di sadvant age oi such systens is the need for expensive
proprietary repeaters that are not |likely conpatible
WO 203/08kB84Df the proprietary network and that aPET/US2006/002508

typically conf ured to operate i.n accordance
crlégsl@armazgea; S P thmsed?%wpg%‘fe@ﬁ%me ’fee%ﬂﬁ%@ef
ayered arc ture 0006 be.

AT F%@&bWUEShg PSR ke Dt “Bebar on
of a repeater at ers above Ia .. .common
qoafigredy aperatedn @W@r%n%ﬁsw%lﬁyqr éwéiglgmrm}@ Qnsh S&%ﬁ%
signi ficant Perforn&nce i ssues when tine sensitive
laterepnpict Y hlagerederchitee®rani t h hi gh bandwi dt h
applications is being transported by the network. For
i nstance, so-called wireless distribution system (WDS)
repeaters operate at layer 2 and with a single
00@f]s deivilEe apartesiated byl éoay ofamidinay skilighgy apergtamfod p mepagter at
i npact as will be discussed in greater detai
lagreatnaé tager. 1, Besaosy raftreedWbss the physical laye (B Y b saragrdse
transmts packets on the sane channel, issues such as
smiifijeat pepforrande atuecks ehst time SO¥mtive date bi dum dssociatadovighipgit
will result. Still further, since the nmedia access
akide appMMGhnsid deiag Bahortdddyplichedd ork S Fordastdrice,doicalled
conventional |ayer 2 or higher operation, security
Wiedlbdd ARG HhEaOn HeteGOMWIDS)TeStrsadpenng aMdybr Parderdthed dimgle | N
the overall ease of use. [0007] However, for pure
tehy&ieataukay atlay SREBIREDUt PSrRPh&ITs impdt &0 Ibe @RtisedtSin
can arise in that the random packet nature of typica

LAY RLAHRRI G TRYAEE Sie WDS edpbiieitedcdes hivEirABlits packets
transmt periods. Further, when a series of repeaters

& tBe CRAMINEEhel, RYRINBEN Js%ﬁg%ety&l Ad 6l 89k s0hbRYSoriye to
cascaded repeating can cause packet acknow edgements

tﬁf%%ﬁ)ut ta Reud & i@veGher, Eé%@ ul%qnéafla fel:a¥ s N\FECPiMress of

ecause packets fromeach w rel ess network node are

g‘p §1&°¥d o0x a@%{ﬁ@lﬁ’al grf SRS b cBioR Nl fedftes

ora y pre esi rabl e consequences such
c%ﬁ bl @&h&romlsed along with a reduction in the overall ease of use.

[0007] However, for pure physical layer repeaters, problems and complications can
arise in that the random packet nature of typical WLAN protocols provides no defined
receive and transmit periods. Further, when a series of repeaters are coupled together
to serve a client, delays due to cascaded repeating can cause packet
acknowledgements (ACKs) to be delayed. Because of delayed ACKs and because
packets from each wireless network node are spontaneously generated and transmitted
and are not temporally predictable, undesirable consequences such as packet

collisions may occur. Some remedies exist to address such difficulties, such as, for



collisions may occur. Sonme renedi es exist to address
such difficulties, such as, forexanple, collision
w@e@asasee and random back-of f protocol s, whi cPCHIS2006/002508
sed tao avi t odes _transm t g packets
Lo CSQWSH Vo] PO g S pTOOlS, ﬁwg aregisest g aweid
for exanpl a distribyted coordination function (DCF
570 8t Ra nolisaneaiRing PhtkeloL e sime r1 Vi fhes0at Heiweer
as the size of a nmesh or other network
I PR AR o e
"hops, " the anpunt of del ay associated with each hop
ARl b? mesdiforcallisioggeoigancat Hpweer, a8 hewizd of agnesnortotier network
return of ACKs or the |ike nmakes pure physical |ayer
Freseeassisaepaswed byn irekaingle, theapebieress hppsshtbe toopn stdddye
error as tineouts may occur before higher |ayer
pisetiaiedithearhdgp endthe likdihbodwlst Erstecndddky iankb it of
al ong the repeated network paths. [0008] Known
Apfrsoadivdike makpmuvd whysigal lgpemberssing for WdANSal &pehters prone
specifically to providing 802.1 1 conpliant repeaters
themisgble drromes sipreouts amg eccuabefas, highaClapd @rqs @V indéshgs can be
repeaters configured as two Access Points (APs) in the
gamsteriod baki anhl f@th dlerigahe Aprateduictwigk papabi | ity bet ween
them and providing a store and forward repeater (SF
Repeater). Both approaches are reflected in
commercially avail abl e products. Wile a repeater

fo0s]i gKn@ch fprdavies AFsroliding réR¥teRBY WIEA N b B &AL to
expensi ve outdoor w rel ess networks, such repeaters do

Providiigesn2 1 heorhyel it feferBnd @es%ﬁed @%&Qe‘?ﬁge@eﬁl&s Slﬁaule Jr@xrlﬁﬁhg
factor generally associated with consumer product

RPEItirs adnifipmsd af ot AR bss P%Hx@s"(A‘P@)Qﬁ WMeLhSe BLEWHRIR ﬂté}gahfd

to install and operate and can |l ead to conprom se

RAEHY dabYbility B0Qbn HORVARLIRA@h £ 9 lfor%ﬁx%cﬁgéj ‘?u%r

repeaters are typically provide con rat

R&YhidB! Qothg?ﬁrogé?ﬁsc'%%ﬂe%ﬂ oﬁgnda'icqgl i egﬁablesg/rg%&%) %hl}/e

a WDS ' repeater wth a single ra quenc

§1%5$dt&%oﬁ§guqug9§%j éﬂ% tn)/&?h sui Bl%rfgrae Il%gx%g%gltd%bove'

Such a repeat er |s SO tmare

WRLIES: %Q&%ﬁ(s,t fen Pe%@ﬂ&g h§ n&‘ch?e%t the requirements of low cost and small

form factor generally associated with consumer product applications. Further, such

repeaters are complicated to install and operate and can lead to compromised security.

[0009] Conventional consumer oriented SF repeaters are typically provided with
configuration software. The coﬁsumer oriented repeater is generally a WDS repeater
with a single radio frequency (RF) section as opposed to the two AP approach noted
above. Such a repeater is loaded with software which determines the channels used

by the AP. Channel information is then communicated by the consumer during initial



by the AP. Channel information is then comuni cated by
the consuner during initialconfiguration to the SF
wo epeas@n2t o configure the repeater in kind. PPODUS2086/002508
arise however, in that such systens are difficult to
domfiperntont to trerSFhpeatey torcagbeizo the uepstteras kinde froblegnsiapiee
sone basic knowl edge, or at least the ability to
howegepnahatdathaysahsias ddBsdiod anplement for theryempegpensumer as
paranmeters. [0010] One system described in U S
taj: ieqiiad soleagsic BpptlédpatdratlieSe theabiliyoo it@pH1 &it82iudsased
on International Application No. PCT/US03/ 16208,
L BSIEBSHIMBWIL G phiadewrst r ansmi ssi on and reception
probl ens by providing a repeater which isolates
receive and transmt channels using a frequency
detection and translation nethod. The W.LAN repeater
@@W]f | BROsLBR! SishriRh VS, gl Sibkampidlisation SeaaMiui cat e
y transl ating packets associated with one device at a

{d/5 83272 Hd D F¥teoHARREA piRatRnIRS POW/UKDY 1 6208 fksdlgesanany
second frequency channéf. Since the repeater operates

i cal | ovi . -k io
%2%1%8? BYREERlon bAY %gclgli%fé gl’%@leﬂs g pidaiROiemEer Ghichhglat s

S are not nodi as would be the case in a
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rection assocl ate transl ation or
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e e T
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E’I?)gll th(E, Lic;ercrgndt f?quls&g icﬁla(:)n’mal to the first frequency channel, depends upon a real
time configuration of the repeater and the WLAN environment. For example, the
WILAN repeater may be configured to monitor both frequency channels for
transmissions and, when a transmission is detected, translate the signal received on
the first frequency channel to the other frequency chanmel, where it is transmitted to
the destination. It is important to note that the frequency translating repeater
described in U.S. Application Serial No. 10/516,327 acts in near real time to receive,

boost and retransmit packets. While addressing many of the problems in the art, the

frequency translating repeater described in U.S. Application Serial No. 10/516,327



boost and retransmt packets. \Wile addressing many of
the problens in the art, the frequency transl ating

WO epeasen2 described in U S. Application Seri al POIUS2006/002508
10/ 516, 3271 acks capabilities such as store and forward
dickp P@hblhﬁ%esy@hr asistoredridi fgevackodiigher byedsttiigerea pafvdesdiyg
including filtering traffic based on know edge of

- sepahditk inyheling filtlegng taffic bhsed en kSiwdbdge of ep@aiketpeiating he
equi val ent of, for exanple, a hub for a wireless LAN
[cofitidks. Btchsihvepdatir behagpivalhpdfedr &natple, b BulIRAE kikless
repeaters will be used where the placenent of a wired
dadMhection to a LAN, such as an Ethernet LAN
connection or the like, is undesirable. Were severa
repeaters can be used to extend LAN ranges, it would
be desirable for a physical |ayer (PHY) repeater that
001 L RALISBSAd bppRRRERANENE Eéncll, (Eh A% Ald LR ildkenas

descri bed above mnthout ‘bei'ng prohibitively expensive.
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e capabl e of treating packets
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ng at Q rovi di ng._hi gher. | ayer
@%ﬁ%tﬁ"‘é ﬁ%ﬂqeﬁsyr 8368%?‘84 Wﬁ’e Hisipacket Bhiemawstying patket
P ties and renedies problens by, for exanple,
mﬁlwgﬁﬁ%ﬁﬁﬁnﬁéWQV?ﬁnﬁ processi ng protocol nessages
such as ACKs and the |ike and providing additiona
intelligence. If nore than one AP, repeater or client
is present on different channels within the W.AN



envi ronnent, the repeater may be w rel essly connected

to the desired AP in a nunber of manners, as wll be
walemcisdsezrl i n greater detail below The exact PEDUS®0@H02508

hi gher | ayer operation can be provided by a

confi guration deUEQﬁﬁﬁedmﬁyHﬁIﬁyéyggggr t hrough a

setting, an analysis of the operating environnent, a

physi cal or software slide bar switch or the

equi valent. [0013] To alleviate the difficulties noted

[&aY e Antphgsicad pryat ﬁmqugfcyttﬂa,eslgtmggmaten of\leapressnt ipgention,

configured to assune responsibility for the

refekcabibechiiet as “piiysishlyisyec adpedtery er “rpeeatent solvasweermoltléras

sender, which is typically a layer 2 function.

oflawiey eding sie phisidablayarfsmitissdlnincanuingiob edth neledsive of S

not required to be begun prior to conplete reception

a@hptivh Bighaakek finbtiGlgrat least Phie sLhy emt derigthpantiageBy of

physi cal | ayer operation such as speed. Packets can

praidiRehighe 14yeaRACIALEY, thorephsspRovidey Bniagtedeapabilities and
performance and | ayer 2 functionality can be incl uded
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lows any signal degradatlon in the signal-to-noise

Iﬁégdg‘é’s §ohR) AERs B the TRV A[ pRSvidhg dditloRAINAOBRERS] Finciad
Il ows greater receiver sensitivity tobe achieved. It
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or regéneration, el ay corresponding to the
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e pack e Incurred - typically around
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’edgenent meout interval, the repea er
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O su S to senders avol d

i Lo i fer g%ﬁ‘ el SRS ansé*ﬁ”%ﬂe Rty

et.b hyS|caI Iayer repeater to all ow
S?ﬂ?ﬁ?%@%%?“?ﬁ s to perform denodul ation of the address
information in the packet and to deci de whether to

[0013] To alleviate the difficulties noted above, the repeater of the present invention
- is configured to assume responsibility for the acknowledgments of physical layer
packets toward the sender, which is typically a layer 2 function. However, packet
retransmission can be begun, but is not required to be begun prior to complete
reception of the packet in order to preserve the advantages of physical layer operation
such as speed. Packets can further be regenerated to ensure high network
performance and layer 2 functionality can be included for each node including the
repeater. Regeneration allows any signal degradation in the signal-to-noise ratio

