;( e3e' """ D$h'6'"T"[FO ' Protocols for transm ssion of data, i

par cular over "1elephone s Freld of the Tnvention rhe or esefIIINIY
5

tel ephone lines (typically, copper tel ephone Iines) or simlar |ines?Gojop+
further relates to systens arranged to performthe nethods. Background of
I nvention The use of fast Internet connections has grown rapidly over the

| ast few years, and consequently the demdnd for broadband (hi gfﬂmm’mmmm
connections is 1 o increasing. One technol ogy which is very wel ﬂmmum
the market is Asymmetric Digital Subscriber Line (ADSL) technol 0gy«ss[d3is
enpl oys the frequency spectrumindi cated schematically in Fig. 1.
"Upstreant comuriPmddals for(ttarmsmission of dbta, 1% pditicakiriover talophdrielimsyme or
office user prem ses, "custoner pren ses equl pnment™ or "CPE', to the
"central offlj_..c . r."CO') are transmtted on frequencies in the range
25kHz (i .e. m audi bl e frequency of 4kHz) to 138kHz.
"Downstreant comruni cations are in a higher frequency band from 138kHz to
an upper |infhe pfeetitdi I #S \Y; i i 2 D dﬁ@?h nd
ADSL2) the domstreamqg\g%gtdghopeés@&% ttboﬁqf?wl&hs/l-lfzg,rsﬂ ere'gfsngi ﬂa%@t + 1 %'ges up
to 2.2Miz. \Qu&hi telenhemeotings dtypinally e sapperd telephane dimespamdsimitandineande i s

di vi ded ignt i I "1 . 0 e_dgwnst ream band i ncl udes
256 tones5 Iﬁuﬁﬁgfrééér%g'&%%&gte(n vﬁn?@%ﬁspesd @a%%@‘?’h‘&{é@“? tting 8MBps), and
512 tones in ADSL2+ (which is capable 25 of transmtting 28MBps). Each tone
i s encoded Backgnoured of lventidn t ude nodul ati on ("QAM'), and can encode

between 0 and 15 bits. During a training phase, the line conditions (signal
to noise ratio, SNR) of each of the tones is 2 estimated, and the nunber

of bits whi ' | tlone I ng: ' ted.
In a typi calcmA%%fé ﬁggaes%nﬁte e ﬁgﬁﬂggeia@tsi I'%%Sgrgwg %ﬁjﬁzgge{g{h? g]f:"Stll f%wseﬁajge
(whi ch 5 mayansseorseguehtly teidemnaad $delsroadband Miyh-speietl) canfeaime i€ al so
referrecjI to.here as a framng unit), (iii) an DMI Modul ator, and (iv) the
AFE (Analog 'BF'SAEMERd) . The framer multipl exes serial data into franes,
generates FEC (forward error 10 correction)) and interl eaves data. FEC and
data interleaving corrects for burst errors. This allows DMI-based ADSL

t echnol ogy t@n®éechmolagy whicbris veppwel koswivirEtbeomarketds Asymdieatic Digitaldeo

i ' _ Rerat it .signal . the Encod des f
Co br oduce (3 REPREY Efe (RIS BRI PRI tni€ B s bR S PEY SaBEh g e
maxi mum nuntiedicafedsdheniticallp ireFighas @b gtreaky' S@ARINRAIONR (Pt Raphthgone) and

generates a QAM constel | ati on where each point represents a digital val ue.
Each corst elditaction figsn He hamsrs officenusermseeisesnu fieistemex premiseswher e x and vy

are the pha . i G . tnl i. in all
carri ersl,o mul tip ?@fgmtgyém’ @ﬂggneeggﬁéel oﬁl@??%ﬁr%@é%@%h@&&ta rate.
FOLb t Ihe [) ecekffe_mlenb@sdh,the rmbgezst '(im;:llabde?] tlaeuwdmdwbgmla’iﬁhimhif wpRyefts QAM
S ol s back,,i t atg bitstre n the . dul ator, a frequenc
dgmai n pr oce‘g‘ggb?ﬁ’ aggéﬂé-n@omﬁﬁﬁgﬁn?%@%@aen%&m B&h%ifr@@.ueﬂgh hey
transmit patgandt el 1BerRH0 %aﬁﬁppFé?qiMiﬁrAcEg?d?ﬁ%% me(#ir’émdp U?r%%rﬁ gecept s

f N I S5 p uplica

i nput as a vector o QAM constel | ation ints and eS each
carri er 20i t ADBE Ad$lugad ARSLR) the giwinstreanhbakigoes ppttoslatiHes are real .

The 2N time LD, have the | 2 .sanmpl es. . appended as a cyclic
ext ensi on (\X)ﬂf%ﬁhﬁé@wg&%&dggae%%ﬁ?ZmﬂF%t?‘éﬂ W%S&WSPR%W Bﬁdandyor a
cyclic prefidovestieas bands,and r&ﬁ%ag hides ints e ihtergalR Gohdd kb hatt ©

anal ogue converter). The set of tine domain sanples 30 represents a

summat i on ofth@dpwingreawdeand inglusies 286tanes i1 ADSL andk AMSLE (whickfs 3 one

data frane. e Ve [ N 16 es fromthe ADC
(cyclic pr efcilaE?B’a%r%frtféei%Dniﬁg@Baéﬂ Eﬁ%ﬁ%glﬁ?@ﬁsﬁ'f &bﬁﬂf’h@"mﬁ? IS Rabig ck ¢ o
phase aRf amftianschitting28MBys)oEaéMNtarmiel encoal! rafure eRipliigdd on for
attenuation of the siagngl anﬁlitude and phase shifts (i.e. overall

di storti on) MJuation( %t)eﬁ. d cpnensodahetueen Bians 1o hits. Puningg training as

7t ot | on S eee e SR e e o PRy SR BRETPARrBIhRL G

the constellation points to correct for these distortions. 10 ADSL2 al so
include a feature known as "tone ordering". Based on the SNR which has been
established for the tones, they are classified based on the SNR such that a
"path" is selected for each tone through the encodi ng device, and each of
the tones is transmtted along to the framng unit through the
correspondi ng sel ected transm ssion path. This is illustrated in Fig. 2(a),
in 15 which the framing unit 1 receives data along two paths 2, 3. Each
path 2, 3 leads to a respective block 4, 5 which constructs respective
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reordering tables for all the tones. For an VDSL2 systemw th potential 4k
tones, this requires significant nmenory on chip. By neans of applying tone
orderlng only to the tones of groups, it is proposed to reduce the above
requi renents and provide provision to achieve the possible nmeans to do 10
dynam cal |y adapt the data rates. The groups in the first and second
aspects of the invention may be defined |n various ways wthin the scope of
the invention, and need not be the same.2A first possibility is for the
groups to correspond to the bands (i.e. that all the consecutive tones
which transmt information in a given direction are in the 15 sanme group).
A second related possibility is for there to be nmultiple groups within each
of the bandsgstimateduand theabumber bhibits which will kenena@ideelrin @aetinone eufidd Wit hin
a single one_of he bands Fé;tturd possibility is for the groups to be

sel ected irredgk ?m@ésé?QP bands, e.g. such that each group of tones are
consecutive ones of the tones for 20 transmtting data in a given
direction. For exanple, the groups of upstream (downstrean) tones may be
consecut i ve)'nvﬁ tyiash AD S mdden'grtbepwlmseemhsqgreo(w)ea Dtg]taelntbefacohehloh t he

¥ oups: iy BLE) MY RERBNBuS RnBIat ribad, (AT i 8T s808T (alenesterett <
feature i S mﬁrera@alfréﬁdn@)anttﬁ‘?ltu%BHWT%dMQ!o‘Fhar?05 |@Pt}‘te'K|5E ?Rﬁalébllﬁlﬁhf he

groups to be_defined based on e SNR ratios. For exanple, a fou
possibility Bleh is particularly suitable for the first aspect of the
invention, is for the groups to be defined based on the SNR 7 ratios, but
for the nunber of tones in each group to be limted. The trellis encoding

i s perfor medTframen numapleneesemndata irtedrangs ) Yenetate S FEC oAV difbrs

possi bi I|ty, for ex the tones of a given group may be selected from
any of t'e t%@s‘:t'%g%ddf‘tﬁll%"ﬁﬁ datﬁglF\FéhaBFjrC@é@i'ﬁﬂ”%ﬁV"&Q)ﬁﬁﬂﬁG'@anl burste. g.

based 5 on n
ot e numa s ThENHoWs AT A8 W RAGY 5 BRuk0l B} bibdrPef 1o
toget her. THVMPEG@ amsuotiiehdigitat video sompresdsion tschmiques: Fonthie panpagat ed
bet ween t he ro p@;? hes variausggosm bilities can be perforned in

a

conbi nat i on ierencg meEsyioiRsodusethe epnsitpllation dada fer thased on
SNR rati os (DIS‘I'F MpoI%térOstﬁlgh@ tﬁ@?ﬁé)ﬁﬂnlu'rﬂ HuimBek oFHfgs‘p%Pt%tnet(BS é&’?ﬁs of any
given group are within only a single one of the ban as In B rst
possi bi 115t y)meassttfgdtslﬁmqatraa;zhptme)earrcbgewatqs 2 QAMfoonstetintion wheré egch o be

performed d sefor the es which are nber s of

o oups whi ciPPepRRPEE S NidtaiPARE® Bl conptaaRSR P i e &t N Pigency
pat hs sel ectranbers, racih, Wheteonanarearerthé phabk andedra Iﬁuaé@ohﬁﬁﬁ@n&ﬂ Thae SNRs
only of that tone and fhe other tones which are nenbers of the sane group.

Subsequent | YSUMMAtiaNLHBItH i alk carsieys, savltipliedby the framerratei(4kditzit e the bits

bet ween the [y i of the
i nvention reI Eé‘es'%tgtec n?cﬁ%g% ﬁ%wﬁl‘ﬁ%ﬁg ’%eﬁé)@%g\ﬁ%gt %%BS% %fen of
t he | FFRO Thehithicodverip &AM syobatebadkningetier ddtatbitstreairhat t he si zes of the
bands for the transmt and/or receive directions are selected, so as to
give efficient IFFT. By contrast, the fourth to sixth aspects relate
speci fi cal | Yntige AT r J e full
nunber pr ovmége by t m%uéﬂ%fo?ggg?eﬂ@ &ﬂnéﬁ%&%{/&‘é@b& e?ﬁﬁ %@ﬁﬁ

vol unme of da&and agdociated precassing. imthe tramsjmtpattedlmehd/eré'étEashﬁwtﬂeron

proposes th ne i,n, _such ed | FET/ FET

conput at i onglltrahngZ’QrﬁH‘d@ rBngleaacqu% 'BB&E?S a veg qrr#if%@z CoRstedaton i n
cont r asi25t o gdiets "amdoduplieasss’ eédh%ﬁiﬂbﬁﬁitﬁ"tsfﬂéﬂﬂjga% vbuftersdrt sb ftge bRNES are
fully used). This also has the_advantage that reduced nenory is required,

especi al |y iQVtRWesaraRIsa&re realeThe dN time sisseain paombeehavetttgaelaet aN/t6er s t hat

h nb | d h,.th |
ST eat od- nusBIIBE SpbEndelf a8  GHE BUSIEN Gurlich, MER ARG op A ib BN Ly
and FFT. ThQV|hEEWIr1§:t'ﬁnotlmmbﬁd,(oNalcych|@ rafix éxteRsioh R vhdadte 2he HElVErRedes gned

to be capable SSi n dat a speC|fy| ng the full range of tones
avai | abl e f@rDBFa&@Qﬁaié? 8n PHU?W@ntéorﬁ?'asB%aehgf tine demain samplesyi t ched to a

node of agper, ones
e not oy caept R SRRior il el Mo SUER b EANGETHEME furatidf gicr oy
the invention simlarly proposes that the nunber of tones is reduced (e.gqg.
so as to be as in ADSL), and an IFFT is used which only processes | ow
frequency tones. The nunber of frequency conponents is then 15 increased by
up-sanpling. This aspect nakes it possible for a single line driver and DAC
(digital -to-anal ogue converter) to be enployed in both of the two nopdes. An
aIternatlve mhlch |s the SIXth aspect of the |nvent|on IS to effect the
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havi ng neans for inplenenting each of the nethod steps. 25 Brief
Description of The Figures Preferred features of the invention wll now be
described, for the sake of illustration only, with reference to the
following figures in which: Fig. 1 shows the frequency usage of a
conventional ADSL technique; 10 Fig. 2, which is conposed of Figs. 2(a)
and 2(b), illustrates tone ordering in a_conventional ADLS technique; Fig.
3 shows the frequency usage of a convent fonal VDSL techni que; Fig. 4 shows
a grouping of tones in a first enbodi nent of the invention; 5 Fig. 5 shows
a butterfly of an | FFT/FFT stage of a third enbodi nent of the invention;
Fig. 6, which is conposed of Fig. 6(a) to 6(d), shows stages of |FFT
processi ng ione dataframe. knibedieneine path,tthe first\2Nil 6 samptes)froih thetADE i s

d of Eigs. Z( h f ing.in th
thiTa- enbodi (YA REMR) aleiahaclech A FET grodiE iansiolaydiaRpaiaTe PatRao ot  uct ur e
of a fourth shdwedanteamplifudeiffdrimatithi(RNGonplEx GAMWYnEbI$)S c%wae;ﬂéﬁfﬁ?ﬁtﬁi g.

