WD 01/ 67653 PCT/ US01/ 04671 METHOD AND APPARATUS FOR M NIM ZI NG A

PROBABI LI TY OF SELF | NTERFERENCE AMONG NEI GHBORI NG W RELESS NETWORKS Fi el d
of the Iwent/tws3 5 This invention relates in general to WCEUSEIHN4671

comuni cation systens, and nore specifically to a nethod and apparatus for
mnimzing a probability of self-interference anong neighboring wreless
net wor ks operating in accordance with differing frequency hopping plans
that are not frequency-coordi nated anong t he nei ghboring wi rel ess networks.
10 Background of the Invention The demand for wrel ess | ocal area networks
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net wor k devi ces, such as Bl uetooth devices, becone aval l able in
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connectivity for the nobile userFigld ofithedpyeptet . PAN appl i cations range
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networ ks to op ate I'nCaccordance W uency at are
not fr equenhgppmcwim that @rd netrfiaqgenchisoerdingtel emiongtheineightesing metelesy ks. The
unrestricteg . aceess to the | SM spectrum exposes the devices to interference
pr obl ens t hat can be classified into two categories. The first category
regardsithe interference caused by 25 non-PAN devices. Interferers wthin

this category include cordl ess ghpnes, V@¥ ovens, and other types of
wi rel ess | ocal area networks. %e %eccc)ln nI? erence category includes

ot her similar FAN ddmand & wikdlesh lapkarsa aeuwmrltshe experctemtb ylndrfrg@.aIPéN)losive
Interferer ggljf_))ﬂﬁ Js[%hért-%%%g 4L fn%lc %?SQ g?tg%{'kt dev1ce suchfas lﬂlue 0 gc\és %tecbo%{e
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accor dance neitw brkgi af.dfva[tagcgusly can prov1de high-bandwidth local connect1v1ty for the mobile

user at a low cost. PAN applications range from simple email transfers to high content
web page downloads and real-time video.
Currently, PAN devices in the U.S. operate over the unlicensed 2.4 GHz ISM
20  (Industrial Scientific and Medical) spectrum under the FCC part 15 rules. These rules
require neighboring wireless networks to operate in accordance with frequency hopping
plans that are not frequency-coordinated among the neighboring wireless networks. The
unrestricted access to the ISM spectrum exposes the devices to interference problems that
can be classified into two categories. The first category regards the interference caused by
25 non-PAN devices. Interferers within this category include cordless phones, microwave
ovens, and other types of wireless local area networks. The second interference category
includes other similar PAN devices which operate in the vicinity of a PAN. Interferers in
this category may be part of the PAN or of any other neighboring PAN. This type of
interference is referred to as self-interference, and it can reduce the throughput of the
3o  PAN.
Thus, what is needed is a method and apparatus for minimizing a probability of self-

interference among neighboring wireless networks operating in accordance with differing



WO 01/ 67653 PCT/ US01/ 04671 2 frequency hopping plans that are not
frequency-coordi nated anong the nei ghboring wreless networks. Brief
Descri pt ivoooné76she Drawings 5 FIG 1. is an electrical blpckusiizgsam
depicting three exenpl ary nei ghboring wpreless networks in accordance with
the present invention. FIG 2 is an electrical block diagramof an

exempl ary LaNSGEl Yebpibd! BEEhAADE N Al DS RIESER! A IMCRL! BunEhG S 1S
an exenpl ary opﬁf ngp%e%]lfence iagram i maccordance w th & he pr%hselr_{f'g 10

i nvention. wir€esseirgorkn exenpl ary tim ng di agram depicting m saligned hop
intervals as occurs anong prior art wireless networks. FIG 5 is an
exenplary timng diagram depicting aligned hop intervals in accordance
with the present invention. 1BriEfGschptionh of thel rawdigagr am depicting a first
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accor dance thetphestitényeng@ent i nventi on conprises three master transceivers
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FIG. 7 is a flow diagram depicting a second operation of a master transceiver in

accordance with the present invention.

