1 CLAIMS 1. A nmethod of synchronizing frames transnitted froma sel ected
reffote unit to a central unit in a bi-directional data transm ssion system
t Rat faci | WOPBB44Romuni cati ons between the central unit amdrasgdatoss ity of
renote units using a frame based nmulti-carrier transm ssion schene, the
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selected first renote unit desires to establish communications with the
central unit; receiving a centrally i SMSTEMd synchroni zation signal
transmtted fromthe central unit to the selected first renpte unit in
response to the renote initiated synchronization signal, wherein the
centrally initiated synchronization signal contains inforpation indicative
of a frame boundary phase shift required to better synchronize the sel ected
first genote unit with other . L e rently communi cati ng
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other apphcatmns as well The North American Standard is referred to as the ANSI T1.413

ADSL Standard

Trans:mss:on rates under the ADSL standard are intended to facilitate the
transmission of information at rates of at least 6 million bits per second (i.e., 6+ Mbit/s)
25 over twisted-pair phone lines. The standardized discrete multi-tone (DMT) system uses 256
“tones” or "sub-channels" that are each 4.3125 kHz wide in the forward (downstream)
direction. In the context of a phone system, the downstream direction is genei-ally '
considered transmissions from the central office (typically owned by the telephone
compaxiy) to a remote location that may be an end-user (i.e., a residence or business user).
30 In other systems, the number of tones used may be widely varied. However when IFFT
modulation is done, typical values for the number of available sub-channels (tones) are
integer powers of two, as for example, 128,256, 512, 1024 or 2048 sub-channels.
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5. A method as recited in any one of clains 4 wherein the synchronized
quiet tine has a period that is sufficiently long such a quiet period

mar ker twansbdist ed fromthe central unit may be transm t pethubmobdése renote
unit that is furthest fromthe central unit and an initialization si gnal_

that is respo o_t he -qui I’lOd mar ker turned to . the, centr uni t
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central UgioteAirit i@%‘iwféntat Sicted fRGuelybaha 896D iRkt i & ommetiete Mifihd he
central unit to pne m)re f the rénpt.e, uni stream.,dat a

3t ransmi €8iakatign mppwacwgmwcfaea%ﬁnwwg ramRSsioRy
wher ei n Mﬂwmmm@danmmnMdaseaoﬂandug filters toseparatedramsniissiopsifremithal | y.

13. e 1“9?% dat a
tr ansm ssi on SP&EJ&% s BP{ &bﬂa&ﬁ&rﬁlu&gﬁsgﬁﬁ @143 peld l’f‘?r%[eli 1((:He}ﬁ)'ltmr al
nodesh uni¥nitgnw thpxsa rumq qhylsmn muktiplecacepsFDMA) to agcess the Hpmanh%em uni t
conpri si Npkis approach is inefficient because of the lower total capacity of the single channel and

because of the time required for the accessing process. Stationary digital cellular
transmission systéms face 'similér obstacles. The ability to-access the channel on both a
time- and frequency-divided basis would more efficiently utilize the ttansmission channel.
30 However, the inherent multiplexing nature of DMT has previously restricted its application
" to point-to-point transmission because transmissions from dlfferent sources must be
synchronized for the all-d1g1ta1 multlplexmg to functmn properly

ADSL applications have the potenual for a similar problem. although itis typlcally

more limited in nature. Specifically, a single line may service a plur_ahty of drop points ata
35 particular billing address (which may typically be a home or an office). That is, there may
be several telephone "jacks" through which the user may wish to receive signals. To
facilitate service to multiple locations (jacks) over a single line, the use of a master modem

has been proposed to facilitate synchronization. However, this is perceived as being a
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an encoder for encoding digital information; a nonitor for nonitoring a
cofmuni cation line to determne |ine quality paranmeters indicative of noise

| evel s- at ¥Q@H34HM9 a nul tiplicitiy: of subchannel s, each subcpranmus$soro3s
correspondi ng in frequency to- an associ at ed subcarrier a nodul ator for
nodul ating 0
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nodul ati on %’c%u&hﬁ@fﬂSﬁQgﬂ@s fréd@ it @&h&% & tha'a @ntrhB@si cahRBodtiaect ed
l'ine quallt¥8ﬁg{§ﬁe ers ﬁ% ?FI ower mask paraneter, and wherein
t he modul at S R mﬁ? ié% BAA ™G5 at i ng both the subchannel s used
and the amount of data transmitted on each subchannel during transm ssion
in orddr to acco#nettenfeatnesef tansmissomsystemsicnrepsbuitilized foa commueicationa from
appar at us 1 @rerfREREIdWechiailil i€ thf GEY Linl? gaﬁ@mmta bt aC&EirghﬁEd flaliitlm RS OF €

it is applied to the transm ssion |ine; nch ron|% for non|tor|ng
signals r ecdreguepcyilyisign m"é%%meﬂ%eordkeyttr?e@ﬁﬂem%%qksts of 3 BaticYIy g (HMPznpt e
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indicative of a fr shift require 0 synchronize a

sel ect ed remsg‘“rﬂ)%é’r&"?tﬁ‘g t["?&’c @®MaiAR renote initiated synchronization
signal with other renpte units that are currently conmunicating with the
central nodemunit. 14. A multi-carrirer renote nodemunit for use in a
bi-directional data transm ssion systemthat facilitates comunications
between a central nodemunit and a plurality of said renote nodemunits,
the renote nodem unit conprising: a denodul ator for denodul ating a first
multi-carrier signal indicative of a first set of digital information, the
denodul at or being arranged to receive nodul ation information as part of the
mul ti-carrier signal; a decoder for decoding the denodul ated digital
information in real time; an encoder for encoding a second set of digital

i nformation; a nodul ator for nodul ating the encoded second set of digital
information onto a nultiplicity of subcarriers in a second multi-carrier
signal, each subcarrier in the second nmulti- carrier signal corresponding
to an associ ated tone and an associ ated subchannel ; and 4 a synchroni zer
for generating a first synchronization signal that is sent when the nmulti-
carrier renote nodemdesires to initiate communications to the centra
modem receiving a second synchronization signal fromthe central nodem
that is indicative of a frame boundary phase shift required to synchronize
the renote nodemw th other- renote units that are currently




comuni cating with the central nodemunit, and shifting the phase of the
second nmulti-carrier signal so that it is synchronized at the central nodem |
W th nuiwe es)syi4e er Si gnal s sent by said other renote unij A renote
nodem unit as recited in claim14 wherein: the denodul at or [?urt?]er i ncl udes
a tinme domain equalizer; and the denodul at or -and the decoder are part of a
receiver, and the renote un C ' n anal og notch filter
arranged to filter the firmcw amomac g.m.SNbefore it is passed to.
the receiver to reduce the energy |level of the signals handl ed by the
receiver, and Teharhisve thé foregnimgiaridagtber abjectsoquetih @cairdaiye savithahe popbsengf dur i ng
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A,

itidtive manner or as a single step. This synchronizes the frame boundaries of the

25 frames outputted by the selected remote unit with frame boundaries of frames output by the
other remote units that are currently commumcatmg with the central unit. The
synchronization is arranged to occur such that the frame boundaries from the various
remotes substantially coincide when they are received at the central unit.

_ ' In one embodiment of the invention the overhead bus includes two dedicated
30 overhead subchannels and the remote initiated synchronization signal and the centrally
initiated synchronization signal are transmitted over different overhead subchannels. In
other embodiments a single or multiple dedicated overhead subchannels may be used. In
- some embodiments, the number of subchannels available to the selected remote unit for
transmission of data to the central unit are dynamically allocated. Specific central and

35 remote modem designs suitable for implémenting such a system are also described.



based upon the training signals received by the central unit, whereby the
central t na use the first set of channel characterlstlcs when
detern1n|ﬁg #% sub- channel's-t.o al l ocate to the sel ect edPEFPESTBhot e
unit for upstrean1connun|cat|ons 19. A nmethod as recited in claim18
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23. A nethod as recited in any one of clains 20 wherein defined data
packet i nf or mat | The synchmuizediguietitimet used ifethis embgdisent has 2 peried thetris sufficientist hod

further conpyp 51‘6:‘19? ?eﬁ&&ﬁmﬂier td B tBdHsitied $rofn ﬁ@%&dﬁﬂuﬂ@i&h@&%&é uﬁx?ﬂﬁ?St
signal fromt se st renoteé unjt.to qaintra gnlt after
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~unit all ocaﬁeﬂﬁ)téaﬁmiteaﬁdceﬁﬁﬂlmltbﬂ(mm&sﬁrﬁhﬁohhe@ﬁ:h&ﬁm fl rst remote unit
in direct response to the defined data packet request. A rret hod as

[)?fl tS| gnialn glngl ginfzé}'r Q{é varue 0'1?[ ?E&ﬁ}?ﬁt ?aﬁ%ﬁé ss%éowgﬁé?% uest SI 5%& "
i ndi cati ve @dality framshe gamote units to the central unit is described. This facxhtates the locatlon
of bandwidth to the remote units by the central unit. In this embodiment, training signals
are transmitted from one of the remote units over the multiplicity of sub-channels provided
for facilitafing upstream communications during a selected synchronized quiet time. The

30 training signals are monitored by the central unit which determines a set of channel

~ characteristics indicative of the bit capacities of the various sub-channels to deliver signals

from the selected remote. The central unit may then use the set of channel characteristics

when determining which sub-channels to allocate to the selected remote unit for upstream
communications. |

35 In one preferred embodiment, the transmitting and monitoring steps may be repeated -
for a plurality of different remote units in order to determine channel characteristics for each
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request, a second value of the data transm ssion request signal is
indi-cative of a data packet request and a third value of the data _
transm swomssamguest signal is indicative of a defined dacaniRagiweis r equest .
25. A nethod as recited in claim20 wherein a first value of the data °
transm ssi gn request signal is indicative of a request for allocation of a
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plut@i tyobfhertmmsum ieﬁuﬁélﬂeﬁthef aeemnow unitistdesaibed! Hadhisfenibodanentng t he

I th d.
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froma seths@:etmlilmtstaumprotmr ﬂunﬁheng:equmtalmmmtqrvaiu'rfhmgermabmnt thewseads synbol
in a dat af LiaRciZafiGh sxgxfal %ﬁ@?éxﬁ&t@dm%ﬁ&aﬁ&ea i&iHr il hﬁxét Tﬁ@fEB{o‘i‘e @Bt on (

at' | east one sub channel _that are not ot ge | N ‘use ¥‘é f.the renote
units; -tr SARSTLSt aﬁg"&%qsé‘qf%‘a‘l?é‘gi‘ °"?Ff%P1Hﬁ§‘F5b the diseretresube yringdhe  enpt e
to 1e Ceﬂld’caledlqniet umnldnbwntgahsfemom tutit's lequickaicntst tha et |hid allscates on¢

Si anal | OVBl AUkl o e R R PSPl SR Bl IGO0 Usei

and al | ocat'i ng a one su nne Fenote unit

in response to the data request information for facilitati n% upstream
comuni cat i onsInnepEigredembodiment; digdata request signg! maw indigete qithergdesice to 7 2g,

In a bi - diramedit @agartiala dafa&ﬁ&rﬂr&&leﬁfb @mhsxﬁwafpafuchw ainbtmtcffs:afonnauon

b |
O e L8R Tortier 5580 it Bt afioRhed B Rt Mhbichaftile & € Rt w01
di s2Pet e fagHitateatnansimissioroat dengqhiested datalmtoathahgs spesifishin Sendatairequasbns

bet ween t hHgorlatiba! It M:e%nér%ﬁl%t the'lahirsl dChifoBReS 68Y drithord %hl‘mhﬁm@l%tfbpgn of
inform ngal%‘g‘eeq{gﬁnt ral #JI’]_I t. t he, transm ssion requirenents not e

unit, the er—wgmtwsettéasawm InformaRien that s %Pea!aﬁea ip i s on
request f requesairdernetioad first rempte to the central unit, wherein the data
transm ssion request indicates whether- a particular data rate is requested

or whether a sg G6HHerARNA bmBbdiRhO FEH AR uhit nid§ Hahsfle & SefiRalib@Dadiet t €d;
25 request signal after the data request information has been defined and transmitted. When
' this occurs, the central unit immediately allocates at least one sub-channel to the selected
first remote unit in direct respon_se to the defined data packet request.

In-another preferred embodiment, the remote units monitor information provided in
the downstream communications stream prior to transmitting a data reqﬁest signal and only.
30 transmit the data request signal over sub-channels that are reported as no_t' in use. In still
another preferred embodiment, a first value of the data request signal is indicative of a data
~ rate request, a second value of the data request signal is indicative of a data packet request
and a third value of the data request signal is indicative of a defined data packet request. In
such an arrangement, the data request Signal may be as small as a two bit signal.

35 In yet another embodiment, each frame of the discrete mﬁlti_—to_n,e sighal includes a
multiplicity of symbols and each remote unit is assigned an associated symbol during which
6 _ _ _ .



all ocating at | east one sub-channel to the selected first renote unit in
response %’ data transm ssion request for facilitatin st ream
communi cat%?% W ween the first renote unit and the cent?%ﬁ YB35 her ei n
when a particular data rate is ‘fequested, the central unit allocates

sufficient jsuhy E'Ek?sﬂﬁﬁiltssdaft@rehﬁk‘.’st SRhiRE! BhisiehrbbdiRAD R dRi-ll Bl ABekhiabs thBe
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t he cent r aluponiie sgmbobdiring which the date aspmesy signallibrecéisethel to t he sel ected
first renote unit for an anount of tine sufficient to transmt the
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renote uni tthfPWQﬂQ?ﬁpg)m@[@b“lthe communi cation access request for
facilitating upstream comuni cations between the selected first renote unit

and the central Infhither¥8pects dilthe Mveh@sh, afscﬂmm:2&1Mmter§ andlreceivers
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unit can transmt a ta pac ket, In co ormanevvlt dat a
packet t r a/fOMngETasm sigrals Afecalia-Riscreis apli-gamiar. o K verplepreteree emodiments, thenpt e
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inhibiting renmote units fromtransmtting using the fast access

transm ssi on node responsive to a cormand fromthe central unit, wherein
the conmmand fromthe central unit is generated when usage on the system
exceeds a predefined threshold; and enabling renbte units to transmt using
a polled transm ssion node responswe to the




~comand fromthe central unit. 32. In a bidirectional data transm ssion
systemthat facilitates comunications between a plurality of renote units
and a ceWOr%aB4mait using a synbol -based nulti-carrier traesnsssir0s5 schene
that has a nultiplicity of discrete sub-channels provided for facilitating
upstream communi cations between the plurality of renmote units and the
central unit, an appara'@gﬁ' o Wlla 'a sel ected renote
~unit to the central uni =l |l el converter for
recei ving said data and converting sa| d data to parallel data; an encoder
coupled to said serial to parallel converter for encoding said parallel
data according to one of a first and a second nodul ati on schenes responsive
to a control su'gmaivznﬁm dogdtheetwmmﬁuhe:t objectsadttkmabagfsgthmef ghayveestibé i ng a

polled tr n r a 1 to
e oL 45 RRGERAE, BECHALSRP oL RSl AP LAERARE
decodi ng, a@ammge@g)mwmmamc n scherre bei ng operative during a fast '
access transm ssion node and does not require the receiver at said central

unit to have PFIGURENDPY bl dm‘grdxﬂe;fladamtmﬁntcatonsgsdnsﬁicmtnegiarhem)b@d uni t
for decodin FET _nodu g’é?ci ﬁ&ﬁg‘?d to said encoder for nodul ating

encoded dff fa]f‘f'ﬁﬁbgtﬁﬁ"cﬁﬁég MP S lel to serial converter coupl ed:
to said | FFT nodul ator for converting m)dul ated data fromsaid | FFT

nmodul at or t o aFEEWREI2 if aifreguericy diagraxm d listratingrthe usesofiadmaltiplicityl of dalimited 3.
The appar glpdshaffelShdi 3 PV §fsRin13Fincluad) d it Jfuadisst Ssveitad iR hirhels.

operative when system usage e€xceeds a predefined usage threshold and said

fast ,access tr e ative st em.usage f al el ow
sai Lopr edef i neﬁﬁgﬂ%é? 'Pﬁr!glg)‘ﬁ‘()ﬁhagra%ﬁ"e{a cepfral 3?"5{&5? %?hlt?Fglferr?‘ﬁgg%ﬁtéf ei n:
sai d sel entpememingttise synclironiaationof tpresentanventiom unal | ocat ed sub- channel
.during a specific synbol period when said polled transm ssion nmode is

operative, sai ﬁI@@RE'J isCa GIoER Qlaghfih 0P r@ﬁb{égmﬁtpﬁaﬁhéxh%?d dt)éctﬁ?esinﬂﬁﬁﬂ fop sai d

sel ected renote unit for access re uest; and -9- sald selected renpnte

uni t send@ﬁ%@%%&%?%ﬁ‘é’éwseﬁ‘aﬂwoﬂur| ng any synbol period when

sai d fast access transni ssion node is operative irrespective whether said
speci fi c symboFIGIERE Sds ablechdiagransitiugrating a cemaie thic9ineludidationrantegenment f or

‘acCcesgs re htdhlz fé'%hf"s a#%ﬁé ©on systemthat
fac?ﬁ tatggﬁé%%rﬁﬁ}péeﬂéngﬁg )Elgt meg&@&@d}; |tyy}r¥ refote units and a
central unit using a synbol - hased rrultl -carrier transm ssion_schene .t hat
has a mul tipl .Etci@ 8 {f 8 araptoiliostsecing. phase STIOF YSTHE dTeaBenyacThs 6oPF Yy
upst r eam prpoitivnaiRtol the sinling erenanidithe Y-inteatapt ¥s proportionileto phaseserporchftthe
central %mtle an apparatus for receiving data sent froma selected renote
unit to the central unit, conprising: a serial to parallel converter for

recei ving sai d data and convertl ng said forward error corrected data to
paral | el dat a; FIGURE 7 is a timing diagram of a DMT data transmission system in accordance

20 with one embodiment of the present invention.

FIGURE 8 is a flow diagram illustrating a method of initializing a remote unit in
accordance with one aspect of the present invention.

FIGURE 9 is a flow diagram illustrating a method of retraining a remote unit in
accordance with a second aspect of the present invention.

25 FIGURE 10 is a flow diagram illustrating the steps taken by a requesting remote
unit to establish communication with a central unit.

