5 29 August 2005 WO 02/073851 PCT/ US02/07082 NAI ING Aublishédod GLOBAL TI ME
REFERENCE AMONG A GROUP OF NETWORKED DEVI CES FI ELD OF THE | NVENTI ON 10 The
present invention relates generally to networks of devices. Mire
specifically, mintaining a global tine reference in an ad hoc wrel ess
net wor k i wodi@gsssnsed. BACKGROUND OF THE | NVENTI ON V¥cwiseseomet wor ks ar e
becomi ng increasingly inportant as solutions for transferring .15 data
anong_devi ces that nove, are located in a home, or are otherw se situated
so that it is desirable to connect the devices wi thout wires. Numerous

physi cal and MAC | aygpraineiNiG ANSLOBMETRACREIGIeEed. For exanpl e, a
baseband ultra wi deband wirel ess network i s descrlbed in U S. Patent

Application No. 09/ 388ONGeA GROUBICHTNETN PREER PENKGESor k f or | sochr onous
Conmmuni cation” by Aiello, et. al., which is herein incorporated by
reference. 20 An ultra wi de band network transmts a signal that covers a

very large portion of the FIEIPQRIEREINGRHPNmM but transnits at a very |ow
powefg i n any'rhmesydtﬂwalmﬁ f%g&ﬁ»ﬁu%ﬁﬂmﬂw&h@&sm?ésw#ﬁ%uﬁr e sonetimes
referred to as ad hoc networ kS because the network Is conprised of devices
that happeiRtinegeloRp! fine mlerpnse maaaéb@wre{ﬁmemows gisclespe ot her devices in
the network. Devices may 10|n or leave the network as they are powered up
or nove out 25 of range. rticular ad hoc network is described in the
H PERLAN Type -1, Functi dH¥K éﬁé NP OF FHEJNVENTION00 652 published by the
European Tel &aRHMBivea e BeoRha RiRkdSly M}&%dnidg%am&n& fob Sariéiah a0l € at

www. etsi..org. Figure 1 is ab ock dlagran1| lustrating a set of wreless
devi Bes fa@amasg ferices thet meve, prsdesetedin ajhame, opjre etheryise sithaledeo thasitior k. Vi deo

pl ayer 1@e%1r4bica@§dﬁhéc§th@akv@admo§eveaﬂ,@' Nﬁr&r&ggeoﬁﬁlﬁﬁdﬁﬁ&% 106b, 106¢ and

106d. Vi deo player 102 also transmts a vi Si screen 104. Screen
104 and  sbeianshate begepropgieda Ferexamplen 8 risebandyilis W‘d@baml]\vtrdesea@worbuSher or to

vi deo pl @ihed s, Egsmala%l?cﬁlmo'»&aéwa 198/ s BEndWEIQ0ReGHRY, 1 Figure 1, it

is readily seen ni zati oh anong the various devices is
i mport anlsoqh@nezérﬂommaahdé'dqyrﬁa@loeetraéswmh is wnnntﬁrﬂqramtbyaefwnﬁes of delay or

L0622 and 1 BEh kR PEATRS o PR RSB BB 1%L P e

then t hefrqguency spectrum but transmits at a very low power in any individual frequency band.

Wireless networks are sometimes referred to as ad hoc networks because the network
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




29 August 2005 video presentation shown on screen D4ugmyo0ust be properly
synchroni zed with the audio being played on the speakers. Even worse, if
speaker 106a and speaker 106b are not properly synchronized, then the |eft
and right stereo audi o channels could beconme separated in tinme, resulting
in an unpl easant audi o experience. Thus, it would be useful if a nethod of
synchroni zing the devices in such a wireless network coul d be devel oped.
SUMVARY SININ i Eﬂrﬁ{?%' i -or mai ntaining a
gl obal F@%ﬁiggygygnce gﬁ%ﬁgﬁgbgggg%%biébﬁ%féﬁess egﬁ%gggﬁgfticipating in a
wi r el esbeimgploysdlon ithe spéakers.divenl woilse, iSipenkkll (6@ andepeaker 106haretnbe t echni ques

descri bed herein ma | s a i ed to..other networks including certain
et wor kEpRT PRz fedfe REERRH FoneRyo HPRtaarr B s Mils i ber opt 1 ¢
cabl es oitimepiefifting ifemn@pledsait addicexpitichRSEfs, dfwaRkigRbeil iftahbethodpeci f i cat i on
will descrjbe in detail a wreless network and in particular a wirel ess ad
hoc net HOF OwﬁﬁgﬂﬁggﬁaFﬁémFPpﬁﬁ@ﬁﬁ““??&ﬁ@%@fc*Wd§ﬁguld be appreci ated that
the invention is not limted to such a network and that the techniques

described are applicable to many different types of networks. In one

“enbodi ment, each devi ceSUMMAREOKIHE BVENECNs its own cl ock. Instead of
desi gnati ng > 1 -@g-g I PBRsk cl ock, each
devi ce trans%?%gﬁ#§£gﬁg%ﬁeﬁﬁggﬁ&§¢éﬁ% org%gﬁﬁﬂg@e%ﬁngMM(%'%ck si gnal when
it sendgroap placikedss dayices pesticiphtiug heswirdiess tdreorkét dimidsed. Tisbouwddls ces recei vi ng

t he packet d.the clock.signal an djust.their o .clacks to the
transni?ﬁgﬂhs e&%ﬁm$ﬁfgﬁgﬁﬁi ?@f%%%%@ﬁ%mﬁghﬁﬁ rqqﬁgﬁﬁﬁf that causes
the cl agdis nb@oknbattahymiGRPAEIO FEHkIR oEWHTID Dsivaix, fiefop@ithblesgi | [ ating in an
unstabl e manner,. It shoul d_be appreciated that the present invention can be
i npl emeftPEdePRs- Fethsmytreses phgrampleythis spepifigption will drsgsibe gxdetatld appar atus, a

Syst em yRele8 Ktk 6k af B a Wirelss SO ARMERork th asla ik enp@diANm such as a
conput er readabl e storage nmediumor a conputer network wherein program

i nst r ucsthnsazsl. K shoukldstapprociatedibat thainveptiorsis mottlingted ¢o sohmoetivokiandn | i nks.

Sever al o L&Y G OB TR Ae b REPEESERT LY EOLLRD are described bel ow.
I n one aspect, synchronrzattion 1s nmai‘ntained anong a plurality of network
devi ces havinnge émtedimend, exck 8evida @i a feawoik maipaiheits dvnalooke mweakof A first packet
is broa%%ast frogliﬁfirst . eﬁénrk evic%%%% ot hey network devices that
par ti ci {FEERnRhe plack pf pigepticulsdevies 3s e masterdlack. epchderigi@nsifiiSpal ti ne

r ef er enggh dekisigdl of JaR BY fs Wl ReRbigtal WK itQEndk BBackdtisdihdp 8w # devi ce. The

cl ocks of the network devices that receive the first Backet are adjusted to

be cl osbengtwork.Jde devicstrgpeivingibkpaglet repihe ¢lpckisignal pyghadiusidhsi v, 2

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.




