PCT/ CN2004/ 000358 METHOD AND DEVI CE OF PORT TEST OF BROAD BAND ACCESS
DEVICE IN THE DI A TAL SUBSCRI BER BROAD BAND ACCESS SYSTEM Fi el d of the
Technol ogy 5 The present invention relates general |y toPt¥chHM*GUes of

testing digital subscriber |line (DSL) broadband service in a broadband
di gital subscriber access system particularly to a nmethod for testing
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Mul ti pl exiggital BfBséier aS@pﬁS}&ieﬁSandJﬂheaﬁhﬁIﬁtds grfesf.ce and narrow band service
transferred froma main distribution frame (MDF) and distributes themto

broadband_ (xDSL) service board and narrow band (POTS/|ISDN) service board

for procdi&‘ikgi‘ﬂului;ﬂi;(thelél"entmthe side of Customer Prenises Equi prent

(CPE), on the other hand, SPL in CPE separates the broadband 25 and
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simultaneously, e.g. ADSL (Asymmetric Digital Subscriber Line) over POTS (Plain
Ordinary Telephone Service), ADSL over ISDN (Integrated Service Digital Network),
VDSL (Very High Digital Subscriber Line) over POTS, VDSL over ISDN, and
15 G.SHDSL (Single-pair High-speed Digital Subscriber Line). Such applications have

become quite common in the field. In this invention, ADSL, VDSL, and G.SHDSL

are referred to as xDSL.

As shown in Figure 1, xDSL signals and POST/ISDN signals co-exist in one

external subscriber line. At the side of Central Office (CO), a Splitter (SPL) in a

20 bfoadband access device, such as a DSL Access Multiplexer (DSLAM), separates
broadband service and narrow-band service transferred from a main distribution frame
(MDF) and distributes them to broadband (xDSL) service board and narrow-band
(POTS/ISDN) service board for processing, respectively. At the side of Customer
Premises Equipment (CPE), on the other hand, SPL in CPE separates the broadband

25  and narrow-band services from the MDF and transfers them to a xDSL Modem and a

phone set, respectively.

When performing an xDSL service, the XDSL service board at CO side and the
xDSL Modem at the CPE side will firstly initiate a hand-shake process and establish a

connection before transferring digital data.




xDSL Modem at the CPE side will firstly initiate a hand- shake process and
establish a connection before transferring digital data

PCT/ CN2004/ 000358 When there is a failure in the broadbgﬁﬁmﬁﬁ%@§§5%eV|ce
how to | ocate the failure qU|ckIy, effectlvely, and accurately, especially
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f th
ﬁ?i&?e”"ﬁﬁféfgﬁﬂm@%’%% R RO T de o bl BE Pt (G0 BRI BT § 1 T

i's unw elxddSlaboar@Gn tignproadiiadscessd devicpud rosndladewtverpthid reelmiyedhas?. As t he

test is rfornmed at the near end and that nmeans no |loop is inserted

bet ween %éﬁl&wﬂﬁs‘%ﬂ% test result may not be accurate. In particular,
the test result can not show the performance in loop, nor can it give an
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-broadband access devi ces.
are needed to locate the failure of the broadband access device, and output of the port
15 ofthe tested broadband access device has to be led to a testing computer via a modem
at MDF of CO side. If there is no testing computer, personnel are required to
cooperate at the modem to read out the data; or even there is no way of making
measurement to determine whether the bit error rate of the data path is normal.
Meanwhile the functional test equipment used in manufacture line is unwieldy as

20  many modems and computers have to be involved.

2. As the test is performed at the near end and that means no loop is inserted
between CO and xDSL modem, test result may not be accurate. In particular, the test
result can not show the performance in loop, nor can it give an actual disclosure of the

degrade of analog circuit of the port in broadband access devices.

25 3. The test result may depend on the interoperability between broadband access
devices and modems which are provided by various vendors as well as the
performance of the modems themselves. In terms of the functional testing equipment
in the manufacture line, as the modems have to be activated and deactivated
frequently, the usability of the testing equipment is subject to the stability of the

30 modems.




25 3. The test result may -depend on the interoperability between broadband
access devices and nodens which are provided by various vendors as well as
the performance of the nodens thenselves. In terns of PRHENLUCIPSnal
testing equipnment in the manufacture line, as the nodens have to be
activated anfl %actctilva%ed frequent|y, the usability of the testing
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present iSwamaonof thé dnpeatioge an apparatus for port test of a broadband
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acconpl i sh i mtg&Rak HEBBSVE SHB PHimaly GbiBQIdr 1al i@aﬁﬁ&ﬁgl%a;b%ﬁ&éﬁg%@ﬂﬂﬂvi ce
wi thout 20 external testi ng equi pnent or | ncreasing of mal ntenance
per sonnelfor port test of a broadband access device in a digital subscriber broadband access

system. According to this invention, internal test of a port of a broadband access
15  device can be accomplished without an external testing equipment or increasing of

maintenance personnel.

