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HFC network return path data capacity

Abstract. In this paper we discuss HFC cable TV return path analytical model, which allows for calculation of data capacity. Return path
transmissions are carried out using multiple M-QAM carriers. Based on the suggested analytical model we calculate maximum theoretical and then
practical information capacity of the return path depending on the spatial density of subscribers in the considered coaxial network segment.
(Pojemnos¢ informacyjna kanatu zwrotnego w sieciach HFC).

Streszczenie. W artykule przedstawiono rozwazania na temat pojemnosci informacyjnej toru zwrotnego sieci telewizji kablowej budowanej w
technologii hybrydowej HFC. Transmisja w torze zwrotnym odbywa sie z wieloma podnosnymi M-QAM. Na podstawie zaproponowanego modelu
analitycznego obliczono maksymalng teoretyczng, a nastepnie praktyczng pojemno$¢ informacyjng toru zwrotnego w zaleznosci od gestosci
przestrzennej abonentéw w rozpatrywanym segmencie sieci wspofosiowej.
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Introduction

In this paper in reference to our earlier publication [1] we
present the results of the HFC network simulations based
on the proposed in [1] model of the return path. The main
aim of this work is to demonstrate that the information
capacity of the return path depends of the spatial
distribution of subscribers.

To remind the background, cable TV systems apply
HFC (Hybrid Fiber Coax) (fig.1) technology, where the
coaxial network segments have a hierarchical (tree)
topology and where the coax subscriber links branch out
from the ONU (Optical Network Unit) nodes. As for ONU
nodes, these are connected through a star optical network
to the network’s headend. Besides standard broadcast TV
and radio, cable TV networks also provide an increasing
number of various two-way services using the return path
(uplink), such as: high speed Internet access, e-mail, voice
over IP, video telephony or video on demand. Return path
transmissions are carried out using multiple M-QAM carriers
in the band from 5 to 65 MHz.
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Considering the increasing use of return path digital
transmissions it is important to be able to model the return
path and relate its data capacity to the network topology.
One of the main problems when designing new HFC cable
TV networks or planning modernization of old ones is to
properly size the coax network segment for each ONU
node. Deep network segmentation, i.e. major reduction of
subscriber sockets per each optical node, for example 100
per node, obviously would be advantageous to the
subscriber in regards to the available bandwidth but also
increases the cost of network upgrade.

However, the costs arising from the need to expand the
optical network as well as the maintenance/functional
aspects, such as for example the much more difficult fiber
optic workmanship compared to coax, seem to justify
having a larger coaxial network segment. This is especially
true for existing cable TV networks, where one would prefer
to maintain as much as possible of the existing network
infrastructure. Therefore it is important to know what are the
limits of the return path data capacity and what it depends
on.
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Fig. 1 Hybrid Fiber Coax (HFC) network structure
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Capacity calculation

Assuming independence of the optical and coax network
noise and interference sources, we can define the total
incidental carrier to noise and interference ratio in the return
path CINR7z based on the relation:

CINRoyny

(M CINR,, =-10log 107[ 10

CINRUNKj

j+107[ g

Where: CINRonu is the carrier to noise and interference
ratio at the input of the return path optical transmitter,
CINR/nk is the carrier to noise and interference ratio of the
optical link.
CINRony and CINRony can be calculated using relations
given in [1].

Assuming a band B, the potential capacity Cmax Of the
return path can be calculated using the Shannon theorem:

CINRy, ()
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For typical return path parameters it is possible to define the
maximum capacity Cpmax Of the By, = 60 MHz return path
bandwidth, as function of the number of subscriber sockets
N for the given ONU, full usage of the return band (for
example, by 18 frequency channels — each with By, =
3,2MHz) and for a network covering different density urban
areas. The calculations take into account non-linear
distortion introduced by the distribution network and assume
the following, typical parameters of the optical path:

Po,q= -8dB, mims = 0,05, RIN= -145dB/Hz, rs= 0,85 AIW. I, =
7pA/4/Hz -They also take into account cross channel

interference. The results of simulations of the maximum
capacity are shown in figure 1.

We can determine the actual capacity of the return path
Cy, if we know the modulation type, its spectral efficiency eg
and the number of transmitted return channels l,. The
maximum number of return channels depends on the total
return bandwidth B;, and bandwidth of the individual return
frequency channels By, , which depends on the modulation
speed s,. It should be noted, that for a given modulation
type we can assess the maximum number of subscriber
sockets per an ONU, at which the error rate for a system
without error correction shall not exceed BER > 107°.

The total actual throughput for the return path can be
calculated using the formula:
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Assuming identical return channels (i.e. having the same
bandwidth) and same modulation of all RF carriers, we can
simplify the formula (3) to:
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Table 1 presents example -calculated return path
throughputs for different digital modulation types, different
bandwidths of return channels and different number of
frequency channels (filling the full return bandwidth). We
have determined:

1) the maximum number of subscriber sockets per the
single ONU - i.e. the maximum coaxial network segment
size for a given modulation type and areas of different
urban density,

2) potential return path throughput depending on the urban
density, for a typical predefined number (N = 500) of
subscriber sockets per the single ONU,

3) gross bit rate per single subscriber, depending on the
urban density of the installed network.

