;e3ezPw. 6TPLS, , xoM~- CSMA CD W RELESS LAN hel d of the Invention The
present invention relates to wireless |ocal area networks end, in
part i wwmwmﬂwm ﬂmaef fective inplenentatian of CSMAV CD technol &gy i n, such
envir ckground Art Local area networks (LAN s) @@
commonpl aseisend efforts to reduce their installation and upgrade costs have
pursued the use of wireless te@%/@,WIRELESﬁ LANi | itating affordabl e and
conveni ent equi prent placement and the like. In normal wireless local area
networ ks, collision detection is Eield ofrthe Inyentics probl em,dug to. the .

so-cal | ed "hidden term nal problenmt . The inpact of the h| dden term nal
probl emis il | ustheapregentinysngon relaes ie WAI'CI@SM arqadisiweerks and cinrpasticularand

the circles represent e respect.i ni ca i on ranges .of the term nals.
When t er ri 90 ﬁchgvegﬁﬁ@mee@epﬂ@ Q’M?@EUW %Y(léﬁ“?fhgﬂ‘ﬁmepﬁequency)
term nal C cannot receive the si gn%qﬁ:&romt rmnal A Hence, termnal C
m ght start to transmit toi s ter gr se term nal Cis not aware
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I
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transcei vers of ﬂla%gnﬁkla%gégésscﬂﬁgﬁ‘%?&; %{v)’ R€ %lll@ioﬂhﬂétew be 1the

power be| ng consuned 1's tradrtion rom |dher energy povver supp

(ie. dhB 18 %he 3BaGlIkd Y'hﬁﬁfeh%hﬁﬁ}l ¢ IfpRP o &h& hid d‘éﬂ

between c ent transm ssions I s al nost 2 IITpOSSI e t'o prevent ecause

of the hi deﬁﬁutaﬁbfameh ipIRRIAIEINA i OX GrE 08, B LRAMS rédfredtht RbRRRIY GRPthe ar €2

net wor ki ng are based on either TDVA (Ti ne Di Vi si on M ti ple Access) or

CSVAI CA ( CardleserepridBaethblibipeptive AsiffRhictaod | e g@sﬂof“\ﬁ@' eahieak: Wheh ¢eHniddPVA
systens are exenplified by the products May 2002 of Spectrix

Corporati of @f cémmudfAting hwith EefmdEP leomthelsema frédhenty)) d@fiflingdB & cannot
CSMW/ CA nethod to contend for access to the nmedium The | EEE 802. 3

st andar d, reoeisecthemgignay frorawerminal A heHente) , tehamab&® mighowtartf @r transmit tthan a
decade and is a widely inplenmented LAN standard in the w red networKking
domai nis Et teemiral B heaausal teimpimal 4C desnott awdrai efuenp sigml deingShanspaitied efrom

terminal A. When this happens, the communication from terminal A to terminal B will
be lost because of jamming induced by the signal transmitted from terminal C. In
typical wireless networks, there are son;e common characteristics:
(a) the transceivers of mobile stations/terminals are generally low power
20  (to conserve battery life), which generally limits their transmission range; and
(b) the transceivers of base stations can generally be of higher power
because the power being consumed is traditionally from higher energy power supplies
(ie. AC mains or large capacity batteries).
Hence, collision detection between coincident transmissions is almost
25  impossible to prevent because of the hidden terminal problem.
Most existing methods of wireless local area networking are based on either
TDMA (Time Division Multiple Access) or CSMA/CA (Carrier Sense Multiple
Access/Collision Avoidance). Typical TDMA systems are exemplified by ﬁw products
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.coll'i sion detection) because the wired domain is a very suitable
“environnent for collision detection. In the | EEE 802.11 standard, a
.termnal that has a data packet to transmt will first send a "Ready To
“Send" (RTS) control packet and then wait2to receive a "C eafPOMayR09d" (CTS)
control packet fromthe intended receiver termnal to ensure that the
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it has beegn%ﬂﬁq ﬁa&%tm&Pﬁ d@@icffe%lrﬁ%g%‘%vm@l QHEMRHNQ] AN E?gﬂ@dr& iRthd Q?rle dges

of range o er termnals su ecause their RIS packets are usually
not "hear dﬁet%rliiﬁ% defifald. alBtherR@Sik tal AORRPIE 8EcERLERiqUd based SoPESMBLID iR, edge
term nal s cannot hear the termnal at the opposite edge that also transmt
RTS packet goltistor dbsectibn) droiusal theewiredaddngh ishe wapesdiiabR. efVitthmotdefor
these term nal s back-off, they wll become synchronized in their attenpts

t o transm tollisien @8Scti@mc ket . Moreover, this nethod does not work when

mul ti cast addressed packets are attenpted to be sent beCause there can be
nmore than one rebeihedEEEG)2. 1k standard oh derminalthatchas uf data padkedtn tramsniibeill t hat
different termnals can have different transmtter efficiencies due to

