WO 2008/096215 PCT/IB2007/055096 MANAGING UNSCHEDULED
WIRELESS COMMUNICATION IN A MULTIRADIO DEVICE This
international application is based on and claims priority to U.S. Application
WESH%/N62111/673,231, filed February 9, 2007, entitled, "MARBIGR Y 7/055096
UNSCHEDULED WIRELESS COMMUNICATION IN A MULTIRADIO
DEVICE," and of which the entire contents is incorporated herein by
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quality of the communication and the functionality of the devices. These wireless
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communication devices (WCDs) have become commonplace for both personal and
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.

[00903] 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 celluiar telephones that
provided baseline voice communication, to modern digital cellular telephones. GSM is
an example of 2 widely employed 2G digital celiular network communicating in the 900
MHZ/1.8 GHZ bands in Evrope 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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characters, while providing data transfer to packet networks, ISDN and

POTS users at 9.6 Kbps. The Multimedia Messaging Service (MMS), an
WEEHEMd  messaging system allowing for the transmission &f SHA9H7/055096

graphics and video files in addition to simple text, has also become

available in certain devices. Soon emerging technologies such as Digital
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transmit data to other piconet members. In addition to Bluetooth' other popular short-

range wireless networks include WLAN (of which “Wi-Fi” local access points
communicating in accordance with the IEEE 802.11 standard, is an example), WUSB,
UWB, ZigBee (802.15.4, 802.15.4a), and UHF RFID. All of these wireless medinms

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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Oor on€ or more communication mediums.
simultaneousty over numerous different wireless mediums. A user may utilize multiple

h'™ devices (e.g., a headset and a keyboard) while having a voice

peripheral Bluetoot
conversation over GSM and interacting with a WLAN access point in order to access the
Internet. Problems may occur when these concurrent transactions cause interference with
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 effecis of two or more
simultaneously operating radios te create intermodulation effects to another bandwidth
due to harmonic effects. These disturbances may cause ervors resulting in the required

retransmission of lost packets, and the overali degradation of performance for one or

more cormumunication mediums.
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regulating air time between two or more radio modems contained in the
same device often require a centralized (as a single component or
WaIStB(itedl Among various components) communication conBGT/ ERTHFEIEp96
an operational schedule for all active radio modems, the regulation of
which helps to reduce the possibility of communication collisions between
active radia modems. However, in order for the operational )
0Ll o BeLREE B BTAA R i HERTT) oS BRPpraeiiely
nsivtrolleciding precisioncriaydee etivegifom thecammapigati’ntomponent
98@%@&? i nchronized with the modem for example, knowing
o e s (i S
OP&HIBORY delrdul§0009] WwitteredntratijeuontheliegulitetesS wasburges to reduce
B RDAASME Y Baav-Re GHRACAHNSHECUNGIN ARIIZING SomE Wireless
mediums, other wireless mediums mg%écontlnue to be problematic. For
Hopaviidn RifsTees Broteegicntheshedulsap leratectie ingnsgminrohoudem

actatRyon ReY-onerRt/iBaronee thhatysesdixethifapsmigsionandseception
intervals, like GS BluetoothTM, may be more readily managed by a

\ and :
R RSB et e BRI b WP e Ko
theithout veguirng iekje: huffelis timenperndss dowevercathetivwiralessnodems.
mediums are not so predictive, such as WLAN. These unscheduled

[4t¥less meBibrssconust rompatbeforaviiiablectransactioralevindovs, and
e RalBoMlfedBRY 155{91#%%23{ 5 HIG; Rerids iR Allow fer determinal %és)fmay

carrier availability. These determination periods, or contention perio
CORUTHRE IR FRBYE e RETCoRTpRte A FARSREBPR lbRidis g Idlkdafor carrying
synessages itamertobeopentanch Ata aaasidaniedgemantiiame tedstion
. Teceive ﬂéfﬁp&gl a%ftag se? fr,E mes are not sent/received in the time
S atable e el gf% 18 U8 nsiGre A URSTIERLE WA Pal SFaEtiztihe
canttoliEr weysstimeisdulsted incthe-ditial daiied \WitAN: message atiepigtr

- (this fime c ccessfully used by another wireless .
e R N AR
Theesuagrecdylan “ikiets megient failsfoorojtwhatisithdreforemsetd dvisdws,

afysiemtan managing WirelessHeseuresdnthe %@@&&%}ﬂ%ﬁ&bﬁ% &g}%%‘?

conflicting wireless communication mediums. The system should be
TEHABIEY 1o RTERAYEBOATIORS S0 it EBIS RIS edmiRAlReasigrmore time
tomedilens: andswitelesacdamnupisatiassmedivms thatkutiizeunseheduled
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the time available, the message is considered unsuccessful, which may waste time in two
ways: time Is wasted in the initial failed WLAN message attempt (this time could have
been successfully used by another wireless medium), and further, time is wasted in

attempting to transmit the WLAN message again, which may still fail.

10610] What is therefore needed is a system for managing wireless resources in
the same device that utilize conflicting wireless communication mediums. The system
should be enabied 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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SUMMARY OF INVENTION 100111 In accordance with a first aspect of

the present invention, there is provided a method, comprising: receiving

scheduling information indicating at least one allowed time period within

which a radio module is allowed to communicate; receiving 5 information

related to at least one message to be sent via the radio module;

determining the availability of a communication channel; if the radio

module is allowed to communicate, determining whether the time

remaining in the allowed tvig Rerod isysuffisignimr completing a

transaction including the at least one message; and if the time remaining
j00iHithe alloweddinégpetiodiisadufficigntciarfchmplstingithentiansaetion, pkbvided

a n{g{ﬁg&'ﬁ”&,&fll (:“rigri.%1 Q§fae%ggf@ni9 grl: }gclﬂ%}%he %1'81%%%% ngdriggt?sga gte{ LOSP c])'r}eaa"ll'lllor{wed
accordance with a second aspec ot the presenf invention, there 18

timprmr:é@éd%ﬂdprwbmlea progravvdprodudicurdprising raunomiputerdisable

infSARLINR ARYIAT, CORME RRGRIS BROANOUR SIROHIGELID S8itining
medium, comprising: a computer readable program code for receiving
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suffrdeu {9 deHRicsiase ViaptRel dtiBeHE g & bl GRS rsattapi @t dgifnime
rent@fiadon detarminingthepamailabiilyiata conammnisationchannelid,
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R AR AR SR AT I B e th &R Q1R 58t Sining in the allowed time

%9 eriod irs sufficient for.%omgletincgatr n gtion including the at least
[60%ia i a_ccorgeance Wil A sccond aspect O e present Inve mfo .%}ere 1S
one ' message; and a computer readable program code for, i ffie tie

proredediaitgriputhepaligwad timecperiodrisirs dficiapt:for wabipletidguthaving

lgn, injtiating t ion.including the at least .one message.
co e s TSt ARV SRR, TRRRee
rea@@&em@mg%@mwmmﬁﬁlg@@vmgélﬁgswmmdiem?déaﬁmme
allWERIERR: Sammuniaation devisailneluging;atirast: &, oyititagio sONEQUEFer
and a plurality of radio modules coupled to the multiradio controller, at
reafalig Riserar RS faiRsebi padEOTREHAI S IMER BTG laad iiccpRirate FIGe sent

via TAANAAH &.@&h%@%@%ﬁ%ﬂé@ NARISS S regmmURcationRadim: the Jos@bility
controller receiving scheduling information from the 5 multiradio controller

of 4 Qe AHYCAL RS I RS  AIGWERF I BRRBRERT VAl & rHdlts ibamedyle
is afilowe dbtocaammivnicaiestherpeakaentrolier fecamngrformatonselatetne
t.onef messa%e_ to be sent via the radio moduyle and further
|

toat le
pel‘lé)gtésrﬁ]iliﬁisﬁlél}k for comp ﬂﬂg a transaction mciuding the at jeast 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.

[6011b] In accordance with a third aspect of the present invention, there is
provided a system comprising: a wireless communication device, the wireless
communication device including at least: a multiradio controller; and a plurality of radio
modules coupled to the multiradio controlier, at least one of the plurality of radio
modules including a local controller for managing an unscheduled wireless

communication medium; the local controlier receiving scheduling information from the
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of a communication channel; if the radio module is allowed to
communicate, the local 5 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. [0011c] In accordance with a fourth aspect of the present
invention, there is 10 provided an apparatus, comprising: means for

mu{ﬁ%_%%iQQ_n%GF%@Hlmga%mg%@HQ%H@%W&&%&Q&&EW&@HQW%H@?adio
period within which a radio module is allowed to communicate; means for

mogHI Al TS i st eIt T dPfahet B I ssiyesdbergshon g il to at

Jeadioshie mackie ianeaRs oL YBEifing whathemhe.ime terpaning: NS ailability
allowed time period is sufficient for completing a transaction including the
of - $IBURTY Y eRgE! KNS 8 APt B TEMAIRTG it iSR!
continsig=parioddsisuffidient fokchepletingethandiangaatian ifcludingth@daiod is
f}‘easttc%nga message, determﬁingﬂt@edav?} ab&illiitly of a communicat'o.r{fn the ti
U RERNeY, Enanieans for 1 the'raaio Mddile s Alowsd 16 ommunicats "
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[oeedule formanaging theaRemianeba plurality.of fadiomRdules:. i
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controller mya be employed in a radio 25 module utilizing an unscheduled
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IS a equa%e tinTe Tor a transactioni. “For example ,a multiradio controller
con{MRGE e chrovidensdhredukeimfof thatied dnokdlikg atllevsdimeopenigdsate
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local 5 controller may compare the Schedul€ information to information
leag OneansReEMmessages waiting for transmission while Also performing
g\_sc‘arrier sensing to determine y_\_/herther a cor_nmunig:_atipn;c_har_lsn:el_ is y
10C5¢lilable fbriBE AP HE MIRE AiI6WS CoMTUNICAIoN the ide at Jeast & method.

device, computer program and radio module for managing the operation of 4 plurality of

radic modules integrated within the same WD In af least one embodiment of the
present invention, a control stratesy may be empioyved to manage both mors prediciabie
and more spondencous wireless mediums. A local controller may be emploved in 2 radio
module ytilizing an unscheduled wireless medium, ke WLAN, for determining whether

adequate time is aliowed for completing a rransaction. I the fransaction cannat be

completed in the time period, it may be delaved until adequate time exists.

1Hi3 The local controdler. in at least one embodiment of the nresent Invention,
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channel is flee. there is enough time, and any contention periods have
expired, the controller may initiate a transaction on the cormaunicalion
channel. [0013] In example embodiments, if all of the above conditions are
not satisfied, the local controller may perform alternative actions in an
attempt to maxirnize efficiency in the WCD. For example, the local
controller ma continue to delay any communication transactions until a
suitable time period is determined. to conjunction with this delay, the local
controller may further inifiare optimization procedures such as informing

the MR da ofavallable.commupication bandwidth. that may be assiangd, ;.

to another radio module, as well as placing the delayed radio module in a

(6 FaP AU GO THESEcAR oS diale BRMpIes 6 tsasure thatmaye

ptuin:plase oot oveptimize the available bapdwidth while consening .
pourer in accordance with embodiments of he p resent invention. 20 Sh
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(0014} The inventionswill be further uindersioed fram:the following: detailedges

descrlptlon of a referre _.embodiment, taken in conjunctlon with

apperded Gean HG< i WhiGH [O015T HIE. FHISEITEEE i ekasrpiary» hether

wireless:operational-c virannént;including e Wirele s§communicationon, the
ediums of different effectlveE range, | Qg%g EE}LG 2 dlsclosesva modular.

éescrlpnbri SF AN EXempIATy Witelass “CommuniCation Hevice isapie with:

abtéastonaembodiment efcthe: predentinventiontic[00£71EIG. 3 discloses

an exemplary structural descrlptlon of the wireless communication device

prétiously deserbedrily FrGo21e018] RIG: 4ldistiosesan exeniplaryt satisfied,

aperational description.of awineless; commynication device, utilizing 2. ¢iciency
wireless communication medium in accordance W|th at least one

é%ﬁB%&"m%nt Rl ﬁﬁé’%@?@séf‘ﬁ 1ﬁv§ﬁﬁ’8ﬁ {*j[@@‘i‘rg] p{@tgﬁd}é@@ Eég & communication

opeational a&xamakezwftesr@m waterference-eeeursivhen  siliZingimultiple .y the
radlo modems S|m % eously within the same wireless communication

AETICE THOZ0] FIG . SA UiSHIGEaS M BPIRTYF StHIErAt tesEripioh ot MRC
wirelesshieemmuinication devieedncluding: amultitacio contralierintic module, as
Ay ﬂj gr!igg !V{F %t gg%%t [2,? O module 0 a power saving mode. These actions are
sxamples of measures that may be put in place to both optimize the usage of available
bandwidth while conserving power in acvordance with embodiments of 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
WEREPEIBFAF description of a wireless communication device'EIFGING ®5096
multiradio controller in accordance with at least one embodiment of the
present invention. [0023] FIG. 7A discloses an exemplary structural

description of a Wireleﬁggﬁ% ﬁ%tia% M@Ming a multiradio

control system in acco rteast one embodiment of the present
[pygntion. [0B241LGIG: FB.Aiscloses 4 marsArtaliedsiiveturalidiagamef

FIG. 7A including the multiradio control system and the radio modems. -6
IRRRP GBS0 B S I NS PO S BT Ie BB Eies. Wi el dspvings, in
waxemplary operational description of a wireless communication device

including a multiradio control system in accordance with at least one
[@dodimenF st thepresentinwentiony] 0026k BcB@AcdB closesarnt, including

. rL I inti ir C unication device
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f one e ' I | - discloses a
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more detailed structural dia‘lr%am of FIG.
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B meimioat o e ST A R Th AR s Stef in

caucondarics: detiraplerstsveiesmbrdiméntotthe present invention. [0029]

. FIG. 9A discloses an exemplary structural description of a wireless

[¥fimunicafiéh dediconse tripFgraPiAst iipGtatonnl Hesdistearis] systes in

caaaandancs yth-analierpativerbedimentafithe e senthinvenlifRe with at
[0030] FIG__ 9B discloses a. more detailed structural diagram of FIG. 9A

e R A B R RS RS PR HBiE EBRtrol system and the radio modems.

(PRI FIG. Pl disgloses an, exem '%éY gngrational descrl ife%‘ L8 15 when
wireless communication deviee inclu Ing a HiStributed multiradio Control

vglistemrinlggcardance dwith shar hitersive shnb tidimert wirthes presenmication

aiygntion disclosed in FIG. 9A. [0032] FIG. 10 discloses an exemplary
information packet usable with at least one

[¢020] FIG. 6A discloses an exemplary structurai description of & wireless

communication device including a mulfiradio controller in accordance with at least one

embodiment of the present invention.

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

the multiradio controlier and the radio modems.

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

embodiment of the present invention.

[0623] FIG. 7A discloses an exemplary structural description of a wireless
communication device incloding a multiradio confrol system in accordance with at least

one embodiment of the present invention.

