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Background
Burst mode transmitters. generally need to transmit a- training sequence or preamble prior to
the ransmission of data so that a burst mode receiver can obrain the correct clock sample phase and
carrier phase to recover the data. There is a need for a short preamble which contains the maximum
amount of information regarding the burst and which can effectively be used by a number of different
types of burst mode receivers to detect the presence of the burst and to recover clock sample phase and

carrier phase.

Summary of the Invention
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In a burst mode communications system having a burst mode transmitter using Quadrature

Phase Shift Keying modulation. bursts containing 2 preamble and data are transmitted by first
ransmitting a pulse of one to three symbols in Jength. waiting during a dead time of one to three
symbols in length during which time no symbols are wansmitted. ransmitting a Barker sequence of at
least seven bits in length in both the | and Q channels. and transmitting the data.

To reduce the effect of the noise on the Barker sequence, the sequence can be reversed and
inverted in the I and Q channels such that the I channet contains a Barker sequence and the Q channel

contzins the same Barker sequence in reverse order and multiplied by minus 1.
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4 Brief Description of the Draw ngs 5
Fig. 1 repreéenmodegeceivenr ed nedia with nultiple burst node transmitters and

a single burst 6 _ node receiver.
7 Fig. 2 illustrates a Fiber-to-the-Curb (FTTC) network with a coaxial drop cables to the

8  residence which provides connectivity to a number of devices in the residence and over the shared

9  media formed by the coaxial drop cable, splitter. and in-home coaxial wiring.

10 Fig. 3 illustrates a spectrum of forward and retumn signals on the coaxial drop in a FTTC
11 network.

12 Fig. 4 illustrates the format of a burst transmission.

13 - Fig. 5 illustrates a table representing the symbol values in the preamble.

14

15 Description of Preferred Embodiments

16 L Introduction

17 The general form of a burst modelcommunications system is illustrated in Fig. I, and is

18 formed when multiple burst mode transmitters 110 transmit signals over a shared media 100 which are
19 received by a burst mede receiver 120. The shared media can be of a multitude of forms including free
20 space. twisted pair copper cable in a bus configuration. a passive optical network, or a shared coaxial
21  cable network comprised of coaxial cable and splitters. Examples of applications using shared media
22 include local area networks. cellular phone sysiems. and bi-directional cable TV systems.

23 Fig. 2 illustrates a Fiber to the Curb (FTTC) network with a subscriber coaxial cable network
24 which forms a shared media. In the FTTC network illustrated. 2 Host Digital Terminal (HDT) 230 is
25  connected to the Public Switched Telecommunications Network (PSTN) 210 as well as an
26  Asynchronous Transfer Mode (ATM) network 220, and to one or more Optical Network Units (ONUSs)
27 240 via optical fiber 260. A Broadband Interface Unit (BIU) 250 in ONU 240 contains transmit and

28  receive circuits for sending signals to devices in a residence 290.

9



7 Fig. 2 illustrates a Fiber-to-the-Curb (FTTC) network with a

coaxial _drop cables to _the 8 residence which provides connectiVi to a
nupber .of devices in the residence and over the shared 9 medi a forned
by the coaxial drop cable, splitter. and in-home coaxial wring. 10

Firg. 3 illustrates a spectrumof forward and return signals on the coaxial
drop in a FTTQK %‘27111 network 12 Fig. 4 illustrpgprséeBoioor mat
of a burst tra 2 SN, Fig. S5illustrates a table
representing the synbol values in the preanble. 14

Description of Preferred Epbhodi 6 1. . Intraducti

The general Y¥orm of% "Pfdffgs" ?ﬁ?‘lﬂfl Mﬁ%mé’fg?é%“‘ib‘?‘g?ﬁ?{“?a‘fbé‘d in
Fig. 1. and,i s pewdi which %ﬁ%@a%&ﬁ i 3bfiflels ! ﬁnMﬁ&m%fBrmﬁwés:ézﬁlo
transmit signals over a shared nedia 100 which are recei ved by a
burst node ecapine28d, 2.in-loie coatia waiilg 2R Mhith enaﬁhctbﬁldtihfdwﬁuanﬁdldené ewbao e BIUOr s
including free 20 space, tw sted pair copper cable in a bus

configurati dn. 28. MWG"WQSF@HIW’H&W%cwm%m'wwwmbabl e

network conpris X|al ab tters. Exarrp es 0 i.cations
usi ng share '3’?‘59" e SOrYREY U&"é‘l‘$8 ﬂ' i’?&é RIRpiRALons peyry, &P g’

systens and gbi oghiaatid eidark fonfi3 sifared MedismbS Wows alf devices connected to it to abcedd the BIU
illustrates a Fiber to the Curb (FTTC) network with a subscriber coaxi al
cabl e net work 280with nbiktieelBwitchiigis a shared nedia. In the FTTC network

illustrated. a Host Digital Term nal é.HDT) 230 is 25 connected to the
Publ i c Swit@hed Tel AtwhawninFigck txamaiesEtheppas of devigenvhichican becprasget in thy sesidence 26