(SNR) to be removed prior to retransmission and allows greater receiver sensitivity to



retransmt any particul ar packet based on denodul at ed
information. Additional time can be established based
woroonosdsier or not filtering functions or the PCRESM06/002508
be allowed. [00 15] To enable a filtering function, a
p pehagviedh glt sloutddhetnioted thad when the ripaatbiis eehfignret fier rpgeyxsnancai
| ayer repeater. The routing table provides information
e deleh eorrespadingito the demetiutrgion timetassotiaed twithfagleast one symbol of
retransm ssion of a packet differently based on one of
tiieeatist mowtiba dncutrée- typiotlgndirowdd 4 ecsretiica sadhoedisatinn Kokl
(MAC) addressing information; the content of the IP or
etdeed a paietrachondidigasait VUCKNfiasdmintal, thbepeialshéwld vd
service (QoS) level indicated in the packet
corifipuiedté BT imandé ab tinbeutt Hdeshedld Baybie atkupMPAIad séders
t he packet. Based on the content of the various
pOdvbidgso&d] cédircts. ecei ved packet, the corresponding
treatnment by the physical |ayer repeater can include,
for exanple, selection of a different frequency
channel based on the above criteria. Further, in

FUO@W dRNESorrcbwith @&%anﬁ@?é&@@r BRBL@mBhts, aﬁﬁe(ﬁ@é’ﬁin@@!imount

ayer repeater, the packet can be term nate
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recei ved anddenodula ed “suc
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retransmtted. Accor ng y, t e repeater can
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client I ce n per ornlng

&Hl%%'e t%lgﬁgd’ batsé’adi rW}Ieleé? 511 non% ter[mf gct%%s! ogr%e %Jv%{&k € of

repeater can € responsi

§8§%§ts according to the NAC protocol of, for exanple,
' If address filtering is used, ACK generation

woul d be mandatory as it would in the case noted above
wher e synbol - by-synbol denodul-ati on and re-nodul ati on

e A SR B LB
phys glrle{ayler repea‘cert tﬂ'hg ro%tsullgcta{)le provides information to the repeater
regarding how to treat the retransmission of a packet differently based on one of the
following: the content of the media access control (MAC) addressing information; the
content of the IP or other layer 3 addressing information; the quality of service (QoS)
level indicated in the packet information; and/or the type of payload contained in the
packet. Based on the content of the various portions of the received packet, the
corresponding treatment by the physical layer repeater can include, for example,
selection of a different frequency channel based on the above criteria. Further, in
accordance with other embodiments of the physical layer repeater, the packet can be

terminated or prevented from being repeated, or the packet can be received and



| ayer repeating to allow for the storage of the
address information and payl oad information in the

w@awkeses4i f no ACK is received fromthe intendedr/us2006/002508
client, the stored packet information can be
rdsmpefipfedfuch it the date genteinedsn fireneplopdican befsest lecally bed ent
repeating is demanded within the timng requirenent
JeElsply rdnnypitted. t Aecomiimely, thenensatepeandaeowiguredarihl thsadded
t he unacknow edged packets can be stored and forwarded
viimatienalitdefrrowiodless cloamt d§dB17] As noted above, a filter
table or routing table can be used to control routing
of packets during, for exanple, hybrid layer 1/|ayer 2
operation. In sone enbodi nents, maintenance of the
$0W6¢d In parformingthighlerlapdr of quabicigheatal @ fe@fiols the RHIGE Rfler
based on nessagi ng between the repeater/wrel ess node
aspdatot dagtakie edsporsibikty Esreptifive ACK I padkbty 8EabrdiNERb AieamAnCe
of the routing or filtering tables can be conducted

pesed] of) fop bsipl&BODNI . Off 2@REk EltedGAl SIEECH bitirftich R uld
network on each side of the repeater. Cbservation can

be nagddi@y BBl wolldan HethRMoRl VA% SR HBRILIESLSREH I N
greater detail hereinafter, including continuous

absedutaioh afd RMm&Rdlioh 8PGE tdpBAed FB i GREYaCH M ¥ oBneration
of network data traffic in conparison to a
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[0017]  Asnoted above, a filter table or routing table can be used to control routing
of packets during, for example, hybrid layer 1/layer 2 operation. In some
embodiments, maintenance of the stored routing table or filter table can be conducted
based on messaging between the repeater/wireless node and other network elements.
Alternatively, maintenance of the routing or filtering tables can be conducted based
on observation of packet addresses within the network on each side of the repeater.
Observation can be performed in a number of ways to be described in greater detail

hereinafter, including continuous observation on both repeating frequency channels of



[0019] The physical |ayer repeater is capable of
perform ng pure physical |ayer repeating, capable of
w@eso7osaung | ayer 2 repeating and in some caseBCT/aym06/@)2508
repeating. The degree of functionality can be
é@g*a%lf flaih Baftig e PATIEn oy pepraspendmedistdf verens rewHes hebiwes
of repeating operation are set based on network
oA ¢ v el wptes i tharsdyorksan baronptaisted obeeayingthe MAM
ot her wi rel ess nodes. Additional higher |ayer features
@ddregsinggvifetraggaistionsuch as the ability to operate as an
"associated" client in addition to operating as a
hybri d repeating device. For exanple, a data port
coul d be added to the repeating device such that the
epéht évsoasinpied abpvache plysimaligtenwmpkataroniat beapiradtotitke
ot her devices, while also being able to receive
pespluesitslity icti ACK gerlekayion ifdd@rs seilteting isheed! Foeatagiple, Dupbater
packets could include data destined to a nmultinedi a
deit ircelighsly ésaded clapisenetwirk angtubepurt yipgical laghatpeslRy ivafle
such as a conputer or the |ike. Exanples of such a

denit ea Gaud fbtwarklstkdhensa nwilti Bhas Iwsmegkesht néedi6 HaM LRk
a stereo, a video surveillance canera, or a touch

S TR tRdREMI®bndeRtionis Ehelidtvabrk 8id th @ Mmale@s" OF thi RollitiEn
ki tchen. 10[0020] In accordance with other repeater

abieids WRidh Sccut hpukeRBHtA 'layielsreﬁéb'ﬁﬁé gpH-Afnt.0 generate

ACKs but also to be independent of the consequences of
ACKITi meout. In addition, the repeater is configured
to have a nore conplete MAC and PHY | ayer to all ow
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conpl ete PHY an e repeater can act as a cfient

(R Ereaitle B RRoReh: PP ARl ) B OGS RS es,
L5ORRL T RS, 13000 SURRRIEH M AR 5K B i
At tﬁg %gesadf\?\%g?tﬁn%ﬁ%ﬁgnsare -srel? %%s%g ? § gét}%rgg{ c%g?i{i?éfgolﬂr] ?srbased

operate as appear

nstructions received from other wireless nodes. Additional higher layer features can
also be added such as the ability to operate as an "associated" client in addition to
operating as a hybrid repeating device. For example, a data port could be added to the
repeating device such that the repeater unit can act as a network node repeating to
other devices, while also being able to receive packets individually addressed to the
repeater. Such packets could include data destined to a multimedia device, stereo
device, or another type of data device such as a computer or the like. Examples of
such a device could include a wireless speaker, a television, a stereo, a video
surveillance camera, or a touch screen computer for use in a refrigerator or in the

kitchen.
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network as a MESH node under, for exanple, 802.1 | (s),
but with PHY | evel repeating capability. ldeally, the
wo epeasan2 can perform denodul ati on and r egener BCT/082006/002508
a packet on a synbol by synbol basis. By inmunizing
the repeater to tinmeouts, repeaters can be cascaded
i t hout concern for delay. Further, the ability of the
B84t & aqeerdasergibrthes yepeater eahadiaentst the repeatergs ednifigured to
the repeater to break collision domains and
S5ReaHe A&Ksputalsage be ndapentent of the henseqionas ef ACKNTimeewit In
packets with different MAC addresses differently.
pddiden, herregratst isgniigyatdip dsvecanorb eotplcio MSE ah@BHY layer to
dynam cally in addition to or in lieu of layer 1
ﬂﬁm additiqnal @attionadyt Moopgenatathg withtavopldpePH O aABRIGE, the
[0021] It should be noted that when the repeater is
cpriterpan ect at @ chen &reallyeand@GKs peifiit nebpaRlRErfH0 06tnd] NIT)
generate an ACK if there is a client on the sane
opeaativelto athet deeicAPR Withbudifbdturge RpEAERhDRE cAHBS ensid8dbdas
when the client is in range of the AP channel and is

othet de@icsg BiEchiak BHENAH abBGS AFIAAR it BeiSt B BludedSh SRR 416ne
can be problematic in that as clients nove relative to

tepeatdis, ThdreyealtrYarCRiaigpeiaRne ¢hat wsild fPkdr (PR ¥dstbithe t O
the AP changes. Therefore, to address such client

AEWOTKENR b MESH hodbURUS:, 19 Bkdneld, BOD. 11 (DOburtif e 10y be
required to ensure that tables are al ways up to date.
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annel to the AP channel, the repeater needs cease
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ocated, a routing table can I nuously
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net wor k™ on repeating rrequency-c
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different MAC addresses differently. Layer 2 repeating features can be incorporated

dynamically in addition to or in lieu of layer 1 repeating features to optimize network

performance.

[0021] It should be noted that when the repeater is configured to generate ACKs,
the repeater should not generate an ACK if there is a client on the same channel as the
AP that will generate an ACK, such as when the client is in range of the AP channel
and is on the same frequency. Accommodating such a scenario can be problematic in
that as clients move relative to the AP, they may change channels as their proximity to

the AP changes. Therefore, to address such client movement, continuous monitoring
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recogni ze such an observation and listing of routes as
simlar to a spanning tree algorithmused in layer 2
wheiodges4t n Wi red networks. A list of routes iPCT/H82006/002508
networ k can be constructed observing the MAC
é’gé‘f‘f‘ 16 ay e Frdpiied tp spsirg Sat tables arg dpag upAe detedlnthe gase a
controll er associated with the repeater, such as a
priseedhs dientias goneskiiore therveeet ehaanet torthe AP clyfnel, the repeater
processor, or the |like, would prohibit the repeater
meesihioeparggneralinget GK . dn ogdes toack imhich cblanmil atehdlosamads € e
addressi ng on any packet on the AP frequency channe
eotinaitabtectan hecaid adigrupdaedby 4 hentrodidiffdie means.r ol | er
can therefore act as an effective table pruning
ifotvaatios mclu@edinelresigldytes Eanitd ipasbkeiried fiods; Bir\eRenslB, dofignuous
repeat channel with the destination or receiver MAC
bbehadsocaithadat trgfid/MCiha deiessasboAs ep&itial gt cHaR AP
channel , those packets can be filtered and not

eepeairedpdntiing Hie: of efeak edutdsDeSRBA h@lds.eOnd SordAAY 888 will
filtering. In any case, when a packet is repeated from

tdeegriapadl arcdbadtngionbid fifilg AProuia BNGhilatth 8 sPANIESree
and/or transmtter addressing information nust be

pligatash dséd inheyet BB @A ROWHET HeBALRS D BIAGrRAiks e LERS

channel. In a nore 1nclusive approach, all source

atebaRmced obsBR iR E NN drR0H: flt fr%%ﬂfi&ﬁ)gyp‘cs seen

on a repeat channel destination table can be added to
a global table. The repeater can then deci de whet her
to pass packets and provide ACKs or whether to

jobh ; f bl es.
rere T, SR Ao A L e BRF ph BiRBgor o

ere nult g

j i sh b h
AR S kier fhe gglglo? 8r Qﬁ%cé\%ﬁqr,ﬁ%&%ﬂé&e?w&ﬂd %B}%eétﬁlqﬁ %g‘%ter

repeaters to termne or ones h i ah
FERSRSSErabaul R B, Byl SRRk IR
b B ol L AL TSR R T L0 B e
@grgﬁ)%eg 1 tc‘gsr ant etfeOA rt]ab"i‘e Igrg}ljltn!g g%cl%%g%t %ogsesrge?g %oraﬁasaclge(’c)sUI d
received on the repeat channel with the destination or receiver MAC fields containing
MAC addresses associated with the AP channel, those packets can be filtered and not
repeated if the repeater is configured for address filtering. In any case, when a packet
is repeated from the repeat channel to the AP channel, the source and/or transmitter
addressing information must be placed in the table and marked as being on the repeat
channel. In a more inclusive approach, all source MAC addresses on the AP channel
and all source MACs seen on a repeat channel destination table can be added to a

global table. The repeater can then decide whether to pass packets and provide ACKs

