
adjusting user setup screens to match the
dimensions and levels currently defined in the
system. If the MPAA defines another level (as
they did when NC-17 was introduced). the
svstem can accommodate it seamlesslv.. .

Rating regions

It may be in Nonh America that Canada
and Mexico will not elect to use the same
standards for program ratings we use in the
United States. SI provides a means to define
several independent rating systems, where each
system is identified by its "region" and given
its own name. The Rating System Table
provides the mapping between the rating
region code and its textual name.

Decoders can be assigned to a rating
region either through an installation or user
preference option, or by a private message
individually addressed to the Decoder. If the
Decoder offers the user a choice of rating
system. it labels those choices using the names
in the RST.

Each rated program must carry with it.
either within the Program Map Table or an
message in that same PIO, rating data for each
supponed region.

Currency System Table

Currency regions are to IPPV what rating
regions are to parental ratings. SI cames a
Currency System Table that assigns a textual
name to each currency region supponed in the
system. Currency regions are handled in the
Decoder much like rating regions. in that each
Decoder is assigned (by the user or system
operator) to one region.

Decoders in the US would be placed into
the US currency region. and IPPV programs
will indicate cost in terms of US dollars. If a
currency region is established for Mexico.
IPPV programs for Decoders in the Mexican
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currency region can be labeled with costs in
units of pesos.

Map Name Table

In some instances. it can be helpful if the
system provides to the Decoder a textual name
for Vinual Channel Tables in use. This feature
is expected to be most useful for over the air
broadcast use of VeTs. but may prove to be
useful in cable systems as well.

CONCLUSION

This paper has shown how ATSC AlS6,
System Information for Digital Television
applies to cable. how it is used to define the
environment in which digital cable Decoders
navigate among available analog and digital
services, and how it facilitates and supports the
use of some of the new features maQe available
by digital transpon.
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CA7VReturn Path Characterization for
Reliable Communications
Operators with CATV systems are interested in offering telecommunications
services, so there is a tremendous need for equipment to support
bidirectional communications over HFC. Providing reliable solutions for
bidirectional HFC communications will require a thorough understanding of
the channel characteristics in the return direction.
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T
he Community Access Television
(CA1V) industry was established by
providing low·cost distribution of
broadc:astvideosigDaJstosubscnbers.
The HybridFiber-eou (HFqarcbi-

____ tee:ture,inwbichafiberisusedto trans-

port subcarrier multiplexed signals to a group of
500 to 2000 subscnbers, has become standard in
the CATV industry and provides up to 750 MHz
of bandwidth to the subscriber in the forward
(broadc:ast)directioD.Becausethearc:hitecNredocs
not contain switching elements in the dismbution
plant. and only requires optical-to-eleetrical and
eleetrical-to-optical conversion, amplification.
and power splitting, the plant cost is relatively low.
Typical HFC costs are on the order of USS300
per home passed (500 home node, 70 percent
aerial plant. including installation) not including
settopc:osts.TheHFCan:bitec:ture isnowalsobeing
considered as a bidirectional broadband commu
nications infrastructure, with the 5 to 40 MHz
portion of the spectrum available in the distnbu
tion plant for transmission from the subscribers
to the headendlcentral office. The incremental
cost for adding telecommunications services over
HFCisexpected tobe belowS300fonolumedeploy
ments, even when the penetration rate for the
services is relatively low (10 to 20 percent).
Because the cost for adding telecommunications
services over HFC is relatively low, and because
operatorswithCATVsystemsare interestedinoffer
ing telecommunications services, there is a
tremendous need for equipment to support bidi
rectioDalcommunieationsoverHFC.ProvidiDgreli
ablesolutioasforbidireclionalHFCa:nmmmications
will require a thorough understanding of the
channel cbarac:teristics in the return direction.