As h T f rk. 2 d, t t I
Networ k. Uni Bs  CBNEsupe »thptine S gonet 5 Premi v iot A s AmaBettg o f aco
Uni t (BIU) @50 'Mm@‘%:@&@cﬁ@ﬁ%%ﬂ%&f;ﬁ&‘%‘mm Qaﬂnp 298 The bofafifeds Ydatafhinf § NIt S T OF

sendi ng S|gnals to devices In a residence
1 card 292, PID 296, and settop 298 can, via the m-homc coaxial wiring 272. splitter 280. and coaxial

12 drop cable 270, all transmit signals to the BIU 250,

13 1L Burst mode communications in a FTTC system
14 In the FTTC system digital signals are used to carry voice. video. and data signals to the
| 15 devices. Asynchronous Transfer Mode (ATM) pﬁtmols and formats can be used to carry the signals.
16  The system requires bi-directional communications between the devices in the residence 290 and the
17 ONU 240. and information is transmitted in the return direction, for example. from the devices to the
18 ONU' 240 for changing channels on the television 299. camrying out voice conversation on the
19 telephone 294, or using network services on the computer with NIC card 292. The system provides for
20  the ransport of ATM cells in the return direction as well as the forward (ONU to devices) direction.
21 The shared media formed by the subscriber coaxial network suggests that the devices use a
22 multiple access protocol to transmit 1o the BIU 250 in the ONU 240. - A number of multiple access
23 protocols can be used including Frequency Division Multiple Access (FDMA), Code Division Multiple
24 Access (CDMA) and Time Division Multiple Access (TDMA). When a TDMA protocol is used the
25 devices will be assigned opportunities for the transmissions to the BIU 250, and, when ATM protocols
26  are used. will transmit one or more cells in the opportunities.
27 Although signals can be transmitted on the subscriber coaxial cable network in baseband form

28 when the splitter 280 has the appropriate low frequency characteristics. it is generally more appropriate

L2



WO 97/ 4241

PCT/ US96/ 17070 I o The devices in the residence 290 are
connected to Bl U 250 via a subscriber coaxial cable 2 net wor k, whi ch
when used herein, is defined as a network conprised of a coaxial drop cable
270, 3 splitter 280, and in-home coaxial wiring 272 which connects and
i ndi vi dual rewalswiam1290 to the BIU 4 250. Use of the ter RCGVER1T00Er

i ndicates that the custoner in the residence is a subscriber or potenti al
5 subscriber to the services provided over the FITC tel econmuni cati ons
net wor k. The swmfsmitl3ighals in Goth the fofwiidahd il deectiditonpiskbaridaighals which Ak rcatbrede di a
since it allows all devices connected to it to access the BIU 7 250
with no act #ve aboplisereeimpmzgro frequgncy. As shown in Fig. 3. exanples of

the types of device ch can rese t he residence

i nclude a t Iephoneﬁ gg‘%ﬁﬁé&?’ MJ’&W’S@“W'@W?@@“D@W&E’E%‘%) 296,
a conputer gonhéhdi Win a FHE forwda Qife¥16, lsnularﬁr@éteﬂ.ﬁ.emﬁ&@@b aga.e@md.ﬂ.em.ﬁv' si on
299 with a settop 298. The computer containing a card 292. PID
296. and SeEtOpTEQ@stﬁﬁmemddﬁﬁSmisﬂmmmlmcmard’cg'n&'Bmatspb:pint)edf 280.

and coaxi al 12 drop cable 270. all transmt signals to the Bl U 250.
13 11. ﬁBurl%i“ Mz @ritte & datm rere efo1i86 My/s |uwsa16|ﬂm|demss/%mn@wﬂe Mogdglation (16QAM). | n

the FTTC sy i.tal nal.s are ed to c and dat a
signals to ? sions e'(?ﬁ 'glé'g H’i‘& RBHE" ’r?ﬁ?y'f‘&? °1\'76°6I ézo(%ﬁ'gﬁ““ﬂfyo‘ffocol s
and fornatsgcagg, i%emﬂé% E%&@J&J&f 1986 Mk QAR Quadraturd Phase iﬂﬁxa%igéﬂxﬁ eqyi res
bi di rectional conmunications between the devices in the résidence 290 and
t he 17 ON\Uadvdithge 6Mmidls énidbditienEid tha Itheisgecthumadfl TWisighal dbavé) 50 MKz i§ edt distarbedibyect | on.
for exanple. fromthe devices to the

10 these transmissions, if such an analeg signal is present on the subscriber coaxial network. However,

11 this embodiment is given as an example only. and various frequencies. data rates and modulation

12 formats could be used to practice the invention. It-should also be noted that techniques which are

13 commonly referred to as Carrierless Amplitude Phase (CAP) modulation are subsequent to generation

14 ofthe signal. equivalent 10 QPSK and QAM modulation formats.

