METHOD FOR SHAPI NG THE SPECTRUM OF ACCESS EQUI PMENT OUTPUT SI GNAL AND
ACCESS DEVI CE FI ELD OF THE | NVENTI ON 5The present invention relates to
comuni cation field, nore particularly, relates to a nmethod for shaping the
spectrum of out put signal, and an access devi ce. BACKGROUND OF THE
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ADSL and ADSL2 use the spectrum less than 1.1MHz as the downlink bandwidth to

provide a maximal downlink rate of 8Mbps; ADSL2+ extends the downlink bandwidth to

2.2MHz to provide a maximal downlink rate of 24Mbps; VDSL2 even uses 30MHz
20  spectrum to provide a maximal uplink/downlink rate of 100Mbps.

The prior xDSL access device is generally located at a Central Office (CO); with the
increase of bandwidth requirement, the xDSL is required to be closer to the user.
Therefore, the application pattern of the xDSL access device located at the Remote
Module (RT) is gradually increased, and in particular, VDSL2 is mainly located at the

25 location close to the user such as districts, buildings and roadsides, which leads to some
spectrum compatibility problems, for example, a Digital Subscriber 1 (DS1) signal
amplitude of the xDSL access device located at the CO is very small due to attenuation.
The crosstalk between the downlink DS1 signal of the xDSL access device (ADSL2+
device of the remote Digital Subscriber Line Access Multiplexer (DSLAM) module 100

30 as shown in Fig.1) close to the user terminal and the downlink DS2 signal of the xDSL
access device located at the CO will influence the Signal to Noise Ratio (SNR) of DS1



signal, and result in the performance reduction. Therefore, it IS necessary
to use sone neasures to reduce the influence caused by the crosstal k. Due
to the above problem many operators constitute theirs own spectrum
application managenent criterions to stipulate the spectrum planning in
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25  crosstalk rejection capability of the line is referred to as crosstalk rejection ratio), which

does not influence the CO service greatly.

In addition, the fixed spectrum settings is used in the prior art, while the spectrum in
the line is dynamically changed practically. Therefore, the system using the fixed
spectrum settings is unable to adapt for the spectrum change in the line dynamically,

. 30 which makes the flexibility worse and the spectrum utilization rate lower.



10 access device; and shaping the power spectrumdensity of the out put
signal in the spectrum overl apping portion according to the power spectrum
density of the signal transmtted by the CO access devi ce. An access
device includes: a storage nodule which is configured for obtaining a power
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the signal tThasmbbdietnbyf theepré®nadrestonl pravides aaratcesialsiieg anfdea pethed

spectrum gdensi t, f the output signal .in.the.spectrum overl appi Qletion
based on ﬁéﬁ%g&&% %&Wﬁ‘n&j‘ QH@PYCJ?’gB‘Fl’ t“ﬁ‘é‘gE frﬁﬁrg!ves[ ﬁ‘ﬁn%eff(}r?leag!ab{;%? geo 50 co
access d ed‘él:@&ﬁ device, thS IEABiIRF p?ﬁﬁ@ﬁﬁrﬁ%@&iﬁ?@aﬁ@@ dhdvBimsutiizatidierapd. esent

i nvention, the nmethod nakes it "possible Tor the renote access device to use

the carrier within the frequency band nore than 1.1 MHz, and effectjvely
sol ves the pAobiethodffor shaping iactpesiuming aepttonirsiged ofndssmele qeeepstdevicécess

devi eatly: ding to the enbodi. f 1 i ion, it
e heC bR BEEHhE ot Srir Gy P S Send MrBRERATy L RS |
si gnal of &fReaf GESmotleNdce® ddvideh dividiiR hespaaees Sf d8\vugit sihbICHF thexembtzes t he

spectrumutilization ratio of renote access device;, therefore, the pethod
and the arscesssdaiies o i speatimen loyerlanpingrpodioremd @f SRagEUH: BAEAYCTIARPESL i on

have better .spectrumconpatibility. c i )it . WeJHR! ting
Spect rarborih areoriRedS; e podlt speetBP Beisy' f B hidal Hallrded 645560

per f ofgMaNgGedsNdAVG&0 MldNgdRpitiet thel fewanirdiromnténsith dththepowpansighalvimnttieon.
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device, and shaping the power spectrum density of the output signal in the spectrum
overlapping portion based on the power spectrum density of the signal transmitted by the

20 CO access device.

As can be seen from the embodiments of the present invention, the method makes it
possible for the remote access device to use the carrier within the frequency band more
than 1.1MHz, and effectively solves the problem for restricting the performance index of
remote access device greatly; according to the embodiments of the present invention, it is

25  possible to automatically or manually set the spectrum of downlink signal of CO access
device at the remote access device, which maximizes the spectrum utilization ratio of
remote access device; therefore, the method and the access device provided by the
embodiment of the present invention have better spectrum compatibility capability and
flexibility for setting spectrums, which makes it possible to get a better transmission

30 performance in accordance with the embodiments of the present invention.



Fig.6 is a second |ogical schematic diagram of the access device in
accordance with 15 anot her enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON For the transmi ssion properties of the
twisted pair line, the attenuation exponentially increases along with the

i ncrease of frequency, i.e. the signal attenuates sharply along with the
increase of line length, and the crosstal k of signal increases along with
the 20 increase of freBRIEF\DESGRIRTHIN(QF THR WINGRjuency band is nore
serious than_that in | ow frequency band. The enbodi ment of the present
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spectrum of gj I } : ; i ~ : npl e,
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practi caHWG@Wt he renpte access device. According to the enbodi nents of
the present invention, for the spectrum 10 overl appi ng portion of signal
transmtted b3 hiea EarxbEkaloanessaticlagttn dfthd heceSPalicdn gucofdanppiviy
portion of signal transmtted by the RT xDSL access device, the crosstalk
i s the sanethesempadimentief thy prasent@yengent ed at ot her ports as long as the
Power Spectrum Density (PSD) of signal transmitted by the renote access
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generates no severe influence; and it is needless to adjust the frequency

band which is used a the own in Fig.3, one
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20 increase of frequency, the crosstalk in high frequency band is more serious than that in
low frequency band. The embodiment of the present invention utilizes the line crosstalk
rejection ratio function to shape the power spectrum density of signal transmitted by the
CO access device in the overlapped frequency band, and the remote xDSL access device
transmits signal in the overlapped frequency band with the low power spectrum density,

25  which does not influence the CO service greatly.