varyi ng pofiest senda (' BeadyrRmSend't GkS)tcontiol packet ansk tier gl togaeaive Be€dens do of
£ o PSP TRERA S il B o RSl e B e
Lo be o of MBHEM.isE, oIt dhriEcia GRS PRt Go etter il RPHom (4 GRoBgalsl oo
or 1ot encobakaltf ote) atflind G5 dedi Ui E R, FRfy b Mprminait e [0
ter ninal - profaRFHIOHERlee T B! AR Sondé 0P U RLBFEr SR Hef cithdthe ILS BT
CSMA CD.  SprReoMtref pickets 2Rl Behdethovd thab ttﬁrtln;&hhﬁc&'illoée Bt fBf 8 peAbd iog l&sg%ts ion

to substantially overcone, or at |east aneliorate, one Or nore pro

W th pri oramf, r@ngeseeisence, thové bie s@ndadls ivall wesatentdl for theemedium during
access/collision detection (CSMA CD) comruni cation systemconprising: _ a
repeat er sthid tima; Howéweasit has deere foundahatsthe peformancei theiugbput if| temlinals at
conmmuni cati on channel for one-way communi cati ons between each said term nal
stati on anthesiges ok pangeaf ather: teoninals spiffea beeayseidwin RAR nagkets are usualy not

Card ter m HEBIE: By, CoGHALY IR AN | RIS O gHHoeE o Sg ARgs
bei bl t diff t t 1 SSi I th [ bi t tt
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transm ssi Jot r i rih@RT &SRRV L i@
anti ci pat eg&roglge t Icl){?%z) dg%rgl??rg%gﬁﬁ% tq%gp%flpﬁp{gt t ersn) l%renkttt e rp‘yrgr’sraa?ld
repeater SfihoANdocdNAotC FTREWIRANMMRRAS hdreGLANACkEY de Aflefip@sll B thePsdnt er n)
on a bit-bybit basis) wth a received bit pattern to deternine if said
term nal sh&austhBRScan be more than one receiver. Collision avoidance also suffers from the
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fact that different terminals can have different transmitter efficiencies due to varying
power levels.

TDMA systems tend to be more complicated because of the timing
requirements of the system. The base station needs to be "smarter” as they need to

handle registration of new terminals that move within range of the base station.



+ unanbi guous access to comruni cations within said system 1n accordance with
anot her aspect of the present invention, there is disclosed a nethod of

i npl ementing a CSMW CD communi catiogs protocol in a wireless network having
a plurality of terminal stations, said method conprising th0 Mapgg0ds .
providing a repeater station for receiving communi cati ons on an uplink
channel an@’SMAr@DsiFdckhd\gletif@l 6268 aO¢indle datery kffidieminaliltipayidigss

comuni cations .~ wavel ength different fromthe uplink channel; -4 - 20
May R@bRiquadblwingl nétwelldag, espeviaty asklenhsafyotoada.c CSHIATODe LM Aeiewd at i on
via said uplink channel to said repeater station and to each said-term nal
st at iabovef To¥n efticigneyeprder deavy kiads woniparashtadCIdMICA Khatttanroaly, achieve.

perform ng col | ision detection and within each said termnal station by
conpypi tﬁg3q(b% cdfigipaey oden kavy lpads. pais explainedreaslien ghie Pidden deminal nal
station w bit pattern received by said termnal station, wherein said
del aprobler &%ﬂ%ﬂ@r‘ﬁﬂrﬁ@ﬁf ¢iwiropmeap ppalsbkutonignplemantGSMA/C. pat ed recepti on
of are-transmtted said it pattegrn, and such that if the two bit patterns
coi ncide, no collision is Y&Eateg’ ﬁi“nﬁé fance wi.t'h anot her. aspect of

t he present, | hyenti ere | s disclosed Lreless | ocal area, network
conmmuni cat }Itok %&Qﬁjgﬁr{%g%rpgﬁs@: mﬁ&é%i? 5?1)%%“&3‘@5%%%‘ o E‘ﬁq’a?t)

" ecebifofratd, HE Y AorelR6HLRE M brifh aftniBhédts comTuni cat | on channel) a

(first) tradsmtting sducer rormng of a downlink conmmuni cation
channel ) a fviretdssdesampdir alense f aultipterodcdesticotlisions i dptedtioneesMdCP) a sai d
first recejving transducer, to derive a (repeatable) bit pattern, a (first)
mdu?%ﬂwnk@horﬁW'HtcPﬁ@ﬂ?di repeatabl e bit pattern for enission via said
first traagsspddtemgationransducer, and a power |evel nonitor for determning a
received s entgth of isalicg signal and for enabling operation of said first
modul at or 2hEERT YR BMPIBRSIMAN st r engt h exceeds a predet ernined val ue; a

Fl ural i ty acfirelessrupliak commiunization ewaﬂhf ebfor dntavay c]Evﬂmm_Bgiaétich mmk nsing a

secon t.,ransm tt transgucer or.m., n part or sal upl 1 nkK conmuni cation

chanﬁ@a?s%{d? a%ggféé‘e%? deP?aalﬁ%ﬂgh%‘ﬁ formng part of said downlink

conmuni caki Wirefedsndewnlirk ]gwaamnﬂoatmduhanm forr anemé/t @onpdrictions
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vi a sainfhupization charelsyiesing tpastlecat differehbtransmissioniwadlengthspathersim, and a
i.on, det ect.
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providing a repeater station for receiving communications on an uplink channel

and retransmitting the same on a- downlink channel having a communications
wavelength different from the uplink channel;