IS L. Preambie for burst mode communications

16 Fig. 4 illustrates the structure of a bursi for burst mode transmission. It can be received using
17 anumber of methods. and consists of a preamble 402 followed by data 404. The preamble has a pulse
18 420.adead time 430. and a Barker sequence 4410.

19 The Barker sequence is used in a preferred embodiment of the invention because it has low
20  crosscorrelation and high autocorrelation properties. In the preferred embodiment. the transmitter
21 utilizes Quadrature Phase Shift Keying (QPSK) medutation in which binary symbols are modulated on
22 to orthogonal carriers. referred 1o as the [ and Q channels. The carriers can be thought of as having
23 different frequencies in the sense that the complex representation of the orthogonal carriers are
24 different even when the real value of the frequency. is the same. The Barker sequence, consisting of 1-
25 13 bits. can be transmitted in the preamble on both carriers.

26 Because noise on the orthogonal carriers can be correlated, there can be a correspondence
27  between errors in the detected signal at the burst mode receiver. To reduce the probability that noise

28  events on both carriers make the Barker sequence less detectable on each channel, the order of the



18 ONU 240 for changing channels on the tel evision 299. carrying out
vaice conversation on the 19 felephone 294, or using network services
on the conputer with NIC card 292. The system provides for 20 t he
transport of ATMcells in the return direction as well as the forward (O\NU
to devices) direction. 21 The shared nmedia formed by the
subscriber coggedhedagt Work suggests that the devices use a pgdrusobfitobd P! €
access protocol to transmt to the BIU 250 in the ONU 240. A nunber of

mul tiple access 23 protocols can be used including Frequency Division
Mul tiple Access (FDVA), Code Division Multiple 24  Access (CDVA) and Tine
Di vision M ti SKpPESTEn berrpyeagd in o ghqnng! withypespestto,theypther charpiel,) JTa Aurthep peduce 5

devi ces wil ' 1 for the transmgssions . to the BlU
250, and. e AT Al AL b3 solbock Mipd GRSt TR i O el <
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t he subscri ber coaxial cable network in baseband form 28 when t he

splitter 280 Hisgn example; the Barker fequence baghe tFansnitted frony beginuing:ia énd iin the Tictadnel. bid in S

general ly re appropri ate oL WO 97/ 14241
PCT/ US96/ 1 7d“v°‘%gf°fgf'°'¥6‘df°rbéﬁ'f’§ﬁ¥t“"§9g¥‘?&?°§ in both the forward and return

direct i on qn PassOHYC el b hoBhe o SOHEUEDy el p BRI BRI 2 0

frequency. ustrates a poss
forward and r ei boitheiagQ tifanle) feHowdd By & icadfithe oF RRS|ribols during which Yl WP Sidhaiti T h @
FTTC forward carrier 310, and a FTTC return carrier 320. In one enbodi nent
of an 58 mrasaited, Sflewed by Barkkerseqnencabf i3 bin Srrhesichapiel. usdeizsand Eader s@jaende FTTC
forward caryrier 3%0 at a frequency of 6 19.44 MHz, with a data rate of
51. 84 M/ s Jusi"WgEe ardanyesd Bihs Qshandeh| i ¢ ude Mbdul ation (16QAM) .

10 One skilled in the art will recognize that a Barker sequence may be modified without

11 substantially altering its cross-correlation or -autocorrelation properties. It is also recognized that a

12 Barker sequence may comprise more than one Barker codeword. and in one embodiment a 13 bit

13 Barker codeword is repeated twice to form the Barker sequence. In a preferred embodiment of the

14 preamble. the initial pulse and dead time are followed by a 13 bit Barker codeword which is

15 subsequently followed by a binary sequences which are differcﬁt for the | channel and the Q channel.

16 In a preferred embodiment the preamble is

17 1=1001 011 Y1111 k1010010121011

I8 Q=1 0 0-1 R L T L % LIS I U B IR O 0 B IS

19 The number of ones in the pulse 420 can varv with a single occurrence of a one being the

20 obvious minimum for being able to detect the presence of a pulse in a receiver. More than a single *|*

21 can be transmitted but may cause unnecessary lengthening of the preamble. By transmitting a one in

22 both the I and Q channels it is possible to use a power measurement at the receiver to detect the

23 presence of the pulse. Since carrier recovery has not tvpically occurred when the puise arrives, only a

24 power measurement is possible. .and-the use of a one in both the | and Q channel allows a noncoherent

25  power measurement to be used to detect the pulse.

26 The dead time 430 is provided to prevent precursors which may be formed in the filtering of
: 27  the Barker sequence 440 in a burst mode receiver 120 from interfering with the reception and detection

28 of'the pulse 420, and visa versa.