20 Detailed Description of the Drawings
Referring to FIG. 1, an electrical block diagram 100 depicting three exemplary

neighboring wireless networks in accordance with the present invention comprises three
master transceivers 102, each communicating wirelessly with one or more slave
transceivers 104, thereby forming the three neighboring wireless networks. The wireless

25  networks preferably utilize a well-known wireless networking protocol, such as described
in the Bluetooth Specification v1.0B, available on the Internet from the Bluetooth Special
Interest Group. The wireless transmissions between the transceivers 102, 104 preferably
utilize a frequency hopping technique in which many different radio transmission
frequencies are utilized. A current transmission frequency lasts for a duration referred to

30  herein as a “hop interval” and then is generally replaced by a different transmission
frequency for a next hop interval, and so on. The master transceivers 102 preferably
control the timing of their respective networks, the slave transceivers 104 being

synchronized to the master transceiver 102 of each network. As indicated, the master



synchroni zed to the master transceiver 102 of each network. As indicated,
the master WO 01/ 67653 PCT/ USO01/ 04671 3 transceivers 102 can al so
synchr oniwe@ot/a76s&d conmuni cate with ot her master transcei PET/FS0110RR71I n

nei ghbori ng wirel ess networks. Operati o of the wireless networks in
accordance wth the present invention will be described further herein
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protocol utilized in the wireless networks, and further in accordance with the present

ivention. The memory 208 further comprises a neighbor monitoring program 212 for
programming the processor to cooperate with the receiver 202 to monitor the neighboring
25  wireless networks to discover a strongest interfering master transceiver 102 in one of the
neighboring wireless networks. The memory 208 also includes a hop interval time-
alignment program 214 for programming the processor 204 to time-align frequency hop
intervals of the master transceiver 102 with the frequency hop intervals of the strongest
interfering master transceiver 102 to ensure that a transmission of the strongest interfering
30  master transceiver 102 during each hop interval used by the strongest interfering master
transceiver 102 cannot interfere with the transmission of the master transceiver 102 during
more than one hop interval of the master transceiver 102. The hop interval time-alignment

program 214 preferably programs the processor 204 to time-align transmit hop intervals of



30 master transceiver 102 during each hop interval used by the strongest
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The memory 208 further comprises a transmission quality measurement 220 for

Nﬁ

programming the processor 204 to maintain statistics on an outbound (from the master
transceiver) transmission quality, e.g., from acknowledgment responses, and an inbound

25  transmission quality, e.g., from a received error rate, while communicating with the slave
transceiver 104; and to detect whether the outbound transmission quality is worse than the
inbound transmission quality by more than a predetermined margin; and to cooperate with
the transmitter 206 to command the slave transceiver 104 to take control of the first
wireless network as master, in response to detecting that the outbound transmission quality

30  is worse than the inbound transmission quality by more than the predetermined margin.
The reason for doing this is that it appears that the slave transceiver may be near a strong
interfering master transceiver 102. By reversing roles and making the slave the new

master of the wireless network, the new master will align the hop interval of the wireless



I nbound transm ssion quality by nore than a predeterm ned margin; and to
cooperate with the transmtter 206 to command the slave transceiver 104 to
t ake contweobi/efess he first wreless network as master, i NnPCESPONEETIL O
detecting that the outbound transm ssios quality 30 is worse than the
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either of two hop intervals of another network. For example, H1 of PAN1 can collide with

either H1 or H2 of PAN2. Prior-art frequency hopping networks have relied upon
randomly assigned frequency hopping patterns and a large number of, e.g., 79, frequencies
to keep the probability of collisions low. Those techniques have performed adequately for
25  small systems which have had only a few neighboring networks. As collocated networks
are added to achieve more throughput, however, those techniques can reach a “saturation
point” where the probability of collision is so great that adding another collocated network
actually reduces the maximum throughput.
Referring to FIG. 5, an exemplary timing diagram 500 depicts aligned hop intervals
30 in accordance with the present invention. By aligning the hop intervals, the present
invention advantageously prevents a hop interval of a first network from colliding with
more than one hop interval of another network, thereby reducing the probability of a

collision by a factor of approximately two, as compared with the prior art. Simulations
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synchr oreb zabtramgest interfering master transceiver 102, through well-known synchronization

techniques. The first master transceiver 102 waits 606 a predetermined time, and then
returns to step 602 to continue to monitor the neighboring wireless networks in an attempt
to discover a different strongest interfering master transceiver 102 to align with.
Whenever the first master transceiver 102 performs a time-alignment with a new or

25  different strongest interfering master transceiver 102, the time-alignment preferably is
adjusted sufficiently slowly to maintain uninterrupted synchronization with a slave
transceiver 104 in communication with the first master transceiver 102.

