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MULTI RADI O DEVI CE This international application is
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business use, allowing users to transmit and receive voice, text and graphical data from a

multitude of geographic locations. The communication networks utilized by these
devices span different frequencies and cover different transmission distances, each having

strengths desirable for various applications.

[0003] Cellular networks facilitate WCD communication over large geographic
areas. These network technologies have commonly been divided by generations, starting
in the late 1970s to early 1980s with first generation (1G) analog cellular telephones that
provided baseline voice communication, to modern digital cellular telephones. GSM is
an example of a widely employed 2G digital cellular network communicating in the 900
MHZ/1.8 GHZ bands in Europe and at 850 MHz and 1.9 GHZ in the United States. This
network provides voice communication and also supports the transmission of textual data

via the Short Messaging Service (SMS). SMS allows a WCD to transmit and receive text
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UWB, ZigBee (802.15.4, 802.15.4a), and UHF RFID. All of these wireless mediums

have features and advantages that make them appropriate for various applications.

[0005] More recently, manufacturers have also begun to incorporate various
resources for providing enhanced functionality in WCDs (e.g., components and software
for performing close-proximity wireless information exchanges). Sensors and/or scanners

may be used to read visual or electronic information into a device. A transaction may
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each other. Even if a communication medium does not have an identical operating
frequency as another medium, a radio modem may cause extraneous interference to
another medium. Further, it is possible for the combined effects of two or more
simultaneously operating radios to create intermodulation effects to another bandwidth
due to harmonic effects. These disturbances may cause errors resulting in the required
retransmission of lost packets, and the overall degradation of performance for one or

more communication mediums.
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the same device that utilize conflicting wireless communication mediums. The system
should be enabled to manage both more predictable wireless communication mediums
and wireless communication mediums that utilize unscheduled communication in order to

avoid communication problems.
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communication bandwidth that may be assigned to another radio module, as well as
placing the delayed radio module in a power saving mode. These actions are examples of
measures that may be put in place to both optimize the usage of available bandwidth

while conserving power in accordance with the present invention.
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embodiment of the present invention.

[0021] FIG. 6B discloses a more detailed structural diagram of FIG. 6A including

the multiradio controller and the radio modems.

[0022] FIG. 6C discloses an exemplary operational description of a wireless
communication device including a multiradio controller in accordance with at least one

embodiment of the present invention.

[0023] FIG. 7A discloses an exemplary structural description of a wireless
communication device including a multiradio control system in accordance with at least

one embodiment of the present invention.

[0024] FIG. 7B discloses a more detailed structural diagram of FIG. 7A including

the multiradio control system and the radio modems.
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distributed nultiradi o contro gst emin accordance

copmp¢aien dryiee Hstuding edipbibiied mpulbradiheongiebsystem in accordance
wi J{‘ wn?ﬂwg'eﬁq%o%?ﬁ% bf‘m’éh)fésex%‘\?vén?%’ﬂ] FIG 10

oses an exenplary | I on packet usable with

[Omlggfsf:l%&easﬁbs Posg%s gléqgge %eﬁalﬁad ggﬁeg?tgrn {ag}/z‘%gfq‘f . 9A including

th€ @itribatddefultinRlay @atal eatdnni theFadld modegiem i n
accordance with at |east one enbodi nent of the present

[odp3nyent i orgigl 6@%4&10%!:5% éxle é)qia& Gb&ﬁﬁéna@ﬂes%ﬁﬁﬁm @ﬂ'é’wneless

functional diagram of i 0 nodem i ncluding a | ocal
copwritniesition deyige a@b@mgam@lémbmeﬁ rmltlreéas@on@nb%mm ageerdance

Wl% th%lgﬁ r%r Fosd) rtlbolcf] mgq S e seng’ SI;IVGIII:'[%OG n]s:!'ﬁJ%seg 39% an

exa an unsc W re €ss

[0@3 Iolr'l(rjna:] ngE]iV\R) alsé Qqsgjgge?éléﬁg ﬁ\%@%}aﬁgﬁpﬁet usable with at least one

embodiment of the present invention.

[0033] FIG. 11A discloses an example of a local controller incorporated into a

radio modem in accordance with at least one embodiment of the present invention.

[0034] FIG. 11B discloses an exemplary functional diagram of a radio modem
including a local controller in accordance with at least one embodiment of the present

invention.

[0035] FIG. 12A discloses an example of an unscheduled wireless communication
medium transmission experiencing problems in accordance with at least one embodiment

of the present invention.



of the present invention.[0036] FIG 12B discl oses an

exanpl e of an unschedul ed wirel ess conmuni cati on
WOore@BHM2tF ansmi ssi on nmanagenent in accordance RET/B2807/055096

| east one enbodi nent of the present invention. [0037]

FI G 13A discloses a back-off timng control diagram

for an exanpl e comnmuni cati on scenari o in accordance

idgih at |lmgas [ S j oot

e e LB o g APl Al b Do Pl bl L R ication
meliiag tansrhesionnenhgmenk angicerdencemuith edtasd nns erebatiment aof the

accardance with at | east one enbodi nent of the present
PrESRUEAYTO™ [0039] FIG 14 discl oses an exenpl ary

fl owchart_for nagi ng an_unschedul ed wirel ess
08 huni c4ilfo w@tﬁpﬁﬁ?a %ba&&coéf iRREeCopirphdiagramdas an gpenple

co U ABA e Rhrib ﬂ?acf&f)ﬁﬁﬁ with ﬁﬁ@%t ?He ex[nggt?%g*JenF At(%he ﬂrt%sent
I scl oses an exenpl ary owchart for inplementing a

inwEmokn.of f tinmer with respect to schedule and carrier

condition in accordance with at | east one enbodi nent
[0€38]t he prREGeMB dRvIeRds dvhck{d@OdhingForolldiaghsdbosRsheaBxample

exenplary flowchart for inplenenting a back-off timer
copIGaEeh seanatig it pesArdanee WH at lsest ope eyl dimsay of the present
indGaEghdance with at |east one embodi ment of the present

I nventi on. DESCRI PTI ON OF PREFERRED EMBODI MENT [ 0042]

1l e thesin j ) i hed | I.

T o R R L
wivdléH euinntdepatbn rgdfuhom dcberdafderith arlehss 6RPENBIditB& of the

i nvention, as described in the appended clains. I.
PIEAPRIEPBEYI0Bommruni cat i on over different conmunication

net works [0043] A WCD may both transmt and receive
[094( or nat iFdE- bY@isclasasiagexamplayy Boweliartdorirplementing a back-off
tin%e?%[}éegp%{ t%rbcfg] M@Mﬁ%ﬁ&%?m}{m&hindécfc&%ﬁﬁ&tm Xﬁ@%&%ﬁ?

regarding speed, tange, quality (error cofrection),
enth@dimdnt yf (lepe@dnngyent@hc. These characteristics wl|

di ctate the amount of information that may be
[06413nsf er rred. 1 ©dRcIbaEeIn\kBEg ﬁ@/ﬂ@\eehm@r bl edbitatel ObhcRioff
~the information transfer, EI 1 includes a di agram of
tinger With 1gprechioviransmitignd recetvs pRithission il sngerdagerewitp it least one

e“ﬁo?i%%%ﬁ{s?‘gpw%}éﬁh[’&%ﬁ] In the exanple pictured in

possesses WCD 100. This
DESCRIPTION OF PREFERRED EMBODIMENT

[0042] While the invention has been described in preferred embodiments, various
changes can be made therein without departing from the spirit and scope of the invention,

as described in the appended claims.
1. Wireless communication over different communication networks

[0043] A WCD may both transmit and receive information over a wide array of
wireless communication networks, each with different advantages regarding speed, range,
quality (error correction), security (encoding), etc. These characteristics will dictate the
amount of information that may be transferred to a receiving device, and the duration of
the information transfer. FIG. 1 includes a diagram of a WCD and how it interacts with

various types of wireless networks.



devi ce may be anything froma basic cellular handset
to a nore conpl ex device such as a wirel essly enabl ed
w@20080921r | apt op conputer. Near Field ComunPCEIB2067/055096
(NFC) 130 includes various transponder-type
i nteractions wherein normally only the scanni ng device
requires its own power source. WCD 100 scans source
[08244 via shaerd e{aﬁ{ﬂ)@@%&ﬁ%ﬂéﬂ'f@@t I QRer ﬁdﬁo@&é@é&“&}@b 10b. This
source 120 may use the energy and/or clock signal
deytsaedyriechngihitg fiomhidasicanhilaghaidgriad 2 mase complae dedsesuch as a

|cat| tore ata stored
wifele Dy RGBT 65 51 BBion S pirdREr NEathid OB BTl Ry 130
inflaye \afoes tfr@ﬁsbd)ﬂ/@r-wp%ﬁ§t@ia‘é§bx@lvﬁs?&ﬁ%oﬁﬁall}h@nl? itocanning device
often feet, and may be able to deliver stored data in

TCQHHIRS ﬁ&swmrmea sgiree. t W (A% 600 scappgpmie 1 200via srst-tdbge es)

BN St SRR oA R TR P st s

coﬂtaﬁikda&t}ﬁmt}fe%cmﬂd@ APnaACR Gt e CAORR FID0Eon@mPhiBAtids), to respond
tr@gsportatlon provider, a key code for an automatic

f FIGFRIdN desoransernder. ahhese eaign et isahrsdosiesrsuall hasgian effective
tra%Em%@RBQar%%%%ﬁ@&x‘d@me {6h Feet, 08 éﬁaly bENB1d Bgi@ﬁ?ér%%rgdqdata in

range two devi ces ray ext’end
anthemiscfesn aibé to apald megibitfer fZﬂKbytgs) pelaevedd quickly. These features

rt- active comruni cafion 14Q
S TAIRFE] BHgHOREr i eHeh BORAAgHhds 1 ecerve an

acEQmehihber HeY | F@tﬁﬁ: t@dnep&pdtnen @%ula/& a B Qe a?ira)ﬁtomatlc
situati on wou i ncl ude user comng Wit hi

clestrpaistdovelock anssrenit onmberrigea ofeda oBUelst tthW(ttqm) gtV AN,
UWB, WUSB, etc. access point. In the case of Bluetooth
[0044 net walhe traaym'asibn matge batweoen Iheo dstiadsl mshedextended if both

transm t lon to 100 0SSess by user 110.
deﬁLﬁF%ﬂf&&?%Pbﬂf‘a@{ R te ToRe BRI, Sho ST
cofaadaionako alchrmlt Qﬁﬁlﬁbﬂbrﬁx%ﬁ@éﬁ K€ sehdigg 3RP %Ew@ﬁghdewces are

information to be conveyed is unlimted, except t

both aqtiyst Aalep<elbelar3r sifsfienr wedld; 1n01tlﬁ\©u$8r irE0 pdmeimgusEtin effective

t hi i ve ina of t he acce
trang'm}@tsmn &]n % of g%uet (i)tg h é?ﬁgﬂAﬁl A t Vo ’telll QECESE p(gpéi[g the
caf&dﬂ@ﬁ&&othgﬂcﬁ Adt@oikl miy ARohsti @IS Ge ke@blished td @ansmit information

establish the initial connection to WCD 100, which may

to FECPHOP @agsseper Py waghyl 1§eVihisedatamay q&é@@dnﬁoeﬁnatwwﬂ age in
1nﬁohﬁatﬂreeéd&59&am eentér% I’ilE Qt%?eesﬁl&gﬁd%gt of 8rfifali &?L J¥&

transni ssion range o se netwo epends’ on
cobenkd mglymtedn&c&pmhhiet fmstmllstmtmnsﬁnfeﬁ in the tovewh&Diker 110 is
ft. th addi ti aqnal boosti ng 0046 ng-ran
Wity ﬁ%ﬂ?%%’e fBpsaisgon Luge p@“’ﬁ@&?ﬁsﬁl BOI\I}F rPH&ia ‘1) kl hér Comp96x1ty of

thedB hteRIsE HRLRHk <C QIATHAE ﬁﬁie‘?@alg@}’éﬁﬁﬁ&?to“ é%[abmhy?xgtlal connection
Land-based radio stations or satellites are used

to WCD 100, which may be increased if many devices are queued for service in the area

proximate to the access point. The effective transmission range of these networks

depends on the technology, and may be from some 30 ft. to over 300 ft. with additional

power boosting.

[0046] Long-range networks 150 are used to provide virtually uninterrupted
communication coverage for WCD 100. Land-based radio stations or satellites are used
to relay various communication transactions worldwide. While these systems are

extremely functional, the use of these systems is often charged on a per-minute basis to

-0-



to relay various conmuni cation transactions worl dw de.

Wil e these systens are extrenely functional, the use
wW@Roosheees systens i s often charged on a per - m PCE/EB2007/055096

basi s touser 110, not including additional charges for

data transfer (e.g., wireless Internet access).

Further, the regul ations covering these systens nay
uSSf“;’fv“?a@??{’m AR Rt B R kO S B ntcmet access),
Fm’tlnnb dhemgelatibns dvem ghssecuyntienns inegt daose adiditionel §v@eEEd fohboth

reV|ou escr t he present invention nmay be
e R B3, T RRE e RE o] TR s kearasae cOwamP St i on
ment. Therefore, it is inportant to understand
It éegﬁﬁﬁﬁﬂPB%PWHW‘kﬁﬁPs avai l abl e to user 110 before
loring the present invention. For exanple, in the
ﬁe of aAtrievighsly dessribphdhepissendirtventidramainbe tnplemented using

o el GNP R Gtk ol PLEPBRLS YRRl PO flapao ppderstand

thé¢ a@hiuhidkiidigtoblsansitibld LNSeDBIVRES e ehlotih@NPrésehti@v@tidn. For

recei vi ng devices, [0048 FIG 2 discloses an
eX@RBifp PG S |a§rélhp as/slephensrorpthgr handhsld wisphesarerioes. dhe

Le 0

A Ll BF B8 0o P B L¢P aifacne
traaspeiotsbawethte deusmcidtingldndsecdiving itvos. may be

performed by the various conbi nati ons of software
[0648]/ Or haTIGWR KEscLOSRANEBEP &Y GoUsRLThybel fora wieR4d]

Control. nodul e 210 regul ates the operation of the
COPBRHTBRRLION 4p1iES UsARiE ‘B’éh Pb@d?é‘i?s\?@dnf’?@ﬁﬂv A¥YEBUSO 63 breken down into

I e I
3L IS N 408 E SR sy
petferhed loyuihs viriowsrcombitdtienao sofiwasensbordaudweas cahponents
gEnvir nmrental interference within the effective
1¥W§W§EF@§’on range of the wirel ess communication

devi ce. nodul e 210 interprets these data
0948 ut s, mtrOhlméglﬁéﬁQéeguﬂﬁésﬁ the epaiealithe dedeprdnps mey be

reéelikeedqid?ﬁ rv%ﬁmgt&ﬁé rﬁoréiu}ég%tﬂ'?&d dlﬁwﬁ o el %gééa&ﬁl%'ﬂe%

nodul e 230 1 ncorporates a e conmmuni ca
1ntascplentfssenﬁlng\ﬁlbdilw20,&sa}s¢semmom t&}ﬁqu%s kaownrimthe attit® Bhse
| ong-range

230 |
SO%FM%HX&??IB%&' i EF?@H?%WL@H& ?}%?%Wg SapHRRRIAT EaRer ghidie
wifBE l.8mArmhicanen MxkcdmeiiS] %%@ule@qm@ @(.ts {h%ﬁ‘ec'de['@ gx?.alu{‘as and in

230 may utilize one or nore of these ub nodul es
respenss, Yiay asspeiFentral demofands toftke ether myddss inf WCD 100.

comuni cation fromboth | ocal and | ong distance
[O@ﬁmrces C&mMnumcmkmmsnﬂhbdéﬂén@npme&kpﬂeﬁﬂwdamhﬁesmﬁon

h t | SSi. f WCD 10
as f-ﬁ-ﬂlfﬁ’f][g te 0(9:]?{]3 %ﬁé{% gg‘é‘a?ﬂgsmggmtqap@@serp%@lﬁgw may include, for

example, long-range communications module 232, short-range communications module
234 and NFC module 236. Communications module 230 may utilize one or more of
these sub-modules to receive a multitude of different types of communication from both
local and long distance sources, and to transmit data to recipient devices within the
transmission range of WCD 100. Communications module 230 may be triggered by
control module 210, or by control resources local to the module responding to sensed

messages, environmental influences and/or other devices in proximity to WCD 100.