Another object of the present invention is to provide an apparatus for port test of
a broadband access device in a digital subscriber access system, which is able to
accomplish internal measurement of a port of a broadband access device without

20  external testing equipment or increasing of maintenance personnel.

To achieve the above objects, the technical solution in accordance with this
invention is implemented as follows:

A method for self-testing a poﬁ of a broadband access device in a digital
subscriber line (DSL) broadband access system, comprises,

25 A. transmitting a signal over a downstream channel of the port of the broadband
access device in Central Office (CO) equipment, making the signal reflected at output
end of the port;

B. an upstream channel of the port receiving and processing the reflected signal

to obtain a test result of the port.




To achi eve the above objects, the technical solution in accordance with
this invention is inplenmented as follows: A nethod for self-testing a port
of a broadband access device in a digital subscriber | FPRENB093%r oadband
access system conprises, 25 A transmitting a signal over a downstream

channel of t ort of ,1the broadband  ,access device in Central Ofice (CO
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step of maikmatght he signal reflected at the output end of the port
conpri ses, making the output inpedance of the port of the broadband access

device ms ch. erei.n the said st of maki ng the t put i dance of
the port of rel%\{%? Sadh SR ‘ﬁ:@@lg@gd i QEPYH BIP'FGCBﬁEIPqp@@@:O ng the
out puts ofprédiBamPidcesf debite nbkRadhandnasszess devi ce di sconnected; or making
t he out put of the port of the broadgand access device short-circuited; or

connect i ng- Takng therrtpwiof theepasiorfithobropdkand aoeasb derdcadisepnsededsi ce to a | oad
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measuring a re srgna € por e S’ devi ce

under a noromtonnedtpigt the nquesiandehe pod, ofliBé Gr@adbhie] sevesk BVAELEShMgad N st ep
B, further conprises, subtracting the reflected signal under the nornmal
out put i M3EEgRcBredefapdirpustaRg®l ect ed signal received in step B 15 to obtain
an accurate reflected signal for processing. Werein the said nmeasuring a

refl qgt ed signaloQfcthbE Bt i ﬁs@? br oadband access device under a nor nal
out put i npedance conpri ses, corﬁ‘nec ing the output end of the port of the
br oadband acmesssridgairefeated higmal adlthdpart iofi thedieohdteand access device under a
normal output impedance; and, V ,
before the said processing in step B, further comprises, subtracting the reflected
signal under the normal output impedance from the reflected signal received in step B

15  to obtain an accurate reflected signal for processing.

Wherein the said measuring a reflected signal of the port of the broadband access
device under a normal output impedance comprises, connecting the output end of the

port of the broadband access device with a calibrating device.

Wherein the said calibrating device is configured with at least a calibrating relay
20 and a calibrating impedance and the calibrating relay connects the calibrating

impedance to the output end of the port of the broadband access device.

Wherein the said signal transmitted in step A comprises full band of both
upstream and downstream,
or is such one modulated by the port of the broadband access device with a
25  pseudo random binary sequenbe (PRBS),
or is such one which comprises all frequency bands of upstream and downstream
signals from the port of the broadband access device, and is modulated by the port of
the broadband access device with a PRBS.

Wherein the said PRBS is generated by a digital signal processor (DSP) in the
30 port of the broadband access device;




Wherein the said calibrating device is configured with at |east a
calibrating relay 20 and a calibrating inpedance and the calibrating relay
connects the calibrating inpedance to the output end of¥HEYEP®BEof t he

br oadband access device. Werein the said signal transmtted in step A
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PCT/ CN20847'dBd g?]%oﬁnpégﬁser ated by a network management system and scranbl ed
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Corrponenttrsanémnit{[e %ig%glrto obtain characters of the port of the broadband access device such
as SNR, and determining in accordance with the characteristic parameters whether

components in the port of the broadband access device are normal.

15 An apparatus which supports port self-test of a DSL broadband access system,
comprises at least a backbone bus, an aggregator, an in-board bus and at least one
xDSL port, where

the aggregator is connected between the backbone bus and the in-board bus for
use in aggregating xDSL data of multiple paths to the backbone bus and distributing

20  data from the backbone bus to appropriate DSLAM ports, and

the xDSL port is composed at least of a DSP, an analog front end (AFE), a Line
Driver, a Line Receiver(may be integrated to AFE), a hybrid, and a testing
relay(optional) with the Line Driver and the Line Receiver in separate serial
connections between the AFE and the hybrid, respectively, and the DSP in serial

25  connection between the AFE and the in-board bus; the output port are used in
receiving a control signal of the aggregator from the in-board bus, converting the
control signal into an analog signal to a subscriber side;

wherein an output impedance of the said DSLAM port is mismatch.