The HFCplantisa treeandbraDchnetworJcema
Dating from a headend or central office, and ter
minating at the subscriber residences. This
architecture is shown in Fig. 1. In the forward
direction transmission from the central offic:elhead
end is via a single mode fiber, with the source
being a highly linear optical modulator operating
at a wavelength in the 1310 or 1550 nm range.
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Both distributed feedback (DFB) lasers and
external modulators are used as sources. The node
performs the fuDc:tion of optical to electrical c:aD
versioaandsignalamplificationfortransmissionon
the coaxial portion of the network. Adive elements
provide amplification along the coaxial path., and
passive taps are used to provide a portion of the
signal power to the subscriber via the drop cable.
AdditiODalsplittingmaytake plac:einthe residence.
In the return direction. signals sent from the sub
scriberreacb the firstac:tive, areamplifiedandtrans
mitted to the node where they are combined with
signalsfromtheothercoaxialbranches,andare m0d
ulated onto a laser which transmits the signals to
an optical receiver at the central officelheadend.
In new installations the usable downstream band
width extends from SO to 750 MHz and the return
bandwidth is from 5 to 40 MHz.

Return Path Characteristics
The HFC network provides a cost-effective
I means of delivering bandwidth in the down

stream and providing subscribers with approxi
mately 700 MHz of useable bandwidth for both
analog and digital signals. Because the network is
atreeandbrancbarchiteeture,the tnmmissioDpath
from the subscribers to the headend is shared
and, as discussed previously, provides 35 MHz of
spec:truJDinthe5 to40MHzportionofthespec:trum.
This spectrum is shared among subscribers with
theneteffecttbatthesiBna1receivedatthe headeDd
is the sum of the subscnber signals. The return
path is generally engineered to provide unity gain
from the first return active as secn coming from
thc subscnber to the headcad receiver, thus sig
nals generatedat thesubscriberlocationencounter
varying degrees of attenuation from the sub
saibertothefilstlCtive,andarereceivedat thehead
eadatthesamesignallevelwbic:happearsatthe first
return active.

The treeandbrancharcbitec:tureresults ina phe
nomena commonly called noise funneling, which
is the summation of the unwanted noise and
iDgressfromboththesubsc:ribersandthecableplant
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• Figure 1. Hybrid Flber-COQ% (HFC) archilet:tun.
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• figure 2. TypiaU rawn path spectrum as~ at 1M IwulDId, wilh
d4lapo~ level~ in.tJicaud..

being in the range of -21 to 2 dBmV for a return
path with unity gain. Figure 2 illustrates a typical
return path spectrUm as measured at the headend
in the abseDce of active data carriers. The espect.
ed data power level is 25 dBmV and is indicated
on the figure. In this system there was an addi·
tioDallOdBgamintheretmDpaIh, thus,tbeobsen'ed
noise signals in the range of -13 to +13 dBmV
are close to the range of expected values. The
narrowband interferers are dearly identified in
Fig. 2, and it was possible to demodulate them
and identifyparticularAMsbortwavettansmissimJs
at theheadeDd, aswell asat the subscn'berlocations.

The types of ingress which appear OD the cable
return path can be classified into three broad cat
egories:

in the return transmissioD system. The following
examples illustrate the effect of DOise funneling
and are based 00 the assumptions that sources of
unwanted signals are located at the subscriber
locationsand that theiramplitudesarevaried to pIt>
duce a specified levelat the inputto the returnampli
fiers. For unwanted signals which are uncorrelated
noise (e.g., Gaussian noise) the signals sum non
coherently: if the signal levels from each sub
sen'ber as measured at the input to the first return
active (amplifier) were equal, then the noise fun
nelingfactorwould beequal to 1010gnwheren isthe
number of subscribers. If the signals are conelat
ed and are exactly in phase, the noise funneling
factor would be equal to 2010gn. As an example
of the effect of noise fuDneling, a 500 home node
would exhibit a noise funneling factor of 27 dB
foruncorrelatednoisesources, and a fae:torofS4 dB
for correlated in-phase sources.