7 Transm ssions in the return direction can take place on a FTTC return
carri.er 320 at a frequeney- of 8 38.88 MHz. with a data rate of 19.44
M)/ s usi'ng Quadrature Phase Shift Keying (QPSK). An 9 advant age of
this enbodinment is that the spectrumof TV signals above 50 MHz i s not

di sturbed by 10 these transm ssions, if such an analog signal is present
on the subscriwom®7e4dxi al networ k. However. 11 t hi s enbodPEBRIBIIZONI ven
as an exanple only. and various frequencies. data rates and nodul ation 12
formats could be used to practice the invention. It should also be noted

that techni ques wWhi @analsbseqiertly traSIftEATRhY fofnfdf GifdntymboR mdSulafed britd 1B drBsgBnal
Anmpl i tude Phase (CAP) nodul ati on are subsequent to generation 14 of the

si gnal . equi% al emiers gsing QPSBKIanitio)AM nodul at ion formats. 15 L1l
Preanbl e for_ burst nmode conmuni cati ons 9 4 j|lustrates
OF,

t he structur"é of a %WQWWF“%F@P“W?&M%W”W& U610 § durptanods v ed

using 17 h |@89 éﬂ% ollomed by
data 404. The %@Qﬁ?&t’%’g‘?‘“;ﬁ‘a’ 1 ﬁif%&&tﬁﬁé@.?%jg ang & Bar ker
sequence 4405  alfdrst mode receiver. m-ﬂlﬂlﬁaiﬂﬁﬁﬁnlﬁemﬁoﬂucﬁﬁﬂdnklﬁhaﬁmmﬂﬂ ed
enbodi nent of the invention because it has low 20 crosscorrel ati on and

hi gh aut ocor§ el kapwnom the arty Fe burstsof the preseriy inventianfcemprissch pesaliechindrdatat which are coded
transmtter 21 utilizes %uadrature Phase Shift Keyin QPSK) nodul ati on
in whi ch bi nar y™@ PR Fambels and fppguigted; qoyg anfipst cargier frequgncy, nd;ay parrier, frequenrys

referred to sazlx? fin mxm%n&a&g%w& Is oﬁ{lﬁ nfi % daid fifs char?Frr}reﬁxe % %%L?med RhvedS

havi ng 23 erent frequenc e sense

represent ati®on Tk pledidieQRbdsiROFAR@Lencer b U fulséfoRowedsy a Badbrfsiqesnw imesapudren the
real value of the frequency is the sane. The Barker sequence, consisting of

1- 25 13 l(bi t 299 Barkeniseqpence arexseparsied boarapymissibretimg pesigdrisiinalootio o winsngsion pegods. 26
Because n0| or} E}m ort hogonal .carriers can be correlated, there can be a
corresponde Bjeast ong I ™o bimapysymbels: e detected signal at the burst

mode recei vey. To rerﬂt’&?s: b4 s a?ﬁqﬁmslnh&&’o&hﬁh héif. m@@ec%veﬁﬁembﬁf:%geﬁgth

carriers nake the Bar sequ nce | ess det ecta € on eac ‘anne
order of the& .receiver which uses the preamble to determine the presence of a burst and to determine the correct

14  carrier frequency. carrier phase. symbol clock frequency and symbol clock phase in order to comrectly -
15 recover the symbols transmitted. and thus the information contained within the burst.
16 | As an example of a method of recovering a burst mode signal is the use of a cross-coupled -
17 fractionally spaced équalizer structure which is preceded by an initiator circuit which detects the
18 presence of pulse 420 and uses the Barker sequence 440 for adjustment of the taps of the equalizer_ for
19 clock and carrier phase recovery.
20 Reception of the burst mode signal can be accomplished by conventing a received analog
21 signal to a digital signal and downconverting the digital signal to a baseband signal having an | channel
22 and a Q channel with at least two samples per s_vmbdl. The presence of a burst is determined by
.23 examining the squared values of at least three samples and dmeﬁnining. through the use of at least one
24  threshold, if a burst is present. and if so. which of the samples is nearest to the center of a
25  predetermined symbol in the preamble.
26 The signals in the I and Q channels are passed through digital filters which have taps which
27  can be adjusted to minimize an error signal which is produced by a subsequent decision circuit which
28 performs thresholding of the filtered samples and makes determinations of the symbol values and

29  correlates the recovered symbols with a stored version of the predetermined preamble during training
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PCT/ US96/ 17070 I Barker sequence can be reversed inone channel -
w.th respect to the other channel. To further reduce 2 the effect of
correl ated noi se events, the Barker sequences in the I and Q channels can
be inverted with 3 respect to each other as well as transmtted in

different tra Miab@n sequences in the | and Q channels. PCHIUS96AI070.N
exanpl e, the Barker sequence can be transmtted frombeginning to end in
the | channel. and in inverted formfromend to beginning in the Q

