METHODS AND SYSTEMS FOR SYNCHRONIZING OVERLAPPING
WIRELESS SYSTEMS [0001]This disclosure pertains to the field of wireless
communication networks, and more particularly to a method for improving the
ability of multiple, independent wireless communication networks of the same
type to work efficiently in overlapping geographical areas. [0002]With the
emMBEMaNS: aNON SO TENEWReR SSYSEINREST DYNEaOPERLARPSEN® WaRELIt e,
possibly competing, wireless netwerksshigsing the same frequency spectrum
will become more commonplace. Together with the overall proliferation of
wireless services, interference among various co-located wireless networks
has become a problem hindering the development, and threatening the

future, of wireless services which share the same frequency spectrum.
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networks) is the lack of synchronization. Traditionally, synchronization among
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simplifies a base-station's PHY and MAC design, but this approach too often
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[0002] With the emergence of unlicensed wireless services,
overlapping operation of multiple, possibly competing, wireless
networks sharing the same frequency spectrum will become more
commonplace. Together with the overall proliferation of wireless
services, interference among various co-located wireless networks
has become a problem hindering the development, and threatening
the future, of wireless services which share the same frequency
spectrum.

[0003] One aspect that undermines the coexistence of overlapping
base-stations (responsible for managing the various overlapping
wireless networks) is the lack of synchronization.
Traditionally, synchronization among overlapping base-stations
has been tackled through the backhaul. This simplifies a base-
station’s PHY and MAC design, but this approach too often relies
on third party support, which may not be available. Another
drawback is that the increasing number of technologies employing

license-exempt operation effectively precludes the existence of a



common backbone necessary for cooperation among competing operators
serving a given location. This is further aggravated as the coverage range of
these wireless technologies increase (e.g., IEEE 802.22). [0004]Obviously,
synchronization can be useful in order to allow wireless systems to both
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efficiency, as it allows other dynamic resource sharing schemes to be built on
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benefits gained from having it can be so significant that it is worth pursuing.
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(gn%posﬁﬁg copypeting, wireless communication systems is desirable.
[0005]In a first embodiment, a first base-station capable of communicating

with a first set of remote customer devices using a first wireless protocol and
irst spectrum, and first base-station being configured to co-exist with
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worth pursuing. Accordingly, new technology related to the
synchronization of overlapping, and possibly competing, wireless

communication systems is desirable.

[0005] In a first embodiment, a first base-station capable of
communicating with a first set of remote customer devices using a
first wireless protocol and a first spectrum, and first base-
station being configured to co-exist with a remote base-station
capable of communicating with a second set of remote customer
devices using the first wireless protocol and the first spectrum
is disclosed. The first base-station and the first set of remote
customer stations include a physical layer (PHY) device
configured to transmit and receive wireless signals of the first
protocol and the first spectrum, a suppression device coupled to
the PHY device, wherein the suppression device is configured

inhibit the PHY device from transmitting while the PHY device
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a media access control (MAC) device coupled to the PHY device configured

to receive the remote set of wireless signals from the PHY device, wherein

the MAC device includes a timing estimation device configured to estimate

the timing of the second base-station's transmitted signal based on the
aSeeived wirelsss. slongle ofahe remate deviee, and whereln the AR devies. .

Is further conﬁgured to adjust its own protoch timing in a manner as {0 assist
tinedeereasigosigaakinderference amengstcihedfirst and femaie tasesstationsand

and the first and remote customer devices. [0006]In a second embodiment, a

method for B2EiAing696Ss&iPHe Mterfdente Betheen SO RRst SFhsbSstafion FHY
acanatle of orpmunicating witha, firstset of remote GUStoMer deyices using.a
first wireless protocol and a first spectrum and a remote base-station
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customer stations for a first period while detecting a remote set of wireless
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eemele users.heren each st suppressed perlpdlasts.alleast one frame,
penog of the Tirst wireless proltocol, and agjus Ing the protocd] tﬁﬂnlng of the
afirst hasesstationrbarged eadhegeiegted wiretess sighale imadnasnetias tbirst
assist to lessen signal interference between the first and remote
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qtommunicating with a first set of remote customer devices using a first
wireless protocol and a first spectrum, and first base-station being configured
to co-exist with a remote base-station capable of communicating with a

[cf@%?nd set of remote customer devices using the first wireless protocol and
i
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remote set of wireless signals, wherein the protocol control means adjusts
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<Ry eitber the remate hage-station orthe secend set of Lemale USers angl yges
detected by the PHY device. [0008] The example embodiments are best

understooelfionhi el fojiowimg detailetbdesariptiosmivhe naeadafith thehysical
accompanying drawing figures. It is emphasized that the various features are
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clngrensed oy decigased.fox clartyof fis¢UsSiPRi 1e detecting a remote set

of wireless signals transmitted by either the remote base-station
or the second set of remote users, wherein each first suppressed
period lasts at least one frame period of the first wireless
protocol, and adjusting the protocol timing of the first base-

station based on the detected wireless signals in a manner as to
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Wherever applicable and practical, like reference numerals refer to like
elements. [0009]FIG. 1 depicts two wireless communications systems having
overlapping operational regions; [0010]FIG. 2 shows a block diagram of an
exemplary base-station configured to better co-exist with a competing

a%%giis@go’ﬂééosoelrll]ﬁgngld%%s 98%heﬁé‘éf‘i§ie6‘c'v§‘é‘9np%ﬂgdbg-" ietacgs”gg%ote
usertul for the detectionr of an overlapping wireless system; [ O12[FIG. 4
bdepicts anexemplary co-existence window for

[0007] In a third embodiment, a first base-station capable of
communicating with a first set of remote customer devices using a
first wireless protocol and a first spectrum, and first base-
station being configured to co-exist with a remote base-station
capable of communicating with a second set of remote customer
devices using the first wireless protocol and the first spectrum
is disclosed. The first base-station and the first set of remote
customer stations include a physical layer (PHY) device
configured to transmit and receive wireless signals of the first
protocol and the first spectrum, and a protocol control means for
adjusting the protocol timing of the first Dbase-station and the
first set of remote customer stations in a manner as to assist to
lessen signal interference amongst the first and remote base-
stations, and first and second customer devices, based on the
detected remote set of wireless signals, wherein the protocol
control means adjusts protocol timing based on intermittently
detected wireless signals transmitted by either the remote base-
station or the second set of remote users and detected by the PHY

device.