-10 -



control nodule 2 10, or by control resources local to
t he nodul e responding to sensed nessages,

we@pnsooiznent al i nfl uences and/ or ot her devi cesPEHIB2007/055096
proximty to WCD 100. [ 0051] User interface nodul e 240
i ncl udes visual, audible and tactile el enents which
allow the user 110 to receive data from and enter

[065442 | Nt Qjsel fferfiRY nfule DD lﬂah@eswu@r addiBl d#a@ictild@ements
be interpreted by control nodule 210 to affect the

wlbé%dmvotheoiser\m@ to oecervegiera frompandicater dataantonipc degige. hghe data
enleR RN b by BP PP 7 P s 31 6 B0t fpenavior of

wdevi (IOeSU deft ihp@fdHatSthONalt@bBgLanbmitted B@cé&ﬁﬂﬁdmcaﬂong module 230
information to WCD 100 via communi cati ons nodul e 230,

to gigr goyeasofithim gilfecsive fonsraisientaeet Aitker dpfisesiatiapHTISEON range
| At
UL AR D, I LIRS R g convo
mahle 2 ricanpoanat €6s alfbrnoitibato batraiwiredao dé@tintedhdemasdule 240 for
applicatipons on WCD 100. These applications may
PresRRimedeiot8nddts, interfaces, utilities, interpreters,
dat a appllcatlons etc. and maybe |nvoked by contro

[0083dul e 2 Yorrlisaticssanadui ot IaneesAoTgice vl @der byrdmisee angiqrspBware

oGBS e BB L BSEE A8 AR s

intexeeplsadata spplicatiorsatic), aybuthy 6€ iMGRed BY catwd hdidog 2tlo tafbad
enbodi ment, of the present |nvent|on t hat may be_ us

infogmptigs) RIFEIHEd b1, gl@r@ﬁew BRdrles ndoin MRS URRIY R Pn%fgf:gkt@ ﬁ?questmg

rn&ﬁﬁ%'ﬁ@ﬁbﬁ]@@scr'bed in FIG 2. Processor 300 controls
over a device operation. As shown in FIG 3,

cessor 30 I [ '
OB o e FA50° Bl SE ! SRy Al Ry 6P We B30l ARding
anld’mioénmt eflthaiprésentnavattiontlia ninydeaped waaspdsrserit et fuadct@nality
each pabl e of executln software instructions stored
of the he ?rysygtm PIEYOBY R?éﬁ%?‘i/) - Ay T95783°0 40 PR qverall
de?fc Eéraﬁ&{mAQ/ s F1GE 89,8 sYor BOIGE &’mﬁim ’oné‘Bf'jr[n@fe
ash menory, and stores information in the form of
cothatani cidnssefctioas B O &Zﬁamnie%ﬂﬂs PHradessor 360 eraydd impldnemeidrwith one

t b 330 be.. .
or FRUB BT SPEFEGT A GO AP Dl VPG D SRRy Beepons stored n
m t3zgn, this data may be associated w th dat abases,

such as a booknmar k dat abase or a busi ness dat abase for

[o§sdjedul i nGernEGRA 3|O’m%‘ i‘ﬁclu[ig Oabm HaBess A VRl ER ARDPRAEBLS

stored by nenor I ncl ude instructions” that ‘can be
mwwtﬁR@(Mbyncypnﬂm‘rm@@%nd\mﬂe@uﬁomyapes infhedofnt whdata and
soﬁwn}%oc%%go%erﬂa Yalso re%erredefo herein as modules). The data stored by memory
330 may be associated with particular software components. In addition, this data may be
associated with databases, such as a bookmark database or a business database for

scheduling, email, etc.

[0055] The software components stored by memory 330 include instructions that
can be executed by processor 300. Various types of software components may be stored
in memory 330. For instance, memory 330 may store software components that control

the operation of communication sections 310, 320 and 340. Memory 330 may also store

software components including a firewall, a service guide manager, a bookmark database,
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in menory 330. For instance, nenory 330 may store
sof tware conponents that control the operation of
W@ 0osti2eht | on sections 310, 320 and 340. MenoPgT/BR007/055096
may al so store software conponents including a
firewall, a service guide nmanager, a bookmark
dat abase, user interface manager, and any conmuni cati on
uswlhiekﬁabeeﬁaf@dy 288 ah @ Bothm@HichQorSHRARRE inodkes Ffkirel @Pafbort
Long-range communi cati ons 310 perforns functions
WEB Hiled to the exchange of information over |arge
geographic areas (such as cellular networks) via an
[0@5&] enna. Lbhesengeommnmirgedtionn3 tﬁapdfrﬁﬂms ifircdtioderelated to the
techno%Fgles fron1the previ qusly descri be G to

ex¢hangag afign gYg; lEreg sroge ? ueh grodia! a@“‘“ﬂ?ﬂ‘a\s via an

anfeBM. ThQPI5ARLRIGRINHRIHAL IRNRe3dAnbRYicS BHAHE ptQiously
establi sh data comuni cati on sessi ons, such as Genera

deﬁmbkéthRadGo Igeddition ¢ mms@gsnmnmcamﬂ (orz., i GEMpalong-

? I catl ons S¥ %% sSessions. h

ro PR L BORRONT AQ NG F0 Ry ar s Spgions, such as

Gédneril PRiket RAM 0 IS8EEEY/ @ IRED S8G0Ms afdiehUas efAPMoblTESSagi ng
servi ce (SMV5) nessgges and/or nul tinedi a nessagi ng

%pminwn(am Syptene Hadd'S) [sc)a@gm]; Adsogloggygrge cgmmunications 310
m%ﬁ%%a{tg{bgt?alﬁ%%m orggssgéeg sdlgf) a?Lﬁo@(&é{sﬁ%ﬁgé ¥ervice (SMS)

as an | ndepen € Ssepara

mesodpRe ahdor zholtmwacaemssmglag@ewt&amsﬁmemgdsece| ver 312
all ows WCD 100 to receive transnm ssion nessages via

[00%Ai uMs  SAEChsSet Bf Tirpalan 3 eROmBRieAMHA S 0 fRaltHRBENEY Bperating

Devi ces (DVB-H). These transm ssions nay be encoded so
as g zidependpnicapdulf Aergeaiely namragtadde erogresgr 4 itiwagmisgign receiver

313 365% RS WES. 1@6 MR kr%{?sr&?ﬁ&?ﬂqtes%aﬁ{a‘s edfdl &l 5 %Bxénal

ro or vi orna east one exanp
VilNeDBAddQcaxasor Hzméhelé Dehse(DVBAS)M 'B}Sds@erns&ﬁdsubt&&nay be encoded

i nformati on contained within the transm ssion signha
s {lit ae&yaeﬁ@ﬁéieﬁ%n%tﬁ%re&évarzgéi%ceﬁg}aahaf%f'éatheara@ﬁ@wsméontent and

me%g&%ka\ﬁ? gzx? NGB 'v1c{69 Qéi%%mémr Un LeR98 oFx ??%HI%IE’ZW@? $00 may

I's responsib unctions invo
re@k\dthmgeraoﬁmlsmbos aet wsennfacnass ®mm1medrvai|tig'e thwi tragisesssion signal

d dd FIG 3,
to E%g%ﬂnsgf (Bt Qe prareted A IR b o 350 ar o
[0 Lgnmnt d{tt-{gggBel %%g&%gq&@w 32% deqpo?xj\/\gﬁgglq fu\rllvctrl(?rls mv01v1ng the

BF m@ddR2Rsn %gr%?] %ﬂ%e S HBEtd RRgorks! ak %gsctnge(tl Q@ove and
est bl'i shnment of ort-ran connecti ons, as wel

depucwdes FIGQ, erhraples of muchsbortrangs rmmsmunmaanmb FXcee hotdnmted to
a h co tions 0059] NFC 340
Biftat e Lol e ¥ §eleR S FRGtiof s gty gportrange
coh@h i @8 ohP32NSrforms functions related to the establishment of short-range
connections, as well as processing related to the transmission and reception of

information via such connections.

[0059] NFC 340, also depicted in FIG. 3, may provide functionality related to the
short-range scanning of machine-readable data. For example, processor 300 may control
components in NFC 340 to generate RF signals for activating an RFID transponder, and
may in turn control the reception of signals from an RFID transponder. Other short-range
scanning methods for reading machine-readable data that may be supported by the NFC

340 are not limited to IR communication, linear and 2-D (e.g., QR) bar code readers
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short-range scanni ng of machi ne-readabl e data. For
exanpl e, processor 300 may control conponents in NFC
w@2a@she2gener ate RF signals for activating an RE/DB2007/055096
transponder, and may in turn control the reception of
signals froman RFID transponder. Qher short-range
scanning nmet hods for readi ng machi ne-readabl e dat a
(mtc{]u% r}:%pr ce%seess’r fe%rt(t)leq?rpﬁeélg a1 d%e’l 0 6@ 8pt§]co&5argc]ter rgcogmtlon

deCReLlor e@dafgaﬁagmhu diiVigednd 0&B&SE DtHee byile€6f ¢ddled data that may be
interpreting UPC Iabels} and optical character

Pro ageshiaia peHSIER SHiEAbE inlr I erden fog theahyPe 811@ to tg9n the aforementioned
ty&e%@&fgx%%ﬁﬁsré’a[da@%hﬁ%éI}%R t‘afmg?ﬁl%? xgc%cfen or%%ledé?e%éto%tr%aégnenc

deNEﬁrs’S AT DLorsekRdr SEMrsalfr@mrIﬁ nitd on&d iftypesingfmachine-readable
chlne readabl e data, the input device may include
in %4} detectors, magnetic detectors, CCDs or ot her
sensors known in the art for inter reting

(08 hi ne- rAsdlietbereshpypor FHE i Drserfigodgaje 389 i alrw sewplahigipocessor
30bn f%r%te%fag%%% ﬁgpttaet t? gﬁ%ggéséfoﬁb%aﬁ&#‘g%tgg L{sgré FIG. 3 shows

pr 0CEss face

thz& xedrangefacd 330nholudetd wer ipth3 & disleruseFbEput3 76h asr inpat 360
user interface 350 includes a user input ggg and a

maysiaflude PRRILT 8IS, COERethbat 215802 Hfj 19 HPrt oy Examples of

suIEfPind?n nr‘?d'fﬁdseﬁ fas2 {oluQPst@eéféee{ndtlﬁchb@xHﬁes U ser output 370

tion. es’ of such conponent’s I nclu
allkey pads, to ragoie mﬁ:)rreamm fram dhadwiap idnesiseilUssput ottt 370 may
. 370 allows a user to.rec formation.fro e. .
inglidh Bitot FyBpotrels, S fispivt Mol braayedeREhbllS taetie
enMBérk AHS o SOSPRABRMuGi0 PEARrAERnHlAD dRYplayh itiideaifuld drhdal
di odes (LED), tactile emtters and one or nore audi o

displryva ket S)En@nﬁ&awﬁe@ﬂ§phays include liquid crystal
di spl ays (LCDs), and other video displays. [0061] WD
(0000 may aVED Idohaddsomeluwde omepembramspportiers38880his is

es PGS oy b L BF PSS TR R Bt Ha DAL §pdnfommation
to 88 U QTN rBspoBSIBNSRat fo HCAKkidd QW RN FOHESINESe, an RFID
source. For exanple, an RFID scanner nounted in an

SCRIMET PREItE Y AT SHEWAYGDRS! spnéptqQushaeinib rédiefieeuragy Wavess When a

el LA ARV 8 SOLANNI ALK ARSRENIEL 3 Bonder

franspon I S energ

is &&ﬁglﬁﬁym’fd&ﬁ@pfﬁépwdt\hlth ffemibh @dbnhﬁﬁﬁlg t}i‘e)de’ﬁ@e ttheperson etc. In
devi ce, the person, etc, In addition, a scanner nmay be

adgdigiont %%fawrgnay besmownicd (sl 35 R deurbs diacusprs b oye w.th regard to
ex51'ﬁgl%5 gf N@c‘%’%yﬂ! %I?fl ?(’)\lgocthgtd'(?):ad &aMo&Qagloﬁ(?roﬁllﬂ @ﬁxﬁf t
ca nmati on t he

read info r om of her transponders 1 n
trawsindetsyn tHeOOGR]ty. Har dwar e correspondi ng to
communi cati ons sections 310, 312, 320 and
[0062] Hardware corresponding to communications sections 310, 312, 320 and

340 provide for the transmission and reception of signals. Accordingly, these portions
may include components (e.g., electronics) that perform functions, such as modulation,
demodulation, amplification, and filtering. These portions may be locally controlled, or
controlled by processor 300 in accordance with software communication components

stored in memory 330.

[0063] The elements shown in FIG. 3 may be constituted and coupled according

to various techniques in order to produce the functionality described in FIG. 2. One such
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340 provide for the transm ssion and reception of

signals. Accordingly, these portions may include
waeoowpomens s (e.g., electronics) that perform fRETIB2007055096

such as nodul ati on, denodul ation, anplification, and

filtering. These portions may be |locally controll ed,

or controlled by processor 300 in accordance W th

%§ t war e . conmuni cat onent s st or in Y

tﬂue[rb‘toéxﬁs COURING sgpr%rme ancfl corﬁpoﬂc& Cé)rr nggrgt processor

30008sphhtinit &tbnd BeLtioas Bl ® A 12GEOB 2, MGenkry'\B30] BUFE 340, user interface
technlques in order to produce the functlonallty

35Qesanspoetdr B #0, riccthroughene o uedie buhimiejases (hash/may be wired or

wifQURLO %térg%gsf)at/ﬁte@r?artﬂ/‘é@ %@W@o@%ﬁ%ﬁh&@%%%ggo%ﬁeﬁ@ may

processor mmuni € I ons

bc32;§laceﬁ&fﬂn}4n&§ﬁ.tedl\dﬁﬁuﬁ41@thelfsmﬁ of mpﬁfgf@QﬁalﬁE (Doglc device, gate
transggnder 380, etc. through one or_nore
arfadit &P Ko codt R BATHE!S FETEROH o Wphelteds faﬂewns of the stand-

aloﬂc é}%(/fcgﬁa )addi%loﬁleéatcﬁtolf\’rf‘egé’ o pﬁg% & ‘f’édl to%‘c o%?source such

npohents may an |ntegrated
ascalremuvable amd‘/dsrefecﬂmrgnabfe battpnyc(gmtaahnwb} e I ogl c devi ce,
gate array, ASIC, nulti-chip nodule, etc. programed

[00&4]r epl | CRHeaistiatelfab€ 85 DMay Oterhbravigt a&ﬁnﬁhﬁm&tuﬁa‘%ilﬁﬁﬁ
In addition, each of these conpgnents. is coup
SOB WS CORNIPER, al5Q 6PN iaBeinTBABYALIE: %rh@h@w%f‘érfar f@esﬁr@wmeﬂt

of RALI R s¥ss dﬁghﬁﬁg%@ﬁ%ﬂlkg 06t IEEU 810 laRi/BF %}%‘E@raﬁé@ may

interact wt cation ut itres so
coomnguicatiohs 3 2. sﬁmrrﬁraumeajlommtlhenmcynment miny tlelude various
rovides, for, the establishnept of seryvice sessj.ons .
ro R A ST Ce RO AT Y BHE ST EaIEEs SRBIPE Ppgfioms
su@l@ e W@élbé%ﬂ@pﬁx%@honﬁbl%dﬁxﬁf@l‘ﬂ?? aypRRexttNhiklp ?L%nguage (HTML)
onponent may i nclude various routines that allow th