‘Fig. 2 depicts a wireless LAN arrangenent according to the preferred
enbodi nent; Fig. 3 shows one configuration of nobile stations and repeater
- according to the preferred enbodinent; Fig. 4 is a schematic bl ock di agram
representation of a repeater statiofi-according to one enbodi2omay 200Fi 9. 5
Is a schematic block diagramrepresentation of a termnal station according
to the enbodinent of Fig. 4, Fig. 6 illustrates the bit patterns seen at
the terni naraking pyigless; coggunicatians fopeasty saidderming stationcvia said erlink y
"'USéﬁa’a\‘ﬁw@ﬁtoasﬁe'r Dg t@v”s@%ﬁ’%tnb% @thaéw@@@r%né!%‘fétléh fréh (3% A, Rl ement - of
Fig. scription Fig. shows a CSMA/ CD system 1 I gur ed
accor%ﬁiﬂmj\ Ylésﬁﬁiedop\fr@ﬂ'éﬁ'ﬂ@mebrﬂﬂddl rrent in which a repeater station Ris seen
toget her Wyt A Qélllém‘fﬁ%t%btﬁldaﬂwmp'eb& Shighe AR SeAeh ! onfparing G _and

H. Each of "the repeater e station Rand termn - | ncor por at e
wirel %§§|Wﬁdn‘§r¢@|0f/ér@t paltein Heansmftes bbﬁﬁldstﬁﬁﬁldﬁhya&@lwﬂhlacahli patteranges r,

e, d e t he
repeal'?ag”ralv |t§ p%gfﬁ@ﬁﬁ)?éﬂ gt)ré’ruglﬁaggkgmgéfll Xe o%aat?ﬁ)(;%laég&?g‘:h%usp%’rsaabl etoa
der i veorrasponding with £6i anticipatesireceptionof @d@émaaamit@ri saisUbitpatiana anguaticht

I ncor par kst 1t Atﬁregg% ﬁgé%%rﬁg croﬁ@%ﬁ?s §éthctegFurther, as illustrated, each

of the termnals are |located W thin the transm ssion area of
t he repeat by agpordanes withaanetharaspestaefithe preaspt Invertion: thee is digglosed a
COMMARIEBLL REaPUTEZ sk oS hERLANSPY AR LBRpughg Mo [ ebeat er station R
Each o e stations shown I n I ncor rat 'S a wWireless transceiver,
traditi onaﬁlf9p¢ai?ﬂ station baving an@r )amcglvmgetcm@ﬁugerd@mn@m iPaetaf @msupdink opt | cal
(eg. Jaste P rhmi?a e signals
si mul tan@gﬂfs 8;18 each Q%fﬁﬁﬁ?}g@%ﬁtldg&%ﬁ%ﬁﬁ on vrét %gtdt@m‘hﬁl s may be
i nt er erefegicationcehannek af(fiet) demadeiaterforsemeiatingra agnaiﬁ%cel\fe@rwa paidsake of
gener glsi tré(cel\)'i‘t‘\d 'traﬁ?ddc%F fIdeé?ﬁ/EeéQ afé‘BlBMi! pakdmn ac(fﬁgm%o%mﬁmem%&ur poses
of this description to'be a downlink channe ereas Fu
ist am@ﬁubting)éa'drﬁemﬁﬂt@biﬁ bit patiae for ma@lw'aﬁaldﬁmstdéansg"@ng frapsdycer, The
repeabey a%éﬁé‘r%%@%brﬂf&%ﬁﬁéﬁanng‘d RGebdildd §tréﬁbiﬁ'lﬁ|sa@s@ﬁ£1 dicpfrm t s

I nformati on on t downl i nk . Further, ugh“illustrated as
part enakding; erarainn phgaid fiest rapduleter vaeﬁ@esglﬂatqcewe@a WQB‘E exepfifiscied to a
fixedyldiBfermpielvaffeed network in which case, it may also function as a LAN
switc%. I'n operation the repeater base station R denodul ates each bit of
data it re@dlwalily ®f terqinalstatiors.cerghneaid fareninad stadins wpmprising & (seeendiodul at ed

Ver si @hngHittingaratREGc TofriRg $RANG $Hfd GBRKNEIMMURIBSEEN eBihnER |2econd)
receiving transducer forming part of said downlink communication channel, a (second)
modulator arranged to modulate a transmission bit pattern for emission via said second
transmitting transducer, a (second) demodulator arranged to demodulate a signal
received via said second received transducer to form a received bit pattern, and a

[

collision detection arrangement having a delay circuit for delaying said transmission bit
pattern by a predetermined period to correspond with an anticipated reception of a re-
transmitted said bit pattern, and a comparator for comparing the delayed transmission bit
pattern with said received bit pattern on a bit-by-bit basis to détermine a collision
between transmissions initiated by said terminal station and another of said terminal
stations, wherein each of said communication channels utilize different communication
wavelengths.
Other aspects of the present invention are also disclosed.