The test apparatus further comprises a calibrating device, which consists at least
30  of a calibrating relay and a calibrating impedance, and the calibrating relay connects
the calibrating impedance to the tested port via a set of contacts of the calibrating

relay.




15 An apparatus which supports port self-test of a DSL broadband access
system conprises at | east a backbone bus, an aggregator, an in-board bus
and at |east one xDSL port, where the aggregator is coRREEYEY/BEEheen t he
backbone bus and the in-board bus for use in aggregating xDSL data of
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Figure 2 shows an prior system architecture for testing a CO port.

Figure 3 shows another prior system architecture for testing a CO port.

Figure 4 is the principle diagram of DSLAM.

Figure 5 shows the signal transfer in a path of a DSLAM port when making a test
20  in accordance with the embodiment of this invention.

Figure 6 shows the connecting relation and 'signal transfer of a DSLAM port

when making calibration in accordance with the embodiment of this invention.

Embodiments of the Invention

The present invention is hereinafter described in detail with reference to the

25  accompanying drawings.

With mismatching impedance at output of a hybrid, an output signal of the

hybrid will be reflected at the impedance discontinuous point, for example, a
reflected version of the output signal will be produced at the output of a hybrid. Since

a digital subscriber broadband access system is a hybrid system, when the output

30 impedance of a port of a broadband access device is made mismatch, in accordance
with this invention, the port can receive a reflected version of the self-output signal,

make amplification of the reflected signal and obtain the characteristics thereof by




10 on the calibrated reflected signals, thereby inproving the accuracy of
the internal neasurenent in accordance with this invention of the port of
t he broadband access device. Brief Description of the BraWAYL'®riure 1
shows a digital subscriber broadband access system constituted by CO 15

and CPE. Figure 2 shows an prjor syst architecture for testing.a CO port.
Figure 3 BAGHE S9rtt Retodpie 515)6 t“@ts’feéﬁ é’?g}ﬂ? Parqfriae E’B‘Pad{’@%dt ?‘??stad%@eport .

Fi gure 4 thwuphe selfkdcilie di agram of DSLAM Figure 5 shows the signal
transfer in a path of a DSLAM port when making a test 20 in accordance

with the enbodinent of this invention. Figure 6 shows the connecting
rel ati on andAsp@readbandarsessrdepice gomsity\v PSEAM winkSplittek (SR )cand $Plais on i n
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out put of_ a hybrid, an out put SIiPkgBal of the ybrid will be reflected at
the i npedi§¥ice agiuaby means sEng 8ilpSLAMoport xHigstfere, shis insfentien ésddsseribidon of t he

out put Si&ﬂ’%bW&Egl,%ﬁﬁe%p%Cﬁngnﬁ&’?%gﬁﬁ%ﬁpﬁé a hybrid. Since a digital

subscri ber broa access systemis system when the output 30
i npedance of a port of a broadband access device is made mismatch, in
accordance Rigute 4 v theifunaionalodiagraineofloSLAMAMY doeinvia Bigurefd, @SleaMver si on

of Lo sclbaRupi: Lol ke, SIBLLI CLR o e ceflectad ghonal and
s, 0 Sogit SRS SRRt bt SURIRMBRT o, ReR (1 o
Splitter nizdRRys thamPISM vig BUS1 while the aggregator is set between BUS1 and BUS2
for use in aggregating xDSL data of multiple paths to BUS1 as well as distributing the
data flow from BUSI to appropriate DSLAM ports. As shown in Figure 5, one
DSLAM port consists at least of a digital signal processor (DSP), an analog front end
15 (AFE), a Line Driver, a Line Receiver or a receiver built-in the AFE, a hybrid and a
relay tester (RT), where the RT for use in connecting to a modem that is connected
with the hybrid, Line Driver and Line Receiver are serially connected between AFE
and the hybrid, respectively, and DSP is serially connected between AFE and BUS2.
The DSLAM port is used to receive the control signal of the aggregator from BUS2,
20  convert the control signal into an analog output signal, and give it through the hybrid
to CPE.

In order to make the impedance of the DSLAM port mismatch, the DSLAM port

is disconnected from the loop, or short-circuited, or connected with a load.

The following is a description of how to test a DSLAM port when the impedance
25  of'the port is mismatch.

