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FIELD OF THE INVENTION
The present invention relates to quality of service estimation
15 within a communication network, and more specifically to quality of
service estimations of communication mediums of a relatively time-
invariant communications system. Even more specifically, the present
invention relates to localizing quality of service estimations to specific
communication mediums or physical communication paths within a

20 relatively time-invariant communication network.

BACKGROUND OF THE INVENTION
In a communication system, signals comprising data are

typically transmitted from a transmitter to a receiver via a

25 communication medium or communication channel contained within
a communication link. The transmitter modulates and transmits
these signals at a specified modulation type (e.g. QPSK, 16-QAM, and
64-QAM) and at a specified data or signaling rate (e.g. 160k bits per
second) within the communication medium. Typically, the

30 communication medium (also referred to simply as a “medium”) has a

particular range of frequencies or bandwidth, such as from 5 MHZ to



signal travels over froma transmtter to a receiver. As these data-bearing
signal s propagate over the nedium 5 of the communication |ink, the signals
experi enve0d/a2erti on such that the signals being recei vRAT/&B01&50126
corresponding receiver are altered from-their transmtted form dependi ng
on noise levels, non-linearities, tine2 delays and reflections that are all
frequency and nedi um dependent upon the signals w thin,the .medium for
exanpl e. Q&MHanha’ythtt B%@s&r@dlt&k@m‘rﬂl@muhid&t@mﬁgkal s are
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acceptabl e Signal to noise ratio, for exanple e receiver denodul at es
the signal and extr ks thds dhta-dmamrfgalgﬂa&eps’ogagate mr@athﬂamfmjenusl y, if
t he channel istortion isS_t great.or the 5| 0. noLse ra
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25 qual ity of servicde for a particular nedium effects what [€vels or grades
of serul cemplitude mdiphiabatf dhe|sigehlsamt digosrtieidngviiaheis feferredgnal i ng
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net wor k, isigmalubeeiba pde!mcum meadiune provites dihecchptatsk sigsalota hoisef or
comuni Catr!a 10, ?Edle;légrshp €, '\c,i'llee receiver demodulates the signal and extracts
15 the data from the signal. Disadvantageously, if the channel distortion
is too great or the signal to noise ratio is unacceptable, the receiver
will demodulate the signals and potentially misinterpret the
information or data carried therein.
Knowledge of the channel distortion of a particular
20 communication medium (i.e., medium dependent channel distortion)
provides an estimation of the quality of service of the particular
communication medium. The quality of service for the particular
communication medium limits the signaling that can be transmitted
and received over the communication medium. For example, the
25 quality of service for a particular medium effects what levels or grades
of service, i.e. the modulation level and signaling rate, for signaling
that can be supported by the medium. Thus, in order to determine
what levels of service are possible over a particular medium, a quality
of service is determined for the particular medium based upon

30 channel distortion estimates.



any nunber of nodes within the communication network in order to estimate
the quality of service for various conponents of the network 5 and to
provi de amobnsi2e@ti on of the health of the network. A conpranuUs@ionzs net wor k
i ncl udes many conmuni cati on nmedi uns between nmany different nodes wthin
t he conmmuni cati on network. For exanple3 a network hub conmunicates with
many comruni cation devices, i.e., subscriber devices, wthi.n the network,
such that a 10 conminia apimonumacktiom inetwelknédwbelddendesicablsftot he

rk shub. Each.of .these.co i,cation
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quallty of Service estimtions fOI’ one or nore of the 15 conmunication

medi uns. TEstinateadte qﬂahhse of sariio¢ feut V@nouseccumpsnﬂntsh phtheaetworkini cati on

net wor k ma uaII di ff a f service, i.e.
have a 5d| P o\ ‘ggﬁﬁma&mﬁf&* i gé‘f’ elf) 2\? ly, many of
these i f (a0 AORHNAI Sk m%@ua@@hw@ﬁ MynARHieaRBhlieRRLSEs the same

physi cal communication path (also ref erred to as the comuni cation |ink)
bet ween t fpetwees peaniyvdificubst nodes wighirc thacdnmirieationkn¢istorkFor exanpl e,
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t he network hub, nmay include physical portions that ‘are shared by many
commni(tatqommmm:lcaltmn medsumsisngdined bietweengaxch glitthe sybstribervi ce for a
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suppor t ablspebifia trethvanpaniicalaranedbamuand resulting in potentially
different quality of service estimations for one or more of the
15 communication mediums. Thus, each of the communication
mediums within the communication network may actually support
different levels or grades of service, i.e. have a different quality of
service estimation.
Additionally, many of these different communication
20 mediums may share portions of the same physical communication
path (also referred to as the communication link) between the
respective subscriber device and the network hub. For example, in
communication networks spanning a large geographical area, e.g. a
hybrid fiber/coax (HFC) system, the physical communication path
25 from one node, e.g. a subscriber device, in the network to another
node, e.g. the network hub, may include physical portions that are
shared by many communication mediums. Thus, simply estimating a
quality of service for a particular communication medium within the
communication network does not provide any information about

30 which physical portion of the physical communication path utilized by



Dynam cal |y al |l ocated conmuni cation networks, in which a subscriber device
Is dynamcally connected to a network routing 5 device, i.e. a public

swi t ched webzphzane network (PSTN) switch hub, |ocal areararpUsawio1ZLAN), or
wi de area network (WAN), only allowthe ability of the network to estimate
a quality of service for the particulaf connection between the network
routing device and the subscriber, device during the current, phgsi cal

connect i ofl€ FRIGMEHHEAHONIRCHIURTIS, for gaamnly, Emiyélrgwlteequghaag d upon the
ability %8{{18?%2%}%%&&% g}g\( §%859?&H@Q88§ Meaﬂ% to the term nating

device, 1i. et Wwork rou evice. Since € currently allocated
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subsequent physical connection fromthe network routing, device to the sane
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networ K resources, any g ser I'mation’ for the
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only be valid for the duration of the connection, since the 20 allocated

physi cal philHyw] the nrEVYrlpEo gptimaient qualdyiwdagreive fogthsparntimdapy t he

network r ' .devi Th red].cii f t quality of
service fggﬁ%‘%gug‘&#f %tﬁqvetegl ﬁ%fl%g‘gﬂgk%ggg@é?&%ﬁfzevﬁw&%égglr?%?glf?ggs due to
t he dynandevied dahingotie) eiEfinti phydibgl dehmestiot hathisl dsptraheidnt dfethehysi cal
connection. Therefore, such 25 quality of service estimtions would not

provi dé aAvakidy edtsesvicsfisthrsednapppiiher abitidy wéithersulenasibern devicapch may be
4o S icate. s i thih the not PR
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t he conpogletRe0veirld théethivdritly dflotatedl phlysidal onridct®n pued isfdr (1. e. the
transmtter and the receiver are relatively fixed in |location wth respect

to one andfh@Errey CONBORBGCHEM USdY/ 3FLIBcqsead ihlficak ¢omeestéemor k t hat
's non-dy %rpl'lct%lel Het%gr C%t?gnéide%icet poe the same subscriber device may
15 involve an entirely different physical connection path depending on
the allocation of network resources, the availability of network
resources, etc. Thus, any quality of service estimation for the
communication medium involving the currently allocated physical
path will only be valid for the duration of the connection, since the
20 allocated physical path will likely be different in subsequent
allocations by the network routing device. Thus, the prediction of
what the next quality of service for the medium to that same
subscriber will be ambiguous due to the dynamic switching element in
the network that allocates the physical connection. Therefore, such
25 quality of service estimations would not provide an indication of the
health of the network over time, which may be used to indicate weak
points within the network or to indicate a degradation of service over a
localized section or path of network within the composite overall
network.

30 In a relatively time-invariant (i.e. the transmitter and the

receiver are relatively fixed in location with respect to one another)



physi cal transm ssion paths are known and relatively static over tine),
such as a hybrid fiber/ coax (HFC) system estimation of nmedium dependent
channel av@vpsws®n for any one particular communi cati on SPar@sumiontet hi n t he
network is expensive and requires potentially obtrusive, dedicated

equi pnent to be physically connected td both the transmtter and the

recei ver of the conmunications nmedi.um For exagﬁge, t he network provider

may conneEPHHFWé‘E%tﬁ?n&ﬁ{ﬁtWﬁéhtt,h_aé}@ DondyREmRIc tosateddefvErs, each
capabl e O%)héfé?@aﬁ %éﬁéﬂﬁs'%ggl §%ﬁ'§'>e%ﬁé€%n#gvﬁ§ ;a%’&f#élgﬁvgt& éjc'aftifc]e&er}gtiﬁl%:{el s of

quality o rvice in or e medium w support such

si gnal i ngsulht#s adiyiéed fibdriieoagt(WI®E) sytem,dstimasonlyfsimeditizn connect an
adaptive bandwi dth and signaling rate scan receiver in the conmmunication
pat h t hat d6RANEGNE Chapaalaistorkioghiar amy onsviear titlar sersmuEgalienand

si gnal i.ng : H S I yzer made by
Hew et t5 Pzri[l(i:%r Z?ﬁ?gﬁﬁgev%éﬁw%glﬁ 1§§e%§%%lﬁ¥a%t&%g¥ﬁ%h§lﬁget§t€%rﬁ§i can transm t
si gnal i ngowtitusivé heediichted eqhipﬂﬁﬂtabil@@ﬁﬂ-@‘sﬁiaﬂlmﬁé@&@ togottaties.

Alternatively, a network analyzer, which is a tw-port_system my be
coupl ed t ratHEnitierang thearreeitaredh/ thepamenunica ionminsdsm odPrpat h t o

anal yze t g, eI ELISEE BSLIRS Ly RSk oL MORCHPYL S BSpbERUL LES

physi cal ~“connectron a he edi i HISHet t i ng end

and the reagintitberseadd rrediveesUbacts chabl@py teisrhithisl sSehMireesivieg
interrupted during the testing process. Thus, the use of such physically
conneciPed sitalies of diffrrandilevels wimpialevie! servinepaserdrr to detarmige if

eogr aphi r . i.thin_a given,net wqrk.is rohi bi.tively tine
gongumpng?h(gxpg%%l%evg {éfna‘ﬂﬁ ggg‘i %&Ensqglﬁ%ﬁhéht lg?r %Vlérlry ? 'ﬁ,heggpgxy%relg (when
present) peovidlesehhPeitsyitallyeoneled®iln adhptivh HaRIvidtEUaid et does
not account for the fact that the tested physical comunication path is

li kel y shagedsedn Keegiver pi dhgrospmtimicesionopathe thahsan \awiteh detegen
PCT/USOL/ 304128 afd 1B 2" 53N adily J85LR" L, 28 LA Ade0 sl 0SSRt e
15 HP89441 VSA (Vector Signal Analyzer made by Hewlett Packard),
along with an appropriate transmitter that can transmit signaling with
the different modulation levels and signaling rates. Alternatively, a
network analyzer, which is a two-port system, may be coupled to the
transmit and receive end of the communications path to analyze the
20 medium there between. Each of these devices requires physical
connection at both ends of the medium, i.e. the transmitting end and
the receiving end, and requires that any existing services be
interrupted during the testing process. Thus, the use of such
physically connected devices, especially in networks encompassing a
25 large geographic area, at all nodes within a given network is
prohibitively time consuming, expensive and results in the
interruption of services (when present) to subscribers of the network.
Furthermore, such equipment does not account for the fact that the
tested physical communication path is likely shared with multiple

30 communication mediums.



above and ot her needs. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 The above and
ot her aspects, features and advantages of the present invention will be
nore appavent/3f2som the followi ng nore particular descri pp€Dusel®Lzof
presented in conjunction with the follow ng drawi ngs wherein: FIG 1is a
bl ock diagramillustrating a rel atlvel§/ time- 1o invariant conmuni cation

network in which a ality of .servj.ce i | .ocal i cul ar
subscri ber or physi g‘ ’fﬁlﬁ‘?ﬁlr‘ilﬁg??b C?‘f‘?rbtrage‘t)ﬁégfc%%rﬁ[ﬁﬁ (‘?ﬁtt:ht?n network in
accor dancgpwb R s1sbadiggnt  of the present invention; FIG 2 is a block

diagram of a systemfor localizing a 15 quality of service of a relatively
ti me-invariant conmunications network, such as shown in FIG 1, including

a distortion estimat f Qr et | | I channel

di stortion and correg{?m t%ﬁgég{%gﬂ%?)%‘&ﬁégﬁ[ | on bet ween

di fferisng nodes in the geb¥OLKA @ﬂﬁrae{s%ﬁ%c'télcfeﬁ@ui”&s anfudvdntaghs 9 Vi ce

| ocalizer for localizing a 20 particular quality of service estimation to a
likely phylst aksenommentien ivoH patons appararidront the kollowingomrdance wit h

anot her enbadi nt of .the esent inventi n ram of a
iR des

cabl e modEATES ripfonfibEREk RrRSFaiAng: ARt ieR B A% ch
qual ity ok 8L 8r @nf%bmgirp.ed, by the system of FIG 2, for exanple,
to a particular er or physical comrunication path within the
network in accor daﬁdé‘r Vi imaﬂbclamhagmméﬁusdﬂatmg aafelatieclyritent

invention, FIG 4 is a di.agr.am of th nodem ni cati on network of
the FIQ #yaqigaet FaEHGTEC t'rlﬁ;\ﬁIIleetF‘i‘{?’xF‘féHé‘\/ b ‘ﬂ\l‘%ﬁé’mg?%vﬁ%e 180 groups and

also illu ed
Syl cal e R R B o PO AR PRBARID]

t abl e whi the idomusturdataesonheetwernkoirs accordance with one embodiment of

the present invention;
FIG. 2 is a block diagram of a system for localizing a
15 quality of service of a relatively time-invariant communications
network, such as shown in FIG. 1, including a distortion estimator for
estimating a medium dependent channel distortion and corresponding
quality of service estimation between differing nodes in the network
and also including a qﬁality of service localizer for localizing a
20 particular quality of service estimation to a likely physical
communication path within the network, in accordance with another
embodiment of the present invention;
FIG. 3 is a diagram of a cable modem communication
network including multiple hubs in which a quality of service is
25 localized, by the system of FIG. 2, for example, to a particular
subscriber or physical communication path within the network in
accordance with yet another embodiment of the present invention,;
FIG. 4 is a diagram of the cable modem communication
network of the FIG. 3 illustrating a single hub having multiple serving
30 groups and also illustrating various defined mediums over shared and

non-shared physical communication paths;



comuni cations nediuns relating to a pool of subscribers within serving
groups within hubs for the cable nodem conmuni cati ons network 300 of FIGS.
3 and 4; WO PB1/89236 is a table mappi ng the individual subscPCh®ssl/50mi6t hi n
serving groups of a single hub and also illustrating which nediuns provide
information on the health of the comminication network of FIG 3 and 4 by

a given subscriber when_conparatively ..analyzed; and 10 FIG 7 is a
fl omchart of the neF%ddeE}E?ctgFiV%]P‘ﬁé‘ ’éla ‘égtie?ytheo‘faré‘é\ﬁi ce to a particular

subscri begy9k, itfd'}i ﬁ,%[gpd i L i tiJre- i nvari ant
conmmuni ca%(l) onsﬁﬁi)eet%v\or s or g&(%?n%?g%gpﬁ\% pﬂﬁrﬁ%ﬁ% .Mfmat hr ough 4,
i n accor deerwwmgetdups vethodhotst fordhetdablpmedam comentindeatichds

Corresponding re e characters indicate correspondi ng conponents
thr oughou‘fleii"gféd"sésér%fﬁ\ﬁgmé a&fdeﬁhe drawi ngs. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENFR; 605 Theadieldh HieS ThaRL&QA ShibkBALRFESENt | Y

contenpl ated best npde o? practi c?ﬁgﬁtg%e Invention Is not to be taken in a
i mting withis eerbimg geoupsief aesiagle hub ahé giso phestratingewhidclbi ng t he

gener al rinciples af the invention, The scopg,of the invention should be
et or i nemeiRarTS Brasndr B argns ran g hesdtHrRE 1t commmmiGanPhon
advant ageQugl ¥ 12GHFRS S 8%t 419 by%egi%fzﬂ @b e?lsc(f’rﬁ'x %ﬁ'a?@ by

0 y of s

provi ding a nethod and system ocal1zing the quali rvice of a
rel ati vel gnalymedj amdri ant, non- dynamically sw tched comuni cati on network

suen, LAt (he aual | Lyeoh sonehilenl of o, TEtork PR e Spalyasi i n o
o % R PR e b By 0B PTBE Ra BT 0
a rel ati vef y rtlatdrely time-invariant communications network, for example,
the networks of FIGS. 1 through 4, in accordance with an embodiment
of the present invention.
15 Corresponding reference characters indicate
corresponding components throughout the several views of the

drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 The following description of the presently contemplated
best mode of practicing the invention is not to be taken in a limiting
sense, but is made merely for the purpose of describing the general
principles of the invention. The scope of the invention should be
determined with reference to the claims.