The fact that noise funneling occurs was COD
firmed byobserviDgthe retum pathspee:trwnatvar
ious headends (the measurementsetup is desa'1'bed
inAppendixA),which typicallycontainanumberof
narrowband intetferers thatare clearlyidentifiedas
AM shonwave stations. Measurements of the sig
nals on the coaxial cable at an individual sub
scriber location (with all of the coaxial cables in
the home funneled into the home splitter) indi
cated the same types of AM signals, but at a
lower level than what was observed at the head
end. Accounting for a typical loss between the
subscriber and the first return active of 18 dB,
and a Doise funneling factor of 32 to 45 dB
(assuming a 1500 home node and some degree of
coherencybetweensubscn'bersigDals)theexpected
value at the headend would be 14 to 27 dB higher
than the signals observed at the subscriber loca
tion. This was in fact the case, with a typical AM
signal at the home location being in the range of
-25 to -35 dBmV, and the signals at the headend

...
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• Narrowband shortwave signals propagated
through theaanosphere and coupled to the return
path at the subscnber location or in the distri
bution plant.

• Impulse noise.
• Common mode distortion, originating from

nonlinearities in the plant (e.g., oxidized COD

nectors).
• Locationspec:i1icinterference(inteDtionalorunin

tentional) generated by a device at a subscnber
location.
Narrowband interference is most easily under

stood by considering the characteristics of propa
gationofHFsignals.SigDals inthe51030MHzregion
ofthe spectrumCIDbe propagatedaround theworld
with the success of propagation depending on the
amount of skip which occurs in the upper layers
of the atmospbere. In addition to the diurnal
variationsinpropaprion. there isalsoasaongdepen
dence On tbe 10.7-year solar sunspot cycle.
Increases in solar sunspot activity are highly cor
related with increases in the maximum useable
frequency, due to increased ionization in the
upper layers of the aanosphere. A low in sunspot
aetivitywilloccurduringthe period 1994-97,and the
peak is expected to occur sometime in 1998-2007.

64

This will potentially result in increased propaga
tion of HF signals in the upper part of the 5 to 30
MHz spectrum, and if the ingress is coupled in
from subscriber locations, may result in decreased
availability of channels. Methods of decoupling
the cable return path from the coaxial network in
subscnberlocationinordertoreduce ingresswillbe
cliscussed in a following section.

Impulse noise is present On the cable return
and may oc:c:ur via the coupling of impulse events
generating strOng elee:t:romagnetic fields at par
ticular subscriber locations, which couple to a
panicular coaxial drop or feeder cable, or from
impulseeventsgeneratingfields propagated though
the atmosphere that couple to the plant at numer
ous subscnber locations. Impulse noise is gener
atedbyman-madesources suchaselec:tric:almotors.
engine ignitions, and power switching, and
although these sources generally produce events
in the 60 Hz to 2 MHz portion of the spectrum,
the harmonics of these events contribute to
impulse DOiseathigberfrequenc:ies. Computersand
digital equipmentaresourcesofimpulsenoise in the
5to40MHzportionofthespectrum. Na1Urallyocxur
ringsourc:esofimpulsenoise include lightning.aano
spherics, galaeticnoise, and elee:t:rostaticdischarge.
These naturally occurring impulse events cause
disturbances which typically extend from 2 kHz to
100 MHz. CCIR studies on man-made radio
noise have shown that there is a StrOng llfdepen
dence on the noiseobserved (both impulseand baclc
ground noise) in the atmosphere as well as a
dependenceon the location,withindustrialand urban
locations showing higher levels of noise than
rural locations [1]. Considering that much of the
man-madenoiseisimpulsive innature, there isbound
to beastrongman-madecomponentofimpulsenoise
ontheretumpath.Theconscquenc:eofimpulsenoise
is that even if narrowband interference is not pre
sent, impulseevents tnaylimit the bit errorratio per
formance of HFC systems unless Forward Error
Correction (FEC) is employed. Present data indi
cate that FEC can be employed to correct for the
majority of errors caused by impulse noise, thus
impulse noise is not seen to be a limiting factOr for
HFCcommunications.Inaddition totheuseofFEC,
filtering techniquesto reduce thecumulative ingress
will also aid in reducing impulse noise.

Common mode distortion, caused by nonlin
earities in the plant (typically oxidized connectors
and fittings) can be observed in many cable
returns as discrete noise peaks in the return spec
trum spaced by 6 MHz. In properly designed and
tnaintainedplantsthispbenomenacanbeconuoUed.

