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calculated (612). Similarly, a second

Check Globa! Time Reference

network offset is calculated to account
for the difference between the free

running clock and the second network
global time reference.

610\\ Calculate Difference
: v
612~____| Update Free Running Clock Offset
¥
END )«

620

[err]
[err]




network devices (102,...) having local clocks. A fpmskbuspagiset including
global tine reference (606) derived fromlocal clock is broadcast froma
first network device to other devices. The clocks of the network devices
are adjusted. The difference between a free runni ng cl ock and a first
network global tinme reference is deter %Wloﬁ. A first rk of fset
is calcul at ed (612) SOl @gfoyssglsgqondlmﬂmm K IHHHIIIIIHIIHIHIIIHIIIIIHIIIIIHIHIIIcu| ated to

account erence pbetwee nning cloc he second

net wor k ob fere 29 t 2

Pt/ Us02/ ¢ iﬁ‘:é%d peY pﬁﬁ‘ﬁ i cun Fﬂ»&@’fﬁ%ﬁﬁ%&%@%ﬁ&
NETMCRKEDaEEMh@ES FI ELD CF THE | NVEN#kgNack Beuibhigie grerseaterd nvent i on relates
generally to networks of devices. Mre specifically, naintaining a global
time reference in an ad hoc wireless network is disclosed. BACKGROUND OF
THE | NVENTI ON Wrel ess networks are becom ng increasingly inportant as
solutions for transferring .15 data anong devices that nove, are |ocated
in a honme, or are otherwise situated so that it is desirable to connect

t he devices w thout w res. Numerous physical and MAC | ayer solutions have
been proposed. For exanple, a baseband ultra w deband wi reless network is
described in U S. Patent Application No. 09/393, 126 "Baseband Wrel ess
Net wor k f or




| sochronous Communi cation" by Aiello, et. al., whighAugudgsosi n i ncorporated
by reference. 20 An ultra wi de band network transmts a signal that covers
a very large portion of the frequency spectrumbut transmts at a very | ow
power in any individual frequency band. Wreless networks are sonetines
referred woomsssad hoc net wor ks because the networ k perasompns2zsed of devi ces
t hat happen to be within the broadcast vicinity of the other devices in
the network. Devices nmay join or |eave the network as they are powered up
or move out 25 of range. A particular ad hoc network is described in the

HI PERLAN Type 1, FungiAnePaiNmSeachiosat tiv REFERERRE 652 publ i shed by the
Eur opean Tel econmuni cations Standards Institute. It is avail able at

ww. et si.org. Fi gur eANMONG HCBOYRIOFINIEIGYAREFD PBYIGER i ng a set of wireless
devi ces that comrunicate together in a wireless ad hoc network. Video
pl ayer 102 transmts an audi 0 ;ﬂgnal to 30 speakers 106a, 106b, 106c and
106d. Video player 102 al sBIEPLEHEBVENIIQEo signal to screen 104. Screen
104 gnd speakﬁéop?eséﬂﬁwmnéa%eegéﬁeanmnwo&mfmusomo} gsmbu,pt her or to
vi deo pl ayer 2. For an application such as the one Shown'in Figure 1, it
i s readi W“@E@ﬂ aighphpl timg yaterprice i 28 4d hesrvirglessigtworkas disdlosedis devices i's
inportant to achieve a desirable result. 35 Different anounts of delay or
jitter may exist in the signal paths between video player 102, speakers
106a and 106b, and scr eé?ﬁc%ﬁﬁR I}I}NDQEJ@INW@W in delay is significant,
then the 1 2fid@uahoRQ8s bicbifg iRiASHA LR SIMMNOR: BikEfRy 104 may not be
properly synchroni zed with the audi o~ bel ng on the sp%akers Even
wor sB, | faldamong devicegat meme) 2 decairdin ahoBp oa%reoﬁgwse pifvgiedsd thatéychr oni zed,
then t hegdsefble @ Bfndcl ﬂ@ﬁevﬁ:Ese»(ri%u@Hféng gﬁ sRicRIGH ldIAh@.qg)ere separated in
10 exp :

time, resulting in an unpl easant au r'i ence. it would be useful
if a met %@owhav@ymwmmdz‘fngw d basclpadulirm wislehsnd wireléss a¢twerk isnet wor k coul d

be. devel agatle SUMBRA Gy EEn BT AGGAEH IR nfwipksem and mechod o

mai nt ai ni n% gl obal ti er ence anong a ro W rel ess devices
parti ci pked wgousrﬁloamm@bé'd@/ AMddtovwsrak, Whichds mxmmeajpomtcdtsfhdmcmbebe not ed t hat

the 30°ChA GHeRidBRANLAGH (RN JHRY ol c§9cr4°aeve§ﬂw|gés Bfladndegher networks

i ncl udln certaln networ ansmt si partially or wholly using
Wi res, ﬂtsl@m;psne@modmwsmsat@tfdrm}owrpeacrsnari?omdnthfmqnqmoysmdof exanple, this

spect {1 2L Ol 5RELL Rl et LGP ORISR 7 Do el

is comprised of devices that happen to be within the broadcast vicinity of the other devices

in the network. Devices may join or leave the network as they are powered up or move out
25  ofrange. A particular ad hoc network is described in the HIPERLAN Type 1, Functional
Specification, ETS 300 652 published by the European Telecommunications Standards
Institute. It is available at www.etsi.org,
Figure 1 is a block diagram illustrating a set of wireless devices that communicate
together in a wireless ad hoc network. Video player 102 transmits an audio signal td
30  speakers 106a, 106b, 106¢ and 106d. Video player 102 also transmits a video signal to
| screen 104. Screen 104 and speakers 106 may also transmit information to each other or to
video player 102. |
For an application such as the one shown in Figure 1, it is readily seen that
synchronization among the various devices is important to achieve a desirable result.
35 Different amounts of delay or jitter may exist in the signal paths between video player 102,
speakers 106a and 106b, and screen 104, If the difference in delay is significant, then the




standard. It should be appreciated that the inventimugsstneds limted to
such a network and that the techniques described are applicable to many
different types of networks. In one enbodi nent, each device in a network
maintains its own clock. Instead of designating the clock of one
particul ar device as the master clock, each device transmts its own clock
signal or part of its own clock signal when it sends a packet to other

devi ces.d j Vi 3 -ead the cl ock

si gnal gﬁ Iﬁ%ﬁ%ﬁ?ﬁ% el?mg%%ﬁl@f%@ﬁ@@?%ﬁt gyﬁggﬁ%%??te h@%?%%. Thi s cl ock
adj ust nbeing playedwd dheispealierneivae wotsé) aff speaaskéa arispeakknldie ate@ots noot hl y appr oach

a common val ue w t.hout oscjllati in a nst abl nner. |t .should be
2opr oo, Boban ehlop i hed BEict =t 2o R o BRBRE keilean e ous
ways, i Bineciefi@tingsn @ vpplesas sudicexpaiefad! BHiubl St woaldbe sikefilif adneiiddiofe, a met hod,
or a conputer,  readahl e nmedjum such as a conputer readabl e storage nedi um
or a co 8?121H%§\R3FYQCGS\}R1%‘F ?W“ﬁ'F?ﬁd‘F%Vﬁfl?‘f?é‘{drhﬁéFY%&are sent over optical
or electronic conmuni cation links. Several inventive enbodi nents of the
present invention are described below. In one aspect, synchronization is