25 The present invention advantageously addresses the
needs above as well as other needs by providing a method and system
for localizing the quality of service of a relatively time-invariant, non-
dynamically switched communication network such that the quality of
service of the network may be analyzed in a physical piece-wise

30 fashion over time without interrupting existing services.



I nvariant communi cati ons network conprising the steps of: receiving

quality of service estimations for a plurality of comunications 5 medi uns,
wher ei n ea@h2/8#234 he plurality of conmunications nedi uns PeT/@&él/Fess bet ween
a respective one of a plurality of transmtters |ocated within the

communi cations network to a conmon rec%iving poi nt of the comunications
net wor k, wherein each conn%g%f tio medi um.i S con d ov | east one

shared physical 10 CBARff alﬂﬂeé]ﬂﬁe%tcw?é%?ﬁ \é’e@a}fé‘ﬁ&srﬁ%ﬁ%asphym cal

conmuni cabi @Renpatdy %L?élg%ctﬁf%%idwlobﬁﬁzﬂﬂ@h'&ﬁhﬁﬁ SRIMIiGEly Gitfd-Mations in
order to localize a tespective quality of service estimation to a likely

physi cal uumnmmntaonnnxmn¢mnmnsmmmwphbcommpnmnngahcemspmefwmrknnng In
anot her enbodi megege the invent.i oncfca cterized aﬁ a_system for

h
qual ity off FHeE A PER B RS AR ISl of CoRO g e atPRE | mvar| ot
COMIU G2 Q116! Wekeil et BE HHE PRl 5B B 68 A o il Pl Ural i ty

of transmtters for transmtting signaling to the conmon receiving point;
and a pl ursadeﬁyledfb@t@fwmunspmmmsnnmﬂa.uplumhtylofrlgansspacrs ve ones of

the plura nsmtters t.o t.he co n recel Vi n oi nt,. wherein each
of the " plastefryits B R AL TN B R BT VGG east one

shared phpam@bf f@yﬂirﬁﬁ%@é‘t‘ioﬁé%t%gka%vﬂe%ﬁ{ c88f (HFAlACEHo ehys' cal

conmuni catl ons pat he common receiving point. Also 25 in ded in the
system i snaed;um‘m's;confveyed\uvee dtdeast are sd:xan_rpdquh}mlcahe commn receiving

Bl ysi0s GPRTSITEY: éﬁéﬁaﬁ. %%3 {e%%q PR GOT SPEFAPITIGAL he common
oo v P0cHRln s L S bl REy S dRison 10 111y
02/ 39230 E’éﬁhiﬁﬁ)d]/lt:ammdeﬁ t&étb@atlmmg respattiteo qblbBGty bf serbiceck di agr amis
shown 11 SahiatonToh fifefy phyettal commivacaton pat witria the" netverk in
communications network.
15 In another embodiment, the invention can be
characterized as a system for quality of service localization comprising
a relatively time-invariant communications network that includes a
common receiving point; a plurality of transmitters for transmitting
signaling to the common receiving point; and a plurality of
20 communications mediums coupling respective ones of the plurality of
transmitters to the common receiving point, wherein each of the
plurality of communications mediums is conveyed over at least one
shared physical communications path and at least one non-shared
physical communications path to the common receiving point. Also
25 included in the system is a quality of service localizer coupled to the
common receiving point, wherein the quality of service localizer
localizes, based upon the analysis of quality of service estimations
received from the common receiving point, a particular quality of
service estimation to a likely physical communication path within the

30 communications network.



which a quality of service is localized to a particular subscriber or

physi cal comruni cation path of the network in accordance with one 5
enbodi mrewo of/302Be present invention. The network 100 conpPCE®S01210126i nt er net
102, headend 104, nedia converter 106, and subscribers 108, 110, 112 and
114. Wil e subscribers 108, 110, 112, and 114 are illustrated, it is
under st ood that the network 100 may include any nunber .of subscribers.

I nternet 102 may be Rafgriingdinstto ¢iG10, reblemikdidgram éexahpive a gl obal

i nf or mat i network. Internet. 102 is ., coupled to. the headend 104. The
headend 10MMTEARRE & ZELIVGLY FMEHEYARAG AN TIISAGOR PROKORGHT | ber s 108,

110, 112 cﬂ%%ﬁhﬁ% dJreRdfid ié%céﬁzﬁwh%mma? stRsiickigeenyer ter 106

vi a physica ation path 116 (also referred to as conmuni cation
link 15 1physicEeamdianivaniver path d06he natwopkdd dccardbsceiwidhorid8, 110

112 and 114 vi hysi | communi cati on pajhs 118, 2 122, 124, 126 and
125 (aiso CPUNAReH B Bae BRI BRETRT | MEE 470 ko800 G5pTiEss art 26 and
128). Co ihat P{"’&?ﬁéfy{&m tbe ?@@&%ﬂ&&%t&n@oa Qﬁ&é’@ﬁ&éﬂi%{)s? 108, 110,

112 and 1 IS e y the fedia 20 converter’ 106. In a hybrid
fi ber/ coaxO&;HQO,chbl ergl § fldm Witilessabhkcribensnl 08¢ dtliOgrl Iihtdnd 1d 4conpri ses a

fiber optic cable that supports. c ni cati ons be en the headend 104 and
the med a2Eeilusateds Has ‘Q%@er;ﬂmﬁ dhat 65%&?.‘”@5% ﬁ@ﬁéﬂqlmfe 49y, 122,
124, 126 ERR I axd -l e :suppor t

conmmuni ca?ﬁqgﬁgérégt%v\een?lt egpnég“?grrgégni\;@e?t%rﬁ?&a%?gﬁfsogglg%rl%ers 108, 110,
112 antb hkdworkgeforeekampbeve plasallifforanatient setviherkrethteraeed ORhisch  t he

106 passeSoSPIES Bedieadeidhd s bEE SipadeTichbDg, camBnapipsreaicn o
Comun oL g IO ARBLC IO o, R o1 W02 90200,
may be headend 104 is coupled to the media converter 106 via physical
communication path 116 (also referred to as communication link
15 116). The media converter 106 is coupled to subscribers 108, 110
112 and 114 via physical communication paths 118, 120, 122, 124,
126 and 128 (also referred to as communication links 118, 120, 122,
124, 126 and 128). Communication between the headend 104 and
the subscribers 108, 110, 112 and 114 is effected by the media
20 converter 106. ’

In a hybrid fiber/coax (HFC) cable system, physical
communication path 116 comprises a fiber optic cable that supports
communications between the headend 104 and the media converter
106, and physical communication paths 118, 120, 122, 124, 126 and

25 128 each comprise coaxial cable that each support communications
between the media converter 106 and subscribers 108, 110, 112 and
114.

The media converter 106 converts the media over which

the communication occurs. For example, in a HFC system, the media
30 converter 106 passes signals between the fiber optic cable, i.e.

physical communication path 116, and the coaxial cable, i.e. physical



unnecessary if a continuous nmediumis used between the headend 104 and the
subscri bers 108, 110, 112 and 114. Any suitable nediumor nedia may be
used as tWeoraepecti ve physical 5 comruni cation paths bet MepuStit®i1seadend
104 and the subscribers 108, 110, 112 and 114. For exanple, besides fiber
optic cable and coaxial cable other media such as tw sted pair cable,
wreless, or satellite comunications |inks nmay be used. Furthernore, in
oper at i oncommumicaticatgadh hbsli However] @hdehedid cbatverten li0temtagadend 104

and subscri ber 108 and incl.udes hysi cal co ni cati on paths 116, 118 and
120. S mi PEAEPeSSRY b RATHPERUSOMERBITLIR HaF mesenidehbeatehiadend 104

and _subsepisgid 18 hEISTSPIVE! £76, $OOTRIN A ORRALISBRE. 118, 124

and 126; e conmmuni cati on nedi ween adend 15 104 and
subscri bemetifim oclmddm prajsbe aisecoastihe aaspoctipaphysickd, 118 and 122; and
t he communi cati on nedi um def.i ned between the_. headend . 104 and .subscri ber
114 inél ua%@rﬁﬁymtawnmﬂﬁmwant eheadend gl 04 apd HesyRacribers as such,

physi cal ggmqioeafﬂzoandpﬁ%iﬂ.s ﬁ&gﬁﬁﬁgﬁ%ﬂgg el SRR eaBRY adlln ® har ed

physi cal conmuni cat 1 on pat hs ysical comuni cation paths 116, 118
and 124 repaxisécabihatleer pledia calchcasmwisteslt pair qzdlaswitedess, atanpl e,

physi cal co nication path 124 is "shared" hy conmunications between
subscri befatellite sommynications inksJaendoe vegdonl y, whil e physi cal

comuni cati on path 1 1S Lcat i

subscri ber 110 and f%gu}l@gggﬁ% l%oﬁ?ega?{eqrgs%ﬁgg%g:rﬁg%ﬂ%E?Q(gﬂqgﬁlgpath 126
i s a "wondsfincdBetpleesi tted headendni Ghandnspisdribés 108t andéaciutessi gnal s
propagate over the various , comuni cation nedi uns usi ng]étahe respective

physi cal BBYERGRIERMHRAPaPRAthShblPed p8cand d Lbnrimilesti dhemedi uns
oL oouC e hARI D AL gy bh ddTRId BEAREER IRE nERRARF O 2hQTT! o VIO
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subscriber 110 includes physical communication paths 116, 118, 124

and 126; the communication medium defined between the headend

15 104 and subscriber 112 includes physical communication paths 116,
118 and 122; and the communication medium defined between the
headend 104 and subscriber 114 includes physical communication
paths 116, 118, 124 and 128. As such, physical communication
paths 120, 122, 126 and 128 represent non-shared physical

20 communication paths while physical communication paths 116, 118
and 124 represent shared physical communication paths. For
example, physical communication path 124 is “shared” by
communications between subscribers 110 and 114 and the headend
104 only, while physical communication path 126 is only used for

25 communications between subscriber 110 and the headend 104, i.e.
physical communication path 126 is a “non-shared” physical
communication path.

As data-bearing signals propégate over the various

communication mediums using the respective physical

30 communication paths, the respective communication mediums

introduce variable amounts of “medium dependent channel distortion”



(also referred to as channel distortion). Thus, signals transmtted over
respective comruni cati on nedi uns occupyi ng a respective physi cal

conmuni cavoom3qrai h/ s are altered fromtheir transmtted POTWS@LSOITseyY
propagate to respective receivers of the network. The |level of channel 5
di storti on depends on noise levels, non-linearities, tine delays and
reflections that are all frequency and nedi um dependent upon the signals

wi t hi n t healssnafartest toas ebdinng! distoréiomipl Thususignalsh ansmigted ever on

contributors_include anplifiers, lasers oor.._si gnal rounds.and faulty
subscr i ber™ RPREE YT SORABIEoR T i e B BPY be & e sRRE Ve PED 5154 on
(i.e., nmeddfimieRafdenbathaNaet altiesé® fro@Nthedf tAariahitt€d fdFm GaThREY} cat i on
medi um provides an estinmation of the quali t¥ of service of the particular
comuni catPiepageds tenreshectiimareesivers gleths netwerk.t Adeplevel elichannel

comuni ¢at i.Q diymlimts the signaling that can he transmtted 15 and
Fecel ved oUaPortie: HERraP PeflsdPfin it Brafit Wrke R of
servi ce f ofeflecHiahls il dHrenal et RidcgCAsd WhallidraV@d Sertderttl @ges thef service,
i.e. the nodulation level and signaling rate, for signaling that can be

suppor t ed signakewiddnthe @usunicadicdemedivges rexmanplhabuchvel s of
i i bl ti | di . lity 20 of . i i
dot or m ned IR Fartigit sPaPThblR Risa0as AfbHielidnsts dratrigRpl °° ' °
esti Mt es. oluraRe gAdn0e b kboTBe £ IbRM, TBFkxafmglie | nvention, a system
or

and et hod are provi ded | ocal i zation of nedi'um dependent channel
di stortipons of a rellnpwitdge phihe channghdistortioni (&t med28met wor k 100.

Local i zat i t bility { | twork.at. a fi
granul ari (9P RO HRRRE LGSR ok A AAHCUIr Gomppuniction saedips e
fashi on wi dituidédBncaTHALRA! 6Pthd ALK of A0rvids GT4RB partihilgRL es of the

| evel of channel distortion are obtained for each of the respective
conmmuni cat¢anmuegicament tredivocupireoneabty abservate foretlBd pphtisitkzal :

RS MR COE M M N = Y U
15 and received over the communication medium. For example, the
quality of service for a particular medium effects what levels or grades
of service, i.e. the modulation level and signaling rate, for signaling
that can be supported by the medium. Thus, in order to determine
what levels of service are possible over a particular medium, a quality
20 of service is determined for the particular medium based upon
channel distortion estimates.

In accordance with one embodiment of the invention, a
system and method are provided for localization of medium dependent
channel distortions of a relatively time-invariant communication

25 network 100. Localization refers to an ability to analyze a network at
a fine granularity to determine system limitations in a physical piece-
wise fashion within the communication network 100. As such,
estimates of the level of channel distortion are obtained for each of the
respective commmunication mediums that occupy one or more of the

30 physical communication paths 116, 118, 120, 122, 124, 126 and 128.