The embodiments of the present invention provide an access device and a method
for shaping the spectrum of output signal. According to the embodiments of the present
invention, the method includes: obtaining a PSDco-rt, namely power spectrum density of

signal transmitted by a CO access device at a remote access device; dividing a spectrum



when the CO access device and the renote access device share the line,
determ ning the PSD of signal transmtted by the RT according to the PSD of
the crosstalk destination line (i.e. the COline), getting the transmtting
PSD of spectrum overl apping portion 25 between signal transmtted by the CO
and signal used by the renote access device, and determ ning the
transmtting PSD of the spectrum non-overl apping portion of the signal
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As shown in Fig.3, one specific embodiment of the present invention includes:

Step 101: determining a transmitting PSD according to a PSD of a crosstalk
20  destination line, and getting the PSD of signal transmitted by the remote access device.

The Step 101 specifically includes:

when the CO access device and the remote access device share the line, determining

the PSD of signal transmitted by the RT according to the PSD of the crosstalk destination

line (i.e. the CO line), getting the transmitting PSD of spectrum overlapping portion

25  between signal transmitted by the CO and signal used by the remote access device, and
determining the transmitting PSD of the spectrum non-overlapping portion of the signal

transmitted by the RT.

The process of determining the remote transmitting PSD according to the PSD of the

crosstalk destination line, and getting the transmitting PSD of spectrum overlapping



25determ ning the transmtting PSD shaping coefficient Tss(i) of the
spectrum non-over | appi ng portion of the signal transmtted by the RT as 1,
or, determning the transmtting PSD shaping coefficient Tss(i) of

t he spectrum non-overl appi ng portion of the signal transmtted by the RT as
ot her preset values (for exanple the PSD mask defined in standard, the
Limted PSD of area standard or the restriction value got by other
schenes) . p@Sorpetwoen sigeal tiangmitied by itpe and stanalused by shajigaiot sespssideviced by
the renote acc S‘dF ice according to the determ ned PSD of the spectrum
overlappﬁﬁﬁmgﬁgﬁxgﬁléﬁﬁ the deternined PSD of the spectrum non-overl appi ng
portion. The solution of the present invention is hereinafter described

in detail w bhfifseenRelhtih®tHeWowrBsirimddasityl DPIDeo-H dfsignehpadintivad bypthevi ded
by the present invention calculates the PSDco-rt of the signal PSDco_at the
remote moe@l @ Hiecismotn gogess Wieice thean detenpininge the Hansptittingel Pt hecRTs

device RT,_and.the CO xDSL, access J I .
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CO and is_attenuated. The spectrum 15 overl apping portion of the RT

t ransni t tRHIcpBwE sigapldransmitteddiyshe (Omstithe remipde aq¢essEiSMISS. i s set as the

PSDco-rt. the Tss(i) coefficient of the spectrum overl appi ng portion of

signal transmLt S [S) i ﬁgrgg €
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spectrum according to the obtained Tss(i) coefficient; and the 20

non- over | appj ortion is al conmput ed. The above procedure specifically
i ncl Udes the&'ggﬁ%&\?\?}}?ﬁ‘.e Spe"‘g?ﬁg’ WF&H?%’ tter generally transmts signal by
means of nom nal TX power of tone(i) according to the tenpl ate recomrended

by the standgf fst, TobtAhRR% iB@nSPBEIWeMihd Rncté ABEERS devibPaRd $heaCHr eI t i Ng
Spect rum Shapi ng coefficient, i.e. Tss(i) coefficient. 25 Therefore, the

shaped t rdeningi and alingpansier fpnationiHudwtiog ryeletionshimbgtweealinmattenagfionandhe

renote xDSL access device.may be.cal cul at ed ' v o) =TX
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access device according to the distance and the line transfer function, wherein the

15  PSDco-rt is the PSDco-1t of the attenuated signal transmitted by the CO.
The second scheme specifically includes:

at first, testing the power spectrum density PSDxtalk of the crosstalk signal made by

signal transmitted by the CO at the RT; secondly, obtaining the line crosstalk coupling
function Hxext of the communication system; at last, calculating the power spectrum

20  density PSDco-rt of signal transmitted by the CO at the RT according to the tested power
spectrum density PSDxtalk of the crosstalk signal and the obtained line crosstalk rejection

ratio function.

The process of determining the transmitting PSD of the spectrum non-overlapping

portion of the signal transmitted by the RT specifically includes:

25 determining the transmitting PSD shaping coefficient Tss(i) of the spectrum
non-overlapping portion of the signal transmitted by the RT as 1; or,



Take the logarithmof two sides of Equation 1 to get the shaped
transmtting power spectrumdensity as shown by Equation2: PSDrt ( i)
=101gTX power of tone ( i) =101g nom nal TX power of tone (i) +101gTss ( i)
Equat i on2 If the line transfer function (attenuation function) is
Attenu(i) (dB/km), the distance between the CO and the RT is L, the power
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coefficient of the spectrum overl apping portion of signal transmtted by
the renott&SHpkgn E%ég%dm%écwaﬁl gnal transnmitted by the CO xDSL access
device; in this way, the Tss(i) 10 of total frequency bands includes the
foll oy ng. Tgg TR (~TVE=) S e
Tss(i 351 coef f ?c?ent ?Pﬁ‘“%gﬁijgé%’% E]Qover Og%bﬁﬁﬁgéé%@?ﬁgﬁ%ghhg gnaﬂe%éésg
transm tt@dldoyacbtmelm@tmtlﬁ ddﬁghumchSE afethie spectnun siveriariping poient anddthby t he
CO xDSL agcess %&g)[g F Tss(i)=1 or 1ese.t val ues for other reasonsthe
Tss(i) ¢ P ihﬁép B RURP VS 2RRIRE 8981 M appi ng portion of the signal
transmtted by the renpte xDSL access devi ce. The renote transceiver
configures tige kdlamnsdmbe the PRsARWBFenfbe &l Heddh AR Aedcribed ir dail GMLEsREABSS
device according to the Tss(i) coefficient of different frequency bands

obt ai ned tb’pemimdsnmtSthe above scherres whi ch is shown by Equationl;

" PSDrt (i =TX power of tone -= nom nal TX power of tone (i) X Tss
t 4 t t
. Bt 'h°2‘.fg EY eird ﬁn%n?‘%‘?o%cesé B s i, At Bl ed he pDERRIETEY {1

f r equencyhdaipgal®EPcb hathel reinddimddald hecopdih@tto alid distinbd ®etwheen rthepémotaccess
device uses the carrier within the fre%uency band | ess theiln (f,r nor e _t han
1.1 Mz iPHecseeindevics B amd tee SO Yy digeesgndevice, and ine transfer

(attenuation) function illustrating the relationship between line attenuation and frequency,
wherein the signal PSDco is transmitted by the CO and is attenuated. The spectrum
15  overlapping portion of the RT transmitting power spectrum density PSDrt and the PSDco
is set as the PSDco-rt. the Tss(i) coefficient of the spectrum overlapping portion of signal
transmitted by the remote XDSL access device Remote module and signal transmitted by
the CO xDSL access device is obtained; the transmifting power spectrum density is
calculated to get the shaped spectrum according to the obtained Tss(i) coefficient; and the

20  non-overlapping portion is also computed.
The above procedure specifically includes the following.