9(a) and 9(b) shows schematically the data transnmissionrate in a
enbodi ment  Attenyationnfthe signalamplitydeiandsplase shifte dvin avesdll distostioyder  whi ch

may be used 4 i f i nt .on: . Fi 1. shows a _ known
convol ut?“:'gnaI é%@gﬁgaqmﬁghﬁ%@yc%?ﬂ?géﬁi'#h[%r?ghgﬂﬁaﬁﬁpmiﬁ "’P’f‘&.”di’@?efﬁi g. 12
is a known trogs ard dd)lagmmep%dﬁit?haééanu/@in%]itth@e pAoPestiRmh @spEtaely,13(a) to
13(d), shows, a specifi c%@%xanel e of grouping the tones in an enbodinent of
the i nventi dReNghe grid ettechvel &Oﬁéﬁﬁﬁmf%ﬁ\&eg@mﬁ censjellationsprints toreeriestul t of
pr e- processi ; n of Fig. 14; Fig. 16 is a radix-2 butterfly; 25
Fig. 17, V\hi@ﬁtrl}és%ca(;ﬁ%g%@ ‘of Fig. 17(a) to 17(d), shows a first band plan
used in a second enbodi nent of the invention, and the steps of processing

it; and Fig. whi ch | f Fig, 18(a), to 18(d), sh d
band ol A o AHSHR HREMelitsr A RN, 28 1tonRTaURH: HoRE SRANEraNB: ops. of
30 processi nghichshas beknfésiablished! T8V he ﬁﬁe&,ﬁﬂﬁ@@ﬁfc%ﬁ%ﬁgém%s%tﬁﬁoeﬁ e power

nmode in a fourth enbodi nent of the invention,
i npl emrent at i 9NRoguchitbat avipatbivisr sefectedifar eadh fane thrdugh therenocolirighaevice,

[ tion; ' i ' d Figs. 21. t 1 (f),
shons possi S BadhBLiEenEe bEliabinFIEARREIS nedratting vt teygh fre |
enbodi ment s erréspentimgesiéctad tlpsaisson Pase mhx isdnufatéde FrPo@)MNt s 10
Protocol s which are enhodi nents of the present invention wi 'l now be

descri bd@ i whighdhe frapping ppit dfeceives glata alongdwoedpaths 2, 3i Each path2wh of

bandw dt h al ' ' Wt I i eh | i mbodi nent of the

i nvention. | %ﬂ%g? tejér%és&'(\)'? @%%%55 %L%%o%dﬁt@ﬁisc'{?ghﬁgtwﬁo?0'31'89%IQ bed are
gener al | y adcamds.rithe fratriecis ABSwnsih diglaz(8), (inblLdingi £ pORivare §ererbtsd Byanpl e in
t he docunent, | TU- Tﬁéorgﬁndgti on G 992. 3@1BUb| i shed by the International

Tel ecomuni IPFHH; PRrien, ﬁ&ﬂﬂrﬂgpgrbyt lagk ox (erdeh prayiee abl y i ncl udes
any one or Natefle@led)"ehé Butgité Beihe(bid IE% 3,'5'33e§?5r%)ﬁ' B8pedtively 41 Gagy dering
(for selection of transm ssion 20 patﬁs ,and (1ri blP swaﬁlpl ng.

Gener al 120) dp#teriSrand interteavedi huffer &rbotil theptare lransmitteccau afrible danwiag r eam

[ ti . . i in_ VDS i.e. h i Fig. 3),
but vt it LB P dsatiniielos ot fvera piied ghlie. ol hi o
al so. | ndeedratsnsitte@ i1y PRAL3 Al KAVR & H}ffé'ﬂéri\tq_wgg%}v‘j RtbritytAdRdad | ocation of

t he bandw dth into bands i s described bel ow. I rst énbodi nent has the
feat ure t hattransnaitted aleng thewath3d Thos cthese twe paths ast ieferoéd tchas differertam and

4 the downst FRanehPahss o ARTT0AY Bs %BraRtot P o8 B0 malR trbinehe 11 )
I n vari @ds \@&MRiafitise tdndsds thasged; the disedcibtion bBtwedts9Rsathé ahe
invention this grouping is do in various ways. A first possibility, for
exanple, is PBG%?Ed@?@gﬁﬁr?és%&Z‘%WB%P"%‘P"'B%%BWW%Q"éh@@ptm,Ofl@ (e.qg.
such that alf}argihgqpﬁt fre the same nunber N of tones, such as 4 tones), 5

and then to alloCate tones to groups according to a sinple schene, for
exanpl e such that the groups 10 are respective sets of N consecutive tones.

The groups e used f encqdi ng.the data) jn one or both of the follow ng
ways: 10 1 )aﬁuﬁr’@rmoge,ghg@dﬁ ricg bdf§é’ﬂ"%r‘\?%)e hﬁ”%‘??mdn@/ eaeh &f herfeses t hi n
the grogps ¥ay Eé-deﬂﬁe@‘ﬁQﬁQ'eBﬂrr@feosgﬁl*de@ﬁtﬁe'té SIS R Increasin
conputationally than if trellis encoding Is per?or med encodi ng Et’og%t her
data which is to be placed in all the tones (as in ADSL) 2) Tone ordering
(e.g. in connection with selecting the nunber of bits to 15 be transmtted
per tone, selection of the gains and/or selection of |atency paths) and/or
bit swapping, are performed only in relation to the tones of single groups
10, 11. For exanple) within a certain group the SNR of each of the tones
may be established during a training phase, and based on this SNR val ue a
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The | ast two 4-di nensional synbols in the DMI synbol are chosen to force

t he convol utional encoder state to the zero state. For each of these
synbols, 10 the 2 LSBs of a are predeterm ned, and only (x + y- 3) bits are
extracted fromthe data frane buffer and allocated to t3, t4, ... , tz. The
above requirenents inply a mninmumsize of the bl table of 4 non-zero
entries. The m ni num nunber of non-zero entries in the correspondi ng b~
table coul d be higher. Cther types of th& encoder could al so be used. 15
The groups of the Trellis bands could be defined. By Iimting the span of
the Trellis, and forcing the reset after a certain nunber of tones, the
algorithmis nade | ess conputationally expensive while the Viterbi decoding
is perfor necthe'ﬁumbepmﬁbn@aboreﬂrpnnftﬁne fregemeltonely antl zgaespondihgly decodi ng
process: t,0 | e overal | &Srfor mance of the system

reduci ng there)QPP'(B‘g E?é‘b’&b@ﬁrl térﬂ?‘ife iReRifiane in eingr tnsspd histprosass isand
frequency bq{}ﬁﬁ,‘, H€ "biP i I nherently it nmakes the systemvery nuch
i ndependent trﬂe colms)wéﬁb npr equency bands. It enhances the capabilities
of the DMI system nmaking it nore robust and provi des better noise

correctiQn ilities. 25.Db el st uce the m cs of the Path
matrices%' (ﬁafggh d?@&ﬁ"?&‘&%b@ ﬁﬁé ﬁ%g Eéﬁfgﬁ'& it th@r f or ned.

Whi | e perfordamnémqmtﬁ%ceﬁﬁheﬁ&éﬂdﬂmtd@éf ESHHeoq?yc At ndfiggdi ng on

t he nunber of states, the branch matrices are cal cul ate at each input
t he accunul aT%JacwmumcaJt@nntémmnbes are calculated for a gl ven state. In the
current ADSL system depending on the frequency tones, the path netrics
will be accumul ated for all the tones(nanely 256 tones for ADSL2 and 512
tones for ADShile)ADSID poNidess it et c@dﬂﬁcﬁnohb@héttﬁfbﬁﬁa@ftnﬁw@@ﬁéstéfﬁwafﬁéy hi gh

(approx for E;lé)'?G t ones or 5 h| her), and considering 2.5k tones in one
directi df, tIRX madentit s rfﬁ$trﬁﬂ§él§hrt§(§lhlpp§§ the injegrationvaf dome wi t hout

provi ding a ) 0, i.rements
for the Vtﬁ%@ﬁﬁﬁ%gézegs 'é&a'%%w‘n arf S onDeia (RIS A RIS ocecs.
dependi ng orDShd:emmﬁcbg)akmme esyehy higa Isitirate \DSL PADBL) Kbedpandmanyg agel | as
the cunmul ate arh natrlaes is required to be stored for decodi ng

process depetﬁﬂ 8I¢PLIRPTRVA NG & COMPIELe Home-crmprInitations/asieainment ows f or
The figure %&ggw_s t he downstream and upstream spectrum for VDSL1 15
services according to one formof this enbodinent of the invention. In Fig.
13(a), t1¥e two upstream bands are shown as US1 and USZ V\/ni le the two

downst ream as DS1 and t| veI , in Fig.
13(b) and Fﬁg%%ﬂ’?éft R$B£sar9°8§8§té@atl %%A\%ﬁ‘% ?F'r@ and
upstream f r egD8NGY ubeNE HubsbdreF banks 08, @Uaeghbﬂnﬁﬁ ad mﬁm&ag%%

20 and GUS, m here n and mare respectlvely e nunber baﬁés for

downst r eam dRHEXPEPle:BeMHZaREAMEs REmtyPRIady d Bimes larger thanithase ofABSLyaxi mum

(unioh showes 87 SN S€ BEMeE Voo hb STitS! o tRnCletoneitedidact  on)

the f reqa@encA{DSbnEer exdrnple, ¥&XSL 10hag Giffegsrafipningmethdd frRABSIDer conpl et e
frequency SpeCtnthe Wv\ﬁl ch could 0'(:—'[‘)tsm)re efficient for trellis and could be
{

al so dependéfifd BN N YRE YRS listoasgird inglede iTreflis pRCRAinY. HB(d) areas

For exanpl o Heoy ngsysifiis SRRIGRCIH HEABRLY siiieh, R IORTBAAs |ih
t oget her corappliedtte alltkee benes Ged for cd:mrmmmcstlczd [i70e:] gweaidmieetlbhalﬂpmhel

f bands. DS1 d with t d DS2 with
Cecond 1 el 100 B SRRCAIARETIo S Pediadih chioy bR s Bovwareiac

describesa SARARLIBVeriioHS of VEISTRGR: Fgfeﬂéalt'@'a?@l/DQLi hﬁ.tﬁ ik $gnéodi ment of

the invention: groupin or the tone ordering (and subsequen ynam ¢
confi gur at i digherrapsh Dgﬂ']ﬁsblt aliegationdable, gainytablest tonet erdiening taisies each

al ready for e is made in particular to the 10
ADSL st andarfépgggg{% rregﬂge? ﬁ@&gfiﬁ%ﬁnﬁaﬁa&&n}fmw? Specifically, during
initialization, the receive PMD function shall calcul ate the nunbers of
bits and the relative gains to be used for every subcarrier, as well as the
order in which subcarriers are assigned bits (i.e., the tone ordering). 15
The cal cul ated bits and gains and the tone ordering shall be sent back to
the transmt PMD function during a later stage of initialization (see
8.5.3.3). The pairs of bits and relative gains are defined, in ascending
order of frequency or subcarrier index i, as a bit allocation table b and
gain table g (i.e., bi and gi, for i =1 to NSC- 1, with bl bits to be

all ocated to subcarrier 1 20 and bNSC - 1 bits to be allocated to
subcarrier NSC - 1 ). If trellis coding is used, the receive PMD function
shaII |nclude an even nunber of 1- b|t subcarrlers |n the bit allocation

—— . ] o N Y o "




If on-line reconfiguration changes the nunber or indices of O-bit
subcarriers or 1-bit subcarriers, then tables t' and b' shall be
recal cul ated fromthe updated table b and the original table t. 19 The
constellation encoder takes L bits per synbol fromthe PV5-TC | ayer. If
trellis coding is used, the L bits shall be encoded into a nunber of bits
L' matching the bit allocation table b and the reordered bit table b',
i.e., into a nunber of bits equal to L'=5b~ =~b; . See 8.6.2 of the
standard. The value 5 of L and L' relate as: NCUSED - NCONEBIT L' =~bl =~b1l
=L+ 2 2 +4 with the rx~ notation representing rounding to the higher

i nteger. The above relationship shows that using the 1-bit subcarrier
pai ri ng met hQgmniity ¥ Hellenfiye trellis overhead bit is added per set of
four 1-bit subcarriers, 1.e., one 10 trellis overhead bit per 4-di nensional
constellatiaon. In case trellis coding is not used, the value of L shal

mat ch t he bithel Piesgnt opvenrtiane aimse to pravidei new @mdplusefult prgtopelscdaiur e

bonever 1 b taifffihg et AR oS U Ranble et TGS, Hieke v
t' to the rquetooelshavd transiisidreeeesef 6Ver\24Misps] andesfrinainaeh ingter.