29 August 2005 In another aspect, a first network |20Gakud:boos reference and
a second network local tine reference are nmaintained for a device that
participates in a first network and a second network. A free running cl ock
is mai ntained on the device. The difference between the free running clock
and a first network global tine reference is determned. A first network
offset is calculated to account for the difference between the free
runni ng cl oc MbdertafiRerl d firstnetwBRUNRT dindtbRRAle shd MRcd@h8kER4&al The difference
between the free running clock and a second network global tine reference
i s det efim re&genceare wainiged-for asvice Ghtiparicipites in afistricttoddand@ sccab ount for t he
differe e 29 E? f | C . wor k gl obal
tinme reﬁ%&%ﬁggg% CCO §¥ﬁ%§§35§ﬁ%?ﬁg?gg§%%b ggﬁﬁﬁgﬁﬁﬁgggﬁgg%nvention, t here
i S pr oviueidg dodkaada fiisngtworeglotal indefeicoe icdadmiged. Adirdt oetwork pffst N

synchroni zation with r mtting network devjce conprising: a receiving
netmnrkESQW#%%ﬂ?ﬁ%Q?“§¥%%E$é§‘wiﬁﬁgﬁygggg@gﬁﬁgﬁhﬁﬁﬂdﬁﬁqgﬁceive a first
packet fdi@érk kldBal tind Rfdiincs. TR EMWE bitwela iedRe WARHEE1BckiaA@a dedrdt  packet
includes a global tinme reference derived froma transmtting network

devi ce POYUK elebB e refmanceis friepinsd ok scedrrryyaredse & calgflaiedtot he receiving
net wor Kol ik BHBlenEb @ erl i 118 nGhiA8 Eheil i MRSochE AR by netvork devi ce
- local clock. According to another aspect of the present invention, there is
provi dedmerefeeged. vi ng  net wor k device configured to maintain synchronization
W th a receiyjng. K V] risi.ng, a.transmtti.ng network device
| ocal clock;xgﬁgw%ﬁér g%%gﬁ%%gﬁggggnp?gmhggﬁﬁ%ﬁpgﬂé FP??W%%cket wher ei n

t he fi rstw@hddoie confighradiesnantain ghehronizatice withfaamandeinghetioredeviceom t he

transnittingnnetmnrk deviﬁﬁ Lo?al chk_ang mhgﬁﬁ%ﬂ the, gl qQbal tine
r ef er en®EPIYNG 8 Lgeiyye pHgork fevissiqrplelpekiap cfa foetadtst t he recei ving
net wor kpadry 68 te@emimittihOfekvdriPddiRe Fh@Se thelitt pdcl® ik hudR 2 Fobil kiR net wor k devi ce

| ocal clock. According to another aspect of the present invention, there is
provi de@fegnppderimdifopra trageniiting etk Aevics lavg:clogk; epdaaragessof ng net wor k devi ce

cont | QUL b EGHAPEL foodhvifd dcitonlP@itE local MG 6 blablFO btk ot 1 ! udes a

gl obal ti reference derive roma transmttrng network device |ocal

cl ock; mtwbrhdeviee &icaliclogk.net wor k devi ce configured to receive the first

packet fromijhe transm.ttin twork devj.ce.and to.adjust. .a receiving

P wor k. tovi Sl bkt i B PRty R0 oBRs b Bt | of o ens.

Accor di mgwdriodade tafipuradP @finta{ syhdheonPaemenih air& il ha@Rorkidbedee i S provi ded a

network device conprising: a free running clock; aﬁﬂéocessor configured
A

to: detWﬂ%g’PH@SH‘ft@?gé}F@W@‘ékViﬁ‘“elPWé@PFlﬁ HenteRice ool trapspéie and a first
net wor kg pad@! wilekeiRthd £ib§h&RGRudESd Qblabiife Rfcfdnlcterived 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




network offset to account for the difference between Afgstbo®e running clock
and the first 3 29 August 2005 network global tine reference; determ ne the
di fference between the free running clock and a second network global tine
reference; and cal cul ate a second network offset to account for the

di fference between the free running clock and the second network gl obal
tinme reference. These and other features and advantages of the present

i nventi j : LN Ll ] oW etailed

dosri piy obaicll i RIERKE dalbind Rl ik Bhyied e iy bR C 2 OF

exanpl ea tdeendpeiwedi gidbelingfrefedonce] amd exltuladen seBRE BFEwDESTRE 0 Rb@Obht@F THE DRAW NGS

The present..inventio .| 1__be readil.y, under st oo .he follow ng detail ed
descri pﬁlleglrff TeReCs e %#%ﬁ“ ‘ “tg'rﬁ%{?lﬁaé"dgl?@%‘gﬁu% glggaéé\ﬁ“ﬁgge,ren\?ﬁﬁer ein |ike
reference nuhes @l sthetGatugnaidadiantkgs Sftiticipedkdat Bben@in@ilEitipesen®eh i N whi ch:
Figure | is a_ block diagramj]Jlustrating a set of wreless devices that
conmuni Elafeéletalﬂ%@W@#ﬂ&%iﬂ@ﬂ@%@%ﬁﬁwwmﬁmw e 2 is a diagram
i1 1 ust r akbiRe dyRva$ 6Bt Ak briddQWs 8f GOR0GELL. MY i ntroduce delay and jitter
into the timng of packets sent froma transmtter to a receiver. Figure 3
is a diagramillustrating how the tinestanp, referred to as the global tine
reference is inserte R]hﬁi- i ol PRREPRavNGdr € 4A is a diagram
illustrating how thegg Ob%s’ttl neksﬁte?erengie{% S sgl it into a nost

si gni ficant jlerresem thventbewgtbeséadily driderstngd hyahd folldwiguderileB i s a di agram

iIIustratin a. rrermrg reqi ster that stores the.flree runni ng clock. The
free ruRRF ARG L SERHFLN etﬁoﬁon}?w.dgﬂnlﬁi’r o Hke refergicegr am i | L ustrating a
MENDry fuegHdd Rkigiahdike stuoiRbelédiaisf anden whiehi Nng  cl ock offset. Figure 5 is a
diagramillugtrating an _enbodi nent where devices belong to two different
~ad hoe net m?lﬁ@eéﬁd%éwhéwa@v}uet@tm&aieb?fm%ss&ﬁ@ceéfhatwm%r ks. . Figure 6

is a flg%étﬁepﬁ{gwi}d&k%%@ﬁ&ﬁgk_a process that a network device executes when
a 3a 29 August 2005 WO 02/073851 PCT/ US02/ 07082 5 packet that includes a

gl obal time Figie? snclagtag ilustding dxbome defeit awrd dhennalesyligroducs deldy ust t he
net wor kang?i\{tél%%o hl% ?ﬂngtok Fa%kgts%%& "SRG tansmitter 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