\@ﬂ@@@bkﬁ6hﬂm@d§éFNﬂc@§Tﬂﬂbhﬁﬂenote devi ces according to
medi uns such as the Wrel ess Application Medi um (WAP),

[1TH¥ penplext ofdbation f bangiliesy eohbiTivicptiviadéacd imcluiliog pCompalc t
. HT CHT , etc. |IIl. Exenplary operation of a
1nWW$%?é%@”g%%ﬁﬁﬂF@ﬁF?8% devi ce including potentia
i nterference probl ens encountered. ﬁg% FIG 4
(089X c| 0sed1S- dUicloseimpHadAPPERRCh fyeh i}ggth geeration of a
€ nbo%fcb&@a&fe vﬂt VWERe dsD o REGRESARER oMl @stentﬁl@éﬁtlo?ln At thc top

nent of e present invention. e top | evel
levkd @00, user 1 lI)]Jﬁtera’a:tsewﬂh MeChil0D. TERit@actiohhevelmesarsact | (bﬁmtermg
nvol.ves. user. r|n |nf rmati op vi a us
infy ip i

BT BRGTOR GO0 APOFSARR i R B IC EP o GE D GO fhorder t

aceme FurdcBoRdHty Mﬁé@hfcétnﬁtlb&kﬂl ah ot ¥h the apRRkati&Rtven p}O%yeehs related
. In the application |evel, prograns rel at ed

to §p@cﬁ1¢ fuoctienabty wﬁ@mth@/dwmdwwwwh witidoilcibe “usrtr@nééhe pptem level.
Th%(s)cta ;I')]rotgrha?nsl’%%gludea erl]}gphtcgt?onssyfs ¢ velgr]lall ?r}/fe rmation (e.g., web browser, DVB-H
receiver, etc.), audio information (e.g., cellular telephone, voice mail, conferencing
software, DAB or analog radio receiver, etc.), recording information (e.g., digital
photography software, word processing, scheduling, etc.) or other information processing.
Actions initiated at application level 410 may require information to be sent from or
received into WCD 100. In the example of FIG. 4, data is requested to be sent to a
recipient device via Bluetooth™ communication. As a result, application level 410 may
then call resources in the system level to initiate the required processing and routing of

data.
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These prograns include applications for visua
information (e.g., web browser, DVB-H receiver, etc.),
wa@easoa2ng or mati on (e.g., cellular tel ephone, ROGI/B2007/055096
mai |, conferencing software, DAB or analog radio
receiver, etc.), recording information (e.g., digital
phot ography software, word processing, scheduling
.) or other information roceSS|n
(003471 at e STHETHIA HOLPTSH o B e s PBlgh Hfkatata for
tran thREBRL P%eisﬁlgt}ﬁaﬁﬁlﬁﬁldg ro:Qinpl€ CalcMBE o, s WEEN, EORversion
In the exanpl e of 4, datais requested to be sent

and/or aaqketwpg dhetdate Vil }@enfpmatepru@@b deh be aerrrerhiocat dPDFPPTIAK
cop&u&b%agglg resﬁgrc:ﬁ gk%?rvh: evel 4&91’16”@%1 %(51 8 ml%[%hl catlon resourcde 18

em/ evel to ini

acVORRISShilMbl@HthE 8H/ich Gevef 43R e J/dRES naPys reuted @Vﬁﬂad{b?rﬁodem
processes data requests and routes the data fo

for dedivari \§a Merslesprrensedssiony Theye maxbeasluralgy Oé;z@ﬁ}f}mé operating
usﬁ% Ccﬁi”f%r@rt;t' Wi peles{qs rﬁé&ﬁ%ﬁg ]%ﬁ eexgrﬂpf‘ée{nsl* I@n4alﬁgéé?ﬁ 4 1s acglvated and able

'zin of mat 1 on’ may
to E@idtt@dkett@ugmg mac@mlf TMatoenrmatiatioh ¢ Aowenert esazims m@dem (bhe
desired conmuni.cat. ource

service level. |If t
hapdyvaze resQuce)iped pa b%ﬁﬁd@areﬁ PhelogeiPssiie WlI@&é BHm. g may be
usPPFK Gl f?erfﬂﬁyﬁé@ of B&thfdnicQtich ﬁ&)@h&ln}g@g%{@ xfeelﬁlréii&ln'té/(ﬁ* the w1reless

via wreless transm ssion. There mmy be a plurality of
matbaersd dpdraatwarg cshtgridics bethemidigimodbmss nedi uns. For

exanple, in FIG 4, nodem4 is activated and able to
[06&Nd packBGss ditlogesBl dimbhia@t Whenein theabnveideadribed exemplary

However, a radio m)deméls a h rdvvare resour ce) .nee

OPRISHIOB PIRSEFAE Y BRUSHMPTS aﬂaogi) 1G medein fQPeromefsHY gy this
ca?en §vBY 008s HiE %aﬁé?ﬁlttgigf efn%rrg&'iwhg RESmPhiod Q/WHH%@ ion

dépending on the requitenments of the wireless nmedi um
coamauirti ¢atioh av ehveamel titdvierced ot agliungs. | W€ b1 0G iney baditeraetogemth various

FIG 5.discloses a t th bov
scrfdam] datron i RS GERPRt Forrdl Tt SebetC dbipeiist iF ipetuae
cellflidPh£1a6ets asthAunRaeB ¥iQ 1dIRCanE: RitlesConmudifitRntRB&GSM,
WCD 100 is both transmtting a recei vi ng |nforrrat|on

wigglessiierdskie semamminating ste Bineteodr  dnieinat peqgsepnts communicating
véﬁﬁt WCD 100 may be interacting with various
secon ary devi ces such as those gr ouped at 500. For

[0 @mml céifgﬁg‘%é%%\ﬁlyi"%ﬁ% ‘@%gsgmog gﬁé)gﬁi Lo h@%?g%tﬁ%@ carried

onl dikBlt4AeMisIM A€ hadfer BRAASBIEGE grmumpreahbmnsv@p@raung
Bl uetooth(tm, Internet access points conmmunicating

simhlgangpyly mey causeouegpremeolor ernh oty SBelud SUREAN SBNDCor
en@ountffrf:% %VE!%I?J g\{éﬁrfﬁg n% %ﬁljﬂ’glgé%:(ﬁﬁ g\mﬁ?ﬁr {:_eietgaﬁ) gne extinpal c}evme (as
provoesE dapabatl)) fan exemplary extreme case, devices with modems
simultaneously communicating via Bluetooth™, WLAN and wireless USB would
encounter substantial overlap since all of these wireless mediums operate in the 2.4 GHz
band. The interference, shown as an overlapping portion of the fields depicted in FIG. 5,
would cause packets to be lost and the need for retransmission of these lost packets.
Retransmission requires that future time slots be used to retransmit lost information, and
therefore, overall communication performance will at least be reduced, if the signal is not
lost completely. The present invention, in at least one embodiment, seeks to manage

problematic situations where possibly conflicting communications may be occurring
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simul taneously may cause interference for each other.

Such a situation may be encountered when WCD 100 is
W@ oostgi2eht i ng Wi th nore than one external devPCBIK2867/055096

previously described). In an exenplary extrene case,

devi ces with nodens sinultaneously conmunicating via

Bl uet oot h(t m, W.AN and wirel ess USB woul d encounter

st an Qve since. al |

s LRy Rk i b e oS e B P pasul, spece
an@ layityase arxigMeydl appi ng portion of the fields depicted

in FIG 5, would cause packets to be |ost and the need

TV Arwi8tEsdsiFh §3é8i0n @bvikd ﬁl%ﬁld'lx%sé mBBEEES %entroller
Ret ransm ssi on requires that ture tinme slots be used

t f
{Oggmmr 22{3 %%tt%rg@%to 'b@{télf \ng? @emﬁﬂﬁlcgp&{ QRCH 1Y gﬁ Qéllciltlonal

or mance east be reduceé
cohhellsidgdiabted o meﬁaglmwlrelemmahmhrycatfﬁhenqyrmemduced WCD 100,

o RGPPSR SO S R

1eRPIRURh SRt h RS f RYp BenPEG LN IR L0038 dYto §1‘R: fB@tr control
Interference is mnlmzed or totally avoi as a

syﬂemudftWC@plé)@d Tawrdcogpbihg enebéas &REGOMte e@mnumcatA w1th radio

ni.cati an devi ce j.ncl udi .t
e PR ST HOB TP SR L BAHO Y BOBUR 0 Handaygind 40 vi
thE€QETUNdfeadtingRystBm\WE &B0L00an addi ti onal control | er
dedi cated to managi ng wirel ess comuni cati on may be

[0b74)r oducedg ¥ER; S%Q)Qes 1@%&391'11% Wa@tdode%rr@o@:me@f‘of Wighy @@ Swhich

a nultiradio controll (VRO i n accordance wt
majt intleds mudiredie rboidd e ﬁMPcﬁ‘) &Oﬁentmdesechm Flev éAtin @mordﬁn@% with

at §38 OrtroRistiny PR Brebr ot et ohbC: sOM Bishiiks bapgonntprtoce

62035/ vhi BPHESEN 06n e sehi'brlrédeivéd\thi©88h hfaster control system 640.
conmuni cati ons nodul es 310 312, 320 and 340 via the

Ragesmedenpelhandmihenievisas 630 mepalsobe rqignep as(‘modelgs” in this

-di 0 | . .-
o USERERTar) Rag S B KR B05s SR LI Rl sggein
to ithet thodhue &cklf. Mek&resiicésmay hehdancetrolf interfate hiebst prote@sing

enbodi msnt of the prgsent i nyention, MRC 600 |ncI udes

reS&&Fﬁ?ﬁn Forxapple sadhredigymedsmehl | oirsypHar SosHmyRisAtoR dswie 630

o B RS e b S e
sotne sex of nommloe stiteifacet G0Fodeguhusioategazith mestenevptrobsystem640.
rti.ng. hardware and/or soft war e resour ¢es [
AR o o RIS s SeChRb B PEBanadiyns o10.
sithiM dédR €630 4l MRICW (Y draeon e By R8BS MidAon resources of
resources. For exanple, each radi o nodem 610 or

mzssitqaﬁcpatrolcsamrﬁ‘*@aﬂh@ pogtéhlp eBeqs 90 slasing comaminimlipn resources with
allstﬁe 0 her o dona moﬁuleg witht hWt“b h 66 wé}p!)e d1s£]us§)e Iﬂll Pers]}))ecWFIG

6C.

[0071] FIG. 6C discloses an operational diagram similar to FIG. 4 including the
effect of MRC 600 in accordance with at least one embodiment of the present invention.
In this system MRC 600 may receive operational data from the master operating system
of WCD 100, concerning for example applications running in application level 410, and
status data from the various radio communication devices in service level 430. MRC 600
may use this information to issue scheduling commands to the communication devices in

service level 430 in an attempt to avoid communication problems. However, problems
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some sort of common interface 620 for comuni cating
Wi th nmaster control system 640. As a result, all
WO pdosomats on, commands, etc. occurring betweenPCEIB2007/055096
nodens 610, sim|ar devices 630 and MRC 600 are
conveyed by the conmuni cation resources of master
control system 640. The possible effect of sharing

mERHE LRS! IRURERRBINGRTGH 1Ot b Tadbul ohHibe fRes
apbBcdtlots inb6dppliEHdATEVIT U B, tBosbr sl ﬁ@t’énﬁﬁ sOfenaétedn2d, the

diagramsimlar. to FIG 4 inclu the effect of MRC
copwuisHiag Gy iseriaecTitee s 4peard MHeOhmus slesvarcdhe saves

colfS§8 Mok @y&g{&{ Tays nw cﬁr @M@{e A sggg g%’%ﬁm@ s%%ggﬁg to

oper ationa rom t ng syste
coﬂﬁﬁlrﬁﬁiﬂe omﬁn&enmmgnfe@ﬁacesgatmi 62appd & extitaletayrdenditing
. Ln application |level 410, .and status data fromthe
inlpERBSreEHEIg RoShFRIMERHIAN GUT EeBatphi e TA g8 pdyio modem

616%911&&(3&0%%1%@' BEon Ge1dyall q{dmfygr%{hng%elawﬁ effect from MRC

schedul i ng commands to the ‘conmuni evi ces
608 e Mhersfork evsistedBigetien atdn tabdndhgpthe ddffasrdiation amdmmtmgbf delay

selpRreirT aalo SgsisBar B STy Brpios A ePfeio hegeotized

vari.ous applications in applicatiagn |level 410, the
V. o%&ﬁf&f% @Ofg%{“éﬁﬁ‘%gf’é’y‘s“tléﬁ}l@lé% mufpradio gagtrol system.
comuni cation devices in service | evel 430 and MRC 600

(0074t al | Heard iptheduserddRCopRA 4 nest af ermeljisadimgondrel sypeem
(%@qﬂ W&BQ'@O% Ltcc%?cpa%&g §/1t8 M?Q o}xg gm%{)glrﬁeggéﬂgigloesent

nicate on commnlnte ace sys
inveasiht \MABI789 deewsbi iniksehd efnanomitittom reaglwe@ loff gqoidﬁlebs 10, 312,

0 nicatjo esource statusmformatlon and radio
32%3@34@@“’%%5% MGS 0y BRVIday dsdicatisd Irettiaffasgcommunication
ki t
strllttutd ft)ngyﬁ@xelgf% t%%foﬁmtfogl btof(t)H ﬁra gﬁiﬁ ﬁﬂzc 600.

Therefore,” a system better ab

f erent : )
[Oﬁ# or mat |‘%‘%ﬂ¢(§{a} g%{%lll ;Seguvﬁq? Ee ben:&(ﬁl Cl ai fgﬁ{ fhr%cft link
belviREN BARCi ®0tand he: comahintedionVesofirask bEWEED IOOnTﬁhﬂllmatn;\@rbe

devi.ce_ includin mul i 0 cont roI st em [0072
eRhRaned Ry Pt G dodied bES tpdesfagey 7 Bt and! Todh toF SETEPIS, MCS
mteﬁmermo H¥shEsn rr%Meﬁ)) MR8 600, Y £Q0-£1Rs fEERL e&ﬁﬁcwa&ﬂa

at | east one enbodi nent of the present invention.
maBmsdilPaod bthet smkkar tdremaoitation datides 930 esMEISCEY 1of0rder to form

| 310, 312 40 to 00. .MCS
an DR E B8 6L P S BarEiP o Fovel £ hd from

MRUT00t U thif Why,GBé EdiiAE SNIRY 0NSé hd MR gbhALEREH B the
both to and from MRC 600. [0073] Add|t| onal detail is

pregesiire load Pf @astprcontobsyrean HH-nds a resiilteanty infomkatiat sidlen
co%ﬁg@%?e&%é&%ec%gwgst%g{ ééﬁﬂo 253 AREERE gOO may 1]56 geemed delay

tolerant, and therefore, the actual arrival time of this information does not substantially
influence system performance. On the other hand, all delay sensitive information is
directed to MCS 700, and therefore is insulated from the loading of the master control

system.