‘mai nt ai ned anong a pl ur AWMMARY O iHioNVENRNDPRes  havi ng | ocal cl ocks that
participate i : i PAGK S ABaRafirst network
device to ot g? n tﬁ%@ééggé?%%%§{%ai part#%?%%%gggﬁﬁ?ﬁ%gnet ork. The first
packet giongdlivdedesadgyicebpdrtidipativg mef veirabase eetelarkiisdistldsed fhshdndd boocal cl ock of

the first twork. device. . T .clocks of the network devices that receive
the f1 1 SreRicunge bt ot mpeel g ol e S BRSER ok of |t he
first neddinhbwaRy theranstnitsBndle Baisdlly 3OOl Dsidneikd Sbedpiaablesca first network
|l ocal time reference and a_second network local tinme reference are

mei nt ai PEE HeaRs Eordinnumeses hexapales this spseifieation filtdepsrive n dstéfldor k and a second
Net Wor Kyirfeds h&&ork ki th BEHGIR 6 KrirkiSss AR KM ndhwdfdnA sk e ridiIGey  The difference
between the free running clock and a first network global tinme reference
i s det estpridawdlt shpuidi hegppraatolbihkt tof iftgeation is gotdmhited katuekla ngwakgodint for t he

differe gﬁﬁﬁ 559 fir i.n t first network gl oba
time re@%ﬁgﬂbe. ﬁ%g |e?%%%ﬂ%%ﬁ%%¥a%%%ﬁﬁégﬁggggggﬁﬁﬁ%%g cl ock and a second
net wor k gl obklont ¢mmdinehie caeh derice in adetwetinisiattins i s@chiokl Inetdwt kK of fset is
calculated to ~accqunt for. the difference befween the free running clock
ond "t nol SRR RBIR SRR R Geb s T SRSPes SRR RS anot har _apect

of the PrEaeRkighd ¥EkioPHs ownlRICR ikl WA YiseiE a Pack& SdiNdr BG/icediat Wor k devi ce
configured to nmaintain synchronization with a transmtting network device
the network. The devices receiving the packet read the clock signal and adjust their own

clocks to the transmitted value. This clock adjustment is made in a manner that causes the
clocks to smoothly approach a common value without oscillating in an unstable manner.

It should be appreciated that the present invention can be implemented in numerous
ways, including as a process, an apparatus, a system, a device, a method, or a computer
readable medium such as a computer readable storage medium or a computer network
wherein program instructions are sent over optical or electronic commmunication links.

" Several inventive embodiments of the present invention are described below.
| In one aspect, synchronization is maintained among a plarality of network devices
having local clocks that participate in a network. A first packet is broadcast from a first
network device to other network devices that participate in the network. The first packet
includes a global time reference derived from the local clock of the first network device. The
clocks of the network devices that receive the first packet are adjusted to be closer to the
local clock of the first network device.




conpri-sing: a receiving network device |ocal clock;2oamghsad@rsf ace confi gured
to receive a first packet fromthe transmtting network device wherein the
first packet includes a global time reference derived froma transnmtting
net wor k device | ocal clock; and a processor configured to adjust the

recei ving network device |ocal clock to be closer to the transmtting
networ k device | ocal clock. According to another aspect of the present

i nvention, 1 Bfm6mérasgebViistetwardISEAlNd BBrenRehiPEckord S¥ve& 16N | gured to
mai ntai n synchroni zation with a receiving network device conprising: a

t ransmi timg Feéprenes ApmRinidiaed fora Jeyicaithaiphticipatesdma first nstvfodcamd e serbidhur ed to

transm fi mglg m%w!-[@l ISt i gl obal tine
ref er en%eé‘go lé'r}% {%/rget r mﬁ%dﬁe rans%ﬁﬁ? P%%C%h're}{gagré%k%eb\gﬁg%ldﬁ%%%l cl ock and
wher ei nninhieg ¢jbdkaad a fisstretwoed gotahing: referenedcderyminkie A fire aawwkpfsenet wor kK devi ce
to adjust -t ecei Vi n rk.devic ocal .clock t e closer to the
transmi {Stcf’lﬁlga%ﬁ%?%f’%t E’EW%B{C\%B@QFWET’“&E%% 8?’%@“9@“35%t her aspect of the
pr esent ndivR BlobA fme tf@éree. The @ff@Hice Béwaen RLHWR Riniaf cloSkeMd £@8orONPr | Si Ng: a
transmtting network device configured to transmt a first packet wherein

the firat¥vghekeal impeiiuaesis degminseiA wrend nepeolid & caledlatvl from a _
transmi ﬁ&btﬁgforﬂg&?@[eﬁce@%%éﬁ&%mﬁg%&éanﬁﬁfés oh Rl iGNt wor k devi ce

- configured to receive the first packet fromthe transnitting network
devi ce #mereferenesdj ust a recei ving network device local clock to be closer

to the gl oba tifﬁrl%. reference. rding t.o gnot.her . ect. of the present
i nventi on, th%croe I sto agnrogl\%aé}g%t Oaf@%é%\s%r]l?gen %%lﬁlgrglsc%‘orr%‘?elﬁgireﬁalym% free running
cl ock; metyporbdessoonfigand fognatredn dyachraéAwdnvithe tiahenittihg dcevr@kdeice bet ween t he

free running clock and a fi.rst net k glopal tinme reference; calculate a
first %0 & 251PYRE H%Ofgé%%#&ca‘f%ﬁ:@ﬁgﬂﬁg?ef% tyERE @AY he free

F unni NOpdeked Gbm @RGahABitihd KebboriBdedRe AHGHE the ARAOPcRE IndRAA 2aFlBRBInet | TB Tef erence;

determ ne the_ difference between the free running clock and a second
net wor krefpresprerivad fomyadfapymitiingnetwork devige daglglosk; andepressssonet wor k of fset to

account, 2 %Jé%(‘ilttggdjlg't fht %F&ﬂﬁ%éegﬁ}r Io@ﬁafcogl?tﬁgé H{S@ft@%e%laﬂs%dﬂé;d the second

net wor k trme refere ese an eatures an dvant ages of
t he pr esewmik devicehicalolocki N be presented in nore detail in the follow ng

dera o0 Gesgil pl 00 5 JREUBANY Al bSE M Sh pl oL o B vy
DRAW NGEtwidiedgvice s@ifigurbdite @fainta1syidhkdnizdeonEddirtcrivinp deweik@edeeby the fol | owi ng
detail ec%mprising: a transmitting network device local clock; an interface configured to transmit a
first packet wherein the first packet includes a global time reference derived from the
transmitting network device local clock and wherein the global time reference is used by the
receiving network device to adjust the receiving network device local clock to be closer to
the transmitting network device local clock.
According to another aspect of the present invention, there is provided a network of
devices comprising: a transmitting network device configured to transmit a first packet
wherein the first packet includes a global time reference derived from a transmitting
network device local clock; and a receiving network device configured to receive the first
packet from the transmitting network device and to adjust a receiving network device local
clock to be closer to the global time reference.
According to another aspect of the present invention, there is provided a network
device comprising: a free running clock; a processor configured to: determine the difference
between the free running clock and a first network global time reference; calculate a first

" network offset to account for the difference between the free running clock and the first
3




description in conjunction with the acconpanying drawsgs2oosherein |ike
reference nunerals designate |ike structural elenents, and in which

Figure | is a block diagramillustrating a set of wirel ess devices that
communi cate together in a wireless ad hoc network. Figure 2 is a diagram
illustrating in sone detail how a channel may introduce delay and jitter
into the timng of packets sent froma transmtter to a receiver. Figure 3
is a di i i : y he gl obal tine
ot or ence SRELUNEE EARD SOOI SRERL AfReay HE 18L Affnd doctind 10 01

i |1 ust r atdcorgl nivomerk gabalginotyelkerendenand cdfudatenseeont setwpilkioffset wtaccoantfgrs t

signifigant.part and east . si gni fi.cant rt. Fi 4B.i s a di agram

71 Pust r ERRIRE Sy s S Pinik B e SR eabichiort B Pl ock. The
free runni ngThds@K othé f@tudRarldialivafth@6 & thelphegdar iBvefionivsil & petbaagam i | | ustrating a
menory register that stores the free running clock offset. Figure 5is a
di agr anfPEey %ﬁfw&“a%%ﬁﬁm{;%&mo%%ﬁﬂeémwae&g BGito two different
ad hoe DRI BtkxAnplEie PSS of Be inMdnllb1g ONe of the networks. . Figure 6

is aflowchart i1llustrating a process that a netwrk devi ce executes when
a 3a 29 August 2005 WD 02/073851 PCT/ US02107082 5 packet that includes a

gl obal time referencgpj: kghﬁﬁ ether to adjust the
Et|n1aI5re ere%ggﬁrﬁgggre AGPQ a flow chart

net wor k devi ce | ocal illustrating
a process f oiThd meskn divergiomwil teloebilst understoaf tgrierfolwingnlemilgiacket . Figure 713 is

a flowcghart. illustratin rocess executed b receiver to prepare to
Y0 updatadiio pel iR e TR R SRS PTI ON A dotar | ed
descri piuin@aldesignapiiié @Rl @sad] @ wigéh: t he i nvention is provided bel ow.