Since a DSLAM is under the control of the network management of the digital
subscriber broadband access system, after the network management issues a test
command for this DSLAM port, the port will enter test mode, execute the test
program, and transmit downstream signals to the external subscriber line. The

30  downstream signal is such one of which comprises both upstream and downstream

frequency band, for instance, all the tones are transmitted, tones 6~31 in upstream and



a | ow pass el enent, inpact of .SPL on the test of a port of a broadband
access device 5 is negligible when making such a test. That is, testing a
port of a broadband access device actually neans testi A§TaNPEIOMRHort .
Therefore, this invention is described below by taking the test of a DSLAM

port as an exanple. Figure 4 is the functional diagram of DSLAM As shown
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transmt downstreamsignals to the external subscriber |ine. The 30
downst r eam singfha lupktfeapt! 6RarRBE 0L fheVIDS CANE PO WEES LRI e dRRE F&a Mg Atk
downstream frequency band, for instance, all the tones are transmtted,
t ones 6- 3§ﬂ¢qﬁedmpg§1p@@ﬁ1t@n@sting data modulated by PRBS, the reflected signal will be
15  amplified at Line Receiver, converted from analog to digital at AFE, and transferred
to DSP for processing. DSP will then obtain the demodulated testing data of the

reflected signal.

In accordance with this invention, on one hand, parameters such as amplitudes

and frequencies of the reflected signal and the transmitted signal corresponding to the

20  reflected signal can be compared based on the parameters and testing data obtained,

thereby obtaining the SNR of the reflected signal and the downstream signal of the

DSLAM port, that is, the SNR of the upstream channel and the downstream channel

of the DSLAM port; on the other hand, the demodulated testing data can be compared

with the modulated testing data and bit error rate is calculated, thereby determining

25  whether the hybrid, Line driver, Line receiver, AFE, and DSP of each channel in the
DSLAM port are normal.

When the above described method is implemented, signals are> transmitted

directly to the outside from a DSLAM with ADSL, or a DSLAM with VDSL, or a
DSLAM with SHDSL, or a hybrid fiber co-axial (HFC) port with co-axial cable, and

30 the output impedance of the port is made mismatch, in order to make the said

transmitted signals reflected at the port. Correspondingly, the reflected signals are




7 PCT/ CN2004/ 000358 32-255 in downstream for a DSLAM adopting an ADSL
board. Simlarly, for VDSL nodulated with Discrete Miulti-Tone (DMI), all
the tones used are also sent. In the upstream channel ofCYREI®HEIBN port ,
the reflected version of the downstreamsignal is received by Line
Receiver and anplified there. Then said anplified analog signal is

di gi ti zedetyveddyy the ppytecam chagne of ther sgmeirase dben, ridter apIDSPiate procedsingh |
ar anet er I ' l. ch, as l.t ude engy, W
e “ont arpadny oS of ey BaLag SoNE s oA R ok R ARLAM BHSIF | |
accor danceDSL I VIDSh] & SHVSD! drale HFG&opiais ho@haldownst r eam si gnal can be
nodul at ed wi th PRBS (pseudorandom bi nary sequence) at the DSLAM port, that

is, 10 PRBS j.s carried be tqQqne 6-31. .The .PRBS enerated by. the DSP
Csel f 1 n ¢ b DRSS gyeRA ol RPIHRFBIE SRR 355 Bt ProdHEF LSy anbl e
by the D% DiSP AWDSEAREwithNEISL SRS &4 vifh $MIBSIOGUHahebdpest | ng

data. In the upstream channel of the DSLAM port, when Line Recel ver
r ecei ves anhéFC peftlandttieah signadd am noddudied withtRRBS. ddten thothodalated signaBRBS, t he

nal og. ¢ grasgitst ol of 3n EREAN T b HERD pERRML s, BT it Poripisp wi 1
then obt aiperatdieiodeiRbsmbat @6 dugsiti arthdapart, ohakilg thé pbltedit@fnsdtedadnd | N

accordance with this invention, on one hand, paraneters such as anplitudes
and frequesifiglypmaking the et supesieperathereati misneatel smehat theediwill haghe

corrggpongs . r . Sl L, can 0 ased..on_the

par anct en e Rt of e EhIAHA AR M Red RIRRE Ko ROyt " e

ref | ect edhsicfloeted sigdalt be: [desinst inabenissn@tal chafind bethe BEhAWbOThen, th&t 1S, the
SNR of the upstream channel and.the downstream channel of the DSLAM port;

on the ot?RBIOPHANProtRUNgBMpEAN e thestlientydstanalsclisambe é@ﬁ%ﬁ%@%eth% th the
modul at egud B%Lqmgﬁggmgggsgy DL G SHBSE, brin& AIFEYIR 1§ dorrhd1ET €bY

determ ni ng Iver, Li'ne recelver, AFE, and DSP
of each channel in the DSLAM port are normal.