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

the multiradio control system and the radio modems.



embodiment of the present invention. [0033] FIG. | I.A discloses an
example of a local controller incorporated into a radio modem in
accordance with at least one embodiment of the present invention. [0034]

WeIB0%9982dfscloses an exemplary functional diagram of a raBfor AF38EHSS096
including a local controller in accordance with at least one embodiment of
the present invention. [0035] FIG. 12A discloses an example of an

heduled, wir 1§ S communication medium transmission experiencing
o i et S A Sh D e B e o
cimventioatie? Woc20081de624 1R adiB 20076055096 1§0Q86]dRG: WiAB at least

o és& A0 EXAIP ?eggn@@nggﬁ?&eqwed wireless communication

medium transmission management in accordance with at least one

[@pgodimentofithe, Aresnt IMVeREQ QRGP d3ARISEIOSER Reless

back-off timing control diagram for an example communication scenario
Cﬁ%?ﬂ%%@g%‘fﬁ mrlediee Sl sEmBEamERT SE e prasaytemR Afiehidance

w0 38k HGn 3Bndistilasesod thagkeaff timiagieantrol diagram for another
example communication scenario in accordance with at least one
[@2Hodiment B85 tRE predent invertitmi[0D38} FiG] dkhdistloSEERAA including

axemRan.flawehart for managing anunsched ?ak%ﬁee%re'ess

communication medium in accordance with at [east one embodiment of

[dtreg presentinyention 9044k RiGnERdisclases A RxemRaN flowsbagk for

implementing, a back-off_timer with respect to schedule and carrier
OB AT A O a RN YR Sra EHEURRTER Y e preisshtdance
wiventiar. 400 h)&itn b diselesesanexatplary flowchart for

implementing a back-off timer with respect to transmit and receive
[fBfhission NlGceérdanseanith atcloakoreuamblotisnept of the pregdent

VG0N RERGRI LRI OF EREFERRER LMBQRIMEN T [004 2 WhilE.

the invention has been described in preferred embodiments. various

WGBS ERH B mpibnaset e iRikest dayerting from the spirit and scope

[ ' ibed in th ded claims.
e e o e AR S S am of FIG. 9A including
the distributed multiradio control system and the radio modems.

[0031] FIG. 9C discloses an exemplary operational description of a wireless
communication device including a distributed multiradio control system in accordance

with the alternative embodiment of the present invention disclosed in FIG. SA.

[0032] FIG. 10 discloses an exemplary information packet usable with at least one

embodiment of the present invention.

[0633] 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.

[0634] FIG. 11B discloses an exemplary functional diagram of a radio modem
including a local controfier in accordance with at least one embodiment of the present

invention.

[10635] FIG. 12A discioses an example of an unscheduled wireless communication
medium fransmission experiencing problems in accordance with at least one embodiment

of the present invention.



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
WeddleWetBpeed, range, quality (error correction), security (RAEERRAR) V35096

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, | includes a diagram of a WCD and how it interacts with | |
[Qfbus types Ot eSS HEWD REMB YOG 205808625 ireless communication
RETHB200HE096:: #0044 inthe exampleigiciurediionk Knbbdusest bt Ghe

ossesses WCD 100. This device may be anything from a basic cellular

esSent mvention. . .
PlaRdset T0 & more complex device such as a wirelessly enabled palmtop

[R3APtOP computer, NegiEieldGammynicaianNIT Gk 430, I8 mpre
various transponder-type interactions wherein normally only the scanning
CREIBRICAEGRIPEYHE DI Se e Sotifdert W brrecebedHacsb o dec 1E9th
ishersrange communication. A transponder in source 120 may use the
energy and/or clock signal contained within the scanning signal, as in the
[@E$g of RFIBICoNM¥Ruscatien; tedlesidnsing tihhoaiadiared iiorthaother example
cHansponder. Jhese %9%%0‘%&198@”%'*}?9%‘?%%%%49"éﬂfﬁ‘%"a%‘%‘e”feéﬁﬁt‘V%sem
?ransmssmn"range‘on e order of ten feet,‘ana maybe able to defiver
irgtgreehdata in amounts from a bit to over a megabit (or 125 Kbytes)
relatively. quickly. These features make such technologies well suited for

[96&%ification Surkbeisslste A F ke (e s asc KB UGB 8P 1 S plie

wiRnSPesiatenipiavidekdkein ceas dorRnautenmealic oaleshiimdaos dack,
an account.number for a credit or debit transaction, etc. [0045] The
PEFAFRATEEI5ATange between two devices may be extended if both devices
apable farmj erjq mmunication. Short-r ive
O icaton L0 R RN ARE il Cor
tipegaivih gedesAtBssaked Po B cavec: Apnexem pharseaitiato i ol tbasthide
eMSEhik R camipgudthinciretive transmission range of a BluetoothTM,
WLAN, UWB, WUSB, etc. access point. In the case of BluetoothTM, a
[duatyyork mayiautoiadicadys be established e tantmitiplanmation taceD
t.100 £%sses%€9tb¥ user.tll%. TQis ga%a ma\{/ include ir&forma;[igfn %)f an
TRfoFMaVER Satcational S entertaiming natare. The armount of nformation
etgbbéngon vé yiedpissgniimitedjcexcept that it must all be transferred in the
time when user '110 is within effective transmission range of the access
point. Due to BREHidHArIdS i RRATE HHARE L ENHRO B

: S e AiE\Hsd BbkMaNG additional
time is also req%lir%d to establish the inijtial connection .. ,
[0042] While the invention has been described in preferred embodiments, various

317 ¥, R
Lalagdallela s g..ﬂu O

changes can be made therein without departing from the spirit and scope of the inveniion,

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

[06043] 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), efc. 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.



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
Wi a9opieoiaIm some 30 ft. to over 300 ft. with additional pow&EHEBixiS5096
[0046] Long-range networks 150 are used to provide virtually
uninterrupted communication coverage for WCD 100. Land-based radio
Fggrié:?ions or slatellites ar(-:-1 used to _relag various communication '
[938 actions WEAGHTR SR Bldad KsleHierart) ButsessyMuhctithal his
dthvécusenpbthesehsysfems:saitercihargaddon aopamiiniseiasii -3 WMQs o
2008/096215 PCTI1B2007/055096 user 110, not.including additio
B Py (P e e ey g (e 120
irelydtatisnsisoverpepthesepsysternsinmaybause mdditibnahbvibeeadhfog device
R w«?@@adseﬁa)eféd%ﬁ%@g&%&ﬁ%@%@%%53%&!?@3@@°re

cumbersome. Il. Wireless communication device [0047) As previously
CHESEHBRACthe’ pHEEERRIAERtION AN D& in pRerheried Dising oa datlesizot!

chifalessaemisation.aquiRmant hbersiyeritis LHRAHANGIRN, to respond
rstand the communication tools available to user 110 before

und o
% %ﬁ%ﬁrﬁé"fﬁ% BrosHROSHTon | RSP RSP EaLeuBH Y ke fTective
ttelephoine ahgiherthaodkels witdlesudeviee sothge ntegratedisatadata in

handling capabilities of the device play an important role in facilitatin
S B R ey K RS TR Reshia oy s
nifisciosbscamekamplacy madditr idyout fetic wirgless, sammasunication an

ARYicEUsRblEWI the NESSEN ISR WCDA0Q ishreken dewn into

modules representing the functional aspects of the device. These
RAMTBHERTIPRE Joctterita By idVarivad condshiaiomssiosotivare
ngﬂor hardyare components discussed below, [0049[ Control module
3 e gt B BB AL B BT oL R Ay D B froi
dvarieus otherbinad pleSHincud it roMEhikA0 o fosBxamMple, active

' 1flrg ce se sing module 220 may use various techniques kn(_g n.in
T S S i e
bethasiission saemplal thitialireleseld bradmisatibl device @ontrofimodale

et QRGP Iss e 35:0ala JpTvtsy ANANNUIRSPRERAMAY I83U8 GaNtrok, me

commands to the other modules in WCD 100. [00501 Communications™
FotiuRuss i corpBrateE<dn Bt HHBaRTAE a6k iskgsee s wEWCDfammtion
1oAY ShoWN HodsbGed HARIMLNICAtIQNS MUY en2 BRI MaN G, fan

informative, educational or entertaining nature. The amount of information to be
conveyed is uniimited, except that it must all be transferred in the time when user 110 is
within effective transmission range of the access point. Due to the ﬁigher complexity of
these wireless networks, additional time is also required to establish the initial connection
to WCD 100, which may be increased if many devices are queued for service in the area
proximate to the access point. The effective tranémission range of these networks
depends on the technology, and may be from some 30 fi. to over 300 ft. with additiona!

power boosting.

{0046] Long-range networks 150 are used to provide virtually uninterrupted
communication coverage for WCD 100. Land-based radio stations or satelliies 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
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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
Wi aneRIa2d1 different types of communication from both locBf-AABAYK 35096
distance sources, and to transmit data to recipient devices within the
transmission range of WCD 100. Communications module 230 may be
tri ed by control module 210, or by control resources local to the
ol e TRSBEHANS 16 AT e b RS AT el RlFiB Mg access).
Fantltor tbthepdevice S dngphoxihtity i@skﬁfﬁé@rﬁ@@aﬂ@a‘ﬂd@iw8@&&%¢ Jor both
thF;:CC;,;I'%)I820007/05§096 L%)Sl&llerer ﬁ?é%gs%csesqé%dsurléa 240 mglysc(i)es visual,

Uul Iiseagn I:[%\gtlf:ésé%menr‘grts WLFISISC ow the user Tfoc%nreecel%lée'data

frem..and epter data; ntg.the device. The data entered by user 1 10 may
be interpreted by control module 210 to affect the behavior of WCD 100.

[8dg91- inputted galadmay alsebedrapynitadihy-canmunicationstmagilasing
230 to c%ther evices within effective transmission range. Other devices in

2V AREh BT FR G RAY SE 8 S EHPG M ARTI S SWiC bHBeT g to understand

tleommunidedionsibduvie 1 236 tans:contredfonock Al tegy Lansethison. For
' ation t transferre user interface module 240 for, . )

o e e RS s s

irﬁﬁa&*%@dﬁwéﬁ@ﬁmm@fmﬁaﬁ@f&ﬁmmﬁﬁ@nb@nﬂ/ﬁl@mq@@s:ﬁﬂh'eséacﬂitating

naRRICRNOBSNAY, INEAR RenRe T dNeEaces diilities, interpreters, data
applications, etc., and maybe invoked by control module 210 to read

[dofizymation provisleddysthenvations ModuRs.and #u e sHRpbss

information to, requesti od%les in WCD 100. [Q053] FIG. 3 discloses
R BB SR PRI A LSRR PO Rorat 04 BFAERHRER i
nofitiespresent iingehtimthiat ah aspbesugabetdevivelervastcthe finctionality

r IQuUs ibed in FIG. 2. Processor 30

P AN SRR IR0
dissustetidosine or more communications sections 310, 320 and 340.

Processor 300 maybe implemented with one or more microprocessors

[%fi&tlare eachTAPABIE B exELIRMPESHIFHRTRE RN i GHCSarEd [pputs may be
rdtte 10 o33 02005 4{HMe a3 3k ey naluderandor. aesessHmaamory

. (RAM), read onl e ROM), and/or flash. memory, and stores
o e SRR i %
S@mﬁnﬁsrﬁaduﬂes)&ﬁh@ﬁta@mﬂhﬁ Ibgllﬁﬁéff@fye Bsﬁlsnmayduera@o:cﬁ ated
WWQQS@%%HJ%@&M%@/&Qm@&ﬂ?{ﬁtﬁlol&ﬁdﬂ'g ?&b@%@tgﬁ}%g‘ i quuts, and in

response, may issue conirol comimands to the other modules in WCD 100.

[6050] Communications module 230 incorporates all of the communication
aspects of WCD 100, As shown in FIG. 2, communications module 230 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
transmuission 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.
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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
WS aeB849621300. Various types of software components mayFé B8 7/[1§5096
memory 330. For instance, memory 330 may store software components
that control the operation of communication sections 310, 320 and 340.
ory 330 may also store, software camponents including, a firewall, a
L e o3 s kit R AR s
wRICT HB30 0¥/ 055096 tusercintetfac &onmarnagentanti@annytcahniavicatibre data
Uities medules fequite 9. BRI YHER 08, I9RPL-BRGROYavior of
erc%:%glr‘nmtfnlilcartionsrgl% Serfoﬁns ?ung[icons reé\teg togtﬁg exchange o oo
WiBrid&tidrsovernaige deagraphite decaantsutndlycemmamesivosardibcar U
PMeIRviEResaiGARYRLINCALIARMEIB dminclusiedeshnalogies koM g range

previously described | G to 3G. In addition to basic voice communication
MY LS9 SNHTISHGR Far e ol ROSHEHE! S I J5 P pleratd-gd control
RAABIISI dakaaare MNCRLINNAIFeSH 083 BuURkiras tCarpelakRackebRadmio for

Servicex%f]Pnglsessions and/or Universal Mobile Telecommunications

PESRERTIURTS Ssf?é'ssions.. Also, Long-range communications 310 may
[(R)%%jiate to tr‘g?;?rf]iq@éht‘ts%ﬂg ﬁ%%ﬁ%?%%ﬁ%@%ﬁ?&té&’gﬁ‘ &ﬁe?@;%ﬁ%??ﬁﬁ@/‘&%%ﬁware

service (SM ages and/or multimedia messaging service (MM

appEssRTONEY] K§ a BifsseppiteneRranyeedrintmiatonsdagsoptilities,
nRULSHRRLY IO %%m&ngm@,se?@, ingerendentynedule sspaalelngonneeteehd

_to processor 300, transmission receiver 312 allows WCD_ 100 to receive .
oS RS AHES GRS VAR et StRh B & B GHAP VIR B At St fr ine
mdandbeld:Rayices (DVB-H). These transmissions may be encoded so

that only certain designated receiving devices may access the
[4f&asmissioF Kortetmsiand amayeoutairstaxtyal dipoot videCIndlhratioding to

2ALIASHANG SRMRIE WGR 400 MaY: Jecale (eae AN IR S Al nality

use information contained within the transmission signal to determine if
offiaedaqirdais paemirsy tyshedeard rddeiile. dorfteresions ) shvipleaigel!

dCORIBEAIGAIONE 323 nesnensibietesfunaiionschppvingdesaxshange
of information across short-range wireless networks. As described abov

COREHEEIREE PRI 3 lexahIEs BF sUT SO PATER CE RIS one
oBZdarenaigintiedtothBl ueieath Tihabd ANy MR end WirelessutiBBs stored in

conne g%ns. Accordingly, short-range communications 320 performs
YHEnctions related to the establishment of short-range

[6654] Memory 330 may include random access memory {RAM), read only
memory {ROM), and/or flash memory, and stores information in the form of data and
software components (alse referred to 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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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
WELHIBIG2F machine-readable data. For example, processof GOBPMERS5096
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 RtFI__ translponder.dOther short-raQ%e S atnnig%énfethods.mé{eadin%t
“IHaChiné T AtaAE oAt That Ay HE Sipportetr by the REet 540 2rd hot
Widtikedto IR communication, linear and 2-D (e.g., QR) bar code readers
-12 WO 2008/096215 PCT/1B2007/055096 (including processes related
[@6SfiterpretifgFar BB BRGGORe Al Erisravias fapdiititioragewcds for

ei@l@éﬁ@&dﬁﬁa%ﬁ%ﬁc}ﬁXvQQQﬂgé%Bg%ﬂbH@&feﬁl{Qﬁ&QfaQ%lﬁﬂag%%Bﬁ&smﬁy an
e

. be provided in a tag using suitable ink. In order for the NFC 340 to scan
Ao reHREAGHBETGANOE Brefathinedalsabnelagt: el a9 may
Jdsehide opticaldleteaisomagneticveetecinrmuiEBonqe Qiheik SEFIS0r Sone-

known in the an for.interpreting machine-readable information. [0Q60] As
ép(sinﬁ Bg elgehga E J