As discussed herein above, aligning the hop intervals ensures that a transmission of

the strongest interfering master transceiver 102 during each hop interval used by the

30  strongest interfering master transceiver 102 cannot interfere with the transmission of the
first master transceiver 102 during more than one hop interval of the first master
transceiver 102, and vice versa. This reduces the probability of collisions among the

networks by a factor of approximately two. Stated differently, aligning the hop intervals



techni ques. The first master transceiver 102 waits 606 a predeterm ned
time, and then returns to step 602 to continue to nonitor the neighboring
Wi rel esswebwersks in an attenpt to discover a different BCTOSgaELT1
interfering master transceiver 102 to ayign with. Wenever the first
master transceiver 102 perforns a tinme-alignnent with a new or 25 different

strongest interferi master. transcei ver ,102, the .ti.ne:al i,gnuwent. preferably
is adjusted® 'ia?‘fo(‘,’%]gﬁf*f’a CE’PBW @‘e%qnhihé‘?%hﬂﬁiaﬁ?"e’?b?e?)‘f ae%lgrsayl Hr oni zat i on
with a sl aveolldcatahfreqiener hoppihgiwiretsosmatmorgat i on Wi th the first master
enotr oo {hat o RYARERISACDH GIo FAENE POA e a TR PP A AP
transcei ver traf2eitlet 102 ¢h s2otdate@pvithithepresent insadioh BPegdifiowiBiOths fikd rgsteit

of the  Pi STRRHST DR B GRSt TR b g | B var of

the first nmastseéivertl0anThefiréemast@Zran@oidevi02anaistaias 704Tatiticaitbesutbdiad
probability_ of collisions anong the . n rks by. a factor of approximtely
Do, ot at 6 Ctit EeEHDIGF Brst T MG RSO THRrYan G- 6B AB e
PCT/ US01/ 04 pdsltive And dygutiv agkaorslefigriads; hnd chotidindsuridieansmisioniqualibnehiphput
attainable by a plurality, of collocat equency hoppin 1.1 el ess
o oor o, RETPRR R it e lave iRt i, g TS e et Ries 1 Geton
oper at i o gﬁetamriﬂé‘stmﬁ whﬁtha?ﬁe eitb&und 1ABsmiksiGiCQANGds & orseittah tﬁehﬁb?hesent
i nvention begins with t irst master 5 .transceiyer 102 in a first master
ot wor k ost TR dRgoars B st R Ab e ) Y- e B BEgFy or 104 The
first nast ekrakscaNGAOR CeHmihkd 708 ittt sRive Fransddivért188 kStak€ Son@ol 4tk Mgt bound
(wth respect 1to the first master transceiver 1%) ransm ssion guality,

e 358 f

e.g., throudeleydertorsas Bach gaaiyRPLendesms &g © ouRgusran RIS b ound

transm ssi oQudlithds iwoyse\Whvnl the inbOMAtRAL S SOqualitylbylh@e Blad iR préRsaReyer 104.
The first nmaster transcei veir 110 then 10.determ nes 706 whether the
out bound't r & £hs copdigiam tsilkgly;due (o, rong fusrterng masgpEanscetyer ANsPReE Beon

qual ity by smicrdndcsived 104, etk fubQUleiiBg Gk Mop lnterbas oft thefifst WitlesgaSt er
transcei ver 1.02 commands 708 the sl ave transceiver 104 to take control of

the first WraTkatith the sirpnedntgdenngdpaster trapgenserd Anall Brnimdsedhs obability ghen t he

out bound t r 3aIH&bES1.ONnfHBlchdey fiom tHDRRg tdderinh thabteP@MRELTr OB M SSion
quality by nore t han t he predetermned . 15 margin, the condition is likely