or whether to withhold ACKs based on the content of these tables. Where multiple



for exanple, in an 802.1 I (s) MESH standard type
net wor k. 13BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024]
wab@7ageaerrpanyi ng figures, where |ike referenckCT/US2006/002508
nunmeral s refer to identical or functjonally simlar
repeaieERveTlanpinguy Fedeneyae swpay Helas prphresiablishgd betyeen the
together with the detail ed description below are
rppeaisrsgo deieeing whighend or enepal the tpeat¢re shoplapmeatrackedn,
serve to further illustrate various enbodinents and to
expl ain various principles and advantages in
accordance with the present invention. [0025] FIG 1
[06233 dimagreahighdrllayst medhamigm dhalb e te udddAdl updetd todiimgtablas
repeater in accordance with various exenplary
veoulhDisH thngls mefs@fiRBIrothlotGer RAwbik madebl Sgecafivally, nodésraani ng
a repeating path in full duplex physical |ayer
iflepeathensel{ed @20akh bthéx thidBgeli Srodtinawdete ridsaige i @ytdbBused
illustrating conparative | atencies associated with the
fthlamgmpin% sphy sk oMESHaKadard gpeati@orkdepi cted in FIG
2A. [0028] FIG 2Cis a diagramillustrating a
repeating path in a half duplex layer 2 store and
forward repeater. [0029] FIG 2D is a packet flow
diagramillustrating conparative | atencies associ at ed
with the half duplex |layer 2 store and forward
repeater depicted in FIG 2C [0030] FIG 3 is a
diagramillustrating exenpl ary packet flow and
processi ng associ ated with an repeater configuration
havi ng two access points (APs). [0031] FIG 4 is a
diagramillustrati ng exenpl ary packet flow and
processi ng associated with an repeater configuration
enbodi ed as a pure physical |ayer repeater. [0032]
FIG 5 is a diagramillustrating exenplary packet flow
and processi ng
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associated with an repeater configuration enbodi ed as
a physical |ayer repeater including higher |ayer
w@r@cessing capabilities. 14[0033] FIG 6 is arPCI/U82004/002508
diagramillustrating various_hardware conponents
associ at ed WWREFIPEYGHERIQAY OF ot BEAY embodi ed as
a physical |ayer repeater including higher |ayer
[p02d e e neronmpriting figuresswhire bigplopmne numqrals geferity idgptical
diagram further illustrating various hardware
¢ Gurptioredly sindbsdemerttedironghdut tiegeraratpyioweans wigcl tagedier
repeater configuration enbodi ed as a physical |ayer
witpiha tienilddriescuigiiongehivgire incbmpyrmtedin awkiosnh pgyt of the
capabi lities. 15DETAI LED DESCRI PTI ON OF THE | NVENTI ON
spefdfatioRRetee to faghandivustrae Frdus dmbalimemedrelgs exmdanlaranea
network WLAN 100 is shown. W.AN 100 coul d be, for
[ENaiIFIRE @nd &vantiiel iR cs@dnse With derprésghtrigdniion. a r esi dence
110 with an external broadband connection 101 from a
br oadband service provider such as a cabl e conpany,
t el ephone conpany or the |like. The broadband

(@@zni]: eGIGONis LQﬂag%ﬂillb@cra@iﬁ% pbask Wo.AN BenYias sh Spedavh ce
such as a MODEM 111, such as a cable nbpdem router or

decbddrcK §itB Rk dUE BXentRsy BmbbdiRent@r W rel ess Et hernet
connection to, for exanple, a wreless access point

e 2A B AHidorh ARk ABE 8 e BheTaBNA Rl Cdupfexfphysidal
$§%% 113.can2%ég%stablish§d ggtmégﬁ t he Agmlf gng a

1Q$¥§%gﬁgzlayer repeater 120 |located in a suitable area
of the residence 110 so that repeating can be

@% ﬁ tcl’*tlgdZB Is%rpf%é"f‘ﬂps!v giaglgynei'iluﬁraﬁﬁé; %akéti_@g lafehfied

( evice '115 such ds a PC enabfed with an 882?1 1
FRLSATP e PR e et
W e RS S i iUty
s\{\g%g g’ndS tL(J)%vls?arg ?epggter.

[0029] FIG. 2D is a packet flow diagram illustrating comparative latencies
associated with the half duplex layer 2 store and forward repeater depicted in FIG. 2C.
[0030] FIG. 3 is a diagram illustrating exemplary packet flow and processing
associated with an repeater configuration having two access points (APs).

[0031] FIG. 4 is a diagram illustrating exemplary packet flow and processing
associated with an repeater configuration embodied as a pure physical layer repeater.
[0032] FIG. 5 is a diagram illustrating exemplary packet flow and processing
associated with an repeater configuration embodied as a physical layer repeater

including higher layer processing capabilities.
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startup, during an initiation procedure, or the |iKke.
The repeater 120, in a pure physical |ayer node of
woperasisean, W ll receive a packet on the firstPCT/nK2004/@2508
and will inmrediately begin to repeat the packet on the
[8€30nFIGi (ils aLirauit dikgreméllusepimtveriousdordnareenPetited t o
regenerate, then the packet can begin to be repeated
asscatedtwilheagtpestaccayigetionofmtiodizd ane pinisive! Ipver keppaters
recei ved, for exanple after a typical synbol interval
indludinghiphkerdayei goesanpeugsbilities. sone enbodi ments, one or
nore additional repeaters such as repeater 121 may be
[PORIG EHIGW 1sha caxciliit disgramdatitelr Oatkating Miridhit Gardweke@osmpaend
additional link 117 to client 115. It will be

a2 vAthasknaBpratdssind @ a8 @it fifahintaibodied hdh@physioal
such circunstances, the repeaters 120 and 121 nust

lﬁfe@%em i8ludifs BRRABEr proceasind epesliifiq. per f or m hi gher
l'ayer functions such as generating (ACKs) to the
client 115. It is possible using routing tables or
filtering tables to track information such as which
repeater is responsible for generating acknow edgnents
and repeating to which clients based on client
addresses, AP addresses and the |ike. Further,
multiple repeaters may conmmuni cate using
i nter-repeater communi cations protocols to establish
t hreshol ds such as signal to noise ratios, received
signal strength indicators (RSSI) and the |Iike and
condi ti ons under which a repeater wll assune
responsibility for a particular client. [0037] Even
when operating with layer 2 or |layer 3 functions, the
repeater typically can extract addressing information
W t hout decodi ng the payload contents and thus, the
physi cal | ayer repeater 120 can be used in secure
net wor k envi ronnments w t hout conprom sing encryption
or the like, particularly when operating in the pure
physi cal node as wll be described hereinafter.
Further, the nedia access control (MAC
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addressing information is not nodified within the pure
physi cal | ayer node of operation providing support for
W@ e@ansdsy2 pr ot ocol s between the AP 112 and t hePCT/U82906/002508
device 115 directed to, for exanple, ensuring packet
aut hent i ci DETATDEBEESORIRTICON OB kdt INVENITO0MI nent, a
non-frequency transl ating approach may be used with a
physi cal |ayer/hybrid repeater in connection with the
use of household wiring as described in co-pending
(003 Rat@rhg APl FIGt 1, anyifddsh RlcalNesa nbBV oAb SIS 1@k slidwad
"W RELESS LOCAL AREA NETWORK USI NG EXI STI NG W RI NG AND
Wit i 092 0 IfEBEAdERa 2-hom@ RetwWeRESI fiphied ACOlesidde Mo

as 802.16 as described for exanpl e, in co-pending U S.

\5’@1{ ﬁmxte%’c@ bios@ah®BonaBétiod!10 i\lﬁom]a]lfraa%%m;ﬁ%rvlc%?%\hdelr Qfh as
REQUENCY TRANSLATI NG REPEATER W TH DETECTI ON AND

%\@Ple% : alegg}[glggn anyldP @R ke THE: ROABEAT cARRMILE 261 QR

l'so'r S” National Stage Patent

lé%?h%? g@'&)l a%né%'r&pr?l]}levmg 'SUC“l’leS g@%ﬁl@[ N3s&y 90, cable modem,

nati ona I catl on 03/28558 entitled

5&%&%@%@%@%@%@%%@%@%&% B ques

eq(gr%%{) gelfzs@ a ddesc’é* rpo@&ﬁ)\%)c@ I o) ﬁrg{cﬁﬁje%%@f%%tgég%g 81%7 lin

reque I'Ng appr oac
r ec e
gg &alélges clasﬁaéhs e?n %;% g\IPqIE% gncfd)ae %}gmcngaye:r rel\pﬂé‘jgg 120 located

No 10/5 be | | at ed
PRy ﬁtferﬁ%éfnf? LIS 4T Rl B e ™ °
to tr t o
GBElserer t eoghBlR B hBLETRad ] AeBat ALG PHOHLEHL
{ | at h. t | at
S et na et B afebede B ikne our e and
destination are not nodified and thereby provide
greater -

[0036] It will be appreciated that the first link 113 and the second ljnk 114 operate
at difference frequencies which can be established in a variety of ways such as at
startup, during an initiation procedure, or the like. The repeater 120, in a pure
physical layer mode of operation, will receive a packet on the first link 113 and will
immediately begin to repeat the packet on the second link 114. If the repeater 120 is
configured to regenerate, then the packet can begin to be repeated once at least one
symbol of the incoming packet is received, for example after a typical symbol interval
of around 4 microseconds. In some embodiments, one or more additional repeaters
such as repeater 121 may be present with a first additional link 116 and a second
additional link 117 to client 115. It will be appreciated as will be described

hereinafter that in such circumstances, the repeaters 120 and 121 must track which
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suitability for pure physical |ayer repeating. [0040]
To appreciate the operation of the physical |ayer

wo epeasan2 200, two scenarios 210 and 220 are sSPOIIS1006/002508
FIGs 2A, 2B, 2C and 2D. In a pure PHY | ayer node of
wpertatis srignaigo ptrfwm lighesperdnictiols0ch z generhtingA&Kisbia
211 is shown in FIG 2A where a signal is received on
the Cliers 1L 1 5. rlegpessibfe inganatinpaipeest o diltenngatald eio telck
frequency F2. The flow diagram 212 of FIG 2B shows
inf@inatidiesuplngdkeiich @peater sSespohdblk Yorrgemeeiting dclandledgments
transmtted at the sane tine. The packets are

iddaesdattid ©evhiMdhidlieht©bised Betlicht AUAEKRS,LCOMAraEesdad Ay like.
since the repeater is configured in the pure physica

FaHRY, niife feBedi@PRAY corhBSichk dsing int¥¥iebutdticOMinuARARIAS
receive and transmt is not an absol ute requirenent

$8tocdls B Détab BN B e IRRRREG as signﬁrté’%lgﬁ'ﬁtl&' gedild Cantal strength
advant ages. 18[0041] In a slightly di fferent exanpl e

ﬁglc%&V@SSﬂ aRE QP BEd Qld%%gdltlerémﬁﬁer%vhfléﬁrb%]'fxéaﬁf"bvm Ysshre

|nc uded and one of a possible nunb wor st case
5ﬂ ok § ég lifnenon- physi cal | ayer repeater
?guﬁgpFoﬁ g¥9ﬁ5 shown in FIG 2C including
repeater sections for transmtting and receiving on
the sane frequency FI. On the receive side, the

6§ﬂbaﬁ]\%nQNh%ﬁ% esfjlt qua rzo la &%Sfﬁh&l%nélh’%r rilg 1%911
f ﬁ ﬁ%&ﬁr ? ? é @%CF and

or examnp mat i on I ext
caﬁI ei;g% 8%£%s§mt% buvis rign% S a%vﬁﬁou% Itdé;c%g?l% Bla ﬁ)f'iy gen{s%gg ﬂﬁli

e B sl B SRR oG BV i Bt BAREIR drRir Su@ea“fby
%oEnepg R B)%?Zeﬁ?rc TheaeByny uhiLgeraind i ﬁ‘ﬁgpm)é phfsical
et vouf g SRr e e %“urtﬂq d“' Hie8 Sedetscobia (YEAC) _
ﬁ"délb“éSt SRS RP U AL, ddyw“fheﬁ%thtrsggﬁeﬁ NS

operation providing support for security protocols between the AP 112 and the client

device 115 directed to, for example, ensuring packet authenticity.