VWhile the inyvention is described in conjunction with that preferred
- enbodi ment, &€ hédiopek diserar llysietingd soef irless deriess ORISR s not | mited

to any Qp&ns oA iheQkiddie contrary, the scope of the invention is
limted only by the appended clains and the invention enconpasses numerous

al t er nat i vesFigwrodisfaidingtainghustrating inesguie dethiblrowsa chiiwel maydntypduqsdeley of

and jitter into the timing of packets sent from a transmitter to a receiver.

Figure 3 is a diagram illustrating how the timestamp, referred to as the global time
reference is inserted into a packet header.

Figure 4A is a diagram illustrating how the global time reference is split into a most
significant part and a least significant part.

Figure 4B is a diagram illustrating a memory register that stores the free running
clock. The free running clock is a 32 bit clock.

Figure 4C is a diagram illustrating a memory register that stores the free running
clock offset.

Figure 5 is a diagram illustrating an embodiment where devices belong to two
different ad hoc networks and a new device is joining one of the networks.

Figure 6 is a flow chart illustrating a process that a network device executes when a

3a




exanpl e, nunerous specific details are set forth ingthgust 2dosow ng
description in order to provide a thorough understandi ng of the present

i nvention. The present invention may be 20 practiced according to the
claims without some or all of these specific details. For the purpose of
clarity, weehnssial material that is known in the teahmjsexbuosti el ds rel ated
.to the invention has not been described in detail so that the present
invention is not unnecessarily obscured. Figure 2 is a diagram ,
i |1 ustr apicky thanindedera gleliahiithe tefswnee istverived ko degyminewhetdueadide ey 25 and
jitter i Ll kets sent froma transmtter to a receiver. 1
'JTr ansmtﬁéé‘?orgggwcteé%%@%eg%% @g's in an isochronous manner. That is, each

packet begi nEigtre a4 s flosi cbart illostratingragpgngesa for ingluding aflobal tvee wiefdner ence in tinme
bet ween {3, and t4 is constant. Channel 202 introduces delay and
jitter i e transm ssion so that 4A2, A3, and 14tine del ays are added
to each of tFeure VBriss flolwabartiRestrating p@océsy exepuimivg secaive to pemiated by t he
receid/e\rl\ﬂglgél- ﬁ&r;m%%,c]ow&fsgtvenl y spaced transmtted packets are not evenly
spaced en %tﬁey are-received. So long as there is only one transmitter
and one receiver, the inter packet timng can be corrected at the receiver
if atimestanp is included e Yol of each packet. The difference
bet ween each of the ti nestg%%éh‘v%\?uﬁ%ﬁ%gvggte the correct relative tinme
spaci ng of AMldeeilsddéseriptionefatprafengd embodimeenif herinvention gypoiidei belowar per haps even

reor der .S j - \hen . [ [ r devi ces, then
sinply tf"ﬁnﬁ%‘?%ﬁgeﬁh@ i ég”%&% “g&é""v\é\}bﬁ%%@s‘ﬁ%ﬁgﬂsﬁm Q@B’é‘t}%‘%‘%onsm PC

/ USO3/ 0 7@andesstond thastheinmention iz eottimgtediio smt ang embodthadng Qutbewpntdrg, debevi ces. |t
shoul d Vi e are.only tw devices, the
timest aar#ﬁé@ggﬁggﬁ%@? n{sﬁggt?ag?“%y\;e ?&3@%&”%@?%&“ '5'3?: kets but it does not
facil it asneompmbsesymsonsaltingives modifisatiosaud eqoivaledve Hoethepupsscat a specific

time rel gt rri.ng .a transmitter. Referring back to
t he exarf‘%%ﬁ"eIM gﬁ%@%misﬁ%ﬁgéﬁtfgé%%segﬁhm%F%%g)gwg?%“ P l"for“'tl)eﬂ'n%\/i deo player 102
to | eft pesideratipndugh prelateandingldd G paenabt ih@enfiQS IThapesehi inesiamuede t here may

stild, be a .tine offse et we he | ef nd right, stereo, channels. The
ti meigt aermcg?lwtaﬁcé’rdb"§cS§?<gg? glmg’ﬁW@R?L?%gr?l@@ﬁéaoﬁpﬁéffﬁh%ﬁf'ﬂ% channels to
corr ect | parposesif thardty, technit:al Matetidl éhapia &keindn th &thnidal el @dlat@ixo then or der to
synchroni ze.t he video or.audi o displ of information received in packets
over thé™FPyY ALt prap %We‘g?ﬂ dS‘f’ﬁg’r%@é PESTH BYHOES PHAPIFEESAY | nf or mat i on

r ecei vedbfauedh

Iva phke

Figure 2 is a diagram illustrating in some detail how a channel may introduce delay

25  and jitter into the timing of packets sent from a transmitter to a receiver, Transmitter 200
sends packets in an isochronous manner. That is, each packet begins transmission at a
regular interval. The difference in time between t, t, t, and t, is constant, Channel 202
introduces delay and jitter into the transmission so that A A, A; and A, time delays are
added to each of the times that the respective packets are received by the receiver 204.

30 Thus, the evenly spaced transmitted packets are not evenly spaced when they are teceived.

So long as there is only one transmitter and one receiver, the inter packet timing can
be corrected at the receiver if a timestamp is included at the beginning of each packet. The
difference between each of the timestamps would indicate the correct relative time spacing
of the packets enabling the receiver to reposition or perhaps even reorder the packets in

35  time.

When there are more than two devices, then simply timestamping the packets will



15 packets, a clock is maintained on each of the nebwakls siwgi ces that is in

synchroni zation wth the clocks on each of the other network devices. In

one enbodi nent, a clock is specified for each network device that needs to

be correct only to about 5 parts per mllion. In order to nmaintain

accept ablveo eyomshr oni zati on between all of the devi ganshmedss on t he

network, each tinme one of the devices transmts a 20 packet, the device

i ncludes in the packet header at a well defined point the value or, as

descri bedotisgichianizqihe displdy of Hasa ampng the dévides. STt shiowld klso Wmeted thaevert her devi ces

receive | ] Lk ' cl ocks toward

R e i e

enmbodi mepickets biwit dpavwotferiliate meking sing thahgpyertsrecrt thareasivbroibid spedifig a ¢l ock

of fset a ol | i di fference
Bl I'eﬂ%vﬁh 9 Kveldf§ cgﬁng gﬁtggt?z.ngr}ﬁlttal. %fe%?a?ééit(gﬂe g@lg{ﬂe b6

between the 25 device ¢ ne tinmesta r I's a di agram
i || ust r aiti Higyiro aven ifepacketysent fom videcerflayen 188 v left ansl righiespepkabil6a aidne  r ef er ence
I's ifper i@ alel Qﬂ‘% : ' es a clock sync
sequence 3028}.e r%gg(_: s?ﬁ%égggﬁgﬁiaen@%%ﬁ?@ec g‘g@%leﬁg&b@ﬂgﬁ&%ppr opriate
sequencechapnelsf Zhg Grngsimp on He prckeiegniyservesciq enablersechaf the dwknedsitgnal used to

sanpl e t%&t@?ﬁéi%ﬁﬁtiﬂ{:th‘e?&k&ﬁﬁ ?ttrecgﬁ&. Frame sync sequence 304 is included
p

next for the purpose of prfecisely identifying the beginning of encoded
data in the Ipauken symrhigsize ththddeoeraudio display bf infoanatipmecedved inepadsts preci sel y

det er m ngs; 406889 LI : : wn frame sync
sequences me Be gs‘gelgl.)&%ﬂ&{écr?gmgo 0 ?tﬁeﬁ%%{l?%ﬁ%ﬁ%?{mﬁ%ﬁdewode I's used. As
soonlias paakets, § ¢legkds maintaineroan epch of e tetwork devigeathstis intspchrowietipnds its | ocal tine
ref er encgun Moc1ddi grlﬂ% j deal |y, the local time reference of
t he translmtt%&r’ Wi E%grt%gotﬂgﬁeﬁﬂm%%g&%cal time reference kept at each of

t he devi ces Ipanadmbiogimenthaclodk istshesified foneack netivbrktdavite that B@dstogeist 2005 WO