determnistic way fromthe bit allocation table and tone ordering tables
erated in the receive PVD function, and therefore the receive

originally g

PMD f uncti onE R'é%t agnect ok the,inyantion Jopeses ihegne! feimsthatithe tepes©fia at i on
demappi ng a [ ' j : ar

i ncor por at e551%]I?]élﬁﬂeSﬁgﬂ@%ﬁﬁéﬁ;ﬂgﬁ%ﬁéﬁﬁfQ\ﬁg&lﬁpﬁéée@%g@ trjrgﬁ wh@slgr%gnbge t hat

t he groups dfansmeitted @inlthe tones abeastegmaipshown in Figs. 13(b) and 13(c), or
alternatively in Fig. 13(d), the tone ordering nay be perfornmed using only

t he tones of S dor Jrellis encodin W all the tones
of the gr oupﬂiér]gﬁg?ﬁ#@t g%ﬁ)g’%l ﬁgﬁ?er%!és%iﬁ% 9V @n%@cﬁﬁfﬁsgé‘g éokhe[ HB’GBHON ne
reconf i gur atwieioh i§ thatef porionndf da1dlie aESGAatearwith Bach @8#hd §rdups bifohethe
tone ordering (grocess wthin a trellis band for single | atency path. The

b; t Zgoswsﬁﬁ‘ ﬂ@éé’&mt@%n&ﬂddogeﬁheirm tragsmé tfaaecorne@pon@ingrpmﬁo?lof data ti ne.
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ot ed above, ChdT 7 upy BTl By P ineRfirgd SR B 8K Rupe EBRRLIPY E o

band. This reslgctionamadebyithy uhitasseivingdhe ereinemitesd dags. During the |ow
power nodes (as described in detail below) the transm ssion could be

restricted tp opnly few bands. nce jf it is_allowed to snoothly transit to
one node of é’ P&MPESWB% oméﬁgﬁm,tl"?ttoﬁ?? S\f/vg‘ef Sfo%ﬁ'é‘im%q’t%?{‘t PfoW_eof t he
nmode. | n | owopeyvef tH@@%upFi@ﬁllé@éﬂaa$§§pél{tivé(?8fé iRtfRls aigggﬁé%atep.'t garn

tabl es could 10 be used with the exception that the not used for
transm ssion_during the | ow power nodes may not be used. The trellis pairs

al so wi 1P nothuse aafeeRntaspeet efcthecinyentior preposssain general tersis that any | ow

power node. J f I I etfjci.ent (inplepentatipn. 15 W
ow t ur -t o e 2 HRAE SiofiP EBbil B SWaRBRar seleCkilar IR RD filech are
freely conbi(eablgainsthlind)csred/of séleetidn o patigdfuti et tovke isMforieWaAin P | n

general terns, the proposal is_to defipne the band plans for the downstream

and upst r earfM8MPEE i¥ne 9WURs [hisridaacts ereligaRierbeth todopgTondering etoul e
and have ef fghfd i " eTolel i at fined,
20 only a sggﬁﬁﬁgrﬁgﬁ%ibﬁ?oﬁ%gﬁ at\%gnhaélggﬁ?ﬁﬁggdvrﬂgg@?red 'éﬁ%t?gv%%ng%%

si gni fi @ant subsequertthye fordsanhele dit swappipy.opose a schene such that the
FFT/ 1 FFT only processes the non-trivial data, hence saving a | arge anount

of power. T ower, savi ng ca re than 50% dependi on the nunber of

t ones t hat Qﬁ‘é’?‘i@mgata%"%&?l‘eﬁcﬁﬁg?hgﬁ@m pfoRd @H%?gsqﬁ pvenyon mayr s t he

heat 25 di sgifferttiveradvemtddey Ridhtparddits ticating! Al ' i renot e

DSL equi pnent, ~where heatgi S a chaar[ | engi n? gr obf}‘leémﬁgn:efg ?fﬁ%éﬁél{écg{%rﬁ band
2

i s confi gur €fuvlerhas (hWihe gormaitatinnal cost 2f coding and idsicedingi the! datenisat i on

could be dr L gnf i V| hieved. Due,to the
architectur Zr}é@#l@%ﬂeéﬁ@'rlm I—eiiqﬁét%g E%fﬁﬂ%ﬁ@?é@?gﬁaﬁﬁﬁ gr%sbf}pgrequ y
conput abon increasiageh® rotwsthgssobthersysterane non-trivial sanple. This
significantly reduces the conmputation since the sanples with value zero do
not contribute to the conputation and can be bypassed. 5 For butterflies of
different radices there are potential savings. As an illustration, consider
the radi x-2 butterfly shown in Fig. 16. In the preprocessing stage, for

| FFT each butterfly processing tone N takes the other sanple fromtone
(N-4096). Wth the proposed band plan 997 (shown in Fig. 14, where the two
shaded areas (tones 1 to 696, and 1182 to 1634) represent 10 the two bands
used for transmission in one direction), each butterfly at the
pre-processing stage, has at nost one non-trivial input. Thus no conpl ex

= T 2 | o - . o




the first stage of radi x-16 processing, the coefficients are as shown in
Fig. 6(c). Sone sanples still have zero value. 5 The second stage of the

| FFT processing takes data in strides of 16, for exanple ~Y1l, Y17, Y33,
Y49, Y65, Y81, Y97, Y113, Y129, Y145, Y161, Y177, Y193, Y209, Y225, Y241 }.
The first 4 sanples and the | ast 4 sanples are non-zero. Therefore, for
each radi x-4 butterfly in the first segnent, two 10 sanples are non-zero
and two are zeros. The nunber of conpl exfadditions is halved. There woul d
be no saving in the second segnent since the inputs to the 4 radix-4
butterflies are all non-zero. There is no potential saving in the third
stage. Table 1 shows the breakdown 15 of the conputation saving in each

stage as a fRathermare! fite canngignifionthonedude/ ithe mehssty FeRjuirehfonts! ndfetheof
tones from 4$ to@?B@,ms gfe%gip:agﬁgzéirggtg%gg, %satﬁge 0 andg,;tgage 1thave a
conput ati on NAPLE i ‘0 gye BN doN® ute-eisiIgEngi S¥stepm 1
CMAC ~ 5 CAl i ' ' oa. Far =TS
than 16, ovan Py nentef!in fROBL¥sici BHOHS 8 tene oo g hi N haBPeh AR AT 1
t he | FFT pr dbedsnes durihgtthe seaniless cdtetadapdatiorn: dkad alldi ThatHe s eequited ®

rerableto limt the nunber of tones.to this nunber, and ecifically to
ltohe rang® fr eSi‘%ot%pé%’%.o(?ztgeﬁ%%el%t'@ﬁnﬁﬂ'@%i n?ﬁ?ﬁ?&o@xtaﬁesr%‘ldetqr@y | FFT
Nunber of Pr ereStdigO i fdrShirdife 301985, 2E6108H OZISSED Ngs Swith )?p%ég%tilaiél_ksl

0- 150- 15BF0- 30 BF16' 256* (2256 BF16BF4~+4 BF42)(1 trivi al BF
BF232- 62 BF1enesethisi sepmrescsigaificanBmeniaryt on whip. BB n)ehs4aB applyirer ke 94

BF16' 256* (2 6BF4~+2BF4z+4 BEA) (1 triyial BE41 ) A8- 6348- 63 BF296- 126
BF16' 256*(4%@@‘3@%6‘%&294 SF%’%&- 9@@ URS Eﬁééﬁé’é‘?ﬁ g“(@é\éﬁﬁﬁﬁ% ove
BF16BF16' 2 BEquireméBisthda- PRt prEfigibAOtol 3eRie0c BIEO R8Ssible means to do
BF16BF16' 96- 12796- 127 BF2192- 254256 BF16256 BF16BF16' 128- 143128- 143 BF2256

BF16256 18F1 eb@niically adapt the deta @ita$256 BF16256 BF16BF16' =15BF4~=3CMAC,
OCMAC, OCADDCADD (roonforoptim sation) 27 BF42=4CADD, 3CMACBF4=8CADD,

3CVAC Here tHes HRIUDS i i r.f: -adj x- 2
butterfly, etc.%J %Egﬁgtﬁ%g?;%r&a&ign%péf@aéﬁ@re 'h%%@tgf%%?@nge% or a
conpl ex nul tvgpiouswayscwithin dh@scope Bétheciwemtiony sadtrieedaotare thavdamge f or t he
FFT processing. Assune that in | ow power node, the 64 tones from960 to

Fnto the upds AR i dPe &feTis i EreSh it B balos (EHaAF® ther
are 64 radi xohgebutiveetdridsewhitht thafsrhit foPmafioMN-2Z §veni dikdttion TA&SH the

butterflies, simlar to those discussed in the I FFT section, do not need
any conpPex SAME GreMR). shegcasl eaisiderossibilitypisi foattherestaabe maliiple gcbupshe

non-zero val ir ar ho in.Fig. 7(b). The
renai ni ng bu‘@?ﬁ? %lélkglsbtfitﬂé p ﬁb&sggtpjégsg%értﬁéfﬁﬁv at(f%ng? H@P&@é"eﬁg%u% %gba-ll-lr adi x
16 butterfl ivithinavengle dne ¢fithedamdd. but with substantial saving in the 15
conput ati on. Each of the 4 radix-4 butterflies in the first segment has

only a singlg,non-zero.in ) nce, they do not need any addition, only 3
mul {1 pli Icatg i‘gﬁ%'fé;Pésﬁ'B&':!M Folr teciraups tﬂ%’?p%?'@ﬁteidal"%ﬁﬁp pﬁlth;hbanésot ’
segnent si ngegaklich NRats 858 @Fodb D BReE 'drdl BdnseblfilE cﬁ'feg gﬁg?eg\fbﬁ@s & stage

2 and the post-processing. nput ation saving I n stage tage 1 are
84% and 200 temsiitiingcdatacinya gixen directicavifrar éxarspley tiggroupesf upstreamnded

for the | ow i1s from960 to 1023. ly 64 nes are propaosed in
thi s enbodi A@ﬁwﬁéﬁf%’g?é‘?@e%%yr%%ﬁ?'ﬂ%%c% Y&e V! r":é"f"? 8}?%95%%5“953@@ 0
Stage 1 St agme?niqsithan aﬁewme‘cap%é}ﬁga&wngﬁr@é}ﬁgﬁaﬁé& 16

BF16' 256* ( BF4~+4256 BF162K BF2BF4~) 17-3217-3216256* (2256 BF162K

BF2BF16' BF4~+4 BF42) 33- 4833- 4816256* (3256 BF162K BF2BF16' BF41+4
BF43) 49- 64490 éiWedhesq dnreempassidlitis tiva grayms-mayHre pesicfined, 86189 part( 3

SFoBr16 o LAV 0 Fdkater, yisaedils Rode iBdiedng fie'olonpde Yhgs,
4BF4) 11251280aBinsesibalicy (e SoUPRI6 bBFAeTRIdBIZABEIH theSNR ratios.

BF4) 129- 144129- 14416256* ( BF43 +256 BF162K BF2BF16' 3 BF42 +

4BF4) 145- 16Q145- 16016256* ( 2 BF43256. BF162K BF2BE16' + 2 BF42 + _

4BF4) 161- 17 %’61%%&'625”6*&%”"]3@%5@3'%#& o igFo3itigwarly gtjtable for the first

BF4) 177- 192 b&pedOaf 625 GivehtiBR4 j

BF4) 193- 208193- 20816256* ( 3 Sh e Rl e @volpE o b diefingd based on the SNR

BF4) 209- 224209- 22416256* (2 BF43256 BF162K BF2BF16' + 6

BF4) 225- 240225- 24016256* (1 BF43256 BF162K BF2BF16' + 7

BF4) 241- 246241- 24616256 BF16256 BF162K BF2BF16' 4k256BF16256 BF16256 BF162K
BF2BF16' =15BF4~=0CMAC, OCADD, 3CADDCMACB F42=4CADD, 3CMACBF43=6CADD,
3CVACBF4=8CADD, 3CMAC Tabl e 2 Conputation Conplexity Table for FFT A fourth
enbodi nent of the nethod is illustrated in Fig. 8 The upper part of 5 the
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32 limting the FFT and frequency spectrum the delay after which the
switch could happen if required. The franes with a fixed reference could be
used to specify the delay. 5 Hence, the advantage is a reduction of the
power usage during | ow power node. The power saving can be nore than 70%
depending on the node that are used to carry the rel evant data.
Consequently, it lowers the heat dissipation requirenents. This is
particularly inportant for remote DSL eqfii pnent, where heat is a

chal | engi ng problem 10 As nentioned above, Fig. 19 shows a exanple of a
possi bl e structure of the fourth enbodi nent of the invention. In contrast
to Fig. 20, in Figure 19 it is suggested to use the transmssion |imted to
256 tones buatios, bef faraihe himabertod toaes immreachegioupetof Bedimiled. eTiseitrelishe

sane a sinple interpolator (16 15 coul d be used. The interpolator could
assist to br‘?mﬁf%gm’%ﬁ?ﬂ@ﬁ ’ﬁ%l@f@ tb%?q%%?i yERineagh areEe: ineRe tarreef thisnd of

circuitry cosdsdiuit§ Oofop | i fter
The 11 Lo o Doy Ciof Rxete, RETohe 81 BRI PPy 1 SUBRadHaEIN 1
achi eved f oroftthe tones@ssogiateshwith P givessdiredionTofecamhmunications(et diebaseehar i o

f t 1t t _the,. i | so. 2 [id f ei i ti .. Fig. 21
Chows badd 1S oaonkAfG o BidkinGe MR fch Brols s HSHS” 8t MEHEPHR on of
ei ther the frunbér @Ftoﬁéé,téhcﬁm'ﬁﬁﬁz%ig réd}:ﬁaié“ﬁ‘&pé eRBod&d ﬂ)g[e%ﬂer(ér‘ jgShows

the full frequency range (up to ing used for transmtting data 25
(i.e. the VvIiiSe waukhhglpderenssie thatmireprs 2ate b pripegated bigtiieendhe groues. of