[0074] The effect of MCS 700 is seen in FIG. 7C in accordance with at least one
embodiment of the present invention. Information may now be received in MRC 600
from at least two sources. System level 420 may continue to provide information to MRC

600 throiigh master control system 640. In addition, service level 430 may specifically
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established by a system of dedicated MCS interfaces

710 and 760. For exanple, MCS interface 760 may be
w@omphat1s o MRC 600. MCS Interfaces 710 nmay coOPCEDB2007/055096

radi o nodens 610 and other siml|ar comuni cation

devices 630 to MCS 700 in order to forman information

conveyance for allow ng delay sensitive information to

prov@%&a 121?/% gn:w ag/lﬁce Snveﬁ/]@fl é%\? % 7@@3/%1{(5] gr o(k:)lel Idlsltlggmsh

belvd tiedse MBS tiakses @ﬂinf@’ma&}éﬁ ta@dfh&‘b@cor&iag@ TR apt ﬂ'oler&ﬂ)(nformatlon
information still communi cated by master contro

mayigelade piomagion thpt fynitallivdoesey chengeyehaadisglg raedeayis actively
en%%eﬁ ﬁ@@mmﬁﬂféa&&e chhoz[sqacglg RGEH ?Jnat?({nr ('evgﬁf(l}lgﬁﬁleétoothTM,

ormatT on’does no DSt an
WEAN, em)pgmnémy mﬁhﬁﬁatl(ﬁ’thﬁthﬁa}obemﬁﬁrﬂ&a bgl usc&l sbttldgsk alye specific
sens tive | nis.directe
SeVEfEiRE i i grwwg Qgge@alr iBphoRE 85’&? - o?rm?erfbe?%ﬁg fegqnt
1nt%%5t§(94 ch%bf @ﬁ‘f‘rec&;@gt?df]ﬁ r-lr;%bg B&ﬁf&edq}‘l d%&@@b&ﬁgﬁ@@&nﬁol
in In ac ance th | east one e I ment
sysiémtéﬁé op N‘é@@ 00§ Atentatively, dahimatwo fnrmmye mwtlbe) information

indifiS1eY o et dtione BB reis et fRusP iU ERSRe: Pt

co0 of AHRERs FRMbETon A ﬂl@fef&)ésxteé{ﬁ\re@‘@lmédiht@ at;é OAls a result,
service | evel 430 may @ﬁé&@ i cal'l prOV|de de

dekﬂéﬁ@ﬁﬁﬂﬁlwnfqnm@hmmyme yﬂ@bV@y NS tydioom mlmotmyadm
tid f
A0 AR 3R 10 51 SRR B! BT hae

radla elddem syné}ﬁbﬁaiiﬁcﬁnnfdmtaubry pbelay k%sdﬁz%&nibﬁhati‘diﬂﬂ@}ebe provided
when a radi o npdem.i s activelﬁ%enga ged in

in geSRARFRILE AFSAYRSt bYUMRCA)0r aiginay RodeNierda paesubipi@ehgnge in radio
mﬁgﬁe@fg EEHQ%P%] 18§i MY‘AE\IWH?BQ discudéd Q/fth trysgl:&fté) ?}%Ho%]zatlon

y ‘user settings,
bekevr.vice the radio is driving (QS, real tlne/non rea
tinme), etc. Since delay tolerant information changes

Vil AfwielesrbhiynunidatioRetiee feludugy distribuidd endotadiecddytol system.
master control system 640 of WCD 100. Alternatively,

[0 ay SermsGt §N discRised A BteSRMist LbMBuratiinah ABddr@hce with at least
|ncludes at | east nodem operational information that

ong e@§odiftanyolcha ngeéentdlm‘fqnﬁgn,twi@r@a ardsgripteimtiradie sgntrol system

TR pa AR hUSUERE @  DRRRMBRMCETIR ALY (AR, Grcs. be

debaedirl prygidedn ddi\l’e@f‘etgb)bvéxf Deentrakzddl MRa d00ybyadistribalie these control
nodens 610 through the MCS interfaces 710 and 760 to

feappes sooalrendy nﬁ%ﬁ;sqrﬁ EPRRRUGIETY BhROYER LPn vy disswhe sahstantlal
arﬂoﬂtlp(giggé E&Hmuﬁ%h@éﬁ ﬁgga?e}ﬂe}{tecaiepeft%ﬁggﬁk//ggl%gzg%? t}rlr%‘);anous

provi I'n response t0 a reduest
colmenwohédative rasdurass, auct‘re&;uhdho aofodanc{aodeles)rb I0adidocing demverall

aﬂ&ﬁ%aé ggg@%hgngbﬁgﬁ aggg 8@5 w || be discussed

[0076] MCS 700, in this example, may be implemented utilizing a variety of bus
structures, including the I°C interface commonly found in portable electronic devices, as
well as emerging standards such as SLIMbus that are now under development. I’Cisa
multi-master bus, wherein multiple devices can be connected to the same bus and each
one can act as a master through initiating a data transfer. An I°C bus contains at least two
communication lines, an information line and a clock line. When a device has

information to transmit, it assumes a master role and transmits both its clock signal and
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below. VI. A wireless comuni cation device including a

distributed nmultiradio control system [0075] FIG 8A
wele@sioees an al ternative configuration in accPCHEB0/055096

with at | east one enbodi nent of the present invention,

wherein a distributed nultiradio control system (MCS)

700 is introduced into WCD 100. Distributed MCS 700

SO C v vanta

ln@é?tl(gptgeanljtg? e%?‘g yﬁélgggﬁgyon atgeg{h% B% g‘tnltl 8asepar e non-

dlffél’ﬁhtﬁaﬂ |ph§/§6dl lM)eS thahfuds al fe3dY 50 aCE &0 GATPeRgNEtDne lane. It
As a result, a substantial anpunt of

is beige dBtaiRmd BatthoN ok a@@ﬁ%}ﬁi’r%s@pamt@ﬁ@eﬁwm élliance to replace
toéia?ﬁ agza?lg I n{e?ﬁz:é’s%dlb Fééjogf)fé}g)%gﬁ r%%aﬂcfxﬁgﬁ%\g}g?%ﬁ %Hl%h)r less

poawep tinah tid tweodentbahedc onmand trafflc in WCD 100. [0076]
MCS 700, in this exanple, nay be inplenmented utilizing

[oetm ariety M)CS bos dﬁrecmgqtruk@ Asstrithuied ethitidfcdrgonen 702 in modules
erface co y found in portable electronic

3 1Qe§ﬂi?c é30 6%3%| f‘FnCé%eréhféﬂ‘@Ftﬁ‘b cestteoh deinpenest it may Bisjdenn gnaster
co&!?éﬂt ofn RUYRER 1 dpeME s%gg@éné gl K(g e 5t BisTiluld d%ﬁ&{aﬁr

ere n nu | e devi Connecte
cosmoRerh 164 a]&dmeax;hom@ar@@ﬂ iauedt lﬁ&tml anistoethistelitbodgitent, and may

|n|t|at|n a data trans C bus contajns at
rejigenQrany 38 r@aﬁﬁtﬁﬁv%a?.%;“f% %Qn n WED }ﬁoor%aﬂgﬁwp. 2&4%%800
pr&viféOfedidapQ:- ]o%@ﬂﬁ@c%&hﬁﬁa@@?‘s&d@&ﬂé R {ch@0in gﬁilQlelay sgrtlsﬁtive

transmt, 1t assunes a nmaster role and tranhs
inforgatedroakh &i griafroratith varionsdisirdmtadeoatrolemingioaaits @6 ce.
SLI Mous, on the other hand, utilizes a separate,
[0078di f f erBntexahplhyahbalimkatydsclédedin FMhSSAais dreadre@d ©fith more

0 .Myj I
e B S ot YTGH TG & diretl b Vpren B frgior §egponents
708 Mlﬁ?ﬁﬁ vﬁébh@@cﬁétﬁbxh@cplxﬂﬁx%l E&Hﬁé/neﬁts 70% iR Bid A8dems 610

Interfaces while offering nore tfeatures and requiring
(toghides tmmingra Treed&lgowery, fdianarmple, ¢consiscaiMCRater A@GO71T) radio

oo P90 L S LB BB Shn BRTPANGR s

inteiBdd 7 U @EmeRRidae witlP BReMRId co8foNBYngoRshtt e der@sl8hodems
control system 640 of WCD 100. It is inportant to note

61Ph &ynelirenizeridf sepycritiliged tomhiondiming oomragian fiom radio modem
618 (9 gﬁ%é%rynglg% zﬁtl&o}eﬁhés@ ttrc?rg oythe%%n%lﬁeée %@1 \%&F%?nﬁnts

tes em nodul e

7032\0&&1&%0&%3@0(&1111@!11&1 02 why M@oﬁt@& 1pfc@m1ad@$ framdeshta abato]
| owt rz%ffl conmmuni catl on structure for carryl ng del afy
SYSERIH; RILYREPPGH cBRTH Gpalpaﬁ%mﬁ%m% gamrsggnterface

6281 9kt 'r@&lﬂte dn n}g&%rﬁ%lnoﬁ 95% %d%%%nasﬁé?géﬁlol-g em 640 to aadlo

exenpl ary’ enbodi ment dISC ose escr
actwityhcampnofler 720 through common interface 620 may be deemed delay tolerant and

therefore, the actual arrival time of this information does not substantially influence
communication system performance. On the other hand, all delay sensitive information
may be conveyed by MCS 700, and therefore is insulated from master control system

overloading.

[0079] As previously stated, a distributed control component 704 may exist within
master control system 640. Some aspects of this component may reside in processor 300
as, for example, a running software routine that monitors and coordinates the behavior of

radio activity controllers 720. Processor 300 is shown to contain priority controller 740.
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detail in FIG 8B. MCS 700 fornms a direct |ink between

di stributed control conponents 702 within WCD 100.
wor@Bodd2us ed control conponents 702 in radi o neUEMROGLG5096

(together formng a "nodule") may, for exanple,

consi st of MCS interface 710, radio activity

controller 720 and synchroni zer 730. Radio activity

controller 0_usgs N iLnterface..710 to _comupjcate
Pe P Sl Ll BSnitian Lol ReRile it SpREFmy Bl Foer o
dettRdBIeHBLO) aryBhhes &R iced 3PrisMty g, b ddtdrafekdtty ks ahdVor

timng information fromradi o nodem 610 to satisfy
condifiemy $vies at PRIty squiEalies 719-oodrms Hrat beromy aptive By aefluest
pn{(‘sﬁy i'h?(lml%ﬁgx? %%’Br%ofﬁ?f go t}%‘f]‘l@ 46’.‘0}5&%6{,3{11&&%%5&9&%% lindcfi%e may

may al so obtairn information frommast’er control” system
no@fOpr{ceitg contfallen7 4l sd thatihit edatdveniriosity oDitip oareaihing@ddive radio

t hrough co n.interface 620, .As a result, any )
mwﬂmﬁﬁﬁﬁw G %aqréalggy hrigatty nfergpatiopis uyratly potgepgsidered
d BRI BRehusk it i¥ nfRY LRAET whEPrailY QUM EOMTRB vate/deactivat
e%’fer ace 626 %ﬁyngé gegned geﬁ?&’tolerant, andVae cactivate,
ant Hrerebwy doestrive fraguendly changevating theecoofsetolins a¢tnfeaomertunaration

does not bstantially, infl . icati t .
coBRRETIER LA e Cop et RS PR R Ehofop ¥ed o radio
mdRHRIITBLLRB cBRYnREnAANENRRNDY2 Maat K% ondRehbbBRE@E Bf e

is insulated fromnmaster control system overl oadi ng.

pr¢seatAgyentionpr evi ously stated, a distributed contro
conmponent 704 may exist within master control system
[0830). SoneAtdsgpseareseftict o disttibopdrentrolM ¢ SI@siideen m FIG. 8C.

rocessor,.300 as,. for exa a. runni sof twar e.
SyRISE e SRR TS PR I P B g
coh@6li @npohénts 102 &%ﬂgh%dse&%o&m-sﬁe&%a_@sqﬁ ad®forl, FisHitamen

to contain priority controller 740.Priority controller
cou@ aempobentu? (3 inservicedeyal b P.orucies inpdem adii v hynasaeraiers 780,

in order to determ.ne pri.ori t Vi CES.
oo ShE BT AR RRLAT hI RTNRE s DRSS RETRERT

digttiourtedicdrop torapdrieyt DENhAPHsEiguldbetWodehBsettivatcl das eme

. active may request priority information frompriority,.

infogRtin andractangordmaly-hielay Sl grersinfHERIH May el dedn fpgpation that
' i OF | | S0 £ ive: ..

oS/ cbeREAPEL e S90L1 Bbloddld SRt 05tk It ahHin

sutfeasadilioshatt iafocmndom@l g/, GRS 0BluttpothhY oWEN, ac. ), priority

in#%ﬁ%%clyy tagtgtgii)ggen%fgﬁg Sg &g%I S%%l&é%ergﬁ%%\él 10221%%%5’(%6 i‘atdioi iSs driving
(QBS!eYatRl/HeREd] NAEE etc@RhdeNRIS tOlefint HE8S4H8h changes
frequently change during the course of an active

infegneuthy, canaybe ddiveradtin dne courselly mastoemirobyyBtemagdGgof WCD
i, nf or n

1o e R e B RGPS STy B B pb e at eas
mdRASEpRRRDneNBEFABRGE tHaf frERnfY ElsBidks duiethe 86urse of a wireless
connection, and therefore, requires immediate update. Delay sensitive information needs
to be delivered directly between distributed control components 702, and may include
radio modem synchronization and activity control information. Delay sensitive

information may be provided in response to a request, or may be delivered as a result of a

change in radio modem, which will be discussed with respect to synchronization below.

[0081] MCS interface 710 may be used to (1) Exchange synchronization

information, and (2) Transmit identification or prioritization information between various
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[0080] At |east one effect of a distributed control

MCS 700 is seen in FIG 8C. Systemlevel 420 nmay
w@muBlovzes t o provi de del ay tol erant i nformati oPCT/DB2007/055096

di stri buted control conponents 702 through master

control system 640. In addition, distributed control

conponents 702 in service |level 430, such as nodem

S SOTHEOTh S B SRR, SRR

useld st donbutréchte tietradib pamlm:tmem“at %@Zelﬂgyerﬂ;ut&tel frogwl i shintrolling
th t t d t
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emls actively e i n communi cation, suc

of MCS8 adenﬁaqﬂfﬁdé fionf o tatatcy poing ef giew. GPRS, Bl uet oot h(t n,

WLAN, etc.), priority information that nay be defined
[0082 user sketcongsl,sigmai ssped YIS Rertiatarast dmableatitabld sradio

rivin real time/non real tine [
mmwg &%ﬁi&ﬂbwﬂﬁ%ﬁ eBns Mgb@f@ﬁ#%@d@ﬁﬂaﬁlwm controller
726%&%&%{2 gﬂl%g{f%gu%gy&t%%&% %&%gﬁ)@jﬁ&g{d EQhsQtom

syst'em Al'ternativ ay sensitive
sy(xdtrorhzcmé’?)@e histkindg)df éwhmarréxe; fon emayple,nﬁndmddoelt evepa Bt GSM

0 onal .i hat fre h
50 vy sl r i oI o Q28 VR G R PO ReachR T SSon time
in WEAFIf(@O@mSS 61044 gf 1ﬁ§1t1blm}‘f%@& eA%@&i@tn@‘odeQ?é ﬁ}’m§>€§b‘iﬂdhtsVe
i nformati on needs to be delivered directly between