02/ 07385%,,B¢L % th ocal tine

refer encéeos ac'élt@%%é&iggﬁé "31‘]‘6‘@5’&' @iD%Is@g?age@agﬁﬁcggpnge&cegg%@%F%“&?s I n agreenent
Wi th evelrepweon dlkof thealswite déckeonrths netweric each imt ee of yretdevices Fosmitdve pur pose of

.t hi sypex | . L ' re hat .t he transnmitter records and
ther® ngéea?'%gmfﬁ&{“f%’e‘n&b‘%%@{e P\%ékgﬁ‘e{)dg‘rar% o ?‘*e‘{é"" AV S Bpal tine

r ef er encdsscribtrbtielows pasenf thevelug ¢fdts ¢lockn Sitien the pthemdssieestraceive thatgadket, t he gl obal

time ref Li. 1S th i th al l. receiving. devices will 10 adjust
their Omtﬁéyﬁa@@%e?c{ﬂ?;ﬁ&&; (ra%%ef tévﬁgtg%ks Og’wa/fadrat%f g mglﬁage(ﬁ béf ﬂbﬁq%setﬁ'gprfgst ed that each
devi ce degribéddelow, intose evhvdimeniathe tmamljuswefeerieingenieatedby dalealagrigabal ti ne

refere e oc@ggse?asnﬁ (Eahretc?oclt( Qf?stet it tt:a?culated by taking half the difference between the
25  device clock and the timestamp.

Figure 3 is-a diagram illustrating how the timestamp, referred to as the global time
reference is inserted into a packet header. Packet header 300 includes a clock sync
sequence 302. Clock sync sequence 302 is chosen to be an appropriate sequence to
facilitate the receiver acquiring a clock signal used to sample the remainder of the packet.

30  Frame sync sequence 304 is included next for the purpose of precisely identifying the
beginning of encoded data in the packet. Thus, the end of the frame sync sequence
precisely determines the beginning of a frame. Any number of well known frame sync
sequences may be used. In one embodiment, a 13 bit Barker code is used. As soon as the
frame sequence is sent, the transmitter records its local time reference.

35 It should be noted that ideally, the local time reference of the transmitter will agree

with the local time reference kept at each of the devices participating in the network. If that
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own local tine reference is the global tine referengeyfsb@nsmts a
packet. Thus, each transmtting device asserts its |local tinme reference as
. the global time reference when it includes its local tinme reference in a
packet that it broadcasts to the other devices. Over 15 tine, as enough
packets agxgosassy all of the local tine references s@mksH @t o the sane

gl obal tine and the broadcast global tinme reference results in only small,

i f any, changes by receiving devices. Gobal tinme reference 306 is
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Thus,a gl C the cket, i.mredi atel y

ol 1 30,0 Bk B 50 ShEREGEd SR HEGHE at b o0 BAEER el L0000V e
pac ket ?Fmdﬁrenmmd@al tofie rbﬂmncep«am gl3aBtimerefelvace andaberts iﬁae:tsr emai nder of the
packet | her |nformat| n he cket header as
wel | }L’Jrllg)HIEE% cré;;)l'g‘lb g\%g{‘)’%}l oaéﬁfe]r oA qfa%aﬁ(ﬁtjlﬁmfjegc oted that in one
errbodi nemnsmttﬂlre devicei assertggksdixal tine mkremefaemegkomi lime m&trencé wiehitded i n the

packet . a i nt bits ferr d to as the | east
30 signi 4"?@%“:?1? glp())?ia(r?ﬁ kgge?ebﬁ%ﬁ%ﬁgaﬁ%%gﬁt it roa 5?‘“?51%83'& s?meﬁ Whed. 1t is

suf f1i etime, koenowghl packets pra s¢nt,tal of thé beestnmsragﬂmfzesccawbrg@mrthe safhe t he gl obal tine

f e bet | h h
rount | opor e b Yok SRR AR ol ot § obal (1 o

ref-erenceceiﬁﬂg’cbwc&sndltlon is nmet if the am)unt of drift betvveen t he cl ocks

oynchr ont zar B BFERisrh®s TR iniced g ne ZRHMe Bl ne staberetadh e oan'be
represe nﬂnednﬂmﬁ:mchneshb\aaﬁia ghobg ik ref@érice Rastrted immaiely fkbhefmmnt, a 32 bit

| f d the |east f t that is 6 29
Augudt obBEEN GG TS o B coa rtsAOms as 1 RREMPE LU #ioach packet | S

. the |easmmeswlgmitlfeufmmanyna-.aequslsaézedtdaenthBe harhesghmq\iendelsigaal ig eference. In the

Gaed | SRS ESER B Rivenss TP DR Pk ey B ot g KIREL s 1 Mz, The
| east simgad Ifluoh &, sp Bing agif is compared to the time when the frame sync sequence signal
is asserted. Thus, global time reference 306 may occur in the packet immediately following
25  frame sync sequence 304 or may occur at a later point in the packet. The remainder of the
packet 308 is then sent. The remainder of the packet will likely include further information
for the packet header as well as finally the packet payload of data.
It should be noted that in one embodiment, the entire global time reference is not
included in the packet. Instead, only the least significant bits, referred to as the least
30  significant part, of the global time reference is included. It is sufficient to include just the
least significant part of the global time reference so long as the difference between the
clocks is less than the amount of time counted by the least significant part of the global time
 reference. This condition is met if the amount of drift between the clocks before an
adjustment is made is not enough to move the clocks out of synchronization by more than
35  the maximum amount of time that can be represented by the least significant part. In one

embodiment, a 32 bit global time reference is used and the least significant part that is




the global time reference can count up to 2'Z m crosaegneseosTherefore, the
cl ocks would 10 need to be updated before a 212 m crosecond error could
accurmul ate. For a 1 MHz clock wth 5 ppm accuracy, the nmaxi mumtinme
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2005 W B30 &“"fd&rrtwe%ﬁ 1 dusssases,updiygsiof W opa! UPRFEIRREPYT the task of

br oadcasinbm fredquatilye Mhis Hecraghed ha varlahddanosd @& RBA @me references.

Figure 4A is a diagram illustrating how the global time reference is split into a most

25  significant part and a least significant part. As mentioned above, the most significant part
is, in one embodiment, 20 bits and the least significant part is 12 bits. The size of the least
significant part may be increased to reduce the required frequency of updates at the cost of
requiring more overhead for transmission. It shiould also be noted that, in addition to the
least significant part being included in packets that are sent by each of the devices,

30 periodically a MAC layer protocol prompts one or rnore of the devices to broadcast the
entire global time reference, that is both the most significant part and the least significant
part. In one embodiment, the global time reference is broadcast every 20 seconds. The
reason for periodically broadcasting the entire global time reference is to allow for an error
that occurred in one of the devices that changed the global time reference by more than the