The transmitter generally transmits signal by means of nominal TX power of tone(i)
according to the template recommended by the standard. To shape the spectrum, the
standard imports a Transmitting Spectrum Shaping coefficient, i.e. Tss(i) coefficient.

25  Therefore, the shaped transmitting power spectrum density of signal transmitted by the

remote xDSL access device may be calculated by Equationl:
PSDrt (i) =TX power of tone (i) =nominal TX power of tone (i) XTss (i)  Equationl

Take the logarithm of two sides of Equation 1 to get the shaped transmitting power
spectrum density as shown by Equation2:



25The second enbodi nent provi ded by the present invention calcul ates the
power spectrumdensity of signal transmtted by the CO xDSL access devi ce
according to the tested power spectrumdensity of the crosstal k signal nade
by the signal transmitted by the CO at the RT, by neans of the background
noi se testing function of ADSL2+ and VDSL2 as wel| as the searched |ine
crosstal k coupling function; sets the overl apping portion of the PSDrt and
t he PSDcoPdt tihe IHGEX pover of tapaf i et Qg nomeinaf JX(royerob iope figt WieTssdf) t Revatigmdet r um
over | apping portion of signal transmtted by the renote xDSL access device,

l.e., 5 Rem’tlf"‘th[@‘?&%'t&nsi%? @gg ﬁeﬁl{lﬁ{b%@uh{:tr?og%l?yAEtgﬁ(g?g?ﬁ%ﬁhéﬁféc(ﬁsqt?n&eVi ce,

and cal cul ates the transm power spec den renote xDSL

access debdtweernthe @0 iand tHeoR T el ofht pbiwedspEssh )deasisf dfl sigmahtraismiged by the
shaped spectrum the nor_l-overlfg,gpi ng portion is calculated according to the

same net het 35k pepessodevigeant fhey @btaspad using the followppgEquationdrur e
specifically includes the follow ng, taking the |ocal crosstalk as an 10

exanpl: PgllfJT(ot-x!?Qi)' %%#wa&:)w&fo%%égkﬁ_JL%kf&&LQE)erati0 (al gRaddherred to

as the crosst isolatio Ich is defined as t crosstal k™ si gnal
anpl i tude when the transmtting power of crosstalk source is QdB) function
is CTRR(f), Wrcaddingstogdhé embodiorenodf presapt énveytiod, it is o set\BSPri(HBSRboné),power

spect rum densi ty. of _crosst al i gnal -made by the PSDca:rt for, the 15 RT is
e Shown Y EIHITORAUPaBE BaURon3pariet rdis )t ToPRRI, 1) BEf IS 1)
wher ei n i cdefili&ift @R $HRBGh QI SHAIP NG FrEibh 0P SighdllttasiBltte ¥Yahé rdniREUBBEY
point when the length’is L. The crosstalk rejection rati 0 function nay be

obt ai ned docesmderise end signal tkansmitpadi ythe (X xD8h akEKdevice; in this way, the Tss(i

"20CTRR(i) =20 | HNErp (i) 1. n cordance with the above nentioned, the
i nfl ﬁgnceotﬁgéLﬁg@.\eﬁgb%xﬁsRmﬂydqs&Le &2@3’6‘(@') is equivalent with that made by
other CO ports for PSDco(i) as long as the PSDco-rt (i) of signal

transmtted hpyst)he tHOradult s Ba'mbﬁm?%cﬁﬁﬂsnpswﬁlheE@ﬁBbm Of . si.gralTss(i)
transmtted by the RT. In other words the crosstal k influence made_by the
remot e moweflician of the speclomnaygtlerping perton hsigndl tignsmitteddydhe sanele KDSL t he

CO inthj . | K - 4 nf -eatly. In other words
t he pomeracg%ec ‘rnl?rgn %%@?@%@F&éﬁnﬂ&ﬁ ﬁ?rﬁg)ng}%?{@ g%gigz&{‘%g RT is the data
cal culated by the foll ow ng Equation5: PSDrt ( i) =PSDco-rt ( i) =PSDxtal k

( 1) + CTRR Usi()Efovapresetsvalues for other reasons....... the Tss(i) coefficient of the spectrum

15 non-overlapping portion of the signal transmitted by the remote xDSL access device.

The remote transceiver configures the transmitting power spectrum density of the
remote access device according to the Tss(i) coefficient of different frequency bands

obtained by means of the above schemes, which is shown by Equationl;
PSDst (i) =TX power oftone (i) =nominal TX power of tone (i) XTss (i)  Equationl
20 Get the shaped spectrum, as shown in Fig.4.

Contrasting Fig.4 with Fig.2, the remote access device only uses the carrier within
the frequency band more than 1.1MHz in the prior art, while the remote access device
uses the carrier within the frequency band less than or more than 1.1MHz in accordance

with the present invention.