.20 May 2002 Fig. 3 shows a basic configuration having termnals E and F,
whi ch may be either fixed or nobile, and one repeater base station R Wen

. any termnal has data to transmt, it will "listen" on the downlink channel
Fd to ensure that the wireless mediumis free. If the nedi urzoinsay 2602, the
termnal, in this case termnal E, transmts a preanble pattern on the

upli nk channel Fu. The repeater base station R receives the preanble
pattern and decodes the pattern bit-by-bit. As each bit is decoded, the
base stati ofhR presdntanserntion 4dis so tilaprdviet the anmidelttsuentifomineat teran, exaentt he
downl i nk channel Fd. The termnal Ewll, at the same tinme, listen to the

f eedbalad will make jgrseiatile ¢o dmplenend OSMAHKD c HEis @hpfaved eneitenmenttablawst here i s
no collision with another termnal. It will be appreciated fromthe above

t hat thee uspl ohicxistiagntschavldgi¢s dsed kore HhenBIER r 8023 cBthegnee nstangard, to
unidirectional , or "one-way" channels. The uplink channel Fu provides a

si ngl émékﬁﬁﬁ*ﬁ%ief:fé’clﬂﬁﬁ*’lﬁ%iﬁﬁ lf):‘?tbrﬁa each of the termnal stations (E, F, G etc)

to the repeater statipon R The downlink channel Fd provides singl e
communi cat i g[ﬁ‘ep'éfeno} r‘g?nrf’l’l"eatffreHé%?%rbaé‘idappoﬂ?ﬁr‘?"é tfﬁ@“’t‘@?rn??fglw%"(‘ Ti ons (E,
F, G etg). cause of the sible distrihbution of the term nal stations
E, F, “@VS%%‘%&Etaﬁé tPéSBL"zfttBF hg(fd; itwlﬂﬁjq Rrpéfﬁ%h'i ssion and reception at the
repeater station R at leﬁﬁ%{b%séﬂﬁcf:ﬂ“?heoﬁmﬂn@c“ onal, this term

ure e

describing the operative na ransmt “and receiving transducers,

rather than:4 Bndat b1 enBbaliGuFOMRIYERhI RReARDiA AoWeS: Llefishy wiependi ng

on the location (fixed or nobile he termnal stations, their

r espegefeydhct k@ R dlawiieh indgkicke transducers nmay have an ommidirectional or
ni di recti onal response. After the preanble has been transmtted and the
term nal E IEig. I éibgstraest the bidedes térymihalrprableadofithe prfok arton t he downl i nk
channel Fd, the term nal E can assune that there was no collision and can
then transniHigi t2 depiats nat wirelepndk&N torangemend pacroedingate the ogprefenre® on t he
uplink channel Fu. The repeater station R then re-broadcasts the

i nf or embodimgifcket back on the downlink channel Fd. This separate feedback
downlink channel allows the_ termnal E to verif hat the pagket S
correctly trdﬂs%risb?WﬂpnNﬁ?’éﬁg‘-H&tﬂOW% mobile §m€ﬂ%é?¢r'§ﬂ?at?%%“r°8r‘ﬁ§g&? %ys at

| east aﬁ%—bitgﬂl%la in the bit pattern between transm ssion by the term nal
E and RGEUEL § ®ption on the downlink - z- 20 May 2002 channel. If

h L1 si . C R ' ith

anot her ter hiRal4 1t b PR e16oK, GBHEO s elatbi o a ey B ™ ¢
h = 4k -of f bef [ ' h ket .

Et her %hﬂm{%@gbﬁﬁ&g efore attenpting to retransnmt the packet

Prefera I'8s (as in the Ethernet standard), the terminal E
will give upgignds GroWcRMANtid *b?qdkaahg&amﬁegresén@h@ﬁwaa RX@IR adtition
arrangenent for a repeater station 10 which, for exanple, nay be used in

t he ewﬁaﬁhﬁﬁﬁﬁnﬂﬁ:dﬂh@dh&mﬁRﬁHﬁ%l&i station 10 includes a receiving
-triansducer 12 such as a radi o frequency antenna or infra-red detector

‘ (sui t abl e t o Fige6dHustrated the bif pateasssseemat thertenmninalbef Ifig. Snphdnent ed. A
received signal is communicated via a connection 14 to each of a

denodul ator 16 and a power |evel nonitor 26. The denpdul ator 16 denodul ates
the receive signal to derive a bit pattern 18 which is conmunicated to a
nodul at or 20. The power |evel nonitor 26 detects the power |evel of the
received signal 14 and, if that power |evel exceeds a predeterm ned val ue,
t he nodul ator 20 is enabl ed through the application of an on/off signal 28.
When the nodul ator 20 is enabled, the bit pattern 18 is nodul ated and
output via aline 22 to a transmtting transducer 24, typically either an
RF antenna an an infra-red emtter, again depending upon the wreless

envi ronnment being inpl enented. As noted above, each of the receiving
transducer 12 and transmtting transducer 24 operate at different

wavel engths. Fig. 5 shows an arrangenent of a termnal station 30 which nmay
be any one of r, the terminals E, F, Gor Hshown in Fig. 2. The term nal
30 may be either nobile or