35  maximum time represented by the least significant part of the global time reference to be

corrected,




may be perforned by either one or all of the devices spaist pdpspati ng in the
networ k. For exanple, each device may be directed to broadcast the gl obal
time reference periodically. The periodic broadcast may be staggered.
Alternatively, the MAC | ayer protocol may direct a designated device to
broadcastwbbsyisssi i re gl obal tine reference at cert apsrigi@isgal s. 10 Figure
4B is a diagramillustrating a-nenory register that stores the free running
clock. The free running clock is a 32 bit clock. As nentioned previously,
in one enbodi ditieent embpdinesntscthke task of broadesstjedthe entirecdldaktimelreferendaer  enbodi nent s,
t he cl oc 0B¥%d BSei N A free runni ng cl ock
is read g’ﬁ??‘; &That- igg?lthg j8gitsarlrlg)‘r?]tﬁ1| 3 dtag"e%%‘é‘%pgf'@ﬁg%"t“?‘ﬁg‘kr i(??rerence are not
written exampleecach devike mRabetiiectedto broedsast the plobr timk wdeenoé fesiedically. 15 def i ned

cl'ock. pi oo Rfipde flbitkec nfPoc s BRBFA A erky T EMAC W Bl iy 00 (0 T N

i '] ust r adiresta designared dgvigedg broadsast thh erttireslehedignet hfercheeaicertain intamgls. ¢l ock of f set .
reg M or . pogh BRIkt iy A B SR BB T 2 el | as

read. Eaelrck Thefreg rginiigglockn a3 hibcleakf ds emtsionédprevimelyriohef r om one of t he

ot her deé’&ﬂ%@ﬁnefnt, {ﬂgclgén £a Lgﬁ@r‘% cfee 25 ofhsr eﬁa‘ﬂi)@%%rﬁg the 3t ARnal B¢ Sum of the

free running cloc t ee rurnning cloc S6t converges toward the
gl obal t $ehes desied r Repferably shecfiaeirending plockierehd andyd Ghsttis, mdjustientsaethe | n di f f er ent

enbod mepbs oALkMShERR! ft bk A5A. Rhble, &I GLECEPAREY, On the  recei ved

gl obal tfne reference are nade according to erent schenhes. In one 25
emboldi medefinedpughi tha the glpbial time mderence i eqiabto thesarh of therfreerredninzehclepliss made based
on the dif &l E06E colelMmeen the received global time reference and the |ocal
time reference. The adjustnent nay be represented by the equation:

- OFRCO=( GTR- LEfgye 4C is 2 diagraméllAFRI@DR imsmorp eegisteathgretoras thelfee funsieg r unni ng ¢l ock

of f set. c@éﬁoﬁ&t'\[[ﬂ??eutgé A Q'{lt}g'lyglméclglth%?mé l%tll%é%e&gc% f:fgc %{a:??gxa\rlcmg% r.2 packet. LTR

is the current va C tine refere S ‘the. device. As
ment i onedoveyenvibe frfrormingsiok offiet maydk etigencas evell exready Edchatingt aaghjbeist ment s are

mad t L] e ne st,ared on,each of the deyices will converge
t'ovva%rod gtﬁg% fﬁ%%éceuvlg%h‘éggﬁlé%%%& e\?g Ugev\‘/"\fswc %”{"H’é"ggfﬁl"ﬁlf)ﬁlagjf‘ﬁt reference. L
is a |imedntthagmoof tielfst rmding slbek andithe freevonmivig dideR bfféehe@nfdrgee towmardni ng cl ock

of f set itﬁeQﬁ%ﬂfﬁﬁfgﬁﬂ%{?@%ﬁ{cﬁﬁd%‘%Er?gcﬁ%sfgﬁqecﬁ?eme bet ween the 35 global tine

ref erence ocal Pti e &f%i s conputed. In one embodinent,
L is equal IbdiffentamtiodilentsedjusaheanBind thi locdl tise fef@ence buasdioaghecl ock of fset is
equal t.-orcctrli%lznj gl&bQFtin%a reference are made according to different schemes. In one
25  embodiment, a linear adjustment to the local time reference is made based on the difference
between the received global time reference and the local time reference. The adjustment
may be represented by the equation:
AFRCO=(GTR-LTR) * L.
Where AFRCO is the change in the free running clock offset. GTR is the global time
30 - reference received with a packet. LTR is the current value of the local time reference stored
by the device. As mentioned above, after several packets are received and adjustments are
made, the local time references stored on each of the devices will converge toward a single
value and that value will be the global time reference. L is a linear factor that adjusts the
amount that the free running clock offset is adjusted compared to the difference between the
35 global time reference and the local time reference that is computed. In one embodiment, L

is equal to .5 and the adjustment to the free running clock offset is equal to half the
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29 August 2005 WO 021073851 PCTf US02/07082 5 diffengnggspajoween the

recei ved global tine reference and the stored local tine reference.
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woul d;lSpelfrbmmmgmcgbfma:lsadjusmdirrteépmpmdmagr eed upon by the current devices
in the net ha S ertr ne reference may

" be ignored nalﬁg%&ngmérfg e('ﬁl anor‘r'f%“o HE Sé‘?ﬁtsr‘:&e‘f'g‘étml’iaﬁ“'ﬁ%mt urned of f under

certai n Qowthe sysmmtcebwme robwet. Tak diffelence berhmh@ldﬂﬁ&ﬂna&aﬁﬁﬁda&hdl nunber of

changes the t ctron may be

I C
t enpor ar | ? E]ur necfm’?cf X""‘FH?“S%F“" l%eéencﬁﬁﬁfegﬁ{q‘@taéﬁgﬁ%ﬂ]é’é @ ™evice that is
recei vi ngi_mtrhargmadmnﬂreﬂocﬂftmglrﬂh'aicet]ftm difefeRceasie@shan Adiresheldf fer fromits

I oc ti ! nce. by, a nost likely is actually incorrect by
?%Or gemg'?r{g nE"E'BH’ﬁ?e gﬂ?ﬁaﬂlo‘?f' %5&”‘?"6‘“&%‘”0{ pal BYO'3f recent tines

that thenevB&bvtdb i: gﬁjh@@thbﬁtmwttemprse@ﬁba@chl@hnﬁi&mferbﬁ@ taekerence and the

| ocal time refere reshold, In one enbadi nment, the counter

t h
i s progr METSH g w g'ﬁ‘? 'g’ﬁl?ﬁg‘&fﬂcfg‘?ﬂw m?f’éang‘?éjf‘@P‘eWc‘B%chF'Bﬁ‘F‘iﬁ‘rfﬁue sources SO

that a s:hngét@odc,rtaatdm&fsesss:ﬁbﬂéf@:etgndbadﬁ%&éfb@ﬁbehﬁ?B@r‘tgﬂﬂécN wi |l be ignored.
Both the threshol d agd t he n%g;ﬁer of tinmes that the threshol d nmust be

exceeded to TIPHC Graedimeus.thetueshold tpst caa be thgngd oibunderseitaitmed or may be preset.

25  circumstances. For example, if more than a certain number of changes are rejected by a
device, then the threshold function may be temporarily tumed off. This would be
appropriate since a device that is receiving a large number of global time references that
differ from its local time reference by a great amount most likely is actually incorrect by a
large amount. A counter may be used to count the number of recent times that the

30  difference between a received global time reference and the local time reference exceeds the
threshold. In one embodiment, the counter is programmed to only count global time
references from unique sources so that a single inaccurate source broadcasting repeatedly
will be ignored. Both the threshold and the number of times that the threshold must be
exceeded to tum off the threshold test may be programmed or may be preset.

35 Figure Sisa diagfam illustrating an embodiment where devices belong to two

different ad hoc networks and a new device is joining one of the networks. Devices 502,
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35 Figure 5 is a diagramillustrating an enbodi mentyovuhegreo6igvi ces belong to
two different ad hoc networks and a new device is joining one of the

net wor ks. Devi ces 502, 9 29 August 2005 WD 02/073851 PCT/ US02107082 5 504,

506, and 508 all belong to a first ad hoc network 530. Device 508 al ong

wi th deviwesn7isi?2 and 514 al so belong to an ad hoc npetwdeidses40. Devi ce 522

Is requesting to join network 530. As nentioned above, in one enbodi nent,
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conf i gurkagket # desgribedén BOspetificatione Ty sndaed Hellogirosekdbak: is modifidHEREAN | ookup

" €QUEST Sino MALioRHI imBREIAHS FRYieRSprb RS TBRL AL 9] i Stabl @ network

gl obal tine
-~ HIPERLAN Type 1, Functional Specification, ETS 300 652 at 6.5.4 Neighbour Information

Declaration. See also 6.1.14 Neighbour Information Base and 6.1.15 Hello Information
25  Base.