Figure 7Ais a flow chart illustrating a process fopAupat2mbisng a gl obal
time reference in a packet. Figure 713 is a flow chart illustrating a
process executed by a receiver to prepare to 10 update its free running

cl ock offset. DETAILED DESCRI PTION A detail ed description of a preferred
enbodi nerwo efe7askie i nvention is provided bel ow. \Wiggagsterzisavention i s
.described in conjunction with that preferred enbodinment, it should 15 be
understood that the invention is not limted to any one enbodi nent. On the ,
cont rar y packdt thasigdples oflottaheme mfeente iprecdiwd kd defetngoe whrther opdjftéreappended cl ai ns
and t he LQM&E j—:v?c@l gneanpasses nuner ous alternatives, nodifications and 1
‘equi val ent's. For {he purpose of exanple, nunerous specific details are set
forth in theFigot I 8w aflpwdbatilligputngma pravess fal éclutliog a glole iidereferanbor ough

under st apding.of the present invention. The present invention may be 20
practice ACCoF di ng to the clainms without sone or all of these specific

det ai | s. ForFigire7B puflowshargilustrhting iatpyocess exctutéddatla reveiverte mkpardtat i s known in

t he chplcal. Bl rel to the invention has not been described in
det aﬁe s@dgﬁgfﬁéfeﬁ{éﬂgnrggg’gn f‘f:\slg[hventi on i s not unnecessarily obscured. Figure
2 is adiagramillustrating in some detail how a channel may introduce
delay 25 and jitter into B)%?Ah‘i '151% &kets sent froma transmtter to
a receiver. Transmitter 200 sends packets in an isochronous manner. That
i's, each packéttailse diseriptivn efnerifesil embaiiment of teguiertionispreided belowhe di f f er ence
in tinme .1 41 nt.. npel, . 2 i,ntroduces del ay
and ji ttgﬁﬁ%’vﬁﬁg"%ﬂ%n 1%?%0‘:113 ﬁ‘i@@g?@%‘cg@" v’?’ﬁ]g?att ﬁ')i%{“)ﬁ%‘%g%g” t’éfp |1r1%% del ays are
addel§ t obeamddustant thahtbe iniventien i hetfimiterdbto amsqe embodengoa dathescoarray,tecei ved by t he
receiver . I transpitted. packets are not evenly
spaced vﬁ%é’%%{ ﬁlggl Vgllragéfrsgé%igdv@é’% t%oa%?e?)ig\%%gémtaﬂéwg ,,}vg,ﬂ.gﬁl y one transmtter
and one enemwiassey numedoes dlamaives awdibtatibasrmdiguivalents. [Rer hepurpast el at t he recei ver

bet neen SAPACpbipls it Bafl e iiom T R ap B R B e o ot v 11
spaci ng profidetatiorpgl ekstasdiggdf the grebdueinvenden. VIRE ple@nrieyvodintmaybe or per haps even

reorger th acket s i 5 time. Wien there are, e.than.two devices, then
si np%ay tBrREE é‘i“’n‘ié’fdt‘n“& i ﬁ%aﬁ‘g’ék"g{@‘ '\;/ﬁ“lelmﬂp‘%é'“iﬁfa‘fféﬁp JEBB%Q\?\B"M/ 073851 PC
/ US02/ O 7ingidsesof nlafity 3yuhaibal aiated sl tHabie kativah thy tectinicdbfields a¢lmdtgo thee devi ces. |t

shoul d al sq.be noted that even . . . - .
7 Invefition has nott l?een Elescnbeg' in dgtaﬂ so that the present invention is not unnecessarily

- obscured.

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



when there are only two devices, the tinmestanp canzagijug,ﬁzddge rel ative
spaci ng between packets but it does not facilitate naking sure that events
occur on the receiver at a specific time relative to an event occurring at
the transmtter. Referring back to the exanple shown in Figure 1, even if
packet s sembzofszam vi deo pl ayer 102 to left and ri ghicrapeakess 106a and 10
106b are tinestanped, there may still be a tine offset between the left and
right stereo channels. The tinmestanp on the packets only serves to enable
each df neieynchranipecthedisplay of data aseong the geydries. | Ioshoitld akse brenote thappyerket s that it

recei ves il f1ebn) Ru AR AN b Eon il he Rl Bnlheley Of i nf or mat i on

received in packets” over the wre rw se coordinate the

use of i pickentt it dees metdedilitaeimplingsure Shapevente vesur aa thd renelveriaga spadifie ai ned on each
of the nghwRik j ol g Byn : ' j | | ocks on each
of the other aﬁ‘é{t‘s\/\é# E\%gteé\?laglténg .a&%{?ag%gﬂ%%h@g%ém%thﬁ%@% Pﬂs%wgpeci fied for
each net idfiguredle 9ven éf pabkets sepolers videp mhayer 108 tq left andgighyspeabera f¥eands parts per

M1 10N, 1068 iR barh Rl L) A 86 ERE ARbDLREBTRE RRLAAIPREreq St veen al | Of

the device clocks' e ne each tinme one o evices transmts a
20 packethannelse Thrstimastamp gn Fha geckets onlyt darvesia chable eheband the clnneds tovel | def i ned poi nt

the val ug"“@‘r"’g’Pg‘?‘i"“qgﬁ%L"E?Qc'g%f‘t@ﬁ"c"gﬁst of the value of its clock. Wen the

other devices receive th ] “they adjust each of their respective
cl ocks t owar ordeetossynebronipgithe tdeogr dviotdisplay pfisfomaation resgved ifemdketsbed bel ow, in

one enbogl : ' J U L Sol 2 . lating a clock

of f set aﬂ}gp{?ﬁglﬂ%sggﬁ&g@g%ﬁyﬁé%g@@ﬁg‘teélgip %}%ﬁﬁg&\ég@%e di fference

bet wen paketspsclopkis maintginesbda eaghdf thiyeetvorkndeviceshiat iFingynclrodizdtien a di agr am

i1l ustragi eaggﬁls{)mcﬁ{)(fr@s(ﬁ@p%lw&f g{cised to as the global tine reference
et header. Pac

is inserted into a pac ét header 300 includes a clock sync
sequence 302n o@ evtbiedisgnica deslyisspesifie® OR edch netivoskalpviteahdd eecdsto bppr opri at e

seqguence i b t pecei v I L gnal used to

ol ot ot ehaf bl i foFnfR il il R s B 080,, T2 101 Ltea

next f orbetween glofhesieviod clepkea thagietworicieach iify bmepf tHeelevitzegansmitsyy of encoded

. datagg n : ; he, L, sync seguence precisely
det Z2rolni n%igl?e %’%%E‘gégei lﬂ%%‘“é‘#e%g‘:k?t ;Bg?f‘gat ih“’?x‘ 1 ﬂ%f%g? 01%3130@}“‘[ ¥own frane sync

sequenc edssanbgd Helwwupzzthf thervalond itecixkd Whemthe othedddvibéstrecine thatrpackerie i s used. As

o001 2 R RERISASS Bal Bl RO R bR 0 5 Lo
t he tr anesrribeddbelow inlonagmtedimen thdnirhdreljusiea is inphemented By @kalatingapt at each of
the devi ctoek off3l atnid %{e%?(}ci( ngseg i ca&c@ﬁte@ g;} t\gﬁggk halt] t{ne &i&grgncg beztwgeeﬁ%%USt 2005
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