[0008] The example embodiments are best understood from the
following detailed description when read with the accompanying
drawing figures. It is emphasized that the various features are
not necessarily drawn to scale. 1In fact, the dimensions may be

arbitrarily increased or decreased for clarity of discussion.



communication amongst overlapping wireless systems; and [0013]FIG. 5 is a
block diagram outlining various exemplary operations directed to the
improved co-existence of overlapping wireless systems. [0014]In the
following detailed description, for purposes of explanation and not limitation,
wREAmple empadiments disglosing.shecific delplls areseLiodnnAIdSi o o
provide a ﬁ%?ougﬁ understa ﬁng of an émbodiment accoroehng to the present
tteachirgs Haweaver, it will be apparent to one having ordinary skill in the art
having had the benefit of the present disclosure that other embodiments
according to the present teachings that depart from the specific details
disclosed herein remain within the scope of the appended claims. Moreover,
[abesgriptions of welk-knevd apparatkisiang neihaasinay ke ® e asteing
not obscure the description of the example embodiments. Such methods and
OHFpArES e VRSN WARTH tHEESESHE of the present teachings. [0015]FIG. 1
(diBiCts tupoveranaing wisless caTuguaicalions, Sxslems AINERBYING: on
overlapping operational regions, ZONE A and ZONE B. As shown in FIG. 1,
coamipuniedtion SystemA incledes a first hase-statiet 120 Ahadng @t ion;
antenna 130A with the first base-station 120A being coupled to a supporting
[QO&rﬁmunFﬁiong’ batkBonEMelkPsrk 138A. ‘Sitdikdy, SREAR Systan'st

pibeludes %%%%%'1@ %ie-siﬁgqraé%%ﬂaaﬁngo%n %’i‘lte%%ﬁQEQWHQ thei reless
second base-station 120B being coupled to a second supporting
sgemenunications backbone/network 110B. As is depicted by FIG. 1, the

plary communjcations backbones 110A and 110B have no common

O i otire Pt 5% baFuscd CRRaBla the frotb s tatisn 130 ¢

coyehonize withdhesgcongkasesiation 12081Nete Syawever; thatthe
various methods and systems of the present description may be applied

[G@b3rdIe§d 6f whether 3udH alonthdatsatkpBheé 18 BRailasE srufot exemplary

operations directed to the improved co-existence of overlapping

for
(0]

wireless systems.

[0014] In the following detailed description, for purposes of
explanation and not limitation, example embodiments disclosing
specific details are set forth in order to provide a thorough
understanding of an embodiment according to the present
teachings. However, it will be apparent to one having ordinary
skill in the art having had the benefit of the present disclosure
that other embodiments according to the present teachings that
depart from the specific details disclosed herein remain within
the scope of the appended claims. Moreover, descriptions of
well-known apparatus and methods may be omitted so as to not

obscure the description of the example embodiments. Such methods



[0016]In operation, the first base-station 120A can communicate with a

variety of customer devices (e.g., mobile computers or specialized Customer

Premise Equipment (CPE)) residing in ZONE A using, for example, a

wireless Time Division Multiple Access (TDMA) protocol (e.g., IEEE 802.22)
Jyih e rolocal hayino a gensralycanfinpoys, series, gldraies Wil eachon.

rame divided into various downstream and upstream siots. Similarly, the
tsacorichdase-station 120B can communicate with a second set of customer

devices residinc% in ZONE B using the same TDMA protocol (and same
[4Pealiendy Spectrunippastife firéP bassstams 290X (SiveRthE YRR SRt +ons

sgeearaphig andsspectial averlap, of ZONE A aiygezgé\i%&lit is-gppatentiiat A

the transmissions from the two base-stations 120A and 120B and associated
apdstophiér devicas caoimtederediith dne epotieritethieodetrimentmofalincludes
Agcordin ly, the overlapping wireless communications systems A and B ma
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pegimenttoithern J00Ldimthe-presant embadisngpt Hhe c@MPRING i cat ions
communications systems A and B can cooperate by monitoring one another's
bgfrehasedmpdsions, add Plodifying atibslaspectoBrthdie eirwirefagstem B
s gmisslons In ways{ha) can redupe uiuAlinieripronce pased on e s on e
monitored emissions. For example, By monitoring communications system B,
tthe Besi@oinbuBucatians systernpA sannde idvaithe Pratocol smitgiotsupporting
communications system B and adjust its own protocol timing in a way to

: . ( y
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at which frame boundaries and (in some cases) superframe and/or slot
cbonndanes ete otturghgandigikeotldecormtaudto pedddivallyredcie. Pretotorst
timing mat/y, also include the timing related to, ;ee:cial signaling
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1rasMigsion, thefining of-speciahpURESe, G MBHAICATI ANHIWINAQWS ANKESBhe
on. [0019]Returning to FIG. 1, it should be appreciated that better
pEsssatatidreanayideheriad fthawmelinicaisis prstoedlsifepther such a

common backbone is available or not.

[0016] In operation, the first base-station 120A can communicate
with a wvariety of customer devices (e.g., mobile computers or
specialized Customer Premise Equipment (CPE)) residing in ZONE A
using, for example, a wireless Time Division Multiple Access
(TDMA) protocol (e.g., IEEE 802.22) with the protocol having a
generally continuous series of frames with each frame divided
into wvarious downstream and upstream slots. Similarly, the
second base-station 120B can communicate with a second set of
customer devices residing in ZONE B using the same TDMA protocol