Sym}gomlzﬁwmeddlc@imm othes ohpbmerats aopity acvmrqlﬂﬁyﬁ%@nw@és it,(2)a
nchreni zat i %ger&&Fact i Vit

ra(§ i fn%)o el;*]nasf €1e ereéxﬁe Is.¢ & %et to han n%ver B%andoff) The

1atBﬁc£}Nﬂed@denhdht m&p@@&emtomzau@eggﬁ@ tis ndlcrifieyl ab %r@@is itiveed gl is
as a result of a change in radio nodem which will be

cogtantsidun 2 ﬁ“?fééeﬁée - T8 Sy ek elavs cAa bR dkep dntggecount in the
scﬂ&igﬁﬂrl% 1 : Zofrﬂ{il% \2\?@; hdollBy e used to (1) Exchange

sync at| on | mat'ion, and (2) Transmt
%ggm act1v1ty

j ntifi ti r|t|zat|on|nfo rmtl
[0{)/§j3ﬁ Cfa ctlve ere?es ?mmlupe?téonﬁﬁ i ns %[el o

|ousra| IVIty con

copfr&Mh 9Lisd Yassd aﬁ e kneSedgB b€ vhag the atlivd ﬁiduﬁrﬁdddrﬁs 610 are about
conmuni cate _the radi o _paraneters that are del a
to &ransmi (QF &eqes \shitathe SR IBE FAnRgCLssi Tedegn Whighthe gaditos are currently

op'efbtgﬁgs?lgg c?rﬁgct?(ﬂ{h?@%ut FEthaRELYE 6%%{ Sf g%ax{pﬁgl tPthe time

ol nt I't Cannot
doataivespdrativatin chredt ietpectiatadmwoackidity conttollieh@2Lsagen evfanMIE fora

G | t er f %gp%q]@gplg rlgrgrﬂ?y leqaptt%g%%/ ’f'fg)dn?j;]gz?vf@d(\élye\{\édgL 019 tall tra?ﬁc
aﬁ@ﬁ? b? GAivg abhig iffofrRfiod rRARMSLRrehaid a?ﬁro?Hht!etracﬁﬂ a&tivity

nodem s periodi c events. "Each radio activit
cootmlﬂardBD e\dleﬁ 2gliormpdobt@Obetdines dcifarrhach oay &l@ouccogmze that the

ELEN LN LT GNP T
an@Y slonaftePMhich is the reception slot of 577 ps, two empty slots, monitoring (RX
on), two empty slots, and then it repeats. Dual transfer mode means two transmission
slots, empty slot, reception slot, empty slot, monitoring and two empty slots. When all
traffic patterns that are known a priori by the radio activity controller 720, it only needs to
know when the transmission slot occurs in time to gain knowledge of when the GSM
radio modem is active. This information may be obtained by synchronizer 730. When

the active radio modem 610 is about to transmit (or receive) it must check every time
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(4.615 ns), slot clock event in Bluetooth(tm (625 us)
or targeted beacon transmssion tine in W.AN (100 ns)
w@eooangs2muil ti pl e of these. A radi o nodem 610 neGT/ER20€7/055096
its synchronization indications when (1) Any radio
activity controller 720 requests it, (2) a radio nodem
internal tinme reference is changed (e.g. due to
f Tk t..for
Wi DNeSho Sy HERAE ool ol B Rtch RO SR et U cdifter 720
pedﬁitﬁ&lelwnmmsdaanﬁ thhh laotiatyf @ntroller2eec amdgs eifliee allowiegd or

can be tak | ccount schedul i n
dlqaggp% trangigisgion reﬁﬁttwaﬁm@?wv%ck @és%?MF%gt)
redictive mnreless comruni cati on nmediuns, the radio
SHiToless CUPmpnieaneT $1viseayclading 48 aHeraal varxapplidadlgributed
mx?ilra\m) &%nttxjél?sﬁ‘t:e% ve radi o nodens 610 are about to

recelve) in the speci fic connecti on node

06hnec i dh RsiE P e LT RREEh s Reg i ot eas

onk @mibB8intdniBf Ghe PRdsBntAPRMEbh ‘Psrklmdlosteﬁ% FIG. &pect | MEFIGagA o
activity controller 720. As an exanple, for a GSM

digipieeted ceroh é@mp@rwntSp%QZo:pml@ued@rbpﬁ@k%by WU TRYy Hhewever, now
d1§H$\W€§ gcgﬁro"flg&%é r%l Z(?l{a %fs e?druggtfh% g&{f) eedotg) d@%ute—:rchéo%trol
ppropria

cofr@dn@tﬁam Vil tayt M@S\ ﬁrrtaifioer A&Z20reyIE distrétditeal ¢dondentddgbnent 704
econes active, ¥7then recogni ze that the

m%"é&w b?'@r?ﬁéc‘?f’ﬁ“ifﬁ fmﬁl (ftion avsaghnsiipvntwpe & wrious
coﬁ” Qdftloh%ﬁl%bgnél?s of R CD Fdd owed by an enpty slot after

I's the receptlon slot of 577 ns, two enpty
ts ety ri ( Y. oSk
(52%5? r epeat sef&%u hg BQWrtgﬁlsH? r@B tﬁé’@lcﬁﬂ}%% of %1s?rﬁtfiﬁecﬁ&%r5p§o@nrponent
708 loatsMENTI0yis Shain mrrﬁclemhtaﬂn Eﬁktﬂbuteé rpiityol £b@iponent 704 includes

at FRPRSS ool UGBRITIAS PR S ncpe TR Mich totestaee 75q gllows

pn%ﬁw EQloBEr ’7@0 skAd ﬁ%r}ﬁaﬂgﬁgos aB@ ré@@f%@ﬁ%ﬁﬂaﬁc}ﬁe&o rad1P activity
transm ssion sl ot occurs in to gain
contrelters A20 GSM lpweliadfi croaterecticn minqav@ to The @ord]ﬁajmwf ion
may be obtained b oni zer. 7 act ive
copRtmeaSR e Btes POVED I 088 FRkikisall etnBriRion frovided
byrﬁi‘%tﬁ B&ﬁﬂ@ll@%’ 2AVmb} ABVRaiBREd UBGY m&meaﬁfohﬂﬁﬁdﬁ however, the
control signal fromits respective radio act|V|ty
preasion of plefpntm@foyeatmrt tg redie agtoityaentaliére 20 RadVieS 700 may
R RO P B B B B b mprne

bet#u3BgUIckS d@)ﬁqrbthrﬁé‘dﬁo(&e@veeﬁﬂl\étﬁﬁt@éc) contfol confpdenB!768 and 704
comunij cation_device including an_alternative_exa

maf regulinstestpiigtabire ﬁﬂP@ﬁerﬁwl‘éloéldﬁﬁ?ch a%%&ymtrflb@szrgjpﬁmhera
th@kérﬁ&gﬁ“iﬁtgﬁac%' %Et t%i‘i be¢ wenlios! Iﬁg;% él%@@%’fﬂzﬁ/

accordance wt east one e ment o resent
actonyntiate omsmudicatbosefficifronkHistrifedICntréIncolBGnei#A04, reducing

the overall communication load in master control system 640. Another benefit may be

realized in communication control flexibility in WCD 100. New features may be
introduced into priority controller 740 without worrying about whether the messaging
between control components will be delay tolerant or sensitive because an MCS interface

710 1s already available at this location.

[0086] FIG. 9C discloses the operational effect of the enhancements seen in the

current alternative embodiment of the present invention on communication in WCD 100.
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di stributed control conponents 702 continue to be

i nked by MCS 700. However, now distributed contro
waeomwpomens 704 is also directly coupled to di SRCT/BOENDS5096

control conponents 702 via an MCS interface. As a

result, distributed control conponent 704 may al so

utilize and benefit from MCS 700 for transactions

. . |
A SO R R TRANSR ) e
digtribdted bartted ccmpdmanks arnd ﬂéﬂ\hna@%tl@ﬁﬁ;ﬁob@el@ﬁrmﬁncatlon

Di stributed control conponent

h
m%@ﬂ“@ﬁ%ﬁé%@ 3"2“‘1“@&@?%‘ o744 gndlstier g1 ydepsn maien cegtrol
sybtem¥4D. iRt &ﬁs&a&é{% aﬁf@éﬁﬁﬁ&&r&aﬁ?l‘) g@g%o%h@w MCS 700 are

priority controller 740 to send | i'on to,
linke¢ by wdedindtod naittiod mténfane whzllipoovaddsi imintunitg om tasmhnluercstmn

wtraffic tion dedicated to the
cobfilioR sPrist] Tt B Rl P R BE MGt Foptiabes n 64
exPérftcid Ll atekiatfshctibAg dephddmat i on provi ded by
pr|or|ty controller 740 may not be deened delay

[oe£si tiveyd afaf r{g@f'n'e&ﬁ e B&éﬁ’@é’ﬁ}"& is HeIRL LY ﬁp?g? FHacco?%ce

priority information to radio activity con
with & 1eASSo0On melymemtmit Gveepredeat mvantajnl Examplmnineatgeopacket 900

iniesREF RIS LT BHOB SRR CBICTMIBER ba VEmopB D radte.
acGARpPIMGaLIs: 702 MQia&l%yM of padklet 9(90"mfa§‘§¥cﬁfderi%| a@iéaé’t%ne

priority resolution inradio activity controllers
eﬁlb@dtmﬁé}t of the@resentnprentioneatfierseMeysee i BHOrmtionCD 100

kb R L BB L) B 0a BB AT Bpitoned ecmion

(Reppepivdenfortdon, rraaucpeng)didw@ (BY® lo@eh tHOMITRR Ia6@iti& ton@@ekd in
in master control system 640. Another benefit may be

the RealoNZRgrmAiorAtER; €t Yabrite sHemertion|desqrining when the veiyity
pat]ngg be!:\!ﬁ’x‘é f\%ﬁﬁ%ﬁ TR AR ne{;vtarcﬁgwg sore h&gé {Tdeed to the

controller 74 out WOrrvyi n
exmﬁsga@& nﬂlehmta/\%moadmftpadtet Qﬁ(mae lbtmzni IWyI donblet sfahalyiple
|ve because an nterface 710 i s

oy b ot TeERa Ford SRS P g ricapion 6B gy Teried Tod-) each
cofth Pl LR st DBerRREN At | {1191@ ahd 8pERGd e tnh@ ﬁuﬁx‘f@@ﬁféﬁ 'i%ﬂ& fhodem

seen 1 n the current alternative enbodi nent” of
619 meyenither bwmlmttﬂd comrevented Miopaeieontingia WEDMLGQatidneactivity.

rout e, for ,radi nmodem ..
W B R e haf TSR Bt fbflagl S Rlpo ecivity to be
coftedlled Qbal ADAPRIEthEre A traiNElestHdks FBih B brdniREBMethk RBility to
conmuni cati on nanagenent of radio activity controll ers

incpady rgpgplecdlonisdiditellpuipdiperiods inta ssinglamaiseet pasket Whmay
suffolt raliid atcm/@f g({%%ﬂf}%?}b n Q&}hed‘ghrrzgt Irahi%l'{‘}l(g% ¢ C ta(n(og)r for longer

onponent's are by "a
pemnhstd’foimﬂ mthéohf raeeresuiinirchredueionda sndssapd ntatiyc. t Rurther, changes in
i C on . .  ge .
radlo ge 6a 10 activity patterns may be amended using the validity information in each

message packet 900.

[0088] The modem activity control signal (e.g., packet 900) may be formulated by
MRC 600 or radio activity controller 720 and transmitted on MCS 700. The signal
includes activity periods for Tx and Rx separately, and the periodicity of the activity for
the radio modem 610. While the native radio modem clock is the controlling time

domain (never overwritten), the time reference utilized in synchronizing the activity
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coordi nation control messaging in WD 100 when the

mast er control system 640 is experiencing el evated
W@ e@ssgets onal demands. [0087] An exanpl e nessBGEIB2007/055096

packet 900 is disclosed in FIG 10 in accordance with

at | east one enbodi rent of the present invention.

Exanpl e nessage packet 900 includes activity pattern

P S e aliO 2 g G, B B8 Ttp Mo Ea i lhtras.
InQORstresypmipte; Ialmdesmlsncapemc&hmhy stng aﬁﬂb@ﬁnemﬂﬁhed)ﬁmbhnﬁ of

resent..inventi on, ast Mess e formati ..
sy BF R Sanb ko S aRE i edoanoqs | beb Regatmely,all tming for
MR@‘ wmtwe%en@hétmed elirvAl E&%ﬁ&xeﬁ%%%%e(s%ﬁdaﬂﬁiéd%%und the
information, Tx/Rx periodicity (how often the Tx/

systemi ajoaki fes V\é@atléﬁn édvamageseng dishdrantagtoexisttiooboth s@:lunc)ns

UaE e P labne S CaPio AR REtandh el R A bt then

tirRiAk i €£18sdlp ali H&&ithntﬁe eddi@ehdach ek N erowevet, HgstPissy rmebe
data payl oad of packet 900, as shown, may consi st of

merg|compligated fogmedpens Mandweias ymlnm@ thecsystemanhenii $31 i other
haglé Wik n%%age%o% t’h{: ?stt&? | o%g m g béa eas&:r t%agnh G omt %%ep stglgdard

I'east "a“peri I'me an peri od
codudgrkiog toviiodbm btk ainmng ﬁ{ﬁsﬁﬂ&emﬁly&idlh@ﬂmﬁkﬁltmm&tf& new
or. prevent ed fron1execut|ng a _conmuni cation activity.
acvwx RatteRisdngalisdgnaato siedpp € 0of MCS 700 may al | ow
radi o nodem control activity to be controlled
[008A] -t i mel Y(G@CQVIW petasl anbe odicaied s gles amitsmfﬂmﬁ;r If there is

ong)f @[(_}:Vu\z}ecg;}r Qqe‘:ttl&e 893{’&1&2%5 xgo n eﬁ% %Icql%du lt}tlel C%lg’g S%nnectlons, the

errods 1nto a sing

m@xfeﬁkﬁtﬂv&@@oﬂﬁ;‘l sighaboay be aalanv@@toln\aﬂlbwmgqﬂb FAlid Blodeni2 6
in scheduling radio nodem behavi | onger peri ods

opgFatg W HROULRERIEHIORay e &adip fnqdﬁmaﬁlpesaaléé chek Whethe dhgygansmission
or%&%ﬁbr@rs adikd @Eﬁor&zﬁgeﬂgﬁﬁ §Ia@tu5 Vﬁ'f?@gf@& 19 81.er dn¥l time

patterns nay be anen ng t Ity |n tion
cmnbee&dhombs&d@esyabknﬂm@ﬁ@(h@@@ﬁ@ﬁﬂﬁhaomndémﬂhmimukﬂﬁm

rapp n r8’8 léSI%t(I%Fg?j/b&’rSé)g it (\?ﬁlcﬁecgdme?l?ﬂ) rthe zx:i;lggy fé]%,éa 18 st1l?set ?¥ should

etd’u@%ﬁ‘iaff% iR, MNhNESndGhe cakBahs AR nolBa!ug@an Bffidty b hw
eriods for Tx and Rx segaratel , and the periodicity

Symhr@méat@@twm MR@ 690 ohwith sdi oadiyde soaitdler B9 fheonghesynchronizer
73ga{“}]13/ sean{e ex{p 9 g ad(i:o x%[% T%lnieﬂrgfet?gn%tg ro? lg(%rlg{égth%mode changes. A

overw i

profileh InZzQdecﬁr ﬁ yatid eahiizi cagtrdlee 7a0 triingl duy PLihke @t ehOsynchronization
current radi o nodem operati on may be based on one of

ang ftafts TP NBIOd e RAFAPHSSIONHCEP QT Bptriciansptdhe wrong time. Due to
thik rlﬁ@@&@l cﬂﬂ)n‘f’%ﬁbﬁ’ g HAY n8dAbhed i’hﬁg% elpc;cﬁcaqil f '(;['Elggnore active

anmount o syncnr oni atl on event occur
wiradeks commdeonss 1. médetaecuradyi iv edgpiredlin synichiiontzafion information.