FIGURE ll(a) is a flow diagram illustrating a method of allocating bandwidth to a
remote unit making a data packet request. '



a FFT denodul ator coupled to said serial to parallel converter for

denodul ating parallel data fromsaid serial to parallel converter; a
decoder coW9¥@4t43 sai d FFT denodul ator for decodi ng- denpdwcarusdsaass from
sai d FFT denodul ator according to one of a first and a second denodul ati on

schenmes responsi ntral si.gnal,..said first de ul ation schene
bei ng operative g‘ﬁ?{}%&%&?@df Pgawt4‘%¥§%‘ gﬁ%&ﬂn%ﬂlghﬂﬂap?ﬂ%f‘?%%nﬂﬂ“gg toa
know edge ofremdte unitlmaking » definesladath packet cequelstr enot e unit for decodi ng, said
second denodul ati on schene being operative during a fast access

transm ssi on nOAd¢IGORENQES 168 FloWRHALrAR iMist@fing D MMHRH 3¢ allcatiNEbdrd@/idth td/a OF
said selected renote unit for decoding; and a parallel to serial converter

coupl ed to SEmefeyRL gRSRRTAR IS g decoded data from sai d decoder to a
serial format. 36. In a bi-directional data transm ssion systemthat

faci | i Bat es comiGURE @nis algeaphaliustrating a frame transhissiemsegeensaiin 8 tisedlivsion -
central uni 1 f ﬁggg*@% 3 [ ier transm ssion schene that has
a nultiplic%?&ﬁgggﬁ?ggiete su ggﬂgﬁﬁéfgﬁgﬁévided for facilitating upstream
communi cati ons between the plurality of renote units and the central unit
and downstream comuni cati ons between the central unit and the plurality of
renotes, a nethod transmtting data conprising the steps of: a)
transmtting at |east one frame of downstream data fromthe central unit to
at | east one of the renote units using a discrete nmulti-tone nodul ation
schenme, wherein no upstreamdata transm ssions are pernitted during the
transm ssi on .of the downstream data; b) transmtting at |east one frane
of upstreamdata fromat |east one of the renbte units to the central unit
using a discrete nulti-tone nodul ation schenme, wherein no downstream dat a
transm ssions are permtted during the transm ssion of the upstream data;
and c) sequentially repeating steps (a) and (b). 37. A net hod as
recited in claim36 further conprising the step of providing a settling
period after the transm ssion of at |east one of the downstream franmes and
the upstream frame, wherein no transm ssions are nmade in either: direction-
during the settling period. 10 38. An arrangenent as recited in any
one of the preceding clains wherein the bidirectional data transm ssion
systemis a Digital Subscriber Line systemthat includes the transm ssion
of signals over tw sted pair tel ephone |ines. 39. An arrangenent as
recited in any one of clainms 1-37 wherein the bi-directional data

transm ssion systemis a cable systemthat includes the transm ssion of

signals over a coaxial cable. 40. A nmethod as recited in any of the
precedi ng clains wherein the various signals are discrete nulti-tone
signals. 41. A nmethod as recited in any of clainms 1-39 wherein the

conmuni cati ons between the central unit and the renpte units are 'sel ected
fromthe group consisting of discrete wavel et



mul ti-tone, quadrature anplitude nodul ated signals and vesigial sideband
signal s. WO 95/ 34149

PCT/ USO5Mayesai@if2 whi ch uses the data. A service prow derpchPusdRiHaess
typically be arranged to provide the data to the central nodem for

transm ssion-to the renote nodens 15 and to handl e the data received by the
central mdemfromthegwagéﬁﬁ' (jﬁwr 19 can take any
suitable form By way E—SEFr v eeProviee n take the form of
a network 5 server. The network server can take the form of a dedicated
conputer or a distributed system A variety of transm ssion nedia can be
used as the transmisSion line. By way of exanple, tw sted pair phone |ines,
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'~ communi cat 1 ons K'to t central un|t 1 e phase shifted by an '
amount that is depepdent at 0 e | h of the assqci.ated
feed. In pract i“’céga’c%g"écﬁmaﬁ‘ ngtﬁgﬁﬁe‘ﬁg{?ét r‘%‘ﬁ?ﬁ"@P;ﬁtai“a?rldi ated

conmmuni catD:edsmeZMMn-Toual(M)l trgnslithmm séﬂm&ﬁrﬂdsahbemﬂedﬁtaﬂ\xm eipy sisevet at i ve

DMT t t-hat

r ansm sor Ry ATRS phRubladty il Eihaaididel Bphiiinfed S ibilbs? URIcH e el

i nddpenderft3128kHzevidg mgthalfgm(ar@fdwmefaeana dirsctinm Brarfmw@y zax)gemﬁ;heﬂenes
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be aggr egama'elasun'g thehtraylsmissidat andwidtls by astmuchs aserderaofsnagyiwde hatecbeen

der 2
ont .e? ol y I SRORGE it DA RpbitcaiBis b) Z’Z%@%E%ﬁ&%w”ﬁvﬂh@sﬂ e WA e
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an | nver s PoMAR ol e Pt el ?Fﬁ#?%’ﬁéﬁ“ﬁ%%ar ARl (e rumber o

avai | abl e sub-channel s 23 are int enger powers of two, as for exanple, 128,

256, 512, 1024 Asdesoritgddnhebackarennd spationf thipapplicationconsi limitation of discrete
enbodi rfentmmatbné sraaﬂﬁﬁgxaﬂ syEmySe tw iR o@@éqlts s ﬁ&@' aSpIRAaGE B@ami;v&lsm 1024

sub-carriers ed ' with each carri C
su e nnericed i hsingle B e dosartsa ol S @@n&ﬁgwﬁ*&ﬁﬁwewﬁaﬂﬁﬁw dt h
| central unit. This synchromzanon problem has hrmted the attractiveness of Discrete Multi-
tone (DMT) data transmission schemes in certain applications such as cable systems and

wireless cellular television delivery since these systems use a single line (medium) to
service a relatively large number of independent remote units, which would typically be
30 operated by different subscribers.

Referring initially to Figure 1, a schematic transmission scheme for a typical multi-

user subscriber network will be described. A central unit 10 (which includgs a central

modem) communicates with a plurality of remote units over a common transmission line 17

which is split into a plurality of feeds 18. Each feed 18 services an associated remote unit

35 which typically includes a remote modem 15 which receives the signals and a remote device
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which the renbte units can communi cate with the central unit 10. WO

95/ 34149 PCT/ US95/ 07035
The nunberwofossemawt e units that nmay be used in any. particulpgtusysihes® nmay
vary greatly in accordance wi-th the needs of a particul ar system By way of

exanple, in_on nbodi nent of the desc bl e based subscri ber, system:-
it may be RV ishtsey © Baianiy SERYICE Broxidist ?i @‘MH‘F‘E‘E’ wﬁm Rayide e h a

si ngl e centdatd toithé tentdahmeyerh Gorarankraission to the cammdte mpdahe 1 Samitohahdie e datarber

of Temote Ukligeq by &hgwfngaéwegme&an&k nREBIS. THCSIABPEBIEL {Pednake

groups. O cours S need not eac nunbe

units. By vany smtahiﬁm y yassgfsﬁxemenaxe spe/iasipravides camtake thefamp ol remwesk may

g Io Vi des: he §e@fayt Q‘Hém&‘ﬁoﬂkfﬁeﬁve? |c?ﬁ'ial&rt§[3é«|tlﬁm Ui 4 Bediodré Qérﬁptﬂéﬂoﬁr agﬂistrlmdlp to
renote units ea renopt.e uni (]| aSSI ned ,a

frequency b¥igm- Iﬂ%ﬂrv a’é?(tﬁr?g [ransmpission P‘é&ﬁé’%&@ gﬁ%&s:}@?ﬁrﬁ ss1opd{pe d‘?@y ed

i nto a pl uredample, sWiseeglpriifl phose lieek, deaxia icables) fibeetinesrany hlyhndisthatl incorperate

particul ar @Jﬁ)&dfngfé]angéf‘e%@ ‘iﬂeﬁﬁfjﬁu Wask @v‘eﬁht’l"hlé)%}pﬁr@%haﬁsmtks%elﬂﬂp&ﬁél'e@t ely

four megahertz wo e assigned to each grou erefore, each group woul d
have about S¥S¥MS; and correspondingly, 128 sub-channels 23 to use for

transmtting to the central unit- 10. Gouping allows the central unit 10 to
keep 1 0ack of thAs wilirbé spprevidted bynthasewkiliegdin kiecart] bne requisenmait obdisdréte ynuddire on

and of f |Iﬂt%ne 2&] rsgmg,#ggsaﬂ,qssg%?.gs?&h §§5 &é?éorﬁgen?mec?ﬂg@ 1s%atriFW?15m8ﬁV way

of exanpl e, Consi ub- channe 127,
a second gr muss (mpiyaﬂh mmtqmatsi 8% attemipting todndependantly irarsmitiafapmatiopsto a

al I ocati on @frqity pmﬁmsén&a?&li m)t dae sfgﬁﬂ@%&ﬂ e r&ﬁ&yaﬁuﬁmsm syRdrRéhigay ed
t hr oughout the S ectru the f Slt roug ¥, g Si gned
sub- channel ¥ &1eag sofg o EIZF s“" “E"WQ’&‘@EB?* é‘? ‘?‘@ PiL @ TOREfhel s
1, 9,137, 2&ith ﬂﬁng dxscnetetrheltlt-tbne da:gnﬂssmns&) sulfl asjzﬁemé?ﬁtha&hc lengtkmfmesfaeds)rt h.

The 1 nt or | efihBoBlcal Y/ 10RSLAE B ABTUENDHbr B, Doeri BB Rynchoniuce

t he "probabi n oné I'cular ‘area

ency
spect rum wi With &zgrciq;btof thesentrl unig A&tthwqmrovm@auom@ck fouthe genieal ws 1Q wﬂgbe
s I ngl e gr oz,asé S fEPBy ar ARodi Whdt ?s‘&p@&ﬁeﬁ?at%dsi mc”pfah%tm@lah hf BRIdsidRmed t he

P Wy e DeskAPeh of BB R e ke ol el

the art,
sub- czlﬁnnelmﬁallxgmmhlﬁe@malpmdgmare not restricted to the numbers in the
descri bed enbodi nent but can be chosen to suit the needs of the particul ar

use of the transgi, %F&gmﬁ%mg i s%%gép%lu?t%ﬁﬁ?i g,i hgs seeRtherem,

synchroni zati on pr{ h@ﬁﬁm nt.e cont | at es e use of
dedi cat ed oWet13BsBission baatinsludess muliiplisyy of sub=channels 23 evea‘ﬁhlph frgleeen ent
synchroni zagarfiéx sxgﬁ‘alé Kkleﬁerfbﬂtlﬁchs Rblcarrieps R7)emay G eransaiitedl IDMA walsmEion

modem - Downebreatf Bufiass WafiticciR B 186 bh §§P% Bl 83 BN
from2fe c madathepnndgnﬂ)h eTheaddtaon eachrsubebanneh23 canceareespons to @rdifferens 28
and 29 nay {igndi Q¢ %Iu? fe afgrapateFithd Righer @ht&?rates tf:ﬁtergbk%&‘ixy aRARNd 0w Wil t he
t_ ransm ssi Ol?an?l éjth transmlss%ns mi‘ggslensﬁl ! anne S 233‘ are 1mp1emented entirely with digital
signal processing in DMT, which eliminates the need for analog separation filters and
maximizes spectral efficiency. The number of sub-channels used may be widely varied in
30  accordance with the needs of a particular system. However, when modulation is performed
using an Inverse Fast Fourier Transform (IFFT), typical values for the number of available
sub-channels 23 are integer powers of two, as for example, 128, 256, 512, 1024 or 2048
sub-channels 23. By way of example, in one embodiment that is adapted for use in a cable
based subscriber system, 1024 sub-carriers 27 may be used with each carrier confined to a
35 32 kHz sub-channel 23. This provides approximately 32 MHz of frequency bandw1dth in
~ which the remote units can communicate with the central unit 10.
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asymmetric digital subscriber |ine systemdiscussed above, it may be
desirable to | ocate the overhead subchannel s near either the upper or |ower
frequencyoesgfa4ef -t he downstream signal so as to mnim Z?d‘)%ésromss
interference with adjoining subchannels. Wen the system-12-
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the particular use of the transmission system.

. Qne. method of addressing the synchronization 'problems pointed out above

30 contemplates the use of dedicated overhead subchannels 28 and 29 (of Fig. 2) to facilitate
- synchronization. In this embod_iment., upstream overhead subchannel 28 carries
synchronization signals from the various remotes to-the central modem. Downstream
overhead subchannel 29 carries synchronization si_gnals_ from the _cén__t_ral modem to the

- various remotes. The overhead subchannels 28 and-29_may be located at any suitable

35 frequency position within the transmission band. In many embodiments such as the
asymmetric digital subscriber line system discussed above, it may be desirable to locate the
overhead subchannels near either the upper or lower frequency edge of the downstream

signal so as to minimize their interference with adjoining subchannels When the system
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embodiment for use in the described cable-based subscriber system, contemplates a

transmission interval 33 set to a period sufficient to transmit 63 symbols and the S1 time

30 interval 34 set to one symbol in .length of time. The initialization interval S2 may be used as
an alternative arrangement for synchronizing the remote units. Thus, the length of the
second quiet time interval 38 is typically determined by.' the physical aspects of the
communications system, as will be discussed in more detail below. In general, the remote
units are required not to broadcast during an S1 or S3 quiet time interval unless given

35 permission by the ceht_ra_l unit 10. In some embodiments, the remote units are also required
not to broadcast during an S2 quiet time interval unless they are seeking to initiate
installation as will be described in more detail below.
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30 receiver 70, The receiver's demodulator 76 then feeds the demodulated synchronizatjon
signal to the central modeim's controller 60. The central controller 60 detects the remotely

initiated synchronization signal and compares its frame boundary to the frame boundaries of

any signals that are simultaneously being received from other remote units. When the

" central modem 30 is in communication with other remotes, it is likely that the frame

35 boundaries of the remote requesting access will be phase shifted from the frame boundaries
of those that are already in cbinmuni'cation.with the central 'mod‘em"" due to variations in the

feed length. In such cases, the central controller 60 initiates a return (downstream)
synchronization signal that indicates the phase shift (which takes the form of a time delay)
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synch, the same process will be repeated. In one embodiment, the synchronization signal

would merely instruct the frame synchronizer to advance or retard by one sample. It is
30 contemplated that in most applications of DMT, such an incremental system will work well

to quickly synchronize the remote unit. By way of example, in a system that has a symbol

(frame) rate of 8 kHz (and thus a symbol period of 125 is) which corresponds to 64 Kbps,

with each frame having 128 samples plus a prefix, in distribution networks having feed

length variations of as much as two miles, it would still take less than approximately ten
35 milliseconds to synchronize using a simple single sample advance/retard approach.

When a remotely initiated signal is determined to be in synch, then the central
controller would send a return synchronization signal over the second overhead subchannel
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si ghal s nusstrednyessdrihinspricting thet phase egerstion bt least ewe donest e ghaseesrrartfor
synchr oni ggtd BReshinbelcORIpufed Wil refifect to a fixed known transmitted phase on the tones

(i.e. "pilot" tones). Alternatively, they may be determined by asS_u_ming decisions on the

transmitted phases are correct and computing the offset between the pre- and post-decision
phases (i-.—e;: decision-aided phase-error computation). The slope of the phase error plot; as
30 illustrated in Figure 6, is proportional to the timing-phase error, while the constant part (the
y-intercept) of the phase-error plot is the carrier-phase error.. The timing (sampling) phase
error and the carrier-phase error are determined by phase detector 181 and input to phase-
lock loops 182, 184 that synthesize a sampling cl'c_)ckgai_nd carrier frequency at the _fecovered
central modem frequencies as illustrated in Figure 5. The carrier is used to demodaulate the
35 downstream signal to baseband and the sampling clock is (after division by divider 189)
used to clock the analog-to-digital converter(s) (ADC). _If the data tones and the signal
tones occupy separated tones, then more then one analog-to-digital converter at slower
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made on the basis of the central nodenmis sanple rate. 2 5 In the
event that two renotes sinultaneously attenpt to initiate comunications
with t.he cW@9%5&#4podem a conflicct will occur and the cent PEN/USEAMNTOISI | er 60
will likely be confused by the: upstream sychroni zation signals. In such a

its d |
e Shrr+ SRR ERL XAr Bl bR/l ALl e 2loli o RGBS
proper |y sythehinshidedbe noigh diller é%d&ltmwmﬂﬂé‘i @éqill?tals 183nisdprearodded syl d 3

0 r eCognidfirol IR 16datbh 6Nth@Rstch.nstruct  the renote units to stop and
attenpt to establish comunications at a |ater point. |In another

eynchr ot zat i on, ST serng forElapr i piaR 380, S A6 wislAg bl
requiré&d. | te analogeonesriens. Thetupstreampeastientnay b synchyonizdd tp theed:czvgmrmn carHer a

probl em exi gf %m?nﬂ)t%'skﬁ‘? ﬁdﬂ%mﬁechWﬂe'nCﬁ it %oPGfdébfdd“ibd hike &éutﬁax Sﬁ&déiﬁd on,
a suitable conflict resol schene cah e.si

tio
conflict reYBitsRmdRcalsy %‘Pgﬁ TREANST ths W&W’égﬁﬁ@ﬁﬁﬁ‘t@%"élpﬂs"f gthe rr?"andom
amount of t thetceatral mbiantupkipeant rsteiventan asnaromional plass-laked multigie rofinkkom

del 2y, AS | 80ndakl)eile Y odyol5h) 0188bah i MHert WBhid BESeLRAP S 2 ©

not |ikel

PCT/ U85/ omslaﬂm claskdghatiethe syme a3 the sarpplingsdonk in dieppniselmadem. Thesg emote

requests w Hod@M@Wil!'ﬁbt' diwlae tl’ia%@d@ie%%aﬁx‘;bfxﬁ slbéflﬂtNer&H%Hnd Rdotemelefigthabe
brought on |ine in A var

e i on
1 D e ejperid OBl e BN Vill ish F SEBR Ik s FURR LB bR S hor &
well. 5 sampling tlockhoAtebriimghp prasmivabend trémbtet inedelns can bedlebFEdstly to
nmodul ation.?,gél (works extrenmely well for systens that are arranged to
transmt re rve y | ar ge chunks of data and therefore require nore than a
handf ul. of tones, Haowever, in many - S|tuat|ons the renotes '-ly’c naot need to

transhit |arge bibcRMbsymbolsiransmitted upstream from the remplg Mqdsms must arpys atghe ot
ef fective t centtal imodemoatsheRameé tinmnasediteusseal abmél,w\ah iwlienthéeare denerated by

Suen ol r cundisfeR kR, Badls, Tod 8D Idele§ WhdiPonidd: 18P insER ekl i |
bot h be repbhsamplevciooks delayinte therupstream trapsoritsed sgnalbv@hle delay lie prograsirner
still be a Gﬁd’e@'c&xﬂr&%?ﬁﬂrd&%é@e&xh n&%aizﬁﬁoxﬁﬁ 1 §§§&§§1%ds1 mu@ssed nA ain, it

-opera |on the centra mtra an a e ate uses
all (80t hes*lPé'éFbP"eﬁ‘PHr?fH%a‘E F*H“ glen% g%séwnt %anéi%%}’?“'r %fr@?g 6&0 et ones
that it is bpposed o the ranctel Sﬁecxﬁcdllbﬁadlllﬁhfﬂtecﬁh Hig 155 thel sample ratt afnheratotof

the avai | abTEY SRa nie GAIELFthe TRABERae!ot e el HloVEr A g HaChe ©
nodem t o t heynchropized ahig cortral :mdem@ng yheseforeathe yymhrmen adjéstmgnfé gnust be

avai | abl e tglaaeggﬂ{elbgggafmgggﬁayﬁ{ode,ﬁdsgﬁﬁﬁeutyel y, in a static system the
al l ocation could be made in the downstream synchr oni zation signal. Dynamc

al l ocatd on can tak on either .an edi cat ed over.head. or

cont rg$ channel ﬁ?t%ﬁg "gﬁ'%‘f"t F’BP'@%%‘H’"@W‘EW"%Y ﬁ%’“‘ﬁb‘h qogpmUmcaHoRs Wity -

t he descri bthe centsal mdemh&ceqihﬁ;trmﬂ wealr gnéithe canteal contmlles® willdikelynpcoafused/e at

the by the upstream sychronization signals. In such a case, its downstream synchronization
signal would indicate an improper phase shift and the confirmation synchronization signals

would not be properly syachronized. In one embodiment, the central controller 60 could

30 recognize the problem and instruct. the remote units to stop and attempt to establish
communications at a later point. In another embodiment, the central controller could simply

send another downstream synchronization signal indicative of the additional phase shifting

that is required. In either event, the remote unit will quickly recognize that a problem exists

and assume that a conflict is occurring. In this situation, a suitable conflict resolution