(and same frequency spectrum) as the first base-station 120A.
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the wireless communications systems A and B could be designed for passing
useful information and commands between the wireless communications
systems A and B. Still yet, cooperation may be improved if the various
customer devices could likewise pass useful information and commands

chewee éhg%ié%'t?séfco@én“r%\‘ﬁﬁ‘ii%”%éé(?’ée@ét/*é‘fdo@éﬁféﬁh%% &0f g
tJhls disclosure, such cogpe?atl e information and commands can be re errea
zunas mspects of apaexistenicetBeaeon Protocal’s (CBR) £ Foithel énfowm abiage -

about CBPs, as well competing wireless systems in general, can be found in

SR Eugtitive PRY/MKC PAOSbsarfdr FEEE 802028 WREN BYisterfisvices can

i Nayember,2005) Racymantdio I EESQR.22: faf01 0y 0y Carlos Gsdeie.,,
as well as United States Patent Application No. 60/733,518, both herein

timeorperatedibyne fererces Fsthedmentirety {0020 |EiG L 2rshowsiadlBckay both

bdiar%fralm f an exemplary bas%-station 20 confilgured to better co-e>fist with a
EOMmpet n%ybé:soqufea B eMilibying Advatagedns detsalisy, 2¢ +1ttte or

nPessagenRassing and-sygnchronization techniques. As shown in FIG. 2, the
exemplary base-station 120 includes a controller 210, a memory 220, a

[GpEdia adeessheomtsiRe(MATPdekee 230, Hsupprassicmeevieepsg, et ions
Sgg sical | eragng%.\@ d%\éiﬁe 250 and %réizrégiult/or%%l{tt%%vi%e 290. The MAC

em coopera 1 . on .an er'’s
Incluaes a timing estlmatlonpdaewce a synchronlzgtlon dﬁewce%

wand Peee-exisienie gdeyicendBemothia PHhY 2bQrncludes sodetection devide 26kdn
and has a link capable of coupling to an antenna (not shown). The
Yinitt Rt A& 290 Can"BE TolipRid (78 cHRTMGRICANBHbackBbRENFE ST Ce

38y uppper;of technalagies (002 LiAthough the exgmplary.base;siation 1209 4
of FIG. 2 uses a bussed architecture, it should be appreciated that any other
communications system B, the first communications system A can

derive the protocol timing of communications system B and adjust
its own protocol timing in a way to minimize mutual interference.
[0018] For the purpose of this disclosure, the term “protocol
timing” as it relates to a wireless signal can refer to the times
at which frame boundaries and (in some cases) superframe and/or
slot boundaries are occurring and should continue to periodically
occur. Protocol timing may also include the timing related to
special signaling bits/bytes/words, the expected timing of
upstream versus downstream packet transmission, the timing of

special purpose communications windows and so on.

[0019] Returning to FIG. 1, it should be appreciated that better
cooperation may also be had if the communications protocols for
the wireless communications systems A and B could be designed for

passing useful information and commands between the wireless
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architecture may be used as may be known to those of ordinary skill in the
art. For example, in various embodiments, the various components 210-290
can take the form of separate electronic components coupled together via a
series of separate busses or a collection of dedicated logic arranged in a

highly specialized architecture. [0022]It alsQ should be appreciated that som
T o eoninis S50°290 i ke i farmy By oLk 8y e
i spftwaeelfirhiwaresroutife s tiesiding iprmemary 228 andde aapaite wf beingas s

executed by the controller 210, or even software/firmware routines residing in

USEf&rate MBARIMEE h Separdtéd serferfEaMPute 3 bdifgexedited by tretess
cAfffprantcentiollers, J003Stilkfurther, igshoulgd alsohg.appregigled that cp; g

various remote customer devices may possess similar components with
dsisdlarsfunetioraliphtodhose wompeneims 219s29@shewd ircki@a2@ndcan be

d%scribed herein with the caveat that such com onents on a remote. , (CBP)
LEhStohTer G8viee rﬁﬁ?%cot[%eoed fo p8§§é<§§ R SEnfE %Sﬁ{lpleﬂf); 35%he )

compeaents;ZLH-4901be basestationrl?0 afyl spe3ame oihha camponeRtsdns

FIG. 2 can be omitted (e.g., the synchronization device 234). [0024]Returning

SitP FRES 21 Betisiecthelex€nipl&y hasadtation A Xrstaksiirs "RHUIMAC Proposal
g R T e e el S e
stor itseifo fororetated avgtaraen devices antegssibly feriall ethevhasedstattens:s
that might be affected.

Patent Application No. 60/733,518, both herein incorporated by
reference in their entirety.

[0020] FIG. 2 shows a block diagram of an exemplary base-station
120 configured to better co-exist with a competing base-station
by employing advantageous detection, message-passing and
synchronization techniques. As shown in FIG. 2, the exemplary
base-station 120 includes a controller 210, a memory 220, a media
access controller (MAC) device 230, a suppression device 240, a
physical layer (PHY) device 250 and an input/output device 290.
The MAC 230 includes a timing estimation device 232, a
synchronization device 234 and a co-existence device 236. The
PHY 250 includes a detection device 252 and has a link capable of
coupling to an antenna (not shown). The input/output device 290

can be coupled to a communication backbone via any number of

technologies

[0021] Although the exemplary base-station 120 of FIG. 2 uses a

bussed architecture, it should be appreciated that any other
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[0025]During this initial quiet period, the suppression device 240 can prevent
the PHY 250 from transmitting while permitting the PHY 250 to passively
"listen" for other wireless systems that may be already actively providing
communication services. The exemplary PHY 250 uses its detection device

2§22 1 detect.externa) communigation, services Usina the same.projfocal and, .,
requency spectru% intended for Use By the base-station 120 of FIG. 2. As
sthiese signatharesdetecteddtheyasecbayeried i addigitalmiabd Strears,, the

which is in turn provided to the timing estimation device 232 in the MAC 230.
VRI0LBION e TR ISR Stre 405 78 Beived! thEHiRing-E&timEtbR d&fice IPEah e

¥5¢ the data stieam 1o determipedhe fuglasal iming of e exiemsy Wikeless e

signals. [0027]In case of the base-station 120, after the timing estimation
bdeviece 232 hasesfinatedthe protedortindny bbthieedetected edrelessisighals]y

the syrlc,hrogization,device 234 can cause the MAC 230 to adjust its own
SBfStocortnthg i ST 5 WA as to assist to lessen or minimize potential

[doterference hetweamany aviteless signalsspragiucad by dhadase-station e -
and the wireless signals produced by the remote base-station. In case of a

Lt eEnTRBRLSENEr 2eVice theyestfify) fitttnd ofthe Exterhiab airsléssmware
mmunicated to t

2908l may be communicated first basgstation, 120 whq.can, Wy g
proceed as described before. f(%z ?In Gertain embo iments, SUch
b$ynem@nizatora1desimplyo, or even software/firmware routines
residing in separate memories in separate servers/computers being
executed by different controllers.