RS EROW 8P THSHACE BB I A8 S BB HY rocaely et &

G30@alUsekmidsfac € S8R faCNRte seseexehdngE wf-méariviatide with a user-

T&E%O;%%Q&Wﬁio%%%&ﬁw eé&%ﬁac'%s, RAYSELINPUL 60306, 8,156

output 370. User input 360 may include one or more components that
R BB Y LU I OPPREIOR SR HED 6F BOEHSAIEONAREIHSISE)
YRR MG BRIRERS nRR PYHCrARDRRB RIS PRekRIL 370 allows a user

to receive information from the device. Thus, user output portion 370 may
[00siyde various:campostbis-Sieh asandispiaynightemiiteghaiodeSoperating
(LED) factie emillers and.one of More %‘“diocsB%?‘%‘?ﬁzéée”}Eé%W eceiver
adls|c} ays incltude ﬂquid chs%a ydclsfﬂlays L&E)rg), A4 othel Video dlsp ays.
3 [CHLWEDIL000mayc s inclatesone oesvigre tianspbude s @G86. THgisals

VeSSeRNAll A PASNE BN Inak MY PP e ammEd R RIRGEEF R 30 dea

with information to be delivered in response to a scan from an outside
ssH\3f e e At EnErCRETD IBEASHISEBUNEE T AR ERFAIP megptent, and

nfRQURLON sl el Fadio IROUenSawaY es: AMBEN & arsap WithadricRay
containing transponder. 380 walks through the door, the transponder is .
TSR HAPTHAY TR s he VRt R HYANRHATEA NG the HeRE st sienal
topdreonietes te ddditionparatasnineryaay:berenaaiedexg., as previously
discussed above with regard to examples of NFC 340) in WCD 100 so
[ap3fit can redninforgsatommfromabther3 20 1s responsible for functions involving the

exchange of information across short-range wireless networks. As described above and
depicted in FIG. 3, examples of such short-range communications 320 are not limited to
Bluctooth™, WLAN, UWB and Wireless USB connections. Accordingly, short-range
communications 320 performs functions related to the establishment of short-range
connections, as well as processing related to the transmission and reception of

information via such connections.

10059 NFC 340, also depicted in FIG. 3, may provide functionality related to the
shori-range scanning of machine-readable data. For example, processor 300 may control
components i NFC 340 to generate RF signals for activating an RFID transponder, and
may in furn coniro! 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 commaunication, linear and 2-D (e.g., QR) bar code readers
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transponders in the vicinity. [0062] Hardware corresponding to
communications sections 310, 312, 320 and 340 provide for the
transmission and reception of signals. Accordingly, these portions may
wigelsgaasathponents (e.g., electronics) that perform functionBCE(EBRAEKIS5096
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
(infbrABIRBTSRBWES 1S RS [ BIRiYIBEN¢OnE itirel anmne supfelichersigingeaanition
dMAHQUS technigURSIkden ta.pracse the funclignalifdrscibed i FiGbe
2. One such -13 WO 2008/096215 PCT/1B20071055096 technique
PTH\P&%%&G%Iﬂ'ﬁ@%éw&l}%lﬁel%r&%\%@fc%%%F?s?’é‘(?ﬁ%%i?&ﬁhFrf‘bf‘%’&mmt‘oned
t}@;@&ﬂﬁﬁ@dﬁh@@&emmm&i@ﬂﬁ)ﬁ&fﬁi@fﬁ&k&ﬁ%ﬁ@ﬁ&ﬁé@i&fﬁﬁﬁi@,fﬂ;ﬁ@ﬁhc
d t i Lser in eerfaceso35 transp%réda%rg%metce hroyf%fgh?neigg re
%ﬁ% ?F] aces W |crhs?ﬁaf gWired of “Wireress BES imite ces
inddtermasively, any and/or all of the individual components may be replaced
by an integrated circuit in the form of a programmable logic device, gate

[Q468Y, ASIC AT oREIGS. Brograrrfecies 6 slRote mlEcrimpTRsREsor

368 thesstand-ralonedavics.d madditions each RLNSRR GAMARYRBNSIS. 3 shows
coupled to a power source, such as a remagvable and/or rechargeable

t%ﬂ%‘ﬁﬂ‘%%%ﬁé\mﬂ“‘fb@éﬂﬁ% s AL ARECE WD SRRV iAtLr abSHitRPYL 360

rROMTIUBcaTon: wiitesngsefiuarecomponsentisalsarganiabedanmenianyples of
which for the e tab{lshment of,servi S usi

lllc:?)ocom OnNE ilé;ol\llllggﬁe Ert ns 3%_';_)8 an micr(gpehgggsmmsero OI% %E%

ge communica AndIoF Short-range” communicat
afrmgomnmmwuufdme?@@@ﬁmorﬂbmﬁmwy |%udelwmmqsﬁnmmnes thanay

m%h&yg e Jecentipn.efSeryses Tam ramats day &ﬁ% a ertegd{ Eé‘? 'EQ&%”"S

such as the Wireless Ap lication Medium (WAP Marku
CEHGER H@%%’HWEP“&&H@I%@RR@@O@WWI\%H@QWW?@I@@}Q crystal

dg})@%m@@b@p@@mﬁe@f@w@ng@gommunlcatlon device including
potential interference problems encountered. [0065] FIG. 4 discloses a

[(EI&E}( appro&¢{imol Uﬂdmxsbéndm@u‘di&mpemﬁm ohaspMaBrdn scddrdance
s least one embediment of (e presentinvenion. AUBS (9B {8¥elion
ZESIE) er %.6 Interacts W Bp{ %rarlnhe gr%ctlon Involves user ﬂ%
toebﬂeiﬁhgelwﬁ@rsmnonﬁwgz @ugeafmrfmm gB0wsiderepeivind tnfoamatioafrigFiD
sHREEOMMIE D I QASHIR, agy\é%%ﬂ&%@mwrﬁmpéww Nk 44bhen a

In the application level, programs related
person with a device contaznmg transponder 380 walks through the door, the transponder

is energized and may respond with information identifying the device, the person, etc. In
addition, a scanner may be mounted (e.g., as previously discussed above with regard to
examples of NFC 340) in WCD 100 so that it can read information from other

transponders in the vicinity.

(066621 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
controlied by processor 300 in accordance with software communication components

stored m 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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to specific functionality within the device interact with both the user and

the system level. These programs include applications for visual

information (e.g., web browser, DVB-H receiver, etc.), audio information
WR2§80&MA%r telephone, voice mail, conferencing software FOKEBEf47/055096

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
(RGNS IRTOFHRAFOHIINE & DaR B P PCBNPEA TR SOV Y RIINGritRE cessor

3exammipeifElifandsdathisiequested o bemanioaorecinienidavieenmarace
BluetoothTM communication. As a result, ap Iicﬁ%tion level 410 may . then

3 o RSB EREES R t sS RS BUR PICTIRTG AES TR TG ER Y STORB IR BRYOT
wietlddef isketéacebdl \WIR2008/096721 arirGT AIB200¢/D050896:! [Q06G]nents may

System Jevel 420 processes.data requests and routes,the data, for
e e G e
atran¢&ficnmobnvbisiondaladétr. packetizieg thecthcateThe finforamatidmhmgignd-

21O JQUIROL IR AN ARRERFAE: COMITUHUFAUORSEROMIGS HoiNe SRUICuch

level. If the desired communication resource is active and available in the
asprolBavidveRad0T tsapeaarble PAlY HEPHSHEH ¥ a radio modem for

i ems

delivery via wireless transmissjon. There may be a plurality of mo
[Hpdtating u@ﬁ?d‘&‘?ff&?é#ﬁ?i?eﬁéé’é%@&‘?ﬁﬁﬁ%‘?’ﬁ%?é%%%ﬁfé%ﬂ%&?g ics

sefodendhrisoactivaied andabteintmseney3ackets: cisingvBluefootitldtablishment

o£SmmAnIcalion Howeyer, & radio modem (a5 4 Nardate fesgyrce) need
hot be dedicated or‘grly {04 SPecilic wireless madium, an may%ég used for

cafiffereitatipes w.cammanmiméﬂaiﬁgcemme%qnﬁbemms witthies

r é‘é%ﬁat@ﬁ&%@e@@&&%ﬁ?@f%’é&%s@&%&%‘ﬁ@x@ééé‘&‘c&éﬁﬁdgﬂ%?é@mm

[O%%?] FIG. 5 discloses a situation wherein the above describe
sesheth i) spreratiophoapisciisiviy Wi e rors thiaM ehar darswsddR ML)

vigbeeomeaastive: imthis, (caseniViC&:100 is both transmitting and
receiving information via wireless communication over a multitude of

i Edimapi WEE 4RO niaywbelisteractimgrwithonattous isetdidapyteaaiites

iégﬁ%ea}]s %}?3%8%%%9&%&?&0: For_example, these_ devices may m_cluo_le
cellular handsets communicating via long-range wireless communication

k& GSM, wirelesgheadsets £ampanicatinaniaBlreioothT Meltemnata
access points communicating via WLAN, etc. [0068] Problems may occur

Wie Asrmadare ottt St oRmsimediienid A B AREE S SHitaheB6Rp
148! iithessshawmisrkdfe shthrmudtipleomotiemsapatating olves user 116 entering

information via user input 360 and receiving information from user cutput 370 in order to
activate functionality in application level 410. In the application level, programs related
to specific functionality within the device interact with both the user and the system level.
These programs inciude applications for visual information (¢.g., web browser, DVB-H
receiver, etc.), audio information (e.g., cellular telephone, voice mail, conferencing
software, DAB or analog radio receiver, eic.), recording information (e.g., digital
photography software, word processing, scheduling, etc.) or other mformation 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 1s 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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simultaneously may cause interference for each other. Such a situation
may be encountered when WCD 100 is communicating with more than
one external device (as previously described). In an exemplary extreme
WoHESikes with modems simultaneously communicating? ¢iBTB2007/055896
BluetoothTM, 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

[00fS] 5, wodlrkauby Packarrrsdses bu spmiehe Fubwor g dagifission of
rHESG{RRE PAckelsn ReleRsmissien é%ftgﬁ@&mahw%m@aﬁ@;&@ﬁveﬁ%
r

to retransmit lost information, and therefore, overall communication
aeerAEREaR i atiénst Breinderraionirme Bigra 1e st Yot Bumipmdy.
coRRGRAeEe BMRREOM iReatlicrstont ambodiniam copekemicamanageurce is

problematic, situations where possibly conflicting communications may b
BTG AT S JoOH e S P SOV BO e SN doad e
fahadlinterfercntelismimnnizadchor iGtakynaydidedanttas trredetts speedng

and lity. are maximized. I\, A wireless ¢ nicati ice | i
S R o e R AT VSR B
tocemmadicationnin Breolol), craudivarel. dhpioirer dedicansd e (as 2

nMARaging Wireless CoMmUNIsRtiRN Mayhe aducakMWGRAA%, 831 may be
pictured in FIG. 6A, includes a multiradio controller (MRC) 600 in

uggddoFdhfie P st deasrENE eHipb ARRMEANS RS rESERERRIEA b VHEE s

RARIS Geupleshiadhe masielaontsqlr sisstam afdiaD 100. This coupling
enables MRC 600 to communicate with radio modems or other similar

[@&Vices in cHtmudicatians modites:3t@GBLRe 320vadcs840:yiexdnglmaster
operating system of WCD_100. 70] ElG ISC, in detaj)_at
RSN e S T mh o it RRARAISRES R el o
cEMREYBOOGHerbethdehsmitios 61 Esutcadafeegfitn We ledstcshe
cSmbadiment afdheRresent BIVaatomn: MRCS 08 RCIVEe S AMMMANwith various

interface 620 by which information mz@/ébe sent or received through
sqrrpskE et Systéiaars SIREAS FhodeniS ETHARG-obfer eifcasgsirclude
canay:asedbay eferrechienass MethiesinpahigediscdosensinaeyitagS M,

chgtair% SLég%Jortingglharcjwa[}e a (ortS()tfgwarIetreS()turces in adtdition to th(%. -

EEMREET THELE PESOUIFCES mAY 1iclude CoRtrof interface andjor e

viarddessingcresources. For example, each radio modem 610 or similar
communication device 630 (e.g., an RFID scanner for scanning

[496Bhine-re ddelirRIinfarmetion i ars dhallelebesmsarseibs Ebmmbncaried
oinisHace &2 for commenicating Wit mastersentrolisystepe: Hdo:

sirnultaneously may cause interference for each other. Such a situation may be
encountered when WCD 100 is communicating with more than one external device (as
previously described). In an exemplary extreme case, devices with modems
simultaneously communicating via Bluetooth™, WLAN and wireless USE would
encounter substantial overlap since all of these wireless mediums operate in the 2.4 GHz
band. The interference, shown as an overlappimg portion of the fieids depicted in FIG. 5,
would cause packets to be lost and the need for refransmission 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
iost completely. The present invention, in at least one embodiment, seeks 1o manage

problematic situations where possibly conflicting communications may be occurring
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As a result, all information, commands, etc. occurring between radio

modems 610, similar devices 630 and MRC 600 are conveyed by the

communication resources of master control system 640. The possible
WErRSEs/8193iharing communication resources with all the otheP§GHERNAISS096

modules within WCD 100 will be discussed with respect to FIG. 6C.