[0038] In an alternative embodiment, a non-frequency translating approach may be
used with a physical layer/hybrid repeater in connection with the use of household
wiring as described in co-pending U.S. Patent Application Serial No. 10/465,817
entitled “WIRELESS LOCAL AREA NETWORK USING EXISTING WIRING
AND WIRELESS REPEATER MODULES,” and under protocols such as 802.16 as

described for example, in co-pending U.S. Patent Application Serial No. 11/127,320
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information in direct contrast to scenario 210 as

descri bed above. As can be seen in the flow di agram
wQ2@7asesghown in FIG 2C, the repeater recei veBCHON2006/002508

acknow edges packets and retransmts themafter a

priided NSONGF RO IENE Y SRIANSLASITN (. REIIDMAR WITIHi DB THSETON

appreci ated that the need for |layer 2 type

ANDVEDDRIAICGESSaIONBEROLY arise in an environnent where

there is significant network traffic or where only one

radi o frequency (RF) channel is avail able and

receive/transmt isolation techniques as described

@bsye Bicepréstirapplidatiad is alSbl EMtELONAS.I NBiofAI$tdpe Patent
addressed, as noted above by providing an AP 33 1 and

APpIRRichFeribING. N6/538.0%7 tsa@&e&mferrﬁﬁsﬂfamg B3lom@s shown in
scenario 300 of FIG 3. The repeater g for exanple

P@P/@SW/%S% eﬁﬁﬁédr=®vmh§s Lbc&;lLlAizE@rmmo&R Wifgat the
33 1. The AP 33 1 forwards the packet as packet 1

ﬁﬂﬁE@f}ﬁl@ FORfMQN@m@WB‘}%ﬁﬁ%é\@EMGEAPrM daBing
satisfy the protocol for the AP 310. The 19A|p-> 3371

AU, GaLRRaY ol k?ﬁhdA‘P orPSiaPR6. 05509, 0b 4 By 83 BydiRa in

ot oc or transmttlngt

Cflf‘&fiwnog%ﬁélg a{);t g%? éﬁﬂ%% aﬁarp ackel t%,gg &iﬁﬂlﬁfécMA@

ot operati on he “r epeat er

%’4’%‘96‘5%@ FotEBAgs @L@S(?ﬂb%%éﬂ? g SRR o' @
Q

ma CR@ sszr%]g%ﬂ arrr?%n}q ercrliﬁ]‘ti%%a&sqﬂigt grl;ro%céc gghsgsere%?v T

bl ﬁ?ﬁﬁmbféﬁ%]@ik PRt B hofSr et S‘%Oa*% % 330

2 3 4 317

EReREE R iPrRETCRN ano™Seaier ipuBl ngrwﬁfeﬂ%%ﬁi@c

S PR BB S o S T b B o

t hat, .t he above not ed flow can operate in reverse for

PHeWREY SRR EC Y °F 1°BFAREe client 340.

[0040] To appreciate the operation of the physical layer repeater 200, two scenartos
210 and 220 are shown in FIG.s 24, 2B, 2C and 2D. In a pure PHY layer mode of
operation, as shown in scenario 210, a configuration 211 is shown in FIG. 2A where a
signal is received on a first frequency F1 and repeated on a second frequency F2. The
flow diagram 212 of FIG. 2B shows that the packets are essentially received and
transmitted at the same time. The packets are transferred with less then 1
microsecond of delay since the repeater is configured in the pure physical layer mode
to repeat “instantly.” While simultaneous receive and transmit is not an absolute

requirement for a PHY layer repeater it provides significant advantages.
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[0044] The pl acenent of two APs 331 and 332 in a

single box basically provides an alternative new
wa@yawesasitnst ead of providing an i nproved repeaP€r/USHn&002508

repeat er 330 di sadvant ageously requires substantia

hardware and firmmvare for providing nultiple

stri pped-down access points. Further, with

[e@itire le b alidhyly diffekdnbbtaeplis shevreinsbeanane?20, layeak i ty and

selectivity prevents a transmtter on one channel from

fheitiogaliphig $ohaled ynd@arof a powibés nwatbeoef vanstchescahaniel

W t hout significant performance inpacts. Finally, of

sBowit A nop-phiskariayer sepasttadvhiiglratimant it sjiown th FIG. 2C

configuration conplications arise in that, in a dua

i Tu R ep Gt 88dtieRs foRtraRMnges And rtdae/ildAa theldhRIBequency F1.

information in the packet is required, thereby

oakdodiRt king t%bﬁﬁ&%&bbéséin@&r@trﬂﬁg!pioo‘éb&fg adscofifdted and,

protected access (WPA) or 802.1 I (i) (WPA2), or the

tbil &8mpROIDAASInFdrMaGAIts EARLIed 3Rd SHCUNTIWRA tie fepeatr siBrePUT €
hysi cal | ayer repeater scenario 400 can be used to

p
. ! . o | dihdd e
ﬁ%@%@_tﬁgﬁg?%gﬁgiﬁtﬁﬁﬁgm%hysicgkﬁ?ggggggﬁ'conpé%enss,
: r
B ReaLahe il ety fnchi a00uRs, W dchopsengi s

dgﬁ@tchl&g&ib}ff Hdlrgl @ssﬁ;lle% ﬁPstencéé?’oq'oth-gpﬁafﬁg ﬁl%%%ﬁ{/ whZ e £Q8Hki G5y ed
as“a pure p §S|ca ayer repeater will”begin

HAPAST L, RRGE ordrid e FBURLLad Boindtlylafthe #EQ: 28
So8nas it h pac

recerves a signhat associated w ket 1

1. .1 . [ ' <)
SVl MS0A SR Do AR AR
' by.th lient.A430 4 j ' db
R BT R AR R BudSR o0
A AP 410. by th t 20, A. t 414 b
R N T

t he repeater 420 toward. t client 430 as packet
theBow GG 122 o8 Pt o 2o SRR e e B atledees
415, it generates an ACK 416 tog@r& t he ﬁP 410, which
nagkptypnd retransmits them after a processing and bufiering delay.

[0042] It will be appreciated that the need for layer 2 type functionality can easily
arise in an environment where there is significant network traffic or where only one
radio frequency (RF) channel is available and receive/transmit isolation techniques as
described above are impractical. Such scenarios can be addressed, as noted above by
providing an AP 331 and an AP 332 in the same repeater package 330 as shown in
scenario 300 of FIG. 3. The repeater 330, for example receives an entire packet 1 311
from the AP 310 at the AP 331. The AP 331 forwards the packet as packet 1 313

after providing an ACK 312 to the AP 310 to satisfy the protocol for the AP 310. The
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instantly repeated toward the AP 410 by the repeater
420. It will be appreciated that the above noted fl ow
w@an7op@siate in reverse for packets origi nati nBpCT/U82006/002508
the client 430. Note that the above noted flow can
dgpi3) comntunizatg wih HatARAS2entoedi Hekd33as sadbilisl Ryerl frétools
physi cal |ayer repeater in a non-frequency translating
dartfanguittatg thnpack@0edibly ﬁiltslﬁnguhﬂpéaketn@{o@ﬁddchﬂ% othre
above scenarios are directed to pure physical |ayer
opgeiddnsng, such as where the signals are
re-transmtted w thout denodul ati on and decodi ng and
wi t hout MAC address nodification. One prinmary benefit
of such repeating aside fromspeed is the ability to
NE04B} aiThe REEMEBEO BRE Efobés){es"t'ﬁbl paRkAGI3 PLM @ng%‘r ifs (E}Qria
operations. If a packet is repeated from a baseban

HRCS YN asQDadiRes HABISH 1 ShidR s&a@or@%‘?gﬁ k?l?erkq?]% rtiﬁn%;lggrxte;t)eea{er

on the destination side, as a pure ysi c

BEPRBLIsa ket Y atdnd A 95 1MBL Qe bR I8E ogn?i?e a}%rckeé 23)4
v ar i'ned.

nodi fi ed. Thus speed and security a el

bV Rbvidink YA AlCRONE! i Lisf e}&é ﬂﬁ{og@ﬁlgtgtge AP0 dgl rae}geaitesr 330 can

i ncurred 2 1for increa nce “an

bfo9&s ﬁ{e%j:ﬁéf2 § ?tpﬁl%il J7 hlf(%/ anpf\sxalf ? } %egnel?lgrg%g Elioo Vt%r;] gllﬁlﬁlgstation

net wor k pertor mnce. S POSSI

j 4 [ A b
QJR)( S]!'h(é %epe%tg'%/ t%sgn Earlsﬁytg éellcf(eti Egcgev!za? %I% eﬁ@g%ﬁogaggf gg

preseryv Wor secu y SI )

|nf: ' n.be. decoded to seband fo ,
R 58, N R s e vded B pon P
i fied. . Further ile the | oad content may be
e%%%%?g?%ﬁ§oF?nﬁ8? ﬁ@%@ﬂ%ﬂ?ﬁ St urbed or ot herwi se
re-encapsul ated, which preserves the integrity of
encryption. Still further, in the case of 802.1 I (i)

rity, .the entire packet nmy be denpdul ated and
f‘@é n e’?‘}étpé?feﬁa?t %Aﬁﬁﬁ%&aﬂ ?%l&tfﬁ ke bardiapieallyproiides ae
integrity of the protocol., Specifically, none of the
VREALYSRBC TG Piirad oA ROV 928 IRBigNed reBeaterh ke reperder 330
hysi cal |ayer repeater with higher |ayer functions is
@E%df’%{gqggmfsgfreg,lggs Sypstapidal hardware and firmware for providing multiple

stripped-down access points. Further, with commercially available APs, the channel
linearity and selectivity prevents a transmitter on one channel from being physically
near a receiver on another channel without significant performance impacts. Finally,
of great importance, substantial security and configuration complications arise in that,
in a dual AP configuration, a change in the MAC address information in the packet is
required, thereby invalidating some security protocols such as WiFi protected access

(WPA) or 802.11(i) (WPA2), or the like.
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networks. [0047] As shown in FIG 5, a physical |ayer
repeater can be selectively provided with |ayer 2 and
wa o/ od@yer 3 functionality and, as descri bed PET/E52006/002508
can i npl enent these higher Iayer functi ons w t hout
[0045] udhicograsig esshb vy iroF1Ge fcr papd physicalllayeFtegeates sceaprigddO
510 sends a packet 1 511 toward a client 540. A
dqah s ugdlto transenit pacipeabemibBusiynvidie, Wils litte erreifen thped
with layer 2 and optionally a subset of layer 3
dxisfie g pRyRfal Bpach torgponests, ppovidgiighephgadasiiog atvibhe
upon reception. Processing may include baseband
A8y hakinbdlow 0 AR W ACcaPsRa B hheketndl] INBCinRd dirastibng30.
information for the purposes of regeneration and

helleY 47PERfighrBd & 4 ROSHSEBAII1MRr REERRFHID bignh@ansmlttmg
repeater 530 can wait at |east one synbol duration

hetaned ?c%a%‘ih@ gln{n@ FRNR"Bb £t Reivel AlsigBNABIRLBIed Hith
packet 1 514, which is generated toward the client

PRt @?eg}ﬁsh £Rch, RARKRL s forralel tyShd 1€FcleY 8gh. MM,
repeater 30 generatés an ACK 513 toward the AP 510 to

bétnte ggckg{ PLOGE kech&gﬁjﬁ}r tﬁ?ﬁ@nﬂ?@f atk R@K&EB %J%nerhtted by

reciated t was

%@Lgﬁ Wl c%g&h&%rg@'}%% geh BhvoliPihe %‘T»%QH'B{V qqupea@r 420,

rreout r an e prototco

%%{%krep i lIIeA{ cag b Be 'sa‘e%t 15nlaosu\1’1\ﬁé{|nga ggrsaﬂgﬁaﬁsﬁﬁl&ed[ gsg 1@?% e N t h o

gcel ve in error
St 4zo;éﬁvg£f¢%§a¥et%§4§ 2 R B o
?f‘ﬁt h n*er%?‘lﬁlllst ;29%% A&t :é? %:1491%3?1":}& 0 ﬁ%l%c‘gglgg |n§) ; ues
ek 80 b e e
result is 3 probabl e col |i sion,

{hegls SBioR ot e AT B e YgERR o7 gk Gttty b it

determne jf the ACK should be generated o
49 t¥pde thpicthe above noted flow can apply to the a ternatl%e em l”bocri]lgitentbas ed

associated with a physical layer repeater in a non-frequency translating configuration.

[0046] It should be noted that the above scenarios are directed to pure physical layer
repeating, such as where the signals are re-transmitted without demodulation and
decoding and without MAC address modification. One primary benefit of such
repeating aside from speed is the ability to maintain network security while
performing repeating operations. If a packet is repeated from a baseband receiver on
the sender side to a baseband transmitter on the destination side, as a pure physical
layer repeater, no layer 2 information is decoded or modified. Thus speed and

security are maintained. As layer 2 functionality is increased, some delay is incurred
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address and repeating direction. The table may be
popul at ed by observing the MAC addressi ng of packets

wo@rooriogssaet wor k. I n particular, if the repeat ePrCBHBS2006/002508
repeats a packet that generates an ACK to the sender,
foumersased intelBgenice asl regenA@ivef eapahilithaviieh enhases overllpictyrrk
even after several retries, it nay be determ ned that
tienformednice it isi s¢ill possibdaigdlne physisd tyeohlayere scepeias exdlined
channel . In such a case, the repeater 530 sends a
liziat Dodserve asmgek seswrith sias:, whiMA patlkessing inforthigonciain et
to determne if the client is still present. If the
dxcbdatio bsetnal faresaditionl the MAC atiesdiap éifedhativwinig doe
table and no nore ACKs will be generated by the

mhedifed. Grurtaer, Weiaht pdfiodditahtestinid e dethbéulited) isnomaecode,
periodically updated and verified in such a manner.