35 scheme can be employed. One simple conflict resolution scheme is simply to have each
~ remote delay for a random amount of time and attempt to reinitiate communications after the
random delay. As long as the delay is determined in a manner that the remotes are not likely
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central nodem at substantially the sanme tinme. Precise al i gnment i s not
necessary; however, the system works best when the boundaries are closely

al i gned ywg okg4q% of the sanple rate of the central node

Referring next to Figure 8, an alternative nmethod of ini Fgflll?%s\lmr'{%ssa first .
renote unit during installation that utilizes the described second qui et

times S2 ftocaasistentinfoliowthersameciclryr pattspe theirakqudsts willveyentually be sépatmted
descri bedsufﬁéxeﬂdlf Eﬁb?xstﬁﬁ é@ﬂ!ﬁ‘n bd\BrRAgR Jnel'iﬂétx‘ﬂdénﬁ%haex{tl%r t%% of QAitldme, 11

must be initjalized suc t thetransmssm st renmpte unit
DY TTving SORHORGREY B S BhEY O AR SEGSGR ERIoHUon hatbsen EuRaie of
any ot herwdridwell. currently install ed renote units. That is, the frane
boundari es of upstream DMI' communi cations fromthe various renote units to

the gentral unytsyagf Bp%gﬁla&%té’dﬂ thé’ %X&iﬂ%ﬁ%ﬁoﬁﬁlah{?ﬁ sﬁﬁélﬁ%%&c?rﬂé“ t for

the transm ssions fo entr al

descri bedsxiemsly well forsysems that ﬁ"‘u’taé"a%q ddo gaasmypretasivelyrlacge shnks ot Aatagnd ych

synchr Fln I ﬁh@fdf@:ﬂ retiulxlel momghédwhaiﬂaﬂ loff estds. qHb®evdr] ﬂ&ﬁany?sxtﬁanons, the remotes
Initially

t d t t.ahl i t
the transt ggt b ﬁg \A%I:’Jin“lu H“%et e§°‘§d’§ dg#ﬁggué%ry?\er&es's%lﬁs’t%iﬁﬁ’ étclfq%g G ¥ %gn °
unit to | effective toputilize a-sirgpler conyentimmabumodationscheme fonttansmigtingsisfarmstién om t he
cenj pal  Ufpty tﬂ@remﬂesi tb%éen&anmna T sm&ﬁnﬁﬁhcef@, hAP RGhoté ?taﬁgnnft@:eadﬁﬂﬁé ream

channel . In sonme sys ere ertalin frequency ranges that the
syst em melFIHat regeiyer w"a&g?thdae ’EBJé?FHI"é“h the aﬂﬁfﬁyﬂ%ﬁﬁ‘l’@m@?% However e Témy be
est abl i sheduldytll aa neédio syhdhromie: the eamdtéscasidisemssedighovbands. I n order to
prevent interference 5 and mai ntain backward conpatibility, it is ‘

i mportant thatyt %@rarnggqhg F%Hy“% mBﬁéﬁﬁ E?ﬁsrn%gsagl a% gkgat% E‘ﬁwf ?{rgmlqgﬁ r&sésra(ﬂqu ncy

range, even dur| Inrtia cour equency bands nay
be for bi déenysabis) tmqsen a ﬂ@agmgcfa@akﬂ@fsh remeye ko siibe gwnesl thatdt isto Bggive antk

tCﬁn% sal U!hbtnuYHbH ofJEiEd fAlbcarRl lontebétpamﬁ?&m?éul !_oil@i‘t'lr‘]ﬁd &ﬁfo'té%r}n&fenfsr ROMANCI est
a m ne utllil z e e uni
o aupe. asHih dise 8 Sibser o (34 2aiae paftegi) fonds” T Sl \iiBinici SRS, ')
br oadcast central modem tmthnimnotos majp be gsasitp dyhamicalhoallogatp ¢hatones dypilatiletomext
remote U“gﬁatm&f?aﬁ%céﬁéﬁ %&h&ﬂ?]m/égg %4 B3faki¥ §Ysfern thE aflbiten %5&1&1%%5& ifi3fe be

handl ed a ater paql nt % connect ed renote unit listens to the
downst r ea ‘%‘Fsgﬁ&mﬂFWmPﬁ?t&nrﬁhﬁqabn yRARE il ?‘F?&"P qaf ta{‘% plage an sitherepgthsel s may
not2Be usdsllicaldibovkrhesd ooontfil Chatnedlos gnaynbs Hkdtpldxed with totieer frioarGdntrolm ng

cont ral - uipEd. o R aERERed S S bAGRRSHAN 0 dd of R ey e dtihd” 1
downst r easentralymedem atrsubstansialip mel same tigmes Arecisealighmentiisnat Agecssany; dogewer, at t he

begi nni ngpeky ﬁ&n%rﬂybé%i whén ﬂfé%uﬁdhri@ﬁ‘ﬁre%lfo%&rﬂhgﬁ | i terinsUTie Si¥nple rate
transmttl an i Eltla I zation signal I medi atel’y upon receivi ng an S2

qui et per? Mnal . The initialization signal indicates to the _
central unit 10 that a 2 0 renote unit requests to be installed onto the-
sys?8m The r eRefemringmext teliguret: aniahernative method of initializing a first remote unit

during installation that utilizes the described second’ quiet times S2 in accordance with
another aspect of the invention will be described. As discilssed above, when a remote unit
first comes on line, it must be initialized such that the transmissions from the first remote '
unit arriving at the central modem are synchronized with the transmissions of any other
30  currently installed remote units. That is, the frame boundaries of upstream DMT
communications from the various remote units to the central unit must be substantially
synchronized at the central unit for the transmissions to be understood by the central unit.
The method described with reference to Figure 8 is one method of accomphshmg such

synchronization utilizing the described quxet times.

35 Initially, the remote unit to be installed must establish a connection to the
- transmission network in step 302. The connection enables the remote unit to listen to the
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onset of an S2 initialization quiet period in any suitable manner. By way .
of: exanple, a flag may be provided by the central unit 10 in the downstream
communi catwonsi34idhe renote unitmay transmit its initializpcTosesmrgpsal over
all the sub-channels 23, over:-a group of sub- channels 23 or on a single
sub- channel, 23 de end| n he needs articular system, 2 5
preferred SABBYF é‘°ﬂ§)££ﬂ’§t£ ‘ﬂ“‘gllopqnﬂ(ﬁ‘iaeﬂ?‘ég “’tj’ls‘iﬂ)%‘bf"(g‘%kused
by the nex3wfitle uprStrbe&n chamal. | lndomansystemns, there maylbezattaio freguemeyiranges that
transm t ethOufer oyt 6 SUD IV VA rexutbpld!3h nling Rble HwbAS @ thay be

" uni't 10

|n|t|aI|zat|0 rans SSi ons te uni e centra

can be accewpblishedsystemsthgt wliza seacifimirequeaciebands. lpreer tgprevenhistarieringg

dig Id t .Glt i nm?1 fRtntan ba‘?cvf(hrd co§ tiwﬁtyqt 1sl€ﬁh?6ﬂhrﬁ,tha’ﬂmﬂ x’eh@dﬁmuﬁfe@éﬂtﬁhﬁmg mlgd
quadrature e e nogul at.l.an,.s can Ze or
The syncnr R BROAST Shaprary HRer bvel g e BRSRRRTn ey Ferit e ERgLe T e
in a pref ebamts eaphbel forbivden fordnheremns aewelbs dicbordingly, df step 303,zhe oenttaj

noi se. Addihj Qﬂﬁ‘#}éﬁf@dl& %ﬂﬁg% 9 ideRtifiOftion 3F fx@@he%eméﬁﬁ m&e@bé 85ede regvgnt

of error correction an ncy to ensure C er ent ni cati ons
The i niti afyssems that %tplgﬁathe m@#@r%wmeémtaﬁrwslaﬁ diseyssed 6‘??"5«13‘8& eentpb upit ot o
unit1gn anﬁ&%ﬁﬂp’eﬁddﬁﬁbpﬂtoﬁﬁh&t the growplﬂunﬁier 3fthe @fbu@nmahoum bé usel bythe

oL obal 0058 s G O, RSSO AR Lo ©
PCT/ US95/ 0¥08oididress is simlar to addresses used on ethernet or cellular
devi ces. Such addresses are built into the comruni cati ons device and are
gl tstl nc: from aqgdg ﬁ&ﬁ oﬂﬁe@éd rteﬁiotbe\fntuq%ﬁm ﬁﬁfdbﬁﬁstﬂﬁﬁisﬁ stPﬁxféfﬁiéhBh'm

ata rate r U|re re e . uni evi ce
the rempt e et sbrahaneis ey poche pSEE i dowricang as@%@ et
it whdl d rﬁmframe mmngrmnhl qumtrptmd:makasseqmpdm syy)clnmnnzhdleambteajmtunth the 0,
DT aeti e Cetrat B0 ARRE abfiShbRARH A chrdetocRAREI W Bb Al BB UinalTHl ©
t el econf er 8%Ri3R% ltttraalﬁ@etémgnumwrasxm gtstha rbsgmmnsfof BR Sd WMist Rerigdh 118 oBe
. [ﬁqw re? t@ysttézﬁtrtﬁmlﬁ ddﬁedﬁ}ﬂtrﬂﬁﬂutﬁﬁghﬁ)mxﬁzfl%ﬁ&% §ig#hl ﬁ:ﬁﬁmtﬁa lﬂm}b@xﬂﬁg bnt ot

e central_.unij r S el.evan or ma ir

oot unt 52 iiet perpd acker sighal B iiali T Sgbal itihe¥o ke keRog Hhis 10T ALY
ot he Cenbodimetausit rejpestste be insialigd bh thesysterhi The ronote ugit abayfdetermittecthé i r st
renote uni : it Fgg(;[ﬁgl |
initiali zah O?}B&;P@f‘ nﬂ@hz tnh%ﬂe? re talll}%lxtﬁéfﬁgrs Y"ngﬁ ehh gﬁ%t her
initializ amaarbesprgwépd by &he eentrahanit Hinghe dgwmtrqam%n%cwﬁeafbe Bmethe
Sam‘l tine. uhi‘tnﬁt GRNnkmR QT I’mtxﬂi(zsitﬁb@? ovéxedit thbﬁm:ﬂ{ahﬁﬁé Zlmivér a’L@rotx aﬂgmt s a
col lision C 0 e |on
nmessage i n§ a@? %%S‘Péﬁﬁ?% elsi:,te‘ﬁm @ng g i%‘%&gi of szq,rﬁgllﬁ T The
col | 2di ng ireaprefemed embodlmeneabmdmstreams&gnabmdmwbehe goup p@useddy tefore.
re-sendi ngpngf unftith bé ds;:aﬁ%(?] Qfd HledRRitizatih sigﬁﬁl?f‘mr shrfittedUvel NPthE §£@El§anﬁélkt S

~trying to initialize e sane tine Is requiring the colliding

units to vvéfﬂha‘r%ﬁ‘?%m

The upstream initialization transmissions from the remote units to the central unit 10
carln be accomplished in any modulation scheme suitable for transmitting digital information.
30 By way of example, amplitude, frequency, and quadrature phase shift key (QPSK)
modulation schemes can be utilized. For the synchronization signal, differential QPSK
(DQPSK) modulation is desired in a preferred embodiment to decrease the possibility of
corruption by noise. Additionally, the synchronizatjon can be encoded with a large amount

of error correction and redundancy to ensure coherent communications. -

35 The initialization signal preferably contains information about the remote unit. Ina
preferred embodimen.t'the initialization signal carries the global address of the remote unit
and the maximum transmission data rate requirement of the first remote unit. A global
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amounts of tine that are independent of each other, the probability of

repeat collisions is 2 0 .- reduced even further. After the central unit 10

recei vesvaosysdiigd initialization signal fromthe first repdfBgdiRbdss the
central unit 10 transmits a synchronization signal 310 back to the renot e
unit. In one enbodi nent, the synchronization signal includes the gl obal
addr ess #dressds similer to e#%%%e%vﬁefl onzethesart| ongelinlas deviges: gHneh addresses arg r st

renot e apigiteimto tﬁtelcamnﬁﬁﬁcfae@hs Aevicef aidnive dteunc%rﬁlora ﬁdresswbﬁranaéﬂheﬂ about
the allocation of e. sub]&lihanne n the eam channel lé&ﬁher t he

ol opal  cerpdteting i i ot e et o Acte BRR R depadetit
i dent i f i epon the type of dévide the femnté wajt ide Horexample if tlurrsmot;smnms afelavisiansey. The
gl obal  aflyued re%,lutre\tﬁmmﬁ &hﬁﬁtméa%ﬁt 6a15&9it§ ta &e'déﬁi?il'tﬁﬁ’t tdtz,bsm § only

synchronlzatlon Si | |nte he. no addr e

ltngo It g ?(I ghed to
the firstSiR&isURs Slg HPsER ff“&BPt‘ F‘P%‘E moxierse F%‘H’cs Of yteyyes feedbac
comuni cGhitiensther Haad, gf thé& sdmdte (nit is aaclebonfsencing tiansagiviet theh ahggd anodmof exanpl e

o, LoprRyAih Sl e B8 by ORF in okl AR RnaRAH GANEE e Bt L7

i s a shototthe cmm uni¢ 16 Qther pieces of mkmtwommrabgm the fiott cIQiE UBILERD | be

copguni catd bidseyit A1bngWith &ie'iﬁhﬂuﬁﬁ&t $ighal idther bthbollii@Atsa mul ti-grouped syst em’
I s used, the nodal address al so confains group identifier |nfornat|on e.g.
[ nforrratlon out the

t
acsi gned. 1 n DR ErEGEAR aop sefaLlbuy e iR arb B el e 0T oy o
ei ght grqu:mmemat ste@ 306 ovhethiee thelihitialization signilefromr tbe fiystt omote ingieas f y

Bits car et eé%t“‘.“?am%f‘ pEAL EPRicnat Bttt Bpl BB 6 CHAEL IIAE D1 i nd
i ts groufime.time q aafdissopy 13 Aetegted then 'the cénitral unit 10 transmits a collision message

PAT5US9 %&K%Exelrémat&@tﬂ st EO&ipMe%llﬁidhdn&Xagdlﬁﬁteat%| thefbniote ikl tayifg t hat

t he part of .the, nodal at eC|f S
dont s 11 @ RophRE iRy R R EudiaR e Gy BBn bRE PR fingbnygd oY Peeas
to uniq u@rgods befarei rﬁysendx@amf initiglization gtsnalr he nmbabllltvmf $wo gempte am%rytmee

e

s nas. Mggtt‘ea?‘”ﬁ‘e{"l‘h%ﬂ‘%“ﬁ“ ‘sf”f’éér'nh CBY BQUIRE herWbiAY uhﬁsgtdr;ggﬁ%doﬁgms ifier
0 this 3RIHAL of tme that fial ot Soch chetint GrPaBiy Bt PGPS ¢ ho

nozifl adﬂdu&de&hafuﬂhdentifles |tself in.the group, i.e. the unique
intra-group identifier information, in order to uniquely identify itself to

the central  Ubitr et 8118 36kchvik batll gtﬂﬁalliz?ﬁ&'i ihdl'rdih o2 Shidee | 1

conmbi nation wt e _ascertai ne | er ormmation, provides the

central Wt thegeptrakynit {0frpnsmits a ;g ontzv@wn sigaalf10baclto the smele yBk+ Ithg

renot e tu%hetemﬂommaﬁ the ?irﬁnﬁ@ﬁhaﬁ?@ﬁ@hﬂ&?ﬁludﬁb it g6t ad&SssSdfbhehﬁﬂ@?mﬁﬁitﬁ Ee [
group, e uni Lenote | I NT Or ma S or as ITS

I OUP. Lk HaefBapEiT Gl b il o LRt AT bR n M REd oL B ) [ T
reddt e meqnnlauw ahnuhthphaocﬁatlaneétlbeubrghmdada ars the fupssreattehafiel s Eithesrtat e uni t
must be ?e&s%@ﬂ%od&&ﬂ@ﬂ&%%@%% & DRk renote yith h@m&ieermea Jifpm t he

ot her co nete remote unit rection rm ned
diff etgmg fpxcxency {ﬁ;e glogal address allows irst remote unit

to 1dent1fy that the synchronization signal is intended for it. The nodal address is assigned
to the first remote unit in order to facilitate efficient future communications. The global

egrees of transrmssmn e

30 address can be quite long (as for example 48 bits) to allow for an adequate number of global
addresses for all the communicating devices that are likely to be manufactured. The nodal
address is a shorter address since only a limited number of remote units will be
communicating with any single central unit 10. When a multx—grouped system is used, the
nodal address also contains group identifier information, e.g. information about the group

35 to which the first remote unit is assigned. In the embodiment described above which

' contemplates a total of eight groups, that part of the address would be three bits to identify
which of the eight groups the first remote unit IS in. The remamder of the bits can uniquely

identify the node, e.g. the specxﬁc remote unit, within its group.
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fromthe anount of delay that the central unit detects between the tinme it
transmits a quiet period (S2) marker and its reception of the
initializaoesdsdognal . By way .of exanple, if the nmaxi mum deitaysos/iorobde
channel is TRT(Max), e.g. maxinmumround-trip delay, and the del ay

associ ated with I ven rermt I S el a rec or
that renote uni tl??lgu% appre[c &°Wm&@°mhﬁa‘g'&%‘% CHEW@F? uni t
i s defined that spb@ifiesi the grakmni.ef the group igestifieranformatedn, mayrhetdlmttcé altogdtharni t
to that

0 that rengt g nC1’nB Cfl tﬁ'@tdne@fis do%ﬁt 13erftﬁ'§ R%ﬁ% tﬁé)cetﬁﬁaf Gl rﬂﬁgxstbgcfatug@the

central unlt I ncl dent a ﬁ{d) att
processi ng cepgalngnit may. P)’lf‘%?ﬂ?ﬁ'l“?%)wet freaueneys pands El'\? ‘HH‘il'-!e @SH“ &) BesagT:s
transrd ssi aietermitt {he OB HHoRT Whivhi the demblehunitsemedshge iscenneld ads e a

uni ts, such ’I"?L%tugi fﬁgﬁ% tgggﬁ q%f%%‘h %ﬂtﬁné?m TS ta&'&%&sﬁl{xaqréenﬁﬁ?saﬁseff ht?the

central uni't r'eno
whi ch sub- @reumékshe 8nigne inttargreun idgntifier uﬁgnnqnonhm opdes &9 umqmiﬁ &e@afwmﬁt e

units. In apefh@heratinnd Imcewaf lafra@mmdaﬁ%; bx%?&te?ﬁ‘%‘@@xhbn%@uon with the

characteristics,are regularly.transmtted to a te units thr
the downst rASeETaned ERIP 1 gFWféeﬁ&fmé‘%{“@n%mV‘@ﬁ%\Wﬁ@Fm{?é Hgik wi Wn‘ﬁf‘B“r RIRRIEH
not Hedr equiddmys bbtheaeqesstingitedmge whit.n Id the pryfierred embaditriennwhich has 128 gmml

One advant Em%i \ﬁe&ﬁﬂ@ éhg@{xé E%dt@id%%@fi&é&{)ﬁ%oﬁ !nﬁ%l:%s orf as¥ @{s‘?{i‘ﬁn d

portion of rumts ays may vary 0 Ssone éex
dependi ng uwetneam@ardcnequency at which the si gnal Is transmtted. Therefore,
when the initialization signals are transnitted over a variety of the

sub-channel s 23 'Fﬂéetle'l 'rfe@doﬁhﬂé@aﬁbhfcénsqaaﬁbﬁ réiidte whitthoe lla_a&edxeqmm 35
aver age of .the |nd

. Th
i scussed diie tpsdaps i SCBRY SR Gett e be e edin e g Fradhigiid them
conmmund cat |Wlth; sigadlsvfirokn therotierpoafietedod metsbardisndite delny Qﬁecmamns-dzﬂsmnnedV\D
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transmitted to all the remote units through the downstream channel. In such systems,
channel usage information wo_uld not be required to be sent along with the synchronization
30 signal. — - - ' o '

One advantage of transmitting the initialization signals overa broad portion of the
available spectrum is that delays may vary to some extend depending upon the frequency at
- which the signal is transmitted. Therefore, when the initialization signals are transmitted
over a variety of the sub-channels 23 the requxred phase shift can be calculated based on an
35 average of the md1v1dual delays.