-arrdnged at a fixed location within the conmunication area of the repeater

+10. The termnal station 30 includes a transmtting transducer 32 arranged
to operate at the same wavel ength as the receiving transducer 12 of the
repeater terminal 10. A signal 34 suppli-&d to the transmi tt20ddy2002ducer
32 is derived froma nodul ator 36 which nodul ates a transm ssion bit

pattern 38 derived froma host central processing unit (CPU) (not .

i llustrated). Th&g L sehematialy plustrfas edollisian aeteesanmpreangerient Benfuli isy e
detection circuit 48  _The term nal 30 also includes a receive transducer 40
oper abl e aPTARReMERt8f Hig S ength of the transmitting transducer 24 which
provi des a received signal 42 to ﬁegagfrﬁ%clasat‘ ki 44. The denodul ator 44
decodes the received signal 44 to € 902 derive a received bit

part ern 40 W ChEig SR SICSARD NSy P ALSRliE S S e
bi t - by- bi t @ %én?%‘wﬁﬁéﬁ”ﬁ?gpnégrb%%a{ti%ﬁsﬁ‘i§§ NtoBbtheP HithS5ik &nﬁo}@fﬁx&?‘b‘?' ved

bit pattern and outputs a si to the host "CPU when a collision

bet ween t hag®ilbistatidabAdhditals E, 48! 6Ct4d. HF Bactf of lthd! $éedict Dadd s@libANOARE N
of a specific transmtted bit pattern 58 and a correspondi ng received bit

pattern 60terAgndls BPPaM eircofporare Finreleds fraiscéibersspabi fhacingl b pédréoiding
transmtted, the receive bit pattern is seen delayed by*a single bit

peri od. Ascemomniatiow rargesaold,if5i pnamtkhersspeztivelgn e wai foer appdedidted fegdm
inparting a delay into the transmtted bit pattern. This is seen in Fig. 7
where a si Hig.i% itbel repeatargRnie mrefefablyarrangad af 8 fixedt locatiam and thusi is ade itg
shown where the transmssion bit pattern 38 is supplied to a one-bit del ay
circui t 52defive Ks dransmission prveryEamspghbstanil tsquece andc thwsi i dneypetates thxor)

54, ] ith th i ved. bi 6. In thi i on,
SR PRk AP ey S S BB IR e o T

tt 46, t t put. 5 f th Il si det i i it 4 i || i
a1 O Rgnt il e fapbREeB) b STnESh i Pl Rlbb, 1Be ™ "
crt 52 et WA g AL ol S AR R Rl P

col l'ision pagopRreurred. The CPU is then able to take appropriate corrective
action to ensure -the proper handling of received signals, for exanple

usi ng known Et hegagi ofr@EOoffidhs dhokwh _ﬁl@Fi%Z,Z iRoforatks H daR%esd OrarREdifdly to
the network even though it falls within the transm ssion range of the base
station R triditienally heplemsstel Wingr mdinfrequenoy comniumications oHopticalt(eg. inak
(for exanple, in the case of |ow battery power) to be "heard" by station R
Ter mi nal Hredl) eemnutnidatipes fhat is abie to transmpeandoepeing sigodls simultapeoushk bitesaghis e
its transm ssion cannot be "heard" by-repeater R or the other termnals E,
F, G Thi safdifferenpeompinication wayglergthh e Toisgeay be intgpresebas qarrighfreguaneigs i ons

where uplink and dqownlink chanpel s use the sane frequency, which results in
(weak power 8 rﬁlﬁﬁp@tﬁﬁ’ﬂf@rfeF‘?rnéh%SP]FPtQ%egW?IHYnam%Sf texpred chgigin as

Lo A PR o T oL T BB A L Y
ogeur i1 WieofAPSARRE w8 Men20% 3 R0, P SR oM o

w th anot h&{ffetré{t.m nal station. This is because of the repeater station Ris
configured to receive signals transmtted on the uplink channel Fu and the
termnal stationghé Eepdater@ re¢cdveshiardilavionlon e uptdRf dHaHAd IRl And Q@smis
signals on the downli'nk channel Fd. If, in the enbodiment of Fig. 3, the
term nal sifoingonForaiite Hownhis thinmeh RdheiRurthet, i dithoaplanledtsatdduas part of a

si mul t aneously, the repeater station Rwill receive a bit pattern

cor r espondimingleso AN, thengpentar ldse gtatioh R neyt beaconmetted do ki fixqoakineelogsl dream
each of the termnal stations E and F. The conglonerated bit pattern wll
be re-transetimorkin whichreaseldtmay aksodhnetion aSFBdLAg'r switehe plni eperasion: the repsater nal
stations E and F. In each termnal station E and F a collision will be

det ect ed bbasgusiatiast R demedwlgies maekthit opidatay it feseives @nnteqyrlink, ehamebgndach
of the originating bit patterns in the respective terpmn tations E and
F. This i sTetFnsnpF atlupthes, modulagedsyresion o tﬁgrsamﬁéan @Péﬁ%ﬂ@c@@nﬁ% WithQuit c e
an Ethernet-|i ke backoff before attenpting to re-transmt. It is apparent
fromthe f8Pegofhg that a CSMAV CD wirel ess communi cation network is
described which allows for a communi cati on protocol to be inplenented

whi | st avoi ding the hidden term nal problem By providing a repeater
station able to communi cate on separate uplink and downlink channel s,