Location-spec:ificinterference maybeintentional
orunintentional and resultsinsourcesatasubscriber
site which couple high levels of interference in
the 5 to 40 MHz region into the cable return sys
tem. Examples of these types of interferers
include amateur radio operators with equipment
connectedtothe cableretum,orhomes inwhich the
coaxial cable wiring is close to a piece of equip
ment which transmits high power levels in tbe 5
to 40 MHz range. These types of interferers need
to bedealtwithbysearch anddisconnectalgorithms
which locate the source of the interference and
disconnect that subscriber or a small portion of
the network from the return system. A descrip
tionofmethodstoperform thisarebeyond thescope
of this article, but it suffices to say that if discon-
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• Figure 3d. C/ulnM1 avaiJabiJily in 15 to 30 Mhz nznge, 500 home TIOtk,
1 MHz widt cJu»uWs. Note that the presence ofa video cluznnei in the 24
10 30 MHz ngion ruu1led in a low tkgree ofavaiJabiJily.

• Figure 3c. CJuurnel izvaikzbiJily in 15 to 30 Mhz rtUlge, 1500 home TIOtk,
1 MHz widt cJuznneJs.

eliminating cumulative ingress coming from
inside the residence. In the proposed scheme, the
5to 15MHzbandisaccesstble from inside the home,
but a low pass filter prevents any signals in the 15
to 40 MHz region originating inside the sub
scriber residence from entering the return path.
A modem providing telecommunications services
(e.g., POTs, videotelephony, and high speed
data) utilizes the 15 to 40 MHz ponion of the
spectrum, and is locatedafter (comingfrom thesub
scriber) the blocking filter. In this way the amount
ofingress in the retumpath inaparticularfrequency
range can be significantly reduced. Although still
understudy, thepresentdata suggestS that themajor
ityofthe ingressoriginatesfrom inside thesubscriber
residence.

neet points are available at the subscriber loca
tions (e.g., telecommunications unit on the side
of the home) and for small (e.g., 16 to 32) num
bers of subscribers, it will be possible to locate
and disconnect location specific sources of inter
ference. It should be noted that although inter
ference cancellationalgorithmsmaybe successfully
employed to cancel a limited number of relatively
statiOJWYnarrowbaDdinterferers, thesealgorithms
cannot be e.zpected to proteet the network against
maliciously generated interference.

Spectral Availability
tnordertodeterminetheeBectofnarrowbandinter
• ferersonchaJmelavailability,measurementswere
made on cable return systems and involved taking
automated spectral captureS of return path ingress
every one to five minutes over an extended peri
od of time (48 to 72 hours). The data were then
postproc:essed todeterminewbatpercentageohime
channelsofaparticularbandwidthwouldhave been
unavailable, given that a particular modulation
format (e.g.. QPSKor 16QAM) was utilized.

In order to transmit QPSK and achieve a BER
S lO-10 in the presence of Gaussian noise and
interference, the required CI{N + I) mustbeatleast
15.8 dB. However, if the CIN is higher than 15.8
dB, narrowbandinterfererscanbe toleratedandthe
BER maintained. As an example of this, if the
ON is maintained at 21 dB, a single narrowband
interferer as high as 10 dB below the equivalent
unmodulatedcarrier(resultingina CIIof10dB)can
be tolerated [2].

FlgUreS 3a and 3d IDustrate c:haDnel availability
(in the 5 to 15 MHz band for 192 kHz wide chan
nels, and in the 15-30 MHz band for 1 MHz wide
channels) and illustrate the effect of reducing
node size. It should be noted that the 1500 home
node represented in Figs. 3a and 3c was a differ
ent node than that represented in Figs. 3b and
3d, however, both nodes are representative of
suburban cable plants. It is clear that a reduction
in node size reduces the noise funneling effect. In
addition,channeJ size basanimportanteffectODthe
efficiency of usage of the return spectrum. Avail
ability of the overall spectrum when wider chan
nels are used can be significantly lower than with
narrowcbannels, aseachwidecbannelwhicbbecomes
unusable due to a the presence of one or a few
narrowband interferers will cause a substantial
deaease in the payIoadcarryingcapac:ityoftheretum
spectrum. The regions of lower availability in the
5 to IS MHz range were clearly identified as
regions where AM commercial shortWave signals
were predominaDL It should also be noted that in
Fig.3dthe lowavailabilityin the24to30MHzregion
was due to the presence of a 6 MHz video carrier
being transmittedfromasubscriberlocation(in this
case the Town Hall) to the headend for subse
quent retransmission to all of the subscribers in
that setving area.