- The le_ngth of the S2 time interval, as discussed earlier, is dependent upon the
physical nature of the communications network. In a preferred embodiment the S2 time
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be [imt le the sgthchannels 23 can carry from each of the remote un_x_ts Su_ch a matrix allows the -
central unit 10 to keep track of the capacity of each of the various sub-channels 23 and is

30 available when allocating bandwidth to the remote units. This also facilitates the dynamic
allocation of sub-charine_ls based upon the current characteristics of the transmission
environment, '

Referring next to Figure 9, a method of p_eriodicaﬁy checking the capacity of the

various sub-channels from a selected remote unit to the central unit will be described. As

35 will be appreciated by those skilled in the art, the capacity of the transmission line at various
frequencies may vary somewhat over time. Therefore, it is desirable to periodically update

the central unit's information concerning the characteristics of the sub-channels 23 with
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retrained H?ﬁ{st hen returns t3§pstep 330. The retraining process

may then be® LIRS PRiLin sy the renpte units currently

communi cati ng with the central unit 10. O course, the algorithmused to
sel ect the renotk itisideerhined thet naicaireggiontiy reigeired hestep 336r orefitet anymeceessatye
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request by checkmg if there is a valid old address (oldx) in step 347. If there is no vahd

old address then the central unit 10 increments the counter (x) in step 349 and returns to

30 step 330 where it broadcasts a retrain 51gna1 to the next remote unit. On the other hand, ifit
is determined in step 340 that there was a valid old address, the central unit 10 will adjust
the counter such that it reads one more than the old address which corresponds to the
address of the remote unit that would have been next at the time an nnmedlate retrain request
was received. (Step 350). That is, x =oldx + 1.

35 If an immediate retrain request was detected in step 340, then the central unit 10
saves the address of the first remote unit as an old address (oldx) in step 342. The central
unit 10 then sets the counter (x) to the address of the requesting remote unit and uses it as
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- 24- diEnf e iAthSymbol position, then the central unit 10 knows that the ninth remote unit

PCT/ US95/ 07035 .t,h er of. sub-ch el s needed b ti.ng renote
Dt BEHD e e S e Aol o SRR CaDEAe DY b A e Gooi 1 e
to transam, thedxamguad:nt af reanate unitsao syrbals caiihe adesuplishetindoany differestrwaysi on
requests may, in one enbodi ment, be coupled with the inmmediate retrain

request descridifehyRRavBove) ifordérth 'f&dit&@ ala ha:ﬁlbﬂﬁﬁdlloki‘t@& dké&@ﬂe%ﬁﬁﬁ-t&&u r S
' st es. %wa ofcgléarrple one state cohéts ond to a Data Rate -
est ;ES meethele mpshhs sede gy ¥ hisl B BRmRls UEGAst . a
t h| rd Stcatlﬁm(rﬁ’caié a da temsmission irelquest @rthé mmﬂl afie Ixetbxreaambo*dﬁ:quﬁsﬂm $nd a
fourth Scfu?ett ﬁn{eg a@us&@% ol uh@t?d?ﬂ@& b Gt transmission request to facmtate initiation of
q |
a transmission. In the described embodiment, a remote unit may send three types of data
requests to the central unit. They include a data packet request (DPR), a defined data packet
30 request (DDPR) and a data rate request (DRR). Asused in thlS cmbodlment a data packet
request indicates the remote unit's desire to transmit a specxﬁc volume of information
(which is typically defined in terms of a number of data bytes). A defined data packet
request indicates the remote unit’s desire to transmit a pa_cl_cet or group of packets having
characteristics already known to the central unit. By way of example, the central unit may
35 already have stored in its memory the information i'eg_arding the remote unit to which data
packets from the requesting remote unit should be sent. Other information known to the
central unit may include, for example, the required transmission rate for the data packets, .
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Defi ned Data Packet Request. O course, the sanme information can be
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det er m nes spﬁrgta single state in the two bit data transmission request signal. Accordingly, in
altematlve embodiments, a single state could be provided to indicate the desire for allocation
30 ~of a S1 quiet period and the nature of the request could be transmitted during the S1 period

along with the other information.

When the system is not being heavily used, there may be a relatively large number

of sub-channels that are available to the remote unit when it sends its data transmission

~ request. During such periods, it may be possible to transmit all of the required header

35 information concurrent with the transmission of the data request in the same symbol period.
Thus, in one alternative embodiment, the free state in the data transmission request may be

used to flag to the central unit that the remote unit is transmitting the required header
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two or norieforBaianon Hused subrchannelssimukanepusly withithe data wansaussionraqusst den t wo

?h 1 inter e ;soute&&aﬂamestigxemlbhé, ;ﬂgie tirding l@%ﬂ&@laﬁ%tﬁhﬁﬂ]siiﬁn Rliesd %Em iy the US Sd ;-
ere nmay €xls res.at ,ve alrde I S =~ cnannel s al are, unuse
bn a1 st s iR i Sedhest s g RfVanfhe SEGIT RIS B bA s Skt
central umfrelatively lightusagelthe aceessgimdsifor data ratesind dafapatkey reguestampaybeeveasage

fall 5 bel qupierREARRE]T CRANKEAIEuIE HOESRRAL BetweBS 1S PIGHE uhikd §inf@¥ach $SHEed
command to all renote units to enable rem)t'ewgnl ts to transmt thelr

comuni cattPBhtrapsausduriag dis apuigned symboLyHada WaFR theqematy unit determipesdhat

t ransm ssithere ivdeot ercugh madwitth to accept alliofnherpstirdd heades ihfoamatdidreimihey e
descri bed L SSi 1o Wi e L & o dRif .S 2

asei gnoa. CRIERSl SRR, R R By Sk GRORR 8 S hid Pfisfes
t ransmi ssidgseribedakave. si gnal . As the nanme inplies, fast access transni ssion
node substantially inproves a requesting renpte unit's access speed by

permigting a rgfdesthérdntodifaém, Mo céntiad uhi 0S8R hssinGOIpatific SAtin@fvabs4 8sS
request on,_one of. the unusﬁi or .ynal.l ocat.gﬁ sueE-'c annel s durl.ngw?n‘y .éynbol
period, r&UaiFAIELEs [FRNHEP 9L ;@WBFSPS%’ HEHUIIFRARO L5 MOFHERfINE The
renot e 2 Snake dataipacket nodrtaviteciequasts-betwean twa S hintervalsised because, for
exanpl e, the central unit monitors sub-channel usage and broadcasts
1 O MRL) On | 208 B RS /88O, P TRavi) TP e Rl TS
units. u uni s to Wwal't uptil it K
synbol porF8hVaLY 145ge BUmber f SHArARARASH oAk aof-nawused FdAYUTBIe (48 ERIPISURLIT | ¢ s
comiuhi catrequestirpraesss! SMhesthe @sntthl Unit detennimesithanesage ar the agsteris lighe, sayher
hand, the t,j.m { [ P 1SS does
ot T ur i e yPehedals %20%g%ﬁ%ﬁ#g%%%éﬁ%%?§€%?&ﬁ%@r‘é B8l bHRiRdT2
Sunit. To itelalhremaic wrifseR epshiefemotaipnits 4@ transmit their eqramyrigation Aeerss EANFTIOaccess
reques: _ sitweémtai %ﬁﬁ_tﬁﬁﬁ%gasi SRS Ay hﬁ’é%idmt edé;hﬁﬁsegae&e?s Fx@ﬁﬁﬁrsﬁénttﬁb’ﬁe each
requesting.remte ynit sends .a unique renote unit .identifier upon . .
Fequest | ndifie o theabnar Arried POl ipgnemssion ghede n e eachrrehBfunitis,
i deit0 f i erassignedite aosynibeh/persod/ fapithesprposesof stapsimittuzg/itsidatd K@nsoissioh arquests per

group. -2 / lies, fast transmission mode substantially i
2Cr Disos: gigmal (49 e mifik tthpiies, fast access transmission mode substantially tmproves a =

i ncl udes AeQUEPUNG FEEIPSHIES RRGeISSPERYRY, PEREItHRR f TRAVSHHNS TEPPIS N4 LO tRaRgmi 3 5

tr aBsR rlg S 3 ipemlmb ﬁsiz %&odsm-bq' I{ebﬂﬁl drieadf thenmusdd o ahallocaed ﬁﬂi—cl;aﬂnﬂ_s diiig, anpDPR,

or ) esl ke A e I : ! ! | [ e L, 1Aden In a
Gt 1 andHmES) Reor, REtaERE b et thor sylnoblPerfby o BUrE g By, (R RbmbE' 1O
whetdier t haithkaeke whitit subtobarsiels dre unused begausss fiar examplecthe gensral ynip glonfgersi od or

during th&up.channel usage and broadcasts information regarding sub-channel usage from time to

time to all remote units.

Because a remote unit no longer hias to wait until its ass_igri_ed symbol period to

assert a communication access request, it can assert iis c_ommunica_ﬁoh access request as

30 soon as need arises. On the other hand, the timing of the request in the fast access

transmission mode does not furnish information regarding the identity of the requesting

remote unit. To identify which remote unit asserts a received communication access request

signal, fast access transmission mode therefore requires that each requesting remote unit

" sends a unique remote unit identifier upon requesting access: As mentioned earlier, the

35 - unique remote unit identifier may be as few as 7 bits for systems having 128 sub-channels

per group. | |
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followng S1 period. Ooviously if the data request is DDPR, there may be no
header information since the central unit nmay already know the transm ssion
requi renerY@95/34142 t he destination of the data packet, theP@EUsSsN7Bsze, the
priority rating, and the I|ke ~associated with a particul ar rermte unit. If
t he data request. is DPR,or t he Iastﬁ?sthate defined b

- byt data-tr Atk RPEePeBE b Yook BieRlcl fos P 858 dent) pjyet dEaa
det er m ne witransnissiokeregiest.oAsrmentioncd previously, the damanmussqmmgum mepnﬁmhe

comuni cat i e‘iﬁ‘&@t%%ecﬁ&gp‘éEDﬁw DBPR, bPDRY] Basideld By MR R AOTIH BB dre”

DRR and DPR ugest s e i1 nclusion of eader i nformation
i ncreases. t Hée‘#%’ﬁﬂg&“’gy ing;a data Lapsmissipy, zequest, H’%?c‘é%‘sséat? mayshe wed 4p ndicpte

When 155 vihethen thdimadelf ddva isssimnltareassdy serthia tiehsameesyinbol periml o1 during the
| nNcreases. W{xﬁg fo%“romﬁﬁklf ‘i‘PthE‘%ﬂEaF FegHéEt i D'ii#ﬁ“tﬁé}g%‘i’%ﬁﬁé’ n?%é&fe"r
a

their communi’c cess reques ane unused su
Consequent | ynfom@omsmceﬁhee‘@n@%ﬁmw repyeknOMAbE (raRsEHEson IRGUIFTARES ¢-8f e t s

sent in the deafiation 6f3€h‘é dafaa,famtsmupacmdae ake bﬂwﬁ@&aw ahdtie like, &s6@ited O
m ni m ze col l.j,si ons

nost suit abl éﬂ‘fﬂw rgm@te g tt:ialf g’erdéﬁﬂfgg'f‘??l itice%f @RK qﬁg{‘gt ﬁ%@ﬁ{egﬁ% EY 0

send Hdhder thenfwa-bindatartransmissioh eequestis @examined by théreentrahuniako detetmine when

Ther ef or e, e %pmfmﬁ%m eficcess request preferably includes only the
remote unit™s unique rermte unit identifier and the two-bit data

transm ssi on request I n one_enbodi nent, however, if a co ni Qatl ccess
request does not In geetherembedimgat, hhe commynisation access fegRess &4 ripg et he

central uni hesaey iafcithatioh fof DRIDEHR ldBRadanewstsJ sTnkasncnmbxabﬂ :lwar aeﬁwl to

|1 b- l. i.
dat & packet TIGRTARdRorRfRsk kT B SLHBRsh A Rt eber? R Rlod HBeS RAES
accesd & r anshe mmnben ofbite insresses; thel chanesdfor p sglhsiqwatmqrmes; obellisiopsio¢asn “@Gc ess
request be W@ Eég%ﬂstlﬁﬁs glhﬁﬂi'aﬁ sf thHﬁ'cBnﬁxﬁm‘ié&ﬁo& %UeEsailegHé&kst orthk 38ma

nodul ati on not ujre ualztlo duri ng

decodi ng. Eaaaﬂeflfawbmls 9@&%&5@% thenpr%f d:¢mbadiyaent Rraierad WM Ryfpher
require theo€®is et inlthet faitackeds ansimigtion ivde g lde bepossiblecin atier toaninimize

sub- channel d t he ,re L ut I

Fecer vod oi SRR APHE ShRt by B deee b aRRRn FodlRiadd Sule igthoer, |
when 2 &omrdaiagequests since i dsnot aepgesary tarscmdxlae@dqtmﬁoneatmmme gernete yoit taigef ast
access tranggyesymp node, the central unit does not 3 5 know prior to
decoding the identity of the requesting renpte unit. This is because in
Lgite sgcfgiﬁets{ an ?ere?lrg\r;brgnde &%&rggﬁm act:c:eeséJ pequest p¥efgra?> y mcfudeszs Sr‘ﬁmlﬁé‘ Irecn%t{eon
PCT/ US95/ 07 @8#'s dmiquegremose spitridentifier ambitheawe-titdata mmsrgxss:bn requeste e one does
not furnish e{]ﬁwx’iﬂfﬁl 'h%e(z&gﬁ‘ bﬂﬁ:ﬁibﬁnwﬁd&és%r%&h éo@?n&%ﬂf@o%tthf&mf -Gt RAE

unit. Since AtIty fhe reques nown prlor

to de@aMing| ﬂwsaempﬁaw sentead 5@% w@mm@érm@?llmtademw dgsjred and
modul ation fpeddeed! to kilédatd Qfbuétatinglé kdthe requesting remote unit based on the stored data

packet defining information associated with that remote unit.

Fast access transmission mode preferably requires that the communication access

request be transmitted from the remote unit to the central unit using a modulation method

30 that does not require equalization during decoding. Equalization is necessary in certain
modulation schemes that require the central unit to know about the characteristics of the
sub-channel and the remote unit, e.g. the absolute amplitude of the received signal and the

phase in order to decode incoming data. Obviously, when a communication access request

arrives at the central unit during fast access transmission mode, the central unit does not

35 know prior to decoding the identity of the requesting remote unit. ‘This is because in fast
~access transmission mode, a remote unit may assert its communication access request
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5 know edge of the sub-channel and the renote unit identity, e.g. QAM .
I n one enbodi nent, the present invention advantageously encodes a renpte

unit's cwomssamati on access request using Differential QpegrRbig-gssPhase

Shift Keying (DQPSK). Wien DQPSK is used, the information. regargl ng a

communi cati on access, request is stored in the differences in phase instead

of in thedWHEMY: Symhelperiog, gnd the timipg;af the, eaqupstdoes, neh Bisaish AMORBHIMLr i at e

10 coreghrdingahe identity ofithe hefuedting remaeb uhiide i s irrelevant. In this manner,

a conmuni cati on access request may be received and decoded by the central

uni ¢ i thout reighd i iderBty @frmff@%ﬁglg@aﬁémwﬁ id R Rhody gﬂ& fiRcsdAIgRd | N9
renote unit. A@ nent i one earlil er, St access transn1 S| on noade oes not
require tPRFUPRAERIONI3REES EABES CmE by dreqdad; by medulationgnethads dhat QIR BEPT per i od
t (r)\ r $quesknoaedprf temubetiatiel and thé Rencte Gnit idemitg 256 QAME Iivdie ftﬁb@i;ix;\xbmyv_ as t
the tinme -Se at | £S ues:t u e |
takes ort RS pleRc Alableci BT TGRS LA ERECAAMIETbn Bt elfest

ere
i nf or mat i wsingPiffrrential Quadtatuse Rhese| Shift g&eymdDggP&&ig WheuBQPSKgisruserbtthe uni t .
In one enfaedifiRON reghfiilg ASGRRBNILARNTILES rQfedl B0k iPike Rifededs I hatent 1 al

unit when, systemusage 1s light, e_g.. bel.ow a predefined usage threshol d.
Enabl i ng 'F‘ééf‘é £d§sé11%2aq§olute. g’gé‘cﬁs . g’étpffn ‘hﬁ%@ogﬂ?ﬁ? g ‘51?8%"9 a{‘igarPBgoﬂr@ﬁJces

t hel 6hanceonsteliation sush thastheiamplinidads ierekaventinin thisunmmree, auommubrcatioh acezss whi ch
one or no | a

col 11 5i orteaussE Y B Hkivas BRY 231 by G UEAN 6B bRRGSERETS S RhTae | 2,
cannot beofdbeisartty ofyhetreqvestingaoratg UAki ch renpte unit requires access, the
central unit therefore cannot allocate sub-channels to the appropriate ‘
requesting renms tehitibded ehilief, Tash actRSsArandmibsion mode AEekTdt rdd@lirk Db Quediind NMaY  °
wait for aB_PortedeLI ned ti e per. od, af t.er ass trtl n'g Its corz:Trmnl cat L on access
request aATIOMS Uhiovfih paglits Asyghed symho] periodto request acqesss CORseqUSRNG Mi% at i on
acck8s r emesttimpmaf deablow a$ thertimmitttakey tasendrthio comhmupicption atessaequedtice t he
pr obabi | i $ifs e 30k B flthd Snfl wdifho¥Rd RO Ho¥Eling bhpofefiiERIBor N ¢
receives a garbled data transm ssion on any unal ocEted or unuseq

sub- channdlocating syb-chapnelsifaryse By thy fequesting mimgte unityet ween two or nore

conmmuni cati on access requests has occurred and broadcasts to all renote
units a "col | inione esbodirhend, fasexseggaranemissipa mdde is enaitled by ihescehtrakwiend its
comuni cagi t.5, n i kit 410 O |

per ad. - AheitsyRihfiel RUMRE o bBIOR Ehliohed vhitle HUNISTERHIAR HTbbdelE

sub? @hanriéansmission mede dusiag dhese times edyees she ghanceref selligiong siaes thererare B0, t he

re rr?t eI u rﬂr{u;éecﬁ:ﬁjﬁrcﬂaﬁx% FERAGhE B nore lefMofe nits mak)'AORACBFImAfidakivh hocesd t he
central uni

[ f .t | ol | s \ ter Y d the
or edef | neaUSkydf  APHEIRBIOFCUSAhE PeRiTe R FokivPe,garblid AafRne griate b EATAGh. t o
i ssue a -®Bdecoded\WVBRoB kfidWing which remote unit requires access, the central unit therefore

PCT/ US95/ QR 35al e Sib-haniedth h@ hgorghﬁ@&ﬁué%l%}%%%&ngm%ﬁs emdfisPease, a

trﬁsm ssion In the fast access tr SSI 0 to resune data
tr

m s sieBRestiRgt FrEnqie | unild mayaWak 105 Rredstiaed timevpread axfteR s83rbng ithi ¢
only transhmenichtiorl atcess aagest and Uf indgalidcatios Vcgared itSyheh Ofetrafsmio the

communication access request, preferably after waiting a random time period to reduce the
probability of another collision. In one embodiment, if the central unit receives a garbled
data transmission on any unallocated or unused sub-channel, it assumes that a collision
30 between two or more communication access requests has occurred and broadcasts to all
remote units a “collision detected” message to urge the remote units to resend its
communication access requests, preferably after waiting a random time period.