25 The second embodiment provided by the present invention calculates the power
spectrum density of signal transmitted by the CO xDSL access device according to the
tested power spectrum density of the crosstalk signal made by the signal transmitted by



PSDxt al k(i) may be obtained by testing the static background noi se, and the
CTRR may be obtained fromthe Iine manual or according to the experiential
paranmeter. Therefore, the Tss(i) coefficient of the spectrum overl apping
portion of signal transmtted by the renote xDSL access device Renote

nodul e and signal transmtted by the CO5 xDSL access device nmay be

obti aned by conbi ni ng Equati on2 of the first enbodi nent and Equation5 of

t he seconthee@®aditheRT, blynmedns ofithy batkpeoifidsidise wftinghfincoombf AL Penand bands

Equat | onsVASIRSE MRl S the Saprehet e corsiitecRRUBR R aDY BN of
signal tr ga(a}%ib%toffﬁfé #C@g& a@m@g $he REDES-FERRI SQY HHeeT3AflcceiBAMt of the
y the x D

transmtt access device; Tss(i)=1 or preset values for
ot her reasmottinevEdsfhilg portibhiof signal tesmistedtbythe reomtoyDSLappisndepes: ieon of

th t DSL devi ce. ) Th t i fi th
{ransn ¢ ¢ REGOFGHEIISadSIam] GERGLs bY e FBSpreas Ce0ss ded o iR it ng.
to the Ts ﬁﬁﬁs)kmﬁﬁlggedgfé'r\%ﬁ%ctﬁlh Qér{siﬁlrol‘f he feﬁﬁﬂé' QDSY. BBHEetRe ABGHMEdo e NMBANS

of the above sc ch 1s sti as shown by Equationl. Get the shaped
spect r um obtailed i Bes@s codffivient to Betgthd.shaped Geatrums thengorFpyerlippingpdriion 5 t he

renote access device..only . uses the carrjer wthip the.frequency band nore
than 1.1 ﬁﬂi&‘iﬁtﬁgﬁ?@r‘?ﬂ“g ﬂ’grsﬁme\mﬁ%i‘@aqsﬁhﬁroé%fgmg%g dmgali ce uses the
carrier within the frequency band less than 1.1 MHz or nore than 1.1 MHz in

20 accor danc%‘é’ic}irbcédh& speFttaP Hcl@destthe fOHAEARA! takitigetht i16¢al crosstalkOassatm up,
in the first and second ‘enbodi nents in accordance with the present

i nvent® ongxdmplg's possible to automatically or manually set and optinize the
spectrum of renote access device, which nakes it possible that the

i nfl t R | . t
of the 00 (1 ReEUH TR Pt ReiithichSahTp00 FReg8 103} 1ot Roloa o1

maxi m zeswhith Bpéeidedmagdithd icZbtalknsigaili amplitude nwhen dwc aassndéinge powethef eby
getting a better transm_ssion perfornmance. is. n g to.know t he

I
i ne | engemessi#l sorese|is QEBY fanedioars (et brvhich fsh% mq@g%zsr%% it Bhher ei n
the Tine {20040 08 Rfivei&pEGRRS dEis dfitfosstallsi@Rdl 3hARSAME PSRolrt Bf the

15 RT is as shown by Equation4:
PSDxtalk (i) =PSDco-rt (i) —CTRR (i) Equation 4

wherein i represents the crosstalk rejection ratio of tone i frequency point when the
length is L. The crosstalk rejection ratio function may be obtained from the crosstalk

coupling function Hxexr,
20 CTRR()=20log[Hnext()l|

In accordance with the above mentioned, the influence made by PSDxtalk(i) for

PSDco(i) is equivalent with that made by other CO ports for PSDco(i) as long as the
PSDco-rt(i) of signal transmitted by the CO at the RT is the same as the PSDrt of signal
transmitted by the RT. In other words the crosstalk influence made by the remote module

25  to the CO module is equivalent with the crosstalk of the CO; in this way, the crosstalk
influence decreases greatly. In other words the power spectrum density of signal

transmitted by the RT is the data calculated by the following Equation5:

PSDrt (i) =PSDco-rt (i) =PSDxtalk (i) + CTRR (i) Equation5



transfer function nmay be obtained by the |ine dual-ended test (line

di agnosi s node) of ADSL2, ADSL2+ or VDSL2. Therefore, the spectrum of
renote access device may be set and optim zed nanually in accordance with
t he enbodi nents of the present invention. It is just necessary to
know the crosstalk rejection ratio between lines in the second 5

enbodi nent. The crosstalk rejection ratio may al so be obtained fromthe

| i ne manual . P@Dgtalk(® rspebd obtainel byaesing the stets bakkgramdmpjsepandsthe GRRR

optim zed automatically. The access devi ¢e provi ded by the enmbodi nent

O]E) t he pr@%)érhe”g‘ﬁ%‘ﬁ@ i%‘ﬁ“i the Hape mpnpgle pr &8%%&5“52@ gﬂet ﬁ"preé'éﬁté%tpz}rﬁmﬁleb. 5 and

Fig.6. A e : : | i +H@dgVvi ce
9 ’%%/e?«%tﬁ%, gﬂﬁ%ﬁ{l?c&@ﬂm tt%{f Wépﬁ%g%ﬁ@v@d%ﬂ%ﬁ%ﬁmbﬂ of fignAGaasHItRE

provi ded ment o e ent inv . 10 The access device
i s | ocat &y tiie fehwte @DSLeadcessndavide, Remete mhéulacod sigmk yapgmitied byr badt@

access device. The storage nmodules shown in Fig,.5 and Fig. re inly
ised o oHRSl Accese devies Mayhe gRsiRBPS i’pséembuml%j Eﬂ%ﬁ@#é%@%ff;ﬁtgeﬁ%?ﬂ‘aﬁg?
transm t tod fatidles ma@g&gﬁge Byhinengt the RT. 15Wen getting the PSDco-rt
at the renote access device after tﬁe power spectrum density of signal
transmtted by the CO access device is attenuated according to the cable

di st ance bet lethis wig teTs(idlof the t6¥a] fraquéneyhbands insludes hsffelowinget i on
illustrating a relationship between |ine attenuation and frequency, the

storage nodule is gonmposed.of a first .storage sub- and agf.i .

cal cul ati ng iﬁﬁsl)ﬁoﬁ’t?rg‘?s‘l&hfoghc% ) ufi{\m%eg“." ) %’%ﬁé&’i'ﬁ 's't"'g‘teo?g%g
sub- modul @eFeM of hefdpBetPurh %v@ﬂ’dﬁt@iﬁg pUr86h bPsigedl elahagitied dydhsteatute xDSLveen
the access device where the first storage sub-nodul e | ocates and the CO

accesd derces devind aneighal teansmitiedfyrthe GRAPDnacqessdavie i ng a rel ati onship
between line attenuation and frequency. The first cal cul ati ng sub-nodul e
shown in Fi g9 S NAI U Of .C |2t the 2 rdoefticida o fRT
after the poagslﬁ)s%)g%t Btéré]etdgﬁglle% yfotr)f&éfégﬁ%b@?éﬁé’ﬁt'?}é‘gﬁq he CO Access

devi ce i spatthen uahetelaqpiighortion of theeerdotetxi8icadsedswlerivet he CO access devi ce
and the RT, and the line transfer function illustrating a relationship
between line_attenuation and frequency stored.in the first stor.age
sub-modul e. Tl %r%‘B%t@itfqnéceﬁY%ccé’&g %esé-g%tr_&% POV stﬂffgtr%o Slﬁg?ﬁgﬁ:

Wien cal gl gid E&eﬁs}"ﬁeﬂeé’“?lﬁgo?@iﬁgttﬁuﬂﬁbd%ﬁ) tc¥effioleaP of différesti #B8@lenty dasds tt ed
by the CO at the RT according to the power spectrum density PSDxtal k of the
cr ossisal kotédigerhby mednstdféhé abmyecsclxanesaiwkichds s aothoraxtyoEquatierl.on, the
storage nodul e is conposed of a second storage sub-nodul e and a second

cal cul ating -modul e, i.ch ks.sh in FEi . 5The second storage
sub- modul e s%gweisﬂaqﬁﬁ&\é@%n%c 1§3%‘%}533st161ﬁ 'tg‘ori ng the power

Contrasting Fig.4 with Fig.2, the remote access device only uses the carrier within

the frequency band more than 1.1MHz in the prior art, while the remote access device
uses the carrier within the frequency band less than 1.1MHz or more than 1.1MHz in

20  accordance with the embodiment of the present invention.

To sum up, in the first and second embodiments in accordance with the present
invention, it is possible to automatically or manually set and optimize the spectrum of
remote access device, which makes it possible that the influence on the CO made by the
RT is the same as that made by other ports of the CO (thereby resulting in no new service

25  quality descent), and maximizes the spectrum utilization ratio of remote access device,

thereby getting a better transmission performance.

It is necessary to know the line length and the line transfer function in the first

embodiment, wherein the line length may be searched from the line database and the line

10



spectrum density of crosstalk signal at the renote access device, nanely
PSDcoxtal k. In the enbodi nents of the present invention, the renpte access
device is also naned as RIT. The second cal cul ati ng sub- nodul e shown
in Fig.6 is mainly used for calculating the PSDco-rt according to the
PSDcoxt al k and the line crosstal k coupling function stored in 10 the second
st orage sub-nodule. The specific procedure is described in the above

met hod. transfkhdusgoatmayrbefobtagmadt ey thecleswsduendal testc(lindeBagnaesis pooded) ads,

i.e. the r fre ccess.devjce is divided into a,spectrum

over | appiggggé’r K%gr%ﬂi%gbgcﬁmﬁ%ﬁ%wpa@p?ﬁfgmﬂ& e ioing ‘é"ég’i?r@f}‘né’e_t o the
PSDco-rt gt %@%{ﬁfé&ﬁa&&ﬁp@ﬂ GodBPaHALE withhfe SRBHLRGNITRE HeGfethPiRedtbnl - 5
and Fig.6 are I nly use or determning the 15 power spectrum density of

signal transmtted by the renpte access device in the spectrum overl apping
portion accoktds st necessaey RSB~ thte drosstedk rejbetiontrape betsiser lineminf the seaongut ;

certainl t 0 spect rum.density of signal ansm.tte y the renote
nccess dumhadimRy e ShESAIGHER ral fiy B B ohlaBied emrde iy sl e
appr oxi MeA £d ¥heSBERrPof o tss devicd Aty ¥R A4 P&l ARYmARAYN the
Tss(i) coefficient of the spectrum 20 overlapping portion of the of the RT

firstly, and outputs the transmtting power spectrumdensity of the
spect rum ovelhapscesy dewics puoded thy HE sodwdineny ob thaerases{ iipvanbienfisci ent .

The shapi;ng . ul shape the spectrum of e spectrum.naon-overl.appi ng
portion J*&?lﬁ%%f%ﬁ%ﬁy%a%%PB?Spﬁtgg? &)E{%§ ’5‘? g’tgf?fép\ gﬁgzggtme,@}laggé %\Aﬁf‘%’gi s
speci fi cahbdulé arecset HEdle hécekd@evidDiBvided by dise erﬂﬁﬂﬁiﬁeﬁt&ffﬂh@g@ﬁ&ﬁ ssvedivn.ce of

- the enbodi nents of the present invention includes an ADSL2 or ADSL2+ or
VDSL210deviheeaccess dendcecigriognseds alethefiemete Frsminsbei ¢ ithe gentest deyicofs & figmote

enbodi rrer]dtc&sgfdﬂtﬁgg present invention, the power spectrumdensity of renote
access device 1s divided into two portions in accordance wth the

enbodi ments of the present invention; the portion of <crosstalk destination
| i ne over | appkel stoyageheodul @nsioivint in g Sandr Figoeat muinlgtened to/ obthinr @ndodtereaccess
device is determ ned according to the power spect ruP &ar)\si t%dg. cr oshstal Kk
dest i nat itBAPPWFeSPestFim gty d ort 8f dighal spnsigitieddpithe flotccessgiextog af the
destinatigp line is determ ned according to other requirenents (for exanple
PSD mask and Limted P SD). 5 Therefore, the total transmtting power
spectrumdensity is obtained; then, the transceiver of renote access device
cal cubat es t Whelisgstting hedlIDwi-drat the comelerageess devisepdige the pewer spechemsi ty

to get the actual. s ed . tru f the transmtti si. anal cgar dance
w bt ne SpBELANieT) BREMAEE By o0l YRR TR Bhihg ¢ et )% cer
t he spectdigtancel betor ithk GO oaal tiRf RGD ARIC GRS lide idsfedt fuhdtfon’ HIBLEBLIBE GESS
devi ce, which nmaxim zes the 10 spectrumutilization ratio of renote access

devi ce. Trigtenshibetivren Hae atrnuation ankirequeaey thiestprage pragileds gomposedof a
enbodi menyg %@%‘gﬁ@?ﬁ@? %nﬁ \QM\gﬁﬁtcaﬁ{l{gﬁﬁg E?@ﬁ{&dﬁfeb@gf‘cﬁta%éeqo%gﬁﬁgﬁig?! ity

capabi l ity an ich makes®i't possi 0 er

transm ssion performance in accordance with the enbodi nents of the present
i nverzoi on. Thke fiest s@pagegsubsmaduly sipvad &r Figds andaidlymeset Soostotitg thei distemdei on.