i ndi vidual term nals may inplenment CSMA/ CD protocol to ensure unanbi guous
conmuni cation are effected through accurately identifying collisions
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.In.tthe preferred enbodi nents, each of the wave |l engths of the uplink and
~downl i nk channel should be different, for each of the RF and IR

i mpl ement ations. For RF inplenmentation typical carrier frequencies may be
'900 MHz, 1.8 GHz, 2.4 GHz may be used, gibvi ng conmuni cati on 20a®) 2002t hs of
"about 33 cm 16.7 cmand 12.5 cm respectively. Any one of these

wavel engths may he used for a r esp%cti ve Ligvi nk or, downl i nk_chanpnel. Those
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pattern. | egar e present I nventors have determ ne at to use

di fferent pRAK{LM bﬁ’t’fbrﬁfanﬁft!%cm&?‘é&éxﬂrlﬂi-lﬁ-bhl? AQWAEIE Bit ik LD, ik Base
system whi ch does not provide for the unanbl guous detection (reception) of

infra-red siafgoRiRs re-Hahdinitgthis (anbit] sikd Gusnly pageta; on the Alotwnlink chabmed Bd. Y.
because of scattering of |light and the short wave | engths thereof being

hi ghl y susdapttefphinalt B witl, | at ¢hé smmeniing, distactd te, feadizacki afuhe pretmmide tanothei s
practically inpossible where the same wave length is used for both uplink
and downl i dawolieinelrnpelaldi ta ensunihet therenising qolllisteiwith @anotier teirminiabn

techni ques to distinguish between those channels. This problemis addressed
'in the descri bedlt wilkbsoppresiatedvitans th rbevefhat whs, upbinkyichanngl and dogrdiok
each of the upljnk and downlink channels. The forggoing descrihes only a
number of &REBEI ARerRach sFseptiallyyni GHAORAly 951 PRV RS ¢ wﬁ k hartile
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repeater station; at [east one t station; a wreless upfl_nk _
communi cat Bedaugd o i) pdseible BRtrikRYiof WTTHE k& AfinD REatiba WoF) GaBbutshb Fepeateri nal
station and said repeater station; a wreless downlink comrunication
channel f ostafiowe-Ryajranspnission Gatli eoeptivnt wedie sepedict apg@dheR st Riastoly gpitatiach
said termnal station, said uplink and downlink communication channels

bei ng oper abingdirectiondlf thie termt deacrsbing sheoparvatived matgtehsf, theiteanetinit andlreceipiagt er n
received by said repeater station via-said uplink channel is retransntted
vi a sai d dtansduegrsc Hathae|thaythe nature of the communication paths formed thereby.
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Depending on the location (fixed or mobile) of the terminal stations, their respective
transmit and receive transducers may have an omnidirectional or unidirectional
response.

After the preamble has been transmitted and the terminal E has received a
proﬁerly formatted preamble on the downlink channel Fd, the terminal E can assume
that there was no collision and can then transmit its information packet to the repeater
base station R on the uplink channel Fu. The repeater station R then re-broadcasts the
information packet back on the downlink channel Fd. This separate feedback downlink
channel allows the terminal E to verify that the packet was correctly transmitted. Note
that with this embodiment there is always at lgast a 1-bit delay in the bit pattern

between transmission by the terminal E and subsequent reception on the downlink



a collision detection arrangenment within each said term nal station having
-means for introducing a delay in the transm ssion bit pattern by a
.predeterm ned period to correspond with an anticipated reception of a
‘re-transnitted bit pattern emitted fronrdaid repeater stati @dMay2002
" conparison neans for conparing a delayed bit pattern, on a bit-bybit basis)
with a recej Veg]ebkft pattern determne if said tern nal st&tion has
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sai d downlink channel; and a power |evel nonitor for detecting a received
power of sepmmusisatedeviasi gornecior H4t teacachheina gempdptasen 16 sAndsa pewesiy level
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area networK communi cati on system conpri Si ng: epeater station having a
(first) repgipui Vig af iR BXIHCEL frahsifinddradiceP 24 ypitally Rith&OMRPiaGfhhP Br an
channel) a (first) transmtting transducer formng part of a downlink
comruni cat irfra-redeemigter, agai depenilingeupoaiuthe twireléssrentéronmhehtabeing implengenedd.
received via said first receiving transducer to derive a (repeatable) bit
pattern, aAgfnated pbonslidach @f therrecaidog dransduesnild arsb éransmittengy imangshicere24 f or
em ssion via said first transm tting transducer, and a power |evel nonitor
for det er nPPiTAlg a4 differentwavelangthisgt h of sai d signal and for enabling
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delay circuit for delaying sard transmssion bit pattern by a predeterm ned
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bit pattern, and a conparator for conparing the delayed transm ssion bit
pattern w nvdahied a ecmsmissiobi bit pati¢rar 38 derivediftonbys- bost deatrak ptagesboigennitne a
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channels utilize different communicati on wavel engths.
detection circuit 48. The terminal 30 also includes a receive transducer 40 operable at

the same wavelength of the transmitting transducer 24 which provides a received

signal 42 to a demodulator 44. The demodulator 44 decodes the received signal 44 to