These channel distortion estimates are used to determine the

a



12 estimations of quality of service supportable by the respective

comuni cati on nedi uns. Furthernore, by conparing these quality of service
est i mat ewowe/sn2each ot her, a channel distortion nmay be | op@rigedsoizs a 5
speci fic geographi c physical comunication path within the network. For
exanpl e, a channel distortion may be [dcalized to a specific subscriber, a
speci fic non-shared physical comuni cation path, or a specific shared
phychaI estimatiang poaupLitn olSERTIRC SHPRMEEHIEKDY Hlae respR¢ et er ni nat i ons
may be ma e.n . agenent 10 renotely without the need to

physi cal |§8?2§F§Pﬁat%‘§s?$%%d§§§1 pment or physically inspect portions of the
conmmuni cat i on net WoFrfékmordd)esyetonmarihe thesd glinliof ossewvice for a
particul ar subscriber |ocated at a specific geographic Iocaté on can be
ascert ai nestimates Wit wrghngthese pvshasaneldigtariin mae begasrligrd {kén

initially e ' LSy I]% : i der the
opport ani ?égé%lcl 8%? ?ﬁgﬁnéﬁ%ﬁ%ﬁ%&%@ zlil a{(:%%ﬁ'hr emtgﬁlﬂﬁ\%éﬁ/@{and

aut omat i CRbt gxarmfslenatcigans] distoittornetaypble loaakigedntot, spegifical [y | ocat ed
wi thin the headend 104 enpl oys non-optyusjive channel, distortion estimates

usi ng t hestbeembEnea SPESHIG BeB-$harad pPhysical CRTIBYNION1IPE PAYR: OER St at es

Pat ent Appl Lcati rj . - 08 fi , Smth et
al., for %‘E‘%”%@B %%%%&?%@“‘%@%ﬁ éﬁt%%%{? gglge%%%gﬁegé%om ©
PD- 05944 At chodeteriinRéibelt miy be nadde by thedn&tvedds nRaiagdménppl i cati on
Serial No. 09/470,890, filed Decenber 22, 1999, of Smth et al., for
MVETHODO25rexmptApPaRhpUS thermendropmhysicadiyRmsial dRsbpgaipmeniy@buLATI ON

| MPAI RVENT, At t e -No. 5 . U t No , both of
whi ch ar ePPP{E{)C &?15%358 ﬁ@r%guﬁ Sb@%%f%%éﬁ%pl#ﬁg%ﬁgﬁﬁgﬁg&?gort i on

t echni queshdesoré batk flalibe o€ serdtefonagsamiculir istisgribesdocded at th
reference to FIG 2. 30 In one enbodi nent, the network managenent (e.g. in

the headepecifiggeogsaphitiiocsiinmenndrs aseentainet wha PHWidEods t o
services to a subscriber pool or when initially setting up new services.

15 This allows the network provider the opportunity to localize network
degradation remotely, precisely, and automatically.

Advantageously, the network management, typically
located within the headend 104 employs non-obtrusive channel
distortion estimates using the techniques described in, but not limited

20 to, United States Patent Application Serial No. 09/571,068, filed May
15, 2000, of Smith et al., for SLICED BANDWIDTH DISTORTION
PREDICTION, Attorney Docket No. PD-05944AM, now U.S. Patent No

, and United States Patent Application Serial No.
09/470,890, filed December 22, 1999, of Smith et al., for METHOD

25  AND APPARATUS FOR AUTOMATED CORRELATION OF DIGITAL
MODULATION IMPAIRMENT, Attorney Docket No. PD-05924AM,
now U.S. Patent No , both of which are incorporated herein
by reference. The channel distortion techniques described in these
references are briefly described with reference to FIG. 2.

30 In one embodiment, the network management (e.g. in the

headend 104) uses the channel distortion estimation methods to



WO 02/ 39230 PCT/ US01/50126 13 gather information froma pool of
transmtters (e.g. subscribers 108, 110, 112 and 114), which is then used
t o anal ya0ootiz2eet work 100 al ong any pi ece-w se connect i paTARStHom6t he
communi cation network 100. 5 This enbodi nent represents a departure from
the knowmn prior art in that it is possible to renotely localize the
quality of service of the relatively time-invariant comuni cati on network
100 i n a gayker imfopimeteomifisenfaphpbal iransmddtensoler@nutlsaribetsel ®8ne what

it f ' f . si i Ng. | tabl e Jj i fi hic 10
nort1 oms. dritHiLE G hTAROTaICTRS st SR80, rialiagBe o QO ©
acconpl i shgeh WiziRoptechaiecdth tish GAkhih IS BERtmiBERBYS fdtwoRisece- Wi se

connection or to connect test equipnment up to each iIndividual physical
connecti olOReferring next to FIG 2, a block diagramis shown of a 15

system for |ocali zi .a qual i,Lty of service of .a relatively tijme-invariant
comuni’ation net M&%m;ggﬁoag}[xgﬂgmpﬁ?eﬁ%&a fdfp?.ﬁ(‘ﬂrﬁéf?ﬁ?/gle gﬁg?’&t i on
esti mator ﬂrﬂfr SstinBldig i8 pHisieilel BVRImOtelfisdAldd 0 BahYREBS sdifiteri ng
nodes in the network and al'so including a quality of service |ocalizer for
| ocal i zi ngfdahpaelativdlurtimesnivayiasft cenuigeicasicmaetwork d0® @0al i kel y

hysi cal comruni.cati on pat tthin the network,.in accardance w th anot her
P rbots men PO ERE TRRDIH BT dSh Saero Ly BefrEarigh net work 200

| Nl udi ng ANS TR0 ReANsioRAARANY s\ @ortEBEHNLBLIR peibyHR: 208, 210

and 212, receliver 214 (also reféerred to as a "cohmon recel ving point”
214), ® dimtrtionisorf et commounRtitt neawoekdrO0. 2 Aglvaatagedusly, dhissier vi ce
anq a networ k

managerenECEOMAAIG IS Bting & BhYSEAlY BeEck §8¢ S rrer
BT S GEZ Dy B CHIE Lt 0 sRch g L o0 o
30 210 angpl3Kicalldmnmexterver 214 is coupled to the distortion estinmator
Referring next to FIG. 2, a block diagram is shown of a
15 system for localizing a quality of service of a relatively time-invariant
communication network, such as shown in FIG. 1, including a
distortion estimator for estimating a given level of distortion between
differing nodes in the network and also including a quality of service
localizer for localizing a particular quality of service estimation to a
20 likely physical communication path within the network, in accordance
with another embodiment of the present invention. Shown is a
communication network 200 including transmitters 202, 204 and
206, communication mediums 208, 210 and 212, receiver 214 (also
referred to as a “common receiving point” 214), a distortion estimator
25 216, a memory 218, a quality of service localizer 220 (also referred to
as a QoS localizer 220), and a network management controller 222
(also referred to as a system controller/reporting subsystem 222).
Each transmitter 202, 204 and 206 is coupled to the
receiver 214 via a respective one of the communication mediums 208,

30 210 and 212. The receiver 214 is coupled to the distortion estimator
216, which is coupled to the memory 218. The memory 218 is



216, which is coupled to the nenory 218. The nenory 218 is WO 02/ 39230

PCT/ US01/ 50126 14 coupled to the QoS localizer 220 which, in turn, is
coupl ed twoODhB923et wor kK managenent control |l er 222. | n opeP@l/US6L/50€BC h
transmtter 202, 204 and 206 and the receiver 214 are separate points or
nodes within the conmunication 5 netwark 200. For exanple, transmtter 202
Is located at subscriber 108 of FIG 1 and the receiver 214 is | ocated at

t he headendupietl tf th&I@aS localfder 2@ mwhinhe at itonn rsdceup2dsta €pe esent s t he

medi um wutilizing over physical jcation paths 120, 118 and 116 of
FIG 1. ?ﬁt‘”@ﬁlﬁgﬂ‘?ﬁ‘éﬁ? ﬁ%m&%%gz s a relatively tinme-invariant 10
network, i.e.- the | 750 t4l Hal'q E\, nsmtters
to the receiver is ?‘2@.%&?5" ??@éﬁrﬁi\?gﬁ%ﬂﬁ%'ﬂg}ire %??\%?95 %C}I(Elé@ As such,
t he physi cedeivanPilidi arst separpat pointkongodashwithirankeiconemutrdcationr ecei ver
214 is known and ique, i.e. the network _is .nqt dynamically .swtched such
Chat comORTEaLE B10-{F BieaAB RIS Tg ShaDRdP 106CRyAhoPPYEPERL phys cal
path every ol dfeichey arkP FYBLCALEr ST/ ISIBEIRIC at LE HUAERIEAN ogiFTuNI cati on
path may conprise a variety of physical nediuns, tor exanple, the

communi caFi@n lpediilerso2081in2déxiem dn2d 21med08 repraserits hbe miedksm cabl e

links, multj-point mcrowave |inks, or, geo-synchronous satellite_ 20 |inks,
for exanpMElizEgRYET B xsgca\cir%gﬂali%@atlppom@a%ﬁ2pr ﬂ§n@¥1@ér1629;?1@04 and

208 to th .fgﬁ@kxﬁgngg&ggaﬁantrgﬁaﬁ 6614 % P&M@We"%@%ﬁ'{“ 208, 210

and 212. escr ove, ependi ng on the“trans unction of the
respectoi vaetworkini.e.atlicophyeial mo2d@ctidhOliakih@ il2e ré@spddievet ransm tted si gnal
will be altered fromits transm tteq f.or .This is known as.

medi um de FEAHERItIEISEMERS BECAIBFT 150FE ?EEIV@Q Hteshrediant osrelstiyells channel

0 ort1 OBk T BUEDIEL OG0 SRMBRRl ISR CHRIELS ) o
medi um dependenitterponthd eeseiganld 4vist lkmdwhhend unique, i.e. the network
is not dynamically switched such that communications from one node
15 to another occupy a different physical path every time they
communicate. Furthermore, the physical communication path may
comprise a variety of physical mediums, for example, the
communication mediums 208, 210 and 212 may utilize fiber links,
cable links, multi-point microwave links, or geo-synchronous satellite
20 links, for example.
Signaling is transmitted from each transmitter 202, 204
and 208 to the receiver 214 via the respective communication medium
208, 210 and 212. As described above, and depending on the transfer
function of the respective communication medium 208, 210 and 212,
25 the transmitted signal will be altered from its transmitted form. This
is known as medium-dependent channel distortion (also referred to
simply as channel distortion). This channel distortion is caused by
noise levels, non-linearities, time delays and reflections that are all
frequency and medium dependent upon the signals within the

30 medium, for example. For example, communication medium 208 may



30 nedium for exanple. For exanple, comrunication nmedi um 208 may WO

02/ 39230 PCT/ US01/50126 15 introduce a differing |evel of channel

di storti omovhzg3conmuni cati on nedium 210. Often, especi aPCHUROL/50126
comuni cati on networks 200 covering a |arge geographic region, such as a
hybrid fiber/ coax (HFC) network, 5 thesse channel distortions can w dely
vary. The level of channel distortion effects the quality of service of
si gnal i ng intraduce auifferingdeeel dfychdmmnelodistiortien itbannesiominicagionwhat
nodul ati on_and_si f' ling rates are supported. In addition to the physi cal
conmuni catrpf)ﬂ“ﬁﬁt:g <tai'ei ng 10 known and uni que for each transmitter within

the communication oAl ksBO0aiha saRghYSicatih hEARDIUES 2bbGIwleRi Ly of a

respective transmitter 202, 204 and 206 wi thin the comunications Tromthe
respect i ve largageographz0gsgiondsunl 208 hythid fibefrdcomx i(HEFG) siegstdrly ed by
the receiver 214 since,.the receiver .214 is ti nchroni zed with 15 each
transm st SRessshasEH St H e CALSHOS IR bihe TERELO haSRe bt i ver 214

knows t he Wl EE=A r b i ’ oV r nor e,
each r eceicgéeﬂd&gpgin%qﬂ%ﬁtss%l%?%é%lﬁ; ?{/%%%Vg%ef %%)gﬁi{%}%r}]g Hﬁ%gidseggP%&agaﬂfi on,

e.g. in abydmbbmmubatatianimaedriny aes whatemodudetipnfandtsigmalivhg ch
identifieséihe ori inat'{er%?transn‘itter to the 20 receiver. For exanple, the
| P (I nterA8tPrbt 8 "e{-D (Transmission ldentification), SID (System

| denti fication) or Nﬁc&%&%fﬁt&%?’?ﬁ?ﬂt&&hlgﬁﬁﬂ@%eﬁ?ﬁi bg:f known for

each transmtter 202, 204 and 206°a re 1nherent in al ing
prot octd tkedwaldravarhigue doeieaeh transnettenstithint théeosimnalicatdbhh t he

oot on MACHORELHNS, Lo et 7 68 TREEVSPKOSORCBHY I A BTSchiEd o th o
SO SR 2 0B SR il BB Vo 211
each of respective transmitter 202, 204 and 206. This information is gathered
by the receiver 214 since the receiver 214 is time synchronized with
15 each transmitter 202, 204 and 206 at each subscriber; thus, the
receiver 214 knows the originating transmitter for each signal
received. Furthermore, each received signal itself will typically contain
header information, e.g. in a preamble, that contains transmitter
identification which identifies the originating transmitter to the
20 receiver. For example, the IP (Internet Protocol), TID (Transmission
Identification), SID (System Identification) or MAC (Media Access
Controller) addresses are known for each transmitter 202, 204 and
206 ands are inherent in the signaling protocol that allow the receiver
to reconstruct the signal. With the knowledge of each transmitter’s
25 software identification, the geographic location within the
communication network 200 can be correlated to this software
identification tag.
It is noted that although one receiver 214 is illustrated,
receiver 214 may be embodied as multiple receivers. However, each of
30 the multiple receivers are located within a common geographic point

or node within the communication network 200. For example, each of



30 the multiple receivers are |located within a conmon geographi c poi nt or
node wi thin the conmuni cati on network 200. For exanple, each of WD 02/39230
PCT/ USO1Mo0 0282306 the nmultiple receivers is |ocated w thpaTwke/femdend 104
of FIG 1. Thus, the receiver 214 geographically represents a "comon
receiving point". Once the signalingles received at the receiver 214, a 5
distortion estimator 216 determ nes an estimate of the channel distortion
present i the meuliiplpaeceivers dstegrtedtwihimsbie hmaigid 206 aBlG12. using the
recei ved i}" nal %n% from ega]lc respe t.iéﬁ transm tter, 202, 204 and 206. From
t he chann » SPEEFPBIVCEst T hafes aé:ﬁ'dﬁ Y trﬁp’é‘?senstéravl%‘gn&?l? AEETSH'E s
determ negom'lihi s quality of service estinmation 10 indicates what quality of
service signaling, i.e. what specific nodulation |evel and signaling rate,

i s supportabl e by tRmngsathe¢ sigreling smegsived abrﬁhm‘éﬁmrm, €210 and 212.

These esti t| ons are to MeNDr 218 . Th i Q stimator 216
is illdst fi gEhqe e&ﬁ‘ﬁ%ﬁ%{ é‘f%@e&g g/ al%? g}a\ﬂrbe estimation
may be roggtbyti6s tireREAE 1ntth%%@ﬁe&fﬂré‘|coﬁﬂ§'nﬁf1éﬁf1oﬁrm'€ﬁu§1lﬂ’@¢)8 deper m ni ng
a quality of service estimtion for each comuni cation nedi um 208, 210 and

212 basedandpah bl.amgrtih@rretcawdoslgp@élk@ from eachaespottive @mf’rmgitCECEI ved

at the 0 e it er.v esti rratlons nee be 20
anal yti calgﬁé é?)ec"fu% Q‘ﬁu%ﬁf&gﬂ@é é:}é{l C& t%r%(%{ EPAthg 2 %é(r ft)f not
any servi geri@s cB8a1§shaBldctbatiAd. THIS AT PR Hstimdtibn (€. g.

medi uns 208, 210 and 212). As such, any conparative netric nmay be use to

gat her10i nfmilnatcmwl'mmmahttyeoqumiVMcysxgnaémggmﬁe wlabspecifice geogr aphic

net wor k and col at a . the qualit f .25 _service estimtions)
may then B Il &nf S et BporpgyTiatle 457 e Paricylars,

| ocal i ze Eéﬁﬁﬁﬁhlé’é@oﬁﬁﬁbafﬂrﬁ%ri@g Bpgend Bref e’!‘ﬁ@é&’ estipfatisyghref channel

distortion is estimated using a specific technique by the distortion
est i mat or sRiréd iBxeremhesy 218.