due to a strongft therkhbeelsan fomdhs wpcedingdisclopwre that the prrsent ipusationgireNjdes a
transceiyer mbfibd ahd agpatusifér thintifizing aipeibabifityl T8e1ROHRerketérRE HAbsy Rfighbbend 1 Ist

wireless network with the strong interfering master transceiver 102 w |
mnimze t h@rﬁkmﬂyqr}(g QPegting in accordance with differing frequency hopping plans that are

not frequency-coordinated among the neighboring wireless networks. The present
invention advantageously doubles the maximum achievable throughput of a plurality of
collocated frequency hopping wireless networks, as compared with the prior art.

25 Many modifications and variations of the present invention are possible in light of
the above teachings. Thus, it is to be understood that, within the scope of the appended
claims, the invention can be practiced other than as specifically described herein above.

What is claimed is:



collisions, i.e., interference, fromthe strong interfering master
transceiver 102. It should be clear fromthe preceding disclosure that the
present we@ensicesr provi des a 20 method and apparat us forPai/mse@sTIy a
probability of self-interference anong gei ghboring wreless networks
operating in accordance wth differing frequency hopping plans that are
not frequency-coordi nated anong the nei Qﬁgg ng wreless networks. The
present invention advantageously doubl es the maxi num achi evabl e t hr oughput
of a plurality of «collocated frequency hoppi ng wirel ess networks, as

conpared with the pri §C variati t he
T S s s,
is to be unvae Bbper IEC C8 30 ingHfeeqaqoe g ithag aret he
above. naot eyt ey il aShs e BRaRRRR TR BN SRR 6717 A

met hod f or pomprsinging fisst prasteatrarsediver of a fimt Wirtlagsaefvariethestepsiofiig nei ghbori ng
wi rel ess networks op i j dane ith differing freqguency hoppi ng
plans that are 5 not% rtgg'%e%gggg%%&ggﬁgrglg%naenmooﬁlésttoﬁ'résc?lelrﬁﬁ%%rgfsrr%g Wi rel ess
net wor ks, t interfesing odstenimgus¢esven (p ane ofitheineighbormgivareldss patworki)\oed of a first
Yo di scover & strongSut il B BRCRY SR AERER AR S REG ®, 1 "
nei ghbori ngintgrvals efsbe stesngest kggrieang mastergranbdegyer togeninop thans sansatissioafof thee fi r st
master tran itver Weth the hop 10 interval,s of. the strongest interfering
mmster trandinetE ichie e Pghscetvet feBotndhinterifl el 8V B misdiy

i nt er f eri ngintaferieg mastamnsanstener camot ingrfeactithitbotramingssioalof the dilst mastet e

strongest [nterferind master transceiver cannot interfere wth the
transm ssi oR“SFY RS uflggl SPTaST e R %ngerli‘éag f@gﬁr&gﬁﬁaﬁbuﬁ?eév?’mﬁ%ne hop
i nt erval of mimmiZingth¢ prohsiikty of sdfiseeicrcace betweshalyy/firsnivinéleds actwgrk 4@ the

probabil [ty of |f-i,nterference between the first wireless network and the
05 one of AL

t fE neleglh P v\)’\ﬂ“?%ﬁsélgtgvoﬁkétv\or ks. 2. The nethod of claim1,
wherein the nonitoring step conprises the steps of neasuring signal

strengths of nej ghhoring i,nterferi master transceivers; and 20 .sel ecting
an interferi ngeimas ?mfﬁﬁﬁgtcgi“%{’ “ﬁ’g{?ﬁtge DoptyesiersemRares e sieRgPh  as t he
strongest i nterf eri ngheansing kighsl 3t&peis\of heighboring interfering master transceivers;
and
20 selecting an interfering master transceiver having a highest signal strength

as the strongest interfering master transceiver.

3. The method of claim 1, wherein the monitoring step comprises the step of:
measuring duty cycles of neighboring interfering master transceivers; and
25 selecting an interfering master transceiver as the strongest interfering

master transceiver according to a duty cycle of the interfering master transceiver.