The protection scope 15 of this jnyention, however, is not |ljmted to the
above dedCHY§sM B aocen, casramgeredhe Sy Staregh $ nodile et rad e i ALFSSscope

di scl oseghehye! Qiéthig']}ﬁ%"thin%r fEAGohYillBG Mg z?&liﬁf?)ngﬁiﬁ%tv?é%hl 1R tleﬁuz%tnﬁ art,
shoul d be covered by the protection scope of this 1hvention. Theretfore, the
prot ect i andfreqpencygf t he present invention should be conpatible with the

protection scope stated by the follow ng clains.
The first calculating sub-module shown in Fig.5 is mainly used for calculating the
25 PSDco-1t at the RT after the power spectrum density of signal transmitted by the CO
access device is attenuated according to the distance between the CO access device and
the RT, and the line transfer function illustrating a relationship between line attenuation
and frequency stored in the first storage sub-module. The specific procedures are

described in the above method.

11



Clains What is clainmed is: 1. At a renote access device |ocated between a
central office and a custoner prem se equi pnent in a digital subscriber
line system a nethod for adjusting power spectrum 5density of an out put
signal for the renote access device in order to inprove spectral
conpatibility, allow flexibility of spectrumsettings, and inprove

transm ssi on_performance, the method i Si.ng: .obt ai ni
spectrum deng‘lﬁle? célp‘qlgtlgg g}?aﬂ’ovf‘?réﬁ‘icr%“ﬁg?r}gigtl}’%%%ﬂ{ ?‘%Pat‘ %%%@eg@ggé\g _
device tQ@ a?%i?etmac&aﬁlgt 5 ShE PRV BB run{ABA G PSR aIR VG he SR8RAKWBMENSI LY

is determned 10at a re e acctess device | ocated between the central
of fi ce armdthelivaisbdsstak rajeation saticelptyoms the, storage inddwleiif ginmepsed pba sdcond of t he

spectrum of the_ outpyt sjgnal of the.renpte cess device that overl aps
wth a péfqr?&ﬁu(}?fm‘é‘ﬂl&f?)é‘t‘ig it gﬂa‘}% Fedul YR KEhORRIT RIEGof { i o
access device; 15based on the identified overlapping portion, adjusting the

power sSpect r g ﬂe%?ﬁd E%ra%%,sﬁ@-?ndﬂﬁleoéﬁbwﬂiiﬁ 19,6 N mbi®y RRATLORoRRg eGoSRECt rum

overl apping wt e portion of the spectrumof the signal transmtted by
t he cent rspkctoin demsityaf esosstaby sigeal at terdinote aasesshievipsweamelp FéDcartatledsi ty of

the signa] transmtited fromthe central offjce acgcess deyice tq .t

cust oner 43‘? Etﬁs%%m@a'iﬁiogmr?se? Wﬁ%‘?tann&‘ﬁﬁ?lgpﬁi 5Gese ﬁgwgmeaimgﬁg}?? Fﬁ#ﬁdensi ty
of the signal transmitted fromthe central office access device to the
custonmer prefhé secBadtNERMinLQBRhO&RS shown in Fig.6 is mainly used for calculating the

PSDco-rt according to the PSDcoxtalk and the line crosstalk coupling function stored in

10  the second storage sub-module. The specific procedure is described in the above method.

The spectrum of remote access device includes two portions, i.e. the spectrum of
remote access device is divided into a spectrum overlapping portion and a spectrum

non-overlapping portion according to the PSDco-rt stored in the storage module.

The shaping modules shown in Fig.5 and Fig.6 are mainly used for determining the

15 power spectrum density of signal transmitted by the remote access device in the spectrum
overlapping portion according to the PSDco-rt to get the shaped spectrum for output;
certainly, the power spectrum density of signal transmitted by the remote access device in

the spectrum overlapping portion of the RT may also be approximately same to the
PSDco-rt. The shaping module may obtain the Tss(i) coefficient of the spectrum

20  overlapping portion of the of the RT firstly, and outputs the transmitting power spectrum
density of the spectrum overlapping portion of the RT according to the Tss(i) coefficient.

The shaping module may shape the spectrum of the spectrum non-overlapping portion of

the RT by means of Tss(i)=1 or other preset values, which is specifically described in the

above methods.

25 The remote access device of the embodiments of the present invention includes an

ADSL2 or ADSL2+ or VDSL2 device.

As can be seen from the specific solution of the embodiments of the present
invention, the power spectrum density of remote access device is divided into two

portions in accordance with the embodiments of the present invention; the portion of

12



obtaining a di stance between the renote access device and the central

of fice access device; obtaining a line transfer function

illustrating a relationship between |ine attenuation and 25frequency;

wherein the line transfer function is Attenu(i) (dB/ 1<m, the distance

between the central office and the renote office is L, the signal is
ans of nom na r of tone t he power.s

Béﬁg.s{n yt fﬁg&t%*ﬁ estinatiqn pline gyer ?412’ t‘ir%nmmlé %d“éeéc% ?eélgi%étof t he
renote AGEARE: Q&as Sfevice 18 Q%Hsurh&( anonﬁﬂg td"ﬁx%ﬁygo%r kﬁk&ﬁm&sﬁ 6f droddbalk 09 TX

30power o tone(l -LxAtten taining a nomnal power spectrum density
of the cedustisdtionf fine; ¢haamessl (iwmcwerlamng)opnraom|qucro$$m11pdn6magp@dmpum

densi t t he sj naI tran tted f t ffi t
he cust AALemER S g L stmoe b s and ERETEEL 1
office aﬁ é:HﬁztthE?&aRgnﬁmr%‘;po%%ﬂ'sﬁé&%}n@&ﬁ @Ll&ﬁalaeu ttml @Hesﬁ'a%@@e@vert he

line transter unctl on, and t nom power ‘spectrum ‘densi ty of the
central offfiemetesarcesssiedievicalenlates 2he T:Imél) wet¢iiowniiccotdingriolthe phwerspacttde | i ne

t f t bt 5] di f
neymmet 1 14S0EG < Rt e BOURL Daped Mpistared the Tanistiing SBRACR SoRREReCIit o o
DSL2 (VDShé)present thvedtiéh, TEi188ssitle % %thrﬂath‘ﬂl}P 'b?'n'i‘an%glljd%éﬂ e §p€&nﬁﬁ>\kﬁr

spectrum den3| ty of the output signal of the "portion of spectrum
over | appi dngvnhnﬂ(mgﬂab oH e amssodevumatstb@mmmtmawess ldewg@;twmgh muglﬁeﬂ the

transmtted b centr ffice access S i ng

t he power p§f§t5%{‘ ﬁ??fé’ﬁsﬁaﬁ} o&rex{l%tg aéiﬁ‘isf@?‘”g? etﬁ?e ‘5%?? 2, oefé%g%gct rum

over | appi @it plovideg BPkRd MmbeHinidhes PR MHre¥ei meﬁm DAVE bet@e

density of the signal transmtted by the central office access eV| ce.
compatibility capability and flexibility, which makes it possible to get a better

transmission performance in accordance with the embodiments of the present invention.