The distortion estimator 216 is illustrated as optional

15 because the quality of service estimation may be roughly estimated
through trial and error or by simply determining a quality of service
estimation for each communication medium 208, 210 and 212 based
upon bit error rate or packet error rate of signaling received at the
receiver 214. These quality of service estimations need not be

20 analytically precise, and may be as simple as determining whether of
not any service has been established for a particular node or medium
(e.g. mediums 208, 210 and 212). As such, any comparative metric
may be use to gather information about the quality of service across
the geographic network and the collected data (e.g. the quality of

25 service estimations) may then be used to determine network topology
relative, and thus, localize network and medium performance.

Preferably, the level of channel distortion is estimated
using a specific technique by the distortion estimator 216. Examples
of two exemplary non-obtrusive and remote channel distortion

30 estimation techniques employed by the distortion estimator 216

include the techniques described in United States Patent Application



of two exenplary non-obtrusive and renote channel distortion 30 estinmation
techni ques enpl oyed by the distortion estimator 216 include the techniques
descri beavon2/98i ed States Patent Applicati on WO 02/ 39230r€CUAUIED17650126

17 Serial No. 09/571,068, filed May 15, 2000, of Smith et al., for SLICED
BANDW DTH DI STORTI ON PREDI CTI ON, Attonmey Docket No. PD- 05944AM now U. S
Patent No , and United States Patent Application Serial No. 09/470, 890,
filed DecBabiad N22,09/08P],068, Sited M5y €itS, 20Q0 f afr SVETHHED aANFoABRARETUS FOR

No. Po osBANRIIOR DS TR IN REED KON hsrnectipthes o JB5Y 7

i ncor por apedanang ARy S PLelAENo The Vo exaRPbAttd SEABLIFIWES: ar e

preferabl e since heither requires the obtrusive testing 10 equi pment or
ot her dedApaplied tiequs eriehNoh ®%/ckis 8064 filed DerencbentRi A9 i editbns to t he

be tested or. anal I ' ' i ef of an enbodi nent of
t he cﬁanﬁ%ﬁl'd'%ﬁmﬁﬁgg\&ﬁd{%ﬁﬂ%%@é Aﬁ%‘é@?‘m% n United States

Pat ent  APPIGRRELMTISN (Gt DeTAY HDOSATION edPMIRMBENT2 Rl 15 Sni th
et al., for SLI CED BANDW DTH DI STORTI ON PREDI CTI ON, At t orney Docket No.

PD- 05944 AMocketvNd. FDRG2HAM) mowdd.S.PasentNa ty of shomhidbrlzaveon test

signals are transmitted over a mruni cat i an nedi to be analyzed from
Che t 1 anoRPEREIEVIDUSTY THPARRGHPLE G 30! DY g SLHETCE o] DB TWDIEHERD

comuni catd Gihiiee! bIEGACO hejterRicidtdd thObbtRRivS teihs occupi es
a di ffereIr:\ét nlgrﬁr g%ﬁ%ﬁ%egm % dief errer(latk!l position in f1¥equenc€ of the
conmmunicatquipmedt wm @dhgr kedicated egugméenthoaonndraedwodhle.  For exanpl e,

each test signal .has a test bar}:d L dt h whi cg i s atégfut 20% of the given
bandwi dt hCMIRRBIcafioR MEIBA tRedeuhs soucdy gRab@ctest signal's may be

transmitted sinult afgeUdibwihbNs AMbEEE Shidlfary s Enodil R ofitld | PI exi ng
the test signals with the exi8ting service of by noving the existing
servi ce tohandief tiéstentionasstimanionnmiethqdercgescribed in United States
Patent Application Serial No. 09/571,068, filed May 15, 2000, of
15 Smith et al., for SLICED BANDWIDTH DISTORTION PREDICTION,
Attorney Docket No. PD-05944AM, now U.S. Patent No

First, a plurality of short duration test signals are transmitted over a

communication medium to be analyzed from the transmitter, e.g.
transmitter 202, to the receiver 214 of the communication medium

20 208. Each of the plurality of test signals occupies a different
narrowband slice or a different position in frequency of the
communication medium 208 having a given frequency bandwidth.
For example, each test signal has a test bandwidth which is about
20% of the given bandwidth of the communication medium 208.

25 These test signals may be transmitted simultaneously with an existing
service by either multiplexing the test signals with the existing service
or by moving the existing service to a different position in frequency
within the given bandwidth. Thus, the plurality of test signals non-
obtrusively are transmitted over the communication medium 208 to

30 the receiver 214.



wi thin the given bandwi dth. Thus, the plurality of test signals non-
obtrusively are transmtted over the comunication nmedium 208 to 30 the
recei ver wa42/39a8» 02/ 39230 PCT/ US01/50126 18 At the recei RET/URMMS01ZS i S
normal |y done, the test signals (as well as the normal signaling) are
processed with an equalizer to obtaingequalizer coefficients. Since the
recei ver 214 receives data indicating the identity of the specific
transmtter 202, thdtrtheaieceive2 4 dhissowmadly domestid tent ggrals204 and

206 withi t k t .t t h of the test,.si | . d.
200 1 1 Bobl 10l AL AR ER cech St et aslan et
di st or U1 0Bbes &tz BcfiitRofs hEEIhCLR R D14 9Ecdifed baghent s for

each of the test signals in order to determine a tine when a dom nant
channel dirdigatingnthecixlargitytofitdre spedifioftrahemitst 2602y thlescechveriake

di storti ti (! th .get ' [ tial del bet
the t1 e, BROMSY EUEHFARTENEh 200 i BRE) S0 PO LRGN Che 1 obei ved ¢ ot
signal's f oM siibed bheH|difir RAE idd el 202 rAdYARISRIS| YA pHlish

differential group delay approxinates the phase distortion of the specific
comuni catlistortinmsdimat@o@mispdieldawithintthe gistseiah sstimaton 21H)det er mi ned

for each of the. respective f.ransmtters usin o] ni cati ogns medi uns, e.g
Lransm t t BRER SRRV i BUSBHZ G PG TCHaIPE APCBrPnith t 68215 110 and
212, 1 eSPEEALY R Metdindlita $AAE WhER d 86pRNARE cllaph R dioR kb rstag ned. the
20 anplitude distortion for the particular comrunication medi um 208 is

al so det efor emch of dhe dérsimpignaldy Tare phpbé daskertoat estirmatoe themat or

(enbodied within the distortion estinmator 216). As such, the received test
signal s ( ARECTRmes & dhifereial ereundclay e %ﬁt%%oﬁrt{aeessed with an

aut ocorr eh@hﬁhaﬂtlcﬁaiﬁ%l dﬁ%%ﬂtﬁi(’an gc?rféQé}P bf“tlég r'?&ei%& Bt El&aeﬁ? ﬁfcﬁﬁei ver

214, which are we nown 1 nt I'n or to determ e power of
each of thepargrilaedrdreshittegROls Advanesgdousipngtis tdiferentialcgroafp t he power
estimatio gla{cyoépglgggnﬂteght%etgﬁ;sg id?sqtglraoﬁec?fetih\éegpeciﬁc communication
15 medium 208. Similarly, the phase distortion is determined for each of
the respective transmitters using communications mediums, e.g.
transmitters 202, 204 and 206 using communication mediums 208,
210 and 212, respectively.
At the same time the phase distortion is determined, the
20 amplitude distortion for the particular communication medium 208 is
also determined, for example, by an amplitude distortion estimator
(embodied within the distortion estimator 216). As such, the received
test signals (the same test signals as described above) are processed
with an autocorrelator or a fast Fourier transform (FFT) within the
25 receiver 214, which are well known in the art, in order to determine
the power of each of the received test signals from each transmitter.
Each of the power estimations for each of the test signals received
from respective transmitters using respective communication

mediums are analyzed to determine an amplitude ripple across the

30 entire given bandwidth of each communication medium 208, 210 and



fromrespective transmtters using respective conmruni cation nediuns are
anal yzed to determ ne an anplitude ripple across the 30 entire given

bandw dt wehzaaah conmuni cati on nmedi um 208, 210 and WO 02PGPRS@®/50126

PCT/ US01/ 50126 19 212. This anplitude ripple approxi mates the anplitude
distortion of the particular conmuni dati on medi um 208, 210 and 212. Now,
havi ng estimated both the phase distortion and the_ anplitude, distortion of

! np .
a particuldr- chhifamplitusls HeRiQAPPrermAtes e amplithee; H§9diathein for the
particul a{héga%%%?e?} b%rﬁﬁgﬁ&é{ﬁon Knoxh g 3die éi@%ﬂfélé?”c“pn of a
particul ar conmuni catiron nedium conventiondl signal processing
simul ators, such asNoSyshaving ewimutedtbanhxhedshasodéstobyioflaand xhel nc. of
West | ake Village, CA or "SPW devel oped by Cadence Desj.gn Systens, Inc. of
San’ Jose, 2@pliide distartiemelicc BAFYCBIF CPMABHRISAtON Meditiiy theat can be
wor ked ou | N ' ' m ne the
qual i t; O%ra\ﬂg%?r\/f@’é&%%6%?%a%%%§@%§#§g%?§%%{é%%%ﬁﬁn , 210 and
212. | n oKherwingr s, triah stamnfiectien @f @ parctichlarhwmpaninication wediuini,cat i ons
medi um wi | | support_a given signaling rate and a 15 given nodul ation |evel.
Thi's may Bena%méoayﬂ pleRadi ROSESP IR TR IAdPEY smaér%yﬁtm\émbyy, done by

t he netwo thQl l.er I<b- oM DT ~AS - A« f summary of
an enbodi %%%%%%%%ﬁ eEIE&(EJllg’t %lf%fognwggﬁ?iﬁgt\h@\#grgﬁe%oglaasﬁ escribed in
Uni ted St deeslopkdtignCaepldecbtspm Sesiedhs Nawc. /3640886, Cl, logd Decenber 22,
1999, of 20 Smth et al., for METHOD AND APPARATUS FOR AUTQOVATED

CORRELIAT| epdiberppiaraily baspd troeriicaPArmiivEriat ean henwprkesd okdtwith.

PD- 05924A Pat ent | Qi : . i s s received
at ther eg%ln\(nifea\r/&rgjlﬁa & gnaﬁg ?%pg%&‘l \g}%lttﬁ% Irt%ﬁyrhrnagtger;ﬁh 2&1\/6’?g Qﬁéfl@g ni cation
medi um 208ervibe sUpRRIrvEhle 4 e2bh @omh A isicabibh Arelishpo8dara of aaam t he
digitally nodul ated signal. The _soft decision data is digital data

repr esent 8d2- floy othempPedsi it aampbs determpiieed it thopariiFelaton e 8-bit | val ue

and one 8:Bi 18l #Sns medium will support a given signaling rate and a

15 given modulation level. This may be done by the distortion estimator

216 or alternatively, done by the network management controller 222.
The following is a brief summary of an embodiment of the

channel distortion estimation method as described in United States
Patent Application Serial No. 09/470,890, filed December 22, 1999, of

20 Smith et al., for METHOD AND APPARATUS FOR AUTOMATED
CORRELATION OF DIGITAL MODULATION IMPAIRMENT, Attorney
Docket No. PD-05924AM, now U.S. Patent No . Digitally
modulated signaling is received at the receiver 214 from a respective
transmitter 202 via a communication medium 208. The receiver 214

25 extracts soft decision data from the digitally modulated signal. The
soft decision data is digital data represented, for example, in two’s
complement form with on e 8-bit I value and one 8-bit Q value
representing the location on the I/Q plane of a symbol represented by
the soft decision data. The soft decision data is input to an

30 impairment correlator (embodied within the distortion estimator 216).

The impairment correlator stores the locations in signal space for the



representing the location on the I/Q plane of a synbol represented by the
soft decision data. The soft decision data is input to an 30 i npairnent
correl at wo (ms2e@i ed within the distortion estinator 216)PCT/UR@/jompai r ment
correlator stores the locations in signal space for the WD 02/ 39230

PCT/ US01/ 50126 20 soft decision data2over time for each particular
communi cation nediumand applies an inpairnment mask to the soft decision
dat a. Th'ssfteirmidionredata ovtutiese o aatkiparticudavcethimpacatient masks t hat

each corres nd to erent t ype of , chann stortion. 5 that may be
i ntroduced® 5:‘8 8’&{: F%%qﬁg‘dltﬂ‘ﬁ (gggec’l—sb‘? fpl e,
dependi ng on the ty%@ferﬁﬁéﬂﬁﬁéngiﬁélﬁﬁ%b%vah@w %@@%@d%{)ﬂﬁ‘ment

comuni cation nedium the |location of the soft “decision data (al so
referred noasiss tlyabehsh ocartésporsd gmal dﬁﬂwcat wp¢ obehadirfef elistortion

pr edi ct abI of fset fr ts I oc Thi s techni 0 uses
P edor o mikafmat be g ided. BY st Soain A st anb e AR oS REtED: oi on dat a
shoul d becgnerst kxahsial %‘ép@hﬁ'ﬂh% o%ﬂ ﬂ{@{yp%oéf:éhgh}ﬁ%l‘ di"sto?ﬂ@ﬁ' fied channel

distortion. Additionally, ffer | rpai'rment masks may be applied for
synbol | emﬂrodu;:bdrby the c@mnirmnnsa‘abharnedmume\thle lodatibor ¢f dressoffor exanpl e,

di fferent alr nt sks tored 15 s ic to the follow types of
channel | dFSE th {25 LB LS a8 an PR RSk SRR SRACR B Plev e ( O
noi se i rrp@.!lff&%?ltt dlﬁ?%edl@taﬁl&%%etrf?&lneﬁg i@Bal IH&%‘tird?PmI‘hﬁT‘i%%hrﬁQule/ Q

| nbal ance 1 npai rne a conpression I npairnment npl i tude

nmodul aroi om(sAMpﬂedepeha:amedenpaﬁnma:(lPMaskmahainmmcasesWheae&ﬁecsm"pos| te

phase noise and CW noise | ai r nent n other conposite
i mpai r menfleRRRN ARtacH Rk ?rssnﬁ{ﬁltﬁ@ %@g SIgRALSPAEHEVERsR such,

different o é@ﬁ%(gl\%héﬁﬂ@ | B®RBEiORS ‘S@d&‘ftﬁ)rgegfi} & erérﬁteﬁﬁﬁgﬁ%énéjﬁfa{s‘iéson dat a,

as descri b each 1 npai r nent airnment correl ator
det er mi nesnay bebmppliad fcblheymh‘cﬂ leddadistantiotet andfmins‘tallhﬂmtlbveﬂ t he
parti cul archétrcr)rl)“glo{qrsre nﬁ‘opgggmp e, glf%erent impairment masks are stored
15 specific to the following types of channel distortion: a phase noise
impairment mask; a continuous wave (CW) noise impairment mask; a
signal reflection impairment mask; an I/Q imbalance impairment
mask; a compression impairment mask; an amplitude
modulation(AM)-to-phase modulation(PM) impairment mask; a
20 composite phase noise and CW noise impairment mask; and any other
composite impairment mask for correlating multiple types of
impairment.
As such, different types of impairment masks are applied
to the soft decision data, as described above. For each impairment
25 mask, the impairment correlator determines a subset of the soft
decision data that fall within the particular impairment mask. This is
done by determining the number of occurrences of soft decision data
that fall within the impairment mask. Then a correlation weight is
calculated for each impairment mask. In one embodiment, this