VIII. Radio modem interface to other devices.

[0090] As a part of information acquisition services, the MCS interface 710 needs
to send information to MRC 600 (or radio activity controllers 720) about periodic events
of the radio modems 610. Using its MCS interface 710, the radio modem 610 may
indicate a time instance of a periodic event related to its operation. In practice these
instances are times when radio modem 610 is active and may be preparing to

communicate or communicating. Events occurring prior to or during a transmission or
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MRC 600 or between distributed control conponents 702

may be standardi zed around the system cl ock for WCD
waoes/ofdvant ages and di sadvant ages exi st for bREHIB2007/055096

solutions. Using a defined nunber of nodem

synchroni zation events is beneficial because then al

timng is closely aligned with the radi o nodem cl ock.

I
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mayhee iodioeted haandw,odmhlthz& i¢ notinegeska g thamumittives ysdedring hicthkt
er to s .a, st andard, .conversjon .

m%grﬁﬁaﬁé W n@&fkbaﬁ?%wrﬁ erirate daddudufe Mpde 5 AYPE MeHnset
[x MRETRY Ble FarhEWodELd _Fﬁb t BaReblifiNe S éu@ﬁ tighhetdicasads Qlat the
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activity Contro ers C even
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MRC 600 allows) but is also performing internal scheduling and link adaptation while

taking MRC scheduling information into account.
IX. Management of unscheduled wireless communication mediums in radio modules.

[0092] FIG. 11A discloses a system for controlling an unscheduled wireless
medium, such as WLAN, in a radio modem or module 610 in accordance with at least one

embodiment of the present invention. While WLAN has been used for the sake of
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or on (radi o

funabealifyensl He iasclddel amalditioMDdftenaed oadaising. anMREHRadio activity
radio activity controller 720 may deliver a . schedu

coppollel 28, Yrid driP Y NG CANE it Frmoa%wata% tb%ﬁwsmhﬁgogiwe
deIRES! I\ {Ea%sme g&ﬁﬁmmn&@ﬂ'@ sBRAS c%momﬁx B ity the

conpe to conformto this schedu The basic
medila o \plneh itgs tdvpled; adiilo st detmg64ithin $herinmndmsyset forth by the

aitBByR by AGE So M it Pk SuBI ROl cilicTetRgh g
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whi | e taki ng MRC schedulin |nfornat|on i nto account.
sepaateivamageent Aeudéd iorredinaedeato W vie Fersmop dntaifadecR0icoMCS
lnp%g uyﬁ)ln radi o nodul es. [0092] FIG 1I1A discloses a
tem Tt or controlling an unschedul ed w rel ess

[0094] Fig. 11B uses example 1100 first presented in FIG. 11A in order to further
describe how local controller 1102 may be integrated within the system of radio modem
610. Local control 1102 may be coupled to one or both of common interface 620 and
MCS interface 710 in order to receive information from and send information to MRC
600. The information received from MRC 600 may include schedule information for the
radio modem 610 which is being managed by local controller 1102. Information sent
from local controller 1102 to MRC 600 may include spectrum usage information, such as

an indication of when the modem is actually transmitting or receiving information,
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medi um such as WLAN, in a radi o nodem or nodule 610
in accordance with at | east one enbodi nent of the
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interface 710. %}) ﬁL .. 11 B uses exanmple 1100 first
nq_ (4

busy &y ghieagt thedyrp Fwnahe&éranﬁ%fme Kmﬁ@é%éé%mebs@g% game
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h ntgrface 710 in order to receive information from and
Chaley S or mati on to MRC

[0095] In an exemplary interaction between the above-identified entities in, local
controller 1102 may receive schedule information from MRC 600, message queue and
NAYV information from MAC layer 1150, and CCA information from PHY layer 1160.
The schedule information may be processed in order to yield a cut off indication. The cut
off indication may, for example, be “true” or “high” during periods when no time has
been allocated for radio modem 610 to operate. This may occur when time has been

allocated to another radio modem 610 utilizing a possibly conflicting wireless
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ot her. hand, .i n.indicator, mintained by each radio
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610, regardl ess of whether radi o mModem senses the
foratdedsel [F S (dinshuted caudinat@@Afunatieh imtey-fifanretspece)t Aken during the

account . t he ration field in any received frane
cof GG vindg Siich pBfnpir RetoBp i Felb T RO IR opter
vallRCal ViRidrenidhe HeothteF bibhd afle chitstack QfFf Abt WIRRASthet he
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] r n e "o s
SR NED B APl AR TR A B, o
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timgnwhen grensengipg igjoccurring. When the transmission of the frame has been
completed (as is in the case of Frame 1 shown in FIG. 12A) an acknowledgement frame
may then be returned from the device that received the original frame 1, and the

transaction may be deemed complete in radio modem 610.

[0097] However, a problem is seen with respect to the transmission of frame 2. In
this example, an extended period of contention and possibly more information contained

in the frame has pushed the completion of this frame outside of the allowed air access
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controller 1102 may receive schedule information from
MRC 600, nessage queue and NAV information from MAC

WO 200810962150, and CCA i nformation from PHY | ayePCI/IE007/055096
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may, for exanple, be "true" or high during peri ods
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of the complete frame and the receipt of the Acknowledgement frame. No benefit is
realized if the entire frame 2 is sent but no acknowledgement frame is received since the
system will be forced to consider the message as failed and resend the message. In the
next WLAN air access period allocated to radio modem 610, the combined DIFS and

contention window is short, providing enough time for the entire transaction, as predicted,

to complete. In this manner, the frequency of failed communication transactions (and
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X ViBid-off Theingl | owed time. Using this information, an
al gorithm for determ ning whether a transaction shoul d
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S NS o T N
sinhll@ihe Sl tdrOo ft ddenreudi €mide do:canliph wRElcRerinoditihei&ids on the
sanrrllg tchannel. A back-off counter value may be chosen at random, which then
decremented for each time slot wherein carrier sensing determines that the carrier is still
available. In accordance with the present invention, the operation of the back-off counter
may be enhanced by accounted for time periods where it is known that the carrier will not

be available, such as time indicated as occupied by the MRC schedule along with time

periods where the carrier is sensed to be unavailable.
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transm ssion may require both the successful sending
of the conplete frane and the receipt of the
[06002IoW edgeaBabschihiR iR exbi: Q@@ﬁfn‘ehné §f F I@all b ZeGhfdrinatib® regarding
entire franme 2 is sent tpno acknow edgement frame is
whetlesiacanngl isowatl¢hde §ynit aemwluungbxed fcarmealentsmgtstamépcdetrmay be

f d
o RS PR BT PSP DRGSR s
fobthe baﬂh@ff@@ﬁﬂﬁbﬂ’(@ﬂ tH EQnAME“CON VR @B cvhiearissNshort,

provi di ng enough tinme for the entire transaction, as
degreggnted der, cach tl@tﬁrﬁwtébfécamw hyiBg delaete that thedrahsraigsien ehannel is

frdf Pfa)@velv%d aff QIS4 nggﬂrfﬁ]l tHs%Q%ﬂﬁ ﬁ)@g% catrier ensmg shows the

transm ssion or an un mnre ess

lineaorbe hugyaw hitentheddik O eivedyl cheilinasl dﬁﬁ@llo&ﬂé’d fohBe &Y Abllem 610
ion effici nc in WCD 100 may be i nproved.

(ti{n@(ﬁ 5 C%@\F‘P‘W&‘ff nae}y pasgd updlitherraiHer brsamesayailable. After
DIfFQr R chthtBCaeY dan %galﬂ"f;otﬂ'x e s %Iﬁ@ﬂnn‘f’ Wﬁ?e?ém OANTE M1 Pimer may

th e present 1 nvention, SpECl 1 C exanp es of operati on
conayuelde counttdosm mbﬂalmﬁdpaulsmmatahi whtre d&eMRtG stijedule no longer

pe B o GisHn! ({30 R EWEPOR Uees Bl NaLBr gpision
tnﬂ_é'ﬂﬁelﬁg?fé@éi’db@fdr RhomhBBGHR AR b (ef W DVRG. 6&%&%&@%&%} b,

that transmssion rights will be cut off before the
theparetdoviny ting i agginarausesl undirbothiteeMRA sekiedeldiand pardet ®nsmg

B SR A B AL BORIES D e PP v

the gmel thay pRvces] anehig anth Led 665 SPEB LAKIN-0 hMHeh €4di¢ §08em 610
for exanple, FIG 12B). In another scenario, radio
senfsdBiiTeRo may pr eenptively defer transmssion before
t he contention period has ended. For exanple, if
[0G§981 ng t Ae aeherexriemple qf@pm@dom,éﬁ LaNmdsrmadan 669 manate the

tra{mﬁngmﬂlllb?o%gé\%/rgzaﬁa cgl%%%géns?ﬁ)%t I S[le%g ang tl}écso%l efn)uon window
pegdo®abely t6 bamtérheptal &pzomcedo@@m@glwtﬂahmssm ﬁﬁl&ﬁ A0Bng the

cannot be transmtted successfully. Al so, V_al one
coptentinnaRariof upsantinhmed allpw peeraen- H@é e%sasscpnw depicteq in FIG.

1382RRQkIENE ﬂ/l]ﬁ@ St §ﬁ: 1ﬁ Mh‘ép&éfﬁf%d COHRLfE aqg%egxég% C%xggxgl"ﬁ gRX)

access w ndow en time remaining in
and e transudisgomechedule ITDXDonmthmtinrheay ecpﬁmhe (intlad NBREh Ok -off
this tinme to

1
colReGPHEROVaY oA bHIEHT ESETOR I O - vemra Bkl counter
redcB& zerdVilEer GROtr AR Qo rARIRS E&e@ek@ﬁé@@o@e@qgﬁdl %Qé}!et Frhf¥mission

to radio nodem 610 in order to allow the transaction
maypreeed (@g-etheXirstBaenariofdiscuisseil ngove may operate here). However, a

problem may occur when the back-off timer reaches zero without TX permission being
restored. If the back-off counter reaches zero during the transmission cut-off period
(depicted in the area highlighted in the dashed oval in FIG. 13B), the transmission may be
delayed until rights are restored to radio modem 610. Transmission may then begin
immediately if the channel is still idle (e.g., the first scenario). This behavior may
increase the throughput of radio modem 610 and improve the overall efficiency of WCD
100.
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[00101] FIG 13A discloses an exenpl ary back-of f
timng diagramin accordance with at | east one
wepistvarent of the present invention. A back- oPET/1B2007/055096
countdown may occur after DIFS in order to provide a
random of fset which may in turn prevent the
si mul t aneous start of communication for multiple
[061‘10’4&' ess Whansdld hp&erd8YH 668-iRal BRchaNBeLhRORG . A
back-of f counter value nmay be chosen at random which
cotrimaunichiion erednine teginy the &rghsmissren ptootdunk ér.gi eardarsengng including
nsi,ng determ nes that .the carrier |s j 1
DS 3 AR BB red)- W e ireremie 8L RS Kowmey g offbotd
tranBiseie had k&@;?tﬂfn PehfihiRe K DRk GAY RicBhtidiRMt REf [RAdaNGE fadio
by accounted for time periods where It is known that
maedean @ay pjsemeke-gl, basushie CAvand @t Qff inliggiondroni legal controller

hadlcate j h SC e alon i th

DDA AR A P S SR R0 A ca

cotift@lVei1l e toepdubd e DhclAs fitbsotkOSEs idlke tile aditYin power-
tinmeline of FIG 13A .information regarding et her a

sayiRaIRgE (-8 asierr axore)- fIf bothalebisaeiasioned airtbe wame tirge, normal
onBERB DR SAGNIRhAL IR0 bR SRILA ik iR e,
radib eselemf @0 thiyecdusioke adchrdinginttae siiilar bdensriedexpibel AHV.

Wen. tre. count er, sfr’gxt s, Nis decrenmented for eag‘h
ARGTRAEVED Hf HAREMISEPP N8RS SEREPREFIRAUE FecepHa Tighfe radio modem 610

wiifs FOSRESHoA R hRAHBE kestoted. MBS titHOWRVR! apeinl aPRWRRSSying mode.
occurs in this exanple where the carrier sensing shows
4

h
line [ A L
T G T e T L
emblodincant nf gie pnesgnttihemtibe ig@avs dekcribéd. | THehmocas begis in step 1400

becomes avai.lable. After DI FS, the counter may start )
WhegelD i s Sine C@@ﬁé}%bfpm ioRH{g Ge ahlcpst Qg MefigC) forRg transmitted

vidBYiSRBEdn 8 €0.t Do &P roHeMN 02thhy theh EhifiXde iRRHERIon gathering by
i nstant where the MRC schedul e 'no | onger permts

obtaizing mifersiation rdthied tatyleast MRC opantienehpghledylingu eartier seheing and

o o BT LR P T LR B e
foﬁ@déﬁigﬂe?m funfBer b meGAEEs RANSEAnd/ot tHe 184N of HBINMRG transmission
u

~sche e and carrier sensing again permt o
tinq R §3ahgaeserLe. \Ridip modem 61 P mayithendregimeproppss Sf dgfgrmining

i ) ti i
BRSOy S LR MBI FRECRSE AU ke
(steehdi3t)t Meisfohackemay GREQIB]a dereranatibe bs exah@he radio modem 610 is

operati on, WLAN r adi mpdem 610 may initiate the ]
aﬂmefs% EnFOLRP R CHE &%r&eaﬁé Wetig%%n, 51195%?5 gneqirgfhgnd if permitted to

ol A HPIHES AR ol o€ AALERLLiOR _ﬂ@g%@ WhiBREdLE)e, o Y

to be interrupted by 600 cutting off transm'ssion
maspagetasd dekriomgeddemenipm thettingnalpeated.d ot tiveistdunanthgreserved for
racﬁg ln?o\gerrneé:l%%rl t%Q 'mel-palgg’ n%a% n%t gg ggrg;gllet%d Qr? Ie%ter%gin%n% allzllo%ted time,
then transmission may not proceed. As a result, the pending message may be delayed, the
back-off counter may be paused, status information for radio modem 610 may be

transmitted to MRC 600, and further, radio modem 610 may enter a power-saving mode

until the channel is free.