5




WO 02/ 073851 PCT/ US02107082 5 is the case, then ea@bp&fgugtb@fgl ocal time
references actually is a global tinme reference because i's in agreenent

. With every other local tine reference in the system For the pur pose of
this explanation, the local time reference that the transmtter records and
t hen i nsewbdsudrist he packet wll be referred to as pdgu@gi@hal tine
reference. That is because the transmtter asserts it to be the gl obal
time reference and it is the tinme that all receiving devices will 10 adj ust
t hei r5 owns thexeasd, then ¢reh ofeffedoc@htinassrefemmas attualfy isaigbidl dima hefgerbebagatsed t hat each
devi ce [ Lrence 1o be t he gl gbal tine

( of er eantqg.?]l grggn?en ‘}llﬁ’le Yy pthe éhgrqgca] umcrggﬁereg in the ﬂ%tellpepcér%ée rpélgaol%so?t he gl obal tinme
r ef er encéhij etxplamaaols meﬂcsalampaekaem$ th'Et"thst,ranexamhr redorda i thdntinseuts ioléi ce asserts

its | oca e | obal refer cewhnlt -includes its
| ocal Egectk " Fee%ﬁﬁ%ﬁg%ﬁggs%??g?ﬁefem o4 (C:aélssets TCTHE ot her devi ces.
Over 15 agserts, nttabclhngidglhurpamfemgeaadefmme thdt lall efeitifpedelioesatillt | e r ef er ences

CONYE 9° it HREoBFHIEY il RRned IR AR IF bl B350 Rl M ORle 1 T2, T e e

resu anges @s. dobal tine

refer enceomﬁs ltssowndwtiwdeﬁennctehebq:rm:gddm mfn&xeferchcreaneassemma&squence 304. In

t he enbo ti-ne refere serted i mredi ately
gfvg ﬁ‘)gzIr arlrgﬁg%mncé is ﬁlegjog:ﬁ?ime regerff-ncef- ﬁt"rfmsmé af;EeF.e 5 re%cg

after the Sync seguence The receiver
not es |tHarfsmirﬁilgdﬁimssee:fiesrlmabenmfetemeasthcgbhafvhmarefdmcefwm sync sequence is

e e g inPflfks B AR AR SSRUENEE 1 BlodB: & Pre cBRSEUEE Tt "o Poad tr

reference tFom the pac e rea f/ be read much
| at el5, smnt,@ngloagl pactkeussre(smtqaﬂn’etﬂelocnltninerdfammesmhemrgetwhe‘slamfe sync sequence

si gnal baI t|rrer Qcqur in the
pagket i §baﬁlﬁ‘f&\h%bﬂwo§\ngf\°ga] e FoIerpAce 155 ‘ﬁ% "%%'?ﬂf P‘?é y occur at a
| at-er porer:m\fmgﬂetnhs packet. The remai nder of the packet 308 is then sent.
The renuai nde f..the de further mation for
the packet raS¥Lsm B Sl e “'P%"é‘e‘ﬁ‘ e Y Segrene RO P hou d
be not edth¢ b:alnodmmhweﬂiaghbbmm;eférheei%mtserteeug:hamdlyiﬂemhe fraher ence i's not
mclibdeds uec @ﬁlé\%t tnsted thhe | eas % |f|cat bits, referred
to as thém 3 {3 R FRa 65?‘?“ VST“WétS%F i erence is
i ncl udedtimd when shedtafé by exjlienicois derediaddad fhel frimd dyfic sehlea@tslgaalgml ficant part of
the gl obal ti r rence so long as the ff rence pbetween the clocks is
Iessgt hah® eftﬁ%r@ﬁﬁﬁﬁﬁmgf’ e?eir % 8"5’ ‘Ef)?‘aty @m@f@mfm&ﬁ% part of the
gl obal tresmuch &feerse fongas ifis canpmawb the @fle WhenMRlfraink sfnb GeqBéRelffnapf dri ft
bet ween t he ch ﬁ%f ore a} 6(1%4 ment is made i s not enough to nove the
cl ocks obESHE O@T‘I'E’ TG T YOoeus i fheseckepimmedipiely faodieunt of time
t hat2sc arfrdm syrepéqasmta B@Id)r By béter 4 @ ke pSimtGRihe b&ﬁfﬂt TiRGthaindeFor@ite  enbodi nent,

a 32 bit %@ ference i s used and the | east S|9n|f| cant part t hat
i s pa ct is cn sent he 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
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6 29 August 2005 WD 02/073851 PCT/US02107082 5 transmuiiseshosi th each packet
is the least significant 12 bits of the 32 bit global tinme reference. In
t he enbodi nent descri bed above, the relative clock drift of the clocks
being used is about 5 parts per million (ppm) and the clock rate is 1 Miz.
The | eastweugaiski cant part of the global tine refepem@ey@d count up to
2'Z mcroseconds. Therefore, the clocks would 10 need to be updated before
a 212 mcrosecond error could accunulate. For a 1 Mz clock with 5 ppm
accur acy tragsmittedwith pachpdckets thalemsr sigolificet] 2y of tpdabieglobabthel be on t he order
of abou;efgmrgénut es, depending on the nethod of updating used. O course,
the maxi mumtrme interval varies in different systens dependi ng on the
speed and ac&uhasybodiinettiescabaakova itk relatine ciuakrbiift ofalie didckssbetngasednmi tted with
the | east_ sjgnifi ar e.clock. e of .tk 5 global tine
refere nct(ies a?’!%lgg %ﬁ’%"{%ﬁ (épﬁigg'féetgesctloc‘sf fag]en’igfl @ggﬁﬂ%lg?si ?‘g%r?‘ﬁ“é“i‘ pf“ﬁgfof requency of
updat e i she globsldime réfaencexanrpingyp fof2'? idcrietomnda Thereforckhe tivknwolid | east

signific r I i ref.erence c a ately represent a
cumiiy 9 PR bafils A% B GnGrbdolErer B REIRGRE P T AIR TRl STV

cl ock dr with 5 ppm escolagynthe chaxitohmmime frdext 2 betweanlupdaes woald be srabe @ddrpf one fourth as
often. 2 e I of .the descri.hed arr enent where the global tine
ref er encglj 'S mﬁiﬁt\(éz ’E%fglgﬁnﬁogrﬁlben\l/ﬁ%oﬁoglwg@lfgﬁ%egkgpgggﬁ&ebvx%ug' U t he devi ces
parti ci péearvagvaries in differentsysients dependinpart thaspeddroad avwmracytof Gt cloekandr k traffic

i ncrease | acal . tine.Leferences occ r.e frequently.