The foregoing is only preferred embodiments of this invention. The protection scope

15 of this invention, however, is not limited to the above descriptions. Any change or
substitution, within the technical scope disclosed by this invention, easily occurring to
those skilled in the art, should be covered by the protection scope of this invention.
Therefore, the protection scope of the present invention should be compatible with the

protection scope stated by the following claims.
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154. The nethod of claim 1, wherein adjusting the power spectrumdensity of
the output signal of the portion of the spectrum overlapping with the
portion of the spectrumof the signal transmtted by the central office
conpri ses: cal cul ati ng power spectrum density shaping coefficients of
the output signal in the spectrum overl apping portion and in the spectrum
non- over |l appi ng portion respectively(gﬁﬁﬁgﬁ;ding to the power spectrum
density of the signal transmtted by access device; and shapi ng
t he power wpecteMmgligesity of the output signal according to the power
spectrun1den5|ty shaping coefficients. 255. The methqod of claim4, further
C(ﬁrrpr i si ngl- Atagmofq 45ge$ HéVl%\%‘i’te%lk‘f‘éY‘,‘?ernd‘rﬁeH%ﬁé’if@%? @ﬁaﬁ}lﬁ@m@dﬁw%. ent of

t he output a preset
Vol e B B PO e e peotrum
conpat i 50| | demyitsheftaneatpuBsgnat énttheemofef dceess devidecia oxded taimpeeistseeciabess devi ce
Lgﬁ?;ﬁgni)et Wiha xbﬁ@o flﬁ()e“r/] hgg{nh%g(;fl sﬁgctx%%xcﬁﬁﬁlgg eleh ?Iﬁpl%%jtrghs gsr%g)ggﬁglzfoxgﬁﬂﬂ% se
configuredﬁéﬁmdhﬁabmpﬁmdgstore a power spectrun1den5|ty of a signa
transmtted froma central office acc vice .to custoner .prem se

equi prent, whARiRe apREerRGeiFun density § H%WEP?WmPE“UQPE?ﬁfﬂgﬁ gﬁefﬂgm%torage

modul e of JRRe & HBELorAG PRGNl iifont, 3WHdrein the@oﬁzbﬁ@b&ﬁmﬂﬁ@héitﬁ;s eemhigar ed to
adj ust the power spectrumdensity of a portion of spectrum of _an out put

si gnal 10 mt@ﬁemv@rap%?sdwqeﬁocateﬁ&@tweéﬁ th?rceatraé ﬁ&qeﬁaﬁfwuaogl?bwamlse

equipment;

identifying a portion of the spectrum of the output signal of the remote access device
that overlaps with a portion of a spectrum signal transmitted by the central office access
device;

15 based on the identified overlapping portion, adjusting the power spectrum density of
the output signal of the portion of the spectrum overlapping with the portion of the spectrum
of the signal transmitted by the central office access device according to the power
spectrum density of the signal transmitted from the central office access device to the
customer premise equipment;

20 wherein obtaining the power spectrum density of the signal transmitted from the central
office access device to the customer premise equipment comprises:

obtaining a distance between the remote access device and the central office access
device;

obtaining a line transfer function illustrating a relationship between line attenuation and

25  frequency;

wherein the line transfer function is Attenu(i) (dB/km), the distance between the central
office and the remote office is L, the signal is transmitted by means of nominal TX power
of tone(i), the power spectrum density of signal transmitted by the central office access
device at the remote access device is PSDco-rt(i), and wherein the PSDco-rt(i)=10 log TX

30  power of tone(i)-LxAttenu(i);

obtaining a nominal power spectrum density of the central office access device; and
obtaining the power spectrum density of the signal transmitted from the central office

access device to the customer premise equipment at a measured point between the central

14



Stransmtted by the central office access device adoring to the power
spectrum density of the signal transmtted by the central office access
device to the custoner prem se equi pnent; wherein the storage nodul e
obtai ning the power spectrumdensity of the signal transmtted fromthe
central office access device to the custoner prem se equi pnent conpri ses:

10a 117t GHE! AineURIIRY blcis QAN £olilhgdb R iR B Bicsfll St ance

bet ween the renote access devi ce fice access device, a

| i ne t r ansfuectichuactthomominklysveaspentgura demsitaof tashitpml btoaeetssy deyiseat t enuat i on
and frequency, and a nom nal power spectrumdensity of the central office
access device; wherein the line transfer function is Attenu(i) (dB/ km, the
di st ance bet vilemméth&l sfemimal, whbefnf the Bnatiehsfeh Ginceomis @btafred bg miesnd of at he

signal is transmtted by peans of nonjnal TX power i), the power
spect r dm dériiagpoys mgﬁ@ﬂ%ﬁsymf&%gﬁpf&“gh&ﬁvﬂft}%Eelgﬁﬁpgb%%@)%% %rgpdevi ce
at the renpievireeepSLIeYDSE2) s PSDco-rt (i), and wherein the PSDco-rt(i)=10

| og TX power of tone(i)-LxAttenu(i); and a first cal cul ati ng sub-nodul e,
configured to cal cul ate the power spectrumdensity of 20t he signal

transm tted from Lhe) GEMLA! wRkllCs é\%ﬁf[}%gé gg@&i sglgctﬁfrh &é}@itinstBQ B&pudr em se

equi pment at a neasured poi nt betwe entr office and the custoner
prem se equgrpivefthe partion df spgetion bixelagpisg aitbehe pdrdor ¢fitbe speetnah ef the gawvt on,

and t;ﬁt nom nal power,.spectrum densit f the central office access device.
257. 0 a ﬁl%}?ﬁ?%rggﬁm% sbﬁg%?/‘?_ngrgl‘? %%?Cé%ssgg‘fl\?\eeceoﬁn R'%%entral office and a
cust onmer pr emneplacifg tHepd®oE spetindn derdity af the vbpar digrat of thagorsiys bespectrumor der to
adj ust power spectrum density of ) . .

overlapping with the portion”of the spectrum with the power spectrum density of the signal

transmitted by the central office access device.