[0023] Still further, it should also be appreciated that various
remote customer devices may possess similar components with
similar functionality to those components 210-290 shown in FIG. 2
and described herein with the caveat that such components on a
remote customer device may not need to possess the same
complexity as the components 210-290 the base-station 120 and so
some of the components in FIG. 2 can be omitted (e.g., the
synchronization device 234).

[0024] Returning to FIG. 2, before the exemplary base-station
120 starts its “regular” operation, i.e., it provides continuous
communication services for its various customer devices, the
base-station 120 can initiate a quiet “listening” period for

itself, for related customer devices and possibly for all other

base-stations that might be affected.

[0025] During this initial quiet period, the suppression device
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consist of aligning the start of frame boundaries to coincide with the start of
the frame boundaries produced by the detected remote base-station. This
embodiment does not require that any respective local and remote frames be
aligned (e.g., frame 1 to frame 1, frame 2 to frame 2 and so on), merely that

2{Tgme-Royndaries be aliopgd. LAAROlIn other embadimens, hpwewer, iean e,
useful to gﬁgn respective frames, superIPrames, sets 0 s%per rames and so
ths. Byvalipungsupesframasy; it isi assumetbthattframnediaundakes ganahe that

aligned, as well as frames (i.e., frame 1 to frame 1, frame 2 to frame 2 and so
M), Rfot oA IeRS SHBERY skyrfAlihg Bits, StEBD36RVHAR thEDa5ESStatiod
%2001 he present argbodipent j$ capable of exgeuling;tbe abgve-descrbed .

initial quiet / alignment period, it should be appreciated that even should the
eAC 1280 imtialhppioducea pedertyalignesisignd iproteeoiawithmespect toand
the remote base-station, [I:glroto§ol clock drift agd other system imperfections

FESTLRS ISPALHT P ARl RARE BOind5 T diift rOATTE 55 D Bndther OF
roxer ﬂme-kfbaéﬂgm,@itgﬁéy\éf%l%s &5&9@&?&!@?”&&9@@&%‘%@8@ thero a

same resources and in overlapping geographical locations.

digital data stream, which is in turn provided to the timing
estimation device 232 in the MAC 230.

[0026] Once the data stream is received, the timing estimation
device 232 can use the data stream to determine the protocol
timing of the external wireless signals.

[0027] In case of the base-station 120, after the timing
estimation device 232 has estimated the protocol timing of the
detected wireless signals, the synchronization device 234 can
cause the MAC 230 to adjust its own protocol timing in such a way
as to assist to lessen or minimize potential interference between
any wireless signals produced by the base-station 120 and the
wireless signals produced by the remote base-station. In case of
a first remote customer device, the resulting timing of the
external wireless signal may be communicated to the first base-

station 120 who can, in turn, proceed as described before.

[0028] In certain embodiments, such synchronization may simply
consist of aligning the start of frame boundaries to coincide
with the start of the frame boundaries produced by the detected
remote base-station. This embodiment does not require that any

respective local and remote frames be aligned (e.g., frame 1 to
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[0031]In order to counteract these cases, the base-station 120 can further
employ periodic intermittent quiet listening periods in order to realign local
and remote protocol timing. [0032]These periodic intermittent quiet listening
periods, also referred to as "self-coexistence quiet periods”, need not be

ff{g%e% and while g‘etbés%}sé%%onzcagnh V%&P%‘xﬁleﬁe HS]‘[?Q m t%h%hcoo%e ame
their occurrence and frequency, it can be beneficial to regularly schedule the
bselfidoexisteee guieipetiods in every superframe, and done in a random

way to increase the probability that overlapping base-stations and/or remote
[qugﬂomeme@rc%%r SEEEESSTU detdR Eath othet. TRE difatisit bl diief1+9n

rBepad. candypicalix be ofjsss thapone frape size Liycan-alsobe 0hoag on .

frame, and possibly of multiple frames. [0033]FIG. 3 depicts such an
Bgxefplanngirelgssrifansmitied sigiral desimga ramdonilyfpse ldosndadorsy can
bgg%ir,ated(gelf-coem )ience gugat time selection along with an initial qwgt time

BB ovE As SRoWITIFEIG "3 the protBEolof the' EXAMple wifdtBSs 2

tsignabhas aniitial guiet time13k0 follewed by o repeating setiofsuperframes
SFO SF.._a, where NS defines the number of superframes in a set. Also
eslkown in FIG. 3, each superframe SFOSFNS1can have a predetermined set

bty SRR ER e tepunbensl anesy sasciate ..
CS@LQBM sueh thakahn tritegnittent quisbperiad sdlk Desar evety: NS x R frame /
a ?gg%th period, it should be appreciated that even should the
MAC 230 initially produce a perfectly aligned signal protocol
with respect to the remote base-station protocol, clock drift and
other system imperfections can cause local and remote frame
boundaries to drift relative to one another over time. In
addition, other wireless systems may start operation using the
same resources and in overlapping geographical locations.

[0031] In order to counteract these cases, the base-station 120

can further employ periodic intermittent quiet listening periods

in order to realign local and remote protocol timing.