operation, in which only frequencies up to 1.1 WHz are used for

transmttin Ip&tea,., Thas SN ' a\%)ry L re.sho i1 ow
values to i ﬁrl cat ear{ at S%%Sﬁ@l gna?ér?get ranogm dt Q%\g'tnﬁgéﬂ %@r %%'ﬁﬁ n& es,
or (in ot herfuftbenwayftotsedectrgrodpsmvduid beHedsesi omBNR adtios (FSirt tHNfotirtht ed
whi ch dg_.not_carry data. For anple, it may be advantageous to broadcast
si gnal s Whi oqpsétp"ﬁ)ﬂ)c &Eta%q%h t@éfﬁ‘% nes f Ay cgivan graupnvpge wghinzamly a singleyoi d
changi ng th%d@éﬁﬁe%\ﬁidEQFgﬁpfhe ﬁ_’rsf? é’s%ilil{){ rther versions, the maxi mum
transm ssion rate may be [ower for %e range of frequences which are shown
as having a |ow value. In other words, the range of frequencies (a "high
frequency r dngertjcurriyweaferred exampleds fanmdnenandebiaguseok perfoamey durirgr t ai n

data | oad i I St e of, operation,. and a | gwer gnount of data in the
node of Fi gqhérl]gf%g"ﬁf@ggggforZﬂie?tef'% ha?rﬁhmﬁaq%%ﬁé%o?rob'ﬂér‘%{PFEnaﬁen

whi ch fr equamtirely within @ slZdbtbanide FURREMGNe, thdRIERd hatls dRldtted Hiledth
described above in relation to Fig. 21 (a), the frequenci es above 12MHz

whi ch arle sHe0R 2458 preferablysietermined baged encther INRenly of shatrtene ranskthen, or

used for dat 1 SShi I nSJa SSi rate than.in
Fro. 20 (a0t 00 QabieR, Ble ndoer U e BT Albenby b
frequenci es swappingidonly perdsened for {0 enalibddté rtbe defsabethietin e f@REer bfoed
above in rela}iion to Fiﬁ' 21 (a), the frequencies above 8MHz which are
shown as "1 d0PSHBIMELTAHPSed, 20 used for non-data transmission, or used
for data transm ssion at a |lower data transm ssion rate than in Fig. 21
(2). Fig. 2HHeMirhayssaventh t f b rbRtdvhC nghes up to
5.3MHz are used for trsééflvg%tﬁ t#ﬁ%@f}ifﬁ_th?5@?@2@&3&%}%%@%@%8?n&/bg‘clﬁati on
to Fig. 205 Zedyeg the ¢emputatjopraldiurdeniobthe BEFFIMHz whi ch are shown as "I ow'
may be unused, used for non-data transm ssion, or used for data

(1) "shows. & WEATe bR BRihsel 1 SRR Teind K BreP ot s bahas Wisme' 30
are used fortransenisand/or repefial directiods are seRREEd, kethsyife effidieitabFpn to Fig.

34 21 (a), the frequencies above 4.4MHz which are shown as "l ow' may be
unused, use forHFon-d ta_transm ssion, or used for data transm ssion at a

| over data tPYarfORIast offer fpwth Hen sixth Faspects; relpfe spegificallynta mades 0fi ous

power savin i i J " free

conbi ned, sg)gfﬁ??cg{mﬂi ééé@réal?%\ﬁgﬁ 2@1%% wfié}} ?ﬁagr) gﬁq q@%\/\%ﬁ%\ﬁ%& hxdtlgé Thi s
is illugbratpsotocal. Sugh ptes inmaybe cisefulavhprothecwdlunsesf dathi wisich j®t&besavi ng
node L2 at firs i e,, an secon ower savjng node L4 (such as the one
of the thir grag,sn}ltg%nﬁ {Snre«QHB‘B‘g-i ﬂ%%{”VSPﬁ?’RQf?F?RFéﬁtt}‘BﬁV“SatS dNeein 3Yched wayo

Al though onlas & freducsTiell FFTTEF PlodriiSutbliyeal bariehats §8Na o' Bokdy N
this application, many variations are possible wthin e scope he
invention as will be clear to a skilled reader. For exanple, although all
the features in the enbodi nents descri bed above can be conbi ned, the
various aspects of the 15 invention can al so be used separately. For

exanpl e, the aspects of the invention relating to grouping of tones may be
used when the nodul ati on technique is other than one using an | FFT. 3S
Appendi x 1 1. What technical problens) is (are) to be solved by your
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~8 If on-line reconfiguration changes the nunber or indices of O-bit
subcarriers or 1-bit subcarriers, then tables t' and b' shall be
recal cul ated fromthe updated table b and the original table t. The
constellation encoder takes L bits per synbol fromthe PV5-TC | ayer. If
trellis coding is used, the L bits shall be encoded into a nunber of bits
L' matching the bit aIIocatlon table b and the reordered bit table b’

i.e., into a nunber of bits equal to L' =8- bt = ~b; . See 8.6.2. The val ue
of L and L' relate as: NCUSED - NCONEBIT L'=~b; =~b; =L+ ~ 2 2 +4 with the
rx~ notation representing rounding to the higher i nteger. The above

rel ati onship shows that using the 1-bit subcarrier pairing nmethod, on
average, oneransshissionomedeedd d:xirttraist tedﬂhed“hﬁgh mﬂerdftrémm$§|ohi fode in

subcarriers ne trelli ve a di nensi onal

constel | ati o‘ﬁh'cﬁr?I fi‘?etof‘?ﬁlqr? EU'B’ E}E ﬂﬁgﬁ?édhetwa\'ﬂéﬁgﬁetw reduged |

mat ch the bIMeﬁidr?@Féq@r}eHa@éﬁbméllan thé decadéy; - A conpl ementary procedure
shoul d be perforned in the receive PVD function. It is not necessary,

however, to send the re-ordered bit table b' and the re-ordered tone table
t' to the rebhg {uihvesperaIPpesastugererahterms: thaldre natixeriaf tanes in the

det t h bl d t d t abl
or 1 g nal By qoneFver BdelR ko, 8581 At Y 0 nEBia FitmBer 8 ' e e ve
PMVD funct i onareasreskht ihthe Bigpamipueio rtﬁéqssarra{nd <Fqur1frc€ lFFhFFCrOH»%HeIé ation

denapplng and trellls decodlng (i'f used).
3 (whigjy nefmalHempl oy&amﬂgordh%desgned te be] capable of p;ocess;ng

il Lo e RSO AP e aé’ﬁt%ﬁ%gﬁ%ﬁiﬁzw“m's

i dea behi nd ¢asrespohdinigt dlrd!mtudrr)ms switdhed 1tg g nemdizs of wpehitivnawhictl Ldes Band for

single I1tenc]y$]h r} rl Eﬁ‘p Erocedure should be |imted to one
trellis 'grodpfosaypn thatge alg pLiet Be$ Ak BatiPEesest taraduse dae compsitatian el | i s
group. In ongpemdpsd. ment it is also suggested that the trellis bands be
limted to a 5| ngl e transm ssion band. This helps to smoothly transit to

| ow power modes. During the |ow power npdes the transm ssion could be
restricted thefilty aspectnfibe ln\démticé similany popases tkeat the rumitrtofitonesissi t t o

one node of o) ows, f or ath transition of the
node. In | Owregg%cgﬂ(%@d 5 %ﬂg %reg%e@ '%qunn%n%ra@e ?rﬂﬁeé’ Cth QQ' h

t abl es coul cprbeesseadowi ﬁéuddmwesmm@n&mér bhRehaeHEy

transm SSI on during the | ow power_nodes may not be used. 'Ijhe treI I | s pal rs

al so wi I'® ndcreasad rRy Upcsatniiings nthis ASPeRt Majkess Bapossiblet forrasisingle line | ow

power node. iR f vgﬁé ff t

40 Appendi x wa aﬁaeré@a( %n?%vavﬂ%l) ue'c fgel??%tenod %%Ge%&ﬁ' é@@\

Si nce the D3wognedesn i s al ways on system Durl ng non-usage of the traffl C,
the systemis al vvays transrritti ng over the conplete frequency spectrum and

hence signi fj ower wast d. For ) m _FFT is used
f or m)dlulga!t Aﬂi%ﬁ%r ﬁ’rhﬁhe{% “%I?I it inve Q”t fsaF?sﬁff?‘ftetBIeng’r t he
line. Duringpdvwet rh@&e b?Wltcﬁﬁféefrbm \VISI’_%MM@F\‘ICQ%H td ﬁIjSLaE&?Hun\f@éﬁbn

limted information refated to managenment and status. The system could be
gener al 29 cdpabmeregancsalnifremng firsh bangdsplan td)aaasectond bandoplan whibhs) t he

data to bet t f |ntheraneof 100 kbps,to 1
Mops. In thlers cgg%% 'ﬁrgéﬁg%ggﬁwngybegh@l\f{%’?ﬁfp'&@r‘s\ﬁ P 1B AOWRr ey
not be reqwmwdmuﬁrﬂequén@ouhddlﬁ@dma&rd@ismléﬂ@h |H9Wﬂrs@'bahlﬂ%lé'®a%rm dat a
traffic theéﬁéstem coul d(ﬂ%nam cally limt the tones to be transmttéd and

hence reduc @epPebyeen the D3t (osy srasen genasally, t first daadgy by
d eb dyc, h
bover Lo be o a ADSITRGK meligeMeraly Recdih Bk g, 200 S telricddeey |1t

is stilR5redoay @@rhapsjbet Imst nMuinate@mnomqﬁlembatamnislthisecékt brrayestill Iﬁgnce in
the digital physic er device e i's significant power consumed by
the digital meﬁ’lwr%{% fﬁ@%WWEF S%"'P‘@B\f/\g‘b%nsunptl on is a major issue which
limts the power feeding, Iimts also the line card density. Here with the
proposed solNdtedhat bptibsal FHEPM om 2
Watts to | ess than 1bV\attE’“%?ﬁ%%?@ﬁ?%ﬁﬁsﬁg’gé@%@%ﬁe transhl lenélrre
switch the MHeh $to nohmeneodei dataf irvffeapsncies alpsle tivelenakinturarfsedsarioyn.
Hence i nstead of power consunption of 2 Watts during the full traffic node
of VDSL, during the | ow power node the power consunption will be much |ess
than 1 Watt. Also it is suggested that the during the low traffic nodes,

t he bands of transmi ssion be limted to say 2k tones(BWhz spectrun) or 1 k
tones(4Mz spectrum |ikewi se. The data in the remaining tones is all
zZeros. The FFT/IFFT does not have to process the sarrpl es W|th vaI ue zero,
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~-3 Appendix 3 1. What technical problens) is (are) to be solved by your

i nvention? The Trellis nodul ati on has been incorporated to inprove the
performance of the DSL |ine system In VDSL-DMI with nultiple bands, if
traditional trellis encoding is done to span over the conplete band will be
efficient since error wll propagate fromone band to another with
traditional trellis inplenmentation. Error correction capability of the
Viterbi decoder hence is reduced. 2. Howghas the problem been solved to
data? What are the disadvantages of the prior art? The problemis new and
has not been addressed in past. New system devel opnent is on the way. 3.
How does your invention solve this problem and what advantages does this
solution offer? (please give a detajled description) The idea to solve the
above probl aMhich Tt usesi far gat‘%@ams@lssm- Epaeéamaié,tsmra&whmmgot @rRcasiends.

The trellis t ' | d _cQ ’ ' . ! S t {he
sane while p%ge %Bbﬁg \&g@ﬁ %rgnyegeﬁgggxgférjgglﬁ\etfi?ﬁﬂﬁ%tfeae@n{h%l—éﬁéo@#t
enﬁ ures t hﬁ tmr:'rd)plapraftrwgaeifqu@ciastabddmhdnazimsﬁffmwehay wiidHl ufm’) hC( e
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b~ , specifies the nunber of coded bits per subcarrier, which can be any
integer from2 to 15. Trellis coding shall be performed on pairs of
consecutddve BriefDesgsiption of Thefligures v = p2xt+t )~ in the order i = 0 to
(NSC/'2) -1. The value bo is prepended to the reordered bit table b' to nake
an integer npiEasy i : ; .hi reup in
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4- di mensi onal syﬂﬁgi ishﬂwtsﬁbe ARRUEDRyHFags of A cgrvel Al[)cé]-ft?rcge'quﬁé
convol utional encoder state to the zero state. For each of these synbols,
the 2 LSBs of a are predetermined, and only (x +y - 3) bits shall be
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, tZ. The above requirenments inply a mninmumsize of the b; table of 4
non-zero entries. The m ni mrum nunber of non-zero entries in the
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Fig. 18, which is composed of Fig. 18(a) to 18(d), shows a second
band plan used in the second embodiment of the invention, and the steps of
30 processing it;
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Fig. 20 shows the implementation of the low power mode in a fifth
embodiment of the invention; and
5 Fig. 21, which is composed of Figs. 21(a) to 21(f), shows possible band
plans produced by either the fourth or fifth embodiments of the invention.

Detailed Description of the embodiments

10 Protocols which are embodiments of the present invention will now be
described in detail.

Referring to Fig. 4, a schematic view is shown of bandwidth allocation in a

protocol which is a first embodiment of the invention. Many features of the
15 protocol which are not described are generally according to the ADSL

standard (which is described for example in the document ITU-T

Recommendation G.992.3 published by the International Telecommunication

Union). In particular the protocol preferably includes any one or more of the

following: (i) trellis encoding, (ii) tone ordering (for selection of transmission
20 paths), and (iii) bit swapping.

Generally, speaking in this first embodiment the upstream and downstream
allocation of the bandwidth may be as in VDSL (i.e. as shown in Fig. 3), but
within the scope of the invention any other allocation is possible also. Indeed

25 an embodiment of the invention having a novel allocation of the bandwidth
into bands is described below.