[0071] FIG. 6C discloses an operational diagram similar to FIG. 4

including the effect oMRC 600 in accordance with at least one

siambefiphelyseftiib predeatsavenion 2w o sossiiterrMricasdosmagpult, speed

aﬁ@Qﬁng}oﬁ%r@gmgg@ta from the master operating system of WCD 100,
concerning for example applications running in application level 410, and

I'stafusicbia tramihassaoadsadiadodimpunicatiodidexieesliaservice level
430. MRC 600 may use this information to issue scheduling commands to
[aBedtommuniicatioticdavitekeiter servige lovahi80dnamnai&mpt 46, aveidiitional

SABMRIGALAAORIEMS, HowaVEr c&(ﬁ%ﬁ@%iéﬁ%\ﬁ\ﬁ%ég%&%%% IRcp 100,

PCT/IB20071055096 may occur when the operatioris of WCD 100 are
agpighesiployed. Snéectidevanpitraiipreaiohs invHiplicatighasstare tHE at

1ARESAL @ﬂ&&@%ﬁéﬁtiﬂfﬁu@ﬁ%éﬁ%&éﬁ%ﬂh@m@rﬁm@ i@@l{;@éﬁd@%‘é@ﬁaﬁﬂer control
service level 430 and MRC 600 must all share the same communication

SyerR i, HeRy O thal PCcemiie &l s patC8 P SO IOY KA iR g 35 ©

neBmUnicate dmihe dammaon doieHacesystemoaRRs ASiE tesat) dedaao via

sensittlve inf rmatiop reg@\ggg}g th communication resource status
the ]mas er %’Jera %gr%yds em ll . . s
Information an 10 modem 610 control information may become

isipiyed, nubifinganychroefielak lfagLIPBMBEAARTHLIPLOSEA, which

system better able to handle the differentiation and routing of delay

megiiaRiveeiATelR AIRTRRIRERTF LI bareruraddrddt o MRCEODIE 6 HED

A GAlZeRe MnkoWHRIRST aRpmuRIcalen e Vvivarineosdineaimulirasia interface
control system. [00721 FIG. 7A introduces MRC 600 as part of a

O BT BHRTBEEOS R PRIEE) 7 OBF VG B Or80 TESEE SR RCE TR &Y
Righstronkemiiodindenhef dhe resentdpubntiencMES %06 diredilelinksttie

communication resqurces of mogul 5%10 312,,.320.and 340 to MRC . ....
o By e SR SRRy R ARt aton
tsthaenadsfoitedrryihgsdetagusenisietinfodmenior boteit corrdromviReing

+808-JQ0E31 A%élﬁé@p@éﬂ%dmgmm FGmfBr MGRLA%IRIMR adikget

link between MRC 600 and the communication resources of WCD 100.
(ermindiE sr tca Se4 BrahEaRdy s dpesai g s fmeiomasy Hspripcdye
sdrh0 ARA.T 6ok exemRle s MES diieriaceavhl mayheateptpled eG4,

600. MC terfaces 710 may connect radi
Asa result,%ilqn ormatlson, commxngls, etg occum%g between radio modems 610,

similar devices 630 and MRC 600 are conveved by the communication resources of
master control system 640. The possible effect of sharing communication resources with
all the other functional modules within WCD 100 will be discussed with respect to FIG.
6C.

[6071] FIG. 6C discloses an operational diagram simiiar to FIG. 4 including the
effect of MRC 600 in accordance with at least one embodiment of the present invention.
In this systemn 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 datzs from the varnious 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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modems 610 and other similar communication devices 630 to MCS 700 in
order to form an information conveyance for allowing delay sensitive
information to travel to and from MRC 600. In this way, the abilities of
WIRIES 80 Hre no longer influenced by the processing load & E&E}7/055096
control system 640. As a result, any information still communicated by
master control system 640 to and from MRC 600 may be deemed delay
tolerant, and therefore, the actual arrival time of this information does not

MRYRSGHEI? ThAi0BHREYtENY pEO i BEDCHRIRYstherraslic AftHatay

a?@ustiu@siiﬁ;gpmﬁgaﬁiwﬁraqmﬂ@ml 'ﬂ@@xs@%% i%??_lﬁ_ﬁﬁﬁeifeiﬂ@l?,?ﬂt%ds
rom the lpading. of the master cantr system. e ernect o

O BT T A ST A AR AR ] B SRR the
cpreseantinventioamdekmaton ceayr rdwnhe! repetredfiy IR C6QE: frane &
ciSast wo S%”%%%?#%%T eyel 420, ma %Or%ﬁ“”ee%%ﬂ?gé"@es%%fs? mation

O MRE %eodltthroug master COntrol system 45" 1R ad |ﬁoﬁ, service level
if3anaip speseificalbp t FowEuRBOE/096 5P ST BRIOTIEBG086! bvitedem

6 HE I EENIYR IR Mt o EoRVEYELOLMER O MBGHAA B from MRC

distinguish between these two classes of information and act accordingly.
61y eERErsnt FHOFMASERT FhiS/ritandis thtshrsisaHatt (pdicairacés

séhangamhiendradinmaden isaciveliaerargsaimeosmunicationsueh
as radio mode information (e.g., GPRS, BluetoothTM, WLAN, etc.),

Vpuornityeiadormatianithat méybe: dedingd by mskirséiingsrdheyspecific
service the radio is driving (QoS, real time/non real time), etc. Since delay

[@8F&lant infdfiratiorinidiges Ve qlentpait piaynbdtdedivereritiv siieem
(RS RBYTMASIS 60N QL SHBIED HA0 LTMICH, d 00 AkBTaRIME, delay:

_sensitive (or time sensitive) information includes at least modem
inisBHRfoniGRTGRh e thatfr bR SR ERSAGRIS EERTHER TR eorirge Hita 312,
3wirglesscenneatiensandthengforey feauiies meaciatewpedr. cdiiRunication

R R R
[%@géto MRC,600: a0 gy l%‘_%#%)% QQI%W%‘?'%\%%Vm 0IZAON. ¢ i

mation. Delay sensitive information may be pro In response to a
besrrrasyi- MEtCBDBesomaybestelivered s af résdit B4 dhengecimradio

eingdemssttingsauring tansmisson;asmilbe diseussedwithigspectfos
synchronization below. VI. A wireless communication device including a

infretrsutel ABreRBRlEhiroY Kisif. YHoThIteTEcs A ' setyseangst radio

nRldernadive £anfipur slakintaaeartancse With @k leasto MCS 700 in order to form
an information conveyance for allowing delay sensitive information to travel to and from
MRC 600. In this way, the abilities of MRC 600 are no longer influenced by the
processing load of master control svstem 640. As aresult, any information still
communicaied by master contro! system 640 to and from MRC 600 may be deemed 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

systemn.

[0074] The effect of MCS 700 1s 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 throﬁgh master control system 640. In addition, service level 430 may specifically
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one embodiment of the present invention, wherein a distributed multiradio

control system (MCS) 700 is introduced into WCD 100. Distributed MCS

700 may, in some cases, be deemed to provide an advantage over a
wienpshed MRC 600 by distributing these control features PREG/HISATYSS096

necessary components within WCD 100. As a result, a substantial

amount of the communication management operations may be localized

to the various communication resources, such as radio modems

pimoddelsy 680 isd iipigriiepversfyahvo i ESt EohtidREoAEnd diaffieiish
bUME, 100100 761 MCSF Mtﬁgﬁaﬁﬁimﬁl&o%ﬁ%gﬁ UeM&MEdinformation

utilizing a variety of bus structures, including the interface commonly
- TRV A p OISR SR ATE RN CRRES 29 i 8% hie A STAPRAARS As!Y
eASaSdd M%ﬁ;iﬁ?&iﬁiﬁoﬂ?%@lﬂ%&%@@%ﬁ&l@rﬁ%ﬁdﬁﬁﬂ%@gmb ' ma@ﬁmdg@TM,
herein multiple devices can be connected to the same hus and eact
o PSS R TATh i AR e Do
sgontaths atlle asttiwogd@oinurcatiemtines;] anriefanmationdidgagndlaaiock
.line. When.a device has information ta transmit, it assumes a master role
D R SR RIS
SW@WI@@MMO% iﬁfwmﬁ@m&@ape@métmmm:@esmm,i@fwh@tien
iﬂﬂ@émfﬂé&s%&ﬁél%ﬁ&%%@ﬁ%ﬁﬁ&llﬁﬁ"tﬁ%'ﬁkﬁﬁt Bfﬁ_s 18%@)@%5 thatiups at
i

rates of 50 Mbits/s or slower over just one lane. being developed by
OB BIE TREERISS KB 48 HfEFfate (MR ATRsE R o Ehisce 18darY:
déﬁy%@@iili{f%%xiﬂﬁﬁﬁaﬁﬁ%whﬁ@eaﬁﬁ B@Qﬁiﬁ%ﬁé&&ﬁ%@&ﬁ? 06 Eﬁayiéimglslf ralfio

same oy less pqwer the two combined. [0077 700 directly links
TR PO OB T b 0o 4B G 336 B e
raiinothefedistriblited conttohtompbne b 164 saaytresideinaiastenydentrovided
. system 640 of WCD 100, jt.is rtant to.nete that distribut ntrol. :
e o B B e T R i
nhyo ditiast, dand sapsrasidinanil dephepriaed witerppatotiutenwitisrpization
bWGD 100. The addition of MCS 700 provides a dedicated low-traffic

communication structure for carrying delay sensitive information both to

vand fromcthesmanouidistriibeirg et compenanis Kaki- AV 8Inthe system.
exemplary embodiment disclosed in FIG. 8A is described with more detail
[6A7BIG. 8B. MICSE200ifdvs ardifectdimke vehiigenthstiibatesldontrefith at least

oSOIRONERLS, OZ WG 100, RistBy BS&%IS%?)E&HQA %&gﬁ%&@&l@%&%ﬁ?ﬁs%m

radio modems 610 “(together forming a "module”) may, for example,

(énsisPoimesdntadrase WEDD ritfio Autnyiebitollery poang some cases, be
JSHREREENIZRLE30. Aedieactivity contrallesind® use® MCHstributing these control

features info already necessary components within WCD 100. As a result, a substantial
amount of the communication management operations may be localized to the various
communication resources, such as radio modems (modules) 610, reducing the overall

amount of control command traffic in WCD 100.

[0076) MCS 700, in this example, may be implemented ntilizing a variety of bus
structures, including the I°C interface commontiy found in portable electronic devices, as
well as emerging standards such as SLIMbus that are now under developmeni. FCis &
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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interface 710 to communicate with distributed control components in other

radio modems 610. Synchronizer 730 may be utilized to obtain timing

information from radio modem 610 to satisfy synchronization requests
WIFoHP(PRe B the distributed control components 702. Radio BEHARIVC7/055096

controller 702 may also obtain information from master control system

640 (e.g., from distributed control component 704) through common

interface 620. As a result, any information communicated by master

BRI Sy Serfreastbiadis adtihreoririret e wiroughizss msppaate, non-
dintedace SQinaRe gecraed:delay iletantiantythereiomr cthesagte@ine. 1t

,ngriyal ime of fihis inform _tion does not substantially influence
1
C

TR ARTELRGA & S8 Palforifidite BRTAE StHarhamt all deligyoe to replace
alnSitive infbiihatierfamay hidcadfveyeddy MESHQ0d ang:ihereforevise or less
E)%UIJ%E%(P Jrom &%stg{ngcokntrol system overloading. [00791 As previously
PState , a \stributed control component 704 may exist within master

[PAtol systemy640,5ame AsRRE S REDIRAOTRANCALIPAY:A&S8 I modules

rocessor 300 as, for example, a running software routine that monitors

3§ Ebotdfirae s the ARbg 615 DHEHG ARIRA P BEINB B FS472BY PidteistRster
cSRhiSHhaWL0 FORRIN IOt COMEIRE tAtbte 1R WER2008/Q9R215
PCT/1B2007/055096 Priority troller. 740 may be utilized to, monitor
R TA S UL RO T ) B GHG BH O iy SOt mas
red@ldde anP rpritypriagy shede termined by e andiormvoattiitnascstores e
riority controller 740. Medems that become active may request_priorit
B S e BETL B TR L e
infragnatiotifyodrisraydcopmdlie v 74 ous glitivab thrsl coletiviecprippingroé .
remaining active radio modems 610 mai/be adjusted accordig%ly. Priority

[4AFSImation EGSsmy Rt eBRetieY dslasddnsitivedbetasseringd mdimpre
depdated ovigen radio mgd@fm ﬁ tgactivateldeastvatabuancktherafiagpdaass

t frequ nge during the course of an active communicatio
S e R S S L e e g
(togrihey éurtorma ionedodEns:6 1 usiagcenumoisintoviace systemB 20 idiat

ment Aoty :

i e e i e i e
ifsalpcontihivec b praviviee delhydisiebatndiatotrmhtioRneneistibatber edistrppdems
6SOMPORERIS A0 1hrangbemasienco Al SYsteR A4 diBHHlM mdio modem

distributed control components 702 in service level 430, such as modem
6 LRGN ORBFL T OThiag EREHEMY BTHItA e SRS foRatioRRRents
7eachaercua MEGHr606: Eachay also obtain information from master control

system 640 (e.g., from distributed control component 704} through common interface
620. As aresult, any information communicated by master control system 640 to radio
aciivity controller 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 1s 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 compoenent may reside in processor 300
as, for example, a running software routine that monitors and coordinates the behavior of

radio activity contrellers 720. Processor 300 ts shown to contain prionity controller 740,
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distributed control component 702 may distinguish between these two

classes of information and act accordingly. Delay tolerant information

may include information that typically does not change when a radio
WSSOI Hctively engaged in communication, such as radRfF-iHEr07/055696

information (e.g., GPRS, BluetoothTM, WLAN, etc.), priority information

that may be defined by user settings, the specific service the radio is

driving (QoS, real time/non real time), etc. Since delay tolerant

PRFE R Mg eBay rpatilieaty mATAP L datitashiedTipdamms EHedst ©
dEnasipk eRRtel sysien A9l WED A0:Hiternativeindplaysensitiveder

time_sensitive) information m %?y include at least modem operational
ORI T AT RROU I ERAAgEY al g TR GrSeBt AoMFasGreauest
pRohneatiomand therefareitreguireSdnidediatehondadacidelny sensitivee may

inf rmatl vered directly between, distributed control
R R e e
madtivity6d6mbeg| hefadreato ncDulagise sy imformaliion mayabis providedered

déﬁh{/es%%ﬂ%@ %%c@ds%%%%a% MaAyRe AGILETER 85 AdG35H Of R1CHANAS M ate,

radio modem, which will be discussed with respect to synchronization

arkfawfméﬁsM@éﬁﬁ?@#&t@wwrﬁw&mﬂrﬁ CEREReRghgEnmunication

covnehRnizalion nibfrimaation, ansd-tau T ransmibigRAHHGAIERQonveyed to radio
prioritization information_between various -20 WO 2008/096215

TSR0 158 508 Fality SR At EBhErlIEr 87 585! P erRshgat of the

plgexiansiyisiated, MCS interface 710 is used to communicate the radio
parameters that are delay sensitive from a controlling point of view. MCS
[Gp88tface 710 dansbensisiiret etdiseivelifferentehiodenrseimuRigoist)

UL carnet be shared with any.atbaciineignalitythat.couid Hm'ﬁﬂ;'ﬂ%d

usa e of MCS interface 710 from a latency point of view. [0082] T

SPeIgARts s At S MESTRI R hﬁygﬁﬁb@éﬂj .éaer@léz%o%%&‘ém
c&ﬂ@&ﬁ&%&m@ UitbaR @edents periodis @/ﬁ@t&&@&h{@dﬂ&%tl&%zo

controller 720 may obtain this informa tara erlodlc
s Do S IR ot 2 e mafers
difg'aimaﬂ@mht&ﬂemﬂpcﬁ@w (A1bdbding) sieh taclkeavintdnyBi wﬁmtm'lfM
m 0 que Ort ati&m%e a%%]o%g rﬁ/ %0%%15218{11};'@ 10\z/1V1|T1A#\IC hro 9.6 1@0%13%9{% that

O? ese may sen Its sy nization

tmﬁim@w whehieAriypradicl dctividproonadiieal 7 areefigstsitm(@)yieation,

siadiQ medem dntemakime relerenaesissghanged (e dhe e hangdeyer or
handoff). The Iaten?/ requirement for the synchronization signal is not

Htfﬂﬂ&é"ﬁ%%%?ﬁ@“&% YREHEI N TEEMRAREN TR RETERG FRTCIERBESRAY FHEVIng
(dxed-delays/aan Re! ke 10 6eoUBlN Mg ant information changes

infrequently, it may be delivered in due course by master conirol system 640 of WCD
100. Alternatively, delay sensitive (or time sensitive) information may inciude at least
modem operational information that frequently changes during the course 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 1n radio modem, which will be discussed with respect to synchronization below.