[0032] These periodic intermittent quiet listening periods, also
referred to as “self-coexistence quiet periods”, need not be
frequent, and while the base-station can have complete freedom to
choose their occurrence and frequency, it can be beneficial to
regularly schedule the self-coexistence quiet periods in every
superframe, and done in a random way to increase the probability

that overlapping base-stations and/or remote customer devices
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[0034]During each quiet frame FN, the suppression device 240 can suppress
PHY transmission while allowing the detection device 252 to detect any
remote wireless signals. Using the detected signals, the timing estimation
device 252 can again estimate the protocol timing of the remote wireless

Si nglssg%the Syne ronization. device 4 can agglé/acopv r encecroutined
®{o force the MAC to s |d(§3"'?1|é:gl porgto%rol tiri%\ls to be closer o (i%n%lt'ueiacﬁﬁ)rlo
ctie pyatoealltiming ob tha eerote hasensiatioamf0R3¥Vhile anyatumbes dbe of

possible convergence rules may be employed by the synchronization device,
ORShbERIBe fb’ﬁgel?%‘fédlﬂjré& iP Eafb-d@difaliiEaBainit the acceptable

[GARyergenge tirge a@g@c%ar@u@?%ccgy&ﬁgﬁgﬁ; Ascrdingly, @ udicious g
choice of convergence rule(s) can be desirable to optimize performance.
sf0936] Note thatgwheneves tiveplotopektiding ah tvenMAC @80ds ithdsted,sil £ -
should be a%)preciated that th(—itime, for SLiCh a sli,dc-ilmz%%/ be best if at a ,
CEGP&MEE Bothtaly ot £'S8E5F s0Befirafies BoindAry 54 thdt (Ra'fihitg™e
aglide-does ol dispdpt-any daja cemmunicatian, the MAG230-6aB a5C0Wt fohe
the slide when scheduling future upstream and downstream transmissions,
SEAUTURhEF SeHEE o soamalinicateaRithttistomerbiglicéd Bpdidthefol lowed by

aDase-stalions to.coordinats. and canfir any timing adjystments made.lt; ¢,
should also be noted that in case OF a CentralizedF atcess system with a
nbhase-stadipn shafk itfeambe the respsasibilityrofdbe diasenstationr120 teadjusth

the protocol _
superframe SF, .. SF can have a predetermined set of frames F, ..

NS-1

F where FS defines the number of frames in a superframe. For

el
the present example, frame F, of superframe SF, has been randomly
selected such that an intermittent quiet period will occur every
NS x FS frame periods.

[0034] During each quiet frame F,, the suppression device 240 can
suppress PHY transmission while allowing the detection device 252
to detect any remote wireless signals. Using the detected
signals, the timing estimation device 252 can again estimate the
protocol timing of the remote wireless signals, and the
synchronization device 234 can apply a convergence routine to

force the MAC to “slide” its protocol timing to be closer to (if

not exactly) the protocol timing of the remote base-station.

[0035] While any number of possible convergence rules may be
employed by the synchronization device, it should be appreciated
that it can be desirable to limit the acceptable convergence time

while guaranteeing convergence. Accordingly, a judicious choice
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timing, which is announced and followed devices. [0037]Returning to FIG. 2,
the MAC 230 can be used to coordinate and confirm timing adjustments by
use of a "self-coexistence window". FIG. 4 depicts such an exemplary
self-coexistence window as part of a number of upstream slots located at the

o%”go%{&%arrasn%@’ 2UPE Qfé‘%‘mga%Fb?T%%§§¥'a$o°1ee’“%t§”8 Vindow need not.be

as long as™a quiet window - typically a few slots with g ard bands on either

[a0de] to amcaunttotsighatdelay prbpagatenclI038|hheahdve-memonero is
coordination and confirmation of time-slides/synchronization, as well as other

Agy&ehT Mahtef&fte & SRRATHL HEdMRDddBE thidligh PerfBtfit packet 9
nifnemissions;and recentions AUG e SellF0sXiSteNge WINAOWS FR £ rames

example, after a first base-station makes a protocol timing adjustment,
beymckaronizatién nidyg be Wonsidenedxoaipldeediars confirnded onpe afirgt data

"beacon packet" is s}tljccel\?sfu”)é r%ceived from an overla[])_piannceII. Il:or the N
CHUmBBEEGF & disBSuréAthe ARy padetsFE 3 Mitted Fnd FéCeivet GSing e
sthe-eerexigience- windowpean-falhunder thewagexistence BeaconsBiesol” and

(CBP) discussed above, and packets transmitted under the CBP can be
frafehed t6@sibrakon pagkeicate with customer devices and other

base-stations to coordinate and confirm any timing adjustments
made. It should also be noted that in case of a centralized
access system with a Dbase-station 120, it can be the
responsibility of the base-station 120 to adjust the protocol
timing, which is announced and followed by all remote customer
devices.

[0037] Returning to FIG. 2, the co-existence device 236 of the
MAC 230 can be used to coordinate and confirm timing adjustments
by use of a “self-coexistence window”. FIG. 4 depicts such an
exemplary self-coexistence window as part of a number of upstream
slots located at the end of frame F,, superframe SF . The self-
coexistence window need not be as long as a quiet window -
typically a few slots with guard bands on either side to account

for signal delay propagation.

[0038] The above-mentioned coordination and confirmation of
time-slides/synchronization, as well as other system maintenance
issues, can be accommodated through periodic packet transmissions
and receptions during the self-coexistence windows. For example,

after a first base-station makes a protocol timing adjustment,

13



[0039]FIG. 5 is a block diagram outlining various exemplary operations
directed to the improved co-existence of competing base-stations. The
process starts in step 502 when an initial quiet listening period is performed
by a base-station to detect the signals produced by a remote base-station.

s NeX,IN SIS0 504, the timing of theremate base-station s protogal 15 4 once a
gstlmate&, and calculations fo produce the necessary synchronization of the
fhase-statiores-transmitack signali s pertorawed: fiantyol contiviresdo steh06an

[0040]In step 506, the timing for periodic quiet/listening frames (or other time

OBERAASPLAY bEetinedt Riext if SBPRVE th tikling 6 fenediers: the any
pSeexistence peripdscang defiped, Thencin-stepial 0. the basesstation caf,

start transmitting using protocol timing as defined in step 504 and having
cquiefaht coexsterice pPereds siscdefindtarste 06 and' 508BEbniiotcussed

continues to step 512. [%)04 éln,ste 12, a scheduled quiet time is executed
I%k e %ﬁsun g] g to

1
2RRY BigFAIS HRSHT BTirer e TEMOS Baselsiations or femdtd tudtomer devices

aGan pedetectad: ey in step 514, a scheduled coexistence window can be
executed and any pertinent co-existence data can be exchanged. Control

[3§linueE 6 stép 5F6.3004 A K st@ BB angutddessagy Nt estimugpalary

o%@gations directed to the improved co-existence of competing
base-stations. The process starts in step 502 when an initial
quiet listening period is performed by a base-station to detect
the signals produced by a remote base-station. Next, in step
504, the timing of the remote Dbase-station’s protocol is
estimated, and calculations to produce the necessary
synchronization of the base-station’s transmitted signal 1is
performed. Control continues to step 506.