4. The method of claim 1, wherein the time-aligning step comprises the steps of:
tume-aligning transmit hop intervals of the first master transceiver with the
30  transmit hop intervals of the strongest interfering master transceiver; and
time-aligning receive hop intervals of the first master transceiver with the

receive hop intervals of the strongest interfering master transceiver.



3. The method of claim1l1l, wherein the nonitoring step conprises the step of
measuring duty cycles of neighboring interfering master transceivers; and
25 sel ectwagr/emsss nterferi ng master transceiver as the strpag@selddntier f eri ng
master transceiver according to a duty 8ycle of the interfering naster
transceiver. 4. The nethod of claim1l, wherein the tinme-aligning step

compri ses_the s§ epsmhebh BPcighl 0Hibc b AR in MUk ALY BhikcBlerdhle 11151

mast er transceiver w 30 transmt hop intervals o e strongest
i nterferingstaessefer transceiver; and time-aligning receive hop intervals of

the first master transggh: ki \‘%'35‘%9 .

strongest interferi ngﬁﬁngg%%?s%%%ggg%géﬁg% é@&%%gﬁ;n&hg@l 9 5.
The net hod thnsglissiam quality whilh commonipatingivith 4 shaveltiangceivett nmast er transcei ver
the steps of. maintg.ni L SLI ] . 1,SSI qual ity
and an iﬁbound tran?%ggt?%oﬁﬁe%gﬁetog&\%% @5@&%&%#@%&%?@%@ atg‘gl ave

t r anscei ver inbguntkirangmissign qimditshizy mor ¢hapiat fredetetmined nergissndn qual ity is worse
than the inbound tr .S % i i.ned margin;
and conmmandi ng t he gpg,\g}gﬁ cﬁbg{r}seg}é?%/g%aéfgy?g‘g%ﬁ%%n%rg%)‘?ft%gﬁ%ﬁ&é%l?;‘rsst Wi rel ess
networ k as networkas master,en poprnee togletbetimgrthatrtbe outbdund krensmissiomuguality iswense ssi on

quality is . | gmﬂi Pgl gf' | . nore than the
pr edet er m n\gﬁﬁﬁnger%l}%.ﬂ&f%g&lgs%gl me Iﬁgﬁ&g C %?%m%?t%%%%{%gr gl(1:1(’)rrpri sing in
the firge master transceiver the steps of: continuing to nonitor the
nei ghboring wrele r b 3t LE .to .discov di f.f erent
strongest int er‘?’er i%ﬁaﬂﬁgls 8%(&?1#2%1%& \}7%‘?”;‘?‘%% lﬂget@%en?%{elrgﬁsﬁedv e hop
interval s oftepstd: first nmaster transceiver with the hop intervals of the
di fferent strongest i rfer] er .Lransceiver, in.response t
di scovering the di ffé?%%f’jn tt!r)g%algog}t%?[hetl%lrbf’%?%‘ﬁlgmlﬁsﬁsnfgoﬁsr%%% 1'('3'7"\'/%?9 7. The
met hod of clia¢averds diffeenestongdseinterfamnginageritragscetvep and per f or med 20
sufficieptly slowy mai nt ai,n uni.nt er.rupt e nchroni zatio it.h a slave
transcei1\9/er in com‘r&%eca ngﬁlthv?/illtoﬂ ugﬁré'alf f’f&slf%?gs %Fr?@éﬁévgﬁr%me BOP A first
mast er t r answavaleof thé diffefent srongsist ipteefsangmhsiarrtranfmwiveryimiesionsatg a

discovering the different strongest interfering master transceiver.

7.  The method of claim 1, wherein the time-aligning step is performed
20  sufficiently slowly to maintain uninterrupted synchronization with a slave transceiver in

communication with the first master transceiver.