5
channel . 6 ELg 'Ili Ushhat t Elmlmeﬁ“%g{ an
enbodi ment hi c"h"dﬁ'é’r ‘(‘:'i(')hrr%er fag'gl% %"?'% m%%"% ‘ﬁq"g "nﬁmp In both the I and Q
channel's. fall ?wmu&rg@a%ﬂm ¢ talfiflg dERleense inifd) covdbivitle dicifinges a0
signal is transmtted, followed by a Barker sequence of 13 bits in

the | channel, beinghdnhe isabmin tHsprope symbel qunplingphase and Srinimizedhesprties ghasgraffsdt.ander t ed
in the Q channel . 10 One skilled in the art wil| recognize
that a Barkdr thishduipsnoms|madeof oprmtipn repessrysths it in the gymbol samp '8]""'8‘"

altering i s Choss: CoRLchallorufl, AUAREOLE! Al ) RioPRRE flse rcbv i SO

recogni zed that er sequence y conprlse nore n oné Bar ker

codeword, anRd ichri& PRt itpislionBRd difinglRe Rérinal mods3of opBiiok REulting ex\Bicking 6f thepeat ed
twice to formthe Barker sequence. 1In a preferred enbodi mrent of the 14

preanbl e, t e isyntiol 2nd capiei phsesand dead tine are followed by a 13 bit Barker

codeword which is 15 subsequently foll owed by a bi narl‘\;l sequences which
are differerdt for t e preceding deseiption qfe Pethod epd rprsixgg aiphitecture for bufst mode reception is

9  given as an example only, and alternative architectures for burst mode receivers are possible.
10 Although the present invention has been described in considerable detail with reference to
11 cemnain preferred versions thereof. other versions are possible. The goal of the invention as a method
- 12 and apparatus for the transmission of burst mode data remains the same however. An application of the
13 invention is the transmission of data transmitted from a burst mode device located in a residence 290,
14 an example of which is a settop 298 connected to a television 299, 10 a BIU 250 in an ONU 240 of a
15  FTTC system. In this application a subscriber may perform a channe! change operation or other video
" 16 related function through the remote control of a settop. This information is transminted in the form of a
17 burst from the settop 298 to the BIU 250. to the ONLU 230. and 1o the HDT 230. which may effect the
18 change or request another network element of the ATM network 220 to effect the change. The ability
19 to transmit bursts from the settop 298 and be correctly received by a burst mode receiver is essential to
20  comectly interpret the subscriber commands. Therefore the spirit and scope of the appended claims

21 should not be limited to the description of the preferred versions contained herein.



16 In a preferred enbodl ment the is 1=100 11

1112-1-11 lm &l 00-111
1151 11-7-1-1-1-11 mmmﬂgmij The nunber of
ones in the pulse 420 can vafy Wt occurrence of a one being the
20 obvi ous m ninum for being able to detect the presence of a pulse in a
receiver. MNorewosansaisingle 'I'- 21 can be transmtted b®CTMSY6/17078S€E
unnecessary | engthening of the preanble. By transmtting a one in 22

both the I and Q channels it is possible to use a power neasurenent at the
receiver to detect tunaeiscldmedis: Presence of the pulse. Since carrier recovery
has not typically occurred when the pulse arrives. only a 24 power
measur enent 2s possi bl e and the use of a one in both the I and Q channel

al lows a nons:oher ent ower nmeasurenment to be used to detect the

pul se. 26 na ‘mé“’ W?&W&‘SﬁmPE"'“BPW‘GWWSGPWW precur sors

whi ch may begyforngd, i {]ﬁ AN Barker .aequence 440 in a
burst node receiver f%@ﬁ otﬁjl"!l: i ¥ Ptl% ”X/m%i"ﬁ"t‘ﬁe“‘?"‘ég‘%’ﬁ PO cai'l’f'ﬂ"det ection
28 of the pul sefréydércy aiath Qéboﬁ@-cé{lﬁf $rouency wherein said second carrier frequency is

5. WO 97/ 14241

PCT/ US96/ 17040  orthdgonal to said first canfide fresuency. Sudieefytrendrinngsaidinsrongnsisg:i n t he form

of binary synbol S m)dul ated onto the orthogonal
transmitting at least one symbol indicating a binary one on said first carrier

8 frequency and at least one symbol indicating a binary one on said second carrier

9 frequency;

10 b) subsequently waiting a period of at least one symbol during which time no
11 symbols are transmitted: and
12 ¢} ‘subsequently transmitting a binary Barker sequence with a length of at least
13 . . seven bits and having a beginning and an end on said first carrier frequency and
14 simultaneously wansmitting said binary Barker sequence with a length of at least
15 seven bits and having said beginning and said end on said second carrier
16 frequency:

17 d) subsequently transmitting said data in the form of binary svmbols modulated
18 onto said first carrier and said second carrier.
19
20 2. The method of claim 1. wherein said Barker sequence has a length of at least
21 _  thirteen bits.
2
23 3. The method of claim 1, wherein said Barker sequence is transmitted from said
24 beginning to said end on said first carrier frequency and is simultaneously transmitted
25 from said end 10 said beginning on said second carrier frequency.
26
27 4. The method of claim 2. wherein said Barker sequence is transmitted from said
28 beginning to said end on said first carrier frequency and is simultaneously transmitted
29 from said end 10 said beginning on said second carrier frequency.