When the above-said method is implemented, PRBS may also be produced in the

15  network management of the digital subscriber broadband service system that
administers the DSLAM or HFC. Then the signals are modulated with the PRBS in

the DSLAM with ADSL, VDSL, or SHDSL, or in the HFC port with co-axial cable
before being transmitted to the output end of the DSLAM or HFC port while the RT

of the port operates to disconnect the output of the port, making the port disconnected,

20  and accordingly, making the output impedance thereof mismatch so that there will be
at the output the reflected version of the transmitted signals. Correspondingly, the
reflected sighals are received in the upstream channel of the same port. Then, after
appropriate processing and analysis of the reflected signals, it can be decided whether

the DSLAM port with ADSL, VDSL, or SHDSL, or the HFC port is normal.

25 Referring to Figure 6, a DSLAM with ADSL is herein taken as an example. In
order to improve the accuracy of the test, a calibrating relay RJ may as well be
connected to the DSLAM port under testing while RJ connects said port to an external

standard load of resistor R of 100Q) for calibration.

Similarly, the calibration circuit corresponding to DSLAM with VDSL or
30 SHDSL, or corresponding to HFC port with co-axial cable has the same structure as

the above described calibration circuit except that the resistance of the resistor R used




When the above described nethod is inplenmented, signals are transmtted
directly to the outside froma DSLAMw th ADSL, or a DSLAMw th VDSL, or a
DSLAM wi th SHDSL, or a hybrid fiber co-axial (HFC) port PGI/E¥O%E0%ES al
cable, and 30 the output inpedance of the port is made m smatch, in order

to make t.he.sai transm.tted signals.ref] ected at the port.
Correspoﬁﬂ?iﬁg‘ir?f‘,q‘T ¢ ]3’15 F@cﬁeé]ataggegﬂ%ﬁ’és Lesistog @gt}ag\f@ SIAVICR ] of ghee i ved by
the upst r@eechanietomtcttdSyigaMR RefH- DINAM ATHEE ARPHORE ML oRpRCESSi NY
and analysis of the reflected signals, it can be deci ded whet her the DSLAM

port wi t Hmpagmee thepsif is arisigriol) for drstartve, HEGndam. Tlss foberalise trerrliche above

descri be i i | e ted, PRB be .produced . 5 the DSP of a

DSLAM wi %ﬁﬁ%ﬁ%@g teéfed\ﬂ%e@%g‘i‘f“%?alwg?%ﬁﬂ S pmeqe H’QHWS’P“H’@?}% HFC port
and tsen fsi @ix@insSe,ad ‘ﬁld&ﬁﬂ'l&keﬁlﬂb@)stehoﬂoﬁ%scalm@t&gt hisiRdr! lefdorti gngl s are
sent to the out&ut of the DSLAM port or HFC port while the RT of the port

oper at es béirps¢ spvaEd thetnpsmelireslgetedsignals through RrglWheiy attést of diret port is

di ' . ' : to d th f
i omat on et R hepBERYEA A Y B EH06. bR bR b AR e B ¢ ¢ e
si gnal s atormhlereflesednsigedledrqorthe refledtes pandisngdtially tdieed ghl @at e@dysi gnal s

are received int upst.ream channel of the sane port. Then, after
appr opr i M?&QE&W@% 63%1&%?&5@61@ $Ush as empditudeg trequpngy.sindiphagean be

dect dgd WRGEHCll ERE 2 ohdilk RAT festit bPye PR ANMBRFEpPFDSL Or the HEC port

is normal . Wen t e-sal d net i's 1nplemnmen " PRBS may al so be
produced in the 15 network managenent of the digital subscriber broadband
servi ce systlarthishaventidng ihisstlser postibke MBtAMake thdRfipeddnea of tie BSIGAM 6r ar e

nodul at e Lth the P i he DSLAM with ADSL, VDSL, .0 HDSL, or in the
HFC port qﬁv‘f l?OE[&?’é%a«EfEs%ﬁgpéfueﬁw 6‘?081"[9\3?3?1@6&?0 Yﬁrﬁlf”éd’ftt%e Sﬂ@?iﬁ?@%‘ut end of
the DSLAM;@aIsHRAsPOkdd Mol @e LAV oOHFENSOR 16w ARE! AL SSnpifuddl o;fmﬂ"eﬁ the

~output of the port, naking the port disconnected, Z0 and "accordi ngl vy,
maki ng t Heflestrdoiprsipmpeiba signals heradfighyi smat ch so that there will be at the
output the reflected version of the transmtted signals. Correspondingly,

the s The technical solution described above has the following beneficial effects:

1. The scope of test is wide. If the testing data are sent from the network
management, the all paths within the DSLAM can be tested; if PRBS is sent from the
DSP of the DSLAM itself, the downstream channel of DSP, AFE, Line driver, and
hybrid as well as the upstream channel of Line receiver, AFE, and DSP can be tested. -

20 Meanwhile it is possible to calculate the bit error rate in accordance with the prior art.

2. The cost of test is low. The solution is completely based on the existing
hardware. There is no need of incorporating any external devices except for
performing the testing software. Compared with solutions in the prior art, this method

has an obvious advantage in terms of cost.