8. A first master transceiver of a first wireless network for minimizing a
probability of self-interference among neighboring wireless networks operating in
25  accordance with differing frequency hopping plans that are not frequency-coordinated
among the neighboring wireless networks, the first master transceiver comprising:
a receiver for monitoring the neighboring wireless networks to discover a
strongest interfering master transceiver in one of the neighboring wireless networks;
a processor coupled to the receiver and coupled to a transmitter for time-
30  aligning hop intervals of the first master transceiver with the hop intervals of the strongest
interfering master transceiver to ensure that a transmission of the strongest interfering
master transceiver during each hop interval used by the strongest interfering master

transceiver cannot interfere with the transmission of the first master transceiver during



probability of self-interference anong nei ghboring wireless networks
operating in 25 accordance with differing frequency hopping plans that are
not freqwemoyewedrdi nated anong the nei ghboring wrel esspapugerdsit t he
first master transceiver conprising: atoeceiver for nonitoring the

nei ghboring wireless networks to discover a strongest i nterfering naster

transcei ver pjof @ord hop ﬂﬁer@ﬁ'o@ EH% Jr}lgasyé'r ESAsESiVer LMY R €SS or

coupled to the receiver and couple transnmitter for t| 30 aligning
hop inter vap@b@}nhwwéserlf interferepen ketweendhes st wiselessinetworlhandithporerpfdreval s of t he

st rongest gkﬁJ'oEﬁébvﬂgleEEﬁé{vﬁfrkst Lasceiver to ensure that a transm ssion of
the strongest intefrfering master transceiver during each hop interval used

by the strongest i nt deefteansmigtentos sandingtinfarmationves sleerirmsceivet.erfere with the
transm sgion of the first master transceiver during WO 01/67653

PCT/ US01/ 04671 10 nore than one hop interval of the first master
transceiver, tHer efje fiishinnsteritragsceiver ofplasmeloivherein the proedsfor iisyregrimmedce
between thefirst wireless network and the one of the neighboring wreless
net wor ks; and the transmtter for sending information to a sl ave

transcei ver 5 9. Theorferatsmthrﬁlstr@elvm@nwetuvelgnaifm@igmswf&lgwoang n the

processor %Eﬁﬁ?ﬁm& rate wwth the receiver to neasure signal

strengt hs o nelg ori ng |nteF ering master transceivers; and 10 sel ect an

interfendng master tseledorinaferingwiastgr marks¢yive baving ghighesstigmhgtengthsis t he

st rongest |&g§&g§egtq& m%%as{e;m&qb\;er 10. The first master transceiver
i n

of claim8, wher e processor 1I's programmed to: 15 cooperate with the
receiver to nmeasure duty cycles of nelghborlng interfering master

transceivers; gpd ﬁ%g Qb eLf nsceiver as the strongest
interfering master r%%%%&rver%gg%gér di ng fgg%re ﬁ?ypmcesfonsoqm%rﬁ"em ed
i nterferingtomaster transceiver. 20 11. The first naster transceiver of

claim 8, wherein the S ram‘red n.transmt hop
interval's of the fi rs?gp%&? ‘%1% Féer?g'é’& \(/)é]%ea\gi\nmfﬁ t?’ﬁ’éctlesn?ne’gﬁl%

interfering master transcelvers, and
select an interfering master transceiver as the strongest interfering master

transceiver according to a duty cycle of the interfering master transceiver.

20 11. The first master transceiver of claim 8, wherein the processor is programmed
to:
time-align transmit hop intervals of the first master transceiver with the
transmit hop intervals of the strongest interfering master transceiver; and
time-align receive hop intervals of the first master transceiver with the

25  receive hop intervals of the strongest interfering master transceiver.

12.  The first master transceiver of claim 8, wherein the processor is programmed
to:
maintain statistics on an outbound transmission quality and an inbound
30  transmission quality while communicating with the slave transceiver;
detect whether the outbound transmission quality is worse than the inbound

transmission quality by more than a predetermined margin; and



transmt hop intervals of the strongest interfering master transceiver; and
time-align receive hop intervals of the first master transceiver with the
25 recei wOho@resnt erval s of the strongest interfering maspPer/usoiansTei ver.
12. The first master transceiver of claiim 8, wherein the processor is
programmed to: maintain statistics on an outbound transm ssion quality and
an i nbound 30 transn}Ssi i i oTana V) L Lt | ave
transcei ver; detect %@tﬁhgér}wﬁﬁgletﬂ?t}{%%ﬁﬁtc?ansné]{shg?fgkggﬁa%éll?eﬁ%kamse t han
t he i nboundcontiohefdhe fsst wirelgssaletvrork bymastercintréraonse tqdeateteing that the dutbawrgli n; and