2 carriers using QPSK nodul ati on. 3 I n anot her aspect, the
invention conprises a burst node transmtter for use in a hurst pode 4
communi cations system The burst node tr itter is. capable of generating
bursts for transmission té6 5 a burst nmpde receiver. The burst node
transmtter circuitry for qmﬂlﬁ“mﬂw:“u!mm gnals in general are 6

known in the bur st ' i nvention conpri fapb! e
and data whi cﬂfdagrwell-%gded %7 ®ifhto binary synbols and rmdulf('g:t,gsge%nto a
first carrier frequency and a second carrier frequency 8 wherein said
second carrier frequency is orthogonal to said first carrier frequency as
descri bed above. 9 The preanbl e consists of a sequence of a data pul se
foll oned byja Barkeg G- clai g@g’p“ﬂq%&g tranhi) seqguence
are separatgd by a frgﬁgﬁggﬁﬁgﬁa?ﬁﬁe peri o edﬁwv%%%nt tgm?ﬁéKﬁiansnission
per,i od | 31 (bkgirring he@idtendéhesaid fifsedamitroffelyendy\aRd is bilmGiah ésushtimlusd 12

The burst node signal is transmtted over a shared nedia, and received by a
burst node 4 13 fromsgided tpapid beginning angkinverted fasigmencsaid sband eagictfeeguencyri ne t he
presence of .a burst and to determ ne the correct 14 carrier frequency,
carrier phaSe. synbol clock frequency and synmbol clock phase in order to
correctly 5 r ecoVv: A 1 |1iP”t§: .nformation
cont ai ned vvigt hi n thée? %rﬂse{ﬂgd&%%m’q Phete 33 %égéaa#n%;lgnp e o%ggdr'r‘gt hod of
recovering & bur degining® siid @MBdn sk filsh @rrittFRqukcy AndCis SimGitancons | vakbmindd’
fractionally spaced equalizer structure which is preceded by an initiator
circuit whi gh detfiempaid e e said) ieinning anddnveriedingign quishid weadd@rrignfiquewrs t he Bar ker
sequence 44Q for adjustnent of the taps of the equalizer for 19 cl ock
and carrier “phase recovery. 20 Reception of the burst node
signal can jpe accomply Y, [ ' i signal to
a digital signal azﬁAd%&ﬁggﬁJgﬁﬁpﬁgﬁ%ﬁ%ﬁ@ﬁﬁﬁﬁﬁﬁkéﬁgﬁgﬂﬂ%o a’§%§%band si gna
havi ng an 11 chanberkt mo@decsivarAfl srakgmiSica Madibm Wintebn saiti bir® Mdde rhndRingrasio! €S per
synbol . The_presence of a burst is determ ned by 23 exam ni ng the

squar ed vallties of?idijurst mess teceivien whereipdyrps assrapsmited| Soresaidiburitmgde taismiergh t he use
of at |east,one 24 t d, . if a burst is present. and if so. which of

10 Said burst: {']'de%?ﬁﬁhﬂ?“l'eﬁ”éﬁ{‘&bmﬂﬁ coxaprise a preamble and data which are coded

the sanples is neares

14 into binary symbols and modulated onto a first carrier frequency and a second carrier
15 frequency wherein said second camrier frequency is orthogonal to said first car;ier
16 frequency. and wherein said preamble comprises a sequence of a data pulse followed bya
17 Barker sequence. said data pulse and Barker sequence being separated by a transmission
18 time period equivalent to the transmission period of at least one binary symbol.

19

20 8. The burst mode communications system of claim 7, wherein the Barker sequence
2] has a iength of at least thirteen bits.

22

23 9. The burst mode communications system of claim 8, wherein the Barker sequence
24 comprises a thirteen bit codeword.