As is apparent, when there is a large number of éoliiSibns, sub-channel usage may
increase because of the resending activities by the remote units and, in one einbodiment, the
35 broadcast activity of the central unit. If too many collisions occur, syStem usage may '
. exceed the predefined usage threshold, causing the central m_iit in one embodiment to issue a

-28-



Figure 10 is a flow diagramillustrating the steps taken by a requesting
renote unit 5 to establish communication with a central unit. Referring
now ta fi gWaesBd149after starting in step 360, the nmethod prroTAsdso7ss st ep
362 where the requesting renote unit ascertains whether the transn ssion

deis f |1 ed, ] f ' . uni '
That the poFPREct somBrmd d ot reptrte Mafs BHE Y SEATRIGION b R°RELHERES e
to a cont r okrag$missibn fnagmanti do cestmeadata mansmagsion ioythe pelladstzapsmissidnomode, in he
met hod procqgglsh dadh fenfbte uniﬁérﬁ? trasienitsGrs da Pedets dg’i@g itsThsdiBRedR9 b8 heriod.

transm ssion node. In the polled transm ssion node, the requésting renote

one. or mor e unus VSt b BB MoRhsgn SiprTaRenty % adPle ebf g "

r enot e Suni t tasstablisiacommuhigatianwith asentrabends Refersing now $o figured Geafies staningdmt | y

operative, 266 | ' I ' : unit
?tegé%b, ﬁﬁ%;@%ﬁ«? ,p}&e@dscl%rgt%ﬁii&e e8! thé ?&fr Oﬁkn%ih?e%n%%ezunxg %Eftﬁh% o

when system uSage IS it,. the neth pr oceeds 2 1o step .
to transmi t Whether ghairppsaission mode ds fast acfses pr BRlleghelf dhe pravesting sampte bnit
sub- channel a%ldénai'n@ ghatitile pyMddiraRaissich rlné&e Wmhngdpaaﬁbé,efg_ rédp_ensoileg westi ng
renote unit es not ave.tQ t nti 1l | assl dn YRDO erLoad t
ransmi o1 t SOREhsRReL HPCR® SeltB bt Wiich oy éim W30 %P e VL IR uerBd b¥EReep o1
nmode. 180 0  step 366 to trénsonin data inahe polled tradsmission38aede. tih therpellnd trapsmissinncmodey
step 368 to )i a ' ; =)

p &Q%&Jﬁx%?ﬁ\é‘ﬂ)ﬁ%%ﬂf oﬂly‘ﬁﬁ:&ﬁ 1fs%ﬁ%%u7ek§d n %?ﬁi’ﬁﬁh@%{gﬁ%ﬂi& f8d

(DPR). If it 1S5, ugrq%g;e S to step 0 ere e ste Fi gure
1 1(a) are ERER¢PEMOreypusetsubrahanneiSang i f the data request is not a DPR
(as determined. in step 368), the method proceeds to step 372 to determ ne

whet her the dat aOnetpeasherilmand, ifahe naphestrigareprotk enit asguanis thidDRRfast latcdshe
data is req J : en. 37 e
the stops olapmisfioR siderls diiady Sperauv ™ g WeRhGGETH'S cclydt Sngt o166
requedt i s Aentra}umbphep systeravasaciinlight the methodrogeeds fremrtarisd tpsispdédsot o
step 376 t oyaRInSE it EmMBRCEIN dcb&s dfudst 'R DHE 8F mbie Lﬂzuﬁtﬁits%bfcﬁhﬁxels%ﬁﬁgtan
(DRR). If 'therpg ta.r$q est |.S£ EER t he net hod roc‘egds to Stetﬁ 37 V\%;‘uere
the steps ofY ‘813"'@0 . géfxﬂ?‘@e Sazlict; thy requesting Jemy fpant EfAat bave AL Wil ¢ he
above, the imetssighegspmbaliseriod te tramsniiBils vdnmnenisatibn accdsk eequestfis theffadtiagesse 10
ends. It sh gmpsqo@&g?gci ated that certain enbodi nents may include
reques

addi tional data types and that the nethod nmay be adapted to proceed
to haag)lce those additjonal data requests as appropriate, The adaptation of

the dF$kl osed meFrrseitherisiendiod os 3o the metheripiorssdafo Her 208 tedatermine yrhethey o
\&L]E glr Pi tn het ﬂiti:cilaité: i;eqaelsfﬁs Qﬂga PhicHek ﬁﬁ;u'?si (DER).?Iﬂit Bi téxe {inéthﬂc(i;itdhé‘drdh uﬁ ﬂé;? 37(_§S| F
be. descr i be ety i fepsdriafte THe) B eibord'0d B oeC i, FRIBla £ERIER O o
next avai | abPR (83 detemeinedip-step 368Dtigonghadiproceeds tostdp 372 to deteiming whetbettheig
femt e uni t daldeduBtitehs derid TBSRHARe YEfuel(DRPRON B L bate RreQikstis bDOPR, the
ownsrgeam Tetho prgcéesg to steg 374 w Qreltﬂe ssttegsp of%-%gﬁretl IFb) ra?quyﬁacatlecrll.g On eto er '
hand, if the d-'ata'_request is not a DDPR (as determined in step 372), the method proceeds to
step 376 to determine whether the data request is a data rate request (DRR). If the data
request is a DRR, the method proceeds to step 378 where the steps of Figure 11(c) are
executed. If the data request is none of the above, the method proceeds to step 380 where

30 the steps of Figure 10 ends. It should be appreciated that certain embodiments may include
additional data request fypes and that the method may be adapted to pi'oceed to handle 'thosg
additional data requests as appropriate. The adaptation of the disclosed method to handle
specific additional data request types are within the abilities of one skilled in the art given
this disclosure. '

35 Referring to Figure 11(2) a method of handling a 'd_ata packet request will be
. described in-more detail. Initially, the central unit 10 allocates the next available S1 time .

-29.



transmts the additional information during the allocated SI tine interval
-34. By way of exanple, the additional transm ssion requirenents nmay include
the addreeosigaghi ch the 5 data is being sent, the pag ﬁ{sﬁdﬁ% and a
priority rating. As discussed earlier, the renote unit may a ?ernatlvely
transmt the additional transm ssion requirenments in the sane synbol period
as the tr inenvak3t wrthe eepuessing rEimoteamit and| forwrds 4 Message verifyingsthe hitocaddn t i onal

dat k t 10
ata packqlitn Rk %%tstr&.ﬂn Ts{g’i\m (§teﬂ 2@@ V’Pﬁen' A s'i%fﬁ%%ou? dﬂgsstff@%ﬁﬁak ap{ﬁ(&)

t hen det erm nes cat ed
forthe s Bapat A eedgrr daEmaien duraNdhr Alocaied:SAuny BieTHY o By @ay of

S Eb c hian B ekanplbathe additibsal imnsnissioh @g@hhﬁfenw iy inbde ltheoadiibdse tdi whidhathes ) per
chanre e (o) t hat
ha'"3ont r Bt if Beih Sert By Sab4eD ok SHR ratiﬂé YR8 BRI RSle 7o
of channepnig mvatt@@am@ﬂy wansmifthe adsi S@mpmqunreqre@tsmhgsmmmbobm t
210. In tbéﬁod’ﬁ%rtﬁ@fraﬁsﬂﬁsmqﬁst uni t 10 can dynanically allocate the nost
efficient nunber 1 5 of sub-channels 23 to handl e the renpte unit's

ammant of - day o 16 Contfe) AP I e s b aciedfal B delke i md SR AL e RRAS | e
S1 qui et prstep208. Ehe agatral unit 10Kkengletegmines thermuobenof subtchannelsithagishould be enot e

uni § ¢has §GGtdd féflthe ths&%ﬁg Fequédigemﬁ%mts fﬁeir&cdengéo thb QUIﬁEPiﬁﬂEls@ﬁ gtime
that is needegﬁto conpl e transm, ssion. Accor , e central unit

10 al | ocafEdoPpused tpgether &é@.%&o&a I hitaies par chapnekingh Fuing regyestigs refpote
request i ngnit.clsheuldrbetappieciatddahattthe canmligiit 00 will altodatsubrobdndely 23 b&ed

runt - of JppE R sEordliel of ShahbdlHifbalrilded bR EatFbnn 1o hé Ryl BiRGE bRE L, 1 of
makes not 81Q.hkthisheannenthe Gemnirab pait mcas@ngnwlly@llow the most efipwntcnumbier ar e

gi‘é‘/)l Wusegr gitchaanely 29 Qo lﬂﬁndl@ theaﬂehﬁ&a&tﬁ@s EeauésE‘YItcshBﬁH be® Fe%xak&!' that thet €p

25 next to F handl i ng a
ot | ned SR BiE Srosivss Koews CisPRGuAf dethciochiscsmaiited (rom, s PForBaben o
packet reeceded duhiag ahe1 81 gjuiet lpenoalw a$ weHl gs thé dataaranemissionrates qwhithphe ket

defining {fQLy f'h%.@ é%él%esd‘f??h%%rﬁ%% Qexﬁia?lge%%ﬁ?wé%' dlnodn? b?nfﬁ%h%t']g' ude

such things as being sen
packet si zeedetmwommetp lhe dranemispion. ehenond theacensmal yail ldbalépom@ Kkbe

reqa@st cassigitdasienRe ofstbychahneld 23%olhe reqb@snhg RN tiieeht Yordhé SRR ofiNi t
t hat has previousl.y.

| nbo
Horsul'te Bkt R B e rtng popibre unit o ety RBRKRET eter MpRBRes Loer,
when no dameupaf kiate has glapsed (with aby ecessaryt buffks), ttel cestral amitd OinmakEs pote ¢hal 1( b) ,
|0 Step 283, cubliia i 57 hesileh b aﬁ&ﬁsﬁenk&e?aisesqmugé@&m & RASEL

transm ssi on requirenents and Uses ormation in directi'ng and/or 3 5
handl i ng BiRecad i anethenrempte pite (MeR219t shoul d be appreciated that the

central unit 1 0 does not need to receive any additional information either
in 28e same syRbferriggendxocb Bigurblil()ga arttdd of hamdlingtactefiatd data packet fequest or e

can | mredigpeb yah boGaANANS1Y celiieS caaERR NGRS, B chitra 3Rt mus 1) G/ 34140
: the additional data packet deﬁmng mformatxon that was stored in step 208. Again, this may
: mclude such things as the address to Wthh the packet(s) is bemg sefit and the packet size.
" Thus, in the described embodiment, a defined data packet request can be handled only if it
30 is transmitted by a remote unit that has prevxously sent a DPR. In alternative embodiments,
appropriate defaults could be provxded to pen:mt the use of deﬁned data packets even when
. no data packet request has been sent.

_ As illustrated in Figure 11(b), in step 223, the central unit looks up the stored

defined data packet transmission requirements and uses that information in directing and/or

35  handling the data packet(s) received. It should be appreciated that the central unit 10 does
not need to receive any additional information either in the sarne symbol period or during an -

S1 time interval 34 and therefore can immediately allocate one or more sub-channels 23 to
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the requesting renote unit in step 225. Again, since the anount of
information to be transntted and the data transmi ssion rates are both
known, thevoesis41sd unit only allocates the sub-channel s fopctiosssamessnt - of
time necessary to transmt thHepackage. After the appropriate transm ssion
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for hafdl i ngretro fieequibe @daltteb@d in 227. transmission rate for an
i ndeterm nate anpunt of tinme. That is, until the renpte unit indicates that

the bandw dth i Svﬁ@gln%%gﬁggﬁﬁgﬂ%%egfc%%%ﬁé&fw. %oglﬁ{uﬁﬁtaéqhm% ﬂﬁ%ct{%td
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descri bed ef¥BEpRiEA{onsatheys ragpise a Fonstankrate of ieansmission thakiy semetimes ditficylt &
tF hr ough 1t1 ?eobtﬁi% l@fntgﬁoagl?étﬁ_ed &irlﬁ;nﬁfﬁiﬂﬁ §tem|§._ Such rertnote un%t?@irﬁierdcﬂ?nﬂaﬁzllt?d By
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20 addi mbodieht, IS 6f @dla traseistiin requedi i hav@illddBroakh Gealse df Hdath rdie
interval in_step 254. As discussed earlier, the renpte unit may
alternati vefeggu? ansmt the additional transm ssion requirenents in the sanme
synbol period as_the transm ssion request. Knowing the data rate )
requi téments as Referringsnexhio Higyreril $(c),18ireethod suitable forhandling shtagato requasts will |
handi ot ho. 3 gesbribel, HHcREAEA Unfl10 IR ERREAD R FaBlioft) uSMSHA B dhaien | ©

. _ | L uest i

renote unit S'f?g 3s @ﬂ@‘@gs ‘H@e‘gg re(ngt;cg%gﬂqtgs Ypon Seaqtrang,2 ﬁg\% Kapest.r g?‘i—?’&‘@ﬁﬁest
i ndi cati ng irmhstép 282,aheagamal tiyit allocamy whe ekt avaituble S 1P7qfet pehied ce terraquesting 10
under st ands [,S .8 r s LOR . '
sub- channel STLE yff 18 sbe it Pl 6D, NHE rEilefcng BRMP eh s he
for réfeati pdditional gansmissien informatign during thecallopatedSbtime intgrval in step A3 eAs

frequent t haiseissedeftlier Phd Refote g nﬁabtuweﬁfauw? tAAASHAT $hd AdBGoral Aand@Bsibe
achi eved for_ the gé)l | ed transm SZI on ,node or for. DPR and DRR requests wl|
FEPeEnts A SRS a0

be. Thus, t a4 (38 HiG franFIYson F§QUeshe ot her hand, nore

frequent S 1 quiet periods require nore overhead which reduces overall
syst em capaci t y. Kihwing thdatamate eguirements ascovplicas ehe peimisbibledit rptes fas¢achwiubt

vary somewhalmibd qRGeairidanaa olibthdsha 'aﬁg:% Aat® huRB of sub-chanR&S b3 fhAkleHS t em
I n the enbodi nent _shown, th ggésgglg‘} eflods are used tqQ delimt the :
‘e

t he e
frames? al t FROYEHed thrayghpuyim, hendhe requesting; rsmote it 0o, lqngetinsedsntot .
I n general, trhismitjdesendd a new data rate request indicating that zero capacity is required in step

258. The central unit 10 understands this as a termination request and marks the
appropriate sub-channels as unused in step 260.

- There is no set period that is ideal for répeating the S1 quiet periods. On the one

30 hand, the more frecjuent the S1 quiet periods, the shorter the access times that can be

achieved for the polled transmission mode or for DPR and DRR requests will be. Thus, the

more responsive the system will be. On the other hand, more freqhent S1 quiet periods

require more overhead which reduces overall syst'em' capacity. Thus, the appropriate

frequency of the S1 periods will vary somewhat in accordance with the needs of any

35 particular system. .In the embodiment shown, the S1 quiet periods are used to delimit the
frames, although it should be appreci_ated that this is not a requirement. In general, the use
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of the S1 quiet periods wll reduce the access tinme required to initiate a
communi cati on. When appropriate, the use of DDPRs can further reduce the
access t waeosmHsidohe requesting renote unit. As described alevgsosnross
initialization time intervals, S2, and retraining tinme 5 I nterval s, S3,
are not as rous as.the S1 quiet periods because initialization and
retraini nd’fdg“ungi apiet gesinfs Wil Fadiredhe poaspstinge requised i initiate a commupication.

i mredi at e Wbanwpmmamnne userof DRPROEmdurther redi2 'the &ekssSindoftht edquaéthgever y
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conponent § |& an_encod iscrete multi-tone nodul ator_ 45 and
a w ndowi rjesipgerdy R g}cluglgs 3 fansputterAQya recelyee X0, adaaontplisre and
encode t h&0dalte domrbnezt 6p3afsed tesynchroalzeahe vlodiooftthé somotdmicieniaritt iteal | y,

L Crans! ik sh MO idsed! LEGR & rork sl AR5 L Sk AR AOM B GOHRR"S" o

for each o e encodl ng si ng
fordd}d emasdemso rTltscmthnrkaqusrlﬁprev-ﬂp% digisal daga torthe: tmgm 4QchrougB 20

typi cal | y abghcBfdndl@shstd rﬂweaww&hw‘(mleafneﬁ&&ﬁ ¥it&iPdce 38 m&%&ﬁﬁgbh elthear e
equal to the nunber f subct@ nels av I | abl e tﬂ‘sthe system By

exanpl e, {PfFPr §F§Y"§ FER PRt Teélp te WHC‘B&%{%{H‘ 256
subsynbol vmqufathe eansmhittet’ henpahdlb)e thermemsma distehté; thd Rardmisiontline gualityy ool

Th t hat
oy o i thd) ofACHE EoRbfRRAtiofs KD Ssed | THE ddjilfhr UL BILAE: LAY~ not
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- The nodul #iier 465 The éitolléerd3 saded @ MbltpK, s?ﬁdﬁ%ﬂlibsaﬁ&@ndoﬂé‘%es BatE QY el

{ranst of M BB QK AR Go3ha" Mol pelindily, A Uafark ihe SRR g SR s R’ PO
phase and quadrature components- for each of a multiplicity of subchannéls. The encoding
may be done using forward error correction and/or trellis coding. The encoder would
30 typically be arranged to output a number of subsymbol sequences that are equal to the

number of subchannels available to the system. By way of example, in a system having -

256 subchannels, the encoder would output 256 subsymbol sequences In the above-

referenced ATIS standard, the subsymbol sequences would each represent 4 Kbps. These

inputs are complex inputs that are passed to a discrete multl-tone_modul_ator 45. By way of
35 example, a suitable encoder is described in detail in the ;eferehced'ATIS standard.

_ The modulator 45 is an IFFT modulator that compdfes the inverse Fourier transform
by any suitable algorithm. A suitable IFFT encoder is described in J: Bingham's article
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the cyclic prefix as well. By way of exanple, in a signal having 512
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and coaX| al log interface nay take the.formof a
“driver. be%ﬂ%sr?dmw&ﬁ%@entral nmodem 30 al so i ncludes a receiver 70 for

receivi ng mul ti-tone Slga;al s fromthe renote units. The receiver 70
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~and a dec 0dfilters8n oﬁleﬂ fchriSnifrBAeihE o6t 68/bdnd@ne:zH! This §AEGADR oM el prédent the
30 analog interfaces _m the remote receivers from saturating. The windowing can be

accomplished by a wide variety of conventional windowing protocols. The transmitter also
includes an analog interface 48 which applies the discrete multi-tone signal to the
transmission media. In hardwired systems such as twisted pair phone lines and coaxial
cables, the analog interface may take the form of a line driver.

35 ' The central modem 30 also inciudes‘ a receiver 70 for receiving multi-tone signals
from the remote units. The receiver 70 includes an analog interface 72, a windowing filter
74, a demodulator 76, and a decoder 78. Signals received by the central modem 30 are
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initially received through the analog filter 72. The vmndovmng filter 74 is
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30 help preventthe analog filter from saturatmg By provndmg a notch analog or other suitable

3

filtering mechanism for filtering out of band energy, lower cost receiver components can be
used since it is not necessary for the receiver itself to handle as much energy.

The upstream encoding and modulation may be done in exactly the same manner as

the downstream data transmission described above in the discussion of the central modem

35 unit. Thus, the remote modem 50 will also include an encoder 143, a multi-tone modulator
145, a window or ﬁlter 146, and an analog interface 148 It also requires a frame
synchronizer 147 to time delay the muln-tone signals an amount suxtable to synchronize the

remote modem 50 with other remotes that are currently in conimunication with the central
' -34- -



synchroni zer 147 to tinme delay the nmulti-tone signals an anount suitable to
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ctllannel in relation to the present invention.