As described above, a device may use the HIPERLAN ID to determine whether a
packet belongs to its network and therefore whether to adjust its local time reference toward
the global time reference specified in the packet. Also, a reserved network management ID
may be used by devices joining the netwark. Network devices may be configured to ignore

30 - time references included in HIPERLAN lookup requests, ‘

Various methods may be implemented to avoid a stable network global time
reference from being perturbed by a new device. In one embodiment, new devices are
instructed to provide a global time reference of all 0's which is a special value that is
ignored by all network devices. Also, a new device is preferably configured to initially set

35 is local time reference to equal a received global time reference instead of adjusting its

local reference as described above. Specification of conventions for new. devices, however,
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reference from being perturbed by a new device. In Q\qlgggg‘gﬁgi ment, new
devices are instructed to provide a global tinme referénce of all 0's which
is a special value that is ignored by all network devices. Al so, a new
device is preferably configured to initially set 35 its local tine

ref erencewb@y@spgnl a received global tine referencepiPpgd@ppsof adjusting
its local reference as described above. Specification of conventions for
new devi ces, however, 10 29 August 2005 WO 021073851 PCTI US02/ 07082 5 does
not pf ot elods neigadtersigainaigepee deicectas db habbsdve the torbicefiveatidnber cor r ect

conventigns o devices that belo to other networks. For .that reason,

ot her pr %(e:‘%c ﬁgh%tsbelée)%tﬁ (@gr" ﬁvé’élﬁi hﬂrﬁ%‘f ‘f‘?%soﬁlc’gﬁrﬂﬂ'%ﬁa‘\rﬁs “'rs"af gheeking ng certain

| ar ge chardBBERTRN B) & 0cjdveng dephie hege ckflges miag bls€beBmplmentdd. ow char t
illustratingga process th etwork devi ce executes when a “packet that

i ncl udes a gF‘&B‘gP‘%“. r?\g’cﬁ’%lf@f”%‘?@@aip?cfsé FRASHY C?ed'é?%’f”ﬁft?fé" Bther to adjust
the 10 paketorakincedes £ globabtiaé referames is ebdved RoRternlilewiptiReRIustiRrt s at 600. In

st ep,602 |. PER D is checked. If there is tch, then the
pr ocggs gﬁt%&g V’%E‘ﬁ%ﬁy’}er&%‘?’:& J|il epéocem%srﬁt&ﬁ’nirh“@dﬁg’r is transferred to
step 604HMERLAN IDgs chetked. rTf thed istoaiami) thdnhis phateds eiidsas620. Iflieals p request . | f

the packet . is a |look u eqyest, then the process ends at 620. If the
packet i & atrcll('jf?h egc?"oglﬁﬂ%ﬁﬁéﬁ%g‘%ft,p?Oﬁéﬁﬂﬁﬁﬂ?‘?r@f“eﬁigﬁ?ﬂ?% PEF to step 606 and
\me %I obbalﬁk op x}&@cﬁflfmfpemmgelomsup’@eigenhn therpraakss pnds |@86201 ll:ffﬂiejst deter tmh ned

et her time reference.is eci val ue it s, en
control ¥ asc‘éett géﬁgs)af kRS %%05%@'%%83%F§E°é§§%é% theglobalfimeq| opal  time
r ef etfencefaracaiothecked o ciepb08y i istdeterniilicd et tHeQ@lobalSinderéfttedceislaed t o step 610
and the _di.fference. hetween the gl obal  fi reference_and the |ocal tinme
r ef er enc ¥4 Vq"éﬁ' Eﬁfg’ﬁ% con 'értir,ansgﬁmgrtoéaé @ri;%}" Pf9qEss £ elfili‘rﬁlﬂ Ay clock of fset
I S updat ek refbleeceflis @ea spacialivalge, ehed ContoEY rinefer2dd I EPE10Gnd®EOr di Ng to any of

' ed above or any other appropriate

the |ine or nl i nea henmes descyr|

conene e BN U Rlokd SRS ETarca sy tepglie Niae P B Char

i || ust r aflengn slepiildakesfiee n@hing Bt disti@s Wd4dO Thé frdel riiringRfcek MRE® 1N a packet.
The proce S“flt art.s atg{f&% i\/nen a c]I_ock sync, sequence is witten. Next, in
stepﬁ 70%Pdapq accqrding fa a e JIBG erealinedr sgliemes despribedabays g anyothehe frame sync
S equenc eapp@piatphenicc BheiBodedsehen @b lat 4202 reference of the transmtting

device is read i.n st 704. This value wi|l he inserted into the packet as
the gl obal i ’;l}é‘f*éﬁg‘ﬁﬁllémd]&}sfr@’é‘ééﬁm‘ﬁbf°f‘6dﬂﬂ%atﬂi‘?Pél‘i'?f-‘df’fe{cn@ frane sync

'sequenceéin wpsckéti Thesiaseks stievdt 700 whefi b SRckMb sequdfe St valth. NEAiBn &i§f erence s
witten f ?to he rgacket .. 1t _should be noted that other steps may intervene
bet ween 9 dhfdramg sync sequenggis writfgn. As soon as the frame sync sequence is completed

25  the local time reference of the transmitting device is read in step 704. This value will be

inserted into the packet as the global time reference corresponding to the time that the frame
sync sequence was finished. Next, in step 706, the global time reference is written into the
packet. It should be noted that other steps may intervene between steps 704 and 706. The
key point is that the global time reference is stored either immediately after or at some

30 specific time after the frame sync sequence is completed so that the receiving device can
compare its local time reference to the transmitted global time reference at a specific
reference point.

Figure 7B is a flow chart illustrating a process executed by a receiver to prepare to

update its free running clock offset. The process starts at 710 when the frame sync

35  sequence is detected. The local time is immediately stored in step 712. It should be noted

that although it is preferred that the local time be stored immediately, it is also possible to
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key point is that the global time reference is stonedugistbss | mediately
after or at sone 30 specific tine after the frane sync sequence is

conpl eted so that the receiving device can conpare its local tine
reference to the transmtted global tine reference at a specific reference
point. Figongoddiis a flow chart illustrating a proggpgsegyagut ed by a
receiver to prepare to update its free running clock offset. The process
starts at 710 when the frame sync 35 sequence is detected. The local tine

i s i nredistetedhedocnl @ned aiset pgyiod pf tideafter the skemtidnabf the fimai 8dc sigfanTheal t hough it is

preferre | [ i i atel it is also possible to
11 29 Au?u%@%%g%%%@ed%g%f%%@?%gg%%%ggﬂ“ %‘%’f‘%‘?‘g’ LEwhe local time at a
set peri &@nsgfttet glohal tin tumithe Iheal trssae ttoredat @bpecifie phindnBmsiefegensddginal . Then, in
step 714 i s read fromthe packet. In this

manner , %}ﬁ%{l ?gﬁ%ﬁ%ﬁ% gs%]g%ﬁ Er[&l i dtftleh B e Frf)r&%ﬁynﬁ "%re stored at a
speci f i cresesciely ismesnpea ftieerlenattingt referendeland the globah dmefeferdne: dar BeTe sync
sequegce ng Gl 1O ne sync.seguence, respectively- In

t hi swrranﬁ_er, th@ﬁ%@%ﬁ i ncgglééfggtg%i{c%ag%ragqaﬁeg@ﬁ'ﬁtﬁ | tinme reference can be
10 ‘conpar ed Matitairing afglobel timgreferonge ol 20 of haxfribsveik imabeeh disdlgapd. Opach at el y

acl ust edolnal:al Rl i dohohRl b TR { BLEFENGS:IAR.AL: RS, net nork has been

di scl osed. Eac device malntains a loca S'E:k and a | ocal
free runieBslpr eompsice dioéad e reforrinedn Eachdipe tineing clocknis idiwsted dwagiad ti ne ref erence.