Table 1 Return path throughput depending on the applied digital modulation type

Parameter Value
Modulation type QPSK 16-QAM 64-QAM 256-QAM
Required minimum carrier to cumulative noise and 16 23,1 29,3 35,4
interference of the return link CINRrz v [dB] for BER<10"®
Bandwidth of the single return frequency channel By, [MHz] 3,2 3,2 3,2 3,2
Maximum number of return frequency channels 18 18 18 18
Maximum number of subscriber sockets per ONU for dense 4765 2440 1045 338
urban areas
Maximum number of subscriber sockets per ONU for 3150 1615 690 223
average density urban areas
Maximum number of subscriber sockets per ONU for low 1550 790 337 107
density urban areas
Spectral efficiency [b/Hz] 2 4 6 8
Gross bit rate [Mb/s] 92,16 184,32 276,48 368,64
Potential bit rate of the return path [Mb/s] for N=500 for a 667 667 667 667
network in a highly urban area [Mb/s] (1,34/socket) (1,34/socket) (1,34/socket) (1,34/socket)
Potential bit rate of the return path [Mb/s] for N=500 for a 622 622 622 622
network in an average urban area [Mb/s] (1,24/socket) (1,24/socket) (1,24/socket) (1,24/socket)
Potential bit rate of the return path [Mb/s] for N=500 for a 532 532 532 532
network in a low urban area [Mb/s] (1,06/socket) (1,06/socket) (1,06/socket) (1,06/socket)
Gross bit rate per subscriber (data service saturation of 0,065 0,252 0,882 3,636
30%) for a network in a highly urban area and the max
number of sockets served by the ONU zone [Mb/s]
Gross bit rate per subscriber (data service saturation of 0,098 0,380 1,336 5,510
30%) for a network in an average urban area and the max
number of sockets served by the ONU zone [Mb/s]
Gross bit rate per subscriber (data service saturation of 0,198 0,778 2,73 11,48
30%) for a network in a low urban area and the max
number of sockets served by the ONU zone [Mb/s]
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Fig. 2 Potential maximum return path throughput in relation to the
number of subscriber sockets served by the ONU and different
urban densities covered by the coaxial network
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Fig. 3. Maximum number of subscriber sockets in a coaxial network
segment, depending on the modulation type and urban density at
the area covered by the HFC CATV network.
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Fig. 4. Potential (red) and actual (green) bit rate of a single return
path of a HFC network, for the following conditions: N=500 and the
coaxial network located in an area of large urban density, N=500
and the coaxial network located in an area of average urban
density, N=500 and the coaxial network located in an area of low
urban density, Return path with channels using 256-QAM, Return
path with channels using 64-QAM, Return path with channels using
16-QAM, Return path with channels using QPSK.

Analysis of table 1 and plots in fig. 2,3 and 4 leads to the
following observations:

1) The increase of QAM valence leads to the increase of
the requirements for carrier to noise and interference ratio
for a given return path transmission channel. l.e. this also
means that for predefined HFC network parameters and
subscriber distribution (urban density) the number of
subscriber sockets per given ONU / optical link decreases,
2) The potential return path throughput for a given number
of subscriber sockets (served by a single ONU) will be the
highest for a highly urban area. This relates mainly to small
variation of network attenuation parameters, which in term
relates to the smaller distances served by the coaxial
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distribution and building networks, larger number of sockets
per each building amplifier and the total lower number of
trunk-line amplifiers,

3) The actual capacity of the return path depends on the
applied digital modulation type. Higher QAM allows for an
increase of the bit rate, whilst having the same modulation
speed and number of return frequency channels. However,
with the increase of the number of return path signals, it is
necessary to appropriately segment the coaxial network, so
that the carrier to noise and interference ratio is sufficient to
maintain the minimum BER requirements. The required
segmentation will be the highest for areas of low urban
density. This is caused by large variations in attenuation in
the distribution and building networks and the relatively
small number of subscriber sockets per each building or
trunk line amplifier.

Summary

The paper considered together with our earlier work [1]
presents a method for calculation of the HFC cable TV
network return path data capacity. It shows that it is possible
to relate the network topology to carrier to noise and
interference ratio, and thus calculate the potential and actual
throughput of the return path. The presented return path
model allows for assessment of the foreseen per subscriber
bit rate, depending on the number of subscribers served by
the given ONU, subscriber distribution (urban density) and
parameters of the network components.

Subdivision of the coaxial part of the HFC network into
more segments, each serving a lower number of subscriber
sockets, is necessary for high bandwidth interactive
services. The importance of return path transmissions for
two-way communications is vital to the proper assessment
of system operation quality. In order to be able to increase
the downlink throughput, we can add additional data
transmission channels above the TV channel band. When it
comes to the return path, we must manage with a relatively
narrow transmission band, between 5 MHz to 65 MHz, and
to make matters worse, which is also limited by diplex filters
and affected by pulse interferences. Here, an increase of
throughput can be achieved only by using higher QAM
modulation, but this requires better carrier to noise and
interference ratio. As we can see, it is necessary to size the
coaxial network segment for a given ONU according to the
return path modulation. The number of subscriber sockets
served by a given ONU will also depend on the network
topology, which depends on the subscriber distribution
(urban density).
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