[0040] In step 506, the timing for periodic quiet/listening
frames (or other time periods) can be defined. ©Next, in step
508, the timing for periodic co-existence periods can be defined.
Then, in step 510, the base-station can start transmitting using
protocol timing as defined in step 504 and having quiet and co-
existence periods as defined in steps 506 and 508. Control

continues to step 512.

[0041] In step 512, a scheduled quiet time is executed, and
signals from either the remote base-stations or remote customer
devices can be detected. Next, in step 514, a scheduled co-

existence window can be executed and any pertinent co-existence
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convergence routines can be performed, as well as any synchronization
operations, e.g., "sliding"”, necessary to align the protocol timing of a
base-station to a remote base-station. Next, in step 518, confirmation
operations can be performed using the CBP discussed above - typically
afyguah 2 subssaent.oexistence yindow, Gopirol toen Jumpsdiack to step
51 andnloops continuously through steps B12-518 as needed until the
[@4flect base-station caiases eparatinac 304N variausemeadimnents srtherend
the above-described systems and/or methods are implemented using a

Cprografiable d&HEe Sith 488 coﬂ?put@%ggél‘f}%sterﬁ%r p‘f’@&ﬂamrﬁﬁbleany
sgg%fgaq%lgi%aepé%@%@fu the aPovsﬂ%%qébed ﬁg%tgg;%@gdto align
methods can be implemented using any of various known or later developed
tpeogrammmirgllanguage spSueh aaste!'s te v+ RORT RANY tRabeal®, - 3Md4DLOn .
and the Iike.%)%044 Accordinq%, various stor?z?,e media, sgch as r%”lalgir?e ic |
NEBhputBr BiiR, dbtical Aieks SIEAPENIERERGITES and theTliks dan e Us1n9
tReepared that capseentaipdpformation thahaan direchadevdce st co-
computer, to implement the above-described systems and/or methods. Once
egh Hpptepridicidevice kas breéssiethd WitoPmdion &nd Pregrarhs coriarkeers
on the storage media, the storage_medja can provide the information and ..
CSPotgﬁglrﬁosu%P%eqﬁg\ﬁgggthﬁge ngab in%t egdeavél)cerl 0 %gr olrlr%tthrg the Slgb] ect
pabevetestohedsystems@ndion siethods. [0045]For example, if a computer
disk containing appropriate materials, such as a source file, an object file, an

[QESttadie fil& ot THE IRECREIRIIbSidERFESa [ddm pherenfiessmilrer sydibems
IRerive the information; appropriately ganfigure itself and pefarmthe . gucn

functions of the various systems and methods outlined in the diagrams and
aBowcleartyabevelesaplementtheovapaus isnctmnse Thag is; the torsiputéd be
could receive various portions of information from the disk relatin%‘to different

ABRMMEAR S hE MoV 8e88ME AFEtES BN TS EEio A8 InfiREmTT the™ e

i iRsividuaksystems agd/anpetheds,and gagrdinate the functigns of theve1oped
individual systems and/or methods described above. [0046]The many
PleegyRISang advaatmfssof thedhvestiditére "C++", "FORTRAN", Pascal",

"VHDL" and the like.

[0044] Accordingly, various storage media, such as magnetic
computer disks, optical disks, electronic memories and the like,
can be prepared that can contain information that can direct a
device, such as a computer, to implement the above-described
systems and/or methods. Once an appropriate device has access to
the information and programs contained on the storage media, the
storage media can provide the information and programs to the
device, thus enabling the device to perform the above-described

systems and/or methods.

[0045] For example, if a computer disk containing appropriate
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apparent from the detailed specification, and thus, it is intended by the
appended claims to cover all such features and advantages of the invention
which fall within the true spirit and scope of the invention. Further, since
numerous modifications and variations will readily occur to those skilled in the
n@fultis not desirgd to limitthe inveptipn to the exact copstruction and. ., a1
operation illustrated an escnged, and accorglng? , all suitable modifications
famnd eguivatents kaay berkesartad e dallingawitbitp the scopaaofdbedaventioauld
CLAIMS 1.A first base-station capable(120)of communicating with a set of
it 18Mmotel st Erdevites usiRgRE fiidt Wireldéds (TotdcsT & alfir§ELE  and

peRectHM: AN firstbases siatiqn,being ¢anfigutrd (o, coex skt ALsemAle: neg
wireless system having a remote base-station capable of communicating with
ia sehef secgnhremetedcustomsraiavicesogsiag thve fingt Wereless pretovelaad s

the first spectrum, the first base-station comprising; . a physical layer .
R Fevice (25) Cofiguted 8 HARSICAIH Fecdios Wirolbes Sy Br e
ofirst protasat and the dirstsRecian re12 8URBrassien deviced240) spupled o

to the PITY device, wherein the suppression device is configured to inhibit

thie PrPOdevidesraranspiti AgIthile e PHY debited@etecisa rermite sdthe

;ghwireless sianaisiansmited By gl eastone ofihe female hase:siaion and,
a second rembte customer device; and °"amedia access controﬁ ,&831

tHeviced 230 cauptegstosthe BHY/ devicetansticoatiguretddodegesethe remote
set of wireless signals from the PHY device, wherein the MAC device