[00106] If adequate time has been allocated for radio modem 610 in the MRC

schedule, then in step 1408 the carrier status is checked to determine if any sensed
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13B, wherein the MRC schedule is further defined to
i nclude a receiving schedule (RX) and a transm ssion
waetsded2es (TX). Contention nay continue (i ncl uBCHTB2067055096
back-of f counter countdown) normally if at |east
reception is allowed. If the back-off counter reaches
zero after the transm ssion rights have been restored,
co%ﬁﬁfﬁéaﬁ%ﬂ%‘@éauﬁf &8h elmafy Bf fpr)grer letzgleexceedmg a
first scenario di'scusse boveé nay eﬁa e
prédeemencd mwer dylebinsensgd (}::g, umdmamg tHaEthb abdnnef s bmsy)ethen delay

onf R ien G RIS RO SOt 5 Hopaeh ) T 106 My continue

until @eﬁﬁ@i‘ SRbiAR d@t’éimi‘ﬁgsf the ‘%ﬁéuﬁ]@l &)Qfémr&:t echdr I?het &?ﬂ@%rs@ﬁslng
hi ghlighted in the dashed oval in FIG 13B),
determinemitiys thercamegy ibevaileblaytbel bagke o ff ergdrrtrsa}aarleo b@@teok@dn step

1 B TD R B elaRR T F G R U PR g g 1rtime
rexﬁlhﬁlStth&Cﬁlrb@ép P12 tHhécunkee Romiries fBYiniang MIRS 800 iy be informed of
t hr oughput of radi o nodem 610 and i nprove the overal |

thf’efarii%meém 6&)@ staioe  Fooeqeh gowy] thodRC achedyleqnsawier eaging status
m%}e é&'a?‘n@e{q ?H,P?egly lé%éjll %Héiglg ?SO%%MQHF%% 'b%l( gg%oﬁ'nmm has
re®fnd zerg, ﬂha MRJ@ Isdgad[ﬂeﬁﬁa}az{ginﬁbdlﬂfa:tle@itlh atepvidng &V\determme both if
period), it is fore eabl e that MRC 600 may cut off
trasamswmm%%do% a eﬁ@&%ﬁﬁﬂ%?@%@%ﬁ%m the HimggeRAping.
C}‘{e@&%gttﬂmR@&hQ&ﬁe ngull %qmlpt)%ﬁ?tr rH@I S ?@% F&qﬂiﬁial value

g., because
foctinbadk-b & cotriteis ameiomrleldhasolmtmmpmtmnﬁio@ whiB) the lkhdnnel is

t t exi st ausi ng | ocal ¢o troller
oS358 Bl FERB ISy Fecd i aRn ot v tina! Peeripggensing
is bcﬁn%l@@ﬁt If the BRWEESAVINIs ABCR i Gerd; 2 d@aPhBBe %21%%):& péifstep

both rights are restored at the same time, norna

148pe Hampegh fimy remhans sohel theessage rensaptioromay bg h«vrsplateé the
mds§x ec}{a%? 1@1‘3%85 Cortt 5if Q?\pnl%sl%' on rights, radio nodem 610
may” conti nu g 0]

aceord the simlar scenario
ri be b Al ternati vel if transm ssion ri
T cor $18a T Brgpi ARl e Rt R ket o
1eé&@bﬁéexﬁlﬂfdlrh@&%@%e%}e{ehgﬁbénddﬁ th%ﬁ%E&& 8dF1d NisxdebdriRs an
can be spent in power - savi ng 00105] Referring

expigpleaGeonmlling pbedkee opinesy in Nretcobimtaoniih e infosmston
ang ggrg%pgtgtg% nﬁﬂgteﬁ) 5(%02%329%%%?0%1( oﬁiy \ &el r%e%ahs e\?\g 13 rehndom value

mdyheneed s a@tartm@l pbattlfmm whichnb OMmfdeH t§ 2erg. Anaipefa@iaﬁzll
one message) to be transm tted via radi o nodem 6

schesula mepby P@Md@é by DHBCRY 11 Hem P07, tyhagh pay bw@m@lﬁm gap 1504
to S&EREILE N2l 19 d a N15%OF o Bl &kt Bhd (ﬁ)g?&tlohglas%fxedule

operati ona SC edul I nNg, earner sensi ng
dosesgaew qoemadimaeptiboyortit @answiasicdthat 8 thmntUB 2t avEkieble, for
exanrggl%:, rougﬂfcgrrnrgtsén%png (s%p 1?8&) t(}ilen the back off- counter may be paused in
step 1510. Otherwise, if communication is allowed by the operational schedule and the
carrier is determined to be available, then normal radio module 610 operation in
accordance with what has been set forth previously in this disclosure may continue in step

1508.

[00108] Finer operational schedule control may be available in some embodiments

of the present invention. FIG. 16 discloses a process flow wherein a random back-off
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for exanple, the nunber of nmessages pending and/or the
l ength or estimated transm ssion tine for each
wore@sage1s Radi o nodem 610 may then begi n a pr oR€EEB2067/055096
det erm ni ng whet her nmessage transm ssion i s possible.
Initially, the MRC schedule may be checked (step
1404). This check may include a determ nation as to
vanahiieke sttt 10006 %@%oﬂéat@nh%%ﬁl@re%@i@%‘@t@af@z as in the
(currently within an all'ocated tinme period)
Prgemrfﬁ xamg qmowﬁnﬁnwcmrethewhatahemal othedole imE&S alfemay include

RSB TR DR RIR 1 S ol Py PSR W

Fof ek drapie) iymrde@ﬁfou@l@ §10fis it @i1ewed® et &OincOhidchBeiBRS 246
not be coggleted in the renalnlgg al l ocated tine,

160D EheniaAEAIS mxmdw@mm@@aﬂac i p@\g@ﬂavmgh@ode until
ref306h RTRRS 9P fiof A clfhe BBEARND <SRUIEY o

trali’(mmsbxentpéﬁmsmﬁ trag than DARGt@Mitheddneteh UBOREIT the @S&aﬁlonal schedule
nodem 610 may enter a power-saving node until
PeHREHEEISTEsiqn, ghen nopnaloweratien dyedivamnedyle fE0 may Pb@éﬁd in step

1 6"1‘{}' &Bﬁﬁné%ltﬁ g\giaplﬁ 2 S e & 18l et/ﬂ)ﬁslg%ﬁgéé @@%H%&e

en in step 1 arner st tUS I

[O?ﬁ{‘ﬁg hmaﬂ ﬁg rgnsﬁp;gsuf eﬂ%gg %l?rp%nby tﬁé Boer}atll Sna Cci%lél:élg(lg gg%ﬂ n gstep

1642 pieaaietear valunesk the vedk-ofEvigler may$>e I&B&ﬁ(eﬁ elfghe timer has not counted
i ndicating that the channel is busy hen del ay and
dopg;tp FPYé’aE}HeB FAEICE PATHEAR SisP 401 HEay 96 @@@ﬁ .tlwe@awlvhty of the
e I
chEERPCE hd hamhéifs TARRLIRE SOUL b ey ity bekRbrRRied jp yop 1616
and gha precess enyibegindeb@rfrometsp t1he. Ifhhae cdannéles nétsletermined to be

i | abl he back- of f te | b heck o,
vl e, Bnghe et B hang b B oo St Dnd e ASEERRIY N is
deRagkreaftfat GRUNCRIOIT @AGNES c884t8d dé\ffn td 780 rtﬁé}ﬁhwg(%

in step 1412 the counter continues to run and . _
inifraijorpet the fr@ﬁmq trfisactien maylbe dd@ﬂ@m@l@cmmsassmg:@rconnnued

C arrle
B RSOHRY R R RS 206250 bS8 Ll s ot
1eah4@16)ope1@1m %}&Guleleﬂ‘ndtﬂlibﬁc}ﬁﬁﬁé‘la%ﬁabﬂﬁynt er has reached
zero, the MRC schedul e may again be checked in step

[00#Df to delcerdmae iPRibd £pﬂafe%9§me%@n9@kﬂl§d Bﬁﬂhalrél&%t art that
and if the transaction can be conpleted in the tine

Vaﬁ@‘#ﬁeﬂh@hﬁﬁ; in @Té@kdndgietaﬂ@am@n@dh dutntie vadraitndapgrting from the spirit

' for ex e as t initial value
anlt JRelsd M iy Ao TR e pRAER AR sl et B R pouid
nopbé lidited by dny\bﬁﬂhe hb&vecaiiRld dx&mblaﬁ})’ emb&Emen s Soul ShHVAY be
to define the tinme needed for carrier sensing until

detipgd iy i acoxdapes wigh the feBemsingrckaams prd thelr egpivalents.
remaining is not sufficient, a delay nay be required
per step 1406. If enough tinme remains so that the
nmessage transacti on nmay be conpl eted, the
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nmessage franme may be sent in step 1416. [00107] FI G
15 di scl oses anot her exenplary process flow in

waewsngante with at | east one enbodi ment of theCPIBEEMISS096

i nvention. The process of FIG 15 describes an exanple
of controlling a back-off counter in view of
operational schedule information and carrier status.

WIPA“?tI%Ll?_'@gED? random back-of f value may be set. This
y be used as a starting point from

2.

3.

4

whi ch to count down to zero. An operational schedul e
may X%ee%l‘rovi ded.by MRC 600 in step 1502, which may be
util4 9dn CUPRISIAK04 to deternmine if radio nodul e 610

i s al | owgdedifAing QAR Sk Eormlatiod MR ARRE & 1bARBhe AFRAU e
does not allow comunication, or it IS determ ned that
a cnindwithen wbichawvadib abddu]e K aHowrdimplogymureateigh

carrier sensi.ng.(step. 1506),,.then the back off- .
count or rEGTHBE RireRioh 1 8Ete 6 95t O RERNGeSle bq sent via the
CONMRMiLGRddu® i s al l owed by the operational schedule
and the carrier is determned to be avail able, then

nor mal r a¥temipeg the agaidabilscaricomniunicabenelranele wit h
what has . forth viously in thi IS¢l osur
my cont i hE T iR gBO T BBl a3 R R Fer e
scheii¢ eneiihg 6l theallowed amaipkadd B sufficiamorenhptbtimgnat S

of the present jnvention. FIG 16 discloses a process
f 1 ovirappRstien scduding et lgetiongmisseasgeaifay be set (step
1600)  andr 4 OREAAAAED BEIRANLIHEREIKEY LR KRO2)
as in the previous exa e process. wever, the
operaiphetalg tbe tradatteon, mifdtEg thGtramyctiondheldéing Epeat atast one
peri ods defining separately when radi o nodul e 610 may
recéPVE%dnd transmit. For exanple, if radio nodule 610
is not allowed to receive incom ng nessages (step
1604), then in step 1606 radi o nodul e 610 nay be

pl acdw methed plodleim &avianen twhedling inferegtangs proyided by a
ccnabt e P ERECRuROp R au R B SR BR B AR B&ice o
det ah@tddedmbaulst ep 1608. If the operational schedul e
permts transm ssion, then normal operation in radio
nodul e 610 nmay proceed in step 1610 in accordance wth

what _ 1naccor
o PR O LSV RLGUIHE o D Lo i
operméssareab bsshredid ée radie modnlesh@pdebGdivtihg ondiom Rote messages

val ue of the.back-off ti r may. be checked. I.f_the.
1 relPr RASTRESIOTO A el LAV PG b ishien MEURMCaRd i fopmation

sen Srb%%ﬁdﬂn@ 115 18Rgth B1 predB¥e HSIRMMNA ko Bisah habldpkty of
the channél. If " the channel 1s available, the back-off

timer may be decrenented in step 1616 and the process

gg%/ eﬁfﬁ%«%ﬁ&?gﬁi %@M P,nv]vhsetreelg d%t%g%inirlgf thg g\?aifégﬁl{t]}a 8% a l:osmrrﬁ%}lication
channel includes carrier sensing via at least one of actual carrier sensing using
clear channel assessment (CCA) or virtual carrier sensing using a network

allocation vector (NAV).
The method of claim 1, wherein, if an immediate acknowledgement is required,

the complete message transaction includes sending the message and receiving an

acknowledgement.
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avai | abl e, then the back-off counter may be paused in

step 1618. Alternatively, if it is determned that the
whawROoRES t i mer has counted down to zero, thenPCHIBOEN55096

1620 the initiation of the nessage transacti on may be

del ayed while carrier sensing is continued. The

process flow may then return to step 1602 in order to

rec : . i onal
6 soharat i SIART, AR rls hBRSE f O (SRFtet

Ac capdinngligate ort thecdhmbeicapipacienheltiongeivaitdie, sialingdhd n

the relevant art that vari us cgggges in form and

det 4TSk pathlater fRsmsrind dpd R Mgeyarttraie sordipllenef any
spl re] rﬁemnﬁﬁgﬁﬁhe%uw@dﬂuﬁx'ﬁeﬁwn This the breadth

and scope of the present 1nvention should not be
I|n1ted by any of the above descri bed exenpl ary
[ ance

7.k LRGP ARG, o i S RAENG: FBERlcpaPBht BIApART: perod

| S @A dYERludes pAudiBs 5‘95’01{ SOOPEHS G thre%&ﬁb Yild¥@le is allowed to
scheduling information indicating at |east one allowed

ti n@omur@@twrtdmamW¢mn&Shoafduthﬁt ipdenemigicatlonehethel &
comuni cat e receiving information related to at | east
one nessage to be sent via the radi o nodul e;

determ ning the availability of a comunication
channel ; if the radio mpdule is allowed to

8. commisineethed ofdaiay frivhenyn fisdtanarctionas mitiated i thei radingnadule is
t he hlvgﬁ\@éjc&rﬁxﬂ‘ﬁmgﬁé ' tﬁg ﬁ&ﬁmﬁﬂ{cfaﬁ% aﬂ&m&% a\%ﬂgplle %}1&1 gl% b%ck -off

transaction in oné nessage;
thecbuﬂerMﬁdhnﬂmdgomﬂnghbwmlIomed time periodis
sufficient for conpleting the transaction, initiating
the transaction including the at | east one nessage. 2.

9. The AesHpdeOfroblaft ﬁbéuct‘é@ﬁf)ﬁélﬁg ta'@@m%ﬁ\!%? géé'bl&ﬂedmm havmg

i nformation is provid a multiradi o control
|nc@pmmn@ré@dﬂﬂephen@anedwwnmmd&ﬁ;n@@wnnuhwatummx$e¥;ce
as the radio

acei vi ng FRPOTRBHE PET AT Rgor et g *rb g Gadtion

t 0 hedis@itg a¥ieastdne alladtdtiiRpetied witlinWRiSh he&Bb Hioadlean llowed
or nore nessages for transm ssion via the W.AN

comi@APIEEMAEACedi um and i nformati on regarding the
length or c%?n%ql(e‘f t&Qabik %p@g%rﬁ%bg@fotr 'r&%lv%g ﬁ?@%aﬁgﬁ PA8EA to at

least one message to be sent via the radio module;

a computer readable program code for determining the availability of a
communication channel;

a computer readable program code for, if the radio module is allowed to
communicate, determining whether the time remaining in the allowed time period
is sufficient for completing a transaction including the at least one message; and

a computer readable program code for, if the time remaining in the
allowed time period is sufficient for completing the transaction, initiating the

transaction including the at least one message.

10.  The computer program product of claim 9, wherein the scheduling information is
provided by a multiradio controller incorporated in the same wireless

communication device as the radio module.
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4. The method of claim1l, wherein determning the
avai lability of a comruni cati on channel i ncl udes

W@ 200802215 ensi ng via at | east one of actual caP€T/EB2007/055096

sensi ng using cl ear channel assessnent (CCA) or
virtual carrier sensing using a network allocation
vector (NAV). 5. The nethod of claim1, wherein, if an
i mredi at e acknowl edgenent is required, the conplete
nmessage transaction includes sendi ng the nessage and

11 ecefhei qogpaier andenawipediyehedrais, 9, Pherere révetying intdraianer related

wherei n i f the radi dule is nqt allqwed,t .

comtl At e PTHES g"oﬁ%&?ﬁ‘} Lo idiomamiy Melidgspeceiving one or
avaithéentessabel ayitRgshiisioh VaBaWILAN définhniniéhtiod hedditnh BBd
period and notifying a multiradi o controller of an

t i menfosralien sgardma the leapthowegedi¢tad rprsniigrion thme Pheach message.
nmet hod of claim6, wherein delaying the transaction

until a later tinme period further includes pausing a

12bac Krhefdonpaten pergram prdduches dliti @ winehih detesnialdgaheavdilability of

comuni cate and carrier_ sensing shows that the )
conmAAMERER eAfloaIThARSY INckidsy saTighieasing viamh deageqngsd agipial carrier
ol ai . . o2 : '

r adi Sgh Srzr%gd%\%%gé ?gé}aclth%gnv\% g%{éo C om‘?i‘éﬁ @,hutdﬁctgﬁger sénsMEusmg a
commehivatallocatiohanctetr NAVavai | abl e and t he back- of f

counter has finished counting down. 9. A conputer

program product conprising a conputer usable medi um

13haviTi@ epRi 8fograadatdugt B QamAINVARAS aiodi.aeiih@ sai d

1

15.

16.

17.