25 |

26 10. A burst mode preamble for use in a burst mode communications system having
27 bursts containing data which are coded into binary symbols and modulated onto a first
28 . carrier frequency and a second carrier frequency wherein said second carrier frequency is
29 orthogonal to said first carrier frequency, said burst mode preamble comprising a



25  predeternined synbol in'FHE‘BTéaﬁbFeﬁ\\ggx\T The signals in
dLgital

the Ir and Q channel s are—passqg ﬂﬂW! ilters which have taps
i

which 27 can be adjusted toH ﬂllﬂiiﬂ'ﬂor signal which is produced
by. a subsequent decision circuit ®hieh's fgler f orns threshol ding of the
filtered sanpl es and nmakes determ nati ons of ‘the synbol values and 29
correl ates thoVeauW#l ed synbols with a stored version of thecT/wsssarermn ned
preanbl e during training

6. WO 97/ 14241

PCT/ US96/ 17070  sequence bitecdata poke faildwid by Baker Bdqstfice aid Qkra ke il @8ke0! di ng
during normal operation node. The correlation 2 produces an error signal
whi ch during t he fquefichbeing separated by carsransmissioncrinetperiod equivilerit tocthe tonsmiskiod € t he
filters are, 3 .heing adjusted to obtain the proper synbol sanpling
phase and ni’ni ni zpénﬂqﬁ}“gﬁfﬁ'ﬂ?"yﬁﬂ%b% offset, and 4 whi ch during nor nal
node of opengati on represents the drift in the synbol sanpling and carrier
phases. 5 Mnimzing this error signal during the training phase results
in symbol sanpling phfiedustendpeanbleddaim 16, whertifthé BE¥er RiaREn8S RaguSi ti on, and
during the normal node of operation resulting in a tracking of the 7
synbol and &arri &fatjspstbiseenbits. g The precedi ng description of a
met hod and receiver architecture for burst node reception is 9 gi ven as
an exanple only, and alternative architectures for burst node receivers are

possible. 10 12. The burst nfoue pA be LIRG 1PGSER Ihe %g%?ﬁ&&ﬁpconﬁnsbaeen

described in considerable detail wth reference

9 thirteen bit codeword.
10
11 13. A burst mode transmitter for use in a burst mode communications system, said
12 ‘burst mode transmitter comprising. a means for generating. bursts for transmission to a
13 ‘burst mode receiver, said bursts qomprising a preamble and data which are coded into
14 binary symbols and modulated onto a first carrier frequency and a second camrier
15 frequency wherein said second carrier frequency is orthogonal to said first carrier
16 frequency, and wherein said preamble comprises a sequence of a data pulse followed by a
17 Barker sequence. said data pulse and Barker sequence being separated by a mansmission
18 time period equivalent to the transmission period of at least one binary symbol.
19
20 14. A burst mode transmitter of claim 13. wherein the Barker sequence has a length
21 of at least thirteen bits.
2
23 15. A burst mode transmitter of claim 14. wherein the Barker sequence comprises a
24 thirteen bit codeword.
25
26

10.



11 certain preferred versions thereof, other versions are possible. The
oal : of Lnyv ion as a netho aratus for_the transm ssion
of burst node data remains the sanme however. An application of the 13
invention is the transm ssion of data transmtted froma burst node device
| ocated in a residence 290. = 14 an exanple of which is a senop 298
connected to wologhyi Sion 299, to a BIU 250 in an ONU 240 ofpcimysosfrre FTTC
system In this application a subscriber may perform a channel change
operation or other video 16 related function through the renote control
of a settop. This information is transmtted in the formof a 17 bur st
fromthe settop 298 to the BIU 250. to the ONU 240. and to the HDT 230.
whi ch nmay effect the 18 change or 1/8juest another network el enent of
the ATM network 220 to effect the change. The ability 19 to transmt
bursts fromthe settop 298 and be correctly received by a burst node
receiver is essential to 20 correctly interpret the subscriber
commands. Therefore the spirit and scope of the appended clainms 21
should not be limted to the description of the preferred versions
cont ai ned herein.
7.

burst mode
transmitter
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1. In a burst node conmuni cati ons system having bursts containing a

pr edet er m ned 4 preanbl e and data which are coded into binary
synbol s and nodul ated onto a first carrier 5 frequency and a
second carri exwofdrAgidgNCY Wherein said second carrier frequew,dsﬁ?”.mﬂp
orthogonal to said first carrier frequency. a nmethod for transmtting said
burst conpri sing: 7 a) transmtting at |east one synbo
indicating a binary one on said first rier 8 frequency
and at | east one synbol indicating a ry one on said second carrier 9
frequency; 10 b) subsequently waiting a period of at |east one
synbol during which time no 11 ' synbols are transmtted: and
12, c) subsequently trghsmtting.a binary Barker sequence with a

| ength of at |east 13 B seven bitqgépo having ja begi nni ng and
an end on said first carrier ffequeacy and 14 Ho®
simul taneously transm tting [ [

| east 15 se

a length of at
g and said end

on said second carrier 16 £ : S d)
subsequently transm tting 1t 21 (R R [ nbol s nodul at ed
18 onto s 1Ar 1 rrigr. 19