[9ReN des BmiRy Estifatior aBviRB 288 Eoritigifed 36 eSfimate i bidtBedi e
apgg'}%ﬂé the remotehaserstatianiy and/or seeaad fgmote customgrdevice's ;
ransmitted signal based on the received wireless signals, and wherein the
1MAQ dsvideyistfhetheppenfigdreditoiagjusbits ovarprotdcaiuch features and
advantages of the invention which fall within the true spirit and
scope of the invention. Further, since numerous modifications
and variations will readily occur to those skilled in the art, it
is not desired to limit the invention to the exact construction
and operation illustrated and described, and accordingly, all

suitable modifications and equivalents may be resorted to,

falling within the scope of the invention.
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timing in a manner as to lessen signal interference between the first
base-station and remote wireless system. 2. The first base-station of
claim 1, wherein the MAC device includes a synchronization device (234)
configured to adjust its own protocol timing in a manner as to align frame
boundaries of the first base-station'éltlgmnitted signals with frame
boundaries of the remote base-station’s transmitted signals. 3. The first
base-station of claim 1, wherein the MAC device includes a synchronization
device (234) configtl;red to adjust_its own protacol timing in a manner as to

align Superframe Boundadretof tRefet Ba8-LRion'STBAShfted Sighdls  ©f
WithsHrerrame;boundarigs oL theyempls base-statien's transpiifted sighalse s
4. The first base-station of claim 1, wherein the suppression device is
usonfigueedftorsttibiv theePERS devicd fromltransmiting dosing sipdritiabquietnd
fperiod h{gﬁ[ﬂore _re%ulztar.o?ler tional transmijssion of the first ba_se-s.'tatjcon. . ﬁS
THE Hirsthige-Sfafion Sfcla 4, Wh&ein Et%usruep%reggioncgeﬁ%{el furthier @
reqfigsired tesinbihit the R dexicerfeon tansaIiNgALINg 2 PUBRCE Shab 1 e
repetitive, intermittent quiet periods during the regular operation of the first
OfasELHion1 SUpbhshsivi BBvice iSednfiredt0GRAIBit tRETPFE d&iled omer

d%%@éé?sr@ggﬂ%d%@{‘@ "?‘frl‘i»’??ﬁ'rv?{ £%§Leet§.i¥e’ Intepraitent quie! Periadsy ; ¢
uring the regular operation of the Tirst base-station.
spectrum, the first base-station comprising;

a physical 1layer (PHY) device (250) configured to
transmit and receive wireless signals of the first protocol
and the first spectrum;

a suppression device (240) coupled to the PHY device,
wherein the suppression device is configured to inhibit the
PHY device from transmitting while the PHY device detects a
remote set of wireless signals transmitted by at least one
of the remote base-station and a second remote customer
device; and

a media access control (MAC) device (230) coupled to
the PHY device and configured to receive the remote set of
wireless signals from the PHY device, wherein the MAC device
includes a timing estimation device (232) configured to
estimate the protocol timing of the remote base-station’s
and/or second remote customer device’s transmitted signal
based on the received wireless signals, and wherein the MAC

device 1is further configured to adjust its own protocol
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7. The first base- station of claim 6, wherein the repetitive, intermittent quiet
periods are each n frames long in duration, wherein n is an integer greater
than zero. 8. The first base-station of claim 7, wherein n is one. 9. The
first base-station of claim 7, wherein the first base-station assigns a random

f ber f er itive intermittent qujet peri e fir
ek bet Eh pegtiye, ifermitent quetReriods. . £ . 19, [he first
base- t;'utL;%n of cé\%lr}ﬁeg w%erein rtie%st aségsta%on%lur%éreass%ns a srween
tdupeffrare magkerdrom et of Supesittaneswcorefrising thesftrstn .
base-station's protocol to the repetitive intermittent quiet periods. 11. The

first base-station of claim 10, wherein the first base-station assigns a random

superrame fymher, o+ 1 Hhedirst bage-stationaiclaim Jywberein the wac
MAC device further includes a co-existence device (236) configured to
destablishapkviddic coramorhamesistaricertievperod Batweearpthieifinstadd to

g:mote base-stations, vJ\éherein each common co-existence tirtne piriod can
20d U8Ed 15 exANGiY mesaiel hefvedh BalEadtitiond® t© a-1gn trame

boundaries of the first base-station’s transmitted signals
with frame boundaries of the remote Dbase-station’s

transmitted signals.

3. The first base-station of claim 1, wherein the MAC
device includes a synchronization device (234) configured to
adjust its own protocol timing in a manner as to align
superframe boundaries of the first base-station’s
transmitted signals with superframe boundaries of the remote

base-station’s transmitted signals.

4, The first base-station of claim 1, wherein the
suppression device is configured to inhibit the PHY device
from transmitting during an initial quiet period before

regular operational transmission of the first base-station.

5. The first base-station of claim 4, wherein the
suppression device is further configured to inhibit the PHY
device from transmitting during a number of repetitive,
intermittent quiet periods during the regular operation of

the first base-station.
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13. The first base-station of claim 12, wherein the common co-existence time
period further can be used for exchanging messages directed to the sharing
of bandwidth resources between the first and remote base-stations. 14.
The first base-station of claim 12, wherein the periodic common co-existence
time period gansigts Lons rdmots Ue sipts embedded i a sehof LpBeam
timeslots of a particular assigned frame. 15. The first base-station o

sclpivt &4 sWhereire thieceericgliccorf inpmreaiexistenna timecpeficd rMhedevice
includes one or more guard bands. 16. The first base-station of claim 2,

L RRBrein tRE R 6AZStion HeviteEmphys &EBRErgenté roulir@fo-+t1ve:

1Rerindically adjustits own 1L tiFing tacqnyerge with the prtocq! fiming ¢
of the remote base-station. 17. A method for lessening the interference

thetweenstfilstbase stationl20) capable of communicating with a set of first
remote customer devices using a first wireless protocol and a first spectrum
and a remote wireless system having a remote base-station capable of

communicating With 2 set ¢fses0nd semete cystomes daviees usingribedirsthe
wireless protocol and the first spectrum, the method comprising;

re@fidicallysuppies Syt fraimdmissién bf R prySIEA |6 (MRAehdavicérames

1820) ol the fist base-syation.for afirgtperod whilg detesting 8 (emple,seLof,
wirgless signals transmitted by at least one of the remote base-station and a
second remote customer devices, wherein each first suppressed period lasts

at least one frame period of the first wireless protocol; and adjusting the
proto€ol timirigFof tHe fifst PAsEstatiBh baBe®dn thePddtected Wielezs: » 1s

osignals received during at least a first suppressed first period in a manner as
to lessen signal interference between the first base-station and remote
wireless system.

9. The first base-station of claim 7, wherein the
first base-station assigns a random frame number for the

repetitive intermittent quiet periods.