Thi s dec@gg@r@%ﬁ{ytﬁb@s g%‘ﬁ%“%%%g&atﬁ%ﬁéﬂ f'ﬁ"éﬁ(iagtcpgl? OE % é*Fé’}oé%ngc}g%e. Figure 4A is a
di agtiam globalitie mfarance ik pwitidadn the debsikigtificant paaf teenahcfeeqhancsgflupdatd ist 0 a nost 25

signific rt .a least signif,icant.part n{ i qned above, the nost
si gni fi cg’%r' %grretxa%pg’,'ﬁ“r?%%ﬁ us@?rglﬁ?aﬂ?é?#,“g%icﬂt? 05%3[‘% “f8ast si gnificant
part is itRrdord @n acthetelyirgeeseaft a tinmldtieadift ofap grd 'f ink2fosdcogis.r Assampngbe i ncreased
to reducg _the requjr.ed.f.requency., of dates. .at the cost of —requiring nore
over headﬁlfltél?e R 1??%?%‘%‘2‘1%3?‘&%"3%%% %P%gtf’%%o Pe fepuiet "t“ﬁ'éi"? %"ﬂh &ddition to the
| east sigfenficant part being included in packets that are sent by each of

t he gevices, ~30 periodically MAC | aye r ot l. pr ts. one or nore of

t he %’evi ces P aggqg&é%%lsf e‘{ﬂﬁ\ébe%@ﬁﬁqgfﬂc'éWéﬁgfhetgfgﬁ‘g “ngegﬁ%ﬁ"c’é, that is both

t he nostinslidpdiafohg @it evpgiphckatseht bjinel of s e vided pirfidipa it in t@ aétivorklin one

enbodi mept., the glohal tinme.reference.is broadcast every 20 seconds. The
reason ftgﬁtaf)élfﬁ%@{%@ﬁﬁ@'%&%ﬁ&d‘ggﬂﬁfﬁﬁdp{l OEIHF OFQE“E;‘F NCESioRE r ef erence is to
al | ow f oorafrequeitlyt This Hetkcags the Mirflcel afofi e Eal tilke refl@dtic@&es that changed the

gl, obal time Igigegree 51? E%%jagyamq&rsgat}ng ﬁgw %hg 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 fnore 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,




35 maxi mum t-i me represented by the | east significanb spaist2dk t he gl obal
time reference to be corrected. 7 29 August 2005 WO 02/073851
PCTI US02107082 5 In different enbodiments, the task of broadcasting the
entire global tinme reference may be performed by either one or all of the
devi ces pwobiigating in the network. For exanple, pepgdueitegi ce may be
directed to broadcast the global time reference periodically. The periodic
i Toch o des e omiimseis b biohuousibe ot Seabdb s e 1 ef or once at
direct a dest Tenge jpeBtst st t glgha regdene refe
cer tai n il 6 yetbiined beifHle Br e 3 08icl BHEATIdih UB WEbhEoc- MEMOT Y T el st er
that stores the free running clock. ree.grunnl ng c.l Qck is a 32 bit
cl ock. Asxampiet ¢agndsdlicpmay beclirsdted to broadsesethe elmmldmnmfﬁr@lfa nttrzt imaodld;atlloiyﬂk |st al
megahert . . . QRE & e set as
desired. q‘lﬁ&gﬁ g‘#%t r})@?ﬁ%_’ﬂgt{‘eﬁée &?é& g%ﬁ%r\rgatlg‘%lgg}f? I'sr é@j p?fgf;'}.{ayThat s,
~adj ust meﬁtr@tadysngw@d.dqn@babroadcmthp erftier globeltingor refervnde angerttit enertabs. t he cl gclk. .
ot orince i o Bt UM MhefnPfibul 3fen i Bl REG JotiBalnifl 002 Pree U
runni ng elPde Mhofrdeseminglogitise 328t tlecka Ad imanfionsd iréviauslyrimeieng a menory regi ster
the. fr oo oy hE AE MDY psgher REK 19 baThmablnby WS GE Y BE, 1T 7, 2

e : ,
runni ng ¥t kit eferablythesfecenpnining elackdis readkdnly. Sharip adjustilntsto tieme a gl obal 20
Cl ook 1 SOogl t Kb R e s R RS R AL "and the Tree
runmdng ddfiaedeucirthat the slobal Vime gderencoisaqual to thesurg bbrbafree umingreltleplence speci fi ed

by the ] kce. In different enbodinents, adjustnents to the
| ocal t%@%&?@?dgﬁgﬁgﬁg%gd on the received global tinme reference are nade

~according t oFighre 4@is e diagsmhidisteting & meworg re2btepdinctiayeintfree mnhihglea[) adj ust rrﬁ nt
Fecel ved 5T Shat T FeR b el BT AR TR APl Yo B BREE: The aa) ust ment
may be riprexerethe feet ripinglelock ofiiat sayrbe WORRGOWEIETReddT Bnchtinie.a gibalr e AFRCO i's the
B L L A L
tine refetahbeswt dittedree bynind elocktied ihe free rAaningritick offtlcoatpgestonaddt er sever al
T B B T BB oo ooy T TS
In different embodiments, adjustments to the local time reference based on the
- received global time 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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~value and that value will be the global tinme referegageustajos a |inear
factor that adjusts the anpunt that the free running Clock offset is

adj usted conpared to the difference between the 35 global tine reference
and the local tinme reference that is conputed. In one enbodinment, L is
equal to wdopsist he adjustnent to the free runni ng giask®iskset is equal to
half the 8 29 August 2005 WD 021073851 PCTf US02/ 07082 5 difference between
the received global time reference and the stored |local time reference.

Adj usf nenliffesabeirosenthe reosed global dink fefereme arenteodirsddodabintelreferenake, non- 1 i near

adj ustnents to.the free runni (o]} ff.set sed on .the difference
-between the gﬁodﬁ%grfenttslcl??%es arr%'rlsg?gr??lé”mgg%"q}oﬂ'é"e?%&%1m ﬂl,oé"l}n & erence. In one
enbodi mertjustinkres whiefigerunming deckoffese basetomi tingliffednocbetvadef heplobd timgual to a

scaling f Lot 1e_sguare.of th i fference between the global 10
time ref e?rgfg&h'gcg aétdntgcelt% %al(iab corggfe"fﬁ' ALones E?‘gfﬁ%“é?h%gﬂ‘é? Pﬁl&\q’fe&ﬁé"“&'i"?f erence
bet ween tchek offvet is sfuanengaingimsr tihes thobqamt afgie differemakbenvgzegthegloedl changes to

t he free . ] of fset.if he difference between the global tine
r ef erlgnce“HaéE% i 884(13%:1]?0&[ t|mr1reertefr‘s’ree B rgﬂ‘(':agng %'egi Fgee bﬁt')t?’eét‘qﬁk@qw%quare of the
di f f er encdererwesimethe adviamage phmpaldigpreaet ciahges oi the fexe amaing bedkusfen it he gl obal ti ne