30 correlation weight may be calculated as the ratio of the number of

occurrences of the soft decision data that fall within the impairment



done by determ ning the nunber of occurrences of soft decision data that
fall within the inpairnment mask. Then a correlation weight is calcul ated
for eachweopasaaent mask. In one enbodi nent, this 30 correCRUSOSON®S ght nmay
be calculated as the ratio of the nunber of occurrences of the soft
decision data that fall within the inmphirment WO 02/ 39230 PCT/ USOL/ 50126

21 mask to the total nunber of qccurrences of soft decisjon data. A

correl at | BSketogHre fetad aynbered acsHIERSES MRt desisigrdata: hen, all of
th Lon: wel { ] i i hood, typicall
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to a desi de¥rEigeaa likslihgrde typigally)in theuorm i & PFIsE g a
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art coul dphhedulagelistotitivn Wsd agdadlsbyaroindienvioreof the sppeityabf €nd or each

particul ar. conmuni cati on nmedi um For exanPI e, . usi r(l:? t he _above nenti oned,
convent i ofaRnBEhAmtoplierde - ghen porapaicsl 1 gdesited HPVA/FE by  El ani x"

ceve 0 L, eSS B o Lol e ored b

Cadence n 0SE€E,

quant i t at inghielaibation abhndedtimayedlewdrofictmnseldiptontioabl e by t he
particul ar comuni cati on nmedi um 208, 210 and_212; thus, providing a

qual i tY of service Bsemmthisdnienratgenonsmiiledan b areeh s B 210 and
212. Thi be d t i i i 6 ¥l tively,
done by {AECTERGS: WhRL A of Sk S B GIBbIE o et plbudeg MO LY.

case, thecginghahidio®shedil Pdbexipel! Gsibgitied abyveinsgtionesd,
estimation, which indicates what quality of service for signaling is

suppor t edcopventianal signal RrornssingatimyHazer syediqlhas e Systeranyighi Bt i on
medi ums 2%§ani§<1%e%ré?opzelc?by Elanix, Inc. of Westlake Village, CA or “SPW”

15 developed by Cadence Design Systems, Inc. of San Jose, CA, may be
used to quantitatively determine what quality of service is supportable
by the particular communication medium 208, 210 and 212; thus,
providing a quality of service estimation for each communication
medium 208, 210 and 212. This may be done by the distortion

20 estimator 216 or alternatively, done by the network management
controller 222.

It is noted that in either case, the distortion estimator 216
outputs a quality of service estimation, which indicates what quality of
service for signaling is supported by a particular communication

25 medium, e.g. communication mediums 208, 210 and 212.

Furthermore, advantageously, in either case, estimations
of the quality of service supportable by each particular communication
medium 208, 210 and 212 is obtained without having to connect test
equipment or to physically inspect the physical path of each

30 communication medium. Such estimations may be determined locally



Furt hernore, advantageously, in either case, estimations of the quality of
servi ce supportable by each particul ar conmuni cati on nedium 208, 210 and
212 is owabmadiwmi t hout having to connect test equi pnent POT/US@/Pm36si cal |y
i nspect the physical path of each 30 comruni cati on nedium Such estimations
may be determ ned locally WO 02/39230PCT/ US01/ 50126 22 at the receiver
214 or renotely at a network managenent controller 222 coupled to the
recei ver afléhe Nexé¢ivet 24 4qomtédnptelly stes retwoek thanbgenerdpeaittoldert o each
comuni cation nmedi um 208, 210 and 212 are stored in nenory 218. 5 The QS
| ocal i zer 232rqixRlsd: teethfuEgGeiNeTof 1der vi ce estimations stored in nenory 218
to make quantitativ t ) . : . ni cation
net wor k 200. For exgﬁ%%’e,ﬁ{%ggﬁggfg 1{:%;%?%13#%% igggélsﬁe%{.bfgg et erm ne
what physecsaimpoidatins medipnd@s) 210 erlifil @adreostopad e mkenidrsy 218.

communi cation _network 200 are able to lo support signaling at at specific
qual i ty ofhgdRePdecaliza %28I‘-}§e§r’ihﬁ'q’t16 1tyaeg§‘?fé’t1‘é? 931%8&%{11? ® Store lity of
service o ' ' 5 : AHZRLa ¥R Ust take
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respect i vehe commingataton metimark. 200r Foraegamaple ahlisistoygaysi cal 15

communi cati on paths, or physical portions of the comrunicatjon petwork,
are shar et fpymatin 1%&%@0@@?5@1%3V1&%thcﬁip§6ﬁﬁnsﬁyﬁ y’%qca?

conmuni cafj on : DS, - ' (o) %pﬁy | [ ' i.e. the
physi cal %%mﬁ?%%?%ﬁﬁ)@gph%hﬁo%&g alrug%.%t]%’ us,R’b(lglﬁ}£ ? ?psa%gsn%%%nar?ent, t he
QoS | aoal sappozP Bigtzavg awhindtatpdpesifialqulite efsenvicatlevelspalimhsrdgretoshar ed
and non-shared. A nore, conplete . description of the conparative process
per f or medagGUEMEbQEsalizeaie gnalignof parvies of the gommmmeatpence to FI GS.
3-6 bel ow, r 11y ' | ' y be
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qual i ty ophgefasl eenanainiahtiont paitey thedthastderete betwlst respective

communication mediums. For example, certain physical

15 communication paths, or physical portions of the communication
network, are shared by other communication mediums, while some
physical communication paths are unique to only one communication
medium, i.e. the physical communication path is non-shared. Thus,
in this embodiment, the QoS localizer 220 knows which physical

20 communication paths are shared and non-shared. A more complete
description of the comparative process performed by the QoS localizer
220 is described with reference to FIGS. 3-6 below.

Furthermore, the quality of service estimations may be

monitored over time to determine if there is a degradation of the

25 quality of service available to certain subscribers. And
advantageously, by comparatively analyzing the respective quality of
service estimations for different communication mediums 208, 210
and 212, the specific physical communication path that is most likely
limiting the quality of service may be identified. All of this is

30 advantageously performed without having to connect test equipment

to each transmitter and receiver in the communication network 200



advant ageousl y, by conparatively analyzing the respective quality of
service estimations for different comruni cation nedi uns 208, 210 and 212,
t he speciwoo2/pr9si cal comruni cation path that is nost |i kpCpusé/awize ng t he
quality of service may be identified. Al of this is 30 advantageously
performed w thout having to connect test equipnent to each transmtter and
receiver in the conmunication network 200 WO 02/ 39230 PCT/ US01/50126 23
(whi ch wo@wHidiewpndditbs proeleibitieslyerxgiarsien dnidhirgernpt exissinigng servi ces)
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networ R 200 over ti mee gﬁgsl,ocﬂhgfﬁ gsg\gﬁﬂ’;‘(&é $ SRtporhe REeRy of 10
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correct t bpeosiders.e Tife irffernhedicadpdovidatiiisynsdd setvdaethd fuaditpetfed t hat the
systemof FI G may be ] npl eirent ed .to include a program storage device
readabl e BSTACTEXRETRY PRYFICH! PlecsWish 6aPNR§HaN I oI BN IALGS i ons

execut abl | (o] r y the
G stort i of BypHRRUIRER s ane, REURTRLER ELAE0 RAERT REBIIELOY, feg
w t h ref esendee sapigoetalbledncd partietilddt ComMmbelicwion anddwrmmtise net wor k

managenent, controller 222. To allow the nmachine to execute the pr.ogram of
i nst ruct i @gteCtedethe spgeRicRhYsiFa] FETUBETHCHHOR daiy may o 1ngpected

m cropr 0°fs %i%rtel(r?[il% afld BPLidthe Eg{iﬁée 8f Pﬁgﬁ%gﬁéd&ﬁrﬁg}a JfQrGice! reul try

capabl e of executing the program I nstructi Istortion estimator
216, QoS localizerI220natel thet thed wostenmaidenehingobtimplemetdadnay be

P e ) heludh & prograzh Storags device Teaduble by a machie, tangibly

15 embodying a program of instructions executable by the machine to
perform the method steps performed by the distortion estimator 216,
the QoS localizer 220 (e.g. the steps listed with reference to the
flowchart of FIG. 7 below), and/or the network management controller
222. To allow the machine to execute the program of instructions, the

20 machine may include a processor, such as a microprocessor (e.g. a
digital signal processor) or other logic circuitry capable of executing
the program of instructions. The distortion estimator 216, QoS
localizer 220 and the network management controller 222 may be
implemented using either hardware, software, or a combination

25 thereof, for example using a general purpose microprocessor, a
microcontroller, and/or application specific logic circuits, and
software and/or firmware cooperatively related to them. Furthermore,
the distortion éstimator 216, QoS localizer 220, and the network
management controller 222 .may be embodied as separate- components

30 located apart from one another or may comprise a single integrated

unit at one physical location. For example, these components may be



25 thereof, for exanple using a general purpose mcroprocessor, a
m crocontrol l er, and/or application specific logic circuits, and software
and/ or fiwowas®e3cooperatively related to them Further nor BCT/USHIESO0d6St Orti on
estimator 216, QoS |l ocalizer 220, and the network managenent controller
222 may be enbodi ed as separate. conpements 30 | ocated apart from one
another or may conprise a single integrated unit at one physical |ocation.
For exanplasatedegighoohe reativeny 4 e POH2 8266 SCIMeIBR2ABAA2B04 24 | ocat ed
he receiver FIG 1,

oy borLoug i ey icrublsd, B the secrteddd. Fppvst! FIctBse
componen gy &t ecakloFAd &Y 4 HEAEALRh O chRenITind nfibitar ! coax

system 5 erring next to lagram1s shown of "a cable nodem
comruni cafiben/cet-neyktencl udi ng multiple hubs in which a quality of

service is localize by .the syst of FIG 2, fqr exanple, tq. a

particdl ar subscri bgef%%’l%wgéPﬁg&-tef’cﬁ*lSl%g.r&mﬁﬁy%?égﬁ 0$@p‘fﬁ‘ﬁ}ﬁi cation
path of F%d@ﬁ%xhg%&nﬁ:%‘iﬁﬁ#ﬁ@ﬁﬁo& Rcieling R LEpIe ggﬁﬂ%ﬁf‘d{;{ g0f the
present invention. OWN i 'S & Comuni catlon® network 308 inelu Ing a cable
nmodem t er guakity ofi seysiceis 30Cal{£ed] Py tliakygstarafcddFIEH 2,doaexaaspld ng Wit hi n

the headend 104 qof FI %%1 , hub 1 304 having serving groups 306 and 308,
hub n 3102rRAAtikgIaesybsgTibgr qpRhysisal paryen, el h¥dtabnal anplifiers 316,

subscri be d | her | L her 1 inks 322
(whi ch re%?@ﬁ@ﬁg%%égh%gﬁ %é%@%?ﬁiﬁ%%‘?gac? Eg(?%ﬁaengg@%gpégﬁoﬁ é10324 (whi ch
al so wepeatsdinpyisolitle possairt Baentivrpashsjvn The aahheuniodeion

comuni cation network 300.is an__exanple of a relatively tinme-invariant

comuni caPFbRerASAbICIHEnS § caleangeset dTminatéinm systgnativ (FMIRwor k
opol o0y 88 #135Bh S 4 vl S B e ORI 9L goent =
cont ai ned3v¥thaving savivggeodpef3d8 end1308nHuboRTBI0 balése veidinghe
' ndivi dua!groups 312 and 314, bidirectional amplifiers 316, subscriber network
15 taps 318, subscriber devices 320, fiber links 322 (which represent
physical communication paths), and cable links 324 (which also
represent physical communication paths).
The cable modem communication network 300 is an
example of a relatively time-invariant communications network having
20 a generally known geographic/network topology. For example, in this
embodiment, the CMTS 302 represents a common node of the
communication network 300 (e.g. the CMTS 302 is contained within
the headend of FIG. 1) and communicates with the individual
subscriber devices 320 located in relatively fixed geographic positions
25 over a given geographic region. In the multi-hub configuration
illustrated, multiple hubs, e.g. hub 1 304 through hub n 310, are
coupled to the CMTS 302 via respective fiber links 322. Each hub
then is coupled to each of the respective subscriber devices 320 via
cable links 324. The subscriber devices 320 serviced by each hub are
30 grouped according to service groups, e.g. service groups 306 and 308
under hub 1 304. Each hub, e.g. hub 1 304, is similar to the media



subscri ber devices 320 located in relatively fixed geographic positions 25
over a given geographic region. In the nmulti-hub configuration

il lustratvedp2s2Bdai ple hubs, e.g. hub 1 304 through hub n BaDUSew®i26coupl ed
to the CMIS 302 via respective fiber links 322. Each hub then is coupled
to each of the respective subscriber dsvices 320 via cable links 324. The
subscri ber devices 320 serviced by each hub are 30 grouped according to
service g r:onpsrtee ogj FlGericomvgrungsdifianitadiofs tonaed fhetm ib&OUnkkach hub,
e.g. hub % 504, ? g:lar é the media WD 02/ 39230 PCT/ US01/50126 25
convert er 99 f’e 3 I'ng communi cations to and fromfiber links 322

and cable links 324 l\gﬁmlargeq,vlﬁ%rgec“ . u@crﬁf@}gréﬁf)‘ﬁd‘@ GO, élap?l%(JG t he

cable link 324 cou estoab ler- 316 to a t he
si gnal s ﬁnkﬁ@ﬂtdwpledmeo tapbidlmmmalemnpdndﬁe(—li’:]eﬁ to henpliifyettte smgnfaﬂ@m t he

respectl ve subscriber devices, 320 to,.the S 302) .and i n the downstream
di r ect Pon} Plt@ery ‘&P?‘%’E?Fbalrfe%‘m fie- é*\%%gr qu‘%) t'FIh'?u’I’f%’FFB@F devi ce
320). At iy s espective
subscri bergaﬁl)gtef\}gsgﬁégi&%l Q?ggcglu;? $§% e car}lﬂq%o azkfowe respective
subscr i bedimdetionef. e32ﬁetd1r®<ﬂ1mdxﬂmctheoCl\/ﬁES IB@2 tolbach spAwsckiberconnect i ons
w Il be discussed in nore detail h reference.to FIGS.. 4-6. As can be

seen, t hede¥ES 2 Peeft YarmAtsH %%’ng@ﬁ’ & PRbRts 013(?@3(5&?%&%3?45719‘1 ti pl e hubs,
each havi F&sﬂ@@twepéﬁbéﬁgg%ﬂ GxﬁBHE’?%%]SSl & Xbﬁggagi fE}s”cl§é BEBI aﬁwoef

devi ces. In-operation, Scri evi ce |ca a cable
nodem wni respentvedsabsearibeibaericesr320 to ¢l crmpledoto ﬂieahabofTheS| ness. The
subscri ber device 320 contai.ps both a transmtter for transmtting

si gnal i ngSPeCHigecanmestps HiH bedissussad dnmmoze detail wath gfereaesitei ng

si gnal i nggggamst ge CMIS 302. As 20 is known in the art, such cable nodem
comuni cati on networks 300 nay be used by network providers to provide
tel evi sion, internefAsacuh beedezipl)ahy esleirmodent oomenanidation aeswbskr i ber s

via their subscri ber . . . .
O can support multiple hubs, each having multiple serving groups
15 servicing multiple subscriber devices. In operation, each subscriber
device 320 is typically a cable modem unit located at a subscriber’s
residence or place of business. The subscriber device 320 contains
both a transmitter for transmitting signaling to the CMTS 302 and
also contains a receiver for receiving signaling from the CMTS 302. As
20 1is known in the art, such cable modem communication networks 300
may be used by network providers to provide television, internet and
telephony services, for example, to subscribers via their subscriber
devices 320.
It is noted that the cable modem communication network
25 300 may include a variety of different architectures and still benefit
from the techniques of several embodiments of the invention, as long
as the communication network includes a transmitter pool that has a
defined, and relatively time-invariant, physical connection. As such,
the physical path for each subscriber devices 320 in the
30 communication network 300 is known and unique for each subscriber

device 320 in the service area.