N

medi um conprising: a conputer readabl'e program code _
f or ackewyledgegent isadqiiradgthenbmplase inossaghdimsactiongneltdes sending

| ea n [1o g.tine peri o ithin which a radio
rmdﬁf eel%legsag? ows elf/lggggﬁaﬁ%’}ﬂ“é %e;megpcon'put er readabl e
program code for receiving information related to at

| east one nmessage to be sent via the radio nodule; a
eonpdeePmPE i aEsizEp Peguan e 3 grherrde drthe rdigmedide is not
avai [ ) ..C: ; : -

e adiBr el id Sorin R RO TP U CRbh A BR Ml R gEPARMEE, delaying
al | daedtarisactoonmiih i ¢aéretjme perardrndinog fyihet hedtitbie dohtreller of

ComPr Rt Be P GaEt F RGBS the at | cast one
nmessage; and

The computer program product of claim 14, wherein delaying the transaction until
a later time period further includes pausing a back-off counter until the radio
module is allowed to communicate and carrier sensing shows that the

communication channel is available.
The computer program product of claim 15, wherein the transaction is initiated if
the radio module is allowed to communicate, the communication channel is

available and the back-off counter has finished counting down.

An apparatus comprising:

a multiradio controller; and
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a conputer readable programcode for, if the tine
remaining in the allowed tine period is sufficient for

w@ooploe2ifig the transaction, initiating the trBCHERIHNFS096

18t r ankheiappirefusto

including the at | east one nessage. 10. The conputer
program product of claim9, wherein the scheduling
information is provided by a nultiradio controller

I ncorpor aatalﬁgrah% 31841 RIS BLAEE t FATTM: GA! RRtGRY H8east
as the radio dul'e. 11. The conputer program product

of calnaiofitl@, plwhaBtyaifimadie eeidwiasgndlundiog abddabeontrellat endbled to

at | east one nessage t%ﬁ%e ent via the radio dul e
" ncI TRRSC PRERTNA Mg g oSS Sagaimpcgon medium.
transm ssion via the WLAN conmuni cati on nmedi um and
i nformation regarding the Iength or predicted
% pleinofl 7 pabdreimdbs mgal. conRolleFhea conpatest integrated
pr oq{,@gn reordcl'i'iCt (g)Ju e(:I aim9, wherein determning the
avai i t)a/' S Y &Ommni cation channel includes
carrier sensing via at |east one of actual carrier
sensi ng using cl ear channel assessnent (CCA) or

19vi r tThelapp@atus of claBndi nyhasinibe epleonbelieras # srpatdtogpmponent

vect . The, conput er program product of
cl aic%{‘@%%%%dﬁ? M ﬁlgh i mredi at e acknow edgenent is

requi red, the conplete nessage transaction incl udes
sendin

g the nmessage and recejving an acknow edgenent .
2094, Th?élp%rﬁ%‘éf’giﬂa éé*‘ﬁ]hﬁrﬁPé%]@Fg&PnW%?fﬁ? g),upm%’ép &ien

21

22

23.

24.

i ftheakad FSei gegeTal K ;
the o R B e e kR R A R ihe radio
t he mhoduhs dlot dpemtiontli sSchedull @inéortaiine inpérdigrorgna more periods of

tifyi | ti ' troll .qf i .
r o el t e affin fasiiofS drdmg aiti e Taio Gute i presd o
pr oghamudi@edict of claim 14, wherein delaying the

transaction until a later tine period further includes
pausi ng a back-off counter until the radio nodule is

o LB R34, B0 LB R e

CONMtzh&hispib ghdracpptadiiesouddes Glihimthbyadivhesiaidol Reiving carrier
transaction is initiated if the radio nodule is )
al | OFRYNG B IIBIHOR Pechioe! COHBURGHINIMIUE 427 16561 WAR HHBTMAtion

avairg%%ig g%iﬁgﬁe&%ﬁ&_‘ of f counter has finished

countT ng % wn. 17. apparatus conprising: a

multiradio controller; anda plurality of radi o nodul es

coupl.ed to the.nultiradi o .controller, at . |lea

. pllhe apparatus of gﬂélm 11}, V\c/jherem the local control?er 1S enagfed to control the
mode of the radio module to either allow or delay wireless transactions in view of
operational schedule information, carrier sensing information and message

information.

The apparatus of claim 22, wherein the local controller further communicates
status information to the multiradio controller when wireless communication has

been delayed.

The apparatus of claim 17, wherein the local controller is enabled to change the
mode of the radio module to place it in at least one of an active mode and a

power-saving mode.
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one of the plurality of radio nodules including a
| ocal controller enabled to manage accessi ng of an

wopssisdd ed wirel ess communi cati on nedi um 18PCTVER2007/055096

apparatus of claim 17, wherein the local controller is
a conmponent integrated within the radi o nodule. 19.
The apparatus of claim 17, wherein the |ocal
controller is a separate conponent coupled to the

radi o nodul e. 20. The apparatus of claim 17, wherein

25 he Theegbametntof olalned 7j \sh@aiuphehbcalccohhellcmjt tnabbdito determine the

2

27.

28.

29.

30.

N

control l.er f receiving o tional schedul e

i nf G AEROT qelﬂ)tPf Q?GFOWHF%‘HE’J%C}E@&%I e, t he oper at i onal

schedul e jf (HeQAdTB AN 196l WS c@Hﬁ‘nlﬁﬁca‘F@ @@teﬁﬁfnb%ae? the time
time allocated to the radio nodul e during which

r adirempineng e thesalliwedwioek paviodosrsufficicat for cannl.etuTzhe transactlon

appar g m 17, wherein the local controller is
furthe Pclﬁg% elggeatsmr}ert%??g?ﬁ gn and reception

resour cesf Wettﬂherkefrﬁfhlﬁ§ﬂl tBe Wd&lrﬁ@ beri RLig isififidfnt for
carrier sensing information and to a comunication bus

f or CPBPEIHPRARE THTastioat indinte Bgdraasastop arsliiding the aslzassone
22. J&? g%ppar atus of claim 17, wherein the |ocal
controlfer is enabled to control the node of the radio
nodul e to either allow or delay wreless transactions

invje per ational schedul e informati on, earner
sengt IQWP ’tlﬁa‘foi“B’r’i‘SH‘rgd nmessage i nformation. 23. The

appar at us, 9fiioGh@eM GablWEE&h M&Qtelﬁ&?&l&%@%}E&hﬂiﬁﬁicmon

further communi cates status i nformation
mul tintexfedep cont r ol I er when w rel ess conmuni cati on has

been del aye ed. 24. of claim

Che | ocar EaheRaTaler co BT e fomerdh iblomd teetpocessing
t he of afluBsdnB@uLEwirelch %@nhﬁlcétfbnaﬁedleﬁ%done of an

active node and a power-savi ng node. 25. The appar at us

of cl ai moDy or wieey idiatfacerecoupled|to giomast (diel redioingodgnadidgle local
to ‘%8&?51%?& ci%)tlln%n@n\égatm%gxalﬁ t}{erogo %10%8 m?%ln%egrated within the

channe

CONMuAE Gdtebsss d@hmnmcﬂt@orv\di@tid&er the tinme remaining in
the allowed tinme period is sufficient for conpleting a
transaction including the at | east one nessage; and

The radio module of claim 26, wherein the local controller is further enabled to

receive carrier sensing information from the radio modem.

The radio module of claim 26, where the one or more interfaces includes at least
one common interface and at least one interface dedicated to delay-sensitive

information.

The radio module of claim 26, wherein the local controller is further enabled to
control the mode of the radio modem to allow or delay wireless communication in
view of operational schedule information, carrier sensing information and

message information.

The radio module of claim 26, wherein the local controller is further enabled to

determine the availability of a communication channel;
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if the tinme remaining in the allowed tinme period is
sufficient for conpleting the transaction, initiate

wo b@ss@nsacti on i ncluding the at | east one NMeERGHIB2007/055096
26. A radio nodul e, conprising: a radio nodem enabl ed
to communicate via a wirel ess communication interface,
a local controller coupled to the radi o nodem enabl ed

to manageracGERs nulfis @%}\H&ﬁt‘é%%@%aﬂ, [18leRRBie whether the time

communi cat i on nedium and one or nore interfaces
coupkmdining iatthd dhstedtthee pathidos suftielentafiod cerhpleting atransaction

t.ral L. f [ ti ith oth t
o e aheliBh e TS Sl i el s communt cati on
devi ce. 3fthe g feafifndRAHE BllAFelhé Prrdfd is WheicRihhdhe

| ocal controller is further enabled to receive carrier

sengionpletmidhararisesiions patiath thertedsastion dwhndipgthe Thigast one

rad%gsmg%yle of claim 26, where the one or nore

i nt erfaces includes at |east one conmon interface and

at | east one interface dedicated to del ay-sensitive

informati on. 29. The radi o nodul e of claim 26, wherein
31t he A sYSHiM APTENEer is further enabled to control the

node  of tahﬁirél@s@i c%n%ﬂ)? 1169 d@\lnlx?,%eo\;virglg%: X gﬁu{%ﬁkﬁ%ﬁ device

comuni catron 1 n view of operati ona
I nf anchadingnt leedar ri er sensing i nformati on and nessage
i nformati on. 30. The.radi o.nodul e of claim?26, wherein

the | ocal cpn_tarIBP]iﬁéardi‘? %Onft’iﬁ’luFl_ﬁéPd enabl ed to deternine
the avai | abi | igfyQfitya (GO WYIGRL IBRh1ENWE InvlfiraliB@ontroller, at

radio nodule is allowed to comruni cate, determ ne
whetléest ondhef the pleraligyraf nidisgnodulesheclatlingwdded icomrqler favd

is sufficient f rﬂ@ongll.eil ng a trantsact iﬁ@n i ncl udi ng

t he TRi"ERE A0 RIS RHETess R PO} PRI ermai ni ng i n
the all OWE@llobbl%nﬁSl!lérQchﬁxﬁn%é&%ﬂﬂir@lhfo&%ﬁti@r@%&hé RAdlltiradio
the transaction, initiate the transaction includin

t he captrolicidndiepiimgmb lpggiac allawedting peeed waohpr wiichg radio module
wirel gﬁoswe%ﬁg%gl‘i cRkd.pn device, the wireless
communi cat1 on device
the local controller receiving information related to at least one message to
be sent via the radio module and further determining the availability of a
communication channel;
if the radio module is allowed to communicate, the local controller further
determining whether the time remaining in the allowed time period is sufficient
for completing a transaction including the at least one message; and
if the time remaining in the allowed time period is sufficient for

completing the transaction, the local controller initiating the transaction including

the at least one message.

32. An apparatus, comprising:
means for receiving scheduling information indicating at least one allowed
time period within which a radio module is allowed to communicate;
means for receiving information related to at least one message to be sent

via the radio module;
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including at least: a nmultiradio controller; and a

plurality of radio nodules coupled to the nmultiradio
w@oomwso2ier, at | east one of the plurality of PEHIB2007/055096

nodul es including a local controller for managi ng an

unschedul ed wirel ess communi cati on nedi um the | ocal

controller receiving scheduling information fromthe

mul tiradig

r ol i . ‘ I '
T por T ar b i SR B Hegh F in W e peroc
conmssuffiatest fot b@npletiag a camacwdl mcludmgehe atrigast one message;
information related to at | east gne _nessage to be sent
via the r‘%‘?ﬁné?%’(f@?eemﬁﬁ CREIR thsatlgwps H_fnﬁg’eflﬁgls SU_?f[l]cwnt for
aval doﬁﬂétfnth@tfraréa&m&h@iﬂé R GhR ln'les's%get, @&et‘hﬂ:#ng the
nodule’is allowed to communrcate, the local contro r
f ur talverlabdlety eif ricnmngnidag o elfannbleatd ne remai ning in the
allowed tinme periad is. sufficient for conpletin
Cr ansact MBH0F A targoioniod€ salopd ittt dadie ¢
t he dohifBuri &fBh Bhitthel R ab A0, LiAMATholthOBaR@EHRCinkISding the at
sufficient for conpleting the transaction, the | ocal
contleast prarmpsshgd- at i ng the transaction including the at
| east one nmessage. 32. An apparatus, conprising: neans
for receiving scheduling information indicating at

33|l eaA nefwdatdmmwaihd: i me period within which a radio
nodul e is allowed to conmruni cate; neans for r ecei,vigg)%

i nf or mat iS8NG erardomn Yaluatn 4 kagktoTberaninsdesatsd e 8 ragkio wdle;
via the rd%f&rrﬂilﬁ'ﬁ’%wsﬁd ok ?:lﬁ'% érgﬁ?n\é?géh]ceéfﬁlggv&\éﬁ% ﬁ)%rra&ig?nodule 1s
time remaining ih the a ote Ime perrod 1's

suf falloivedto ¢eammomingket i ng a transaction i ncl uding the

at | east one nessage; neg%?lpfor, i.f the tinme remaining

in the ald°lHBERS HECHENG GEd st rRlFent for

conpl et i RPmERLIi HARSRGE hoMiloReh YHER Mt aRlor HRABINRDI R
nessage, determning the availability of a
commaayatkableopausingrihebackeaxfl commgarsinfibpqth icpmivgicatioh © allowed
nodul wed tlgblg_ormuni cate and the comruni cati on

gtlilesc %l le 1 Lo . h
charifhél |§1%Q/ i1 At initiating the transaction
including the at | east one nessage.

34.  The method of claim 33, wherein a message transaction is initiated when the
operational schedule allows the radio module to transmit, the allowed time
remaining in the operational schedule is long enough to complete the message

transaction, the channel is available and the back-off counter is zero.

35. A method, comprising:

setting a random value in a back-off counter located in a radio module;

determining, based on an operational schedule, whether the radio module
1s allowed to communicate, wherein the operational schedule indicates periods of
time when the radio module is allowed to transmit and periods of time when the
radio module is allowed to receive;

if the operational schedule does not allow the radio module to transmit,
allows the radio module to receive and the back-off counter is not zero,
decrementing the back-off counter for each period of time when a channel is

determined to be available;
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33. A nethod, conprising: setting a randomvalue in a
back-off counter located in a radi o nodul e;

wa@leas/Homizni ng based on an operational schedul e REETB2007/055096
the radio nodule is allowed to comruni cat €;
determ ning whether a channel is available; if the
radio nodule is not allowed to communi cate or the

channel iisthérp¥atibad lsehedIRUREN ot ANBWABE kad®d mol@ER Bhnsmit,
until both comrunication is all owed and the channel is

avaiallaps ghe r3dio nrpduileriot ieerive Bné thei ieck 1T abaterisizerp, delaying the
nmessage.. It at 0 t 1 opal

so hé%gl?tel&{ ?{]asl%%gsltaggtrlcrugsa&t%n a{ g cﬁgtlry\ﬂgg Ifhé%%% ma? Py SF&annel
al | eweitkbilitye remai ning in the operational schedule is

| ong enough to conplete the nessage transaction, the
channel is available and the back-off counter is zero.
35. t Vv

6 ﬂe??ét@%%ft cg@f{f’% 0 % }t}feé nla ;f;h% gﬁéﬁsg%eatrdhg’%%gms i?l tﬂl?e(f Whéh the
det exparanbng sclixdskcllowsaine apermddda sl trashed thealloweé tiner
the radio nodule is. aIIo t o communi cat e, erein

t he "BP&PHLS 182%? ORCEH A ‘ﬁ’&‘? Edenseioueh 86%0“8?% ithfgmessage
V\heflrab's"%fétlbﬁldché’cﬁ%%'l' i8 avaalaﬁiel AL bRKLIRORR: i 8Ag,.
periods of time when the radio nodule is allowed to
receive; if the operational schedul e does not all ow

the radio nodule to transmt, allows the radi o nodul e
to receive and the back-off counter is not zero,
decrenenting the back-off counter for each period of
time when a channel is determned to be available;if

t he operational schedul e does not allow the radio
nodule to transmt, allows the radio nodule to

recei ve, and the back-off counter is zero, delaying

the initiation of a nessage transaction and continuing
the determ nation of channel availability. 36. The

met hod of claim 35, wherein the nessage transaction is
initiated when the operational schedule allows the
radi o nodule to transmt, the allowed tine renaining

in the operational schedule is |ong enough to conplete

t he nessage transaction, the channel is avail able and

t he back-off counter is zero.

-4 -