referenc : i .reference,i,s.C ut and .,applied to the
differ en%eﬂadsg’l!(fﬂ!3 rétnEegtfel“?eigﬁhiélo rI‘;'rfteuge rreﬁcﬁer??enaé‘d%: e(socgglq%\‘ef (gfd%rfncf"ssl%{gﬁp Jttﬁ%d in the
proper diqueetof tha differeniatséd: theretirbsigh ofehetdiffepencd leavcemnglbbahtme adj ust nent
schene i s.gl t.ed |l ow the syst.em.t e yore rohust. The

differ enzeéér%}é% &%ﬁgﬁlgﬁ%ﬁ’gﬁ%ﬁrﬂceﬁ cr?glp?tgql @P@PP&'@SQEIE dﬁ?el’ieé‘cq 382@? tthf’ i me reference
i s cbhpufreckundifg ddvk offief i edjered én thsprgpee diteetior. han a t hreshol d, then no

adj ust ment i et he local tine reference. 'If.the difference is |ess
" than a thres "oﬁqgtgerfﬁ'g?#néeﬁl L AfoMner Bon finFara P‘s‘?‘%m FFEHEG. 18 "ﬁ’ﬂlfé“,e“'ic% ©ne of the
devi ces Rlipw thesystern wlrelmanedobust Ghe difsrende batwediahe glebal igs refe@ndengd on to t he
net wor k ts 1.0 assert g al...time reference that js incorrect and
woul d pe?‘%hor%gﬁ%ﬁeré f%’FQ?B?ICOT?%‘ h@#’)eecl’%ﬁ{'@e 'ééfeétércfﬁ%'ﬂfe%@dtth“é' "urrent devices
in the mdgswomkis miadeatd thd dochlcidiesefaswer Iif tedifefentdelegliphalkhréshet® r ef erence may
be igporegd. .l n.some enbodipents, the threshold test can be turned off under
ce'rt%jlqn §'§“ o Fdéffﬁge?&‘ﬁ%%: Lrg'%r’tfg% e deviges "‘rfger'@t“f%ﬁal "AORt A% nunber of
changes sovedavie sigiipcbnly theinetwl@l hemptstd@gert @obbtinesbreleste thanigt i on may be
tenporarily turned

ff. Thi uld be appropriate since a device that is
recei vi ng® eFlgpagOﬂgpﬁgtg{b thre ‘ﬁ’%?ﬂref?‘leﬁ’é ag'g?dé‘{g%‘h[&yetge ARt deviief er fromits
| ocal ti tenet@briythad devida' aferd) 6o thegabMtimelTerSende i@ bdighdtedact ual I 'y i ncorrect by
a large a to count the nunber of recent tines

that the . gooﬂ‘g%”f“f é’l’b%ﬁ‘g“g't“g«rﬁll%n@gﬁqgg tqg%g’gPWGeﬁ?fBMFr ia¥e reference and the
| ocals tidiRumginesse Forex@NslE Fdhford th4h 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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threshold. In one enbodi ment, the counter is progragmRgudo@nl y count

global tinme references from unique sources so that a single inaccurate
source broadcasting repeatedly wll be ignored. Both the threshold and the
nunber of tines that the threshold nust be exceeded to turn off the

t hr eshol dwbesizsssny be progranmmed or may be preset. Borfsgarisee 5 is a di agram
Illustrating an enbodi nent where devices belong to two different ad hoc

networks and a new device is joining one of the networks. Devices 502, 9 29
Augus? 2085 S0P aibistomg paETfinied kacoreek 530 5Device50%alongvdthgiedeeal | bel ong to a

first- - adsiwmdRed Wbk : L 68 waR B4R e ¥4t ' 512 and 514 al so
bel ong to an ad hoc ﬁe vvc-gtrlk 540.wDevi ce 5292# s‘fprrc qgtglgﬁsjﬂla to join network

530. As HAENPKSAR sdrsgiened phove freone siobadiment the HIFRRLANFERboNS ptilizedcol i s

utili zedpy Y widliess Wil K& ! odi ment, each
net wor k h}és Its g)wn Iﬂ?%%%%g\lﬁ@?%aﬁgﬂ%&hﬁ%ﬁfgﬁ?&%&#gﬂﬁsﬁc uded i n packets

sent by HEARESNID FhaHEPERONIB isincluded inaackets kest byedeviaesve two separat e .
i ndependent  hagk SepWade Ret@oE¥dn hbve té&'&@mﬁ?inﬁ%\éﬁ&éﬁt@gﬁs &im%tdeﬂ‘?e{ ticipates in
te cl ocKs. re p e

bot h networks nmintaining two separa 0 recrsely, the device
need onl §#chas deviss 108 shatpasivipates indeth meiwaiknmpainteiving twnsdpdsedodks.ack of two free

unNi g FoRecRbil SRAGRyicERANGRmAkE 30RLL Bl i BAG Bla khrbpgpect Ve free

runniing clock offsets to keep track . gl obal times for
t he net wBYoEse ruppigg clogkoffseie GRngs ge pppliedigwechaf e reghestivefieerunuing)i ng cl ock but
tWO T Qi Qb&loBisdkStE Hech Badd BHLA Bt hol f YN el ock of fsets
to adj ust thesf ree_e?u?mi ng cl ock&%ﬁgb?_gﬁésﬁg}%ﬁ%gﬁ%t illhﬁleg’% wgvx/ni chever

net wor k $48 may hpwgasingle frae supming qlock butdweytegisters nssetcntalcul@e e diispect s of t he

HI PERLANy &g lcfodt dR8s & aBjubl $veb Runfifig bibd | ntation of a

gl obal tirrre re]ggren(_:e Sh;rjélg arrBe%\&nﬁlﬁgéléﬁ&%&&g?o%%m%gﬂgc network. 20
For exanyhighever Retwensitis partiginalinglin atiagiver mpmenénce may be periodi cal |y broadcast
using a Hellewpagkat | e i I L.on. The standard Hel |l o
procedure is nodifi e%ﬁ?eo@ggﬁéﬁ%ﬁg%%% g%%@g%éﬂﬁiﬂ%r{é‘gr eference. The Hello
pr ocedurigpiegieniation of falebahipmercfershieyshired among the-HdvieRt ofian 3d/tme ndtwotkunct i onal

sl 1 sRple VYl et hal bRy b g Wy Tl on 25
Base. Aspagebwsdesstbpd b epecificatie Theostandayd Hello prdvedurd iPEilifdd tb Eartyo det er mi ne
vt e BRI RIORE Al BRI b R BB o, 20 1
packet . HYPERLAN TypedeFunetibnaldpouilidatiompBERH065Q at 5B.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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may be used by devices joining the network. Networ | may be
configured to ignore 30 tine references included i?9%‘%§¥&g%\5‘ | ookup
requests. Various nethods nmay be inplenented to avoid a stable network
global time reference from being perturbed by a new device. In one

enbodi memyo ofl@¥¥splevi ces are instructed to provide pogh@babs:ti me 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

i ts | Bcaldodsinoeproteet spaimsteepué devizegthdt dandtebeivi the c@itebfaahvehticiBor ef er ence i nst ead
of adjust,ng |t | ocal. reference as described above. Specification of
conventi & ﬁ‘gg %h?tsbﬁl(‘a)w 88 hfrcngé‘forlﬁb&%r\;l@?fea% othgT %ﬂ?@%ﬁs R AV 1073851