&

280

270

FIG. 2



20 The nethod of claim 1. wherein said Barker sequence has a

21 thirteen hits 22 23 3. _The

| engt-h of at |east

met hod of claim 1, wherein said Barker sequence is transnitted from said
24 - beginning to said end on said first carrier frequency and is
Simul taneously transmtted 25 fromsaid end to said begi nning on

sai d second ogplohRfaei r €QUENCY. 26 27 4. The neppefissdnmdori m 2.
wherein said Barker sequence is transmitted fromsaid 28 begi nni ng

to said end on said
transmtted 29
carrier frequency.
wherei n said Barker
to said end on said
transmtted 4
sign on said second
of claim?2, wherein

first carrier frequency and is sinmultaneously
fromsaid end tgbepid begi nni ng on said second

2 5. The method of claiml.
sequence is transmtted fromsaid 3 begi nni ng
first carrier frequency and is sinmultaneously

fromsaid end to said beginning and inverted in

carrier frequency. 5 6 6. The net hod
sai d Barker sequence is transnktted fromsaid

frequency (MHz)

FTTC forward carrier

FTTC return carrier
320
1
3 o\[ [
40

5

A

Aysuap jesoads Joamod

FIG. 3



7 beginning to said end on said first carrier frequency and is
simul-t aneously transntted 8 fromsaid end to said beginning and
i nvert.ed in sign on said second carrier frequency. 9 10 7.
A burst node commruni cations system conprising a burst node transmitter. a
11 burst node receiver. and a transm ssion nmedi um between sai d bur st
mode transm tiwyerakid 12 sai d burst node receiver. pehRisBéto St s
are transmtted fromsaid burst node transmtter 13 to said burst
node receiver and said bursts conprise a preanble and data which are coded
14 into binary synbols and nodul d onto a first carrier frequency
and a second carrier 15 frequen wherein said second carrier
frequency is orthogonal to said first carrier 16 frequency. and
wherein said preanble conprises a sequence of a data pulse followed by a
17, Bar ker sequence. said data pul se and Barker sequence being
separated by a transm ssion 18 time period equivalent to the

transm ssion period of at |east one binary synbol. 19 20 8.
The burst npbde conmuni cations systemjof cllaim 7, wherein the Barker

sequence 21 has a | ength of |l edst thirteen bits. 22 23

9. The burst nobde conmuni cations sysjlem off cl aim 8, wherein the Barker
sequence 24 conprises a thirftleen it codeword. 25 26

10. A burst node preanble for use i fJa bujst node communi cati ons system
having 27 bursts containing{data which are coded into binary
synbol s and nodul ated onto a first |28 carrier frequency and a

second carrier frequency wherein safd secgnd carrier frequency is 29
orthogonal to said first carrier frédquency, said burst node preanble

conprising a

data
404
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9 W 97/ 14241

RCT/14S96/ 17070 1 sequence of a data pilse foll owed by a Barker
sequencé. said data pul se and Barker 2 sequence bei ng separated
by a transm ssion tine period equivalent to the transni ssion 3

period of at |east one binary synbol. 4 5 11. The burst
nmode preanbl ewgforg42di M 10, wherein the Barker sequence has ciRiReddYe70 ©

of at least thirteen bits. 7 8 12. The burst node preanble
of claim1l. wherein the Barker sequence conprises a 9 thirteen
bit codeword. 10 11 13. A guymst node transmtter for use in a
burst nobde conmuni cations system said burst node transmtter

conprising a neans for generating bursts for transmssion to a 13

burst node receiver, said bursts conprising a preanble and data which are
coded into 14 bi nary synbol s and nodul ated onto a first carrier
frequency and a second carrier 15 frequency wherein said second
carrier frequency is orthogonal to said first carrier

TABLE 1
I AND Q VALUES IN PREAMBLE

I
1
0
0 0
1
1
1
1
1

-1 -1
1

FIG. 5



16 frequency, and wherein said preanble conprises a-c’)sgcfa\@n%eoc%’h
data pulse followed by a 17 Barker sequence. said data pulse and
Bar'’ker sequence being separated by a transmission 18 time period
equival ent to the transm ssion period of at |east one binary synbol. 19
20 14. A burst node transmitter of claim 13, whepgis®hthe Barker
sequence has a th 21 of at least thirteen bits. 23
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(57) Abstract

In a burst mode communications system (figs. 1 and 2), bursts of information with a known preamble (402), fig. 4 are transmitted
from a burst mode transmitter and are received by a burst mode receiver which uses the preamble to determine the presence of a burst and
v to determine the correct carrier frequency, carrier phase, symbol clock frequency and symbol clock phase in order to comectly recover the
sygnbols transmitted, and thus the information contained within the burst. The present invention involves a method of burst transmission
using 2 preamble (402) which contains an initial pulse (420) and a Barker sequence (440) following the initial pulse separated by a dead
s time (430) period equal to the transmission time of at least one symbol. The preamble can be transmitted on orthogonal cariers (fig. 5)
and the order to the Barker sequence (440) can be reversed and multiplied by minus onc on one of the carrier to reduce the probability that
noise events on both carriers make the Barker sequence less detectable on each channel.