Each freg.& ' . ' ' .foward a . received global tine

r ef erenc%ce'gﬁglglo?zg nﬂ%ge? odggﬁhgs % tﬁ%l%‘?ag?rg?reeeécélc%?f“(bﬁtﬁi'eéé%’fcegﬁ’\??‘@éo happens to 15
be bloadesdseadengting| in thisimsnner avestuallyellefithe iichl yindfererfced didevicemlthet | me

ref erenc j ' etwork converge. A device participate in
nor e thaﬁﬁ%cﬂgétf%%?ﬁd%i;e {?%?e%almgﬁmf e g‘f‘"" ﬂ‘&twf’#‘ebé’%%i“ﬁ % ock of f set

f or eachons&eswniing oddcklnbsefor tdalendieoregoi ng i nventi on has been described in
sonme detai l of clarit f understanding, it wi|ll be apparent
that certaij n&g{gg g‘éegfggegﬁn%&‘éﬁ"??@ﬁ ‘?%‘h@e“r'ﬁ ‘Bé°m“z%w¢}3‘§@tlﬁpeﬁsa°fjw thin the
‘scope of claritieofapdeenmidisls,dt veill hesappirent slacuehsin Eangee bivnddifattidnbi@aebear € many

al t gjynat | X il nt i at h e process. and apparatus of the

pr esez_rgnt F}r%:\%eﬁ%ﬁ'%c Sﬁ%gﬁﬁﬁpﬁ r&gd %?H@S'p[&g@glﬂtb? Bt ther ke "% to be

consi derafigmative weysuod implémentingaboth theqiocess @td dpparhtud/ef thefedent fCenkibn/ent i on i s not
iven, here be nodified within the

be |im h il in, Db -
scope arye Ll dtasn BBt s e g e and o

Testrictive, and the invention is not to be limited to the details given herein, but may be

7 modified within the scope and equivalents of the appended claims.
25

30

35
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30 35 12 29 August 2005 WO 02/073851 PCT/ USQ2/ 070839 Wikt bdsCLAI MED | S: 1.
A nmet hod of maintaining synchroni zation anong a plurality of network
devices having local clocks that participate in a network conpri sing:
broadcasting a first packet froma first network device to other network
devi ces tyghansk§ participate in the network wherei npdfaefdshst packet

i ncl udes a global tinme reference derived fromthe |ocal clock of the first
net wor k devi ce; and adjusting the clocks of the network devices that
receiye the first packet to be closer to the local clock of the first

net wor k | 2t hod of mmi ntaining synchroni zati on anong a
pl urali twﬁﬁg{‘mgw ces as 15 recited in claim1 further including:

br oadcasti ngAane#a ofdaiitaiaing Eynbtireniaforsawng 8 plaRLOF Kerniel Hdfed 0 Ot her network

devices  that participate.in the network wherein the second packet includes
a gl obal h?"i“\émgléﬁ%k‘eth@@mﬂ%ﬁt‘?'{}éﬂaf"f” fPPREEocal cl ock of the second network

devi ce; and w@jdistingvfitpacke! famksfieinetwoek dabibeo ofglextrl&?il‘dﬂc mwamh nfet wolr k ek
devices that receive the 20 second, packet t e . closer to.the local cloc
of tﬁ% sB?theﬁ'éﬁ\ﬁB‘? °%§'(PF'8‘€ .thé'.rst Raﬁl?gth? e.sd‘fg? i e dirreneg deinr oni zat i on
anong a fbarlldchlclook ofthd MmiiwddecieSams recited in claim 1l wherein the
nificant part of the |ocal

gl obal time referepnce includes the |east si

cl ock of theachs?'ﬁgttp%ciq%? Kheqaiyotkexipes t ’é%e“%élfe 13t Ppokefde PARLOSHIR L signi fi cant
part of thbcalkhaadf tielfios Ket@brkidbncef i r st net work device. 25 4. A nethod of

mai nt ai nj ng nchroni zat.i.on anong a plurality of_ network, devices as
recited fn c‘fiﬁ’feﬁl‘)?,o TRe ﬁyﬂ‘g;?%%@'t'onﬂﬁg??!?}éﬁi' of pepwork ¢evigeseaSor { he net wor k
devi e | eeciet in idid f@thesindiddgedcast periodically and the nost significant
parts of all cal, cl ock conforped to,the broadcast npst significant

I ar e ]
Dart. 5. A ruPHEATINSA RO PASKeh ] A SSrAREBrAr et ioe tp CURERRIVOIK BAVESFSI [ 1y of
net wor k gl \phticipatéi the3RtwoBOVHeReh thdﬂseé‘dna?ﬁ@két intlBEsel globaldiméSbemsket he cl ocks of
eive the first acket to be closer to the

f anretc}%ﬁe feo\‘l"lc‘ﬁgl%‘?“\ﬁ f S‘Ek qrfig’g\?\'i?l‘“!fl ‘I?Ef‘(f’i"]&@"icﬁé?‘ﬁdes adj usting the clocks of
the networ k ggiinga cRRRUT dieRBel mRtwdri dRRA nefwdiCdeliod i rebdi ol f f erence
bet \/\ﬁ)e n s;[etr:]o?]d packet to be closer to the local clock of the second network device.
3. A method of maintaining synchronization among a plurality of network devices as
recited in claim 1 wherein the global time reference includes the least significant part of the
local clock of the first network device and does not include the most significant part of the
local clock of the first network device.
25 4. A method of maintaining synchronization among a plurality of network devices as
‘recited in claim 3 wherein the most significant part of one of the network device local
clocks is broadcast periodically and the most significant parts of all local clocks are
conformed to the broadcast most significant part,
5. A method of maintaining synchronization among a plurality of network devices as
30  recited in claim 1 wherein adjusting the clocks of the network devices that receive the first
packet to be closer to the local clock of the first network device includes adjusting the
clocks of the network devices éccording to a linear function of the difference between the
unadjusted value of the clock being adjusted and the broadcast global time reference.
6. Amethod of maintaining synchronization among a plurality of network devices as
35  recited in claim 1 wherein adjusting the clocks of the network devices that receive the first

packet to be closer to the local clock of the first network device includes adjustidg the
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unadj ust ed val ue of the clock being adjusted and the hpeadegst gl obal tine
reference. 6. A nethod. of maintaining synchronization anong a plurality of
network devices as 35 recited in claim1l wherein adjusting the clocks of
. the network devices that receive the first packet to be closer to the

| ocal cl agloeffsihe first network device includes ad{,éﬁﬁglg ohe 13 29 August
2005 WO 02/ 073851 PCTI US02/ 47082 5 cl ocks of the networ evi ces by
approximately one half the difference between the broadcast gl obal tine

r ef er £ncelosie@f thefetwditR A¢vitss BChppdkititefond Rf tid ddferoShddtkeRtheUst ed. 7. A net hod
i ni [ lurality of network devices as

of maintainin ncghroni zati anong a f ’

recited i%Wa%cﬁgrgﬁgai“Wl EFe @8&?&?‘%‘5@Hﬁ“erﬂfﬁl?ﬁg’%l?e“’tgﬁguﬂ@t wor k devi ces that
receive ghe fAimdtod oﬂﬂﬁkﬁhing @nﬂ_ﬁo:ﬁiaﬁ&ﬁimcin@aFlhﬁlidy(éﬁﬁétw&k @bkcedhs t he f ' rst

net wor k devi ce 1i.nc| Li%es 1cﬂ}l“!&tustl g%m he 10 cl ocks of the network devices
accor di nFoEg BB Yhery adpismg the of {he @etypikidayiess that IBrefYaERAISt t he unadj ust ed

val ue of pidré tcheatier ietheBeASptisdras fﬁ@%th&ﬁd&ﬁ&mﬁﬂ&tad,fﬂétﬁﬁ%e time reference.
chroni zati gn anon pl ural ity of network

8. thod of  nmaintaining s ; : a

devi e ‘21&8‘3 P{e‘&? FHPrk (PP AR g T iReE ABCHB AT PnEeTac REWESN of 't he

di f f er ente uhaljusevilie BEthe! 186k etk edjustedahd' e BrbadcRiEgl6labEke RRine, adj ust ed and
t he broagcasag%hggaij tinme reference causes 15.substantially no adjustnent
to the cPock”BEMGCHEAMIRINASSYRFIGMZHD 4ions aplwalits obretwagledpvicse®s unadj ust ed

val ue of rebired icdlOmK wheleidgheadplitkirgthcantorieifRicpaeantn @t Gfdlustd me reference
ble difference. 9. A nethod of

is greater a maxi mum adj ust a :

nai nt ai nﬁi‘{f Uw‘ﬁglﬂ {ng adpsts an F}B“’%Fcfﬂt oAl fipg refsrenceaawsy k devi ces as