[6081] MCS interface 710 may be used to (1) Exchange synchronization

information, and (2) Transmit identification or prioritization information between various
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scheduling logic of radio activity controller 710. [0083] For predictive

wireless communication mediums, the radio modem activity control may

be based on the knowledge of when the active radio modems 610 are
WELHES/ A3 ANsmIt (or receive) in the specific connection mo8E TARIMEFFHES

radios are currently operating. The connection mode of each radio

modem 610 may be mapped to the time domain operation in their

respective radio act%;/?i)%controller 720. As an example, for a GSM speech

TR0 AR IS TSPt IS n &5 BV YR SRS Mt ateafeRatid 1
upatterasehtabMe fHaiisihfosmationrmay: be:tiansfesner te thenappiopsiate
radio activit troller 720 when radio modem 610,becomes active,
PTG T I o0 AT LRRar Car M ISTeTy e MR s
(ronkipanS s $icarsiotief dengthwhT Ay, dolto ety adiny emptysibtiaftethe usage
oPHER [5d06 Le5ERIAR SIFLOIS T 8y yQ &Py slots. monitoring (RX on),

nd t

two empty slots, a en it repeats. Dual transfer mode means two

[GORAPMISSIONTRIQL5 M AbJREERIEN BIOtHEMRLY SiabiMEnia N, aad

two empty slots. When all traffic patterns that are known a priori by the
mMoge SV HERG S 926 MPEHR HREH D S X TenB e trENnTeREier
7siohagentsiinineg fogainkKnavedgeiohwhen theaM oradio raadem is

active. This jnformation be obtained by synchronizer 730. When
SR S AR R b
(gefyntineloRdl MG 2008109622515 C T62 B 260H/055886 bvhet emtnession time
. WVILY-C | signal f its res ive i Vi oller
B B e
seithepandiving scadigbingntte franstissieivoy saeifelicratho waresthidsiaha
RIRCK d8th ESM-51a0. MierbhVuitelass communication. deyice nsiuding ampe

alternative example of a distributed multiradio control system. [0084] An.
e e R SRRt COREBPEERHGN S hist Colifante naeaiiedstey is
cOREBME0GHAERE ehihespresenTinvarbonds diselose dihKan Q0961 iNthe

FI% A, . distributed control compon 702 continue to be linked by
S‘R}I g%d?ﬁ%\?\?er\?glr? AW di<tRBY %Be@é&r‘ltrol component 704 is also

(qoEagtly couplgd o Aistiibyed contral, GAMRRGNIS:AQ2 M2 ABMSRem activity

interface. As a result, distributed control component 704 may also utilize

CefHEP berfePEpRAT S0 Topdasisarigh S irirsiving dinenasisslic 10 are about
(ComBUNicAtIaRCeMmPanapis ek W40, 10083) Refering Rews 18 & rently

9B, the inclusion of distributed contro]. component 704 onto MCS 7Q0 is

ORAGHRFIN TiOFETHSEAR RS HUERF LB FEBIB SN 8RR 0 iRERRFSSC the time

domain operation in their respective radio activ';iy controlier 720. As an example, fora
GSM speech connection, priority controlier 740 may have knowledge about all traffic
patterns of GSM. This information may be transferred fo the appropriate radio activity
controlier 720 when radio modem 610 becomes active, which may then recognize that the
speech connection in GSM mcludes one fransmission slot of length 577 us, foliowed by
an empty slot after which is the reception slot of 577 us, two empty slots, monitoring (RX
on), two empty siots, 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 prior by the radio acti\{ity controller 720, it only needs to
know when the transmission siot 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 modern 610 is about to transmit {or receive) it must check everytime
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at least priority controller 740 coupled to MCS interface 750. MCS

interface 750 allows priority controller 740 to send information to, and

receive information from, radio activity controllers 720 via a low-traffic
WeoHfidetignSdedicated to the coordination of communication FESABRERERFI6

WCD 100. As previously stated, the information provided by priority

controller 740 may not be deemed delay sensitive information, however,

the provision of priority information to radio activity controllers 720 via
WRRES b s mRShae e\ Rt ST ARSRECH e fRdieriey BrkEBelish 20
pEOHIQ MO EANCARN ORGADELANES EHIEKEECYINRUNGAHIREMISRIhg or

distributed control components 702 and 704 .may result in er relative
CRHRS P BT RCFhG 0 THHEPET3T Eeiieh, R amon
ﬁ?%@%%%é&%%@%%C%EX}{%%QQ EYHPR%ESJ Y, a%@%é{éﬂ%afé’ofa distributed

accommodate communication fraffic from distributed control component
mpdidradéel aeiiig! BYsiwverall communication load in master control system

640. Another benefit may be_realized in. communication control flexihilit
[ASAICD 100" RBhFRak(fras Rl e R FOBEG I BriB ATy COrRFSII A cast

oNdthabl MaEN BERbeRbMh BIRGHITE NIeSSeging PEIWERLICONHAEIG. 9A,
d,coggﬁonents will be delay tolerant or sensitive becayse.an I}?CHS interface
bl

5088 VR S e RS (OB HE Bidtiodherte "o

oses the
dspérattdrahetfectopsheneMibiscementsSeenupidiéo dustrémtaltenmative

em ' f ent invention o tion. |
R e A R D T o e 36
mUkEsor ikt 6N bdesh donr dMIRTORA Ao RaRF RS aNels edhst iButed

SARHRL CROMPORRRLS LR 2RFCTD40may both improve the communication
management of radio activity controllers 720 and lessen the burden on

[GDSster contrlisysienne4OF It this, erabadimentfall sistitbyedeanisolponent

SGemponsnts AEMGE 100 are linked by 2 dedicated contiol terfage: . juqes
which provides imimunity 16 Comimnication” coordination contro

anhessagingyindMDet 080vhep ¢heorivistantohitrol/ §§ st bdesace 750 allows

pﬁéﬁ%f i&r}&igﬁe? I%@'Eg geH@ﬂﬁ@ﬁHQ@(ﬂl g)e m&i&qg?&ﬁ‘ﬂigﬁ(my?adio activity

mesSage packet 900 is disclosed in FTG. 10 in accordance with at least
cEHE BaRboHirsrt oPthiebresermemiarirhicatsdinple mesiaiepatket 900

ciRsides.astivityopaltern intapmation thatmaxibedesmiatad BYMRGB0Ricd
or radio activity controller 720. The data ﬁ{%ayload,of packet 900 may

DIRTLIERY B 5T 6ROt RO tHE DTSR S PREFRIBH B TRUEY > the
pideissage’ i fgrmaten:al onwed/disaliowed:ttalismission T Peddthay
irir{g%vrg%@Qﬁ&gﬂvgg%ﬁ?éﬁ%g%fﬁa&ee ctjifo& WCD 100. Performance may improve
because quicker communication between distributed control components 702 and 704
may result in faster relative priority resolution i radio activity controllers 720, Further,
the commuon interface system 620 of WCD 100 will be relieved of having to
accommodate communication traffic from disiributed control component 704, 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 info priority controller 740 without worrying about whether the messaging

between control components will be delay tolerant or sensitive because an MCS nterface

710 is 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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(Rx) period information, Tx/Rx periodicity (how often the Tx/Rx activities
contained in the period information occur), and validity information
describing when the activity pattern becomes valid and whether the new
Wactpgsattern is replacing or added to the existing one. THECHABR007/055096
payload of packet 900, as shown, may consist of multiple
allowed/disallowed periods for transmission or reception (e.g., Tx period 1,
.) each containing at least a period start time and a period end time

The ARG NoRiCh AR BlE HISHE RS VL R SRAEF B PErh RGBT (R ey Hestisen
deﬁaﬁuﬁmg@t@@mﬁﬁwg%ﬂ@anty@4\Mbi}e>@l@eidi§m{Eym@lmmll 5@2@6:1
MCS 700 m ow radio modem trol activity, to, be, controlle
e e LB TG e T B 5 I ) BB o
syselude inditifife ethdwdidicisadlbliedipesiddsind asinglenmes 806 TEcket

: ‘ I i0activity contrallers. 720 in scheduling radio.modem
B B e R W RS
coneBsaiie waniel PinttrsinghaNgeR i 0 ationodemi 6 toHhirytpatieihs

enayReAmendes usingdhg.yalidify,iformation in each message packet
00. [0088] The modem activity control signal (e.g., packet 900) may be

[dfogmulated by MEREH6000adiacRetivily conitaier 2@ 1@nd dransaiitaden
MCS 700. The stil%gal incllfl%es activi%eeriods r Tx and Rx sepa ateg%O
AR HE P EHOSTERY OFie ACHIR) TSP (R TAB i aRN ST WARiRa T
inchtire zatidnratem icliockis thebaomtrp lin fptimeatetd tmalv XA or radio
' ime.re jli J onizing the activity -23
s T s L e
cppetanon maciesasaavehtionesbiasiddeare Elandarsionn a first

AIRREIRIRARASAHRSIN: PR TIOY Pk Start eI A Higsdelined ey %c@{)tion

synchronization events have occurred in radio modem 610. Alternative

(51 RATIRG TP TRIEE 600 B BarRE ST i EaTb ot dantreReoiipoRentsrgaed in
tHopytioe Bifvnahardizedoargund taedsy siermelock fesdiiGE #00: Advantages
d disadvantages exist for both solutians. Using a defined number. of
e e e e LA P SR T e
exiiviel pradigietidaith tye sd ditprubdeifCclockiddowewe Katisstfatetipraay
[ i 1Q.i ing. timin e
S A GRS D e v v o)
CRIBERIP R TR BT eSS tand and. 2 BSAVE B teerwashvBick kadinimgdem
6 0ushneeRs A iRa RIRieMeNad RN Y BL A NEN- AEHNIRY-RALE LRSIty

installed in radio modem 610. [0089] The activity period may be indicated

nglg{gﬁ cgﬁt&ilé%%i ﬁﬁ?&gﬂ}iﬁftﬁ%{% §¢/00 may allow radie modem control activity to be

controlied real-time (e.g., more control messages with finer granularity), the ability to
include multiple allowed/disallowed periods into a single message packet 900 may
support radio aciivity controllers 720 in scheduling radio modem behavior for longer
periods of time, which may result in a reduction in message traffic. Further, changes in
radio modem 610 activity patterns may be amended using the validity information in each

message packet 900,

[0088] The modem activity coniro! 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 controliing time

domain (never overwritten), the time reference utilized in synchronizing the activity
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only one active connection, or if there is no need to schedule the active
connections, the modem activity control signal may be set always on
allowing the radio modems to operate without restriction. The radio
Wi dtEMP60 should check whether the transmission or recejftigHR#07/05509
allowed before attempting actual communication. The activity end time
can be used to check the synchronization. Once the radio modem 610 has
ended the transaction (slot/packet/burst), it can check whether the activity
PETTEI R LHP SRR SHGH 88%‘8’%6’1??’;?&%%3‘?4%%1%%5{ s dRgstppdards.
Iradiosnadem 1 OraaminifiateainéwagynchadrizaiondsitheVMR 600 Or
sy tadio actvity controller, 129 thrayah synebranizen, 220, The same, . e
appens it radio modem lme reference or connecton mode changes.
MiRShfethomzsroseutiftriadiodastivit) conpolier T 2 s oustefdhetirrddemnd the

ssYBchigRizatianandstants 19, aRely, Mogem HAn S MissIONAes SRS ki ons.

restrictions at the wrong time. Due to this, modem synchronization signals

Ustscr e Baed pirsther peFisdiBIfy N FHama e metRs Wi)é@r@@@éh@@éﬁ@ﬁse,n all

titRE MOk RACUIRGIISHRE Wired i SYRehraNizatiandRiomnation Ml L Radig.
modem interface to qther devices. 100901 As a part of information

TR SRR LN BRP BRI SR P 18 M Bt S B R ko dtforite

hMR G/BO{ i radincaaciivilyccostrallecsi728y abeusiperiddipleventas afstheiard,

radio mogems 610. Uﬁln%its MC§ interfacF %10 the radio mgdem 610
CONVETSIO .01%1()(3 clog %1 1N MOst necessan e1%‘nr% e1 egted.yfv ENEVED 8 1€
may Indicate a time Iinstance of a periodic even ated to its operation. In

agitsidlicetthrage intideicesrage timésmwihén radio modem 610 is active and
{mag/ﬁ be preparing to communicate or communicating. Events occurring

to or dUfRGA tHANRFRRSTBAYGH- DAY Z008006S Bt times. If there 1s

oRCHABRAVL LRBESR TasapRleNadBRaY PR MSRILABALIME EEfBERNGA:, the
(edrg., in case of GQiM’ the frarge edge ma(}/ be indicated in a modem that
MSHdt 5

AT Y SR TR S AR T LAY s dRSSAT HIATRME W
opasedudthdherfraind elodhthat thersdederiisigaig bedrarismit: fmsuatiersion

he frame .cl dae). Basic principle for such timing indjcations. s that
o R L R R iy me
cHuPEHENRCHE00 thhayrehienlattdntée tatadicidedts itsélhaneorgdrtor

uthiRbiaRe passibler thessontalienwomd alsaneguirg other fisleMante: (it should

information about the event, e.g. periodicity and duration. This information
bR HretiRE e ribBdtiEd i e StisHiBrine Eo At R gttty
sptheomesns. Masviripeoasthy: thesestimingindicatians peadJe-he weRonizer
%%atﬁ he corll%roller can ac uire %radio modem's basic periodicity and
ing, TRE HATAG O & 2 VeRE aY BRh e BEE e AR £opges A
pmlgrbeniplicitlyl defineat fram ¢herolier 726 runs out of the modem synchronization

and staris to apply modem transmission/reception restrictions at the wrong time. Due to
this, modem synchronization signals need to be updated periodically. The more active

wireless connections, the more accuracy is required in synchronization information.
VIII Radio modem interface to other devices.