PCTI US02 ki@ HIBERIANIDes rej@tingneniin ikge abpmped iay bleobedmplementals t hat do not observe
t he correct %plrllr\é%rilstai NS 8@‘11 %‘e\[i ces tha&q bel 039 to ot her networks. For that
reason, ot het BhF Q&L UL URTate S HRaseR MRER TPk daVSERieaftFs "o 1 ej ecti ng
certain Ipakegehatindudpes oty timt ®ferdne: is repdiedendeethindwigktheeto@djust i f | ow chart

i1 Tugtrati rocess that a network devi Xec s, when a packet that

i ncl'zéies “Jg&géflkgﬁ"gﬁeq?c?@ém ?rg?%'ng% Froees 88 ‘\9&@ ?’b“?!’leﬁogrﬂi‘ﬁ ne whether to adj ust

the 10 HERERDAN IDaydhecked. dEhbre is ndlnatchf then@itGRocest Bids @f 620eHshefdigsit S at 600. In
step 602, the H P IDis checked . If there |s nqQ match, then the
process glﬁt(ﬁlé’%]éaf' ¢ %wﬁnsggﬂeﬁ%ﬂf% an ‘Fgﬁ‘?mfrﬁ‘iﬁl"?flafﬁﬁ}eéﬁ‘é‘f’té“’lransferred to
st ep 604lcakop fequestsIfdetpackat ineldoipatdquest, thénehepasokss bnds &t 620, ff@ek up request. |f
the pack uest., then.th s .end t.620. If the

t. 1S l.,oQk up re , ro
packet |§a°1r<1% Sngt *8?%?%%’[&?8?"&(]'3%%?"?“?' I‘Féﬁ"%‘ifﬁ? F"%Itcpi%ﬁbszinpél?%g?@?lr“é‘lf to step 606 and
t he Hfl obeferdnbaiechbsked.cherpoiseit issleemenid odethdrtheslodsl tiGR3efereiceise det er m ned
whet her the ,gl.obal. ti reference i special valuye, If it is, then
cont r ol Tpga?l?%{ﬁes?’teﬂ; 'P’etge%tcgﬁ%’gﬁ%&?fgeﬁ@%m ﬂ’@é@é’“@??ﬁgl? 1 ¥ thergobgl obal  time
r ef er encimé sfervote iends paeéiallvalvg lther contbENraeBirddab stbps610hANGE erred to step 610
and the ,difference be n the global ti ref erence d.the local tine
refer e_nc%g?rgncﬁéﬁ?%ﬁp%@@Eﬁ%ﬁé%?reﬁﬁa@t%% time reigrenqe iz @leplaisthi ng ¢l ock of f set
i s updat Ben, i hiep §12,ake fids Ritining clotiostiet Rupdial. 20 iRdaingd cREEREFINg to any of
the i near, or nonlinear .schenes descri bed above or any other appropriate
scheffe. YHH® qcrboggggsto P'H'eqﬁ'}?ﬁ'a%ﬂr ginoglmsar sghegies desriped above of pry gthehar t
i 1 | ust r adppiopriate spliereeThe frevessitietilehdidiangzoa gl obal tine reference in a packet.
The process en a clock sync sequence is witten. Next, in

targs, at. 700 v
step 702, tlﬁ%‘rﬂf-}rpa‘ﬁﬁhg‘%@% {ring & progessyfor ingluding arglobalyispe ralereptse frame sync

'sequenceéin i pack@Phegireehs 3rtd 40000 ek clobid®nd iR NCRirRh. NS, i} kgnsmi tting
704. This value w be inserted into the packet as

device ig. read in ste I ,
Lhe gl ol e e R SRR s 1P AFOHEA 5 e igme HEC teaemce eemeied {1 ane
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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sync sequence was finished. Next, in step 706, the 2glsbak2ddsme reference is
witten into the packet. It should be noted that other steps may intervene
bet ween steps 704 and 706. The key point is that the global tinme reference
is stored either inmmediately after or at sonme 30 specific tine after the

frame synwosgemsnce is conpleted so that the recei vippgyugeyh,e can conpare
its local time reference to the transmtted global tinme reference at a
specific reference point. Figure 7Bis a flow chart illustrating a process
execuf ed stote tb@lp@b@h&/:élasfetperpdebfaneeafmuheupmk&in@f'tht&aﬁm@ecfmnimg cl ock offset.

The proc 8 ik 5 sequepce i s detected. The
‘?x?s?apslt@ El t:Za?e i OF és ro qgﬁ)a% g

local tinme 1I's be noted that
al t houghtrﬁnswt@dﬂ}obzﬂ gmpeldi theladal llnheal'éﬁm‘alat1alspn£1ﬁb§0|ﬁltlmfiﬁdrefel’6ﬁ&idit{at ely, it is

al so posgehl@int & 024, Q738pL PCIf US02/ 07082 5 store the
local timne at n% s,t%et]ﬁe%% Q}égb@%"cggn%?rheev&g?f"% fﬁ'g FEEPT RS the frame sync
si gnal . Testively rlin!htselpnﬁelme lodakting reflerehcetandmbe glelﬁzﬂ!t’ﬁﬂfb&rdn&e daaebed fromthe

pack };m% tted al and the local tine are
storg%l at ecl m“nr{'?%}oﬁﬁ‘ﬁffsgr%gﬂ efagggﬁ'gggsfqd he witing of the frane
sync sequenc amlﬂghegmelttmmfmcgfn amlaéhcicnmmﬂemmbeesemate&chr espectivel y-
In this FROBGH and the. gl obal time reference can
be 10 conpare 3 rggk%ﬁc%%@?reuéhr ﬂéﬁﬁng c f{“o':f‘?rg'@tdoggﬂ Sﬁrewb'ﬁlbroprl ately

adj ust edtogmmmﬂnm algeahtimé rofesdned, iEatdmfreeﬁmnmgcbch inadjusted thwagia net wor k has been
di scl osedcifd t. | o¢ runni,ng | ock and a | ocal
free run%feﬁg g'&gaé?kiﬁg sél'?y'!h Vﬁﬁ%ﬂ&ﬁ?gﬁee{eﬁéﬁm%%mﬁe?éd FB‘?PQF“SII‘? me reference.
EachlS r elee breaderisting. & this knairer, aviptusityad! of theical titne refaeiRbsd devideOinatie ti Me

ot er enogkdiRbonlgd a6 Al kTR S Sl ehce Sl IBlio e, dovi g happens to 15

be broadcastin time
referenc@@fmmdevgdm&fmfoh@chn@m:mk converge. A device may participate in