devices 320. It is noted that the cable nodem comuni cati on network 25 300
may include a variety of different architectures and still benefit from

t he techm@ue326i several enbodi ments of the invention, aBCT/OR@/508% the
comuni cation network includes a transmtter pool that has a defined, and
relatively tinme-invariant, physical casnection. As such, the physical path
for each subscriber devices 320 in the 30 conmuni cation network 300 is
known and uni que f oReferring miext ito FHE6. %@/dmramm showem obthe cablgea. WO

02/ 39230 PCT/USO01/50126. 26 Referri.n ex G .4, ..a dia shown of
he cabl eTIHSBREBHRICERRrORC HET o ket e SpiastianRe kSRR byt of ngl o
hub  havi Hﬁviﬂ%]hhﬁ)lltﬁglé QeWitGg GFRURS - SEB@Mid Bultl 31 Ghevivy hibér fi ber

link 322 (whi represents a physical conmunication path) to the 5 CMIS

302, ser vlmg mzdwhlclz _tgpr¢fremtgra pbysioad cgnumpricatiangeaipl) éd theo t he hub
310 via ¢ Al so i ed are.the bidirecti i fiers
316, s b ES A Phrse it ahebg b2 n- R0 Niehe BSR4 eS B et ror e,
the cabl erd iRk 3TGriatcabIR links!SANS atusgatsd akeehe HAKSLEBhal

conmmuni cation paths 401, 402, 404, 406, 408, 418, 420, 10 422, 424 and 426

and al so amplnﬁwrss&h@edubphmbﬁnalletwonkﬁapsz&ll&ran®§uk§cm,‘r devicesila, 416,

428, 430, 2 and . 434. Addjtio th ectl ni ca |on I;]'Bdl uns

uti I i zi ngség? p€ f‘i%%‘?ﬁﬁsqbﬁlcagﬂ?n%’rh %ﬁ?{gg %aﬁrﬁsl altsgra}% dhe form
)3l 1caMcoh§mtd}ﬁc5ﬂ Gal hon, BB8gdi W4, AW, 40824 15 &Q@C' f I C

subscrlbe evi ces 320, i k? ansmitters of FIG 2, are labelléd in the
form afo SHRPZZ 4Hdeand' 496 |a$1d aksosaménonMar@eK/lpiwsmml mnmunmmn N' is

| denti 11 epats 1F 412 415,418, B3R Al Bt e o2 b6 1P, wac TiD

SI D or any other adﬁr&ﬁﬁoﬁﬁﬂﬁrekﬁé ?st]SéthEc&‘Mﬁhﬁ?éatf&Wﬁédﬂﬂﬁs' n the 20

network); "Y' is the network™mediumidentifier; and
transni t t etilizing megpedtienphfysimal communication paths are labelled in the

form Munxyy, where “M” is the communication medium. Also, the
15 specific subscriber devices 320, i.e. transmitters of FIG. 2, are labelled
in the form of Snxyz where “S” is the subscriber device. In both cases,
“N” is the hub identifier; “X” is the serving group within a given hub
identifier; “Y” is the transmitter identifier (which can be IP, MAC, TID,
SID or any other address correlated to the physical connection in the
20 network); “Y” is the network medium identifier; and “Z” is the
transmitter’s vendor identifier.
“Y” indicates whether the particular communication
medium is a “backbone” communication medium (when Y’=0), i.e. a
communication medium utilizing a “shared” physical communication
25 path, or a medium utilizing a “non-shared” physical communication

path (when Y*#0) that is only utilized by one subscriber device 320.

When Y’=0, “Y” indicates how deep into the communication network
300 the Yth transmitter resides. For example, if Y=4 and Y’=0 in the
Mnxyy field (e.g. Mnxyy), this indicates that the communication

30 medium is the communication networks backbone connection,

medium Mnx40, and that it will be shared by all transmitters with Y>4



"Y' indicates whether the particular communication nediumis a "backbone"
communi cati on nedium (when Y' =0), i.e. a conmmunication nediumutilizing a
"shared" whyzseral communi cation 25 path, or a nmedi um util PeT/Wg0I&50126
"non-shared"” physical comunication path (when Y 00) that is only utilized
by one subscriber device 320. Wen YO "Y" indicates how deep into the
comuni cation network 300 the Yth transmtter resides. For exanple, if Y=4

and Y' =0 andtthet tM¥trdrighittérewill sy WikxyLpi setwutikcbaelsbomat the
communi cation 30 nediumis the conmuni cati on networ ks backbone connecti on,

medi um MRABEGHFRINSh AR qtbewwcpr% thgdranspiitter|(i.er dmsal et dhe faprth v>4 wo
02139230 EILUSOL 512G o7 il ffiBL DkSubrANR L ECE Wi lciohane MX(<d) o

net wor k b connec I ons transmtter (i.e. SNx4z)

at the fOphyblcais ubmwﬁtaﬂemparﬁﬁanw&dnsmwteﬁ SnvRedicuithdBkbdcfibee. a
non-shared physical communication path fromtransmtter SNx4z to the
subscr PbeRetVeik i I3 iponnecien fedticohacikbene), paegivBRYNxspddtum MNX40

) ith th
(15 o, SO o bNEARR PR lodSeaed it L1 Lhe
conmmuni Casﬂhpﬁﬂpat htlQbahemittees)3 Mixsbt(he. atsharétifphysicath transmtters),

MNX20 (i.e. a shared physical comunication_path 404 for the 2nd, 3rd, 10
4th, 5th, ccesttnmumcmtm PakB 146 &rihe S AR, B e-nthnaragmikieErshbal

commun caj of, 1A 1P 88hea A0 AIG ARl SLiCRE Bl B0 cl fhe Aidgrath, | oth

ese e the comiuni’ catl on

medi ung 248, 5211%@,ndnﬂ'12ralisrﬁit€er ahld Mians(iid. tstfare@dhysitalnsm tter 15
SNX3Z, then communi cati on nmedi um 08 i ncl udes M\x33, NMNX30, MNX20 and

M\xi 0, aneommeURicatiae Paths 4Q51,1401 @nd P2RJeatthe ki, 2He EMMER30%,  Not e

al so that _ped zes non-shared physical conmunication path
432; rredlg M@O%éﬁlg%gg hared physi cal comuni cati on path 424; nmedi um

MNX20 utilizes shar rdlpfnygitbhabe 2RedRIAENGAY tpatbmAddnieddonedi um MNXi o
utilizes shared physical
mediums 208, 210 and 212 of FIG. 2, if transmitter 202 is transmitter
15 Snxsz, then communication medium 208 includes Mnx3as, Mnx3o0, Mnx20
and Mnx10, and the receiver 214 is typically located at the CMTS 302.
Nofe also that medium Mnxs3 utilizes non-shared physical
communication path 432; medium Mnxso utilizes shared physical
communication path 424; medium Mnx2o utilizes shared physical
20 communication path 422; and medium Mnx1o utilizes shared physical
communication paths 420, 418 and 322. Thus, it is important to
recognize that each communication medium of FIG. 2 (i.e.
communication mediums 208, 210 and 212) is defined as a composite
medium from a respective transmitter (e.g. Snxvz) to a common
25 receiving point (e.g. CMTS 302), and includes at least one shared
medium (e.g. Mnxyy where Y’=0) and one non-shared medium (e.g.
Mnxyy' where Y#0). Furthermore, each shared medium (e.g. Mnxyy
where Y’=0) includes one or more shared physical communication
paths (e.g. 322, 418, 420, 422, etc.) and each non-shared medium
30 (e.g. Mnxyy where Y’#0) includes one or more non-shared physical

communication paths (e.g. 428 or 430).



communi cation paths 420, 418 and 322. Thus, it is inportant to recognize
that each comrunication nmediumof FIG 2 (i.e. conmunication nediuns 208,
210 and XQ@)2se3defi ned as a conposite nediumfrom a respeTURWEs0126
transmitter (e.g. SNXYZ) to a commopn 25 receiving point (e.g. CMIS 302),
and includes at |east one shared nedizam (e.g. MXYY' where Y =0 and one
non-shared nmedium (e.g. MXYY' where Y OO . Furthernore, each shared

medi um (e. g. MXYY' Brigibr eefetrray tortlGudesa ¢akleobOdus shoven achighysi cal

i j t ..0. 322, 418, 420, 42 tc. d h -sSh d
i Sok e B He b SiiBis oremnicatopstennaate tlaBRg H ber Rt Shos aal

i iBhidh sétodn Wi B2 28
Esmr;cfe?ggcﬁlﬁﬁ%%gﬁ%%sa agfﬂgggﬁgé%l\égrg ShOV\%Q mﬁgﬁdﬁ?%ﬁgg i%gt es the

vari ous coomumiinatdtooss metiwornk 300 af FIGSt @ angabl Thfis tablestPOheses wi t hin
serving gr.ou Wi t hin_hubs for cable modem. co ni catipons network 300
of FIGS.  H&ARONE PRALIOR, fet%fo’g&@éeﬁb e HENSHUGETHONSRT AR BIC the 11 el ds
of the tr i€ XYZ and the nediunms MNXYY'. Referring back to FIG
4, the subscript * I.e. the transmtter's vendor identifier) is used to
denot e the vendor wRefemramgbackuioeBlGr 4 stippbkibdcripe “Epdcefthe transnmitter.

For exanple, Z=0 19 corresponds-tq transmtters de by vendor A Z=1
corresponE@ntsémtp?r?a?]gﬁ?tiPEF e%gégb‘ﬁ' dgnotg .GKQIYIQGEH",’ @hen anal yzi ng

the net W{A@ﬂk&ﬁ%&p@g@@ﬂg&é §§eefﬁcsﬁéws&ﬁtf@y P6r Lesaldigegd=bo a

specific "transmtter vice 320 made by a respéctive vendor;
t hus, 10i ndorrespogdshat trahenpiatdrsanbde wemendomdy Zyel poodspondssiob- st andar d

15 equi prent. Having | apel ed the topol ogy of the conmmunicatio net wor k 300
and usi ngtr@ﬁ’é'lﬁlrtterﬁﬁ@%g PR E¥CNEOR B felEs %%s?’&‘tcﬁ"béﬁ"‘%ﬁltal’ilal}’%‘ﬁér ce to FIG 2
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transmitter/subscriber device 320 made b3'r a respective vendor; thus,
indicating that the particular vendor may be producing sub-standard

15 equipment.

Having labeled the topology of the communication
network 300 and using one 6r more of the techniques described with
reference to FIG. 2 to determine a quality of service estimation for a
given communication medium between a particular transmitter (e.g.

20 Snxvz)and a common receiving point (e.g. CMTS 302), the network
provider is able to localize medium dependent channel distortions to a
likely physical communication path within the network 300. This is
accomplished by comparatively analyzing the quality of service
estimations for each communication medium (e.g. communication

25  mediums 208, 210 and 212). Constructing a network topology such
as illustrated in FIGS. 3 and 4, enables the network provider to
understand the specific mediums (Mnxyy) making up each
communication medium (e.g. communication medium 208, 210 and
212) from the transmitter (e.g. Snxvz) to the receiver (e.g. CMTS 302),

30 keeping in mind that there are shared mediums and non-shared

mediums utilizing shared physical communication paths {e.g. 322,



20 SNxYz)and a common receiving point (e.g. CMIS 302), the network

provider is able to |localize nmedi um dependent channel distortions to a

i kel y pwaowag23comuni cati on path within the network 300PCTSGL/30$26
acconpl i shed by conparatively analyzing the quality of service estinmations
for each comruni cati on medium (e.g. casmuni cati on 25 nediuns 208, 210 and
212). Constructing a network topol ogy such as illustrated in FIGS. 3 and
4, enabl e$18h& 2 tator) larpd owndeharesl phydmad commiticaponi pathanteds.uns

MNXYY' [ i cati ' .g. C. icati di
208, 210 A8 B dorNS FARTRITR RO skidos TRRTERESTBESTREr (o .
CMIS 302) 1oc30i44860) @%dr&cmmdphg}gfcaq Q@hﬁn@frﬁcéﬁaﬁ%mﬂi&nmlﬂ%- shar ed
medi ums utilizing shared physical conmunication paths (e.g. 322

02/ 39230 mwsmalmmeczg)rmt eagh prm;cz)d eomimmgnicstizoe paphyisi the
cormunlcatlo 428, hus rt clar ality of
service | FFHT{ %égrgeé;wqrgcﬁ g%r aﬁ‘l’ 5‘51 . ‘6|°§‘Pp§ I ?ﬁ Q:g#rrulnl %:lati on
path wit h@Hfta‘ih‘i‘?kﬁQsllcélocd}mﬁ%ﬁﬁaﬂbﬂ PaReSthat fdreéﬁe @aagbn@ Rysrfdther

conmuni cat 1 on pat n the 5 communication network. Simlarly, the network
can be analrgaéﬂlemrsupmrlt@ngn@lhnygmaﬂl achrghmmmlntvnofpmrrvscet thanfor one

reason or anoth re abl.e to, su rt si naI dn her uality of
service tR&TD e 1g. le?%&b@%?ldé%tgr ﬂﬁrme% p&’irbf:b]?% yF”r‘F part iycul ar
physi cal csmmlgéﬁbﬁgo@%r&ué% ﬁ&ﬂ@ﬂé&%ﬁ@%xﬂ&ﬁew@é@éﬁ@eﬁubscrI ber 10

network tap -the parti subscri ber device 320. The foll ow ng
i Il ustroat meMekahpaimmaﬁmldfartsmﬂaqmﬂmrbi@mm@Q@sl Eheﬁailowunmgd be

per formed, |I|S|n thete hni ne or re e di cgthe
P Event | onil ST RRTEA S paice D POrIG TBAD SNIAZ! CaRsPeand SN13Z (of
FIG 4) wd}ﬂl ﬁrgx%‘ﬁﬁ ItU8n of Ghé lorzhBge %H%&&krﬂ?&éftsé &Bhe

connunica I on pat 120 (utilrzing shared physical comrunication
pat h 404) imvehtidil0 (utilizi ng shared physical

15 EXAMPLE 1
Given three transmitters Sni1z, Svi12z and Syisz (of FIG. 4)

having shared mediums Mni3o (utilizing shared physical
communication path 406), Mni2o (utilizingAshared physical
communication path 404) and Mn11o (utilizing shared physical

20 communication paths 402, 401 and 322) and having non-shared
mediums Mni11:1 (utilizing non-shared physical communication path
410), Mn122 (utilizing non-shared physical communication path 412)
and Mn133 (utilizing non-shared physical communication path 414).
Using one of the channel distortion estimation and quality of service

25 estimation methods described with reference to FIG. 2 at the
distortion estimator 216, a quality of service estimation is obtained for
the composite communication mediums between from each
transmitter (i.e. Sni11z, Sni2z and Snizz) to the common receiving point
(i.e. CMTS 302). Thus, a quality of service estimation is obtained for a