10090] As a part of information acquisition services, the MCS interface 710 needs
to send information to MRC 600 {or radio activity controliers 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 modern 610 is active and may be preparing to

communicate or communicating. Events occurring prior o or during a fransmission or
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indication information by MRC 600 (or radio activity controller 720). [00911
In general terms these timing indications need to be provided on periodic
events like: schedule broadcasts from a base station (typically

WOBMRHAAE frame boundaries) and own periodic transmisSe/p2007/055096

reception periods (typically Tx/Rx slots). Those notifications need to be
issued by the radio modem 610: (1) on network entry (i.e. modem

acquires network synchrony), (2) an periodic event timing change e.g. due
s e e T e e R
mestiiagsliatheimatticddio ticantroliesdracnolithieromdisikbutedyi tinatieksat
208 SMlediment.of the, present Invention, e vanous ”ﬁses&%ng‘%% transmit
excfhangedv Etween the aforementioned communication o ponents’in
[AVG DRI thenfagnizeclisbickdge Hidiase beheiviororsbdthimieraldicadionsiodenthe

e\'?%xﬂé gachglohal AUCDHeve!) hagis: MRC-HAQ ot 1adiaaetivibyeonaleho

20 may deliver a schedul€ to radio modem 610 with the intent of
MEYFESINA IRETSSEERATRGEBIN PRdvAVerdradis WiddeRs 8eoiRlaythotpdarolier
weanmReledde.conferriavihis sehadile. ahbe: basicafincipigischakyadio

modem 610 is not only operating according to multiradio contyol
dRE ANt R PG iea RS Wit WhERC MEE S0B°AGIHa) BLTTdsISgirotier may
g@erfoyming intennal schadphinghandiink adapiatidnavbilendakiodbdHRE that the
cSehseiling lnformation,into account. . Managemant st unseheduled, o,
Wireless communicanion mediums in Fadio- modules. TBB@Z] [CRENY-
evistlogesihsystentiformsberrotingeih unsohs deledphinéiedsiimédiom fsuch

RS MLANin.A sagig madergoer mogile, 610 n Aagarfianss with at least

one embodiment of the present invention. While WLAN has been used for
[(]tch??ake 31‘ ﬁﬁgwgﬁ@fﬁl@%géﬁﬁgg &Bi%@@&ﬁ@%?&% @%}l@ﬂag@eri@éh@dic

ollowing disclosure, the present invention is not limited only to WLAN,
AT ) B St RN SRS PO AT
bonedis) thdtowayactdicarunschiedoledamaingrerihis (@mieimearit tsiots).

istinct from the distributed solution previously discussed in this .
AR o e e S b o s e
rodah contiotioret O integrared within teacentrally tontpifedige e.g. ductoa
LS RUOM, O IRERFESEYINYEHIRRy H}xém&é@%@r MRCE00:D gﬂ(})ﬁﬁﬂﬂdm

retain primary_control over the operations of all modems in WCD 100,
CHBTREGEIIRRAITBE TSR PE¥ES) may act to control the activity of the

articular radio modem 610 to which it is.coupled within the parameters
A B FRC RO &

R By RIFRSBO6T ORI RIcaTUORtOREP 1162 8 Sriohi 48R cranees
bemrapohenfottie heodd emakimguprredipmeociein GLODtHIE contial levediay
d:l%k%?e %gh%vior on both a local (radio modem level} and global (WCD level} basis. MRC
600 or radio activity controller 720 may deliver a schedule {o radio modem 610 with the
intent of controlling that specific modem, however, radio modem 610 may not be
compelied to conform to this schedule. The basic principle is that radio modem 610 is
not only operating according to muliiradio conirol information (e.g., operates only when

MRC 600 allows) but is also performing internal scheduling and link adaptation while

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

[6092] FIG. 11A discloses a system for controlling an unscheduled wireless
medium, such ags WLAN, in a radio moders or module 610 1n accordance with at least one

embodiment of the present invention. While WLAN has been used for the sake of
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separate component coupled to radio modem 610 via common interface
620 or MCS interface 710. [0093] Example 1110 shows another example
wherein a local controller being integrated into a distributed configuration
WOrH#B/piedént invention, as previously disclosed. Radio Acié¢E/IBIATHSIFEPe
720 may be revised to include additional functionality for local control,
yielding a combined local controller 1112. This functionality may be
included as additional software loaded into an existing radio activity

cepiRdiRt Pabe Bllae BectiamprEs: Coiisifer inverperdtngtheitencabntity
wi hethydevicessids siatad aheyes leahcontiolarlid L8eves:i0 GoMEdhm

the activity of the module to which_it s coupled, while still acting within the
5 TR B PTG PR i ARG SO I bbb

switilenthelonal cairtrolied is dhiovinchssubeingiitegehtat) ahithin: Ragho. 11A.
ctivi troller 720, this cantroller may.also be a . separate.c one
iR e e T R
cFe o004 oF e ple®nisevcatiam plethibGocfiestprdSénted maFIG!] rpRiinprimary
ORI o duntbep.Aescrbe hrwesal conienerobl 0o Day. e e dralad: 1102
within the system of radio modem 610. Local control 1102 may be
eSBLASIE ESTFR 5P BB CORTRGH FHEHFAGE GRS ISV Th B Tapee
whigrdet iateceive defevaatontomand/sasdnformatios to; MRCHB0: as a
The informatign received from. MRC 60 mgi ingfl,ude sct}fdule
CRIRBARENSH 15 TS 1B hs dBH 6 2a RITER L bty R aRA Gl By Ao P 2

seantrellembbsht ledopiedtionsenhddéem docal £oottoller ih 62 de JIRE FOE

.l#:a inc}y&le spectrum usage information, such as an indication of when
Heriace .

e modem is actually transmitting or receiving information, 26 WO

[RA$/096218 BC /IR 200038096 ImalienIRAarding MRSRABRS: being

“queued for transmission, information regarding whether the messa?e
igiegtie s Sivit rdedAraday pReh e EFCTAEHFIRSn AdBt TSy
dRTHRRY. Sﬁa&@oﬁ@iﬂ?@mﬁaﬂmﬁfi%m%@% M@le ?aw{ﬂ;wﬁaer

receive infarmatiqn from th edia access control layer (MA 150 in
e B AL e 1) B H1 PSR GRS LI T MAG T the
ﬂayéaﬁbb&tym&y [+1:) mmmﬁiﬂm‘mﬁs&@g@w&m tive &1 EXistangendivhichivity
nelufgsap least the hardware resers §”tl%'f%?d %ﬁ%‘ﬁcﬁ waf 6o ﬁes
Via wireléss communication in radio modem 610; These ayers'may also
dpvosatle/inforrediabey addedalcedmiiel & ISPy esUerreritsidlistics dborfithe

piRgSRagehAarediortansRiseian.aRY CarteHSSRRING NClding Qe
the actual sensing of wireless traffic through clear channel )
distributed multiradio control solution. Further, while the local contrelier is shown as
being integrated within Radic Activity Controlier 720, this controller may also be a
separate component coupled to radio modem 610 via common interface 620 or MCS

interface 710.

[6094] Fig. 11B uses example 1100 first presented in FIG. 11 A in order to further
describe how local controller 1102 may be integrated within the system of radio modem
610. Local contro! 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 1s being managed by local controlier 1162, Information sent
from local controller 1102 to MRC 600 may include spectrum usage information, such as

an idication of when the modem is actually transmitting or receiving information,
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assessment (CCA), or by virtual carrier sensing by monitoring message

parameters such as a network allocation variable (NAV). CCA may

include information pertaining to the condition of a channel commonly
WRiEEE¥adio modem 610 for the wireless transmission oPfRAfGBHRHGR3096

This information may be obtained, for example, through a process

wherein radio modem 610 uses resources in PHY layer 1160 to measure
the energy signals on a particular channel. If the energy signals are
IRfSERIEA B HRE e 28R HARA AT TS IR aiRINS SRS R E s sdher
th Hﬁ@sa@?}@iﬁtﬂi@é@@@eﬁﬁé@@@ﬁ@ﬁé&n uéﬁh&gd,ra@h&;méa' v mb@&éqhu&%m

ont ther hand, is an indicator, maintaine ach radio modem 610,
S BETGH DA LS B kD i LS MReam A ABe ot
theitiatie eyaadienmaderr GUO\ Cedafdlessdfiivhsithacaddiemideim: sehsesmdio

nﬁd,h&eca&ﬁiﬁf ‘%e%Méﬁg%Qﬂ Ghuand n&:?a\(rgfrtgceersé ke nig acé’%é”%tttht%fe PHY
ural |on fle In any recelvg rame neaaer. ~or examrp?le, | e srfar ora
lagaranhichmelisive ebivest thth bacdyrier wilbbisehuslizst tatskerghtise dermion via

VARG COMPIGIR HRRSACHAR fREUIRE thennessage HAME Al8vide information

acknowled%éement . When the NAV value is greater than 0, the "channel
syt eRABOLEN He kA RATTEIBPFERRARPEISTFASD I 1reEH T4 hRftsite IRy and

crEh stadngdicaindhe euirent chanvelsiater 100RRI dRrap @XQMIPIEY: channel
interactionggzetwe%%lthe above-identified entities in, local controller 1102

AFRETPSERIVE Senddie TRYHHEH S AR MR E X6 e LSsipe yiuaB drig such
aNAMtwtokmAtion from: MAC Kay®h.1 T80, and BEAdnfokmation fremiRiipto the

o A180; cha*}l%écchedm“{')%l%‘ﬁf&%&%“ gy he processed ﬁ%%&%&@ yield
a cut off indication. Ble cut off In IC%IOI’] may, I@or example, be "true" or
trigghiseloning iperodsovhehiptpnadias hechealibuatdd foreradivlpnbdensh 2

pRIQLOAREIRIS, NI MY SRFULVRER HEe RasReen.Allosaisthia another
radio modem. 610 utlllzmg a pos&blgonfhctmg wireless -27 WO

CHEEHABEIL S POTTI B Do o mIRTEh &I Tt sgiaR
cBr@hlikewise:-hensteuen:@ ihighsidien the: GOMMNLMIGAHIAREHRRMIE hisAISY for
for_ example, when angther devjce (putside af WCD, 100) is using the
AR LA o R b HBthat i HIGEHE A SAE ete
rddid@iaiper A1H0f Asapesult, whenreithesobthese fworsigesd srarguitruel! ant
bqugatg&et)\{?gﬁﬁl%c%ﬁn@lldv f’lé ?dlr(éjggof Q&Hg%tép %&?@M‘r{%‘ge l‘g‘)égﬁs%g' g‘gz gg@rtier is
access to the physical layer should be restricted. When tllﬂlese_ two _
bpruhibiped corditohs pasythieiriv AW [asrernidy dgaiivaiold inessagesve!
ﬁ%ﬁ@%@ﬁé@. the-RRysicR! l@%gﬁhim%@iﬁf‘ﬂgﬁl@%&%éQ%iﬁ%i%WWi@ be
this system may account for schedule and channel avallablflty, there
busy for at least the duration of the complete iransaction (inciuding the message frame
and acknowledgement). When the NAV value is greater than 0, the “channel busy™ time
can be known beforehand and may be used, in addition to CCA, fo indicate the current

chammnel state.

[0095] In an exemplary interaction between the above-identified entities in, local
controlier 1102 may receive schedule information from MRC 600, message queue and
NAV information from MAC layer 1150, and CCA information from PHY layer 1160.
The schedule information may be processed in order to vield a cut off indication. The cut
off indication may, for example, be “true” or “high” during periods when no time has
been allocated for radic 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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is still no accounting for whether a message to be sent from modem 610
can be fully completed in the allowed time. [0096] Referring now to FIG.
12A, a problematic scenario which at least one embodiment of the
WereyBreMEntion seeks to correct is now analyzed. The op&@tipre /asoos
unscheduled wireless communication medium is mapped out in FIG. 12A.
An operational schedule defined by MRC 600 is shown compared to what
is actually occurring in the communication medium. The grey areas in the

copreEEERiILTRediYin S b aitBa WRE i rstisehe dBHS 630 Tesheriiitethto

copefaieafinenataliocatedis sadiginadenbdBdnay e (eseiuest WD 100)

. other wireless resqurces in WCD 100. The WLAN, schedule belgw t

o LR O SR S L APl i, e to

Nﬁm@ﬁymislﬁmeﬁm&rimdum mma_ddilghﬁi @f:aasbegms@msthe: m@iUm ‘Ragh” the

re%Sﬁ&e%ds'%ﬁﬁ%a jleast bl Fn%iégéﬁ%f'?&}&%&Q% Ingugnynction Inter-irame.,;
space). Then during thé contention window stations attempting to

larainsoi S bhoEstietadd o batiest o prmbibafueongiitbdepresnidan tHAC layer
nRQUIMEH BY ARG allerLachbacks effslotwhereiRe: cemmcation ghannel

is determined to be idle, signifying that no traffic has been detected on
rineegRRe MOt theyEsthrAacoNes e Fehatl e hrbetRh s athbidie, there

isthel Hansmildane candieginntbe RIS petind-andcartentiorind Wy
are the periods of time when carrier sensing is occurring. When the

C“t’%lg}'ﬁ?sgié PSS T AME has been completed (as is in the case of Frame
[gpsEewn in RG, 126080 %%3’@%?&%#3 fggg{%%c@lggﬁ%@cﬂ%tr%%{%%g

fro _the device tha repelve. the origl rame 1, and the transactlon'
e ivec BleelrEd T amp IBIEHH IR e BB LD, OO IR Blosievd eperation of

a&@@&@&&?ﬁ%&%@c@%ﬁﬁﬁﬁi%@ﬁé@m@% ] H@t’ﬁ?f@(}[r‘i_ztﬁisAn _
example, an extended period of contention and possibly more information

oppRtapRdhiE fetinetiyS HREHA A ENOSH SRBBH ST thidwhiheBdtbide of
otberallpWwed S REERES a2 WEI 3R 8100 624 5: R I BROOR 055096 4ty =
Thi ay be,seen, for mple, re the NAV._for the next queued ..
e T B S RS CBR i e e s i
mexeeed! thadinte sovatbtbrictiradiomiodeny@isAs WIEs ufi) tHEhe Rire\ N

s&%ﬁ&%%%‘!v’lﬂé Rectrangmitiedyio g JM%%E? PRUSE ARG IINGL, \Qay

acknowledgement will be received. This situation may require the _
oreFhsinsSis i BRtha ifrdnido v ey Buis Tl tHe sitdaman taen idle

fd}‘%%t}e@é{@ﬂﬁf@Q&%%ﬂéﬁ&i@&cﬂﬁé@%@ﬁ%ﬂ&'%éﬁ%ﬁﬁ@@ﬁi&)foﬁ“ﬁé&?&ﬂﬁ@)’he
frame 2. The resources for one or more radip modems 610 may then

CUEERRE ﬁ@ﬁ%‘féﬁf%ﬁ’é‘%&%ggng to transmit select a random back-off counter

value, and decrement the counter by one afier each back-off slot where the
communication channel is determined to be idie, signifying that no traffic has been
detected on the channel. Once the counter reaches zero and the medium is stili idle, the
transmit frame can begin. The DIFS period and contention window are the periods of
time when carrier sensing is occurring. When the transmission of the frame has been
completed (as 1s 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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retransmissions, possibly impairing the overall communication

performance in WCD 100, [0098] FIG. 12B now discloses a solution to

the problem discussed above with respect to frame 2 in accordance with
W ABLPYOHE embodiment of the present invention. In FIG. 1Z815Ea§07/055096

controller 1102 is receiving information about messages queued for

transmission via radio modem 610, for example, from MAC layer 1150.