25 3. The operation of test is simple. Compared with the prior art, this solution can
accomplish the test by only a command. There is no need of assigning personnel to

the location of DSLAM, thus reduces maintenance expense.

4. The test is highly reliable. As modem is not required, the test result is no
longer depending on the interoperability between CO and modems or the reliability of

30  the modems themselves.
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reflected signals are received in the upstream channel of the sanme port.
Then, after appropriate processing and analysis of the refl ected signals,
it can be decided whether the DSLAM port with ADSL, VDSEVOGPUEIBE  or the
HFC port is normal. 25 Referring to Figure 6, a DSLAMwith ADSL is herein

taken as an ex . In to rove the acc rac of the test, a
cal i brating ﬁéﬁ@é% ali%ma@ga@it Fheb%ng&tswa@é%f‘dlﬁoa % pie eﬁsém B@Wtenﬁ;nder
testing Wi ihe BheGORNORHSactBidhd?er to be ﬁ%ax‘aé& ShN& il p@ﬁ hkL A

resistor R of | 0052 for calibration. l'arly, the ca ratlon CIFCUIt
correspo rrdsmqntecﬁew_meﬁlﬂdm eruivaieniStdpihicement corampemmmadt M/gthbmt HFC port
W th co-axia | e jhas . ane stru re as.the a e

calibrati hpggﬁ) ths S a?§&¥mfmk3Png§P§WHEmehWﬁg%p sed 9
PCT/CNZ09ﬁ&@&ﬂﬁ§ﬁ0p§gﬂhﬁﬁﬁﬁﬁﬁbn Typical ly, the reS|stance of thls resi stor
R equals to the resistance of the device that is connected with the tested
DSLAM or HFC port before the output inpedance thereof is msmatch, for

i nstance, the nodem This is because there also exist at the tested port
reflected signals when the port is connected with a normal |oad, 5 for

i nstance, a nodem The purpose of this calibrating resistor R therefore,
is to obtain and record the normal reflected signals through R Wen a
test of the port is <carried out, accurate reflected signal's can be

obtai ned by subtracting the pre-recorded nornal reflected signals fromthe
reflected signals actually tested. In this way, paraneters of the obtained
reflected signals, such as anplitude, frequency, and phase 10 thereof,

will give a genuine test result of the DSLAM or HFC port. In this
invention, it is also possible not to nake the inpedance of the DSLAM or
HFC port m smatch but to directly receive the reflected version of the
downstream signals transmtted fromthe DSLAM or HFC port. However, the
anplitude of that reflected version of the signals is not high. 15 The
techni cal solution described above has the foll ow ng beneficial effects: 1.
The scope of test is wide. If the testing data are sent fromthe network

11




managenment, the all paths within the DSLAM can be tested; if PRBS is sent
fromthe DSP of the DSLAMitself, the downstream channel of DSP, AFE, Line
driver, and hybrid as well as the upstream channel of PfHEFPUOMFer, AFE,
and DSP can be tested. 20 Meanwhile it is possible to calculate the bit
error rate in accordance with the prior art. 2. The cost of test is |ow
The solution is conpletely based on 2‘3?" existing hardware. There is no
need of incorporating any external d U8y except for performing the
testing software. Conpared with solutions in the prior art, this nethod

has an obvi ousAadviod dgesdiftebBiigTs [t 608 broddbadd alfi8s Aeecatih ANdRftat €St 1S
sinple. Conpared with the prior art, this solution can acconplish the test

by only &ubssiibeiline (Pvdy brqagdbansl aseesd spftemsenmymising: per sonnel to the | ocation
of DSLAM thys i C nse,_ 4. . The test i i reliable.
As nmodemis %b?érgggﬁlﬁ g%é@?r}s?ov%sgr%@ Clh%nnr%opﬁlgﬁé’ rOtJ&g%gﬁ%%%‘don t he

i nt er 6peraabdsh deyichit Garrl OHicn@ Oldaimnat, hileng tleisgdial idfécef at &&ﬁﬁthe nmodens
t hensel veO(sg. 10 PCT/ CN2004/ 000358 It should be appreciated that the

descri pt i%MeMBGe is only preferred enbodi nents of this invention and

accordingly, gt i&f PStesdandstll bp tlfé drt {eg%iltvg%grlrxéﬁ}ﬁ%trsaﬁ%ﬁeh%ﬁecég §%ﬁ% ctive

sense. Any nodification, equivalent r roveren out
devi at i ngo bbtain 4 test rspiltréfithapatt.pri nci pl e of this invention should be
included in the 5 protection scope of this invention. 11 PCT/ CN2004/ 000358

Claims 1. A hod, for sel.f-testi.ng.a port of a broadpband access device in
a digital s%reb%é?‘?q]ﬂ) a‘fqo}ffig.% %55?’;[&“& ba\ﬁig‘?{ﬁ’& Eé%‘gs“%%é)’é‘ﬁ?m&dﬁ%ﬂgg?lng: A.
trangoi t trbfidbtdl &R tp@WETTthSpslo vRahHRIAMSRAR AR oudbut iBe@RCE oPihelddt:

broadband 5 access device in Central Ofice (CO" equi pment, nakKing the
si gnal r éfithechreaiband aepegdevice mismatch.