For Ceach not auBE Y Srclind RERI b feB dosdord Daios S P BeRROGeacr 1 bed 1
‘some detcrity ¢f0mdqmtanpmg,eismbbe apphrat tHatyceﬂim thadlgss sidansdiifitgions aydel | be appar ent
that gcer dlflctlon racticed within the
scope of&QmElad%\n{f}‘qug Y g|og.l r’rsppe’]d %ﬂ’gﬁlslﬂr[‘géldﬁw‘ﬁﬁ“{"ﬁﬁlm@ﬁé?%y are many

al ter natalmatway@ysaﬂ‘ lmpiqnhemmgrlt)lhrnl@[imbds ahd PpREOCE % padacht APdG6MRL us of the
present ments are to be

Accor di. n sent _enbaodi
consi derAch E}!ly F‘a’upsr'tnzsente [’%dla%'?aﬁcf?pe?’g‘?? dcatsfl\?g‘a“&?ﬂ? f%e i nvention is not
to be | irestricéee, tnul theevealedindis hos todie Vited 16 R idBtaildpiNen REYin Mt miydi fied within the

Scope ar]ﬁiodq-%hl in %letsgop(e) Lndteguewa e!?ng%P gg gppgrlldaeh gl?ums.
25

30

35

12




25 30 35 12 29 August 2005 WO 02/073851 PCT/ USC2/ 03082s\AHhs! S CLAI MED | S:
1. A nmethod of nmintaining synchronization 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

|
Dart. 5. A PGSR o paske FG ASSAR OIS devict 1 SRERRIOIK BRVRES: 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 in clai del wherein adjusting the clocks of the network devices that
recei ve The $pdpdof ing ynqheonizption gponge Rlwrelity efngiwor dswikesofs t he fir st

net wor k r@eiet Gecldin ¢ WHetein te QIBa tinidGetbBite A2efiRE fbm@MeQsds! ek 8t 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. Ofménla&?in%ﬁhbmﬁé}aﬁﬁ&jﬁsﬁﬁg ﬂHg%I%gfﬂ@ﬁ&%%c &Ricks 1t RSV E frsfat @ 1S

transmtted, the |ocal clocks
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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recei ving network devices are updated nore frequenthbya,glgsood met hod of

mai ntaining a first network local tine reference and a second network

| ocal time reference for a device that participates in a first network and
a second network conprising: 35 naintaining a free running clock on the
devi ce; Ogb@sgtbedi Ng the difference between the freepppibiigsCl OCKk and a
first network global 14 29 August 2005 WO 02/073851 PCTI US02107082 5 tine
reference; calculating a first network offset to account for the difference
bet weén ttine réfereree; r unni ng cl ock and the first network gl obal tinme -

reference; det.ernm ni the difference between the free running clock and a
second -netV\orcégcmg%“%ﬂglﬁt?ﬁ“ﬁ%g?@tet?gcﬁﬁ@fgé{’?\é\ﬁ%gwﬁ‘ﬁl WP PHECa second net wor k
of f set * t ourning olacit antialie firh @ctaork glob# Kimerdi@énegen the free running cl ock and

t he second networ.k obal ti ref.erence.. 13. A receivin etwork device -
confi gur ed tgetﬁ%mﬁ't‘ggﬁh%ggf%’gﬁp%ﬁ?e?gFierﬁm\Rﬁ“%‘ﬁ%Fk a[“i%ﬁ‘?%‘fﬁif‘?tg'ﬂ% net wor k devi ce

conpri si iglpbalsime ecf@ence;zgd net wor kK devi ce | ocal clock; 15 an interface

configured tg.receive a firs cket framthe transmtting network device
wheréfgn t he f?l?ui '“ﬁﬁﬁeﬁ%'{dnftﬁ’ﬁtk@%geétoaim@“B‘&%Ht't“’t‘rjﬁ“ée“r""e'?"é‘f@ﬁg’é%a%ri ved from a

t ransm t tunniyg cloek and the sebend eavoklogietal tihedefézenddnd a processor configured to

adj ust the receiving networ.k device |ocal. cl ock to be closer to the
transni t'tlling' ﬁ%°t°w%e‘389ﬁy‘\“§8°ﬁ°8§f “"egf"dﬂfﬂf}m‘EéV“i'HP“'ﬁ“?‘bE'éh%/i ng network device
conf i gur gahsmitingeietwosk devisy comiprisiy: zati on with a transmtting network device
as recited ig\regéi\%mejféo g\,gerei?n t@e]%r ecei ving network device |ocal clock

i ncludes a f{ &Y UnNT nd 6 cﬂﬁ © free runni ng clock offset. 15. A

t randin t t i ngamietesime konfiguied® reweind 4 firsrpacket feoniihé Hirdnllirg)BRBURIiZAt i on with a
recei ving, net wor.k device conprisi.ng: .25 a trapsmtting network device |ocal
cl ock; a%hﬁm?{'i' @?Fﬁ*&%”%%ﬁﬂ“@iﬁﬁé@@&mgre&m’ﬁ? ‘{le“é{e‘#]t?‘?‘%i‘mﬁ‘ wherein the first
packet | mawaerkldsica locglcidelland i e reference derived fromthe transmtting

net wor k devi ce | ocal Iocé:{ (’a}ﬁd %\herei,n the gl obal time reference is used
by the recei ?/?rﬂ‘ﬁ"ssﬁreﬁﬂﬁﬂfc BRYEEInG Fearipe pefworkdevicg fogal gloglgo be closer

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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network device local clock to be closer to the trangmhdpgsnetwork device
| ocal clock. 30 16. A network of devices conprising: a transmtting network
device configured to transmt a first packet wherein the first packet
includes a global tinme reference derived froma transmtting network device
| ocal clgekinaed a receiving network device confi gpe@ghod@egz€Cei ve the
first packet fromthe 35 transmtting network device and to adjust a
recei ving network device local clock to be closer to the global tine
referencé?. 1A n2¥odudede coR@idmgNO 021073851 PCT/ US02/ 07082 5 17. A network
devi ce conprig'n . a free running clock; a processor configured to:
det ermi ne t h&"8i néqgg}% between the free running clock and a first network
gl obal tinme 1pbesenoefigud wal cul ate a first network offset to account for
the difference between,t fre L unni cl oc nd.the first network gl obal
time reference; %&P@l %hﬁgﬁfﬁ%‘éce%?v?eé‘?}?ﬁgeg“ﬂg?ﬁg al"ﬂ@E‘fS?rl?E”of nni ng cl ock and
a second net glomaktimaykfalrate; t i me ref erence; and cal cul ate a second network
of fs to account, for th i fference be n the 5 fre unni ng cl ock and
t he ]g)tecond net mr,}a[gulatfgtt)ig‘fne?w%o Sgﬁgf‘c@ﬂ%‘ i.%? alfbfince betvetn e fod

‘running clock and the first network global time reference; -

determine the difference between the free running clock and a second network
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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