, When discrete multi-tone transmission is used in both the upstream and downstream
30 data directions and the desired data transmission rates are relatively high, it may be desirable
to incorporate a time division multiple access (i.e. "ping pong") based data transmission
scheme. That is, downstream communications are given a designated number of frames or
super frames to transmit over the entire bandwidth. Thereafter, upstream communications
are given a designated number of frames or superframes to transmit over the entire
35 bandwidth. In many applications high data rate applications such as 25.6 and 51.2 million
bits per second applications, use of the ping pong based transmission scheme will provide
substantial cost savings in the transmitter and receiver designs since it eliminates the need to
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are given a designated nunber of frames or superframes to transmt over the
entire 3 5 bandwi dt h. I n many applications high data rate applications
such as 28B06s/zngb 51.2 mllion bits per second applicati ongerisRnddzst e Pi ng
pong based transm ssion schenme will provide substantial cost savings in the
transmtter and recejver designs, since it elimnates the need to -35- WO
95/ 34149 Pbrovide costly filters for isolating simultaneous upstream and downstream ¢QUERURIGIONT. )35
provi de cORelping porigeipprokhct isipanicalatln gd wintagkcisra dats rdigdbbesigh ailliod ®ive pérr eam
conmuni catsie&p_l%. The ping pong approach is particul arly advantageous at data
rates abové ten mllion bits per second. Referring next to Figure 12, a
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wi I be descri aferring nextdoJfiguigi hd i ping BORE besed deansmisiolofriemector an

supe {5{] r arrmyﬁﬁ&??ic &Pplidticnawatl ﬂfeedésblﬁ:mé%né%mel?isi. e?bbﬁnfﬁauﬂﬁgn@a?msgbmret ihon-
an en ope, upstream.uper . of . a.is transmtted in e
(st r eam de o SRR (DSEs(ar datnatd Sanfiided f e SotynRBAM dteffion fnd (S
t 0 transnithen pnecupstreath sepsrframe SHSFH88 Gedftdatacid tiansmitted inlthe wpstirdanndiréntioneeds
h?%E eﬁﬁé&iﬁﬁhﬁs?ﬂi? ¥afal AlimBEAdTHatnes U td tlnsmit HAEEckiGn Etﬁ{]%eo

of a parti
coul d be v&Inﬁge y. varied In _gvor of _ the downstream conmuni catl ons,
transm ssidbgredein a59rdancn Withdhe pasds: of; & PeRUCHIRE SYRRmMy B Pvay phsxample thes

c?)lulldo be gisyx?mggtcﬁx&_ﬁg hoagcbe%idelyrvaﬁwtneﬁaeort&fahe dewnistBimicoOmMmuiNGohS the
allocatio Nadw e . e n wnsiream: ni. {1 ons,
2 contr ol 1EpemBS A Heflbd SEid B GeinBe AR AN0 SRR EAT SRR | 00
of frames gseatenasaesshdn systemsethal wamani shendynagugraliocgtion otbandwidth feiwean the n

Y avel ovap s ldE asw iR et oSRMAMI: RO tohdplitiThiay S, (REpIATRUCIN 1S
settling puPRG s Alighate e fstiNEOR O THEIeS HETHeeR e WP v, A RRStEFARG et | on
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period is ' . 3 0SS t . :
Fonnot r eatitis HadEby8! ifiivpli B S AR, WAAPH Siralle (PPloviy Gl gl
appr opr i at&87radter thei end afithe data sransspissian én preedirestion dn Ardgr tealawiransients thoul d
be apprecisgitRd IHake bhBoBRASH: ShoWh] aiga'tdihgtléj'eﬁaaii@fpr&adéd)!aftsy R B p¥RieAt | ON,

e conn | SABRREsRY- Bikios AREEER doRtFam RSt o Siplts. Bertfig niiige °°
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upstream and d R GBS0 ; ot i asi on
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t _ :
standar d fUPSERANH SYbchannel aqsRssFEAYSStS apd/oR faininedpiervals may %W@ﬁ?kﬁdéﬁ% ssi on
are made ianyaffthé séchhiques discyssediabeveanThé pamdomadrianagenof ik described timear e

de i . . the: _ . i s
prove aciRRSRRERRAERSY abRati; MiF oA eaR Aba ot RRNIARE °07
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transm ssion rates at a .. . . . : - .
quency-dcivxsxon multiplexing, wherein the upstream transmission are made in a first

frequency range and the downstream transmissions are made in a second frequency range,
' the ping-pong transmission approach can improve asymmetric transmission. Indeed, the
30 transmission rates can be increased almost to the leve!l of a system that employs echo
cancellation. However, the ping pong approach can achieve these transmission rates at a
much lower analog component cost (using today's technology) than would be required to
employ either a frequency division system or an echo cancellation system. |

- Although only a few embodiments of the present invention have been described in

35 detail, it should be understood that the present invention may be embodied in many other
specific forms without departing from the spirit or scope of the invention. For example, the
invention has been described primarily in the context of a discrete multi-tone transmission
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much | ower anal 0og conponent cost (u5| ng today s. technol ogy) than woul d be
required to enploy either a frequency: divisicon systemor an echo

cancel | at | V9 %{34144m Al t hough onl y a f ew enbodi nents of t h@qIrusssemas

i nvention have been described in detail, it should be understood

t hat the prg g - ?I{,@I}' ,]gamfm'be %p?e@B?e%'tﬁéhﬁ aﬁ%%’chﬁ @Qﬁﬁﬁﬁ)@%ﬁgl}e 9&%? e

wi t hout dep Fom L he Spi 1 Eror scope o
t he inventi dtscmpsmuh:ewraessyﬁtenws p\rqllanhla; disereie) wavelet rawlti-tone, yeetor eoding

gUC[I_'; IU-S 52?8781‘;&%‘&5&5&{1@13%3\;\% g;odulﬁ?ogacﬁé&ésg It shc;uéd aélso bet %ﬁec%aﬁeg télat in
Vv i i
t echni ques 85*30% °3‘63I“1‘é‘1f°fﬂ?’%‘%ﬂ’§r°" F‘E#%‘Pa’aﬂﬂﬁg %%ﬁ"i’&@l“é %hﬁgﬁkl |,

such a$ di sdisehet incaach ehrenmldut i Thonss of wxd sub-clainely imtite ovehrbeadrhusthas been i er

nodul ati on t hat

i ncor porate %e over‘h 2 subc g’%?\egﬂgalﬁ %E& Eakgn(n?tgsg%ke%g%ghmm 1&

di stinct i nbe®sevided &rtbqsh Up§treany, gad pwawagueommnm@sl (pagticalaplyeif weaa bus
has been deé&fcbbﬁ@nh@ugeaﬁtmaﬁaiva eyt &t twd aveﬂhwéu&-&ﬁnmepbap@dm&@at a

I b- I I t
comauni cat: 188 PSRRI ALA yirpar S Joe gt e Ut nem el douns icen y,
nore tifan t weeddorcérmmdnicativons im aithelr §ontwth) kierectiams. Hedexafnpld;masxsm haiimg 8 of

2 parti cul aeiaeu P Tl Chthised dffigholR! é'ag:ﬁh‘%ﬁm&.nforssﬂb Betecifigy chuiebd O

used for conmmuni cations I n either ectl or exa
syst em havi Rspigned @ dedioatedisubshannely, dvltsmatiyely, redpndascy ea% be prayided te reduce

sub- group Othe AAPLLRDISE YAkl ferfeériceNeThedsdaRbsiad afply Ltacdmia&éam overhead

Al ternati vel redundanc I Qvi to,r h of noi s
Cnsed it or FOREHBEAReRD “Yas Stanbart oL hte dEdiors @ICIJ’%’&I?I oloE e prmote 15, 8
comutiicat i omgse, Ehat 1d isawhsteful of bareiwidthd elftirtet edtdmabdmrmahé sﬁbchzemels arenot e

is, of 15 8escﬁ|§érflﬁnzﬁowé¢}?tlt WBulhﬁgggﬁilﬁéw m.SIIipiés’a‘BEIIéI g\fegh alf ﬁff)ﬁﬁz{t ‘éﬁféh%@t ed

over head su are descr e p055| e to
nul ti pl ex ofpmriroldparmetien) of Hentameo! cféeenplas seaﬁwrapmaﬂ%%na&m ey dribe he

same sub- chagtegding, ik shodE be lapp‘diéiﬁ uaﬂ&erpreséxn eXarfipleddre t e doasiared Adillustiatishioul d

be apparent _that the I ed a ilLlustrative
and not resfPq B f?r‘éﬂc‘g’ﬁu”ﬁ%e 1‘5?10 t%b%ﬁlguq?q)to ‘Iqu?# tgé‘éfmt i’ {j‘@fi%u |'s
gi ven2Ker ei be modifiedewitiin the scops®f thedippénded olainis. n t he scope of the appended
claims. -37- ° |IN THE CLAI MS: 1. In a bidirectional data transm ssion
systemthat facilitates conmuni cations between a central unit and a
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transmi ssion scheme that has a multiplicity of discrete subchannels

i ncl udi ng an overhead 5 bus having a plurality of overhead subchannels,
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renot e i.niniti at ed synchroni zati on signal. -38- ' A nmethod as recited
inclaiml m%k@r&bf&@%?n&mtﬁzﬁim ifl aftafipddCReR Rk vHi&h'fhu}[ Bﬁc‘ﬁf‘dn‘?feheﬁxer enot e
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6. 25 A déceivedtacthewbrittal asit.ri er central .nbpdemunit for use in a

bi -directional data
2. A method as recited in claim 1 wherein the overhead bus includes two dedicated
overhead subchannels the remote initiated synchronization signal and the centrally initiated
synchronization signal are transmitted over different overhead subchannels.

30
3. A method as recited in claim 1 wherein a single dedicated overhead subchannel is
provided and the remote initiated synchronization signal and the centrally initiated
synchronization signal are both transmitted over the single dedicated overhead subchannel.
35 4, A method as recited in claim 1 wherein when two of the remote units transmit their

associated remote initiated synchronization signals at substantially the same time, a conflict
is recognized and the remotes units each resend an associated remote initiated

- synchronization signal.
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digital i nfinitiated sypehronizatign signghand a frame boundary of a frame in said discrete multi-tone -
25 signal and generating a centrally initiated synchronization signal for transmission to the

-

remote modem units that is indicative of a frame boundary phase shift required to -
synchronize a selected remote modem that initiated the remote initiated synchronization
signal with other remote units that are currently communicating with the central modem
unit. - '
30 ’ o _
7. A discrete multi-carrier remote modem unit for use in a bi-directional data
_ transmission system that facilitates communications between a central modem unit and a
plurality of said remote modem uhit"s, the remote modem unit comprising:
a demodulator for demodulating a first discrete multi-tone signal indicative of a first
35  setof digital information, the demodulator being arranged to receive modulation information
as part of the discrete multi-tone signal, wherein the demodulator is capable of dynamic
. updating during reception in response to changed modulation information in order to
accommodate real time changes in the modulation scheme, the demodulator being arranged -

to strip a cyclic prefix from the discrete multi-tone signal;
L a0 : This Sheet Has Been Repl

T
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receiving a centr i.ni L opjzation signal transmtte romthe
central ﬁpfr%lgle%tlty‘? g?*’é%@%ﬁg’eé’%&%ﬁ? &v%'m)t e initiated synchronization.
signal, wherein the centrally initiated synchronization signal contains

i nformati o, i ”%%%ﬁ-ﬁ&@ct%ﬁaﬁiaiar RHBmRSISR $om ﬁﬁ@ﬁ@ﬂﬁﬂésf&n{rﬁﬂﬁﬁahﬁﬂk Belween

synchroni ze the, sel ect first renote ynit_wth ot eg@r&rmte units that are

current | y asetahvriband, g phrality; of remeis H"H?s ysing a framy ba scretggngléi-ogariorg
PCT/25595/ Qrsinission isthienge thhchas hanwitiplicitytof discretesubohdnnelstindudiyg bineverhadct ed

first re mﬁtug c'ethoc!l of synchronizing frames transmitted from a selected remote unit to the central
" unit, the method compnsmg the steps of:
* when the selected first remote unit desn'es to estabhsh communications wzth the

central unit, receiving a first signal from the central unit and loop timing a clock at the
30 - selected first remote unit with a clock signal carried in the first signal; o
.Eaﬁsmitting a remote initiated synchronization signal from the selected first remote
unit to the central unit over a dedicated overhead subchannel in the overhead bus when the
clock is loop timed with the clock signal in the first sig'hal; N .
receiving a centrally initiated synchronization signal transmitted from the central unit
35 in response to the remote initiated synchronization signal, wherein the centrally initiated
synchronization signal contains information indicative of a frame boundary phase shift
required to synchronize the selected first remote unit with other re_mote units that are
- currently communicating with the central unit; and .. -
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response to the centrally initiated ~synchroni zation signal to better
synchroni ze the franme boundari outputted by the sel ected
first.rensomssseidp Wi th frane btlﬂm lllgﬂlﬂ) lmf S out put l)mmges,@mjger
remote units that are current Ly:*cofmuhi catisSng*with the central unit,
the synchroni zati arr to occur such that th frarre boundaries -
fromthe vari ou%mgt _E F‘é°§q?°a&©‘§ﬁs PB‘PEG‘B%B&NP‘? é‘fl?‘ife‘l:gﬁéf’ﬂ@tevrﬂ‘féh“’( hey |
are recei vespadsetth ehecerntraldy inimdated synthronizatiomsighaldo betdri synetironiad the frame

{rans s 80, BUALERP bl b oGl bldAS 0 QTN 63 £A0R S VREare Bounaages

plurality oOf renote uni usin
di scret e nof framessgutpus by thentheriremete ynitcthataie ¢ureently, mumrttrrgprlﬂbm@ genral

di scrgte sun qhasyi@hﬁmmﬁoﬁ asing hiraﬁgeago U&ﬁﬁ- &mrrhmmams ebmxmaﬁesbebmw t he
plurality of .renpte uni hronr;rng

.un
Franes. 1 aNEIETRRoE Sma S e e da oo cortia wohifey 8 ecfiyed H1BF Bt ¢
with framesnitransmitted fromother renpte units to the central unit, such
that frane boundaries of 1 5 the frames transmtted fromthe first
renote unit arrive at the central unit substantially in synchron%/)?with

frames bouhdar i Es2 birdifscHpral data graasmissiensystemthatfacilifales Fommppicaions perveen pe
nmet he@ conp Iplmmg of Rénéit GRits Ald'a cmrrmﬂmma luying a dranttl bagedsdisozére aili-eakrigtii et

times on t ur al i Q i scret.e .sub- annel.s QV, CI ting
upst r eam cg‘ﬁ?ﬁ%ﬁf St ﬁch Ihaﬂl&:s mphcbty of glscre'ﬁs'é?w g&ﬁnf“fl? ﬁoé q%'@?%@ﬁ]"pﬁ |
i nitial i zatoromugiocgtiams Betweert the pﬂurabqy of gembte unitis tand thet ¢eatrakbunit, &l methptﬂ ofiuri ng
a first Se[k 12%1%?{% irér?sﬂ‘u & fbmld %Efegteﬁqﬁst%ﬁ% dﬂﬁ'lg the'behtrAl dn?la&/itl?n

S|gnal i nc Initi ation SI? transmtt r
di stinct sfmmemmgp@ed frrreo aqueawats o theicgptral ypi GHC*S?’EHWWP °FP e

]lc)_Oumliér y. theframes ti*aZusrmtteﬁ fidh figoifinsrenfte bifitlatrive Gt thervedial mh%ubsmhnaW;n@m t he
irst remote

It bl t
uni ©r - sar dePRpy U e bondahe e B TRENPLER Ah e e Rl R o, by
t he centram_em_wdtcompdsmgﬁstsmpspfilly synchroni zes the frame boundary of the
broad band i ni tg iddA Ml g-%aé n%ﬂxz@d gﬁ@f‘ﬁmké Bhrﬁg: PREEY of @fsErleRubD

downst r eam Si gn rec r enpt the central

uni t recei Geagnel ﬁB‘%F@Q(@If&‘HB‘a ng ?RSHFEPE E?WH“‘Q?%Ia“Qnd sends a
syncfiQoni zati on msyﬁaingtamrédda:aﬁd intializstiontsignahirém thelfirstaynocte wan ke cemrabi gnal

havi ng i nf gnﬁhﬁgg adu 1rgl! se%c'tev sa%éhr%mz&?‘gﬁxep Byxgdﬁ) ﬁ]ﬁyf Mndriﬁﬂx*ﬂiﬁzﬁfents? Pt ter

synchroni ze wth
~ franme bouningiuding efphya!g&yarfsmgehzatbp signaly trmsmtt@i over distinptagubaghannels, the

comuni cat biyd Bhidinitlafiz£R0 s{pAkl HaRink frafRbodndary. - -shifting the
boundary of the franmes outputted by the first” remote unit in response to

the synchronization signal to better synchronize the franme boundaries of
t he RiSanes 12ut pi metlodys recitedfin claim t bwhéreinunit with the frame boundaries of

[ ames, OUC UL DY.rbl e HSkb R Thl Gelfst sy B0 fanibA AL W GUBARA e, N9

with the central
PCT/ US95/ 0¥74@ first remote unit monitors downstream communication broadcast by the central unit and

substantially synchromzes the frame boundary of the broad band initialization signal with a
frame timing marker carried in downstream signals received by the remote unit;
30 ' the central unit receives the broad band inmitialization signal and sends a

synchromzatlon signal to the first remote unit, the synchronization signal having
information indicative of a frame boundary shift required to better synchronize frame
boundaries of signals sent by the first remote unit with frame boundaries of srgnals sent by
~ other remote units that are communicating with the central unit; and

35 shifting the boundary of the frames outputted by the first remote unit in response to
' the synchronization signal to better synchronize the frame boundaries of the frames
outputted by the first remote unit with the frame boundaries of frames output by the other

remote units that are currently communicating with the central unit; and
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wher eby the synchronization i sm when fully synchroni zed,
the frame boundaries fromthe v substantially coincide
when t heyw@sssdiescei ved at the cimlmmmlmﬁ "ﬂE" ,!'I 13. kﬁgggg@fb:,gs
recited in claim11l or 12 further cf)rrp‘rls’ing t ke step of periodically '
provi di ng synchronl zed trai ni ng=ti-nes=on-the=pl.aral it f discrete
sub- channel s prg¥F g?é?““f*‘é‘&‘%@&t’f ﬁﬂawgtﬁu ma&&ﬁﬁﬁﬁ‘lﬂgyaﬂ"& niZgdetgin
renot e uniftand heundanes froin thequaeiobie derhates vall rsubstantmllyandmuidtr when ahgyasarei cul ar
training tréd@ﬁreﬁ'éfthgﬂ 1(iiM{lng that particular training tinme. 1 0 14.
I'n ¢

A met hod as reci arm 13 further conprising the step of causing the
first renbte unit to send a plurality of training signals over a nunber of

the sub- ChanneUSnfé&QMldﬂ&éclfeﬁfinf':mmhllt@tlmfﬁrthﬁ?doh%ﬁmng(lmep ofpéridficalyr i ng a

selected trai Lne net h a 4 furt

conpri si n§ %ﬂ ?%’B’ ¢ "&é?réf"h% T 4 tﬂ? Pﬁ’fah ‘ﬁs o€ sdb- %P“E%%Rﬁﬁ’ddeg?or

char act er |facnhtefsng mmtream pmmcatmsmmg remcapamtsﬂha;@mfot rdquested witpin @i ty of
sub-  channglg, @ishe Ju%uiaﬁ\ﬁirg'tirﬁé‘&é QeictiiRing MRFbEREIRIHGRAd @S 16, A
met hod as recited 1 n claim15 further ‘conprising the step of saving the
first set of channel characteristics within a matrix of - channel

chanagt eriigt i cA melteydedsiresiteddinraddim X3 Purther comprisihgitinesstep bp camingohe first

i ndi cative t e I Lo i.p. Ly sub-
channel s %'ﬁmfee ‘pm%ﬁ &P\Bu A Pe %@?2 Otf tF lgéﬁcg}\gﬁe%ugéntédﬁeﬁr?fgge %t?%a%kgrret hod
as reci te@m@eddnefagﬂlta@lnanpmmmnmc@m dudnpa sel¢ates traiming times  of

recognizi ng a conflict when m)re than one of said renpte units transmts an.

ocCi ed broad ba nitialization,signal n he first
b et ed” Sonanih menan o8 thelsd ol it s EhBP SRt ieh bF Adiemining b set

pl urldd i t y ofchamebtiearanterissics Endimpe (3 ehet chahiiel cbpazcad:sbﬁmhb moltipliaity ésulen -
signal s ?Eﬂ i n each of the conflicting
renot e u\rll\}lfa é}mr%les hé(ﬁ%)rf zrh('i)agiggggétﬁ rnirtraltza r|?son signal during a later -
one of said synchronlzed quiet times, the conflicting renote units being 30

arranged 1)@, eagimatoll a@&ciﬁmﬁmm&mé@aﬂ@ﬁsmguersv@ of Bivifg tHeQir§t%§ﬁffd| ng
Its broad andlgmlallzatl as reclLted.in any one

ot S ora o R cprarBrintes ity AL ARG, ofethagnsl Sharacgsric WHSFRin S8 TrER | o
suf 2i&i entbytains infosnationdndjcitive of theichannehedpacities afitbernultipticity of disdiete sent r al 3

5 U ol Nt de R Wi el it I WG Wy ¢ that IS furthest from the

central unit and an 1nit I zat1on sign that is responsive to the quiet
period marker returned to the central unit all within the synchronized

g %/e EJStQ::S ?18‘77032%51&11“ m&ﬁé&ﬁ@‘lﬁe of claxtms 11-16 further comgnsmg the steps of:

recited in c er
synchroni zed g 6?c&gn{q%a Iﬁ'ggﬂ o8°h &?ﬂ Faoﬁgsgldlfen\é\% B%F r%%ﬁ"gﬁn)}s 2 to
5002ift | | | essooiattd breud band mn&mm signak duging ¢he first selbetbdﬁmghmamamthm
conprising the tﬁhﬁﬂnﬂ{ @éﬂnﬂf&‘éhﬁﬁh'tﬂﬂfe ?i\ﬂiﬁ@toﬂéﬁ%té Gk Pé%p&%@% Ak bHgHgt an

i ndi cati on of -cha neI s tha den fromuse
band 1mt1 ization signals when a conflict is recognized; and ,

wherein each of the conflicting remote units resends its broad band nntlalxzatlon

signal during a later one of said synchronized quiet times, the conflicting remote units being

30 arranged to each wait an independently random interval prior to resending its broad band
initialization signal.