Ireci TSedI iubstmiﬁ?liy{ﬂohdjwmgérf@dlhe{d]&k?biﬁé)ﬁgijuéfeh pjﬁenrtﬁ‘é(ﬁﬂﬁaﬁf}bditﬁceﬂ?{ei ved ]1: romthe
ocal clock o e st network device inmmedi ately after a frame

synchr onﬁ“?gif”rt‘iﬁln“g%?ftq%ecfﬁock;e‘%g lipsted and; the broadeastglabelitime refergnee i et hod of

mai nt ai Ngreder MANE oAb Aljudbleingca plurality of network devices as
recited jn c %{egﬁofmherei,n adj usting the clocks of the network devices that

L1 ng ] )
recei ve the ing syngheonizatipaapongp plyrality efngiwogk dswiresods t he fir st
net wor K @il Gifelditd ¢ WHeleis i altindGefbfte Aichiv28 fbm@ledsds ek @t hECEI Vi Ng net wor k

devige at the instant that frame synchroni zation is detected to the
trarfom t HEdeorsgYice immediately after g dme synchrpnizegenpestionof seacket isi ni ng

synchr ongsaghited) anong a plurality of network devices as recited in claiml
wherein all data packets broadcast by any network device that participates
in the ndwot Rehofaf puintainingsyrabronizetiorampnganiustliteof aetworkalgvitesaan t he | ocal

cl ock  Ofredi@in claim 1 wherein adjusting the clocks of the network devices that receive the first

packet to be closer to the local clock of the first network device includes comparing the
25 local clock of a receiving network device at the instant that frame synchronization is
detected to the transmitted global time reference.,
1. A method of maintaining synchronization among a plurality of network devices as
recited in claim 1 wherein all data packets broadcast by any network device that participates
in the network includes a global time reference derived from the local clock of the
30  broadcasting network device so that as more data is transmitted, the local clocks of the
receiving network devices are updated more frequently.
12. A method of maintaining a first network local time reference and a second network
local time reference for a device that participates in a first network and a second network
- comprising:
35 maintaining a free running clock on the device;

- determining the difference between the free running clock and a first network global
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30 broadcasting network device so that as nore datagigohgamsmtted, the

| ocal clocks of the receiving network devices are updated nore frequently.
12. A method of maintaining a first network local time reference and a
second network local tinme reference for a device that participates in a

first netywdhkoradgl a second network conprising: 35 gpifdodbid,Nng a free
running cl ock on the device; determning the difference between the free

running clock and a first network gl obal 14 29 August 2005 WD 02/ 073851

PCTI US02 tiéed&etet i me reference; calculating a first network offset to
runni ng ¢l ock and the first

account for the difference ween the free,

network gl obzﬁ%]c"{klglr%aﬁés?'éeg‘%%;g‘gl?set&%f‘%?wWW&ﬁ'ﬁﬁ@mﬁibﬁ” ®bet ween the free
runni ng chnning clacidand tiedita nelwork ilobal kme gifcpdndd; ti ne reference; and 10

cal cul ati ng second, networ k. of f set .to accoynt for the difference between:
the free ruﬁ?\t?r%m% t8%§¥fgﬁ'ﬁeﬁ‘§”§§@%mﬁltl*?%\g?qt¥ “5‘??)%‘?“31.“?%8‘ reference. 13. A
r ecei vi nglohdtiwerdferelewjaaé configured to mai ntain synchronization with a
transpitting network device conprising: a regeiving network device | ocal

cl OCEE;Sn 15 ancﬁr}ﬂ’{lagﬁ 5&380@6%?"?%3%%“‘[&8%8@5%‘ ergrce gﬂ‘“’?‘i&ﬁ’ﬁé‘?"' fromthe

t ransm t tunnigg cletkund khederondetworlhgotal tind ilerehidel St packet i ncludes a gl obal

time refefrenge derived froma transmttin etwork device |ocal clock; and
a procesggo'r 'céﬁﬂ"aﬁf‘%&f%“o"gﬁfﬁaﬁgufﬁé" T‘E‘g@ﬁﬁnﬁﬁoﬂ@f‘%ﬂg‘ %Yevi ce | ocal clock
to be cl gsmsmitingmetwoek deviae\cmptigingdg net wor k devi ce | ocal clock. 20 14. A

receiving ne rk device . configured to maintain synchronization with a
transmtti nggﬁlww\{w&ﬁ%&e&g?é&’t ed in claim13 wherein the receiving

net wbf k devi aeintetfme abnfighedio rdctied Afitepackef @Ethe titBinEheGEROIk REE a free
runni ng céock '

mai ntain" %‘?%%W?g‘ﬁﬁatg{“‘r‘ %ﬁ‘“ﬂﬁéﬁtﬁ@ﬂ%%%&ﬁ\%ﬁgﬁ%&%ﬁp‘% g%%@gogyrrglrjir gld n;? 25 a
t ransmi t hetwgk dedcadock! dbekiasa® | ocal clock; an interface configured to
transmt a f ;; érgctcss%fa go%ﬁéuwvmg :[1 Jtllstn tth rrt]wgei\]:itilgrnsc'{wo?]? eiéier'\:g }oicarl] gllogkdtglsae Soser
to the transmitting network device local clock.
20 14.  Areceiving network device configured to maintain synchronization with a
transmitting network device as recited in claim 13 wherein the receiving network device
local clock includes a free running clock and a free running clock offset.
15. A transmitting network device configured to maintain synchronization with a
receiving network device comprising:
25 a transmitting network device local clock;
an interface configured to transmit a first packet wherein the first packet includes a
global time reference derived from the transmitting network device local clock and wherein
the global time reference is used by the receiving network device to adjust the receiving
network device local clock to be closer to the transmitting network device local clock.
30 16. A network of devices comprising:
| a transmitting network device configured to transmit a first packet wherein the first
packet includes a global time reference derived from a transmitting network device local
clock; and
areceiving network device configured to receive the first packet from the
| 35  transmitting network device and to adjust a receiving network device local clock to be

closer to the global time reference.
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gl obal tinme reference derived fromthe transm ttingonglulbkpsdevi ce | ocal

cl ock and wherein the global tine reference is used by the receiving
network device to adjust the receiving network device |ocal clock to be
closer to the transmtting network device |ocal clock. 30 16. A network of
devi ces. cRBmBidssdsNg: a transmtting network device cphfygyigd to transmt a
first packet wherein the first packet includes a global tine reference
derived froma transmtting network device local clock; and a receiving
net waf k tevi Aeeoorifdeger cedptisingt ecei ve the first packet fromthe 35
transmtti ngapeetwornk cgc)gv_i ce and to adjust a receiving network device |ocal
clock to be 2CYOEEIE lf’he gl obal tine reference. 15 29 August 2005 WO
021073851 PGprolsesdr dififideddo:17. A networ k device conprising: a free running
cl ock; a process conf i ed to: determne the difference between the free
runni ng cl ock an‘ge{egmf’? IJ‘%&%“8?%%?%“"3’?%’%&@“%“%@0%@%? ﬁﬁ'c’!?fwoi]b calculate a
first networgomaf disextfeteaceaccount for the difference between the free

runnjng clock and, the first net k gl obal ti reference; determ ne the

di ffied:ence bet weBiSUFRE ﬁst ‘éeiwcfrgﬂéreﬁ%{f&a%f)%‘?&”Qﬁ&‘%@@%‘ﬁ’&"’"ﬁ §%&rk  global tinme
reference; amohigadiek halthe frstseworkgichditieidfereickset to account for the
dirference bet Weph {iifine diterthod Sorkrtth Be'te Slndi o tnd [ g 5aNGet wor kgl obal

global time reference; and
calculate a second network offset to account for the difference between the

15 free running clock and the second network global time reference.
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