30 communication medium from Sniiz to the CMTS 302 (covering Mn111

and Mn110), a communication medium from Syioz to the CMTS 302



20 communi cation paths 402, 401 and 322) and havi ng non-shared nedi uns
MN111 (utilizing non-shared physical conmunication path 410), M122
(utilizi mgonwss2shar ed physical conmmunication path 412) andT/WNL3®126
(utilizing non-shared physical communication path 414). Using one of the
channel distortion estimation and quabety of service 25 estimation nethods
described with reference to FIG 2 at the distortion estimtor 216, a
qual ity ofcoverivicCMnest iMmib @md Myabhi) pandd tommuindcationaaetimdironmi cat i on
medi uns between fromeach transmtter I(AI .e.ﬁNllZ SN12z %r/}d SN13Z) to the
e N3V gt

conmon r ets viig 9o CMTS S0 . NpoglYiipe gt MyEoli ce
estimation is obtai § 1 : i Z.to the CMIS
302 (covering M\ll11ﬂ?glr}é%m%1%gfq§%%?10a$¥1%%§%%grgﬁ]@%IZN_@L'ZZ to the
CMIS 302 WfnadisSaes0 ¥aly 4/9@siredli2Gel S imedy hdlaMiii?gdualiiad and MN11o),
and a communi cation nmediumfrom the SN13Z to .the %Tf 302 (covering M\133,
MNL30, SV iGhEStvRetenns [oF PRz Srgthavedegenced (mithad¥e for SN11z is

quari ty o EF PR feeREdc Rt iffs) Y Car i sonkIRA-adipt BT, o

have dr ofikely ieltodeaskiasdd atediavieMoels bt fRnlt, iaks it das the cadnehaded that it
is likely that the shared medium MN120 is _at fault, as it is the only
shared nEfdinPbOelwesnithe drgrdadsaaEios: cotabhat kgt indicates fdadat es” t hat

there is | kel i . j 0. ut.il.j-zd pcal 10
conmmuni catljll%l% %’alpﬁéig%g??é@[@r% hmal?ﬁ ?ﬁg(?féwl{}l;ﬁ gwﬁr%%jf%fr%%g\?}?%aéﬁ'g%lggn% 120,
This i19 expreataitaton gdtket0hondt shacthdre isa problepassithirefihan both the

transmtters SN12Z and SN13z are faulty. Aljthou]gh at this _point, it is not
det er m neNvpe hThis iaerpyesastcas prikslEtnod sinssnidiis 2380 nossiblettietk is at

fault, th I i | VS] 0 nb f
transii ¢ 0PEh i BT RTGeTE RTRCHI RTR E S LR R BodeBIEE ooor 1y
is that tpeikgihid\hidedetnrtnBR i ectthirguwhicla pthysiedlheympoasadioft er

further into the network would be allowed to qualify pedium MN12o as being
fine, i.ethepetvosk dsghdatily fheddglihaed of erroneous analysis decreases

15 as the number of transmitters and depth of the network increases.
Yet another possibility is that the both Mni22 and Mni33 are at fault
and another transmitter further into the network would be allowed to
qualify medium Mni20 as being fine, i.e. able to support the desired
grade of service. Regardless, the network provider can localize the

20 degradation point closer to the real source of the problem, i.e. most
likely Mn12o utilizing shared physical communication path 404. Thus,
advantageously, by comparatively analyzing the quality of service
estimations for each transmitter, a limitation to the quality of service
within a network can be localized to a given piece-wise physical

25 connection within the network without physically inspecting or locally
testing each physical connection in the network.

It is noted that instead of representing these quality of
service estimations in terms of “fine” or “degraded”, they can be
compared relative to respective numerical or quantitative

30 measurements, such that degradations may be ranked according to

severity.



grade of service. Regardless, the network provider can |ocalize the 20
degradation point closer to the real source of the problem i.e. nost

i kel y MWQO02/85%280 i zi ng shared physical comuni cati on pat hpdDUSoTHIL,

advant ageously, by conparatively analyzing the quality of service
estimations for each transmtter, a li3tation to the quality of service
within a network can be |ocalized to a given piece-w se physical 25
connection within the network wi thout physically inspecting or locally
testing each physical connection i@é&‘@fpﬂ;ﬁt rk. It is noted that instead
of representing these quality of C timations in ternms of "fine" or

“degraded”, they cannbge SRAPAIRA 1R ghhlify bP seBAPEektiveatibiEfbLall or
guantitative 30 neasurenents, such that degradations may be ranked

accor di ng thoee seestnitfers/Bn02/ S9280mE NSO WES tzgradad mxdivideallyl n t he
event that the quali.t ervi.ce i matj.ons f al three transmtters
SN11z, %chﬁﬂ}%ﬁi‘éée%&lﬁg ‘886}%321[1“?%1‘11]&}?{6{% %?TC%P%XS&C concl ude t hat
medi um MNEROh #idicatiba siaiedophusiicahd @romid ke tikely Batinse 80erroat)1 and 322
is the likely source of error, since it is the only nediumshared by all

t hree tramsdnee iteisstigNonly meghuez shiagedNm3all thgee iransmittereByiigour ce of
error iis |lpcaliz to a given ysical portion of. the co ni_cation

et vor k wiPRGURAOe A g thd e RpuPe ot Bl BEARETE L GHER e

net wor k. s;ﬁMYE’élEpértidh brene\@rhnhiiatating ALALdIY wifhS@ Mcae testingrat i ons
for transm'tters SN11z and SN13z are of acceptable quality while the

qual i tyw 15 pliysiealinspeesidnaf tloe ehtiretnetmarki t er SN12Z is degraded, it can
be concluded that nedium MN122 is likely at fault and that the health of

t he network's backbone is not at risk. Thus, the network provider would
then send personnel to find and cogxagfpthesfault with MN122. This fault

could be in the non-shared physical conmunication path
In the event that the quality of service estimations for

transmitters Snii1z and Snizz are of acceptable quality while the quality

15 of service estimation for transmitter Sni2z is degraded, it can be
concluded that medium Mni22 is likely at fault and that the health of
the network’s backbone is not at risk. Thus, the network provider
would then send personnel to find and correct the fault with Mi2a.
This fault could be in the non-shared physical communication path

20 412 utilized by the medium Mni22 or the physical network backbone
connection (e.g. at subscriber network tap 318) or that the particular
transmitter Swnioz is faulty. Furthermore, depending on the value of
“Z”, the vendor of the transmitter may be identified and compared to
the quality of service estimations obtained for other transmitters from

25 the same vendor. Thus, it may be determined whether or not it is
likely that the transmitter is at fault depending on the vendor
identifier. For example, a poor quality vendor has been allowed into
the network, such that the quality of service for signaling produced
from transmitters made by Vendor A decreases after a shorter

30 operating life than comparable transmitters made by other vendors.



20 412 utilized by the nmedium MN122 or the physical network backbone
connection (e.g. at subscriber network tap 318) or that the particul ar
transmttveo 0822Y is faulty. Furthernore, dependi ng on theCvabuesoofe "Z",
the vendor of the transmtter nay be identified and conpared to the
quality of service estimations obtained for other transmtters from25 the
sane vendor. Thus, it nmay be determ ned whether or not it is |ikely that
the transmtter is AfltHaugh odptndiengperificlexaneplisrare desarilig¢drtherer

| e, it dor has. b |lowed into th K, h
Chat the GEARSY GICePoReins M it RQTHRGIICRHOR AT Rt er 5 nade
by Vendor wAidRGl §aahsy 8f kefvide %ﬂﬁywlo%mi%&rtagidwichﬁéﬁ hiafragonpar abl e

transmtters made by ‘other vendors. WO 02/39230 PCT/US01/50126 32 Although
only t hr ecospeunid¢atien pathest ageogmphicdedatiohewigthindhe nmany ot her

scenari os Wi thin.the conmmuni |on,petwork.300 i.n  which a.quality of

servi cé n&THBURLATD é’(ft‘fVSr%?fq(?c GJI]haﬁ' p?ﬁ’ﬁ}??%gﬁlch%m%ec ttg‘&ﬁeﬁa@/rh at a
geogr aphi g Q698 t¥idetéimilieif eepradhEohii8netdBiib d68radtitoessi bl e
paths nmay be extended on a hub basi's to determine if a degradation is due
to hub dethegerioomance phthe &M EBnetlee batdhaddiad! iy at Feuliedtand itself is

t fault. F ! i th to Fl 3, th Lity. of [
st mat | ofSaFEHe, MlhEfertar b REET Hhibe Mty dh st st s e
qual ity of b aRtMisCEnast B 1 804 by Heh&Smipabed witd thBWulityles 1 n order

to estimate whether there is a probl'emw th a specific hub of the
comuriioc aseonca estionktiGos forrdthen bnbis| ¢,g.duabint $16f imerdecdéoest i mati ons can

Servi ce. 1 EoHIRAE QAR (IS dBra, PROP B Fabbedi duia of dBsect i ve. hub.
For exanpkgmAudiédtioRnet®orikeso@st i mations for communi cation nedi unms
within a serving group are conpared to quality of service estimations for
communi cat i on nedi udsidifiontlgr quelity of sgracpsstumatonslwanshee hub to
det er m nes{rzlillér ?frceorin%a?eg rtg %e%gr\ﬁmiég ifa e%trgglgtion in the quality of
15 service is due to an entire serving group that serves a respective hub.
For example, quality of service estimations for communication
mediums within a serving group are compared to quality of service
estimations for communication mediums of other serving groups
under the same hub to determine if there is a problem with an entire
20 serving group under a single hub. Briefly referring to FIG. 6, a
table 600 is shown mapping the individual subscribers within serving
groups of a single hub (i.e. hub 1 304) and also illustrating which
mediums (e.g. mediums Mnxyy) provide information on the network
health by a given subscriber when comparatively analyzed, as
25 described above. As shown an [x] indicates which mediums provide
information about the network health of a particular subscriber within
the communication network. For example, mediums Mi110 and Mi111
provide information about the network health by transmitter Si11z,
while mediums Mi110, M1120, M1130, and Mi133 provide information
30 about the network health by transmitter S;13z within the

communication network 300.



20 serving group under a single hub. Briefly referring to FIG 6, a table
600 i s shown mapping the individual subscribers within serving groups of a
si ngl e hwo (2/3%230 hub 1 304) and also illustrating which PeTUSMEI(®. g.

medi uns MNXYY' ) provide information on the network health by a given
subscri ber when conparatively anal yzed3 as 25 descri bed above. As shown an
[ Xx] indicates which nmediuns provide information about the network health
of a particul ar subinihexdwarnthgeouslye thommimiorkt prowidest isoalde teor exanpl e,
medi uns I l..io and M Li raovi de infarmation.about the network health by
ranom ¢ ¢ dpealize s $p5iree g et Rk e RoR oot MEERE SolgSacs EaRd M1133
provi deﬂWsE@&l'éHinﬁﬁlﬁ%ﬁﬁbn})ﬁ&tﬁ%ﬁﬁiﬂf tRealdty ¥k withpedthkahecel iz Wi thin
the co ni-cation network 300. WO 02/39230 PCT/US01/50126 33 Thus,

advant ageseasbyqualifzed pensoinel mtbdie fidldablnstead df sealding aa sour ce of

k d dati on ' | kel , . hysi ' '
pathe v ¢ R deio it el S5ehen Srsnof 5% bieh IR st pR B6Rnel Tt o
the fiel dyokapiigathwf tooendichotie ﬁek?ﬁ%ﬂ%fé%ﬂﬁ%ﬁnb@% poigitdet0, fhreck each

of the high level nodes and then poss ' have 'to search the next highest
densi ty ndHe rpot eapsetaf.potentiallyhene subscribee’'salegratativnal Fyrtmer

subscri ber' s degradation. Further advantagequsly, the network provider is
able to d@fjéfép%%%‘bqléﬂgﬁ q]nleﬁwo(flﬁé)ramﬁiqrt]}s %ﬁesté?r"\lﬁtgﬁt gesa Bi ece-wi se
connect i oRpwich ity & Qi el of 4 GidddBid AV @428 nALAIYA iRhiP RelB@iBF K havi ng
uni que anghkr(l%d\/\an%ﬂypcﬁysi c%%% con%clactr?ghs and corrrlect théfnﬁbef o?e t hey becone
cat ast roophimetinvahient wsmemeidicatioscnétyeork Bavidpumgee anldeknetwmor k

provider is alsq able tpo determ ne the worst. perform ng network
bonnect | oY SIFAIFARMEIHANS RRREIFEC B LALS REST |'s on the 15 best

sol ution LB ' i I #438h
fl owchart tclggésst%gggl(gﬁ gﬁﬁgtﬁlﬁgédm Qg? 9?%?:% 1| Ifzsile'ng a qugrfﬁih{%/otgg Is%tr‘%?%% to a
parti cul apreutkerislzdso ablgbo determine dhe etatst pelrfornning: newesrkant

conmmruni cat i ons net wor fqr. exanple, the )
connecfr:lmns, Wkﬁh w%lc tOnBlaﬁ(C the necessary judgment calls on the

15 best solution that fits a financial budget.

Referring next to FIG. 7, a flowchart is shown of a method
of localizing a quality of service to a particular subscriber or portion of
a relatively time-invariant communications network, for example, the
networks of FIGS. 1 through 4, in accordance with an embodiment of

20 the present invention.

Preliminary steps include estimating the channel
distortion of a plurality of communication mediums of a relatively
time-invariant communication network, such as described with
reference to FIGS. 1-4. These communications mediums (e.g.

25 communications mediums 208, 210 and 212 of FIG. 2 including the
various mediums Mnxyy of FIGS. 3 and 4) are defined between
respective transmitters (e.g. transmitters 202, 204 and 206 of FIG. 2
or transmitters Snxyz of FIGS. 3 and 4) of a transmitter pool and a
common receiving point (e.g. receiver 214 of FIG. 2 or CMTS 302 of

30 FIGS. 3 and 4). The specific channel distortion estimations are

performed according to any of the techniques described with reference



networks of FIGS. 1 through 4, in accordance wth an enbodi nent of 20 the
present invention. Prelimnary steps include estinmating the channel

di storti omoof/3e3pl urality of communication nedi unms of a rRCBUSWME0Y26
time-invariant conmmuni cati on network, such as described with reference to
FIGS. 1-4. These conmuni cations nediurgg (e.g. 25 comuni cations medi uns
208, 210 and 212 of FIG 2 including the various nediuns MNXYY' of FIGS. 3
and 4) ar ¢odd6G. sdobeareple, bysthecdistertiomestimators? (@ off FIGr &asnitters 202,

(1 anom t { ARG ARATRE LA SEeroh SF LA Ui e 8T epedrybrhatacl Fia 2
or OIS 3028k:i3 dF e Ry dehusclly AbRELLEE £btangl of Storcd on

estimations are perforned according to any of the tethni ques descri bed
wi t h ref eesticeatiih 0aY 3HABIIMCTHPPOTIsDDY @acBdof tha-t&apeztivieor exanpl e, by

the distortion estimator §16 of FIG, 2... These channel di s‘t rtigqny
est i matd ofSTHIUBICAEAR FRedBp@Td&rf ERRANBE NAEENPRrbmedy S are

used to dght%{]grﬂgﬁ%n% iiEys&%p&Qéai th@ﬁ&?ﬁge«ai%fgaguﬁi fi8fld ng suppor t ed

by each o e respéctive 5 comuni cation nedi uns, e.g. signaling having

what nodulcanventibaagélteclandsisgnal ing rate i s supported by the particul ar

medi um usi ng conventi onal techniques. In accorda(r;c(P:](et w th one enbodi nent of
S

the invention, thedB afirQrfapcewith qneembadimantpisthe MVSHtahed or
i ved - di : ] i ' timator,
][ gfele\altgh fg?@%@ﬁ églapl X a?éle?gr/lcg:cés‘%frhhﬁon‘% e BQA é@%r¢F§%§%H7@§yfs !

conmuni cati on medi uns Each of the
pl ur al itt y medocy mrndirecily o6 grfidimnheadstoeiom edtined oepforacadds péthe ve

the ol at EVRTSHG ECoHERHPICRE D RAIFEAR TOIPHE0dbr Keckaoh it DI
Comu Sobk SR s ARG aIA AT e S e PYSLCR!
path. I n arensenitelr o€atpodlhe alshit@trs zerd #4260 cobmmon receiving point
of the relatively time-invariant communication network. Each of the
15 communication mediums is conveyed over at least one shared
physical communication path and at least one non-shared physical
communication path. In one embodiment, the QoS localizer 220 (e.g.
located in the CMTS 302 of the headend 104) receives the quality of
service estimations for each transmitter in the network from a
20 distortion estimator 216 (e.g. located in the CMTS 302 of the headend
104) of FIG. 2.