4048 o biBRH R eb-RRGHEated, WHibh iSseBRB theitte it oRcBPlon.

and the repeater 530 i medi ately begi ns processing at

S fuRRerHRIEd daResk 39D YE) deblurfp MRSk ieQAckd: iy b&8emodulated
processing 512. The repeater can regenerate and send

PAGKRherdted ﬂnl% @i&%%@lﬁﬁéaﬁoﬁ‘spﬁginfaﬁﬁ% b Rfle gty d18RSHroRcol.

first s hen the repeater 5 receives the

ynbo
%%El%’l%eglyp%‘}é%tf tife MAS 288e iXbBndtdn YERSHALE LWy d the

n the client 540 receives the entire packet
, : I t: r
R S R R Rl
&g@&.ét of layer 2 operation is the ability to extract
and potentially mani pul ate the handling associ at ed
with the packet or to filter transm ssion of the
packet for selected MAC addresses. Such a capability

! Lin. tenti. . . |t
P i RS A S B M RUBLb ST &
g B RO Y b g B
%gﬁ%g‘}‘%gﬂg | grtf%icér?srlviﬁl%at 1§ru§ing%£é(\1% korielrllctzr%tgo%F ?n FIG. 5, an

AP 510 sends a packet 1 511 toward a client 540. A physical layer repeater 530

which has been equipped with layer 2 and optionally a subset of layer 3 functions is
configured to begin processing at 512 upon reception. Processing may include
baseband demodulation to extract preamble and MAC addressing information for the
purposes of regeneration and possibly more. In a regenerative scenario, the repeater
530 can wait at least one symbol duration before beginning regeneration of, for
example, a packet 1 514, which is generated toward the client 540. Once the entire
packet 1 511 is received, the repeater 530 generates an ACK 513 toward the AP 510
to satisfy the protocol requirements of the AP 510. It will be appreciated that if the

ACK 513 was not generated and significant delay was encountered, a packet timeout
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[0051] Wth reference to FIG 6, a physical |ayer
repeater circuit 600 is shown for receiving on two

wo e@gquessey channels. A local oscillator LO 1 6PQT/US2006/002508
used to drive one set of receive and transmt channels
cbold odownad e pertsiobronanier ip AL Ghd woeld @ssutiartlo gis pasket Wt
m xer 610 on the receive side and an output m xer 635
mhrebéieed dgravns mctived slerrol-or down- conver si on, the i nput
m xer 610 m xes a signal received from for exanple,
an antenna and inputs the m xed signal to anplifier
612 as wll be appreciated. The output of anplifier
[6d43] PaBB@Shd EHeatTID récch@p B @BtSre phdkeel Sk, BOK K345 t he
out put of which is transferred to anpllfler 616 at

dePdrRe AR Be e?)@eﬂé{eﬁgy 119f is dbteimifedanm i cliefdb4Witzon tihre
output of the [F stage anplifier 616 is transferred to

r@ﬂﬁjce? &m‘hﬁ’él Cﬂlﬂlgyﬂgnﬁﬁﬂl\é%ltMK AP sEidieyMRitehtlib 540 is also

preferably a It converter. The other set of

J\}\ﬁ %1 YR At Jsfﬂtmpt:,l(s:'a@axybeae%m@mn%tgeh&glﬂg%@@ 2102,

|s used for dowi downconversi on and

rgﬁltclgy é@&éﬁn%f o%gcﬂ n@ Qxdl@ﬁ)lé g%(?é%d éy i Q05 libh?Iere ais

celv an out put m X 36 on the transmt

b%lqud 110 dQ{em%RX‘ﬁ él? Qe sﬁ«#u%‘be é(elﬁgra o Byﬁot%%ﬂ %MKCX es a

I gnal receive from or e e, an antenna and

uts .t he m | ggg
ag?f%ss an]d r?peaét%ngéi‘irgctgogg ;@é taibﬁ By e pob@ﬁte:g pagl%s-ggr?rrg[ocﬂé AYlc
ﬂ%?sﬁl?glt rpacgi{ft/s on%he new }< ?fpaa\#h 1CU, arr elf %8 :ir]e(r?%g]cg’rf 30, %%atrsg
out f t he l. F st Lifier

Ry et ponitor Wg S S SR R S

: r abl it converter. rabl
ATt B 61 {03 1 ey BEPTB PR bttt s o

converS|on It should b oted that. the Al onverters
_ eaggr BiSeFT b e Fepetied ShaRRls By sughafisp-dhe ngeai@?gf‘ 457

npling by a clock _generated fron1d|V|der whi.ch

pretogs) dFeas. seehas 2y - gasiset o gl defermipg ﬂE’dhﬁméi)z

and the LO 3 603 are all pou?led to a reference source
sl prespiitc | the client is not present, it will be deleted from the table and no more
ACKs will be generated by the repeater on behalf of that client. The table may be

periodically updated and verified in such a manner.

[0049] A second packet 2 516 is sent by the AP 510, and the repeater 530
immediately begins processing at 517 as described above in connection with the
processing 512. The repeater can regenerate and send packet 2 519 immediately upon
receiving at least a first symbol. When the repeater 530 receives the entire packet 2
516 an ACK 518 is generated toward the AP 510. When the client 540 receives the

entire packet 2 519, an ACK 520 is generated toward the repeater 530.
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generates, for exanple, a 2 112 M#z cl ock reference.
In such a way, all the processing elenents will be
wayeclsesnt zed to a comon cl ock reference for POF/ES2006/002508
accurate processing. [0052] In order to perform
addi ti onal baseband digital processing of the received
signals, the outputs of the ADC 618 and the ADC 619
[6959] c dupilldd appreciated that asetingdry herlefipefdaxes & iopgratiinge s akilibh
as a signal processing block A (SPBA) 620 and a signal
tp extee ssidpgteblidly knaBipuBRBBY hE@ling FieciSRBAItISHO paskdt wrlie
SPBB 621 are coupled with a signal processing bus 622.
filketrSiBAssHR Of tha dadkbicfoSRRRBte8 MA Gaydrésses Sach heapabititygs t al
out puts whi ch couple the baseband signal to a
wdefiDsl al cahteritiokEdviRotdeént wiliteGhultiple tlidnnandsposgblp hediiloAR
nmedi a access control (MAC) block 624 and finally to a

1506 Hr@pr@¢entVIR 2 88 Bon, Whosle ehbodigispls otk HaaGtods tarl leeqGPRA
620 and the SPBB 621 for output or further processing

with anl%?&%s ahd, witng,epy tiblior@fityl £ SBEMRRAR I haifabe used

to actually decode information such as the MAC address
Rhcolibanich ke whereupon MAC bl ock 624 can perform MAC
processi ng for packets under the control of for
exanpl e processor 627, which can be a high performance
processor such as an advanced reduced instruction set

: . oo .
[?gﬁgﬁ UtRlin LRt tdﬁ@hﬁ,@ﬁ)h&?ﬂ%ﬁf refeatBr lerd 600 is shown for

ructions per secon type processor or the

r%éelf\ﬁxl‘lgocl) toﬁfeeaﬁeglgi g{aggég 'A %&%f&gill@t%r oG DY Ok to drivevhd

pro rom I ng packets for a

SRR R oPPYBA L e A SIS T Apyn Arshe

uenc annel al ne

a%&%}%]ugﬁi}ge%g ﬁbcgrl; g Cetcciai\\;g LiXe aancdtcfjn%gtptﬁﬁm&e} @3%' c{% t@{]ﬁ‘gﬁs side.

S receilved on e repea annel wth
TR T T I R B
a%rz]lgltegr?at anrd%[?p%?sttgedm{x];d tsiggal to amplifier 612 as will be appreciated. The
output of amplifier 612 passes through a bandpass filter element 614 the output of
which is transferred to amplifier 616 at intermediate frequency of, for example, 594
MHz. The output of the IF stage amplifier 616 is transferred to analog-to-digital
converter (ADC) 618 which is preferably a 14 bit converter. The other set of receive
and transmit channels are coupled to LO 2 602, which is used for down down-
conversion and up-conversion through an input mixer 611 on the receive side and an
output mixer 636 on the transmit side. For down-conversion, the mput mixer 611
mixes a signal received from, for example, an antenna and inputs the mixed signal to

amplifier 613. The output of amplifier 613 passes through a bandpass filter element

615, the output of which is transferred to amplifier 617 at intermediate frequency of,
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repeater is configured for address filtering. Wen a
packet is repeated fromthe repeat channel to the AP
W@ b@ringdss2 t he source and/or transm tter addr esBCTYS2006/002508
i nformati on nust be placed in the table, for exanple,
forexampts; $62090z. Ancloutput ke A5 sthesi amplifer Gl és ramplered to
channel. Alternatively, all source MAC addresses on
ADE coveahaiifeathichnglalsd prefobliycel NG nween Bafembhyepeat
channel destination table can be added to a gl oba
disdnlatic gdifeontep @aGEY is patorinhé prictec telwensioat Htshotld bpastsd
packets and provi de ACKs or whether to w thhold ACKs
thasiedADQ chiertee 6l £nid b atddiBen, falukasple,\dh €3 EMMl shinplirgy
repeaters overlapping in frequency are used, a dial og

Hyacig gehdrabd frsh aghidetow emnidhhecdupre & AITsO 8 gosleTiRNo ne
whi ch one, or ones of the repeaters shoul d repeat

dRACKE L S Mstndd fRILEX80Brealt RPRE o ARBJréHck Reircaysdl &Mich
(X 0S), or an equival ent nmessagi ng protocol. [0053]

RhreeHad e%%%(le d1¢2 MG Qb RGkreR24. AR SRhASH tyV‘Alf fiet he

processor 627 or state machine 640 may acf as a synbol

a/ceés\ﬁ(r]g@ o | ble sARh oﬂfz@@{o A Al Rk G280 RN8: Bt -

Accor n each sy I's denodul ated and the

af L &_IS passed to nodul ator with no
aﬁaﬁ?%ﬁﬁ%t§o of the retransmtted synbols only

regeneration thereof. Processing in such a manner can
be established based on network conditions and all ows

[¥)§5r2] : r}g E)Fda 1f5 %Spﬁxsfgr%lsicfd tlongl)ﬁaée%ggcﬂﬁgi a?ﬁr%%%gg% §f &0 ?écinggi

e recelrver er quall

sll,gélalts tﬁe %etgl On§ tg? f&bg;nfﬁlg 5] 916 ATEE 9e € oug ngeral?c%t g@%nal

y a sta e nmacni ne e use

RERRP A TS e dne p etosrg et & SPOBTRAfandh singt 64
SEER T PO SRR R e B
A N R LR e R
d'égt(;l g/ljlot\f):ut? Lv ic cc?u%ffe theS lt)z%gbean 1%2:11 r’c]cse a gemodugtog DDP{M(% 6%?,r
which in turn is coupled to a media access control (MAC) block 624 and finally to a
modulator MOD 625, which is coupled back to the SPBA 620 and the SPBB 621 for
output or further processing if necessary. The output of the DEMOD 623 can be used
to actually decode information such as the MAC address and the like whereupon
MAC block 624 can perform MAC processing for packets under the control of for
example processor 627, which can be a high performance processor such as an
advanced reduced instruction set computer (RISC) machine (ARM) or a million
instructions per second (MIPS) type processor or the like. The processor 627, acting

as a controller, would prohibit the repeater from ACKing packets for a specific node
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may observe the addressing of the packets and perform
| ayer 2 processing as configured including generating
WQ\BKG/08dBy2 denodul ati ng t he baseband i nf or mat i oPCT/UR®06/002508
physi cal |ayer repeater now has access to addressing
if thé souret dddressupcbrt dny pegiiat erhibe ABdregréngy clishngl jsentpipestbe sor
627 and attendant high speed nenory 650, can filter
MACkdt®ss df eighiode tffqetekptding ds # tble ppanmeqh@nlsm Packets
destinations based on quality of service (QoS)
1B@EREBh BfeSeat dhbtnel ke the\lbematidieorpacket MAS fiddsdbpnipipinge
retransmtted, using sanple-by-sanple, or
MR Chahrelis susBald wiBpBaWPnGantel) ere3RBAIGAD netnebe o if ERBB
621 output the data sanples to the multiplexer 628

Wl isTBh GRS P RIGARPHRRING AWEe B Patiet i RepeSRBRoR 2 raped:
%\%e SPBB%% for output bgsed on@)v\,hl chlf?hannel thea[ﬂad

c‘ﬁh ?{o t@@ﬁP Qﬁ&ﬁat B sARE 2HRS BB ¥dRERTE HTFG:Ehation mbidt
y-synbol "repeating is used, the nodul ator 625

