASing aQeceiving
the first receiving termnal. 21. The comruni cati ons

sigarhproagssorf carifigunmd© @ﬂspreed womglns@henmb@twems tlfemet:ﬂwr and the
figured to sch dul e each he

SRR T S GRERE Tty SR EhoonaioRliautl 6 2piksl cgpffunications

beteech fithd éﬂ:h@dlgéladndtth@ﬁsﬁﬁn‘ﬁ&bﬁn that sati sfi es a target

qual ity paraneter for each of the first and third

receiving termnals.22. The communications terninal of

cl ai mel3 VRr@nilieatnb ediHi@ll Jf el 14N REthe0sh @gda plurahty

to schedule a different spreading code for each of

of ngas intgriaces sewmthrstaginely conplad e sirereiver and trapsenitter.

comuni cations termnal of claim 13 wherein the

paraneter conprises a carrier-to-interference ratio.

24. Pe c d?hmrmmm@ﬁ’q@ns éarminedjof ofairg |2§|fmt11<{£ chuptibiag a receiving

risin cel configured to
SSeAD b0 Sablffhd B8 CERRbAP PG b Rali i ek Feen, fhy spoeiver and o
fir§taons o tthetiset itbifgdes Sshd Dirhrisaii GifigtsigR tssat banfiguted to spread

the plurality of termnals, the schedul er being
communications bétween a second one of the user interfaces and the transmltter

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

destined for the first receiving terminal;



comuni catively coupled to the receiver and
transmtter. 25. The communi cations term nal of claim
wQ4o06rdoker conprising a receiving signal procBEEUR2005/004487
configured to despread comeni cati ons between the
recei ver and the scheduler, and a transmtting signa
processor [ s i [ : el
Phe sohedul ar KBl AR CRSIFATE B AR ¥iRihision, o
seomdu migoalt itensmissioni fram dlie skeind Fangnttinge termamgbr fos ihreg second
qggLur§lit lpf user interfaces conmmunicatively coupl ed
TPOSTYIRG A and transmitter. 27. The
conmuni catrh@ms férschbdiding@f poiterldVelfor febid dTahe SRR Slebfl signal
a receiving signal processor configured to despread i
trrpamissiona tthynsatisBesvactarget equabie pyametadion cpeh of thadnigfmediate
AR nSSE UL PSS BN Rinbf ansm (LI ng signal
processor confi gure spread conmuni cati ons bet ween
a second one of the user interfaces and the
transjg tteg. 28. A communicat.igns.ter.m nal .
compridsi ol e SaRE Aty utminal pf (Tl 2 Shetsipy the means for
scREAHIIAR | the FrdtSsigrial Qrankinsssioheinbluded nieahd fdradetdthidng ith&ta direct
transmtting termnal and a first receiving termnal,
signgl traesnaission drome the Aest tapmithiag itergizal de dmdrst receiving terminal

A h : i i ; : _ _

SRERSTHLDY Vil Pt ST SRR RS RLMNOB0Y Bl vty

pakendter fot tHer famisiecéivinggetnginal andlthé targey qualite pareiedr dor the second

termnal, .the first signal transm ssion being destined

IPeRVIRREEIMINALt ecei ving terminal ; means for schedul ing,

simultaneously with the first signal transm ssion, a

second signal transm ssion fromthe second o

t ransith t t i Hi§ qoopmpigptions tenmainaleofphainy 2% Bjriiep gomprising means for

h-nal , dpli a r vel :

LR o | SRR ile XEHE W DA P MET SLE AR Metond. sigual

tembingkioas. a target quality paranmeter for each of the

internediate term nal and the second receiving

termnal. 29. The communi cations term nal of claim 28

wher ed1n t Heompatars feadabde heddilai renboligingi astpredrgnalof instructions

transm ssion includes neans for determning that a oo

ferehle By grromputes psog a8 peripamathethed piichedulmg sopymuysycations,

Whal : .first receiving term nal

té?ﬁnﬁ@gﬁgg%g%@w th the second signal transm ssion

does not satechihy fibwdtand se¢candgetmigalapditsy thedirantetmminal pair having a
he first. receivin erqn nal .and the tar qual i . .

5y AFRSTRFInE PO et BEar DE G aF Py Fhe Scond ferminal pair

having a second transmitting terminal and a second receiving terminal;

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

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

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

terminal and the second receiving terminal.



30. The comuni cations term nal of claim28 further

conprising neans for scheduling a different spreading
we eas/ofme7 each of the first and second signal PCT/US2005/004487

transm ssions. 31. Conputenr7readabl e nmedi a enbodyi ng a

program of instructions executable by a conputer

progr,gm t e 0, i : .

e TR IR e R UG Do e st of
figstthigat aadsnhiesion Miadthdp @bmpriséshdetdritising teat m digbt gignal transmission

havi ng .a first_transnitﬁingltgrninal_and a first .
friome dhe, firsg tevRiting terming! to dhes b Aepetvdigicnaina simultaneously with

. : _ g i .

P B Bl p A6 e Lokt Mol 1900 QBB imerer for the
firstareemivigg dernfina nartdh éhef itarget Gualityg maramneter far thensdcond receiving
an.internediate termnal, the first signal
ITPHRUni ssi on bei ng destined for the first receiving

term nal; scheduling, sinultaneously with the first

signal, tragsm ssion, a. second.signal transm ssjon fro

he e ondl e SaaRiP: ToRgie FRGRPE EQ -l BRgage methSd urther
céﬁ@ﬁké’é QBed Y D@ tleraN dpREMRL b braablP ¥R hel ¥ eAndf REond signal
each of the first and second signal transm ssions that
treasmsskions a target quality paraneter for each of the
internmedi ate termnal and the second receiving

term nal .32. The conputer readable nedia of claim31
wherein the scheduling of the first signa

transm ssion further conprises determning that a

direct signal transm ssion fromthe first transmtting
termnal to the first receiving term na

si mul taneously with the second signal transm ssion

does not satisfy both a target quality paraneter for

the first receiving termnal and the target quality
paraneter for the second receiving termnal. 33. The
conmput er readabl e nedia of claim 31 wherein the nethod
further conprises scheduling a different spreading

code for each of the first and second signa

transm ssi ons.