These quality of service estimations are stored within a
memory (Step 704), e.g. memory 218 of FIG. 2, which may be located
within or coupled to the common receiving point, e.g. located in the

25 CMTS 302 of the communication network 300 of FIGS. 3 and 4. The
storing step may be performed before and after the receiving step (i.e. -
Step 702).

Next, the quality of service estimations are comparatively

analyzed in order to localize a given quality of service to a specific
30 physical communication path, either shared or non-shared (Step 706).

Next, based on the comparing step, a particular quality of service



| ocated in the CMIS 302 of the headend 104) receives the quality of

service estimations for each transmitter in the network froma 20

di storti omoexs928mt or 216 (e.g. located in the CMIS 302 of P€h@Stiemdmnd 104)
of FIG 2. These quality of service estinmations are stored within a nenory
(Step 704), e.g. nenory 218 of FIG 2,35which may be |located wthin or
coupled to the common receiving point, e.g. located in the 25 CMIS 302 of

t he commﬁs‘dmamnnetlmlkzabm afhlﬁlmhs&lamldcmnrﬂ'hmcaétan paghstep may be

per formed bef or t e receivi te Ste t he
fual 11y oPSSepied vaL gL S sl SimAREb A 1o
local i ze gHiskebrApal 'ntgyaﬁ!ifi 188412i6:8 $t@pd 1B§SdrTbAnaE, Rvslecal communi cation
path, either shared or non-shared (Step 706) Next,  based on the conparing

step, a pambcaxﬂ,ulrmnmtal gqographscaliu hmame@epagtzeala?cphwsoal 50126 35

estimation is | ocal S|cal onmuni cati on associ at ed
oot b e Rt iGh pa h v Gls B R e Bt day Vit ket
conpar i Ng ;388cia@6@ith 0 pat 8681 Guishf Qw@rdncé Jifhe tpbodi ment, to
geographically | ocalize a particular physical 5 comunication path likely

causi ng acdeymnadhcatoni metsemki. cEopexhikekey sewssd cixarmplesiare degvaihddul ar
quality of servbce Wt hi ngt he conmuni Cﬁﬂf network For exanpl e, several

exanpl es APQVASLHSHREHE Hi6 COmRIPIIRE A SRS ng and 1 ocal i zi ng
steps. Wile the Inwmk%e%fv%h@m% ﬁefaﬁe(ﬁseﬁﬁeaeﬁas feRer dbedi Oﬁel:P by means

of . specific enbodi ments and applications thereof, nunerous fi1cations
and varo alhycxmam@fcbpm;ﬁacbmbhémentsbyndrmiﬂlmdmmszdihereof; hemaertous t hout

dopar L 0L ekl 5088 oL Ale, TYeR ke, LD, LD ulle SIALAS YO
the art without departing from the scope of the invention set forth in

the claims.



What is clainmed is: 1. A nmethod of quality of service |localization within a
5 relatively tinme-invariant comruni cati ons network conprising: receiving
qual ity ofosmsaesce estimations for a plurality of comruni parisengsomsdi uns,
wherein each of the plurality of conmunications nediuns is defined between
a respective one of a plurality of trBansmtters |ocated wthin the

comuni cations network 10 to a common receiving point of the comunications
net wor k, wher eCGLAIMEh communi cati ons nediumis conveyed over at |east one
shared physical comrunications path and at | east one non-shared physi cal
comuni cations path; and conparing the quality of service estimations in
order to wibail Redlli®@daisk espective quality of service estimation to a

| i kel y physical comunication path within the conmunications network. 2.
The met hod of O ai ml1 funeteed odmpraldy g seseigkileralizatigayedhiipen t he

conpari_ng, .the respective.quality of .service estimation . 20 to the |likely
physi cdl  EORMIAPE BTGP BAEADE OB RUE P PR o BB PrsE G ual i ty of
service estimation. r@eeithify FAANGEHoPEeR e BsBinidies s fof Bepl@ERLY 8f NY
conprises localizing the respective quality of service estimation to the

25 |i kel ycpmmiugatattonaumediattnonwherpinmeaslh wf theyplusalifyyof nspecting t he
| i kel y physical comruni cati.on gatﬁ ﬁé‘[ Tﬁe net hod of q[.ai m 10(\ﬁltk1erei n the
respectiv OHHBPPE%U%IFS%?%EB &8 deiiaiedo “TEPT TR R P onin a
desi red qgﬁhiéﬁty%f tr3BsHEENErS Sod e d! WRHEA U SA ML cBSIoMY KetW¥2102/ 39230
PCT/ US01/ 50126 “37 5. The nethod of Caim1 wherein each of the plurality

of cafnuid eatéromone deasiving poies! th« nommundcanogs aepivpskcwhepeirh. 6.

e e nod o T b B e TSR SRS IR SRR e o cabl o

det er m ni BGysical communications path and at least one non-shared physical
communications path; and
comparing the quality of service estimations in order to
15 localize a respective quality of service estimation to a likely physical

communication path within the communications network.

2. The method of Claim 1 further comprising localizing,
based upon the comparing, the respective quality of service estimation
20 to the likely physical communication path associated with the

respective quality of service estimation.

3. The method of Claim 2 wherein the localizing
comprises localizing the respective quality of service estimation to the
25 likely physical communication path without physically inspecting the

likely physical communication path.

4. The method of Claim 1 wherein the respective quality
of service estimation represents a degradation in a desired quality of

30 service for the communication network.



that the likely physical comunication path conprises a shared physical
communi cation path. 10 8. The nethod of Caim1l1 further conprising

determ niwmgo02/842ad t he |ikely physical conmuni cation path PeT/@socdizhar ed
conmmuni cation path. 15 9. The nmethod of Claim1 further conprising
continuing existing services provided7in the communi cati on network during
the receiving and conparing steps such that the existing services are not
interrupted. 20 10. SThEheehédhdbf Clainm 1l wideeer nacheftbegilvurabty obnpri ses
receiving the quality of service.estimations froma nmemgry. .11. The net hod
of Ol & m SOPUPLRArARSRIRPAIHES AT fAGIRE 4L HERER, PIRF AR ser vi co
estimation over tine in order to detect 25 changes in the respective
quality of service estimation of the likely physical conmunication path.
12. A system for quéliTheohetdwd bt €laigeadl wietreim the chimmainicaliani vel y
time-invariant communi.cation netwgrk conmprising. 30 rrean)‘s( for receiving
qual ity ofCSWPTR COMRIIPRRA GHRiC ARPAgm f)‘f”ﬂfrrﬂ}lint‘ffg%‘?n tations nedi uns,
wherein each of the plurality of WO 02/39230 PCT/US01/50126 38

conmmruni cations nediuns is defined froma respective one of a plurality of
transmtters |ocated.wibhimethmd obfitaim cafudher mempriking deteroniming

recei ving pojnt o he, co ni cations networ wherein each communi cati ons
o um | < theh by Brel B SegrrRBceRiGPar gt GRTSTL® 2 Shadnfiont | one. path
and at | easf <ang pRnRlfcatoRYysfgal  comuni cations path; and means for
conparing the quality of service estimations in order to |localize a

respectoi ve quality of service estimation to a |likely physical
conmmmuni cation path wthin the c i catjans. network.. 10 ..
P \gl ’Hle meﬁ'loc? Malm f ?urther comprlsllng determining

that the likely physical communication path is a non-shared

communication path.

15 9. The method of Claim 1 further comprising continuing
existing services provided in the communication network during the
receiving and comparing steps such that the existing services are not

interrupted.

20 10. The method of Claim 1 wherein the receiving

comprises receiving the quality of service estimations from a memory.

11. The method of Claim 1 further comprising monitoring
the respective quality of service estimation over time in order to detect
25 changes in the respective quality of service estimation of the likely

physical communication path.

12. A system for quality of service localization within a
relatively time-invariant communications network comprising:
30 means for receiving quality of service estimations for a

plurality of communications mediums, wherein each of the plurality of



13. The method of Caim 12 further conprising neans for |ocalizing, based
upon the conparing, the respective quality of service estimation to the

| i kel y pwabzad2dcomruni cati on path associated with the repep@stivase2equal ity
of service estimation. 15 14. The nethod of C aim 13 wherein the neans for
| ocal i zing conprises means for |ocalizgng the respective quality of
service estimation to the |ikely physical communication path w thout

physi cal | goimapedcatigns hﬂedlumsylsMm&chfrommmmtnvcmrpaoha 20 15. The
met hod of ai.m wher ei

t | i
r epresent QFHr%igy r ?P&Hlﬁtﬁara g%’qe%gcfcll“\fﬁaxh%?a r&p){glélrc\ﬂi’o W ggpﬁétﬁ mat i on
communi cath ANcABENOHE kecdRind: tpo’ﬁfﬂ@oﬁﬁ&él an%uglééﬁbﬂg HetiloRR! weRIFRIr Si ng

means for determ ning that [ i kel y physical communication path
conpri ses eachsdmammm:oml nmdmnms:a@nmyq&hoher avleafieomeshatedf Caim 12

further_ co L si.ng neans. f etermn that the . likel cal
comuni caﬂ% 1Rk P RETNIG mn%g ir?ia\%?sitonc?nn%]atﬂ'1 \ﬁ%%‘?ﬁ%’é?

PCT/ US01/ égﬁ%ﬁurﬁgatjignsyﬁth”%trﬁpd of daim12 further conprising neans for
noni toring the respecti quality of service estimation over time in order

to detect changes i medmes rfelspemparmgmhbqualngf ofesarviee estim@giorenin of the
kel physheel, Somunl cal on pat N ho1or A RUESm QL guall Ly gf cervi ce
e K, PP P OATOALS SV e etk
10
13. The method of Claim 12 further comprising means for
localizing, based upon the comparing, the respective quality of service
estimation to the likely physical communication path associated with
the respective quality of service estimation.
15
14. The method of Claim 13 wherein the means for
localizing comprises means for localizing the respective quality of
service estimation to the likely physical communication path without
physically inspecting the likely physical communication path.
20
15. The method of Claim 12 wherein the respective

quality of service estimation represents a degradation in a desired

quality of service of the communication network.

25 16. The method of Claim 12 further comprising means for
determining that the likely physical communication path comprises a

shared physical communication path.

17. The method of Claim 12 further comprising means for
30 determining that the likely physical communication path is a non-

shared communication path.



to the common receiving point; and a plurality of conmunications nedi uns
coupling respective ones of the plurality of transmtters to the comon 15
recei vi ngv@o2/sm230 wherei n each of the plurality of conmmuni Par/ioseigso1zeedi uns

i s conveyed over at |east one shared physical conmmunications path and at

| east one non-shared physical conmuni3eations path to the common receiving
point; and a quality of service localizer coupled to the comobn 20

recei ving point, whéBei Fheheethed iof £lafmsk? fudker smahprising ovsrnisy iy, based
upon the anal.ysi.s %qual i tﬁp’Of service esti rratti.é)j%?. recei vgd fromthe
common r eEWANGB G TOSPESHY Ei ALY YuiTvSP St eVt Hatt on to a

li kel y physié&ato BetEpHIEddNirP e rdbdditid §EaRRNBHBEGALE RAmANGSNOr k. 25
20. The systemof Claim 19 further conprising a” distortion estinator

coupl ed t of the likele phwsical Corhmupisktion patlservi ce | ocal i zer, wherein the
di stortsi on estimator determnes the quality of service estimtion for each
of the-plurality of communications 30 nediuns. WD 02/ 39230 PCT/ USO01/ 50126

40 21. The system ofi oC Ai dPstEnf 9t NSAIIGOPPEd R R TBABEY coupl ed to the
quality of service localizer. 22. The Systemof Caim19 further conprising

a net wor kcompmusingol | er coupled to the quality of service |localizer. 23.
The systemof Claim 191vx{(1er1ei n the comon receiyvi Qg{g{)oi n% conpri ses a
plurality of receiv&r€aYpely UMeRIVAT A COMIRGIGRUHI\AEFEPTE t he connon
recei vi ng-gpidlisie@prises a single receiver. 25. The systemof Caim 19
wherein the como receiving point conprises a cable nodemterm nation
systemoof a 15 cabl e npderomonom recelving poattyor k.

a plurality of transmitters for transmitting signaling
to the common receiving point; and
a plurality of communications mediums coupling
respective ones of the plurality of transmitters to the common
15 receiving point, wherein each of the plurality of communications
mediums is conveyed over at least one shared physical
communications path and at least one non-shared physical
communications path to the common receiving point; and
a quality of service localizer coupled to the common
20 receiving point, wherein the quality of service localizer localizes, based
upon the analysis of quality of service estimations received from the
common receiving point, a particular quality of service estimation to a
likely physical communication path within the communications
network.
25
20. The system of Claim 19 further comprising a
distortion estimator coupled to the receiver and the quality of service
localizer, wherein the distortion estimator determines the quality of
service estimation for each of the plurality of communications

30 mediums.



26. The systemof C aim 25 wherein the cable nodem termnation system

I ncl udes the quality of service localizer. 20 27. The systemof Caim19
wher ei n W@ ozs92Beast one shared physical conmuni cati on prChyUsarprisses a
fiber link or a cable Ilink. 28. The systemof C aim 19 wherein one or nore
of the 25 plurality of transmtters ame coupled to the comon receiving
point via a hub. 29. The systemof Caim 19 wherein a respective one or
nore of the plurali @i.oThersyssennt efeCinr é Scurphedcompriengemurmaty

) . : P
recetvi ngcglollpi]etd % %hg qruea ethJ servicel o(c):fahgerpl urality o ubs.

22. The system of Claim 19 further comprising a network

5 controller coupled to the quality of service localizer.

23. The system of Claim 19 wherein the common

receiving point comprises a plurality of receivers.

10 24. The system of Claim 19 wherein the common

receiving point comprises a single receiver.

25. The system of Claim 19 wherein the common
receiving point comprises a cable modem termination system of a

15 cable modem communication network.

26. The system of Claim 25 wherein the cable modem

termination system includes the quality of service localizer.

20 27. The system of Claim 19 wherein the at least one
shared physical communication path comprises a fiber link or a cable
link.

28. The system of Claim 19 wherein one or more of the
25 plurality of transmitters are coupled to the common receiving point via
a hub.

29. The system of Claim 19 wherein a respective one or
more of the plurality of transmitters are coupled to the common

30 receiving point via a respective one of a plurality of hubs.