B@ghicet? ASfie ﬁl% 1%9&@1 AR RS @Y 65 2P BArkEd B WingBhddfeat

use as the sourc of the retransmtted packet. The

(‘t%gttir%gt %ﬁ%magggllyt 1 stohﬁ}f: &LEE a@cﬁ'&ses"gﬂ' tEOAP Shdn¥Blia6@hll Youste14

value is coupled to a

an gs S en 051% %@%& c?\%nrfe?@e\éﬁﬁih%ﬁ 1o tAGh O 2R W £ o@él' '{a@}ét Shan

anal og out put of the DA IS

rF% elr ggnah c?emdgv&hef’ﬁglsto Liséoggke{sglﬁg kro@ 48R £ %@wtthé’r to

quanti Zi ng e an e output of the LPF

SURTA AT BB P T APl e
f;eg%ﬁgﬁbtﬂfe@fwjﬁ%”%ﬁ% o Vi LB WSS
AT e e
S ek BT S0, 15550 e WP

switch 634 will direct the signal to an output m xer
635 or an output m xer 27636, where the nodul ated IF

nal will be mxed with a 30
[00 3] Alternatively, the MAC block 624 com! %meg w1t§1 the procselss%n %7 or S?ﬁgn

machine 640 may act as a symbol by symbol delay line rather than block 620 and 621.
Accordingly, each symbol is demodulated and the information is passed to modulator
with no manipulation of the retransmitted symbols only regeneration thereof.
Processing in such a manner can be established based on network conditions and
allows for increased sensitivity to the received signal on the part of the receiver
leading to a higher quality of the repeated signal and improved performance and
range. Optionally a state machine 640 can be used to help control the operation of the
repeater by generating an output state or state vector Si + 1 642 based on a previous

state or state vector Si 641 as will be appreciated by one of ordinary skill in the art.
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LO 1 601 or an 1960-2022 MHz signal each with a 5.8

WMHz offset. [0055] As will be appreciated by one of
woe@iosasy2 skill in the art, an physical |ayer PEpE81086/002508

is capable of receiving two different frequencies

si mul t aneously, determ ning which channel is carrying

a signal associated with, for exanple, the

(00 s M pahibed with iz spapledevel epeating et Symgok-byosyntbieb

original frequency channel to an alternative frequency

regracmive rapedting thedvid Gitidck 1694, tstage thachie €A, ant panssatodd

version of the received signal on the alternative

mdyasbeale thDeddedsing of thb asdkets iand parfoah layep2ptoesssioges at i on

i n accordance with various enbodi nents may be found,

dofigie@intlhding pdheRin®B0RIs NBy BémodNMting Gtbagebaidoinformation,

PCT/ US03/ 16208. [0056] The physical |ayer repeater can

tﬁ@gg/lsﬂéﬂ m@drebéaaasmthamﬁ&s@tt&acm&esﬁih%imuéﬂ 416 t@Bugh the
different frequency channel s thereby extending the

dR@MﬁB@&ech dedi§r 607 ARNEEndht Hifespeanneadly@so,keh pRan an
P and a client, and between peer-to-peer connections

G Adifd PRKeR ki ABlet WiektidaBoRMAbda®h dhlitf BF sekidel
and allow ng the nmerging of network collision domains

@g%@.&%&é&s SEHLRRL SwneaUfdpdtREG: Reky 8 bR MEAMRGED USnphen

sensitive applications are using the channel as

s%f.élgfﬁl—rb‘ff-sgﬁlg{%??r(nlgﬁy{;]lnﬁ'i—sgﬁ;bQﬂ@ p QR S0 ERRsatRIspNE d21

res er pertormance. When many units

oglgpt%g {hgggtgts%q?lé{ 3% I Fl@&?gr g?ﬁf Wh]TCH ?eléc@ﬁﬁ@&@?cg&%ﬁoﬁ@ bf

ess ge allow ng two di

t%e; %%@g g?(lg %nﬁncg%] %Pél? 651%?8&%@?65&&89 %Jhich%&ﬁrfgptﬁg gégnaﬂﬁ(as

cover age N many cases,

S R e M SRS S R T
PR 2a o & LERR ey o nsbRan el B SRR Bt e et
e L e c A R R S
typically a 14 to 16 bit digital value is coupled to a digital-to-analog converter (DAC)
629 which outputs an analog signal. The aﬁalog output of the DAC 629 is coupled to
a low pass filter (LPF) element 630 to remove any quantizing noise and the output of
the LPF element 630 is coupled as a modulating input to a vector modulator (VM)
631 a digital IF frequency signal at for example, 528 MHz to begin up-conversion.
The output of the VM 631 is input to an amplifier 632 the output of which is coupled
to a bandpass filter (BPF) element 633. The output of BPF element 633 is coupled to

an RF switch 634 and depending on which channel the information is to be repeated

on, the RF switch 634 will direct the signal to an output mixer 635 or an output mixer
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series of functions. As shown in FIG 7, a physica
| ayer repeater scenario 700 i s shown where vari ous
waelb@rosds4ti| ter conponents are connected to prPUT/U82006/002508
filtering functions. ital data 701 received from
B6rwhexatp medulaied Bixignog yﬂl remixapith 4 2080-40 75 Y signal from
interface 703 according to data clock 702 at a
16D 6RI erpnrlQ6@2¢%2 MEB2 sighid eagboyith oh8 Mz effst.di gi t al
signal can be input to an auxiliary digital filter 704
t he out put of which can be used, inter alia, for power
detection at power detector and conparator 705. The
[8045M alAsl veill bk sperematibyestcalf bidstagdskill infthe 41t, @8 plysikal leyes| s
THRESH C 706 corresponding to a correlation threshold
rafdted HRoEBbleRf 7&ddivagrwe differai frequencies groviemedusiyeddtarnghing
The out put of the power detector and conparator 705 is
vhitheRe0ls@atEhes bigad assoginad widk Tedxhmhplk) Seamgdsngission of a
channel wi dth detector signal 20/40 MHz 709, which

ﬂ%ﬁl@é\( it8SatdR ot the 8ligihldicg@incPthadheltibien faelkeive heuewdydt h
based on a coarse power determ nation. A correlator

AR 4T RRGARTRAE ﬁécft%nc@%&nsl%ﬂ ¢ésidh 8Pthe eweivi@sgitahen

filtered output signal fromthe auxiliary digital

the MteativOhantANDOS IUsTEAsiE il @dpRhtBeogeR@oR ez st ecof
orthogonal frequency division multiplexing (OFDM and

HHREy RHESEMRinHntsdn B KBindC B 8xRplS i9BRberdigipeat i ng t he

use of direct sequence (D5) spread spectrum

Uh%&%ﬂpPC@ﬁﬁﬁﬁﬂ%ﬂﬁﬂy’ the THRESH C 706 i nput

corresponding to a correlation threshold can be input
to the correlator detector and conparator 720, which
out puts an OFDM DETECT signal 722 indicating a high

@syéﬁalﬂ?f g}g)slrwrﬁi gl ér at| ;%aéé@ &jﬁ %R{MS\I}(ZF%W {EE- [ og%mSvl th
o3 LB P e s
e T A S
s:{ic}(l:I z?s I‘(gjlrllj lor?e c%ent unit to another client unit and allowing the merging of

network collision domains or network segments. Such merging is advantageous when
delay sensitive applications are using the channel as little or no queuing of packets on
the repeater will occur resulting in higher performance. When many units are isolated
from one another, the repeater further acts as a wireless bridge allowing two different

groups of units to communicate where optimum RF propagation and coverage or, in

many cases, any RF propagation and coverage was not previously possible.

[0057] In order to facilitate the operation of the physical layer repeater, and, in

some cases, to replace certain expensive components such as surface acoustic wave
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29[ 0058] The digital signal 701 can al so be forwarded
to a digital delay pipeline 710, where it can be

waledoapea4unt i | certain processi ng has been conPUTUS0&802508

will be appreciated. A 20 MHz digital filter 712 can
(BAWISEErs; »sesiepeickigital sighay ﬁ@PeSEm&hgﬁfStG@’é ge pysd 40 pOopR
channel or a 40 MHz digital filter 713 can be used to
spriesod Sunctionsi grighown iadderi 1 e ebysinal layargenvpier wpemind00 isan
additional digital filter 714 can be used to conduct
shoieli tvhem arhriduis [digita] filtgr coFhpenelitgire apnnkted wrpsovddarfiliseing
coupl ed to each other and to additional signa

foncioes shiggal k@ GRE reseigdd fasn,tiveexginglezn HPCowes bt iyutdtecks
A 620 and B 621 as shown in FIG 6, through an inter
BgighaterfatOTBsBLdAding loodka (ldcEPAB) atrudocking rathiof K32 MHal so
shown in FIG 6 as the bus 622. For repeating, the
Toutidad bf BF digital sgapl @p bt aipet 10 AL andilidrp digitdffiltehB0ddhgottait of
filters can be input to nultiplexer and automatic gain
WIQEH &a8lbe WA e Bk, fodfowahedietion ittpoter detdetir and eomphthtdyHz
718 and 20 MHz 719 can be used to select which of the

Fois| TRE siQwll RMEIS cM Hel estaBlishéBREINhtdsRsld 1eThIe TOIRESEL COf06 a
nodul ator can al so be coupled to the nultipl exer and

DFEspehdihg thlaxofhatidd @RSNII AddCHRENED PRY icoRespeimsioat ed
fromthe signal if appropriate. The AGC portion of the

Wt inbdsR@! TROChyAYE6 1B bbwer botebtBianR @ompaatot 2058 b @lksdhsld

the zero thresholds and gain thresholds for reverse

AR s%grggpﬁirt@*r B R adinda Rdnnt1Qviai AR F QRS bSO BIH-TH9,
output of the muftiplexer and AGC unit 715 is input to

Wil HOVRRACH iﬁigﬁgﬁ{i%aﬁ{on g?ﬁil% g%‘k@tﬁﬁﬁ) W@ badelQnfaWoatdPpower

conver si on an tothe RF transmtter

dé%?%xggxlggor{. n&t}or?e'ﬂa?%tect%ﬁ%%n@%r&@? wﬁﬁ:ﬁ%{s@lr ceives the

ment's ‘are shown herein for thé physical |ayer

¢ C Lot i _ ! .
Rl e A UL 0, L P Sty Be b
exhausti ve,

ey oaRteoD (B Dy sy e CEARRRE A S
at bhar eir Qgc{%ro(r: cs’fg‘ﬂ:ﬁ (frg(f.ic%ggg %hg Gt fdirec% aslyqugr?ce IR{Bg)espread spectrum
modulation. Accordingly, the THRESH_C 706 input corresponding to a correlation
threshold can be input to the correlator detector and comparator 720, which outputs an
OFDM DETECT signal 722 indicating a high level of correlation with OFDM, a
BARKER _C DETECT signal 723 indicating a high level of correlation with a barker
code in the present transmission, and a phase estimate 721. A more accurate channel

width detector signal 20/40 MHz 724 can be output and the output of digital filter 704

can be forwarded at 725 to an 802.11 demodulator.
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by one of ordinary skill in the art w thout deviating
fromthe intended scope of the present invention as
waledorogs4by the foll owi ng clainms. 30CLAI M5 WhaPCT/8S2006/002508
clainmed is: 1. A physical |ayer repeater for
|885d uckhiersigita! penpk 7 Yatan plsg be foregrded forglisisbdadayi mipeling 7k
envi ronnent associated with a wirel ess network, the
wheysit carl b delased widih ecrtainrgrocspungltas been avafustiidag wilkbei vi ng
a signal associated with a packet and transmtting the
gpackstedwiAt 00U Hz digitalffilea? 1200an bé umddo procespa sigud] tanwotiedc e
address and a destination address contained in the
@ecVHz ichennglhoy 8140 MHZ digiea] fitteqiddtcen bawsagbto mocess a @ignal
di gi tal baseband section including at |east first and
ismeaidd sh g Ao M chass OAn adiiticha i giod fltet 704 carsliechised to
processor coupled to and capable of controlling the

doaseh admtichactilteding. Tiedigikd GRES 04n dlhlgdordcH dther and to
sel ectively conduct a higher |ayer function during

4ApRioAdlsRal plocashtistyleUlts suRh bbitie PRy A ipedtkssindbidcks BRAkLdY
operation, the higher |ayer function including:

@21 QS S nE Fidh.165 thrdudh @h MRdr s@Ra 1l Prévsksils BIQRAIISPB) bus 711
denodul ated portion of the packet; and determ ning a

WEREHR sb BhoMH 16 W16 NeasRBCKR 622 SFQaa k&S, thdbha: it

repeating operation based on the first information. 2.

a}ﬁﬁpﬁm She@ mdiB¥Lihe HRRABIRES AR Banghﬂg rduRipfdx@ Mdhutomatic
wherei n the physical Tayer repeating operation

éraﬂacéoﬂggls(A%d; LERYPNGNork EHIDN AbkiS BrROXFIEAS dnBY6MEZ 719

epeat 1 ng operati on.
can be used to select which of the filter outputs will be transmitted. The output of a

modulator can also be coupled to the multiplexer and AGC unit 715 for transmitting
information demodulated from the signal if appropriate. The AGC portion of the
multiplexer and AGC unit 715 can be used to establish the zero thresholds and gain
thresholds for reverse quantizing prior to digital to analog conversion. The output of
the multiplexer and AGC unit 715 is input to a frequency converter and interpolator

716 for up conversion and output at 730 to the RF transmitter section (not shown).