3. A method according to Claim 2, wherein the said step of making the output
impedance of the port of the broadband access device mismatch comprises:
making the output of the port of the broadband access device disconnected,
15 or making the output of the port of the broadband access device short-circuited;
or connecting the output of the port of the broadband access device to a load

having a predefined resistance.

4. A method according to Claim 1, further comprising:
measuring a reflected signal of the port of the broadband access device under a
20  normal output impedance; and,
before the said processing in step B, further comprising, subtracting the reflected
signal under the normal output impedance from the reflected signal received in step B

to obtain an accurate reflected signal for processing.

5. A method according to Claim 1, wherein the said measuring a reflected signal
25  of the port of the broadband access device under a normal output impedance

comprises, connecting the output of the port of the broadband access device with a

calibrating device.

6. A method according to Claim 5, wherein the said calibrating device is
configured with at least a calibrating relay and a calibrating impedance connecting to

30 the port via a calibrating relay.
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of the port; B. an upstream channel of the port receiving and processing
the reflected signal to obtain a test result of the port. 2. A nethod
according to Claim1, wherein the said step of nmaking tRBEVENHA035% 0
reflected at the output of the port conprises, naking the output inpedance

of the port _of t r oadpband cess devi.ce msmatch. 3. A nethod according
to Olaim 2. Tertiod ﬁ%%‘g%tosegﬁﬁnc}ﬂ K e Berdp fensmits dnier %of t he
port of tdyenphiseaHoRRACPBARS D B6MH R8s HRA AbwAQARK S&MIs IS fOpdher out put

of the port of the broadband access device disconnected; 15 or” nmaking the
out put ofthe heagdland as¢ess Hevibe,oadband access devi ce short-circuited; or

ti t he. t.put of .the.port of, the, brpadband acc evice to a | oad
Pt mo o9 B tte sBh e BY & sido lfodt SRR R BB 1 S e ot by
conprissi ng:  pERSUEH ik whicRtbRpHed a8l @é@@hn@j batéﬁ@ opﬁ’ﬁsttregl{l a%b QoRhaadhand
pu

access device under a 20 nornal out i npedance;” and, before the said
processi riggtals &empghaport of thelwpadbeng péasshdevieubrd sscnpdigated by ithef pat vd

si gnal pugﬂgprotag@ laparc%g dg\%g%tpigrﬁg?ﬁnce fromthe reflected signal received

in ste 0 ai n an accura ected signal for processing. 5 A
met hod according to Caim1, wherein the said neasuring a reflected signal
25 of the po8tAohethbé docadthgatodChon €5 svitkesih ake YaidePRBS 1o gemdratod hyud

| mpedance, .conpri ses, conn ing. the output of the port of the broadband
access dél}g’éagvgﬁn?]tprﬁcesé%rl(%ﬁ)gﬁ the par i e brgadbangracasesdeyi®or ding to O ai m 5,

wher qipn t he gai ' ' ' ' ' '
cal i gro ating ?‘Z%%ﬁpﬁérﬁd%%gtﬁﬁ’gggﬁﬁ%@%gﬁgﬁéﬂ %‘%ﬁ%&@@%&q t %b%ggihtt e port
vi a a calpdotraithabrondbamy.acd@s BEi¢dCN2004/ 000358 7. A net hod according to

Claim 1, wherein the said signal transmtted in step A

9. A method according to Claim 1, wherein the said processing the reflected
signals to obtain the test result of the port in step B comprises:

BI. the upstream channel of the port of the broadband access device amplifying

15  the reflected signal and converting said reflect analog signal to digital version to
obtain a digitized version of the reflected signal;

B2. making Discrete Fourier Transform for the digitized version of the reflected
signal and obtaining the characteristic parameters of the reflected signal by
demodulation;

20 B3. comparing the characteristic parameters with the parameters of the
transmitted signal to obtain SNR of the port of the broadband access device, and
determining in accordance with the characteristic parameters whether components in

the port of the broadband access device are normal.