WO 01/ 67653 B/ 4k 10 L nsim t o command
t he sl ave transcég{%géélg #gzs'g\?’ﬂ{%elt hgrg{r?ftg ?‘%I%%%%%S%l?’r?g{"{‘% E’éﬁné}segﬁaﬁle ork as
master, in pwdgemiesdmargiat ecting that the outbound transmission quality is
wor se thgn t he inbound transm ssion quality by nore than the predeterm ned
mar gi n. 13. The first master transceiver of claim8, wherein the
processor is pridgr Ahmbst masser trosteiveuef dam@owhperinttie protdssdrlieprogamimedr t o
nmoni tor the,pei ghboring wireless networks in an attenpt to discover a
different strongest interfering master transceiver; and 10 tinme-align the
hop interval s of thechitmgt to@epentetwithribermeaiear tavinbitdritiee deighboriigowiveléss of t he
different s i r 4. ter transceiver,.in response to

di scoveri ngh{tﬁgﬁglﬁ# a’fneér&tgﬁl? I t;%tdr‘%%‘éegg?h fl?errﬁntérs B Fsgbn\{enrgés“tnérm PR %%‘éell\'/eé’ra.ndm. The
first master transcetiveraligh thelhap mt&yalshithe first tnhgentransedeowith shefhopgr anmed t o
15 tine-ali | ryal f the first master transceiyver

sufficientl gl?esrf agssﬁé)}e{d&hgn}ae?tnst gfl%splﬁtﬁﬁ ?ﬁ% regn Sscye/lﬁ’% FORPPRE 8n with the

sl ave t r ansdigiovening th&diffarehi steingast ingdrfessg medtevaransdener.m ni m zi ng a
probability of self-interference with neighboring wreless networks
operating in accordance with differing frequency hopping 20 plans that are
not frequency- ddor Thafisedaserongsdeiver ofelaih Bowherginuhe grbassor inirogadimed the

first wipel t yor k ising. a first t . : d and
oot amihs, BRI PR ERRAL RO b PR SR SO BRRee] ™"

strongest  uninterrupted synchronization with the slave transceiver.

15. A first wireless network for minimizing a probability of self-interference with
neighboring wireless networks operating in accordance with differing frequency hopping
20  plans that are not frequency-coordinated among the neighboring wireless networks, the
first wireless network comprising:
a first master transceiver arranged and programmed to:
monitor the neighboring wireless networks to discover a strongest
interfering master transceiver in one of the neighboring wireless networks; and
25 time-align hop intervals of the first master transceiver with the hop
intervals of the strongest interfering master transceiver to ensure that a transmission of the
strongest interfering master transceiver during each hop interval used by the strongest
interfering master transceiver cannot interfere with the transmission of the first master
transceiver during more than one hop interval of the first master transceiver, thereby
30  minimizing the probability of self-interference between the first wireless network and the
one of the neighboring wireless networks; and
a slave transceiver communicating wirelessly with the first master

transceiver.



interfering master transceiver in one of the neighboring wreless networks;
and 25 tine-align hop intervals of the first master transceiver with the
hop intaevoal/e’ées the strongest interfering naster transcECV/@SO@6HANSUr €
that a transm ssion of the strongest itgerfering naster transceiver during
each hop interval used by the strongest interfering nmaster transceiver
cannot interfere with the transm ssion of the first master transceiver
during nore than one hop interval of the first naster transceiver, thereby
30 minimzing tke ghobebivireless ngfwark bf claint By, vbereimabe first master ttanecefvier ist