:18. A method as recited in any one of claims. 11-17 wherein the synchronized quiet time

has a period that is sufficiently long such a quiet period marker transmitted from the central

35 unit may be transmitted to the remote unit that is furthest from the central unit and an
initialization signal that is responsive to the quiet period marker returned to the central unit

all within the synchronized quiet time. _' |
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by the renpte unit, wherein the rermte unit makes sure that the broad band

initialization signal does~ nﬂ lwm nsm ssions in the -
sub- channaY@9¥34a49 ar e f or bi d$ "m mnmlri A met hod asct/esssiodsi n
claim 12 wherein the downst ream éorr‘rrurﬂ caft | dns are 1 0 di screte

mul ti-tone | s the arrr d in.the downstream
si gnal s reC@r 3\ 8‘5’ qulet foe 85‘6&9;% eam
di screte nuhetrangmfeap@rcgumatsLySBZOSOOmﬂhmcm as reci ted in claim12 wherein

t he downstream conmuni cations are 1 5- selected fromthe group consrstrng
of quadrature anpl i tude nodul at ed si gnal s.and vesi gi al srdeba nal s.
23.  In a4% diA Rsthoshas regieds in Fléﬁ’éa\ 1ld fithes, cqraprsing; ther Sign PF al

conmmurf cat |tfmsmheﬁg\&em the fdntrabiinii€ 30 indicatondfaubrohdnniels deht aredorviddeh fmni fiseusi ng

2 A DaseAipdSREE LR MhbrkrCRE thite Snf sakes MORIRPIASAIY BERAIRLRoph2S 2

mul tiplicit P SEret anne FovTd Feam
commruni cat istgnal dnes wekincludeanyl tcmamsslpns)m th%mbt@amﬁl& tbataaﬁufqrhéd%ﬁwmuﬁe uni t,
a method of dynam cally checking sub-carri-er transm ssion quality fromt he
renmote units to the ceptral  unit f aztci itat' 42? al | ocati on of .bandw dth
to the renttle urftf2ethRd ey Eecited in Slaim 4 whergn SESTEAR CPTPHIIGAHENS, At o
of: 2% digcadte mm«mmd;ugmlsl andpheofrarde riginyymatkepcarretlinghe dowhstreem signatshe

plurality t

Commni cat (ora el BhBis GERE oY ARELaSS Jrc dihenichli it B SS
retrain dursig‘vglsa partrcul ar traininhg time are quiet during that particular
training time; (b) = transmtting training signals froma first one of the
renote unitg over the | ti I I, Gi t pf _subp-channel s rovi ded for
actl Lt ari i upeh reetiod Bhinshed St FIBIE TP herg ot AR OP GRS SRR GHASES A o
time;l &nd (sebectedlfmm thergroup doneistingofijuadratirg amplitutie modulated exgnallu mndgesigia

sel ected tr% %“Qg g'lt' at the central unit and determning a first set of
channel charac I'Cs indicative of the capacities of the nultiplicity of
sub-channel s provided for facilitating upstream comruni cations, 3 5

wher eby t h%centmalmmémmﬂamkmsroh rs?étexﬁ eHat ﬁat:umruaeimmhaﬁmwédni cs
when determ ocate_to | ected firs

ch sub-channel s t
Voot e uni (4 PRLEHGE FAGH CalinATs & SEPEHSTIASIE & Cppe gurosyBgeie mult-cartier
PCT/ 2395/ Olfhii&ni&ﬁon schémerthdi has amultipticityeof discra¢ sbrehasnels provided foo fgilitatingg t he

step of say [rﬁﬁuﬁﬁca\?i\lﬁﬁs Bétw%@ﬁﬂ%eé}g&tﬁi Bf eitidte LhftS ad tHa! d%nﬁ'aln@th I Of

channel cha cterl St er el contarns informati o

i ndi cat i ve rafthediaf dynamieally checking subscagrierisaspission graliy frpmyhe arrgtatp 8pids toyp-

channel s behyeé&iirad bhit hhﬁxcﬂ&éf@ttlﬁ: AlldchforPdfbabBWidte i the kerhidte unitSby the centhal
met hod as recrtth ed | ndc 4 further, conprising the step of adjusting the
set of € metho compnsmg the steps of:

25 (8  periodically providing synchronized quiet times on the plurality of dlscrete sub-

_ channels provided for facilitating upstream communications, wherein remote units that are

not requested to tram or retrain dunng a particular training time are quiet during that
particular training ume, '
" (b) transmitting training signals from a first one of the remote units over the multiplicity
30 of sub-channels provided for facilitating upstream communications during a selected
synchronized quiet time; and '
(© monitoring the training signals transmitted during the selected training time at the
central unit and determining a first set of channel characteristics indicative of the capacities
of the multiplicity of sub-channels provided for facilitating upstream communications,
'35 .whereby the central unit Irxay use the first set of channel characteristics when
determining which sub-channels to allocate to the selected first remote unit for upstream
communications.

B
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.sub-channel s allocated to the sFIected first renote unit based upon a set
of information derived fromthe pllmmwm ng signals transmtted
to the cB™Q9s@dI@nit. 1 0 265 Hm'ﬂw‘ ted i rremysosoRaof cl ains
23-25 further conprising the stiep of fepkath ng?t transmtting and - -
nonitoring,stepns r I rent. Its: ] rde

et er m no 2énannupe@he s Beil it % dhler 8@ Rnse R sfen e ing Be Bl Bira o
renot e unfchannebchagagtedistics avitiie agpatsixi of chanesd &‘bmntenstld;ammem said onateixi ous
renote Unb&xﬁmn!"ﬁﬁ'&%dﬁoﬂ '15&‘1@&19@& 1he ERdrfel vy bﬁcﬁtlésr(ﬁm{llubﬂ&% off a‘?&?&&&db\le

training s dur i di fferent et ti
reci tedgl ﬁﬁag’F‘g]FEF%e’?g&?ft\Sr’?‘ﬁ‘étF“E’bﬁ%’g g grgtr: gﬁ'\é“tst ep of sendi ng a ret ral ni ng

signal to the sel ected first remote unit, wherein the selected first renote

S ki i e iR Sy IS
system t h¥ ‘F%‘PPﬁstaélpé%te% intherielested dst ssaoieunit BassH wipan jarsgt of infermationuni t s

and a cendéredffont thd Plurelich of traifia gt@%ﬁﬁdtxﬁhﬁxﬁ&&il@m&&&trﬂ%ﬁt“ er transmi ssion
scheme that has a multiplicity o screte sub-channel s provided for
facilitating upstream communi cations between the plurality .of renote units
andlthe c@6iralA method a meitddoin anly eherefindlaiais| 23-25 fwitien gosphisingrthé step of

transm ss t to
facilitat kéb@ﬁ : : Focat | on %?ﬁblﬁ g gltg Eylp s %rt?pplgmﬁ{jy of dlffp&nﬁ%mortﬁhm&qht ral
uni t, theOst inudeteraigs Ghanpg) charactesistics fosreach ofjthe PIUf?élﬂf Sfifferenirepoi NS ng
sync hr oni Zcﬁﬁcﬂﬁtﬁt@thetdyﬁﬁﬁlcmhlobilfbnﬂifbhﬁvhﬂﬁh tefvaml&crémbe ulith,-witeheln difezent

Phat are R Bfiscb S it RGeS U s e 7o' g

timd3are qui et during that- 3 0 particular training tine;, (b) sendi ng
a retrainpng Shgﬂﬁ{hcidoasare‘éﬁé&?ﬁ %ﬂur‘ﬁ'iﬁis ?ﬁ}%e‘?f E@H&hﬁg i & of Qéndm%O  he

transmttln tralnlngoalﬁgri g{omt e selecte rem)te units

centr al inigg-$igqal F?}F‘? St {Prfite URih WheEHH e Selpgted f1Esbepmls unit only
facili tat ua@nuaﬁtsmamg:sigﬁmnmedpbmm cherredeption oftd eqrhiathgsignahr oni zed qui et
time, wherein the selected first renote unit only 3 5 transmts its
tralnlng signals in response to the reception of a retraining signal; and
(d)20 noRBt or Imybirdieectional AatA fransngpsierssysienibat faciligtey gemmynicakons bEtwveeR d

traini ng h'ﬂﬁﬁaﬁt&r 6f’fl€nﬁ%1ﬁﬂ1€s| andd &exﬁ%ﬂuﬁﬁ?h@ih@arﬁﬂﬁe Basfckiﬁﬁicr&@ﬁnnﬂﬁ-cﬁﬁﬁ'ﬂna
characteristics.i ndbca ve, of t

O o harnRisssion Sthéie thahat a ulipcR B hstreie achemel prevded it fatiibling

W05/ 34148pstream communications between the plurality RETEE@SUMECRE the pentral smitj ag t he

first set olnoiNn0elmelRy AR kA £t el idtYuality Fom HARBRLe urits o

characteristics, ere trix contal ns ron In Ive of the
chaRfel cHissentralamitgp facilita the alipcagipn pf bandwiddte the motepritshy the sentiben t he

vari ous reﬂptﬂeemaﬂhb@c ﬂnglﬁgemee@pga& uni t, whereby the central unlt may use
t he matrlé)of cha

sub- channéVs t Beréﬂ %?&lgtpé'op C'{g(l‘ai{g In PPZ ‘iw&'f’ﬁe} gfnes 8?313 eﬁh‘Fﬁl{t]}l' ?)g pxs&r&e[ S?“é’am

conmmuni cathaonels peovided for facilitating upstream communications, wherein remote units that are
not requested to train or retrain during a particular training time are quiet during that
30 particular training time; _
(b)  sénding a retraining signal to a selected ﬁrst one of remote units;
(c) transmitting traininig signals from the selected first remote units to the central unit

over the multiplicity of sub-channels provided for facilitating upstréam communications

during a selected synchronized quiet time, wherein the selected first remote unit only
35 transmits its trammg signals in response to the reception of a retraining signal; and

d) monitoring the training sxgnals transmutted during the selected training time at the

central unit and determining a first set of channel characteristics indicative of the capacities

of the multiplicity of sub-channels provided for facilitating upstream communications;
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(f) repeating the sending, noni toring and saving steps for
additional renote units, wherei mﬁmm‘ﬁ&lmﬂgﬂ,e units transmt their
respect i v si gnal s diri Iet ti mes. PCTOUSY07035 A

met hod as reC|ted in claim28 further corrpr|S| Ag the step of determining if

there is )em’EvaHE' the dﬁﬂt‘%ﬁi} e?Q:hQHnél ”E}Pa%c‘t’ér?stﬁ?%ﬁ:ﬂga E}Hﬂﬁ ixl of Rfikifnel S

such a re te uni t, retralinin e requesting
renot e uni charactegistics, v@grem 5*!‘41“‘3”%@"8@1“6& P’@F?&P“ mc&tli"‘r ofriashaaned ﬁaBafgleém
that facil iof fe@sulGpltiyvf dibtien subRaineRbetvedeh tieataribys @fnoteafiit andithe centand a

central unlt usi L rane e rie i on chene .
that has a H{h t |h5%‘b§ 't*\s’ SR gﬁéggergef 5 hﬁ%gﬁlh& 8?3?’%’%% har?g% é‘gl Mt '?itl ng
upst r dam cdatermining which shechanaalstta @llma@r tol the yarigus/frsiremoterinits fenupstream
central UnighmnAni¥elidiRdadal 1 nform ng the central unlt of the transm ssion
requirenen of a renpte unit, th nmet_hod risin e .ste of :
peri odi cal I(§ pr SRRCATRY the, $Radingn itrfgﬂm&m%tm%"r‘?é‘ggdﬁ tsﬁ g |SIRP, IfP'E W%’f‘mpa?

di scret e sudmote haiw) aihsreit diffesbatiretnote drits itlandnait thely respedtive amininpsigmalsaiutingns,
wherei n’ re%%ﬂﬁbﬁ?u&@?t are not authorized to transmt data request

i nf or mat i of GuUf particular quiet time are quiet during that particular
quiet@ine; 2 5 transmtting a data transm ssi on request signal

froma sel got ed A jnbbd 5@&9&&1 ih @1alrh 28 fHef eémpﬂsmg tﬂé stép of ds&nﬂm@gnf tﬂwas

during a quiet tine interva i i on signal t.o

el ecteq f Arehol i ediss e o LR ypistRg add iEres SPFﬁa R0t it od
first renotl&nemietramr@rﬁgnatblﬂmreqmangmqmasmm nf ormation fromthe selected
first renote to the central unit 3 0 over a plurality of the discrete

sub- channel s duri ng the first quiet time; and allocating at |east one
sub- danneB0t o dma bisdirecsipral dptazanstmission sysiem that faciliates se@mUpisations bewyesn

request i nhqilamlityoss ieﬁ{oté afitd aﬂ@i bétﬁraﬂl Rt ru@x'ngl LREME Bhs‘eatdzsb?éie bﬁtlmefhefr he
first renpte unift, %F?‘ ntral ln é % i ‘%gt}d i t ed
1’30 whor bansEsion et Fhef B dBuigiity ot disgrets syhfannets prided toe BRER Lo
si gnal, andpstreate commuaicatorsr dtween the glbraliyt efsremofef driiscand theilbemtiedumél 8 t o

t he sel ect I s t can
trangr ¢ ag o] SHinfoflend Ceolra Ul beshPlradeiischf B Rthehlcolh BB IAL |

i nf ot | oMmethogomprisipgtissteps o9 32. A nethod as recited in claim 31

wherein the centpéﬁbdxumi prokidae@éynch@uized Q;hﬁﬂhnﬁablbn tﬁé’lﬁmﬁﬂitﬁ of distRee sud-ect ed
first renot un eleﬁtedflrst r enpt | cates t hat t desires

2 change, " Shantels providéfs Gt R g e o gty g A
wher ei n t haotatthorized s tramsmitdata exjuest infermptimh dusinga gaitiaulangkiet time greapiict

si gnal a”ﬁu%ﬁa{hﬂﬂ}r&éﬁ&rﬁﬁi@fﬁrﬂ& unit allocates the at

25 ‘ transmitting a data transmission request signal from a selected first remote to the

central unit at a time other than during a quiet time interval;
transmitting an authorization signal to the selected first remote unit allocating a first
quiet time to the selected first remote unit; |
_transmitting data request information from the selected first remote to the central unit
30 over a plurality of the discrete sub-channels during the first quiet time; and
allocating at least one sub-channel to the selected first remote unit in response to-the
data request information for facilitating upstream communications between the first remote
unit and the central unit. '

35  31. A method as recited in 30 wherein the data transmission request signal is a data rate
request signal, and wherein the central unit allocates sufficient sub-channels to the selected
first remote unit such that the selected first remote unit can transmit at a requested data rate
that is specified in the data request information.
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| east one sub-channel to the sel ect ed f| rst renote unlt for an anount of
time sufficient to transmt. anam)u M is specified in the
data reqW&/3#Hoor nation. 10 1 "M I CI t ecdmUsasy7osse of

cl aims 30-32 wherein defi ned data packect i‘nf &r rratlon S |ncI uded in the

data req t i1Rf 3 i

transmttjﬁtg a‘&d&{tl ne%solggtéa aég%{ﬂ?e ueh{-liﬁ g@%?dﬁ? e sefltl %Bbfl rst
renot e urfhanpeds {thecselected) ﬁfﬁhtetnoéﬁ tlé'ill thy éeleetf: fisel remots uﬂetqm_és:ates wasitrat i on
has been ddspesditnahgsl, wherein the central unit allocates at |east one
sub-channel to the selected first renote unit in direct 1 5 response to
the defined data packet request. 35. = A nethod as recited in any one of
cl ai In 30-3% whsmethod ke rédited tin apyrone ofi claimsd0i 32owhercimntire datatransnEsspon or t o
transm t ticfgect Bgndlal 2 dhBHAERY rfudlU gl dnd bR 2 cEhtFal YRl BUGEAUSEE o6 T O

only over st one s s not 1n use. met hod as

recited ilgastions subsohanael o, th"' sl q‘.qteréftrst, ERmQLe PRit foreanpmonnt Pgﬂ@ﬁtsgfﬁcéﬁﬁ“ fequest

si gnal i strdngmiteatamodntihforma@dnathitds spetifiad asthe data Seguest thfvimiatienof t he data
transm ssion request signal is indicative of a data packet request and a
third value of the data transm ssion request signal is indicative of a
defl fled d¥t.a pAchethod @quesited in5any7one oficlabnhd033swhaseint defined dataapankss

wher ei n ttlflﬁ)rﬂﬁﬁé‘n IsiRE18 cﬁﬁ'tﬂé‘deﬁ@%ﬁ@& uﬁbﬂﬁ'&ﬁionl the Fnelttid fﬁhﬁeﬁﬂoﬁﬂ)ﬁlsm 3Kk A

net hod as: reC|te jn c wherein a firs
(T ansmi syl PtrApsmiting %&f@g‘? 0 BRAk Pgikst PPL Db elegicd B deipotp it o
al | ocat i ofie oénteal ghit efternls defdteaﬂataaecpnadmnnaiundtasbednh&nsmtmdt whersinitissi on

request SRl vt aBULSTR e Bl Sualingdodal SI0ACk Ay el firect A

met hod as T eci er el

mul t §- carnesmnsqmah%mfmﬂdh@ml@tmwsded into franes, Wlth each frane
including a nultlpI|C|ty of synbols 3 5 and mherein each renote unit is
assi gned 00|ated duri n which it may fransmit its data request
B e R R R g P e el 50 e B ke e oy S0us!
renote umdmthﬁmtmnk ptiogtoaratisthitting tha datagsquest signgliaxt transmits thehintaadquest | east

I n part mtyn €n ol ransm ssion request signal
is recei ve%mgﬁlgowmi%sp&{el rhrﬂetc .%ﬁ‘té data transm ssi on system t hat
factPitates conmuni cations between a plurality of renote units and a

central umg.t UAIM&had s 266eBan ikl arwaézelmwlﬁrst-@nrmeumtdawamsaﬁsm schene
that has a rrultlgl I.Ciﬁ% agtf \%t aret & sub- channel a %‘ow g_‘d fo acil.itating
upst r eam CONRLFBEA P JiicaXe QL2 faidifate Seahesh R SGFO5F Y rasg% |
central uequest sg:ﬁal is indinstive®fl a dbtaipackst request arde third valaé ofthe tlata transdmaission
transm ss,tea& {8 fgﬁﬁﬂtﬁ'e%aﬁeﬁ&ﬁ%ﬁlﬁd&ehe L& method conprising the steps

%ransmttln ata transm ssion quest signal froma selected first
n% e to the central unit during a particular synbol in a data frane that
I s associ3t.ed Aigidthédas Reitarin&taim 36 wherein the data transmission request signal is a

two bit 51gnal

38. - A method as recited in claim 30 wherein a first value of the data transmission
30 request signal is indicative of a request for allocation of a quiet period and a second value of
the data tfansmission request signal is indicative of a defined data packet request.