_"10,‘ ‘A system according to claim9, wherein each of said conmunication
channel s are radi o frequency channels operating a different carrier
frequencies. 11. A systemaccording to claim?9, wherein each of said
cormuni cati on channel s are optical chanAds operating at di fA0Wan2002
wavel engths. 12. A system according to claim 11, wherein said optical
channel s ¢ i i 3 3N I I r
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In Fig. 2, terminal H does not belong to the network even though it falls

within the transmission range of the base station R. This is because the transmissions
of terminal H are too weak (for example, in the case of low battery power) to be
"heafd" by station R. Terminal H does not interfere with the performance of the
network because its transmission cannot be "heard" by repeater R or the other terminals
E, F, G. This is to be contrasted with the case in IEEE 802.11 implementations where
uplink and downlink channels use the same frequency, which results in weak powered
terminals interfering with the performance of adjacent terminals.

It will be apparent from the foregoing that in the preferred embodiment, all

communications between terminal stations (E, F, G, etc.) occur via the repeater
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! downlink channel Fd for reception by the terminal stations E and F. In each terminal
station E and F a collision will be detected because of the conglomerated bit pattern
being distinct from each of the originating bit patterns in the respective terminals
stations E and F. This is interpreted by the respective terminal stations CPU to enforce
an Ethernet-like backoff before attempting to re-transmit.

It is apparent from the foregoing that a CSMA/CD wireless communication
network is described which allows for a communication protocol to be implemented
whilst avoiding the hidden terminal problem. By providing a repeater station able to
communicate on separate uplink and downlink channels, individual terminals may
implement CSMA/CD protocol to ensure unambiguous communication are effected
through accurately identifying collisions between transmission. The different uplink
and downlink channels may be implemented through using different carrier frequencies
in an RF wireless environment or alternatively using different communication wave
lengi;hs in an infra-red environment.

In the preferred embodiments, each of the wave lengths of the uplink and
downlink channel should be different, for each of the RF and IR implementations. For
RF implementations, typical carrier frequencies may be 900 MHz, 1.8 GHz, 2.4 GHz
may be used, giving communication wavelengths of about 33 cm, 16.7 cm and

12.5 cm, respectively. Any one of these wavelengths may be used for a respective

uplink or downlink channel.  Those skilled in the art will appreciate that
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be performed at a predetermined modulation rate or for example at the data rate of the

bit pattern.

In this regard, the present inventors have determined that to use different
modulation of the same wavelengths IR sources, results in a system which does not
provide for the unambiguous detection (reception) of infra-red signals. Although
transmission may occur without any ambiguity, because of scattering of light and the
short wave lengths thereof being highly susceptible to reflection and refraction,
unambiguous detection is practically impossible where the same wave length is used for
both uplink and downlink channels and reliance is only placed upon modulation
techniques to distinguish between those channels. This problem is addressed in the
described IR embodiment where different wavelengths are used for each of the uplink
and downlink channels. -

The foregoing describes only a number of embodiments of the present
invention and modifications, can be made thereto without departing from the scope of
the present invention.

For example, the communications channels may be formed of mixed
techhologies, such as RF for the uplink channel and IR for the downlink channel, or

vice versa.
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a repeater station,

at least one terminal station;

a wireless uplink communication channel for one-way communications between
each said terminal station and said repeater station;

a wireless downlink communication channel for one-way communications
between said repeater station and each said terminal station, said uplink and downlink
communication channels being operable at different transmission wavelengths, wherein
a bit pattern received by said repeater station via said uplink channel is retransmitted via
said downlink channel; and

a collision detection arrangement within each said terminal station having means
for introducing a delay in the transmission bit pattern by a predetermined period to
correspond with an anticipated reception of a re-transmitted bit pattern emitted from said
repeater station, and comparison means for comparing a delayed bit pattern, on a bit-by-
bit basis, with a received bit pattern to determine if said terminal station has
unambiguous access to communications within said system.

2. A system according to claim 1, wherein said delay means imparts at least a 1-bit
delay to transmission bit pattern to form said delayed bit pattern.

3. A system according to either one of claims 1 or 2, wherein said comparison
means comprises an exclusive-OR arrangement.

4. A system according to claim 1, wherein each said communication channel
comprises a radio frequency channel.

5. A system according to claim 1, wherein each said communication channel
comprises an optical channel.
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comprises an optical channel.
7. A system according to claim 1, wherein said repeater station comprises:

a demodulator for demodulating a signal received via said uplink channel to form
a demodulated bit pattern;

a modular for modulating said demodulated bit pattern for transmission via said
downlink channel; and v

a power level monitor for detecting a received power of said received signal such
that when said power falls below a predetermined level, said power level monitor
disables operation of said modulator to cease transmission by said repeater staton.