10. An apparatus which supports port self-test of a broadband access device in a
25  DSL broadband access system, comprising at least a backbone bus, an aggregator, an
in-board bus and at least one output port, where
the aggregator is connected between the backbone bus and the in-board bus for
use in aggregating xDSL data of multiple paths to the backbone bus and distributing
data from the backbone bus to appropriate DSLAM ports, and
30 the output port is composed at least of a digital signal processor (DSP), an analog
front end (AFE), a Line Driver, a Line Receiver or receiver built-in AFE, a hybrid,

and a testing relay with the Line Driver and the Line Receiver in separate serial
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conprises frequency bands of both upstream and downstream signals fromthe

port of the broadband access device, or is such one nodul ated by a pseudo

- random bi nary sequence (PRBS), or is such one which conBfT/S¥8048P435% r equency
bands of upstream and downstream signals fromthe port of the broadband

access device, and is nodulated by the port of the broadband access device
with a PrEesneqgions beifass dhe Har anddhe bydidi resmrectiviiir andhtheh@SBandselmBS i s
generate . Oi gl i 1 { por f e. br oadband
access dgc\??%:{%c?lo& dl%%&'(g)?d é@n%&‘aﬁt éel%{ g‘%’ez’? ﬁ{e)?l&o[)?ﬁgs)’ r%%aoélgﬁr% rﬁorgs?% t 1eléne?lalr%ld

scranbl edebsivinpen Bferal mignak of gy hgg@égatdrefrbinome ahdariCb@s Tofirige thed. A

nmet hod accordjng to Caim1, wherein the said processing the reflected
signal s tWHHB{%WIM%a@ég%Iogﬁg%ﬂlﬁo ppulispEbgside; i n step B conprises: B I. the
upstream ch : q ice anplifying 15
t he rgflecte ?ﬁgﬁgfﬁ ﬁ&ﬂgﬁﬁyg%fgﬁgﬂggfgggéﬁf8@?%gﬁgFgg%éignal to digital
version to obtain a digitized version of the reflected signal; B2. naking
Di screte Foujiq e Iﬁﬁﬂﬁé i ght4 er Si . ¥ ted
signal and o 1[6{I£II1’II; gt Sgéaghg@agcﬁoz@ﬁg%?g’ %ﬁ%@ﬁﬁg@%%@%gﬁ%&%&d si gnal
by denodwhieh comist2@ 188t of @ngérating intpedattarcanteting to thepatputref érepord t h t he
paranmeters of the. trans Z%ted.signal to obtain SNR of the port of the

br oadband’ &2 C¥LLating fe Vﬂg d®U38t ermi ning i n accordance with the
characteristic paraneters whether conponents in the port of the broadband
acceggp device are normal. 10. An apparatus which supports port self-test of
a broadband access device in a 25 DSL broadband access system conprising
at | east a backbone bus, an aggregator, an in-board bus and at |east one
out put port, where the aggregator is connected between the backbone bus and
the in-board bus for wuse in aggregating xDSL data of nultiple paths to the
backbone bus and distributing data fromthe backbone bus to appropriate
DSLAM ports, and
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30 the output port is conposed at |east of a digital signal processor
(DSP), an analog front end (AFE), a Line Driver, a Line Receiver or
receiver built-in AFE, a hybrid, and a testing relay wrtHYNEL3/e Driver
and the Line Receiver in separate serial 13 PCI/ CN2004/ 000358 connecti ons
bet ween the AFE and the hybrid, respectively, and the DSP in seri al
connection between the AFE and t heAbstretr d bus; the out put port are used
in receiving a control signal of the aggregator fromthe in-board bus,
converting the <control signal into an anal og signal to a subscriber side;
5 wher ei n anTheitpsesent mpedter aisiosehe swilwdDS A NMpparatus i for rjostneestiof d1. An

apparatus_acgording to Clai.m10,. further conpri Si cali brating device,
WIF’: Pch coflbsrlo%(fogmgtac%éi(sa?"%? H?;l ac(ggﬁt%rs PAer %gd’éwgg%‘gﬁ%é% PRE R0 ¥he out put
of the pahtthod bémprises! APfradsiiBing&lgavisWvet hel@WnkHehm dnhdl ottt &4 The

present invention discloses a nethod and apparatus for port test of a
br oadbandraedbasd agesss davipe in CQ); gt e upstsensn ichame] phéhepasheisaivingaekss

system i : . RO } V. e_downst ream
channel ggsggggg?QG%ﬁgR&tég%H%gﬁﬁﬁéggggggéégg%éhg%%%§f8§?&yﬁ%“ﬁﬁg ream ,
channel ahist ingemtanm; anemedrvalnigstaotl thep port asfSa godddend abdess tdedicsi @habs to
obtain the test resyjt of th? port. I n accordance with this .invention, an
i nt er nal F@mted Wby extenal testngdeybess @ peses] geviiece can be i npl enent ed
w thgygt external testing devices or personnel or site.
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