This information may include at least the size of the messages so that

tiagall BETRIBN 8F HT5S téi‘ﬁ%ﬂ%FeeaWBFéfaVE?éﬂ%%%ﬁ%’F?ﬁh%W message
1%@@%311&&&@61! I‘h‘ifdﬁwaﬂﬁﬁléffcﬁﬂlhm& MOHeMRPEMONINAaBESeDhe time allocated
rnatl redlcted nt of ti eoffor ansmission m
BT T (AL T BT S0 SIS TSRy s
retatiagchanoe Iatsdtfusydnmgexnickkmﬂdﬂ/geﬁmmaslhheaeoessd réadic sitndem may
SA0mav oI MRG S0 Ihaklt cannet,ransmit g alloned HDGe
sing this information, an agorlthm or determining w ther a transaction
awhiobld @m@eé‘dlmaﬁrm@ fomerobace thashsgane ﬁvrwsmi@ddr@rr@%n&ﬂw

rSEIRINORYIR L GARNY QRN AN uaRd PIediGled JNeSeage GQMRIETQR (ke
[0099] In the examfle presented with respect to frame 2 in FIG. 12B,

fﬁﬁﬁéﬂyﬁﬁl@sd@?éi‘ h%ﬂﬁf&ﬁﬁ%ﬁf@%@ﬁ%@lﬁ%&@@@%éﬁémr}ﬁg@ 100.
(;entlon pge#' ﬁlegttgere IS, nat enou tlmer maln |n the traéls ISSIOt
ow to cOmip ﬂ‘?@“t?éﬁ%é%f’(%r? jath.” ep%ﬁ m“g1 giiqpgee abovewt

TespEtMUl tﬁnmammamfcgdmmmm ﬂathmsmodembﬁiﬂﬁmndqﬂdﬂg:enemiMMention

Inv}é?(:D Ijﬂg o3 ‘?H‘;?se PR fé{L, %%Eﬁﬁlﬁag oh”AB‘éfuﬁﬂéHE?%Qé’ Hﬁfy?e% for

sSucces sen ng O e complete me an e receipt o

trmam@mdgem@mm@ﬁﬁe NS Ber%ﬁmglqémméd«#@ﬁéyehﬂl té%rahhes mfgrmation
m3§hAUENS: ackpawlgdoementtamedsJecaivediNGeNe sypiRmwihde

forced to consider the message as failed and resend the message In the
PRSI PRRPAHOACERS P BRBEMAIRRMR I 5 S0 B UEH BP0 d e REHIBIARKS:
ozEHiE@neﬁdezgomeeah@M\mmW &sﬂwbmw@ﬁ@e@mghwmeﬁmhai@w@y

trar‘l\éziééj%g g((fel g{?gﬁ%lté)% |0n 5}( thlsm ner the f % usy Oﬂger

t%ﬁﬁ:WIB\Z@(hﬂ@ﬁS@%ssreuhnmnmm fmsamfunsdﬁﬁﬂuﬁé)d thirelesmnot
fé]i'l Garen medium, mav; hereguced, and e oyerallcommynication .
|ency in WCD 100 may be improved. [00100] Now that an exemplary
W@?&@fﬁ FaRshdum seeistindrcad st anderpitatad eiastbhdBfisetRAtEhCorier
séﬂﬁr%r Gﬁeﬁtﬁ\éﬁﬂﬂf?@e&peﬁﬂ{dcpﬁéﬁﬁH%H%e@{a%B%@ﬁ@@d&@MrQ@ further
explained. In a first operating scenario, a WLAN radio modem 610 may be
[ooiating tram;smlssmméhepﬁémrﬁememmmnm&endedﬁ Ths, initially it is

sghedule, Lg a“on pé%";‘de 4.0y M@&Q@Qﬂ@%ﬁ@% Hat MANSIISHION is not
rights will i before epac

enough time remammg in the transmission wmdow to complete the transaction. Again,
depending on the communication configuration in radio modem 610 and/or generally in
WCD 100, completing a successful transmission may require both the successfol sending
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 fransaction, as predicted,

to complete. In this manner, the frequency of failed communication transactions (and



transmission is completed. WLAN radio module 610 may then defer the
packet transmission to a later time when an adequate period is available,
and as a result, saves power and reduces spectrum clutter (see, for
WELAPRIRS2EYG. 12B). In another scenario, radio modem 610 filp2007/055096
preemptively defer transmission before the contention period has ended.
For example, if during the contention period radio modem 610 sets NAV
(e.g., receives a packet not addressed to itself) and the NAV + estimated
TCHABRBIRAASS Sib M SIS re A FheR T Mt aRdBedRHB i BRvedirl
affomecannhadransmitied suesesstutys Algomi VA Yadleneds greater
than the available air access time, WLAN cannot even decrease
[0santgntion coemtenbeferethtaairsgoeassawindowecefids ihhedimence with at
R BT e e s MG noh i
fugiterrratlaahedif bommmginipatibnavitiadyG Y LAY kdastMRCEBO0MmNache

mﬂmﬁr}g 2lacaeiad ﬁi_@pﬂél &mgnt(‘?oﬁﬁf#ﬁd@ ade %cﬁzﬁ? i deledo g -igion

transaction to complete. X. Back-off Timing. [00101] FIG. 13A discloses
Pranidse MR HbItatpiibea AR TR ArBeeiithoat hese diepacket
rermbodinenteiiheflesenkinvention. Akank-oft cermntdownimpayRecur

after DIFS in qrder to provide a random offset which may in turn prevent
RN BHS LR G RT AGAIERBATYEH Fh AT i BYeES AenGim g

paesices adibe samenchannel(sRebacleoitobe ME: Valtie maynbdcloseniat

B0, W%‘ﬁ%‘rﬁgg”r%%?qr =agnied for each ime, siot wibereln. carie feﬁ%d has
sensing de ermln' gt at e carrler‘ls St . aval Q.b e. In‘accordance wit
entfed préesrainy Entiohirthe thp evatioh of phadsaekiofhedemte Osray eV (e.g.,

regBRansed Ry aceanniad o imapenieds Nﬂ%%&?ﬁlﬂ%@’%a@%% he CRURH

will not "be available, such as time indicated as occupied by the MRC

tigsre gl 81y WrirrRepetisdeliivre taitirpsrreddsdad 1B bed
sidnavaiiaples 30V 20084096215 R G ROPADBHOA6 2 [0S 0RAAWL AN

disclosedcln the exem Iarétimelin[%%f FIG. 13A, information re ar;ﬂggg.
ARt R o R AT 1 AT BIE M4 S Rl AG S A e B8 sty ™
regtaingipointimayhbéulased-taicontkbinthe b elaviomdidhebackoiGELINEL . which
Initially, a rapndom value,is chosen for ck-off counter (in this_ ... .
e, e T e g wop
1o thet.dditfe 088 meitidp el elbécts tHatatsaddinansissiohienaiinaridefrad 0 in order

toHOWE VR AR NSIBNGE QEGHER:IN this example where the carrier sensing
shows the line to be busy while the MRC schedule still has time allocated

Xtonheradivimpgem 610

{06101} FIG. 13 A discloses an exemplary back-off tining diagram in accordance
with af least one embodiment of the present invention. A back-off countdown may occur
after DIFS in order to provide a random offset which may in tumn prevent the
simultaneous start of communication for multiple wireless transmitting devices on the
same channel. A back-off counter value may be chosen at random, which then
decremented for each time slot wherein carrier sensing determines that the carrier 1s still
available. In accordance with the present invention, the operation of the back-off counter
may be enhanced by accounted for time periods where if 18 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 unavailabie.
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(time t=N-a). The counter may then be paused until the carrier becomes
available. After DIFS, the counter may start again from the same point,
wherein t=N-a. The timer may continue to count down until the next
WEA48M3tant where the MRC schedule no longer permits tP&R4RM8Ei¢A50%6
This may occur, for example, due to the available transmission time being
reserved for another radio modem 610 in WCD 100. At this instant, t=N-b,
untdown time is In paused until hoth t chedule and .
[%5;%? r sens%%&%aﬁglsﬁ cégﬁrhﬁ }rggﬁaflmallgéf(%}lg\ﬂﬁw%?n%gégm%ﬁté?%{gﬁlPr‘lle’iegardmg
w¢E B alyeayeirs evelahrritbtherschiséuiimpe am ayrpro ceadngoumtingidiowsy be

1 i&‘J&R&&tﬁl!@eﬂmllﬁ'é?f%@%%@%@ qugxm 1@1:1‘{9211 7 rzllqr Jé‘o%nf%'il'%%;gﬁ é:})}osen

[00103] In another example of operation, WLAN radio modem
fptiateathe frepistinsspiisodsuite e, Vasrethssnsig etlidMé DIFS
denehtbe confentianiwindemnperiod) sanin faibe dtersupled Ry MR G080l 1s

cutting off transmission rights during the contention period but continuing
T35 alfW FEte PIGH AR IS Y S Lo HH o  HBPIEBASTF Elescar SBSSuMBFaRCt the
liMRObsehedulsiis dur tiandefised da:includenseracaivingischegule fX3nanh

a transmission schedule (TX). Contention may continue (including the
Utttz tiiciiata st fotiasth crt o
Dﬂlﬁ"é,Uh@k@@fﬁcnumatseﬁareagheﬁz_m@aﬂmﬂwMan@missiOWNgiats‘ﬂimvm@eﬁ@
cRsiEed. AarMaknacke! Hansmission: [aay: WQ&%%ﬁe(ﬁg@ g HISE R55harQ

discussed above may operate here). However, a problem may occur
PHFIER THBSBREROB iMeMaates Farexwiabu T pBrnmissiehl bahagmission

tirestRIpg rdidhebackificounterfeaches aerxosuringther aRsmission-N.-b,
cut-off period (depicted in the area highlighted in the dashed oval in FIG,

P SRy PR S ARG Rt 5E UBEIR0R in i RGeh Bl Fes raTfs Yertioe
agapdemaitnransonssiormayhtberbeginmismediately b theoehannel tgen
still idle (e.q., the first scenario). This behavigr may.,increase th
O Ao R R0 SR Aok the BUbral SHFEEHLS BPUFRS10
sen09 thg frani® 20081096215 PCT/IB2007/055096 [00104] When a radio
modem 610 utilizing an unscheduled wireless communication medium

9936 the HRABARSSBTFBRIEARPETE:, MAridl sdiseiime Sllme D e the
raighacenigptianwindow.pesiadhsibisferesaeabiesthal MRGHAQimoy: sk w

off both _ transmission and reception permissign. During any reception

PERCSPRRHOE StHEFRRE SRS AT Ay HES A (BagSHstian Seitscitisghe
cd@ttO@ff: ipetiodtian doarmiocatcontroltereftko? Are:QR-adasiskhoprds hlGG.

134, BhLnal SRS IS R aNES XIS I3 CAUSNANORA 1 ceiving schedule (RX)
and a fransmission schedule (TX). Contention may continue {including the back-off
counter countdown} normaily if at least reception is allowed. If the back-off counter
reaches zero after fhe transmission rights have been restored, normal packet transmission
may proceed (e.g., the first scenario discussed above 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-coff period
(depicted in the area highlighted in the dashed oval in FIG, 13B), the transmission may be
delayed until rights are restored to radic 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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controller 1102 to pause the back-off counter. This idle time may be spent
in power- saving mode (e.g., a sleep mode). If both rights are restored at
the same time, normal operation may then continue. If reception rights
WErIPREESPEY before transmission rights, radio modem 610 fial/ E3AtRTa0%s
according to the similar scenario described above. Alternatively, if
transmission rights are restored before reception rights, radio modem 610

its, for reception rights to.be restored. This time ¢ e spentin a
i) OB TR AL T Fr A prb 00 o i
caooonderice: withiatlbasnote wmbodinenrofdie ptegentinventivmisimowiing

D‘?ﬁ%ﬂ!&’%%@ﬁ(ﬁ%%? Qfegﬁéci 1 RIERFAQ0DRIS NADER SN, FIGAtRR
of information (e. g., at least oneé message) to be transmitted via radio
TARGEIEHHOB O [LerSRteHRPENES D0 Dl tHeT ssipipReciforhparien. the radio

nRtheHNg hxuphtainingdnfumatianselaipdie aldeash MRE araratianater
scheduling, carrier sensing and messages pending for transmission (step
ThoRy Shetiessaye rbIthalgh Mgty TEfteR ! s?%?aﬁ%a’é!?ﬁa SIS
cHReSBagE penging:-andiattheriengifeor Bstinaaiesh ansnissien: Hmewer.
each message. Radio moden).610 may then begin a process of
S oM Sl RGeS
oﬁ@iaédm_teamﬁgmbeochaukelf WMGQMST&H&HWM hedyrinchad@iasion _rights,
14 %%’E(H%k%tk% %&gﬁr?cé%@i%ﬁée{&%%%mt%_‘iﬁé‘%i%%{%oéﬂ%“"&%&QH‘%%Hf‘{BM.CE‘tG

currently within @n allocated time Period), and if permitted to
AdismpfpicaferanbiatiieeTor gt me ssagedramernmsiani pidjebe. cefiplatdgm 610
wi:fro PRI MRSSAES AN Acknewledgementindigdimeg allecriedyhp@ode.

time is currently reserved for radio modem 610, or the message may not
[(9a @ympletackiarihe cemEin ilmg_ﬁﬁmsedl@ime, athentiFapsmis sidsamnayenot
gsced: Ae areeul, the pending message maybe delaved e bacicoft,

counter may be“paused, status information for radio modem may be
wiramsmitteditaMR G800, eidfunheenrédio shodenmBl0arsagee hitde dransmitted

VRAGWRL 5RMNY fMede uatltheshannel lﬁéﬁﬁm{%%g%éfiﬁ‘f&%ﬂ%ﬁ Umeiashy

been allocated for radio modem 610 in the MRC schedule, then in step
ohlapBoghis EaFHees g ke heloredME Hersitinear Ry Sdingeep T sppone and
mREQ3AY6RL Pl 840041095090 46oMMNicatan in AEREHIOR theude,

_channel. If, for example, a power leyel ex eed'énqg%%edetermin d power
19p GEPRP Ko HSERFTROGT SHRHSHRT BFRLTRE TOANEF| v, HERARS A St son
tinpticatidmacions afirevielstysddesatpadwitriespestdn steptddiiaimay
ontinue until carrier sensing determings.the ¢ | t free, After the
G S AR A D R R fr e
(s@guh{éé}néfyiatgw@*gmmeimé@mgim@ninaﬁon as to whether radio modem 610 1s

allowed to communicate (currently within an allocated time period), and if permitted to
communicate, whether or not message transmission may be completed (e.g., both
message and acknowledgement) in the time allocated. If no time is currently reserved for
radic modem 610, or the message may not be completed in the remaining allocated time,
then transmission may not proceed. As a result, the pending message may be delayed, the
back-off counter may be paused, status mformation for radio modem 616 may be
transmitted to MRC 600, and further, radio modem 610 may enter a power-saving mode

until the channel is free.

[60106] If adequate time has been allocated for radic modem 610 in the MRC

schedule, then in step 1408 the carrier status is checked to determine if any sensed
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1410 to determine if any time remains before the back-off counter reaches
zero. If time remains, then in step 1412 the counter continues to run and
MRC 600 may be informed of the radio modem 610 status. For each
WERE/4#@ MR C schedule and carrier sensing status may agaffiBed07/055096
checked (e.g., steps 1404 and 1406). Otherwise, if the back-off counter
has reached zero, the MRC schedule may again be checked in step 1414

to determine both if transmission is permitted an(i if the tra sa%tion can
R EARIRd RS PR AP Che ek TREMRENE B Sgase
piatetntantcdaoexanpiedeosubse as thadaitigl tuatuse toathe baslspffthen delay
GRUDIeL s tandam and the C;%&’F‘ﬁ%éé%&%tv?{t‘hhr%'dé’X&%”sJeh%B@%{‘ae'é% inue
a%usy, there Is no way to define the fime needed ToF carrier sensing un i
ugiié Gande peshEiNgidsTcora Pletdunifelte terfecee mdierithy isanor sefficient, a
ddelavRey R egiad PRRSIRR:, 1406, 4 8ReUAR IME.1eMains SRiRat e,

message transaction may be completed, the messagée frame may be sent

1 Stagetarenod 207 Frecema HiSefo s et esesmiplary Process flbime

rdfhAscordansaiithial irastene esmbadinentetilewnresens Hyepidtorh&l of
; roc{:g\%s of FIG. 355 desc%bes a exam%Ie of controlling a back-off counter

B SR Pt AP S ch QU ERET TN ABB N A CEHHST B R Sisne status
nb500xa tentlechdiaeleofftval lethaydoet6et. Diismainddfitheduc-nfaydaeter has

d.as a stani oint from which.ta count.down to z n,operational .