Return Path Filtering
r'iltering of the return path is a possible means
r of reducing return path interference. The
principal of filtering is illustrated in Fig. 4 and
consists of blocking a ponion of the spectrum
from in-home devices (e.g., set-tops) and thus

Modulation and Multiple
Access Techniques

There are a number of modulation formats
I and multiple access techniques which can be

used to transmit data on the cable return path.
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• Table 1. Bandwidth alJociuion methods for multiple aaess techniques.

In the following sections a compariSon of three
basic multiple access techniques is given and
a number of phenomena which can affect their
performance are ctiscussed.

A well-engiDeered cable plant has nearly flat
amplitude response and nearly linear phase
response over its entire useful passband. Little
intersymbol interference (lSI) is induced in the
cable portion of the plant. Subscriben' premises
are less easily controlled and unterminated
cables, bridged taps. and other noncomformities
generate echoes on the subscriber-generated sig
nal, but the echoes generated can be dealt with
at the receiver via equalization techniques. The
ratio of upstream signal power to internal
Gaussian noise is in the neighborhood of 28 dB.
Such a high SNR permits use of high-order, band
width-efficient constellations (e.g., 64QAM)
with low probability of transmission error, in
the absence of other disturbances. Because the
plant is well controlled in terms of amplitude
and phase response and has a controlled SNR
which can be quite high, one would expect the
capacity of the return system to be quite high
from a theoretical standpoint. Indeed, with 25
MHz of bandwidth and 28 dB signal-to-noise
ratio with respect to Gaussian noise, the Shan
non capacity of upstream transmission is 233
Mb/s, equivalent to 3634 05-0 channels of 64
Kb/seach.

From a practical standpoint, a bandwidth of
25 MHz can support a maximum symbol rate of
25 x 1()6 PAMlQAM symbols per second. At b =
1 b/symbol, a bit-rate of 25 Mb/s is possible, or
390 05-0 channels. For b =4 (e.g., 16QAM),
1560 05-0 channels are predicted, while 2340
chaDneJsare predictedforb =6(64 QAM).Althougb
these are upper theoretical bounds, not realizable
in practice, they do show that substanOai capacity
ispoteDtiallyavailable in theupsrreamcable.Because
the return path has inherent difficulties due to
noise funneling, andthe multipleaa:essprotocolwill
have overhead, it is important to undentand the
capacities which might be obtained using particu
lar modulation formats and multiple access tech
niques.

Three different methods of multiple access in
widespread use are:
• Time Oivision Multiple Access (lDMA).
• Frequency Division Multiple Access (FDMA).
• Code Division Multiple Access (COMA).

Each can be subdivided into subcategories:
For IDMA, one could have a single data stream
on the cable, with up to 25 x 1()6 serial time slots
persec:oDd.More likelyisacxmJbinedlDMAlFDMA
scheme, with perhaps 1 x 1()6 time slots per see·
ond on each of up to 25 carriers. Either way, a
subscriber is assigned particular time slots on a
particular carrier. For FOMA, each signal
might have a single carrier, or might have mul
tiple tones (multicarrier modulation [3]). A sub
scriber then is assigned particular frequency slots.
For COMA, each subscriber is assigned a particu
lar spreading sequence, or a panicular delay
shift of a spreading sequence common to all
subscriben. Table 1 summarizes the bandwidth
allocation methods for each of the multiple
access techniques. Each method for multiple
access has its own distinct vulnerability to the
disturbances present in a CATV return system,
as discussed in the following sections.
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• Figure 4. FJlrering approach to mbu:tion ofingras in th4 cable mum palh. A blockingfilter (nomintl/Jy
15 to 40 MHz) is d.eployed betwun th4 in-home spIitrer IlNi Il side ofth4 horne rrr:uzsmi.ssion unIi CIIIl4d th4
CotaiIll Trrm.smisrion Unil (C1V). SipDJs from in-lJtmw devices (e.g., M-tops) can be tnIIISmiIted direcdy
in th4 5 to 15 MHz.", whik sipaJs in th415 to 40 MHz region an tulded in th4 CTU.
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Power Backoff