39. A method as recited in any one of claims 30-38 wherein the discrete multi-carrier
transmissions are divided into frames, with each frame including a multiplicity of symbols
35 and wherein each remote unit is assigned an associated symbol during which it may
transmit its data request symbol and wherein the central unit determines the identity of a
particular remote unit transmitting a data transmission request signal based at least in part
upon the symbol during which the data transmission request signal is received. -
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by any of the 1 0 r enot g ;m data-request information
fromthe YO 34M4Y first remate t t simult BRETSEYSO3 t h t he

data transmission request signal over a pI uraljty of the discrete sub-
channel s t4(at ahQ BidireétibnbSdia @diﬂn@sioﬁ%ﬁdtéxﬂﬂlaﬁfacilm&tcoﬁﬂﬂuﬁéﬁomn to

th | ect ed f t t 1 h t t

nfor mat 1 GhPHGHE € TR a2 e RERR R & SR et iR THL AR

r enot e uni tranamissioh scheaetthat/hasim multipligity of dxscnae Bibséhanwels providedfor éacmtanng
transm ssi mtéﬁg%%mxﬁmat{oﬁg bét‘m’e@ﬁ e ﬁlﬁFﬁgﬁ'}“ bf ?én'x&@ %ngé‘h‘{@&ﬁ @nhiidl, 2ty of

remote units central unit usin based discrete nulti-carrier
20 ¢ rmetbed QL IngA R é-ceqiral unk g ths b “?%BW‘F%P? feapierentypi fegtop unit, the
sub- channemethpd complixing the stepecoft i t ati ng upstream communi cati ons between the
plurality of , the
central unit m?@%ﬁ“‘ﬁl% sria?a gtg?ntgﬁﬁsrsgo%&% é‘?é“ Hpﬁzﬁ ﬁf&“ g@él@&?d ?Et r%&tléheﬂ% t hod
conpri si ngcentrel untieguringfa pm@ﬂmmbphgl adaa frame that dnassediged w@qlibesselt?qtftdm a
sel ected fiifplemictdRh oh%t 118t 6 ubdhasne? that ard'RbtlothéiideGh st BF aflflof the
trav\ﬁg ssion request indicates whether a particular data rate’is requested
t her™Ho0 ®nat ed anpunt of information is desired to be transnmitted:;
al l ocating at Imﬁumﬁgzdaubqaéwmmtnaﬁm&&amﬁdemteéﬁrs% rerrﬁdte toth®tentraharit i n

t
communi cat{BHEEORIZ b PR RSO AR snal 184 1 LB SEHPRRERA R o |
when a parchagndlsthatchae potimvee; pd r equest ed, the central un|t 3 0
al I ocates s uf fi fioeatingSi lea&fbae @@ﬂl—éhe{nﬁelttb theSelebied ﬁi%t ?erﬁoié uﬂx@ii'i% oHﬂ:‘ ta tguch

that, the sel ected first er;ro hlnlt can transm t gg gulgeott data rate
and Wher ei $7t2 Fequest wformation for faciliating “E’SHFEIPﬁB’[“PB‘H‘cP@’H tesq thegtigremote
t ransm t t euhit dandehecemntralalnitunit al |l ocates the at | east one sub- channel to
the selected first renpote unit for an anount of tine sufficient to transmt
t he designated amount information.- 35 42. In a bidirectional data

transni ssidh sylatadidinetionpbdata ﬁrmmm@mwmutmfacdmewménca@om batwesn v of

: enpte unig §lu?d1ﬁ y df Q?E&ttédimtg Ahd alb%hﬁﬂl ¥hiiY, hfﬁﬂrﬁ%ﬁsfh aﬁéxeteexﬁﬁui-éa}m@:ar rier
ra ssion schene tha | iscrete s el s

ot ovF ed 1 GRsRIRSIOR el A s £ FRAACE At puheafints Bropided Bt 3RaRame o
renote uni upstrami cdohmmurBcdtioas between the plorality of Wih@®ditd 48d the central unit, a

PCT/ US95/ ﬁ%ﬁ?%th'e%x?ﬁzﬁquﬁg o ng}%ﬁ&g&{xfsﬁbn hfrerﬂ%r}_tl L 6€a &W@x§ e

requi r emen a renot conpri |ng st eps
transm ttlﬁgth%%m@%ﬂgtasﬁtemfess transm ssi on node, a communi cati on access

request f [ om a ﬁﬂsﬁ‘ﬁﬁnﬁﬁl afdafasﬁaﬁsﬂﬁﬁtﬁidﬁ rédpiekt frémlalielecRD Tﬂrﬁ'rexhﬁ!etto tﬁ&@ntral
i cation uest conpri.s a ue rerTD
Qo D1 | or Vi TG e o rarB I TR ogigHen MR S paFITULe dal e is

requested or whether a designated amount of information is desired to be transmitted;

first renote unit on at Ieasi,do1 Bj !ﬂ are not otherwi se in use
i |

allocating at least one sub-channel to the selected first remote unit in response to the
data transmission request for facilitating upstream communications between the first remote
unit and the central unit, wherein when a particular data rate is requested, the central unit
30 allocates sufficient sub-channels to the selected first remote unit such that the selected first
remote ufiit can transmit at the requested data rate and wherein the designated amount of
. information is desired to be transmitted, the central unit allocates the at least one sub-
channel to the selected first remote unit for an amount of time sufficient to transmit the
designated amount information. |
35 | .
42. In abi-directional data transmission system that facilitates communications between
a plurality of remote units and a central unit using a symbol-based discrete multi-carrier
transmission scheme that has a multiplicity of discrete sub-channels provided for facilitating
upstream communications between the plurality of remote units and the central unit, a

47-
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and being transmtted fromthe-sel ected first renote unit on at |east one

covar s 2ot POrRARS L cone"%: % nacent rINHEIRCHRMELIIR S, 75 carciowies one

sub-channel to the selected #Fst renote unif. i response to the 1 0

communi cat neﬂmacaf@f&snﬁﬁg wesdentrat unit?sFithd &arshmmuﬁ&élﬁ&aﬁhﬁm&ehhﬁ rrﬁe
. between the sel.ected .first te unit and the central unit.

net hod of &F° oﬂlcg?pgﬂggg}eﬁtepggfd conmmuni cati-on access request further _
conpri ses a dat tranmumg awingna fasy aeedss trasmissioni modd,; a ecrdmiuhization access

transm ssi o, LQGHGSt ée?ec?eddﬁlfs b tQ‘i‘Eé(Eént{aFPHﬁ,tstge ghgﬁglnfca%ﬂ \é@:%&e' n

the centra nit Iocates su |C|ent sub- channe ecte rst
renot @ uni FERREH ﬁomaaﬁms Ranigue gapQte upit ideptifier idantifying theselscted firss semote upist o
packet in asibedigBaBenittéd flom tiey selbcrde ffirsi esmota it pﬁatkleist bicifRtdSibhannel

A ee b3S L el bABERT bbb st dond BBt i, 2 ©

defi ned da ransm ssi on requir el ng
unit prioraad the recei pt of the defined data packet request signal. 44.
The nethod of Chmcahﬁgatqeaséénefgabrcn%emrmé icidcid firftGembrRRIit 3 resp &Jaekaeheng

rempte units fromtransmttin ast _access transm ssl on
res'piﬁm v e COPMYNICIHAR FGCGSH 6Fr‘l"%ﬁ'e?q{2tﬁ?‘§%ﬂtm§rﬁﬂsm%é:rog’r%“"c’??éméé Sm t he _

central unkdledial firenemoateanhitind thelcanwat uait. t he system exceeds a predefr ned
t hreshol d; and enabling renmpte units to transnit using a polled
transm ssi on node responsive to the conmand fromthe central unit. 3 0"

45. | n a4Bi - dThenethod of cldim 42 whemisii ssi on systemthat facilitates

comuni cati ons bag wBRRidalih abdety redliest BiRHes cyﬁbﬁ&saar&:@uﬁe&hg@&n Kglést Usi ng 4
a symhol -based discrete multi-carrier transm ssion schene that has a

mul tiplici f‘ﬁ" tai screte sub-channel s provided for facilitating upstream

communi cat i ons thetdamaransinissiph vegaest is/a definecd dath packel requesrsigiialland e/herein theni t
an_ appar al GeefuPlod LRGN Shiieaf ltRcluRElk 38 SBELES e FBhGte Rl Sudhih

central unrt, conver er for
recei vi ng sqirrcae%@rstarem@ unifreaB transgjt a datay perésstantcenfpwre siithgtored defineddatader

coupl ed to &kbdtrﬁﬁfﬂxﬁsioﬁ[ﬁqﬁ?étﬁédt@éssé‘&ﬂh@ﬁtﬁrthé svlecwam :eﬁloﬁs":uxdt ﬂﬂers@érbd?'

dat a,accor ne, g fir.st and ond,nodul a esponsi ve
dat a;gocor dg i Pacd piskidh riireBeRS RO KEREE ik SouBl Mo RRF e &
pol | ed t r areseiptofi thedefined datagrackeBrequest sighad5/ 34149 requires a receiver at

said central unit to have prior know edge of the identity of said selected

remote unit for_decoding, said second nodul ation schene being operative
during a f4&t a?b%geﬂeﬂahslmézerﬁ%@&her&?mpaeeswpﬁeﬁw re the receiver at

sai d central unidhiifngfentow uhity frémanineditin®bsitd) thei falg Abddsy tradsnsisdich mebect ed
renohg uni }eségx{sw% § 8 Ybfifiand from the central unit, wherein the command from the central unit
is generated when usage on the system exceeds a predefined threshold; and -
enabling remote units to transmit using a polled transmission mode responsive to the
command from the central unit,

—h

30 45.  In abi-directional data transmission system that facilitates communications between
a plurality of remote units and a central unit using a symbol-based discrete multi-carrier
transmission scheme that has a multiplicity of discrete sub-channels provided for facilitating
upstream communications between the plurality of remote units and the central unit, an
apparatus for transmitting data fromi a selected remote unit to the central unit, comprising:

35 a serial to paralle] converter for receiving said data and converting said data to
paralle] data;

an encoder coupled to said serial to parallel converter for encodmg said parallel data
- according to one of a first and a second modulation schemes responsive to a control signal,
said first modulation scheme being operative during a polled transmission mode and

i




5 an | FFT nodul at or“mm,”md : "sﬂid'encoder for modul ating
encoded d sai d engoter _ H to serial oupl ed
t.o said Ig’lggsfrlr%gﬁ ator foj é:’*‘(’)?'n_VErtQ_ng,ﬂlmz !ﬂ dat a fromcgfgei;‘ggg%'{ﬂg .
nodul ator to a serial format _for:transm.ssion to said central unit. 10 46.
The appar ateguiref a rekeiven af Saitbentml wnistaibdve prics knowlddgendfitinidemine ofsaidssel@éteti and

sai d secon Jyl atd h%m; . D0ar Iy 5 or
46 wherein gesrg?g lﬁl[r)lgl 1JIog ge‘f%?a S ;malg ?Ie on ﬁg?j‘?euziiz%onospcg?ng ?’5@2 16?) E&ﬁv&’&lﬂglﬁég ;/%s#e m
usage exce@epsssirdsginsianaere and gees nat sequise thedperives pbsaideantral ynitds have prior
transni ssi giowRdge éfihOidentay of Siddeiitted\ oo s dgtietalilgg bel ow sai d

defd ned hal , The. | ai in: .gaid
Cel ccted remt o s BiRyels APt PI R RRRE R el Tk R B s g
20 spen¢dder; ad nbol period when said polled transmi ssion node is

el cot ed T emt ¢ cou gel e SHAFehniRRlel SupRU NG ARPETT il toRr teRUerkiRgS ¢
sends data“&ﬂﬁlug‘F‘{H?é‘} &%ﬁ@ﬁﬁlﬁ‘-“@ﬂ%‘ﬂ\'éﬁ’ ageftal hfpr LransmRgpsioniojsa SRRl sai d
fast acceswnitr ansm ssion node is operative irrespective whether 2 5

said sd)ecific synbol period has been assigned to said selected renote unit
for 'Access request. 49. In a bidirectional data transm ssion system that
facilitat ed6comTibaiapparaws of blaimés wherein said first ynaslulationsehemeris QAMpad said
central U”E&cdﬂﬁ%uﬁti%ﬂ@ﬁhe%ﬁﬁ’siﬂ.Scr ete multi-carrier 3 0

transm ssion schene that has a nultiplicity of discrete sub-channels :
provided for facilitating upstream comunications between the plurality of .
renot e uni ¥g. andheappaans oHdlainids or dwhereinsait polléduransmissioninngledndmeraiet

fromsa sel egt [ t e uni r.al . uni ISk Do ' to
parali e - comavEtEsfed Rrbedh d P aRal liadt iibis s 3R 5% B rl Blon
error corr @adeds operativeovhea systérn usaga falls t@logy said predefined ysage thresbelskiul at or
coupled to said serial to parallel converter for denodul ating parallel data

fromsaid serial to parallel converter; a decoder coupled to said FFT
denodut at oﬁ%f or T@I‘Eé‘a&"ﬁﬁs T WREFBfat a from said FFT denodul at or

accordi ng to onagaidfseRcledréiornmitconty sendd ddrarondin wiallocatat subrehannad sjpangiave to
a contg ol sj . ' | IS e | ' .af | deng a
% 10 26 o308 pyBBOperlas™hpétr B Yofthd BHp SN midl 10 oBBEEE SR L] 2
of the i desymbyl perioddieingsspeeifically assignedstosaid selestedremotsi yngt, for agcesssieaunst
denodul ati gggschene bei ng operative during a fast access transm ssi on node

and does MO QU & B lend AR50 cd BE ah U5h&ulec*ftBhfoet uring any

symbol period when said fast access transmission mode is operative irrespective whether
25 said specific symbol period has been assigned to said selected remote unit for access
request.

49.  Inabi-directional data transmission system that facilitates communications between
a plurality of remote units and a central unit using a symbol-based discrete multi-carrier
30 transmission scheme that has a multiplicity of discrete sub-channels provided for facilitating
upstream-communications between the plurality of remote units and the central unit; an
apparatus for receiving data sent from a selected remote unit to the central unit, comprising:
a serial to parallel converter for receiving said data and converting sai_d forward error
corrected data to parallel data; '
35 a FFT demodulator coupled to said serial to parallel converter for demodulating
parallel data from said serial to parallel converter; _
a decoder coupled to said FFT demodulator for decoding demodulated data from
said FFT demodulator according to one of a first and a second demodulation schemes
responsive to a control signal, said first demodulation scheme being operative during a

-49.
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selected renote unit for decoding; and 5 a parallel to serial
converte{wf():oupl ed to said decoder "ml: ﬂcoded data fromsaid
decoder 85/3444% al format. 50.: iﬂlg“us ed in moTyUsSIL7BE Cl ai s
1-5 and 11-44 wherein the bi-di rectrona tMa - tSramsm ssi on systemis an
Asymmet r i ud s .the

transm ss&’gﬁécg rEfi‘ém@HPs ?I([)d\ﬁig%fl%&slﬁreg)ﬁlto(?%é@‘%&ﬁ%%é’e‘ Ty é’ﬁaa‘\aﬁg*’&ﬁeﬂ t he
modul at or Y‘Pﬂ?}%l“&ttégf @md@gcmfbsﬁcam@dqmdulmrsnhﬁmmbcmmomr@umhmgerfsstt hat

COr I espoNndcdels H4REREIOA nfodehidld (RS RohRYEird phon xbwielgd Biaihe laexﬁﬁ%@%alaat ely
4.3125 kHz wi d aremtedln any one of clains 1-5 and

11-44 m@%‘%ﬁfﬁ@ﬂ%ﬁ%@gﬂ%@%ﬂ& data transnission system Is a cable
syst &m t hat i nelpadalel tchserial conyeitersioupledfto saigniataden farrcoavarting dedodedidhm. 52.

A met hod 3%nf &6d §&Sdérto 3 fGmaf. clains 1-5 and 11-44 wherein the

bi -directional data transmssion systemis a digital cellular television
system that includes the transmssion 2 0 of radio signals. 53. In a
bi - di rectisonal Admiethotilag ptited ivi axy mtp&ifemmhaij dndclilt 44 whersinaherBidiredtibnains

bet ween a [ LS nit based
i scret e SapeRutistiofbysteHRaf AN 0iaal bbb Libe'sy it iy Pl oV Be

di sdrlket e snapsmissionedfssignaly DM@'dtWIGiFd fpatri telephonentjngs ald whersén tlvamodulator
communi ¢ atrﬁdanpat&%eﬂaf‘dadw& ﬁilqﬁﬁhhaﬂonqimé @dﬂ@&ﬁemhét%oﬁ&q,om?o §oBhdraklsuni t

and downstream t et ween |t and the plurality of
remot es, ke V?? ﬁ%ﬁf'@‘?‘ E@‘%@P&’WBWR‘QI% Teps of: a)

transmtting at | east one frame of downstream data fromthe central unit to
at | east e of [ t
Schere, wdi i 1 HRligh gV RRet 45 S8 0uind S50 e IhenBlA T | (
t he 1t¥ ans Spiedrappmission jsEsternima sai&wsm that ispludes the transmissiomef signalssevsr aone
frame of dpsddiempdata fromat | east one of the renote units to the central
unit using a discrete .nmulti-tone nodul ati on schene, wherein no downstream
data transm ssions are permtted during the transm ssion of the upstream
data; and5@) A methodns remited ir anyameiofi glaithe <5 and)1 1 sddowlidrgin tREbi-difectional
V\D95/ 3414 54)
oq S rmuogseon syt i gt el levison syt in s R OEARBA0T)
set 19 ng pEFadinsigddler the transmission of at |east one of the downstream
frames and the upstreamfrarre wherein no transmssions are nmade in either

or' 54 whoPal n SRaPREFATRk gAY BSFon A8k e B RS B ai G pebre g,
mllion ba'@urphty euggmb um& and a central unit usmg a frame based discrete multi-carrier
' transmission scheme that has a multiplicity of discrete sub-channels provided for facilitating
25 upstréeam communications between the plurality of remote units and the central unit and
downstream communications between the central unit and the plurality of remotes, a method

transmitting data comprising the steps of:
- a) transmitting at least one frame of downstream data from the central unit to at Jeast
one of the remote units using a discrete multi-tone modulation scheme, wherein no
30 upstream data transinissions are permitted during the transmission of the downstream data;
b) tfansmitting at least one frame of upstream data from at least one of the remote units
to the central unit using a discrete multi-tone modulation scheme, wherein no downstream
data transmissions are permitted during the transmission of the upstream data; and

c) sequentially repeating steps (a) and (b).

35
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54) A method as recited in claim 53 further compnsmg the step of providing a settling
period after the transnussxon_,:of at least one of the downstream frames and the upstream
frame, wherein no transmissions are made in either direction during the settling period.

55) A method as recited in claim 53 or 54 wherein the permissible data transmissions

rates are at least ten million bits per second.
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