W rel ess nEtﬁMe}(ar%ge({ﬁapr%&ﬁgd{ohe nei ghboring wireless networks; and a
sl ave transcelver comunicdting wrelessly with the first master

transcei ver. WO 01/ 6 76B3urpPsighalSadnsty 67 fieighb@rifSinteffeeng imaster thins@ivesss amet wor k
of claim.15, wherein I i . 8- 1t her _ar ged and
progr ammed t o rreasursélggiaérﬁ%?&es@é\ag{eﬁ{srg%P a‘?\egihéﬁ%%!rl ?‘ﬁBéﬁg :é\l%%?fs téer%'igjc;lhgagmatst er

t ranscei ver she sgomgestSntsdbmg masteritnabseeifver i ng nast er transcei ver having a

hi ghest signal strength as the strongest interfering master transceiver.
17. The first wireless network of claim 15, wherein the first naster
transcei ver is 1% uThéérst mirelrsgetvak df gaiogtamredint tbe filsOmaserstanscetat iy cycl es
of nei ghbor i | r i transceivers; and select an interfering
mast er tran?g&&gl\/%%a%ﬁéf{nﬁ@%%gc{e& interfering master transceiver
accordimg to a duty onebwe ditychdes afneightering interfging masteanmacedivees; and 8. The
first wirel ess networ f_clai-m15 wherein the,fifrst stef.transceiver is
15 further arranged ﬁﬁaaﬁlrlgbt?rzg%dmts%? |s?eré‘-’e§|aftélﬁs ?I%gs{?n' HOE THter val s of
the first nustseeivérraacsdieg toor duty title dfehe inteefindng madtapranseeiserval s of t he
strongest interfering nmaster transceiver; and tinme-align receive hop
intervals of the first master transceiver with the receive hop intervals
of the strongesi8.i Mhefifsewirnlgssresta@k of ¢lansktewherin tROfikOmaskérarahsaeBer il r el ess
net wor k 1(gf cQ}I“_&lierm 15 g—irei n the tfi, rst master transceiver is further

ar r anged® and B oEFRRII I PLOSANEL 9 n statistics on an outbound transmission
gqual ity and an i nbounghe-align transmit hop intervals of the first master transceiver with the

s
—

transmit hop intervals of the strongest interfering master transceiver; and
time-align receive hop intervals of the first master transceiver with the
receive hop intervals of the strongest interfering master transceiver.
20
19. The first wireless network of claim 15, wherein the first master transceiver is
further arranged and programmed to:
maintain statistics on an outbound transmission quality and an inbound
transmission quality while communicating with the slave transceiver;
25 detect whether the outbound transmission quality is worse than the inbound
transmission quality by more than a predetermined margin; and
command the slave transceiver to take control of the first wireless network
as master, in response to detecting that the outbound transmission quality is worse than the
inbound transmission quality by more than the predetermined margin.
30
20. The first wireless network of claim 15, wherein the first master transceiver is

further arranged and programmed to:



transm ssion quality while communicating with the slave transceiver; 25

det ect whet her the outbound transm ssion quality is worse than the inbound
transm ssvoni/eead ity by nore than a predeterm ned margi n; pangseciowand t he
sl ave transceiver to take control of thg first wirel ess network as master,
in response to detecting that the outbound transm ssion quality is worse
than the inbound tragsm.s$d ABnit e de . £ 1 ned
margin. 30 20. The first Wi rerg)sﬂlne ’9{ g ﬁ]%slp%%n&vﬁ{éf%%}r?% e first
mast er trand@@qvweadlﬂsrenf&movzfétmarﬁeamg@elst@rmnmewgr,andred to: WO 01/ 67653

PCT/ US01/ 04671 13 c etworks in
an attenpt to di sco%ﬁel égtl# %&gtngﬁgggS?hﬁ%e&%"g‘%f%&%?F}}&

t ranscei ver integyals of th@dléﬂereghstltOhgeShmprﬁenngmvwrsra@ﬁcetme uf feppnsarast er

{ranscer Yor bt BRfert BIRENF SRl Afud] LLELARL SIToNOESL [Nt erfering
master transcelver, I n respons cover ng Yie different strongest
interfering master transceiver. 21. The first wireless network of claim 15,
wherein the first i i rogramed to
e sl gn the Top aras yiF BRIERIEb iy 15 WhEh A FAAES BB TN, |
slowy to nhirthewdranged anderogrpirect toyineHalign itediopontervals bf thhéirs haster 10
transcel Ver qnsceiver sufficiently slowly to maintain uninterrupted synchronization with the slave

10 transceiver.