Signal traDSmission is peak-power limited to Pm
Watts. Exceeding that power level causes unac
ceptable distortion. In single-carrier TDMA, in
whichonIyonesignalison the lineatanyone instant,
the average power of transmission can be Pm. In
all other multiple-access methods (including
combined TDMAlFDMA), multiple simultane
ous signals share the line; the peak power of their
sum must be constrained. In practice, the average
power of the sum will be constrained to be P"Jr.
where y is a crest factor, whose value is determine
empirically such that the peak power of the sum
of signals rarely exceeds Pm. Typical values of y
range from 5 to 15 (7 to 12 dB). Thus, all other
methods take a 7 to 12 dB power penalty with
respect to fast, single-carrier TDMA. The 28 dB
signal-ta-noise ratio previously mentioned already
includes a crest-factor allowance.

Multiple Access Interference (MAl)
Both TDMA and FDMA can be arranged so that
adjacent slot (time slot or frequency slot) signals
contribute negligIble intetference to the desired
signal. By contrast, the massively dominant limi
tationonCDMAcapacityis themultipleaa:asiDter
face (MAl) from other CDMA signals sharing the
same channel. Research is underway to develop
CDMAreceiverswithimprovedMAl,buttheattain
able petformance remains to be determined [4].

Echoes
TDMA, and in particular single-carrier high data
rateTDMA,isvulDerable to the lSIcausedbyecboes.
Required equalization is unique to each individu
al upstream signal, thus equalizers would have to
befast andcomplie:ated..NarrowbandFDMAsbouid
be virtually immune to echoes. No significant lSI
is expected.Atworst, provisionsarenccdedforcom
parativelyslowamplitudeandphase adjustmentsfor
each carrier or each tone. Simple CDMA tends
torejeet echoessufficientlytime4isp1acedfrom the
direct signal, while more sophisticated CDMA

employingdiversityreceptioncombiDestboseechoes
with the direct signal for improved performance.

Narrowband Interferers
TDMA is exceedingly vulnerable to narrowband
interferers; small numbers of sufficiently strong
interferers can wipe out an entire TDMA stream.
CombinedTDMAlFDMAislessvulDerablebecause
fewer iDtetfems are likely to appear in a D&I'rO'NeI'
bandwidth. If the cable chanDel can be monitored,
and ifFDMA frequencies can be assigned on the
basis of the intetference enviroDment, then inter
feredcbannelscan be8'JOided.WJtbiDre1lipDtassigD
ments, FDMA capacity is nearly unaffected by
moderatenumbersofuarrowbandiDterferers.Anal
ysis suggests that muimum traDsmission capacity
isretained ifindMdualFDMAbaDdwidthsaremade
comparable to the bandwidths of typical interferers
(about 6 kHz for shortWaVe signals). This property
favors multitone transmission of each subscriber's
signal. A COMA receiver spreads the spectrum
of an iDteIferer, to make it a widebaDd distmbanc:e.
Each individual interferer is suppressed by the
processing gain of the spread-spectrum system,
but the wide bandwidth admits many more inter
ferers than would a nartOWband system. Therefore,
no net improvement is gained by spec:trum spread
ing if the intetferers are uniformly distributed (on
average) across the spectrum. A summary of the
effeetofnarrowbandintetfererson eachofthe basic
multiple access techniques is given in Table 2

r~lrr lb. T L' tr. kb/<,

'Lit" ch.Jnnpl',
Mull.plp de< p~'. lpchmqup , Paramet"r; MoJuldtlOn typ" .upportpd