The first embodiment has the feature that in at least one, and more preferably
both, of the upstream and downstream directions the tones are grouped into

30 groups 10, 11 (in Fig. 4 the downstream groups are labelled 10 and the
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about 5). If the number of tones in each group is lower, then the

computational task performed by each stage is less.

We now describe a first particular example of grouping in the first
embodiment: grouping used for Trellis encoding. In this example, the groups
are defined such that no group spans two bands (i.e. each group is entirely
made up of tones which are all in a single band). This ensures that errors are
not propagated from one band to another: decoding of such data limits the
error propagation across all bands and provides the benefits of the DMT
technology. At the same time the decoding is much cheaper computationally
than if trellis encoding is performed encoding together data which is to be
placed in all the tones (as in ADSL).

For example, each group may contain maximum of 256 tones. A 4-
dimensional 16-state Wie's encoder widely used in ADSL2 is shown in Fig. 10
where bits are encoded from input data labelled as u to form encoded data
shown as v and w. For example, bits for encoding on tone pairs u; and u, are
input to a convolution encoder shown in Fig. 11. For the encoding, two tone
pairs are taken. The known Trellis diagram associated with the encoder is
shown in the Figure 12. Other types of encoder may also be used. Block
processing of Wei's 16-state 4-dimensional trellis code is supported to
improve system performance. An algorithmic constellation encoder is used to
construct constellations with a maximum number of bits defined in the

standard. Data bits from the data frame buffer are extracted according to the
bit allocation table &, , least significant bit first. Because of the 4-dimensional
nature of the code, the extraction is based on pairs of consecutive b,f , rather
than on individual ones. Furthermore, due to the constellation expansion

associated with coding, the bit allocation table, b, , specifies the number of

coded bits per sub-carrier, which can be any integer from 2 to 15. Trellis
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coding is performed on pairs of consecutive &, values, (x =by,;,y =by,,;), in
the order i = 0 to (NSC/2) — 1. The value b(') is prepended to the reordered bit

table b,t to make an integer number of pairs and is set to 0. Within each

group in order to force the final state to the zero state (0, 0, 0, 0), the 2 LSBs
uq and u; of the final two 4-dimensional symbols within the group of the DMT
symbol are constrained to uy = S; @ S;, and u, = S..

The last two 4-dimensional symbols in the DMT symbol are chosen to force
the convolutional encoder state to the zero state. For each of these symbols,
the 2 LSBs of u are predetermined, and only (x + y — 3) bits are extracted from
the data frame buffer and allocated to t5, t4, ... , {,. The above requirements

imply a minimum size of the b,f table of 4 non-zero entries. The minimum

number of non-zero entries in the corresponding &, table could be higher.

Other types of the encoder could also be used.

The groups of the Trellis bands could be defined. By limiting the span of the
Trellis, and forcing the reset after a certain number of tones, the algorithm is
made less computationally expensive while the Viterbi decoding is performed.
This provision provides several advantages for the decoding process:

a) It helps to improve the overall performance of the system, reducing the
error propagation only within certain groups of tones and frequency bands
due to Trellis. Inherently it makes the system very much independent of the
complete frequency bands. It enhances the capabilities of the DMT system
making it more robust and provides better noise correction capabilities.

b) It helps to reduce the dynamics of the Path matrices which is be
required to store while the decoding is performed. While performing the trace-
back during the Viterbi decoding, depending on the number of states, the
branch matrices are calculated and at each input the accumulated path
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matrices are calculated for a given state. In the current ADSL system,
depending on the frequency tones, the path metrics will be accumulated for all
the tones(namely 256 tones for ADSL2 and 512 tones for ADSL2+). In VDSL
system, where the number of tones are very high (approx for 4096 tones or
higher), and considering 2.5k tones in one direction, the cumulative path
matrices requires large bit-widths without providing any benefit.

c) It helps to reduce the total memory requirements for the Viterbi
decoder state memory. During the Viterbi decoding process, depending on
the constraint length the survivor path, XY decode as well as the cumulated
path matrices is required to be stored for decoding process depending on the

constraint length. Hence this proposal allows for

The figure 13 shows the downstream and upstream spectrum for VDSL1
services according to one form of this embodiment of the invention. In Fig.
13(a), the two upstream bands are shown as US1 and US2, while the two
downstream bands are shown as DS1 and DS2. As shown respectively, in
Fig. 13(b) and Fig. 13(c), it is proposed that each of the downstream and
upstream frequency bands be further grouped in several bands GDy, .. GD,,
and GUy,... GUn, here n and m are respectively the number of bands for
downstream and upstream transmission. These bands may be limited by

maximum frequency tones within each group.

Alternatively, as shown in Fig. 13(d) (which shows, for the sake of example
only, the downstream direction), the frequency tones within each of the
groups may also span across complete frequency spectrum, which could be
more efficient for trellis and could be also dependent on the latency paths or
tone ordering. In Fig. 13(d) areas with the same shading level represent tones
within the same group. Thus, for example, the tones of Fig. 13(d) labelled GD;
are the tones which together constitute the band GD;.
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It is also possible that the frequency bands DS1 be covered with a single
trellis group and DS2 with second trellis group and similarly for the upstream
bands.

We now describe a second particular example of grouping in the first
embodiment of the invention: grouping for the tone ordering (and subsequent
dynamic configuration). This is performed using many of the techniques
known already for tone ordering, and reference is made in particular to the
ADSL standard G992.3, and in particular Fig. 8-7.

Specifically, during initialization, the receive PMD function shall calculate the
numbers of bits and the relative gains to be used for every subcarrier, as well
as the order in which subcarriers are assigned bits (i.e., the tone ordering).
The calculated bits and gains and the tone ordering shall be sent back to the
transmit PMD function during a later stage of initialization (see 8.5.3.3).

The pairs of bits and relative gains are defined, in ascending order of
frequency or subcarrier index i, as a bit allocation table b and gain table g
(i.e., biand gi, for i = 1 to NSC — 1, with b1 bits to be allocated to subcarrier 1
and bNSC - 1 bits to be allocated to subcarrier NSC — 1). If trellis coding is
used, the receive PMD function shall include an even number of 1-bit
subcarriers in the bit allocation table b.

The tone ordering table t is defined as the sequence in which subcarriers are
assigned bits from the input bitstream (i.e., ti fori = 1 to NSC — 1, with
constellation mapping beginning on subcarrier t1 and ending on subcarrier
tNSC — 1). The tone ordering table t shall remain static for the duration of the
session.

Following receipt of the tables b, g and t, the transmit PMD function shall
calculate a reordered bit table b' and a reordered tone table t' from the original

tables b and t. Constellation mapping shall occur in sequence according to the
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re-ordered tone table t', with the number of bits per tone as defined by the
original bit table b. Trellis coding shall occur according to the re-ordered bit
table b'".

If trellis coding is not used, b'=b and t' = 1t.

5 Iftrellis coding is used, the reordering of table t shall be performed by the
transmit PMD function. The reordered tone table t' shall be generated
according to the following rules:

. Indices of all subcarriers supporting 0 bits or 2 or more bits appear first
in t', in the same order as in table t.
10 Indices of all subcarriers supporting 1 bit appear last in table t', in the
same order as in table t.
If the bit allocation does not include any 1-bit subcarriers, the reordered tone
table t' is identical to the original tone table t.
The (even number of) 1-bit subcarriers shall be paired to form 2-dimensional
15 constellation points as input to the trellis encoder. The pairing shall be
determined by the order in which the 1-bit subcarriers appear in the original
tone ordering table t.
The table b’ is generated by scanning the reordered tone table t' and
reordering the entries of table b according to the following rules (with
20 NCONEBIT representing the number of 1-bit subcarriers in the bit allocation
table b):
. The first NCONEBIT/2 entries of b' shall be 0, where NCONEBIT is the
(by definition, even) number of subcarriers supporting 1 bit.

. The next entries of b’ shall be 0, corresponding to the subcarriers that
25  support 0 bits.
. The next entries of b’ shall be non-zero, corresponding to the

subcarriers that support 2 or more bits. The entries shall be determined using
the new tone table t' in conjunction with the original bit table b.
. The last NCONEBIT/2 entries of b' correspond to the paired 1-bit

30 constellations (i.e., 2 bits per entry). |
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The table b' is compatible with the G.992.1 trellis encoder.
The tables b' and t' shall be calculated from the original tables b and t as
shown in the tone pairing and bit re-ordering processes below.
5 [* TONE RE-ORDERING PROCESS */
t_index=1; /* tone order index t_index is index of array t */
t'_index=1; /* tone paired index t'_index is index of array t' */
while (t_index<NSC) {
tone=t[t_index++]; bits=b[tone];
10 if (bits==0) { tTt'_index++]=tone; }
if (bits==1) {}
if (bits22) { t'[t"_index++]=tone; }
}
while (t'_index<NSC) t[t'_index++]=1;
15
/* BIT RE-ORDERING PROCESS */
NC1=0; /* NCONEBIT is the number of tones with 1 bit */
NCL=0; /* NCUSED is the number of used tones (at least 1 bit) */
for (i=1; i<NSC,; i++) { if (b[i]>0) NCL++; if (b[i]==1) NC1++; }
20 b’_index=1; while (b'_index<(NSC-(NCUSED-NCONEBIT/2))) b'[b'_index]=0;
t'_index=1; while (t'_index<NSC) {
tone=t'[t'_index++]; bits=b[tone];
if (bits==0) {}
if (bits==1) { b'[b"_index++]=2; t'_index++; }
25  if (bits22) { b'[b'_index++]=bits; }

}

If on-line reconfiguration changes the number or indices of 0-bit subcarriers or
1-bit subcarriers, then tables # and b' shall be recalculated from the updated
table b and the original table ¢.
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The constellation encoder takes L bits per symbol from the PMS-TC layer. If
trellis coding is used, the L bits shall be encoded into a number of bits L'
matching the bit allocation table b and the reordered bit table b', i.e., into a

number of bits equal to L'= Zb, =Y b;. See 8.6.2 of the standard. The value

of L and L' relate as:

| NCUSED . NCONEBIT

with the [ x| notation representing rounding to the higher integer. The above
relationship shows that using the 1-bit subcarrier pairing method, on average,
one trellis overhead bit is added per set of four 1-bit subcarriers, i.e., one

trellis overhead bit per 4-dimensional constellation. In case trellis coding is not

used, the value of L shall match the bit allocation table, i.e., L = Zb,-.

A complementary procedure should be performed in the receive PMD
function. It is not necessary, however, to send the re-ordered bit table b' and
the re-ordered tone table f to the receive PMD function because they are
generated in a deterministic way from the bit allocation table and tone
ordering tables originally generated in the receive PMD function, and
therefore the receive PMD function has all the information necessary to

perform the constellation demapping and trellis decoding (if used).

All these features are incorporated in this second example of the first
embodiment. Assuming that the groups of the Trellis coding are as shown in
Figs. 13(b) and 13(c), or alternatively in Fig. 13(d), the tone ordering may be
performed using only the tones of the same groups used for Trellis encoding,
will all the tones of the group transmitted using the same latency path.

For the on-line reconfiguration, for efficient implementation, the idea is to limit

the tone ordering process within a trellis band for single latency path. The bit-
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swap procedure should be limited to one trellis group at one time. After the
procedure is completed for one trellis group.

Optionally, as noted above, the Trellis bands may be limited to a single

5 transmission band. This helps to smoothly transit to low power modes. During
the low power modes (as described in detail below) the transmission could be
restricted to only few bands. Hence if it is allowed to smoothly transit to one
mode of transmission to another, it allows for smooth transition of the mode.
In low power mode, the same set of tone ordering table, bit gain tables could

10 be used with the exception that the bands not used for transmission during

the low power modes may not be used. The trellis pairs also will not be
affected and hence allows for seamless transition to low power mode. This
mode of operation provides efficient implementation.

15 We now turn to a second embodiment of the invention, having features which
are freely combinable with those of the first embodiment of the invention. In
general terms, the proposal is to define the band plans for the downstream
and upstream directions so as to reduce the power of the FFT/IFFT module
and have efficient computations. With the band plans appropriately defined,

20  only a small number of computations will be required and saving significant
power. The idea here is to propose a scheme such that the FFT/IFFT only
processes the non-trivial data, hence saving a large amount of power. The
power saving can be more than 50% depending on the number of tones that
are used to carry the relevant data. Consequently, it lowers the heat

25  dissipation requirements. This is particularly important for remote DSL
equipment, where heat is a challenging problem.

If the downstream band is configured to tones which are power of 2, i.e.
efficient implementation could be drawn and significant savings could be
30  achieved. Due to the architecture of the FFT/IFFT, the samples taken for each



10

15

20

25

30

butterfly computation in stage 0 involves at most one non-trivial sample. This
significantly reduces the computation since the samples with value zero do
not contribute to the computation and can be bypassed.

For butterflies of different radices there are potential savings. As an
illustration, consider the radix-2 butterfly shown in Fig. 16. In the pre-
processing stage, for IFFT each butterfly processing tone N takes the other
sample from tone (N-4096). With the proposed band plan 997 (shown in Fig.
14, where the two shaded areas (tones 1 to 696, and 1182 to 1634) represent
the two bands used for transmission in one direction), each butterfly at the
pre-processing stage, has at most one non-trivial input. Thus no complex
addition is needed in these butterflies, only one complex multiplication is
needed. There could be many other butterflies where both inputs are trivial
inputs and could be skipped. If the number of non-zero tones is 1k in the
downstream direction, then only 1k complex multiplications are required.
Other 3k butterfly processing stages could be skipped. Referring to Fig. 14, no
more butterfly computation is needed in this stage. The result of the pre-
processing is shown in Fig. 15. In the next subsequent stages, if the band
separation is the number of such reduced radix-2 butterflies doubles from one

stage to another as the stride taken halved from one stage to another.