R U T W Ty i B8t

tremisizendtin steprrsea @@@ﬁt@mtﬂmafzﬁéadicﬁrrimjmelﬁimztﬂshamm@b@mafnmg.

d&@EQ{Hgﬂi‘é%ﬁ{é&@%&ﬁ@%’%%'iﬁﬁﬁ%ﬁo@%E%EBE,%Q%Q@E@%H%%&E%@
C

or it is determined that a channel is not available, for example, through
RS SRS T (R P TBD8Y 1B H B BRRRTGHPE ot b & p sLaswg it
beiepHbd & QAthepwisesriheans Mubigation fsaliemeddyitha.aReralional: sensing
‘ schec1ule agg he. carrier js determined to be a%(%ilable, hen normal radio
I GHBIE 6 0 RS PHTEATH BB RIARCE Rt Wt WA DR ReSEt R Per Step

1 ppeviduskyvih tiiscdisclosuse tnaylcontysagein=steptiddb 0600 108 hiEiderhe
rati | ntrol be available in some embodiments of
mt%ge%&% &Qﬁe%bﬁé‘é%&?fét%fg‘ b,

resent invention. FIG. iscloses a process flow wherein a random

[Raekoff -33\WQ 2008/02624REHIBRONY 18036 VAlHE LI RESEHh at

(step 1600) and an operational schedule received (step 1602) as in the
IHTEONSUETERAITISHE ProveRSSHOWYGRE the Diariisiad SEHeduISsAeRRS 46
efamyinciudeatrsaparate:gedaussiabningisenaratelwhandadio module. 640

AR AN, oL nel o RSO I e
may be used as a starting point from which o count down to zero. An operational
schedule may be provided by MRC 600 in step 1502, which may be utilized in step 1504
to determine if radio module 610 is allowed to communicate. If the operational schedule
does not allow communication, or it is determined that a channel is nof available, for
example, through carrier sensing {step 1506}, then the back off- counter may be paused in
step 1510, Otherwise, if communication is allowed by the operational schedule and the
carrier 1s determined to be available, then normal radio module 610 operatien in

accordance with what has been set forth previously in this disclosure may continue in step

1508.

[060168] 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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1604), then in step 1606 radio module 610 may be placed in a
power-saving mode until reception is allowed. When reception is allowed
per the operational schedule, transmission permission may then be
WHHIMH in step 1608. If the operational schedule permitetT/B2007/055196
transmission, then normal operation in radio module 610 may proceed in
step 1610 in accordance with what has been set forth previously in this
Isclosure. 1 9 r m|SS|on is n ed b
R B P S e e BB e e
p@ﬁfeet@e@iamﬂhepﬁme%hééormfeemhﬁe@em@wwt@@eﬁelqheﬁi@rt@mgemh@e
sdBaSiRP-L LA t?é?%&@?el@‘%ﬁé@@%‘%’o@&f@@t@%ﬂ‘ﬂ%&eiﬁr%&ﬁ%ﬁgﬁk

is available, the bac timer may be decremented in'step 1616 and the
P GEass ma pgim eir oA etetﬁ%feé RS IEREBNRE ARt ERERY fiiFRRd

1errvailable | Hrendhe hadelt tomatesspariPaysadinstep A6d8unti

Alternatively, if it is,_determined that the back-off timer has counted down
BT, YA ot PEB 30 R A e W SEE T OKEE maybe
treedayedowhdencasine heendnghbis coniiuatin Tee mo&e%tﬂempmwﬂaﬁbhedu}e

(elyIn 0, sieR 1802 I Qrder fo rechack (e qurtentstays of af Jast
popera iohal schedule and the channel aval atﬁ? 1160 118fy%cor |ng E
1QUif] beaegspdiretit tothersorisskitedéh it nelevauﬂimntlmt dtmﬁmu@changes

in forma and detail can be made therein without departing from the spirit

(8418%cope df tFrOTRVERNOIT TR TECA R EMORGE 4t e etk plsadRstep
1inventieursheuldudet fe BE@MM@E\M@}" the-pbqe-desssibedaxemplasinted

embodlmen , but should be defln |n accorda ewn;h efoIIo |ng
IRy P B aRHES cEN ﬁ%aeféafmat §PeBRibmg” the
cisznheﬁulﬁtga rfarmetionvmdibhting atdtadt dnesatawed diepeariediwithini 616
DA sadi madule Js aloweckfo commypigats; fecelving Informaen, v
relate to at least essage to esentwathe ra omodue
amtéﬂwtitﬁ@tﬁ@a@enﬁ@mw@mlémhﬁmmeemﬁt@haﬁ%l Altrearidly, it is

amediiedsialeyed 4o communicatsyAetesnining whether thedimeoo e

remaini Fg??m the allowed time period is sufficient for completing a
IR RS RS SR Bte b At dre¥ed & 5 Fa T Thectiftie Fe rraifie

Tie frecliowed timeperietis autts;dam)tom@ﬂep lotiaghthe AOJABSARHRR of at
|n|t|zét|n the tra sag:t n inclu the tIe%stgne message. 2. The
¢ iRy

least erationa tle an
CISHf 1 Wherein he Scheguin tation is provided by a

[ppiradio CRPJB?H]%%QCR "R RGNS SAVEN QAR CRRDHNUGHIW: that

device as the radio module,
various changes in forma and detail can be made therein without departing from the spirit

and scope of the invention. This the breadth and scope of the present invention should
not be limited by any of the above-described exemplary embodiments, but should be

defined only in accordance with the following claims and their equivalents,

-34 .



10

15

20

[
L

3. The method of claim 1, wherein receiving information related to at least
one message 15 to be sent via the radio module includes receiving one
or more messages for transmission via the WilaN communication
medium and information regarding the length or predicted transmission
time of each message. 4. The method of claim 1, wherein determining the
availability of a communication channel includes carrier sensing via at
y Ajeaéstho&\ecof agtual_carrier sensing using clear 20 channel assessment
?dr VItOAT Cirier sensing using a network allocation vector (NA\. 5.
The method of claim 1, wherein, if an immediate acknowledgement is
recaiifgirshetiding difpresiondsdaging atdeasionéwiodes Seadingaheithin which
a rafie 35641830 AIISLeMAgmasldpledgement. 25 6. The method of claim
1, wherein if the radio module is not allowed to communicate or the
recfOMMunication TCQaat%Q%iS not available, delagir;ggsthe transaction until a
GRteF fime  period ahd RoftyRe Ml 8 SR tGIRG bY By SifAgic module;
remaining in the allowed time period. 7. The method of claim 6, wherein
detegaiaiie e avrbrRibiviR e gathiavaieatiomenseriet! further includes pausing a
back-off counter until the radio module is allowed to communicate and

if theastiRf mensing showns:thatdhercoman nsalion-ehannsl-s-availalee Baining
The method of claim 7, wherein the transaction is initiated if the radio

. ) ' I'%g %to communicate, the communication channel i

e R e e S B e Bt s

one QoRRpRAET HBgram product comprising a computer usable medium having
computer readable program code embodied in said medium, comprising:

if thatzampuisheaiablemeam ROt esandrgSeResibnginfermation

trand gj{%qltjrﬂqﬁw 31 pog gllgweg t}'m | %giod ithin which a radio module is
%;ﬁowed to corgmunlca%e;c 10 & computer F‘égv%%%%”&%'*&%ﬁ?%me for
receiving information related to at least one message to be sent via the

radio module; a computer readable program code for determining the
2. TewaiiathitifyrotiaieomMwhEEaion scheanil aremEde s paialle ByeoBradic
for, i radi le Js.al communicate, 15,determinin
confAHE oL ARISO DO S BlONSin RTINS, 1o e
3. TR mpiRaR gL aandaMisreincrRi@VE B aMaisn srigtafissaidessimmamessage
to bessmuietieashbleqriggrascededesiihtheniraerematniagsintve-allowed

trangm&%%rlﬁg tﬁe WELAN communication medium and information regarding the length
or predictad transmission time of each message.

4. The method of claim 1, wherein determining the avaflability of & communication
channel includes carrier sensing via at least one of actual carrier sensing using clear
channel assessment (CCA) or virtual carrier sensing using a network aliocation vecior
(NAV).

5. The method of claim 1, wherein, if an immediate acknowiedgement is required, the
compiete message transaction includes sending the message and receliving an
acknowledgement.

€. The method of claim 1, wherein if the radic module is not allowed to communicaie or
the communication channel is not available, delaving the transaction until 2 later time
period and notifying a multiradio controller of any time remaining in the allowed time
period.

7. The method of claim 8, wherein delaying the transaction until a iater time period

L2
tn
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sufficient for completing the transaction, initiating the transaction including
the at least one message. 20 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. 11. The computer program product of claim 9, wherein
receiving information related to at 25 least one message to be sent via

fuﬂﬁéﬁﬂ@g&mlﬁémﬁ%ﬁ%m@g&m&@é f@@?@_ﬁﬂ@ﬁé@ﬁgﬁof@éd to
transm%ssmn via.the WLAN commu '%‘;"é’on medium.and information

SO R I RN TIPS SRS PEh IR LR HE e PRE S faR's:
8. Theethwipoteieprograhesiodoe tehekdiv®isWtitatsd Béeneditrodide is

alio @S bR £oHBUBIEAINNEHaN BRA INEIUL .S SRIS LA MSNELYIAAT
lea tonfe .oLagtuaI (%arrigr sensing 30 using clear channel assessment
GOUI?% S NS gl AT

SINAPGAF 2aTHes sgnsing using a network 36 allocation vector
9. Aeenp) e g oarrpsineraoragiaing freaostistrokanle meHisvaihavirancomputer
read BbBERIRIANAKIOBIRSIaRIAER LIRS ecBHIGd, Haepamplete message

transaction includes sending the message and receiving an

acknowled ent. 5 14. The computer program product of claim 9,

= o PR R AR B ORI Ao et o

least ongnalipiGeibRT Rae M HOWRIZEI R oy s aveTSkRctoNMUhiiiage
later time period and notifying a multiradio controller of any time remaining

a compler allaysecd g Reatieshd: Taeioniy puterarearampmodustafelahm
14 WheDrein dglaa}/m th trangaf:tjon until a 10 later time period further
£ S2NL Vi géa C e

mesi?ﬁaccfﬁé%s pausing a bac ‘ot €3tiRter until the radio module is allowed to
communicate and carrier sensing shows that the communication channel

a CoRPHiRLiIgBREDICPTPRETOAYEaEY PROFTAMITE dthievaedidinel s opmerenicaien

chaf@nsaction is initiated if the radio module is allowed to communicate, the
communication channel is available and 15 the back-off counter has

2 coliESE S0l BF'e“%ggor‘é"r% e SRR S a@%résd&%-es?%‘(g&é%? > communjcate,
communication ‘device, the wireless communication device inclu Ing at

deteignisincanbRINFRLI EBATMEM s drd i awpdiirrirentsdeRETarbBd to
comihetimuiiradi:eantialridiag kesiiongobibenessage; and

a computer readable program code for, if the time remaining in the allowed time period is
sufficient for completing the transaction, initiafing the transaction including the at least

ohe message.

10. The compuier program product of claim 8, wherein the scheduling information is
provided by a multiradio confrolier incorporated in the same wirsless communication
device as the radio moduie.

11. The computer program product of claim &, wherein receiving information related to at
least one message to be sent via the radic module includes receiving one or mora
messages for fransmission via the WLAN communication medium and information
regarding the length or predicied transmission fime of each message.

12. The computer program product of claim ¢, wherein determining the availability of a
communication channel includes carrier sensing via at ieast one of actual carrier sensing

using clear channel assessment (CCA) or virtual carrier sensing using a nefwork

36
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20 plurality of radio modules including a local controller for managing an
unscheduled wireless communication medium; the local controller
receiving scheduling information from the multiradio controller indicating
at least one allowed time period within which a radio module is allowed to
communicate; 25 the local controller receiving information related to at
least one message to be sent via the radio module and further
alloSRISFTARIBA HR\BVailability of a communication channel; if the radio
odule is alﬁowed to communijcate, the local caontroller further determining

13 M BRI RIS R BIRTYGT AT (HR I RWER e 'Rt baTedaticient for
ackoomipiginga itraersaretio thincludigsthecatdgastasesnwssalelearding the
mediR& TSNNIBYIR theAlawad imaheriod is sufficient for completing the

transaction, the local controller initiating the fransaction including the at

14 R P YRR ROH T B PEYA TR B S RS S HER (P HOSBREHE S St RhRyed
to cgotmachitistg mforerationundielating atfeast orcalitaved disiayipe o trantaiciion
untiMNGR A FAdiR e dg B RlRWE AR AR UINGalR: BCADTEN FECEINIRG in the

information related to at least one message to be sent via the radio
aiio‘ﬁ’?@&m& RY'Rkans for verifying whether the time remaining in the allowed
15. Tineecpemotkipsudfigientddecicymiplatihg, avtreresadtioninyclue iranthetiatleast 2

lateONRINERSRTERRE BRI Hiheime emaininginihpalaueditinp asied

is sufficient for completing the transaction including the at least one ,
aloed e AT ILRIAR ARG (R 5L AMEBIIR,PBPY® omh B AR CReamereane

avail#bneans for, if the radio module is allowed to communicate and the

16. PREVBRIGRH pRoGRANRRLIS-Avaliahie fRERG e YansacioNdNGIAING: the
the at least one messa%e. 8 o ) )

radic module is allowed to coinmunicate, the communication channet is available and

the back-off counter has finished counting down.

17. A system comprising:
a wireless communication device, the wireless communication device including at least:
a multiradio controlier, and

& plurality of radic modules coupied to the multiradio controlier, at least one of the
piurality of radic modules including a local controlier for managing an unscheduled

wireless communication medium;

the tocal controller receiving scheduling information from the multiradio controlier
indicating af least one aliowed fime period within which a radio module is allowed to

communicate;

the local controlier receiving information related to at ieast one message 1o be sent via

the radic module and further determining the availabiiity of 2 communication channe!;

if the radio module is allowed to communicate, the local controller further determining
whether the time remaining in the aliowed time period is sufficient for completing 2
transaction including the at isast one message; and
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if the fime remaining in the aliowed time pericd is sufficient for completing the
transaction, the local controller initiating the iransaction including the at least one

message.

18. An apparatus, comprising:

means for receiving scheduling information indicating at least one allowed time period

within which a2 radio module is aliowed {o communicate;

means for receiving information related io at least one message {o be sent via the radio

module;

means for verifying whether the time remaining in the allowed time period is sufficient for
completing & transaction including the at least one messags;

means for, if the time remaining in the aliowed time period is sufficient for compieting the
transaction including the at ieast one message, determining the availability of &
communication channe!; and

means for, if the radio module is allowed (o communicate and the communication

channei is available, initiating the fransaction including the at ieast one message.