I i I

COMA: perfect synchroniDtion ex - 0.5
1'-260
Perfect synchronaation
1- 10

ex-0.5
1- 10

16QAM

16QAM

1040

1040

a - excess ~ndwidth factOr; p .. spreading flctOr; T- crest factor
* Higher order constellations could be used for TDMA and FDMA. achieving greater capacity

.Table 3. DSO captlCilies in an ingras-/r« 5 ID 30 MHz cable mum ptIlh (BER < 10-9).
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Impulse noise

All CDMA users are equally afflicted by the
interference that is present, because spectrum
spreading also spreads the affliction, rather than
allowing it to be concentrated on those unlucky
few users whose frequencies coincide with inter
ferers. lDMA readily counteracts impulse distur
baDceswitherror-cmection coding.FDMAspreads
the energy of an impulse among all frequency
slots, in such manner that it takes a stronger
impulse to cause an error than in the equivalent
TDMA signal. In that sense, FDMA is more
resistaDttoimpulses than lDMA.Butifthe impulse
is strong enough to cause an error, then it is likely
to affect all FDMA channels at once, and cause a
large number of errors. Moreover, repetitive
errors due to periodic impulse trains (e.g., from
power-line corona) are much more damaging in
FDMA because of the high ratio of impulse
events to transmitted symbols; coding is much
less effective than for TDMA. CDMA is pre
sumed to respond to impulses much like FDMA
of the same symbol rate.

Comparison of Capacities
A simple comparison of the capacity of a 2S MHz
ingress-free return path serves to illustrate the
fundamental differences between the multiple
accesstechniques.ASUDIDWYofsuchacomparison
is given in Table 3 and includes the assumptions
made in calculating the capacities. From this
comparison it can be seen that in theory lDMA,
FDMA, and CDMA would inherently have the
same capacity. Achievement of this capacity for
COMAwouldrequireperfectsync:hronizati< down

. to a fraction of a symbol. If there is no degree of
synchronization in the COMA system, the capaci
ty drops to less than 10 percent of the capacity
when perfectly synchronized due to multiple
access interference [5]. In the case of unsynchro
nized CDMA, the modulation type does not
affect thecapacity,due tothe fact that a higherorder
modulationformatwouldsupportahigherdatarate,
but would also require a higher SNR after the
correlator. It sbould be noted that CDMA may
be preferable over lDMA and FDMA in cellular
radio systems, however, this is due in part to cell
reuse and multiple path interference issues which
do not c:zist on the fixed cable return system.

Conclusions

I n this article we have examined the basic char
acteristics of hybrid-fiber coax (HFC) return

systems to evaluate their ability to support bidi
rectional communications. The ability to support
bidirectioDal communications on cable plants will
allow deployment of two-way video applications
as well as telecommunications services over the
HFCpiant.

The results of our studies indicate that ingress
intheClble returnpathisprimari1ydue tobroadcast
sigDaIs which accumulate due to the noise-funnel
ing effect of the cable return. Although this
iDgrcsscanmanifestitsclfinsaongnarrowbandinter
ferers which will prevent the use of large band
width channels, a reduction of node size to nodes
on the order of 500 homes or lower will reduce
theamountofinterference.Filterin&inwhic:hapor-

tion of the spectrum is blocked from the sub
saiberresideDcemayalsoresult inasigDificaDtreduc
tionofingre:ss. Otherphenomenaon the return path
caD be dealtwithbymeansofsoundcommunication
system design, including Forward Error Correc
tion to deal with impulse noise, and adaptive
equalizers to deal with reflections in high data
rate designs.

lDMA, FDMA, and CDMA caD all be utilized
on the cable return path. but the capacities which
resultwhenless thanperlecdysync:hronized CDMA
is utilized arc substantially lower than for lDMA
and FDMA. A single carrier TDMA approach
willbehighlysuscepn"bletonarrowband interferers,
and is unlikely to be sua:essful. For these reasons
alDMAlFDMAorpureFDMAapproachwithnar
row channels is likely to be the most robust multi
ple access technique for the cable return path.
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