The following explanation is based on 4K tones and radix-2 butterfly. There
are 8 stages of FFT/IFFT processing and a pre-processing or post-processing
stage. In the VDSL band plans, tones 513 to 575 are used for all downstream
transmission profile (TS 101 270-2 V2.0.8). Assume that instead the band
plan we adjusted as one possible illustration below whereby the tones
configures in direction are aligned to get more non-trivial computations. As in
Figure 17(a) for the data distribution in the memory. The radix-2 butterfly
takes in 2 samples in stride of 2k for the first stage, for example {X1, X2048}.
Since only Xzo4s is zero, the two outputs of the radix-2 butterfly are {X;, X;W;}
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where W;, is the associated twiddle factors. From Figure 17(a) and (b), it is
clear that all the radix-2 butterflies in the pre-processing phase and also at
Stage 0 have only one non-zero value each. It is possible that the pre-
processing and Stage 0 twiddle factors be combined together into a single
stage. These twiddle factors are a subset of the set of twiddle factors needed
for the 4K tones IFFT, so no pre-computation and additional storage are
required. The outputs are again the product of the non-zero input and a
twiddle factor. This process saves one complete stage and significant
reduction in computational cycles as well as power consumption. Those
butterflies with all inputs of zero value do not have to be processed at all. The
radix-2 butterflies in the first stage have either 1 non-zero input or all inputs of
value zero. After the first stage of radix-2 processing, some samples still have
zero value if the frequency band allocation is done appropriately. If the
frequency band groups are chosen with steps of two to power n, 2", where n
is an integer value most computational savings could be achieved while
IFFT/FFT processing. The pre-processing stage of the IFFT computation
could be combined with the processing of 1st stage of the IFFT processing
hence saving computational cycles, memory bandwidth and power
consumption.

A second example of a suitable proposed band plan according to this
embodiment is shown in Fig. 18(a). In this band plan too the two bands in a
given direction (tones 63 to 575, and tones 1473 to 1984) each have 2" tones
and are spaced apart by 2™ tones (note that n is not equal to m). Pre-

processing leads to the usage of tones shown by shading in Fig. 18(b); stage
0 processing to the usage of tones shown by shading in Fig. 18(c); and stage
1 processing to the usage of tones shown by shading in Fig. 18(d).

Note that while it is preferred in this embodiment for each of the bands to

have exactly 2" tones, and be spaced apart by exactly 2™ tones (n not
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necessarily equal to m), as in Fig. 17(a) and 18(a), exact conformity with this
rule is not required, and lower (but still appreciable) savings compared to the
band plan of Fig. 14 are possible with small departures from the rule, provided
that the number of tones per band is substantially equal to a power of two,
and the number of tones spacing bands apart is also substantially equal to a
power of two. For example, reasonable savings may be achieved if the
number of tones is say 2"-k, where k is preferably less than 10% of 2" and
more preferably less than 5% of 2". Similarly, the spacing of the bands is
preferably a number of tones which may be written 2™-j, where j is preferably
less than 10% of 2™ and more preferably less than 5% of 2™.

We now turn to embodiments of the invention which are protocols permitting a
low power mode of operation, principally saving power consumption in the
IFFT in the case of the encoder, or the FFT in the case of the decoder.

In a third embodiment of the invention, this is achieved by providing the
possibility of a low power mode in which data is only transmitted on certain of
the frequencies. The other tones are all zeros. The IFFT algorithm may be
modified to a form which incorporates knowledge of what frequencies are
unused and which has a reduced computational requirement compared to the
form of the IFFT used for the full range of tones. As discussed below, this can
result in a power saving of over 50%, depending on the number of tones
which are used to carry data in the low power mode. This is particularly

important for remote DSL equipment, where heat is a challenging problem.

FFTs and IFFTs may be regarded as a plurality of stages, each involving a
"butterfly" calculation. In the embodiment, the IFFT (or FFT in the case of the
decoder) is designed (and the non-zero tones selected) such that in the first
stage ("stage 0") the samples taken for each butterfly computation involve at
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most one non-trivial sample, and all the trivial samples (involving coefficients

which are all zero, or only 1 non-zero coefficient) are bypassed.

The following explanation, with reference to Fig. 5, is based on the use of 4k
tones and a radix-16 butterfly, which is implemented using radix-4. There are
three stages of FFT/IFFT processing, and also a pre-processing or post-
processing stage. Suppose that the full set of tones are labelled 0 to 4095,
that in the high-power mode tones 513 to 575 are used for downstream data
flow (as in VDSL according to TS 101 270-2 VV2.0.8), and that in the low
power mode only these 63 tones are used and the remaining downstream
tones are zero. This is illustrated in Fig. 6(a) where the non-zero tones are
shaded.

After the pre-processing, tones 513 to 575 and 3521 to 3583 are non-zero.
Fig. 6(b) shows the data distribution.

The radix-16 butterfly of Fig. 1 takes in 16 samples in strides of 2586, for
example {X1, X257, Xs13, ... Xasss}. Each radix 4 butterfly in the first phase of the
radix-16 butterfly takes the samples in strides of 1024; thus, samples Xs13,
X1s37, X2s61 and Xsges are taken for butterfly processing. Since only Xsq3 is non-
zero, the four outputs of the radix-4 butterfly are {Xs3, X513W4, X5123W5,
Xs13Wa} where W, W, and W are the associated twiddle factors.

From Fig. 5 it is clear that the four radix-4 butterflies in the second phase have
only one non-zero value each. The outputs are again the product of the non-
zero inputs and twiddle factors. Hence, the radix-16 butterfly outputs are {X513,
Xs13T1, X513T10, X513T11, Xs13T12, X513T13, X513T14, Xs13T15}, where T, (i=1,..,15)
are the combined twiddle factors. These twiddle factors are a subset of the set
of twiddle factors needed for the 4k tones of the FFT/IFFT, so no pre-

computation or additional storage are required. The radix-16 butterflies in the
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0-15 0-15BF 0-30 BF16' 256™(2 256 BF16
BF4,+4 BF4,)
(1 trivial
BF4,)
16-31 16-31 BF2 32-62 BF16' 256*(4 256BF16
BF4,+4 BF4)
(1 trivial
BF4,)
32-47 32-47 BF2 64-94 BF 16' 256*(2 256 BF16
BF4,+2
BF4,+4 BF4)
(1 trivial
BF41)
48-63 48-63 BF2 | 96-126 BF16' 256*(4 256 BF16
BF42+4 BF4)
64-79 64-79 BF2 128-158 256*(2 BF4 + 256 BF16
BF16' 2BF42 + 4
BF4)
80-95 80-95 BF2 160-190 256 BF16 256 BF16
BF16'
96-127 96-127 BF2 192-254 256 BF16 256 BF16
BF16’
128-143 128-143 BF2 256 BF16 256 BF16 256 BF16
4K 2K BF2 256 BF16 256 BF16 256 BF16
BF16'=15 BF4.=3
CMAC, 0 CMAC, 0
CADD CADD (room
for
optimisation)
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BF4,=4
CADD, 3
CMAC

BF4=8
CADD, 3
CMAC

Here the term "BF4" means a radix 4 butterfly, BF2 mean a radix-2 butterfly,
etc.. CADD stands for a complex adder operation, and CMAC for a complex
multiplier-accumulator.

We now analyse the power saving for the FFT processing. Assume that in
low-power mode, the 64 tones from 960 to 1023 are non-trivial, as shown by
shading in Figure 7(a). These tones fit into the upstream spectrum for all
transmission profiles. In stage 0, there are 64 radix-16 butterflies with a single

10 non-zero input. These butterflies, similar to those discussed in the IFFT
section, do not need any complex addition, only 15 complex multiplications
are required. The non-zero values output from the first stage are shown in Fig.
7(b). The remaining butterflies in this stage are trivial. In stage 1, all 256 radix-
16 butterflies have to be processed, but with substantial saving in the

15 computation. Each of the 4 radix-4 butterflies in the first segment has only a
single non-zero input. Hence, they do not need any addition, only 3
multiplications are required. There is no potential saving in the next segment
since all the samples are non-trivial. There are no saving in stage 2 and the
post-processing. Computation saving in stage 0 and stage 1 are 84% and

20 18% respectively. Overall saving is 35%. The tones recommended for the
low-power mode is from 960 to 1023. Only 64 tones are proposed in this
embodiment since the upstream has lower traffic.

Number of Stage 0 Stage 1 Stage 2 Post-
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tones
0-16 0-16 BF16' 256*(BF44+4 | 256 BF16 2K BF2

BF44)
17-32 17-3216 256%(2 256 BF16 2K BF2
BF16' BF4,+4 BF4,)
33-48 33-4816 256%(3 256 BF16 2K BF2
BF16' BF4,+4 BF43)
49-64 49-6416 256*(4 256 BF16 2K BF2
BF16' BF4,+4 BF4)
65-80 65-8016 256*(3 BF4, | 256 BF16 2K BF2
BF16' +BF4, + 4
BF4)
81-96 81-9616 256*(2 BF4, | 256 BF16 2K BF2
BF16' +2BF4;+4
BF4)
97-112 97-11216 256*(BF41 + | 256 BF16 2K BF2
BF16’ 3 BF4; +4
BF4)
113-128 113-12816 256*(4 BF4, | 256 BF16 2K BF2
BF16' + 4 BF4)
129-144 129-14416 256*(BF4; + | 256 BF16 2K BF2
BF16' 3BF4; +4
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145-160 145-16016 256*(2 BF4; | 256 BF16 2K BF2
BF16' +2BF4; +4
BF4)
161-176 161-17616 256*(3 BF4; | 256 BF16 2K BF2
BF16' + BF4; + 4
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BF4)
177-192 177-19216 256*(4 BF4; | 256 BF16 2K BF2
BF16' + 4 BF4)
193-208 193-20816 256*(3 BF4; | 256 BF16 2K BF2
BF16' + 5 BF4)
209-224 209-22416 256*(2 BF4; | 256 BF16 2K BF2
BF16' + 6 BF4)
225-240 225-24016 256*(1 BF4; | 256 BF16 2K BF2
BF16' +7 BF4)
241-246 241-24616 256 BF16 256 BF16 2K BF2
BF16'
4k 256BF16 256 BF16 256 BF16 2K BF2
BF16'=15 BF4:=0
CMAC, 0 CADD, 3
CADD CMAC
BF4,=4
CADD, 3
CMAC
BF4:=6
CADD, 3
CMAC
BF4=8
CADD, 3
CMAC

Table 2 Computation Complexity Table for FFT

A fourth embodiment of the method is illustrated in Fig. 8. The upper part of

the diagram illustrates a known structure for encoding and transmitting data in

VDSL, and which performs the "high power" mode of operation of the



embodiment. The output of the IFFT unit 20 is transmitted to a filter 21 which
produces data having a frequency of 17 or 35 MHz depending upon the
sampling rate. The output of the filter 22 is passed to a DAC 23, from there to
a line driver 24, and from there to a transformer 25 which increases the

5 voltage for transmission onto the line.

In the fourth embodiment, the low power mode of operation is performed by a
second signal path which bypasses the IFFT unit 20 (thus considerably saving
power) and instead employing an IFFT unit 30 such as used conventionally in

10  an ASDL system. That is one which is able to receive fewer tones than the
unit 20, preferably only about 16" of the number of tones. This maybe 128 or
256 tones, for example. The output of the IFFT 21 is transmitted to an
upsampler 31 which upsamples the frequency, e.g. by a factor of 16. The
output of the upsampler 31 is transmitted to the filter 21. The power

15 consumption of the path of the lower part of Fig. 8 is considerably less than
that of the IFFT unit 10, and thus there is a considerable power saving, but
this does not disrupt the operation of the units 21 to 25 which receive (as far

as they are concerned) equivalent input signals.

20 A further example of the structure of a device according to this embodiment of
the invention is shown in Fig. 19. This structure is explained below, following
the explanation of Fig. 20.

In a fifth embodiment of the invention, the protocol simply converts from a

25 high data transmission rate mode (such as VDSL) referred to here as L1, to a
low data rate transmission mode (such as ADSL) referred to here as L2. This
is illustrated in Fig. 9(a). At the transmission points some data may be lost
(since the device receiving the encoded data will in general not be aware that
the protocol is being changed), so that retransmission of this data may be
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required. However, the cost of the retransmission may still be low in
comparison to the power saving.

The fifth embodiment of the invention suggests switching the transmission the
5 mode of transmission from VDSL to ADSL mode of transmission. Hence

instead of power consumption of 2 Watts during the full traffic mode of VDSL,
during the low power mode the power consumption will be much less than 1
Watt. Also it is suggested that the during the low traffic modes, the bands of
transmission be limited to say 2k tones(8Mhz spectrum) or 1k tones(4Mhz

10 spectrum) likewise. The data in the remaining tones is all zeros. The
FFT/IFFT does not have to process the samples with value zero, and some
stages in the processing can be skipped or reduced significantly.