15 4. The method of claim 1, wherein adjusting the power spectrum density of the output
signal of the portion of the spectrum overlapping with the portion of the spectrum of the
signal transmitted by the central office comprises:

calculating power spectrum density shaping coefficients of the output signal in the
spectrum overlapping portion and in the spectrum non-overlapping portion respectively

20  according to the power spectrum density of the signal transmitted by the CO access device;
and

shaping the power spectrum density of the output signal according to the power

spectrum density shaping coefficients.

25 5. The method of claim 4, further comprising:

setting the power spectrum density shaping coefficient of the output signal in the

spectrum non-overlapping portion as 1 or a preset value.

6. In a digital subscriber line system, in order to improve spectrum compatibility between
30  acentral office device and a remote access device located between the central office access
device and a customer premise equipment, the remote access device comprising:
a storage module, configured to obtain and store a power spectrum density of a signal

transmitted from a central office access device to a customer premise equipment, wherein
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an out put signal for the renpte access device to inprove spectral
conpatibility, allow flexibility of spectrum settings, and inprove

transm ssi on perfornmance, a conputer program product stored on a
non-transitory conputer readabl e nedi um conprising 30conputer executable

I nstructions that when executed inplenment the follow ng: obtain a power
spect 1 um dgnsl o sBlednPdARR is WERARAL btk (AR RoGABLE Bl rGhéik 6L ARIRS,
device to a custoher prem se equl pnent, eréin the power spectrumdensity
|sddether mandd at a renote access device | ocated between the central office
and the custongr .prem.se eq t: spectrum
of the out put ﬁ"éfnoglfde Hig&r'é@?o adé%sf:téjse 8 Ogg%géxﬂ"ﬂg%gﬁ%gfﬁogéoém p
portion of spactﬁmecft dnloiysit gigad], Wiiansvirlapeditby pbiien céatpeatrurnfof b signalcces s

devi ce; and based on the identified overla ortion t ower
spect r dm dé%‘é‘inttg?g(?f’ q@rﬁ?“@ﬂd‘?&ﬁacg‘?s@ﬂ%ﬂ‘cec?fio{)‘%etogg‘??‘?%‘?i s ‘%‘Ctrf’ﬁ']edég?igc({}

over | appi r@gﬂéﬁ frihstiedRRthd Q@Auaf offifeact 8 AbvitMoAhe ¢ RBNEEF BRAliseldqaIpaIEht; t ed by
the central office access device according to the power Fectrum density of

the signal t rakesein thestprageoneduloliainng e Rower @i@cté@eéé%sﬁd@\ﬁ 138! t he
custonmer g h Y PMedne Spect rum
density of nfql%lﬁ%figﬁgi&??%?Hﬁﬁf%éccf?s\é%g{cﬁke&cg%@éﬁér%geflﬁe%e acél(tass devi ce
Lo t he cusdoompeisespr emi se equi pnent conpri ses: obt ai ni ng a di stance

et we the reppte acce nd ;the centr. 0 evi ce;

obt ai %’rbn_g a 19 He" St??rg% B m‘?‘ﬁ%cf” eured bt %‘tﬁnﬁ%oéegrélft&t?l%%gﬁe%ﬁ t]g@et ween |ine
at t enuat i oBmerthcédseasastnd tHboheleifficet daeesk devded, aansfrarsfa‘rlﬁmtmmn i's

Attenu(i) gdB/ km, the di s{)ance et ween the (ﬂant r al
lustrating a relationship between line attenuation and frequency, and a nominal power

m
—

spectrum density of the central office access device;
wherein the line transfer function is Attenu(i) (dB/km), the distance between the central
15  office and the remote office is L, the signal is transmitted by means of nominal TX power
of tone(i), the power spectrum density of signal transmitted by the central office access
device at the remote access device is PSDco-rt(i), and wherein the PSDco-1t(i)=10 log TX
power of tone(i)-LxAttenu(i); and
a first calculating sub-module, configured to calculate the power spectrum density of
20  the signal transmitted from the central office access device to the customer premise
equipment at a measured point between the central office and the customer premise
equipment according to the distance, the line transfer function, and the nominal power

spectrum density of the central office access device.

25 7. Ataremote access device located between a central office and a customer premise
equipment in a digital subscriber line system, in order to adjust power spectrum density of
an output signal for the remote access device to improve spectral compatibility, allow
flexibility of spectrum settings, and improve transmission performance, a computer
program product stored on a non-transitory computer readable medium comprising

30  computer executable instructions that when executed implement the following:

obtain a power spectrum density of a signal transmitted from a central office access
device to a customer premise equipment, wherein the power spectrum density is determined
at a remote access device located between the central office and the customer premise

equipment;
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office and the renote office is L, the signal is transmtted by nmeans of
nom nal TX power of tone(i), the power spectrumdensity of signal
transmtted by the central office access device at the renpte access device
is PSDco-rt(i), and wherein the PSDco-rt(i)=10 |log TX power of
tone(i)-LxAttenu(i); 20obtaining a nom nal power spectrumdensity of the

central offi Ogerﬁlﬁf??&gg?& t(ﬁgs e%{}gmq}?rt&' dJit &R\?slgﬁ‘ﬁ oPRBEMSP Lt BveRsk ty of

t he signal trans rom the central e access device to the

cust oner prertiysevidgupgienef aspearumesigual sdnpoitet bybbe errenl effiec asatsrdsvicof f i ce
and the customer prem se equipment according to the distance, the line
transfer fUnction, and the nom nal power spectrumdensity of the central
of fice acces Soaééﬂ\/drﬁﬁe identified overlapping portion, adjust the power spectrum density of the

5 output signal of the portion of the spectrum overlapping with the portion of the spectrum of
the signal transmitted by the central office access device according to the power spectrum
density of the signal transmitted from the central office access device to the customer
premise equipment;

wherein obtaining the power spectrum density of the signal transmitted from the central
10  office access device to the customer premise equipment comprises:
obtaining a distance between the remote access device and the central office access
device;
obtaining a line transfer function illustrating a relationship between line attenuation and
frequency;

15 wherein the line transfer function is Attenu(i) (dB/km), the distance between the central
office and the remote office is L, the signal is transmitted by means of nominal TX power
of tone(i), the power spectrum density of signal transmitted by the central office access
device at the remote access device is PSDco-rt(i), and wherein the PSDco-rt(i)=10 log TX
power of tone(i)-LxAttenu(i);

20 obtaining a nominal power spectrum density of the central office access device; and
obtaining the power spectrum density of the signal transmitted from the central office
access device to the customer premise equipment at a measured point between the central
office and the customer premise equipment according to the distance, the line transfer

function, and the nominal power spectrum density of the central office access device.
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