[0059] Although several embodiments are shown herein for the physical layer
repeater with selective layer 2 and higher functions, the number of embodiments 1s for
illustrative purposes and may not be exhaustive. It will be appreciated that changes
and alterations to specific components, and the interconnections thereof, can be made
by one of ordinary skill in the art without deviating from the intended scope of the

present invention as defined by the following claims.
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3 13. The physical |ayer repeater according to claim
1, wherein the processor, in selectively conducting

wo b@7losggher | ayer function, is further confi guP€rUSI®06/002508
assume responsibility for an acknow edgnent (ACK) of
the packet. 4. The physi €CalAIM8yer repeater according
to claim 3, the processor, in assumng responsibility
Powt is kkink@Ks:of the packet, is further configured to
provi de the ACK according to a nmedia access contro
(MAC) protocol including an 802.1 1 MAC protocol. 5.
The physical |ayer repeater according to claiml,
wher ei. A piygichl I8¢ S&peAter fBr EnbhdaE agﬁ;fbﬁda%&&%ep%taﬁ gin

p

packet retransm ssion prior to conplete rec n of

dpeeatipn &kat envRonmldda ROV A CRHth b RY8bss'E Stle [531?5192{1 qie{y?ﬂ o

to claim1l, wherein the processor, I n deterntning

1dpHANRE p}i)di‘atmiilfclihdﬁr{gerem 1 sibil 5@5@4‘[?&%%5 h%?gttarﬁg

repeati ng operation, 1s tur er conrtigure

KRGRNBE S paket vRARE Aol BLALRBr G of F)gregq&f”caé!égﬁriie Z%Qé? %fdna

physi cal |ayer repeater accordi ng i m
bl j furt.h i ncl .
SeBBl Oy BARERANA ABSRLEh l R T E Raring
i th,a; ' J f I t |1
out 1"y BaPOEHRRR 6 AR ket o oS5 e Perte

S8Y5E and the destination address associ ated
mﬁth ?ﬁ@ﬁggﬁéi%. 328. The physical |ayer repeater

accord] o claim7,. wherei.n the processor _is further

confﬁ%hggﬁg¥§m Ségkgﬁﬁﬁﬁg éﬁcwgmﬁggﬂﬁﬁﬁﬁ nq $5tigih deet

I?ﬁ%g%rg%ﬁtq§d(andulated one of the source address and
& desti Aatt 6h address. 9. The physical |ayer

(rjepeat er %‘I:e%gxce?}if Qo%dﬁc(% a%li %ierrrlla7e’r ﬁlm‘?r e<ii nhe diartal
el ay g yer function during operation in addition
to the physical layer repeating operation, the higher layer function including:

processing first information from at least a demodulated portion of the
packet; and

determining a manner in which the packet is handled during the

repeating operation based on the first information.
2. The physical layer repeater according to claim 1, wherein the physical layer

repeating operation includes a frequency translating physical layer repeating

operation.
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line is set with additional delay to allow sufficient
time to performa filtering function. 10. The physica
wo ag0a10848¢peat er according to claim1, further PCT/US2006/002508
conprising a nmenory coupled to the processor and the
di gi 8allhopiseivaliayes eapeatenrncconfiieg &i ¢laitnhie whemmgbspocdssor, in
further configured to build and naintain a table
selactivalyi cogdwtieg the hipberdawd fimctioy tis faghdratdfeusmddo assume
filtering table in the nmenory, the table providing
respomsiillityfbammmkiosnedgmett (AICEL) of the ppeketessor can
determ ne a retransm ssion procedure associated wth
t he packet based on the second information. 11. The
physi cal | ayer repeater according to claim 10, wherein

t he 8e¢ﬁélﬁhylsf&fﬂ%y‘w¥drp@£eﬂ AEIrEiEL o QMI/ X EhePScBssef, in @
nmedi a access contr (MAC) address, an internet

a@sruqa{u@gcl%po@élﬁ‘ﬂma@{dth@%m 8¢ th@yRket3is %@ﬁ{eﬁ&ﬁlﬁ{g@e&ﬂﬁﬂr@)\ti% of

service (QS) I evel paraneter, a payload type

HORORIBL RS dmBl PRI R UAIC) Bibidchy &Hﬁmﬁg%‘@dz 1112,

The physical |ayer repeater according to clarm
MRer&idcdihe retransm ssion procedure based on the
sec J I nformation includes one or nore of: a

sel ection of one of a first and a second frequency
channels; a termnation of the packet; a termnation

Sgyf ﬁiaﬂéﬁlﬁ’@%%lé%gwﬁe#%%%%% el gR L RhEg ey

Lol %HI%QEC? be g%lclg:agﬁeg rqun%n%ssq%a%nor %'%Comsple%e reaeptlon gf the

ransm ssi on“procedure

P aggrnatlon i ncludes one or nore of: a selection of
8he of a first and a second frequency channels; a
term nation of the packet; a term nation of t he packet
and use of data contained in a payload contained in

: ge cPai ﬁ?elila/swgmﬁy;_gfeﬁgat%/ fsalcé:i)%%lpg foy ﬁ?l eef%grteglrthg r():rggerss(,jolrr}
determining the manner in which the packet is handled during the repeating operation,

is further configured to regenerate at least a portion of the packet.

7. The physical layer repeater according to claim 1, wherein:

the digital baseband section further includes a digital delay line, and

the digital delay line is set with a predetermined amount of delay so as to
allow sufficient time to perform demodulation of one of the source address and the

destination address associated with the packet.
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table is included, an ACK is not generated for the
packet if the packet is filtered. 15. The physica

wo ag0a10848¢peat er according to claim1, further PCT/US2006/002508
conprising a nmenory coupled to the processor and the
di gi tSalThbpkysisaieyes eapeatennccanfiag t Paimte Whergdbsprocdssor is
configured to denodul ate the packet while performng a
fptiys icolgutedye decidetwlmtisniog strapsmid erpathed basothon the packet
to allow at | east an address and a payl oad of the
deankahted ondef tist soned address hed the dextiyatiob@ddridsse physi cal
| ayer repeater according to claim 15, wherein the
processor is further configured such that if an
i ntended recipient of the packet fails to provide an
acknowrgeg At layefcdpateif act di@ing acdisiin, 7, vdereBi the €idital delay
address and the stored payload are re-transmtted. 17.
11385 R0V ah editidmaYRlay't6 BIERH fIFFAGHE Ghditd Berf@ml faltefnd function.
further conprising a nenory coupled to the processor
and the digital baseband section, wherein the
processor is configured to sanple the packet w thout

denody! ghd A seAihRr REERG 20 Jdfin oINS 19%h]313<§6§fprisin% a
retransm ssi'on operation on t he paCket to store the

i SR SRl i ool
T Rt T
LSt R Sl Bold A B 3R S RN ERPLERET
T b S R T L s B e

a%goré{alt Wi dthé SacEé{lblas%d%g(ijhens‘%éo%l?rllfgrn?ati%gbl etrn

11. The physical layer repeater according to claim 10, wherein the second
information includes one or more of: a media access control (MAC) address, an
internet protocol (IP) address, a layer 3 address, a quality of service (QoS) level

parameter, a payload type associated with a payload contained in the packet.

12. The physical layer repeater according to claim 11, wherein the
retransmission procedure based on the second information includes one or more of: a
selection of one of a first and a second frequency channels; a termination of the
packet; a termination of the packet; and a use of data contained in a payload contained

in the packet.
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the nmenory, the table including one or nore of a
routing table and a filtering table, the processor
wa@om7iogassed to maintain the table based on a neCFE§®06/002508
exchange between the physical |ayer repeater and one
or mb?-e Tk Hepic daygibiercar asorting topim thevisesiatheal | ayer
repeater according to claiml1, further conprising a
refeappRipsionpropesiure baprsl Qyrthesesansiinfosmation dnedydeg enprar gioreef: 2 o
build and maintain a filtering table, the processor
seloettongd peaboftadirstahé e s¢oprd fredmercyichamndlsneiegeinatiomldf dicon
domai ns based on the filtering table. 2 1. The
ppthes iadeininagipe of the pashttend asodddia ngnttioedcihaipayldad sehimed m
t he hi gher layer function includes one or nore of a
theepeeket?2 function and a |ayer 3 function. 22. The
physi cal |ayer repeater according to claim1l1, wherein
t he higher layer function includes a variabl e anount
of higher layer function between a | ayer 2 function
and a4.| ‘aysthySicdl W6t depdhter bitrdidd toablie 1arHefdin, des fltefinged
based on conditions associated with the wreless
14184 WHdkuded 28 ACKT R@0PHNSIatea forl tﬂe/}lwckét enBebRketdCHRrEH. NY
to claim1, wherein the higher |ayer function includes
a variabl e anount of higher layer function between a
| ayer 2 function and a layer 3 function, the variable
anmouns el a5 Bt e LRpGE: A otdisd b Wit QNBrth&CEpRGnd 4 OM
anot her nodé in the wireless network. 24. The physica
nlhe%i/o%y c u?l%@% BE pRIERENA el Rgifh BlsBlahd sBES, SiRreid Be

i gher Tayer function includes operating the physica

e e A S
f?‘%?‘%ﬂa%??n‘p %Re?a?i'on tgﬂ FhePANGL &%ﬁlo&v%&’%‘@% gxi? gc%géosr? %nc@&oﬁagfogg th o

ur er ~conprisin

ﬂ&ﬂ§¥§#ﬁ?@%%g%$%ﬁg?£ggm9jgital baseband secti on,

16. The physical layer repeater according to claim 15, wherein the processor
is further configured such that if an intended recipient of the packet fails to provide an
acknowledgement (ACK) of the packet, the stored address and the stored payload are

re-transmitted.

17. The physical layer repeater according to claim 1, further comprising a
memory coupled to the processor and the digital baseband section, wherein the
processor is configured to sample the packet without demodulation while performing
a physical layer retransmission operation on the packet to store the sampled packet in

the memory.
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| ayer function includes operating the physical |ayer
repeater as a client device in the wrel ess network,
wo b@7o8dsent devi ce including one or nore of anPEUBI®06/002508
device, a video device, a data communication device, a
mul timedi a device, in addition to performng the
physi cal |ayer repeating operation. 26. The physica
| ayerl8r ébepitysicaldecoregeate avordihgforplaim 1irehaein thehpeocessor
processor in selectively conducting the higher |ayer
if fimrthtr confighwed tog operation is further configured to be
i ndependent of a tineout paraneter. 27. The physica
| ay ebuilépeiahstitaidcaasyleinthe memodyathertable indiedigg thetdd éore of a
processor is further configured to operate so as to
putRpaitle ifde fMtefig) @bk, At wor kK t he appear ance of
operation under a protocol including an 802.1 | (s)
VESH sk O4na Gehwatd the skehpld QRacked bisb@ oty Sbtal | ayer
repeati ng operation. 3628. The physical |ayer repeater
according to claim1, further conprising a nenory
coupled to the processor and the digital baseband

sect il9.”Thé"é51\§§i€£lﬂa§epﬁp%&%§<§§cﬁﬁg fo1dit 1t RStheCRRblAHE £d
to build and maintain a routing table, the routing

h&H:§, ekdid th_@?ﬂ»c@ﬁbﬂ& ek RS R IndrinAt Y €58 1NT

associ ated w transm ssions on the wrel ess network.

tBSme 21?/, ﬁ@ Ya%ieﬁﬂéluciie%ﬂe Jr GREA & 0 fehg%b% atﬁte?ik .{ame}'

furt conprising a nmenory coup to the processor

tﬂéﬂo&éﬁ&r %I?‘iél%h rt§) ﬁlﬁﬁlt&%‘pg? f‘a%fétﬂagga’onmﬁeirs?a{g@ g%%ﬁxﬁ%ei brﬁween

processor er contigured to bu al n

il SIRMELIT8L of BBLSer ahdSnd QWAL Ginb ARG Yelnbu Y. PT OCESST NG

ages receive om ot her e wrel ess
networ k. 30. The physical |ayer repeater according to
claim1, further conprising an interface unit coupled

tot ?8 f%eop %ssigaﬁ r1ayz?c1rn %péart]e? accor nllget(cj) cga?mlff %ulrthgrycoynmpltiéirrllgga 'n
a stfucturte;
memory, wherein the processor is further configured to build and maintain a filtering

table, the processor configured to selectively break and merge collision domains

based on the filtering table.