15 A possible structure of the fifth embodiment of the invention is shown in Fig.
19. The command message to switch to low power mode is communicated by
the ATU-C (ADSL termination unit — central office). Once the ATU-R
(ADSL termination unit — remote) receives the message and may either
accept the command or reject the same. If ATU-R in its acknowledgement

20  sends a accept message, after a fixed duration coupled either with sync
symbol, the ATU-C may change the state from VDSL to low band mode either
of MO, M1, M2, M3, M4 or M5 mode of transmission. It will be a coordinated
transition based on the command protocol, in which all of the IFFT, filter, DAC
and line driver change their modes of operation. Since the ATU-C knows the

25 end to end delay, it may either synchronize the transition to new state after a
fixed duration of transmitted frame or could also use the synchronization
frame as a reference. The ATU-C may also switch to different mode of
transmission after a fixed synchronization frame delay. A command message
is appropriately defined to provide with the information for the mode of

30 transmission which could consist of mode of transmission(the bands used, or
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limiting the FFT and frequency spectrum, the delay after which the switch
could happen if required. The frames with a fixed reference could be used to
specify the delay.

Hence, the advantage is a reduction of the power usage during low-power
mode. The power saving can be more than 70% depending on the mode that
are used to carry the relevant data. Consequently, it lowers the heat
dissipation requirements. This is particularly important for remote DSL

equipment, where heat is a challenging problem.

As mentioned above, Fig. 19 shows a example of a possible structure of the
fourth embodiment of the invention. In contrast to Fig. 20, in Figure 19 it is
suggested to use the transmission limited to 256 tones but to maintain the
data rate on the interface. To ensure the same a simple interpolator (16x)
could be used. The interpolator could assist to bring the frequency back to
desired 17Mh spectrum. Other kind of circuitry could also be used. The
interpolator could be also located after the filter or before the filter. Hence
significant power savings could be achieved for the frequency domain
processing. The above shows the scenario for transmit but the same is also

valid for receive direction.

Fig. 21 shows band plans which can be produced in the various modes of
operation of either the fourth or fifth embodiments of the invention. Fig. 21(a)
shows the full frequency range (up to 17MHz) being used for transmitting data
(i.e. the VDSL high power mode).

Fig. 21(b) shows a different mode of operation, in which only frequencies up
to 1.1MHz are used for transmitting data. Those frequencies above 1.1MHz
are shown with low values to indicate that no signal is transmitted on those

frequencies, or (in other forms of the embodiments) that signals are
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transmitted which do not carry data. For example, it may be advantageous to
broadcast signals which do not carry data on frequencies 1.1MHz to 17MHz,

to avoid changing the noise environment.

In yet further versions, the maximum transmission rate may be lower for the
range of frequences which are shown as having a low value. In other words,
the range of frequencies (a “high frequency range”) between 1.1MHz and
17MHz may be used to carry a certain data load in the first mode of operation,
and a lower amount of data in the mode of Fig. 21(b).

Fig. 21(c) shows a third mode of operation in which frequencies up to 12MHz
are used for transmitting data. Just as described above in relation to Fig.
21(a), the frequencies above 12MHz which are shown as “low” may be
unused, used for non-data transmission, or used for data transmission at a

lower data transmission rate than in Fig. 21(a).

Fig. 21(d) shows a fourth mode of operation in which frequencies up to 8MHz
are used for transmitting data. Just as described above in relation to Fig.
21(a), the frequencies above 8MHz which are shown as “low” may be unused,
used for non-data transmission, or used for data transmission at a lower data

transmission rate than in Fig. 21(a).

Fig. 21(e) shows a fifth mode of operation in which frequencies up to 5.3MHz
are used for transmitting data. Just as described above in relation to Fig.
21(a), the frequencies above 5.3MHz which are shown as “low” may be
unused, used for non-data transmission, or used for data transmission at a
lower data transmission rate than in Fig. 21(a).

Fig. 21(f) shows a sixth mode of operation in which frequencies up to 4.4MHz
are used for transmitting data. Just as described above in relation to Fig.
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Distribution for FFT Tabl e 2 Conputation Conplexity Table for FFT Nunber
of non-zerotonesStage 0Stage 1Stage 2Post - processi ng0- 160- 16
BF16' 256" ( BF4, +4 BF4,) 256 BF162K BF217- 317- 32 BF16' 256* (2 BF4, +4 BF4z) 256
BF162K BF233-4833-48 BF16' 256* (3 BF4, +4 BF4s) .256 BF162K BF249- 6449- 64
BF16' 256* (4 BF4, +4 BF4) 256 BF162K BF265- 8065- 80 BF16' 256* (3 BF4, + BF4z + 4
BF4) 256 BF162K BF281-9681-96 BF16' 256*(2 BF4, + 2 BF4z + 4 BF4) 256 BF162K
BF297- 11297-212), Bira frepbengiesapove 3.4vHz whigh BFel 38&8n BET'GRK may be

BF2113- 128113 12 aﬁéﬁ 256' (4 BF4z + .4 BF4 256 162 EF2129 144129- 144
BF16' 256* ( BRW for nop-¢ta s ngsigB 1 OTRISRLLOT 9k HANSBE SR D56+ ( 2
BF4~ + 2 BF45Wéreaﬁ¥wa@§ﬁ$5ﬁhﬁgﬁaﬁ@@ﬁﬁ#ﬁ Eﬁ%g} 176 BF16' 256" (3 BF4a + BF4z
+ 4 BF4) 256 BF162K 8F2177-192177-192 BF1 (4 BF4a + 4 BF4) 256 BF162K
BF2193-208193- 208 BF16' 256*(3 BF4a + 5 BF4) 256 BF162K BF2209- 224209- 224

oF4) 256 BF1 g, TR Gl A R IS

BF16256 BF1634y BEZr&TﬂGombﬁwe@Vlé@ch%MeBE@ afb:éa\aﬂdﬁr%réﬁ%\@%&v#\gCADD 3
CMAC BF4, =6 CADD CMAC BF4=8 CADD, 60 Cains 1. A nethod of

two- di recti dﬁaﬁe%o%iﬁ idustrated dn Fémt%bbméfvhlah theyerotoe usemafiist REWEH

enpl oying a st%ﬂn‘%"ﬁ'% o] f I t | east
one band associ o Lt ﬂét?aﬁrjﬁpﬁ'?'g hﬂat% > ?}%{wégﬁagﬂ{bﬁﬁogaﬁ_égg 6(}9?%0' udi ng
encodi ng t hehdaine afahe itteicd onfommkhterdbommerm«)fthe imvention)i atrotlér imes.ural i ty of
tones defined wthin the at | east one band associated with that direction,
the tondd bei ng associated into a plurality of groups of tones, each group
of tones including a plurality of the tones, the nethod |nclud|ng for each
group of tonggiouth oMy r@wwansaammg@lntn@nwenﬁ&\ AEGE BREnRNsAIBEEY Rlthan of
that group of tories; nodulating the tones of the group to encode the data.
2. A net hod apnilcatjlmmg'naoy vesations awe possiblerwithidithg scope |df ¢he inveitiog as

g0t ok e oCHRIEH Bl TPk BB, Binb Lot AR Al d e,

met hod accoréihb@duhfemé deBrAbéd abbes daﬁ%él@bﬁﬁnnéberthélmloas RpediscopPthd he
quality of transm ssion of each of the tones and the relative transm ssion

qual i ty 16f t'ﬁ%e'ﬂt!ﬂﬁbéiaﬁf a'ﬁﬁebgrléﬁﬁﬁ geparatelyi f@rzexmmer, Hbet 6$fé%0t%f0ft e

group are edi ng
claimin V\,hrrlqgﬁéa se :@ogg{ng ?ﬁtoﬁﬂm*oﬁg?o Wne ar ouwdl‘ﬁ)éfot%er m ne
whi ch of attbeHNQUemmoﬁmmdmnsongupmgmmIEFIBed to encode data on each tone.
61 5. A nmethod according to claim4 in which the two processing paths

i nclude paths have a different latency. 6. A nethod according to any
preceding claimin which different ones of the tones of a group are used to
carry different respective proportions of the 5 data. 7. A nethod according
to claim6 further including a re-determ nation of the transm ssion quality
of the tones on the line, according to the re determ nation the respective
proportions of the data encoded using the respective tones being altered.



10 8. A nmethod according to any preceding claimin which a selection is
made fromthe tones of the group to determ ne a respective gain for each of
the tones. 9. A nethod accordlng to any preceding claimin which there are
mul ti ple groups within each of3bhe bands, all the tones of any given group
being within 15 a single one of the bands. 10. A nethod according to any of
clains 1 to 8 in which one or nore of the groups include tones wthin at

| east two different respective bands. 11. A nethod according to claim10 in
whi ch each of the groups includes tones frommultiple bands. 20 12. A

nmet hod of two-directional comunication of data over a line, the

comuyy dfylpnploylng a bandwi dth partitioned into a nunber of bands

i ncl ast one band associated with each of the two directions, the
met hod i ncl udi ng encoding the data carried in each direction by nDduIatlon
of a1plwWhatltéchyicarbrobengs) islafe) toesd seivedibyyouhiavertio?east one band associ at ed
with that 25 direction, the bands being sel ected mﬁthin t he bandmﬁdth such

t hat t one i's
sUbs ﬁﬁtthﬁrﬁa o H%rafels 9 t\ém téﬁﬁﬁsﬁﬁ a%tt Wg gm %%;% 53 at by
coptis sEdhC Forklen el Q4108 ‘8?3 tanwgr exing tahles fopall the
nnfﬂ%e% dor Yé lt PBEHH tANgsa his feppiressignificrnamemepk en eippHeredt 5
i ncI BATPRPSSE 19 red B‘te %@ﬁeq@mtw@d)rwﬂﬁp@ammto achieve ths possiblemeans, t he
net hisadq dutapdeatly @mtdm dgfarates.data carried in each direction by nodul ation

of a Juralit of tones defined within the at | east one band associ at ed

wi t h TRisgequines degllipmodulaionebesn innornssitad ta imprevasthe perforsiange afithe E¥SL bife dat a
i ndi wtqnhan{éSIaWTtvaawumlqbwdt dftraditionad trebhisengoding ishlenertt $pad overctherdi ng
oper eamplgtedaheé wtill be kffidient simee efrorawill prapagatafomode band o aaofher sithsaidiionmide

t he ttelliaimplementatiam$Hridrtcedettionamphbilliyrdfthé Vitetbetiwdeneadett edudeat o al | the
tones of the bands associated with that direction, and in a second said

nmodez t hRwdRk thelgPotin béARSHEd fo&diabN at | east one di rection bei ng encoded

i nt o omat areShg)cﬁﬁdVthag*ngftth a@ the bands 15 associated with that
direction, the | FFT operating in the second node by an al gorithmwhich is
Conplit pasi @rialADSI, Sfstere ¥RA0AE Medi AT . IR VIDEL If dyktetn, MRABne dilleridy ENRBQd Of

t WO- glisteaCadvelBneadHIBAhE May Ol néldkRo SUEbF Metofits ark h&mRATH L AT @D

enpl ppisng s?st@tﬁ%ﬂﬂ“bn@%xtmghé?n%h'o?t%lﬁt l'b'g%n @ble! fd”ﬁ?abgegcéoﬁ IQ%I'I L east
one Q@i@ge&fﬁ%fu&?t&gs ﬁ@ghg‘esesq £i0 ntrogech Ip e eac ctions;

i ncl udi ng enco ata“carrie dlrectlon by nodul ation of a
plurality of tones defined within the at | east one band associated with
that direction, the nethod including operating selectively in one of at

| east two nodes, in a first said node, the data to be transmtted in each
direction being 25 encoded on into all the tones of the bands associ at ed
with that direction, and 63 the nodul ati on being inplenented using a
first IFFT unit which receives data describing the anplitudes of the
respective tones, in a second said node, the data to be transmtted in at

| east one direction being encoded into only a | owfrequency subset of the
tones of the 5 bands associated with that direction, the nodul ation being
performed by a second | FFT which receives only data describing the
anplitudes of the respective tones, and the output of the second I FFT being
up-sanpled to a frequency rate as high as that in the first node of
operation. 15. A nethod of two-directional conmunication of data over a
line, the 10 communi cation enpl oying a bandw dth partitioned into a nunber
of bands including at | east one band associated wth each of the two
directions, the nethod including encoding the data carried in each
direction by nodulation of a plurality of tones defined within the at |east
one band associated with that direction, the nmethod including operating
selectively in one of at least two 15 nodes, in a first said node, the data
in each direction being encoded in frequencies up to a first respective
upper frequency, in a second said node, the data to be transmtted in at

| east one direction being encoded in frequencies up to a second upper
frequency lower 20 than the respective first upper frequency. 16. A nethod
according to claim15 in which the second node of operation is according to
an ADSL standard. 17. A nethod of two-directional comunication of data
over a line, the communication enploying a bandw dth partitioned into a
nunber of bands 25 including at | east one band associated with each of the
two directions, the nmethod including encoding the data carried in each

di rection by nodul ati on of 64 a plurality of tones defined within the at
Ieast one band a5500|ated mnth that dlrectlon the nethod |nclud|ng
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Power ¢ sumptlon is @ major issue which limits'the power feeding, limits also the line card density. Here

W|th the proposed solution, it is suggested to reduce the power consumption from 2 Watts to less than 1
Watt.