8. A system according to claim 1, wherein each said terminal station comprises a
modulator for modulating a transmission bit pattern for emission via said uplink
communication channel, a demodulator for demodulating a signal received via said
downlink communication channel to derive a received bit pattern and said collision
detection arrangement for determining a communication collision according to a
CSMA/CD protocol between said transmission bit pattern and said received bit pattern.

g. A wireless local area network communication system comprising:

a repeater station having a (first) receiving transducer forming part of an uplink
communication channel, a (first) transmitting transducer forming part of a downlink
communication channel, a (first) demodulator for demodulating a signal received via said
first receiving transducer to derive a (repeatable) bit pattern, a (first) modulator for
modulating said repeatable bit pattern for emission via said first transmitting transducer,
and a power level monitor for determining a received strength of said signal and for
enabling operation of said first modulator when said received strength exceeds a
predetermined value;

a plurality of terminal stations, each said terminal station comprising a (second)
transmitting transducer forming part of said uplink communication channel, a (second)
receiving transducer forming part of said downlink communication channel, a (second)
modulator arranged to modulate a transmission bit pattern for emission via said second
transmitting transducer, a (second) demodulator arranged to demodulate a signal
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transmitted said bit pattern, and a comparator for comparing the delayed transmission bit
pattern with said received bit pattern on a bit-by-bit basis to determine a collision
between transmissions initiated by said terminal station and another of said terminal
stations, wherein each of said communication channels utilize different communication
wavelengths.
10. A system according to claim 9, wherein each of said communication channels
are radio frequency channels operating a different carrier frequencies.
11. A system according to claim 9, wherein each of said communication channels
are optical channels operating at different wavelengths.

12. A system according to claim 11, wherein said optical channels comprise infra-red
channels and said bit patterns cause ON/OFF keying of infra-red transducer a
corresponding wavelength.

13. A system according to any one of claims 9 to 12, wherein said delay circuit
imports at least a 1-bit period delay to said transmission bit pattern. ’

14. A system according to claim 13, wherein said comparator comprises an
exclusive-OR circuit.

15. A system according to any one of claims 9 to 14, wherein each said terminal
station further comprises a control means for generating said transmission bit pattern
and for interpreting the corresponding said received bit pattern and a collision detecting
signal from said collision detection arrangement and for implementing a CSMA/CD
communication protocol with each other of said terminal station.

16. A system according to claim 15, wherein 'said control means comprises part of
said collision detection arrangement.



10de\ er egf Rhhz[ <NC 10 10 $10% & ()- @B"10% & ()-S! SF"10% (& ()- 109%& ()-!
y3"10% (& ()-! y3"10% (& ()-hjkITI111rS4 10S#YL10%&' ()-F10%& ()- 210(( 10((
“10((! 1F'10% (& ()- "0@O0% & ()-! &F"10% (& ()-1mno+o, odEr S4 10S#Y10
MLO%&' ()-LF109%&' ()-FF"10%& ()-F _y4. 20 May 2002

F" 109 () - SFF" 109%&' () - FF" 10%& () -, 00KppqWqqdEr S4

10S#Y10F$10%& () -1 Y@G 10%& () - FS

L09%& 1) - FK's Qtéﬁﬁ éécd‘rdfﬁ "éffau(w)'ré Fvvr'F réﬂ%?au& r&HE&Sa%%rd%tM}FN@.elﬁt‘Eﬁl 10 10
10Ys6- 109" ( 109%' 1) - Y2100& F"10%&' ()--ttt]t?uut vdEY

NC 1@§ﬁsﬂlstgndard
%WOUEL ()-fYGC 109%' ()-fYG 10%& ()- YFG' 10%&' () - @#F10%&' ()-109& ()-tv w,
wWWXZxy} A ?YNC 10SHFf #Z" 10%&' () - S3! mLO%& (

109%& 18 - | Fivi'stagn (3ccgrdindg any: lmembm(g tpy 3%z 0preinyngne of said
10S#RdgtdiicAtioh) chianhait Ahdes {Bé dig f hapnel,

10W&'J%)-|qu@iﬁ8%?% gt 1002%'? | (el Tr8gueney appeh. apd the oiherof sald .
" Headihagnelg pemprisean Ppiécaggiannet. Headi ng 43]c" " Headl ng 53]c" " Headl ng 63]c"
"Heading 73]c" " Headl ng 83]c" "Heading 93]c"A "Default Paragraph
Font 8h" & 8nAJSZ' i qwz| ~0, z=VKzLMNOPQR-c] SJe !i % 4(r)K*,/ 14r8,;
@ DRIB ORVXtsyalem @@mrdtmt oy plafsrULANYRene|m saidbetisel shpramis pap siplinkuxy z { | }~6T
i mes 0 0L i dFREWIART ment P

R %ﬁﬂ@éﬁﬁf’dﬁ%& ?% gédé\féncbl%%ﬁhéﬁ aidHRMINRI BRSS!
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

20. A method of implementing a CSMA/CD communications protocol in a wireless

network having a plurality of terminal stations, said method comprising the steps of:

providing a repeater station for receiving communications on an uplink channel
and retransmitting the same on a downlink channel having a communications
wavelength different from the uplink channel;

enabling wireless communications for each said terminal station via said uplink
channel to said repeater station and to each said terminal station from said repeater
station via said downlink channel; and

performing collision detection and within each said terminal station by comparing
a delayed form of a bit pattern transmitted by said terminal station with a bit pattern
received by said terminal station, wherein said delay is a predeterminéd period
corresponding with an anticipated reception of é re-transmitted said bit pattern, and such
that if the two bit patterns coincide, no collision is detected.

21. A method according to claim 20, wherein said predetermined period is at least a
1-bit period.