21. The physical layer repeater according to claim 1, wherein the higher layer

function includes one or more of a layer 2 function and a layer 3 function.

22. The physical layer repeater according to claim 1, wherein the higher layer
function includes a variable amount of higher layer function between a layer 2
function and a layer 3 function, the variable amount determined based on conditions

associated with the wireless network.
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wherein the processor is further configured to build
and maintain a routing table, the routing table built
wWhoopnesessi ng nessages received from ot her nORPEBUB2006/002508

the wireless network. 31. The physical |ayer repeater

according to claim30, wherein the nessages received

fromother nodes in the wireless network include

r out RhgThepdhatien! tyssmpmser acoatih teglaim 1 amha@OR i Highe) layer

MESH protocol. 32. The physical |ayer repeater

faction thchdestaovacihlde amdynt whkipkdrlayehiang@iondesson a iayer 2

sel ectively conducting a higher |ayer function during

foRabRhnddlayes 3 ffutctibg thecwifibblg diheeht ddtenifaitdual ondnstructions

vari abl e nunber of higher |ayer functions based on a

16RNAH FoRMnbthertdoge HEhdRirklessdhdtwotk.physi cal | ayer

repeater for conducting a physical |ayer repeating

operation in an environnent associated with a wireless

networ k, the physical |ayer repeating operation

i ncl v fig ﬂh?ﬁ@dl Ydy@%reﬁea%ér Q&fl'&dixé’gﬂ%‘%ﬁ'irﬁtl edhddbih hedhi Qﬁf?iﬁgért
e

and transm fting the signal associated with the pac

UL 0 Rl Yo & st

i adii ' id ﬁﬁg '&éﬂ%{b.g: a
n%?@?t%ﬁd1§§%§§%§b§§%%?%ﬁﬁ?%éfggﬁﬁgkgt §§} irst and
second signal processor, and a denodul ator; and a
processor coupled to and capable of controlling the

basebangd sect.i r r Af i " ess
DSBS ool MR ORA SR
dath rlroto)rq lcf)l?})féds W [&;(c)ecfalroc%sas%lr Fadife Iliglrtz{pbgsegz{n Q& 1So%,d SR, ;hig%gld
layer function includes operating the physical layer repeater as a client device in the
wireless network, the client device including one or more of an audio device, a video

device, a data communication device, a multimedia device, in addition to performing

the physical layer repeating operation.

26. The physical layer repeater according to claim 1, wherein the processor in
selectively conducting the higher layer function during operation is further configured

to be independent of a timeout parameter.

27. The physical layer repeater according to claim 1, wherein the processor is
further configured to operate so as to present the wireless network the appearance of
operation under a protocol including an 802.11(s) MESH protocol in addition to the

physical layer repeating operation.
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regenerate the processed synbol associated with the
packet after at |east a synbol interval to forma

w0 e@anggsat ed synbol. 34. The physical |ayer rep&RUS2006/002508
according to claim33, wherein the processor is
further configured to retransmt the regenerated
synbol after a predeterm ned delay interval including
a per2Bodhepiysisxldeedieneptea acjomingiipredaimngd nfupthert domppsiok et .
35. The physical |ayer repeater according to claim 33,
themarl epupdaiip thegirovgssar avgriiny digitad bpdeehd tsectivheviprag thesor
and the digital baseband section, wherein the digital
B8kzase ahuhes eatfigord kninlildded mainmidh poudagrbles, the rduting table
(MAC) bl ock, and wherein processor is further
Winindgusisdintdby sisevimg MAC dddbdsing agocihfae with @@aSSieskbns on
synbol s associated with the packet in the nenory; and
thegaessatetvaand retransmt the plurality of processed
synbol after a predeterm ned delay interval, wherein
the predeterm ned delay period is generated in the MAC
bl ock and includes an acknow edgenent tineout peri od.
36. TheTROYSARM layA¥platdr@RRRIEE toR%HAN Ifulleld Bnpkidhgh 33,
wherein the 'processor is further configured to
REh&§ b dto %gﬂ&%so@anh' R REitdl BYLhant UOGHH, QPhetith {HRY.
operation in addition to the physical |ayer repeating
Sl et DL TR R O B g Fing bl
RSB E A et [ Bbivt P TR el MR Bhelb R0
whi ch the packet is handl ed during the repeating
operation based on the first informtion.

30. The physical layer repeater according to claim 1, further comprising an
interface unit coupled to the processor and the coupled to utility wiring in a structure,
wherein the processor is further configured to build and maintain a routing table, the
routing table built by processing messages received from other nodes in the wireless

network.

31. The physical layer repeater according to claim 30, wherein the messages
received from other nodes in the wireless network include routing update messages
according to an 802.11(s) MESH protocol.

32. The physical layer repeater according to claim 1, wherein the processor in

selectively conducting a higher layer function during operation is further configured
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37. A physical l|ayer repeater for conducting a

physi cal |ayer repeating operation in an environnent
wasmoos@ted with a wirel ess network, the physiPkel/Ubz9e002508

repeating operation including receiving a signal

ta gensiuptct adabip nwmber phloiklear layavitunetions hased pigcandeion ogihal

associated with the packet w thout nodification of one

ngtwarbr e of a source address and a destination address

contained in the packet, the physical |ayer repeater

conprising: a digital baseband section including at

| east first and second signal processor and a

denodsl AtphysicadtagerIBpeafer e esisinttingoiyilysidal layeatepeatapabl e

of controlling the baseband section, the processor

opemnfibginradntifonmphiat&shtddhathsd Windbss ASSQEH, 8leglysial hydrhe

packet on a sanpl e-by-sanple basis to generate a

réped i opeAilibh Bicluditg rédeAMEMH digrhBscvidmalitisapieka and8. The

physi cal | ayer repeater according to claim37, further

RO SRRt thOsiSha RIR e CRMPILE Padket FRDUPHOGIEISARN ofHi dr Rfdre
di gital baseband section, wherein processor is further

A QRbd SRS Bid aHeQirRtich RdtHs@bdntinddfin (HPadked BRIphSREP! €S
associ ated with the packet in the nenory; and

wﬁgﬁﬁgﬁgmknﬁgggglurality of signal sanples after a
predeterm ned delay interval. 39. A systemfor

condy GidiBthatHRfR e‘éﬁon%&ﬁéﬁh% 9€1§aks{ fg'ﬁs?anw SEC%Lnﬁ Signdl g%o‘g%é&,

envi ronnent 1 ncl udi ng a networ I ent, e Sy

aﬁgg‘ggﬁﬁ&lﬁl&%r. Q}df irst physical |ayer repeater for
conducting a tirst physical |ayer repeating
a processor coupled to and capable of controlling the baseband section, the
processor configured to:
process the signal associated with the packet on a symbol-by-symbol
basis to form a processed symbol; and

regenerate the processed symbol associated with the packet after at

least a symbol interval to form a regenerated symbol.
34. The physical layer repeater according to claim 33, wherein the processor
is further configured to retransmit the regenerated symbol after a predetermined delay

interval including a period not exceeding a time duration of the packet.

35. The physical layer repeater according to claim 33, further comprising a

memory coupled to the processor and the digital baseband section, wherein the digital
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operation in the wireless network environnent, the
first physical |ayer repeating operation including

WO e@eiosdsmyy a signal associated with a packet OPCHUB1006002508
frequency channel and transmtting the signa
tassbaw] sttenh ingledes b medipacdest conhold MAS)dherks sndgvherrty
channel wi thout nodification of one or nore of a
sogssoeis ddtheessfigmedd : dest i nati on address contai ned in
the packet, the first physical |ayer repeater capable
of petofenr pruratityhif Gla@rockaydsynpkraadociated with thoprakd in he
with the first physical |ayer repeating operation; and
ndensg;and physi cal |ayer repeater for conducting a
second physical |ayer repeating operation in the

Wi I ek ferite biDickarRiititheOslaRAY of hid€esS@LHRBoIRESA Cal
| ayer 40, repeating operation Including receiving the

préRBhind$ 898 idlegd, W t h the packet on the first
frequency channel and transmtting the signa

as s OGjnaleRthibrleletiBneR 36K EherPA if S cRRAGNthe M LM ‘Bﬁ)@l@ ¥nd

channel w thout nodification of one or nore of
iRQHE En AL ER ARG EnBBLdrf3al | On address cont ai ned in
t he packet, the second physical |ayer repeater capable
of perform ng higher |ayer operations in connection
with the second physical |ayer repeating operation,

wher gb oy E{}gwglh{ﬁ epg esalteq‘ @écohﬁ)[get"o clafh §tv91{erémgx ﬁ)m%essor

second p aye repeater- are configure

1§ﬁ?ﬁl%r”co%ﬁéu?e&*t%'séigctﬁ‘relg%ﬁduc{ aelgg&tr %&gfﬁl ét%ﬁ hm%goc\)/a%ranﬁn in

ecCl
d%l%mfl Lo tRe lé’/?%eéfll Iayeeﬁ ree ng o mﬁ)ﬁrﬁ?o%t fik h1 er 1 2:? ;’uenggei?rpvlgcludl

I t cke th
r ggﬁeniisgﬁéﬁﬂ% plgf?irpy HaRPa éﬁ%ﬁﬂ%ﬂﬂaaﬁgﬁ%ﬂec}s i
%ﬁsoc om at eastapo?txo%%% epa&et aQ(? second frequency

determine the manner in which the packet is handled during the

repeating operation based on the first information.

37. A physical layer repeater for conducting a physical layer repeating
operation in an environment associated with a wireless network, the physical layer
repeating operation including receiving a signal associated with a packet and
transmitting the signal associated with the packet without modification of one or more
of a source address and a destination address contained in the packet, the physical
layer repeater comprising:

a digital baseband section including at least first and second signal processor

and a demodulator; and
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40. The system according to claim39, wherein the
first physical |ayer repeater and the second physi cal

wO ayensasepeat er i ncl ude a nenory, and wher ei n BEEUS2006/002508
more of the first physical |ayer repeater and the
seconrqskspe conpled mypad crrapleat emntialing derlferdpandeecian, Bai | d
and maintain a table in the nenory, the table
provessatiéanfigonétoor nore of a routing table and a
filtering table, the table providing information such
t hat the pnesothe signd agbcintaéd with tietpapkey si ¢ sdmplaesample
repeater and the second physical |ayer repeater can
bd€s ergeharete a sphdcedplesandssoci ated wi th t he hi gher [ ayer
operations based on the information. 4 1

transmit the signal sample.

38. The physical layer repeater according to claim 37, further comprising a
memory coupled to the processor and the digital baseband section, wherein processor
is further configured to:

store a plurality of the signal samples associated with the packet in the
memory; and

retransmit the plurality of signal samples after a predetermined delay interval.

39. A system for conducting repeater operations in a wireless network
environment including a network client, the system comprising:

a first physical layer repeater for conducting a first physical layer repeating
operation in the wireless network environment, the first physical layer repeating
operation including receiving a signal associated with a packet on a first frequency
channel and transmitting the signal associated with the packet on a second frequency
channel without modification of one or more of a source address and a destination
address contained in the packet, the first physical layer repeater capable of performing
higher layer operations in connection with the first physical layer repeating operation;
and

a second physical layer repeater for conducting a second physical layer

repeating operation in the wireless network environment, the second physical layer
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repeating operation including receiving the signal associated with the packet on the
first frequency channel and transmitting the signal associated with the packet on the
second frequency channel without modification of one or more of a source address
and a destination address contained in the packet, the second physical layer repeater
capable of performing higher layer operations in connection with the second physical
layer repeating operation,

wherein the first physical layer repeater and the second physical layer repeater
are configured to communicate using a inter-repeater protocol to establish one or
more parameters for deciding which of the first physical layer repeater and the second
physical layer repeater will conduct the receiving the signal associated with the packet
on the first frequency channel and the transmitting the signal associated with the

packet on the second frequency channel.

40. The system according to claim 39, wherein the first physical layer
repeater and the second physical layer repeater include a memory, and wherein one or
more of the first physical layer repeater and the second physical layer repeater are
configured to build and maintain a table in the memory, the table including one or
more of a routing table and a filtering table, the table providing information such that
the one or more of the first physical layer repeater and the second physical layer
repeater can determine a procedure associated with the higher layer operations based

on the information.
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