4. The invention suggests the transmission to switch the mode of transmission from VDSL to ADSL mode of
transmission. Hence instead of power consumption of 2 Watts during the full traffic mode of VDSL, during
the low power mode the power consumption will be much less than 1 Watt. Also it is suggested that the
during the low traffic modes, the bands of transmission be limited to say 2k tones(8Mhz spectrum) or 1k
tones(4Mhz spectrum) likewise. The data in the remaining tones is all zeros. The FFT/IFFT does not have to

process the samples with value zero, and some stages in the processing can be skipped or reduced
significantly.
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Figure 1. Shows one band plan for VDSL2-DMT with 17 Mhz spectrum.
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fixed duratlon coupled either thh sync symbol the ATU-C may change the state from VDSL to low band
mode either of MO, M1, M2, M3, M4 or M5 mode of transmission. It will be a coordinated transition based on
the command protocol. Since the ATU-C knows the end to end delay, it may either synchronize the transition
to new state after a fixed duration of transmitted frame or could also use the synchronization frame as a
reference. The ATU-C may also switch to different mode of transmission after a fixed synchronization frame
delay. A command message is appropriately defined to provide with the information for the mode of
transmission which could consist of mode of transmission(the bands used, or limiting the FFT and frequency
spectrum, the delay after which the switch could happen if required. The frames with a fixed reference could
be used to specify the delay.

Hence, the advantage is a reduction of the power usage during low-power mode. The power saving can be
more than 70% depending on the mode that are used to carry the relevant data. Consequently, it lowers the
heat dissipation requirements. This is particularly important for remote DSL equipment, where heat is a
challenging problem.

Interleaver, QAM IFFT . Line
Framer 1 Fast Path_> Encoder [ ] 256 tones Filter > DAC > Driver

256 tones 1.1 Mhz

| ¥ v ¥

Interleaver, QAM IFFT . Line
Framer —»'Fast Path [ Encoder [P 4ktones (> Filter = DAC i prver

4k tones 17.656 Mhz

Figure 3: Implementation for low power mode with VDSL data rate.

Here in the Figure 3 it is suggested to use the transmission limited to 256 tones but to maintain the data rate
on the interface. To ensure the same a simple interpolator (16x) could be used. The interpolator could assist
to bring the frequency back to desired 17Mh spectrum. Other kind of circuitry could also be used. The
interpolator could be also located after the filter or before the filter. Hence significant power savings could be

. achieved for the frequency domain processmg The above shows the scenario for transmit but the same is
also valid for receive direction.
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2. How has the problem been solved to data?
What are the disadvantages of the prior art?

The problem is new and has not been addressed in past. New system development is on the way.

3. How does your invention solve this problem and what advantages does this solution offer?
(please give a detailed description)

The idea to solve the above problem is to limit the trellis state not to span across the bands. The trellis
state machine should cover only single band. And restart the same while processing the next band of
Downstream or upstream. Hence it ensures the error propagation is not allowed across several bands hence
achieving higher performance.

4, What is the core of your invention? (i.e. the basic concept of your invention)
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convolution encoder is shown in the Figure 2. For the encodmg, two tone pairs are taken. The
Trellis diagram associated with the encoder is shown in the Figure3. Other types of encoder may
also be used. Block processing of Wei's 16-state 4-dimensional trellis code shall be supported to
improve system performance. An algorithmic constellation encoder shall be used to construct
constellations with a maximum number of bits defined in the standard. Data bits from the data

frame buffer shall be extracted according to the bit allocation table b; , least significant bit first.

Because of the 4-dimensional nature of the code, the extraction is based on pairs of consecutive b; ,
rather than on individual ones. Furthermore, due to the constellation expansion associated with o
coding, the bit allocation table, b; , specifies the number of coded bits per subcarrier, which can be

any integer from 2 to 15. Trellis—goding shall be performed on pairs of consecutive b' values,

(x= blz,(,- ,y= blei+1 ), in the order i = 0 to (NSC/2) — 1. The value b(') is prepended to the reordered

bit table b' to make an integer number of pairs and shall be set to 0. Within each group in order to
force the final state to the zero state (0, 0, 0, 0), the 2 LSBs ; and #, of the final two 4-dimensional

symbols within the group of the DMT symbol are constrained to u; =S g S3, and u; = S,.

The last two 4-dimensional symbols in the DMT symbol shall be chosen to force the convolutional
encoder state to the zero state. For each of these symbols, the 2 LSBs of « are predetermined, and
only (x + y — 3) bits shall be extracted from the data frame buffer and shall be allocated to

f1, 4, ... , tz. The above requirements imply a minimum size of the b; table of 4 non-zero entries.

The minimum number of non-zero entries in the corresponding b; table could be higher. Other types
of the Encoder could also be used.
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Figure3z2: Trellis diagram.
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4. Basic idea here is that the data in one direction is constrained to the tones which allow efficient
implementation. If the downstream band is configured to tones which are power of 2, i.e. efficient
implementation could be drawn and significant savings could be achieved. Due to the architecture of the
FFT/IFFT, the samples taken for each butterfly computation in stage 0 involves at most one non-trivial
sample. This significantly reduces the computation since the samples with value zero do not contribute to the
computation and can be bypassed.

5. For butterflies of different radices there are potential savings. As an illustration, consider radix-2 butterfly.
In the pre-processing stage, for IFFT each butterfly processing tone N takes the other sample from tone (N-
4096). With the proposed band plan 997, each butterfly at the pre-processing stage, has at most one non-
trivial input. Thus no complex addition is needed in these butterflies, only one complex muitiplication is
needed. There could be many other butterflies where both inputs are trivial inputs and could be skipped.
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Figure2: Pre-processing
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Figure 3: Radix-2 butterfly

The following explanation is based on 4K tones and radix-2 butterfly. There are 8 stages of FFT/IFFT
processing and a pre-processing or post-processing stage. In the VDSL band plans, tones 513 to 575 are
used for all downstream transmission profile (TS 101 270-2 V2.0.8). Assume that instead the band plan we
adjusted as one possible illustration below whereby the tones configures in direction are aligned to get more
non-trivial computat:ons As in Figure 4 for the data distribution in the memory. The radix-2 butterfly takes in
2 samples in stride of 2k for the first stage, for example {X1, Xa04s}. Since only Xoa4s is zero, the two outputs of
the radix-2 butterfly are {Xy, X;W,} where W;, is the associated twiddle factors. From Figure 4 , it is clear that
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Figure 5: Example of optimized band plan 2 for IFFT processing
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the processing can be skipped or reduced significantly.
Hence, the advantage is a reduction of the power usage in the FFT/IFFT module during low-power mode.
The power saving can be more than 50% depending on the number of tones that are used to carry the
relevant data. Consequently, it lowers the heat dissipation requirements. This is particularly important for
remote DSL equipment, where heat is a challenging problem.

4. Basic idea here is that during L2 low-power mode, the vital data is constrained to just a small number of
tones. Due to the architecture of the FFT/IFFT, the samples taken for each butterfly computation in stage 0
involves at most one non-trivial sample. This significantly reduces the computation since the samples with

value zero do not contribute to the computation and can be bypassed.

5. The following explanation is based on 4K tones and radix-16 butterfly which is implementation using radix-
4 (See Figure 1). There are 3 stages of FFT/IFFT processing and a pre-processing or post-processing stage.
In the VDSL band plans, tones 513 to 575 are used for all downstream transmission profile (TS 101 270-2
V2.0.8). Assume these 63 tones are used in the low-power mode, and the remaining tones are zeros. After
the pre-processing, tones {513...575} and {3521...3583} are non-zeros. See Figure 2 for the data distribution
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Figure 3 Data Distribution for FFT



Number of non-zero
tones

0-16
17-32
33-48
49-64
65-80
81-96

97-112
113-128
129-144
145-160
161-176
177-192
193-208
209-224
225-240
241-256

4K

Table 2 Computation Complexity Table for FFT

Stége 0

0-16 BF16'
17-32 BF16'
33-48 BF16'
49-64 BF16'
65-80 BF16'
81-96 BF16'
97-112 BF 16’
113-128 BF16’
129-144 BF 16’
145-160 BF16’
161-176 BF16'
177-192 BF 16’
193-208 BF16'
209-224 BF16'
225-240 BF16'
241-256 BF16'
256 BF16

BF16'=15 CMAC,
0 CADD

Stage 1

256*(BF4+4 BF4,)

256*(2 BF4,+4 BF4,)

256*(3 BF4,+4 BF4,)

256*(4 BF4,+4 BF4) '

256*(3 BF4, + BF4, + 4 BF4)
256*(2 BF4, + 2 BF4, + 4 BF4)
256*(BF4, + 3 BF4, + 4 BF4)
256*(4 BF4, + 4 BF4)
256*(BF4; + 3 BF4; + 4 BF4)
256*(2 BF4, + 2 BF4; + 4 BF4)
256*(3 BF4; + BF4, + 4 BF4)
256*(4 BF4; + 4 BF4)

256*(3 BF4; + 5 BF4)

256*(2 BF4, + 6 BF4)

256™(1 BF4, + 7 BF4)

256 BF16

256 BF16

BF4,=0 CADD, 3 CMAC
BF4,=4 CADD, 3 CMAC
BF4,=6 CADD, 3 CMAC
BF4=8 CADD, 3 CMAC

Stage 2

256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16
256 BF16

Post-processing
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
2K BF2
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Claims

1. A method of two-directional communication of data over a line, the
communication employing a bandwidth partitioned into a number of bands
including at least one band associated with each of the two directions, the
method including encoding the data carried in each direction by modulation of
a plurality of tones defined within the at least one band associated with that
direction, the tones being associated into a plurality of groups of tones, each
group of tones including a plurality of the tones, the method including for each
group of tones:

obtaining data which is to be encoded by modulation of that group of
tones;

modulating the tones of the group to encode the data.

2. A method according to claim 1 further including trellis encoding
together the data to be encoded by modulation of that group of tones, the
group of tones being modulated using the trellis encoded data.

3. A method according to claim 1 further including:

deriving a measure of the quality of transmission of each of the tones;
and

the relative transmission quality of the tones of the group determining
how the tones of that group are modulated using the data.

4. A method according to any preceding claim in which a selection is
made from the tones of the group to determine which of at least two
processing paths is used to encode data on each tone.
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5. A method according to claim 4 in which the two processing paths

include paths have a different latency.

6. A method according to any preceding claim in which different ones of
the tones of a group are used to carry different respective proportions of the
data.

7. A method according to claim 6 further including a re-determination of
the transmission quality of the tones on the line, according to the re-
determination the respective proportions of the data encoded using the
respective tones being altered.

8. A method according to any preceding claim in which a selection is
made from the tones of the group to determine a respective gain for each of
the tones.

9. A method according to any preceding claim in which there are multiple
groups within each of the bands, all the tones of any given group being within
a single one of the bands.

10. A method according to any of claims 1 to 8 in which one or more of the
groups include tones within at least two different respective bands.

11. A method according to claim 10 in which each of the groups includes
tones from multiple bands.

12. A method of two-directional communication of data over a line, the
communication employing a bandwidth partitioned into a number of bands
including at least one band associated with each of the two directions, the
method including encoding the data carried in each direction by modulation of
a plurality of tones defined within the at least one band associated with that
direction, the bands being selected within the bandwidth such that all the

bands in a given direction have a number of tones which is substantially equal
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to a power of 2, and the bands are spaced apart by a number of tones which
is substantially equal to a power of 2.

13. A method of two-directional communication of data over a line, the
communication employing a bandwidth partitioned into a number of bands
including at least one band associated with each of the two directions, the
method including encoding the data carried in each direction by modulation of
a plurality of tones defined within the at least one band associated with that
direction, the modulation being implemented using an IFFT of data indicating
the amplitudes of the respective tones,

the method including operating selectively in one of at least two modes,

in a first said mode the data to be transmitted in each direction being
encoded on into all the tones of the bands associated with that direction, and

in a second said mode the data to be transmitted in at least one
direction being encoded into only a subset of the tones of the bands
associated with that direction, the IFFT operating in the second mode by an
algorithm which is computationally less expensive than in the first mode.

14. A method of two-directional communication of data over a line, the
communication employing a bandwidth partitioned into a number of bands
including at least one band associated with each of the two directions, the
method including encoding the data carried in each direction by modulation of
a plurality of tones defined within the at least one band associated with that
direction, the method including operating selectively in one of at least two
modes,

in a first said mode, the data to be transmitted in each direction being
encoded on into all the tones of the bands associated with that direction, and
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the modulation being implemented using a first IFFT unit which receives data
describing the amplitudes of the respective tones,

in a second said mode, the data to be transmitted in at least one
direction being encoded into only a low-frequency subset of the tones of the
bands associated with that direction, the modulation being performed by a
second IFFT which receives only data describing the amplitudes of the
respective tones, and the output of the second IFFT being up-sampled to a
frequency rate as high as that in the first mode of operation.

15. A method of two-directional communication of data over a line, the
communication employing a bandwidth partitioned into a number of bands
including at least one band associated with each of the two directions, the
method including encoding the data carried in each direction by modulation of
a plurality of tones defined within the at least one band associated with that
direction, the method including operating selectively in one of at least two
modes,

in a first said mode, the data in each direction being encoded in
frequencies up to a first respective upper frequency,

in a second said mode, the data to be transmitted in at least one
direction being encoded in frequencies up to a second upper frequency lower
than the respective first upper frequency.

16. A method according to claim 15 in which the second mode of operation
is according to an ADSL standard.

17. A method of two-directional communication of data over a line, the
communication employing a bandwidth partitioned into a number of bands
including at least one band associated with each of the two directions, the

method including encoding the data carried in each direction by modulation of
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<=>7 @\B%EF@P(JJI@'MWM Within the abiepstjanenband assotiates, yith that
direction, the method including operating selectively in one of at least two
modes,

in a first said mode, the data transmitted in at least one direction being
5 encoded in frequencies including a high frequency range;

in a second said mode, the data transmitted in that direction being
encoded in frequencies including the high frequency range;

the rate of data transmission in the high frequency range being higher
in the first mode than in the first mode.