10. The first base-station of claim 9, wherein the
first base-station further assigns a superframe number from
a set of superframes comprising the first base-station’s

protocol to the repetitive intermittent quiet periods.

11. The first base-station of claim 10, wherein the

first base-station assigns a random superframe number.

12. The first base-station of claim 1, wherein the MAC
device further includes a co-existence device (236)

configured to establish a periodic common co-existence time
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18.The method of claim 17, wherein the step of adjusting includes:
estimating the protocol timing of the remote base-station's transmitted signal
based on the remote wireless signals detected during the first suppressed
period to produce a first estimated time; performing a convergence

pRIOCESS paseran the first ?%t'&@a?rq&i@%ﬁggé‘ lacal pr 8@&&&%@@9 Oherein
etermine a time change adjustment useful to improve synchronization
cbhetiveercihediist aad eemaetediase-statiors; ard-i odapplying the timeeanger

adjustment to the local protocol timing to better align the local protocol timing
Stothaemoe PRSI amimgs tWe 9. PRE Ficth6d 6PBISm 18, further
comprising establishing a periodic common co-existence time period between
the first and remote base-stations for exchanging messages amongst
base-satiorhandfcustomdred®icesa whereir fheariodiclcommidrerein the

co-existence_ time period consists of one or more tilige slots emEedded ir(1jaf
oA ar S sTa e FARE of thEFirdt Wirchshs prdtoesc ©28. RfirstiSed tor
chasessigtion (120 sapalle @i rected to the sharing of bandwidth

resources between the first and remote base-stations.

14. The first base-station of claim 12, wherein the
periodic common co-existence time period consists of one or
more time slots embedded in a set of upstream timeslots of a

particular assigned frame.

15. The first base-station of claim 14, wherein the
periodic common co-existence time period further includes

one or more guard bands.

16. The first base-station of c¢laim 2, wherein the
synchronization device employs a convergence routine to
periodically adjust its own protocol timing to converge with

the protocol timing of the remote base-station.

17. A method for lessening the interference between a
first base-station (120) capable of communicating with a set
of first remote customer devices using a first wireless
protocol and a first spectrum and a remote wireless system

having a remote base-station capable of communicating with a
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communicating with a set of first remote customer devices using a first
wireless protocol and a first spectrum, and first base-station being configured
to co-exist with a remote wireless system having a remote base-station
capable of communicating with a set of second remote customer devices

sdsingfpe fir 8%‘9!'&58"55?&&%0&0' 8&9%%%(%?? S&%&H%@‘s the firgt base;station,
comprising; a physical layer (PHY) device (250) configuredto transmit

wanc leces/e wirelesssignadsiaf theHfest farotecol amddhe fitst spectiam; meadhod
a protocal control means (250) for adjusting the protocol timing of the first

CHHEE-$tatiBH in a manner as to lessen signal interference between the first

basestatipng aaghth f%@ﬁ\ffﬂé@%‘fﬁ%%@@%‘?ﬁﬁ?&%ﬁm@? V\éirgﬂ;%ﬁfssical
signals detected by the PHY, wherein the protocol control means adjusts
lprotocol(iing bised on iftebhittentfy détectéd ndteldsssigratistransmifted a
at least one (%)f thg1 reimot base-station and a second remote customer
rstbasEsiat ;

b
£ )éf\ﬁge. PETheirstBase:statfon st ctath 20, W%eerpé)ltﬁ?hespergtogo co"ﬁi’rro?less

sMgARs furthes shidesascasgxidencednaansdgadb)der astablishing®e base-
periodic common co-existence time period between the first base-station and
Sientote WiRdIEs Po\BRSIRNAhERNPEECIT EGRARRITCHIEX s PR e tiEpErAdd eash

fki‘%é'ée%ﬂoé exehan r&%éf'}efé&g 3 gpongst ﬁ[eesggﬁt"éen%a%ez-fzﬁt@ﬁﬁoﬁ%%ﬁgd of

customer vices of t Irst and remote wireless systems. .I'heTirst

tbasecstation wi elain 20, wheteir die; firshase-station is part of an

unlicensed communication system. , ,

adjusting the protocol timing of the first base-station

based on the detected wireless signals received during at

least a first suppressed first period in a manner as to

lessen signal interference between the first base-station

and remote wireless system.

18. The method of claim 17, wherein the step of
adjusting includes:

estimating the protocol timing of the remote base-
station’s transmitted signal based on the remote wireless
signals detected during the first suppressed period to
produce a first estimated time;

performing a convergence process based on the first
estimated time and a local protocol timing to determine a
time change adjustment useful to improve synchronization

between the first and remote base-stations; and
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applying the time change adjustment to the 1local
protocol timing to better align the local protocol timing to

the remote protocol timing.

19. The method of c¢laim 18, further comprising
establishing a periodic common co-existence time period
between the first and remote base-stations for exchanging
messages amongst base-stations and customer devices, wherein
the periodic common co-existence time period consists of one
or more time slots embedded in a particular assigned frame

of the first wireless protocol.

20. A first Dbase-station (120) capable of
communicating with a set of first remote customer devices
using a first wireless protocol and a first spectrum, and
first Dbase-station being configured to co-exist with a
remote wireless system having a remote base-station capable
of communicating with a set of second remote customer
devices using the first wireless protocol and the first
spectrum, the first base-station comprising;

a physical 1layer (PHY) device (250) configured to
transmit and receive wireless signals of the first protocol
and the first spectrum; and

a protocol control means (250) for adjusting the
protocol timing of the first base-station in a manner as to
lessen signal interference between the first base-stations
and the remote wireless system based on remote wireless

signals detected by the PHY, wherein the protocol control
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means adjusts protocol timing based on intermittently
detected wireless signals transmitted by at least one of the

remote base-station and a second remote customer device.

21. The first base-station of claim 20, wherein the
protocol control means further includes a co-existence means
(236) for establishing a periodic common co-existence time
period between the first base-station and remote wireless
system, wherein each common co-existence time period can be
used for exchanging messages amongst respective Dbase-
stations and customer devices of the first and remote

wireless systems.

22. The first base-station of claim 20, wherein the

first base-station is part of an unlicensed communication

system.
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