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Abstract

Driven by competition and consumer
demands, linear video delivery is following a
trajectory from broadcast to multicast and
ultimately to wunicast. Traditionally, video
delivery has been broadcast only. Today,
cable operators are deploying switched
digital video (SDV), which uses multicast
technology to improve the bandwidth
efficiency of HFC networks. The next logical
progression to unicast delivery is on the
horizon and is positioned to become
tomorrow’s video delivery mechanism.

Unicast delivery of linear content is an
incremental extension of the multicasting
approach used in SDV implementations. The
incremental  investment  in  bandwidth
resources to support unicast delivery can be
offset by the contribution of preferentially
valued advertising opportunities, reduced
subscriber churn, and the ability to attract
new subscribers through differentiated service

offerings.

This paper analyzes the wunicast value
proposition, including cost, revenue potential
and return on investment. SDV field trial
viewership statistics will be reviewed, and
used to shed light on the cost sensitivities
related to channel popularity and HD
penetration.  Best case and worst case
scenarios for HFC bandwidth consumption
will be explored and analyzed, along with the
cost structures associated with each of them.
Cost mitigation and revenue improvement
strategies will be explored, demonstrating

how cable operators can optimally combine
unicast and multicast approaches in order to
maximize overall return on investment.

Based on the results of this analysis, a
switched archititecture will be presented for
cable operators to smoothly migrate their
networks to  support unicast delivery
mechanisms for linear video services. The
proposed  architecture accomplishes the
strategies for cost-effective unicast delivery
and supports:
o A flexible combination of multicast
and unicast delivery mechanisms
e Traditional ad insertion based on
geographic ad zones or a new
generation of targeted ad insertion
based on demographic profiles
o Fast channel change and
personalization of unicast content

INTRODUCTION

Switched Digital Video (SDV) is now a
mainstream technology that is delivering on
its promise to dramatically improve upon the
bandwidth efficiency of the traditional linear
broadcast model. Aggressive  SDV
oversubscription ratios (the ratio between the
number of SDV programs offered and the
number of stream resources provisioned) have
been observed and will continue to increase as
more niche and HD content is added to cable
MSO service tiers. Switching technology has
proven to be a powerful addition the cable
operator’s bandwidth management capability.
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Yet there remains unlocked potential
within the SDV infrastructure.  Current
generation systems support open standards,
allowing the insertion of new technologies
and applications. The session and resource
managers (SRMs) that respond to subscriber
channel-change requests provide a level of
intelligence and network awareness that was
previously unavailable. SDV  systems
maintain a real-time accounting of programs
being viewed as well as the number of
subscribers viewing those programs. This
awareness of program usage comes
concomitant with knowledge of bandwidth
allocation. This knowledge is powerful, for
even with existing switched multicast, there
remains significant room for improvement in
bandwidth utilization. Furthermore, Switched
Unicast, an advanced form of SDV, is
drawing increasing interest. This emerging
SDV architecture offers exciting opportunities
to introduce new revenue-generating services,
but it also has the potential to overwhelm
available access bandwidth. Only with the
knowledge of user demand provided by
advanced SRMs is this latest architectural
challenge tractable.

It is first helpful to clarify the requisite
terminology. Switched multicast refers to a
video delivery architecture where an MPEG
program, typically in the form of a single
program transport stream (SPTS), is IP-
encapsulated and transported on a distribution
network via IP multicast. A system session
and resource manager (SRM), acting upon
channel change requests from subscribers,
may then instruct an [P-attached edge QAM
to join the multicast. The edge QAM rebuilds
a multi-program transport stream (MPTS),
containing content requested by multiple
viewers, and modulates the content onto the
HFC network. The key differentiator of this
approach is that multiple set top boxes within
a service group can share a stream that is
active within that service group; if N viewers
within a service group watch the program

MTV, only one instance of MTV is switched
into that service group. Thus, the content is
delivered over the IP network using IP
multicast and over the HFC plant with a
stream sharing, RF multicast mechanism
resembling that on the IP network.

Switched unicast refers to a delivery
mechanism in which, regardless of the IP
transport and routing mechanisms deployed,
the stream on the HFC side of the plant is
destined for a single tuner within a single set
top; i.e. set tops within a service group no
longer share MPEG streams; if N viewers
within a service group request MTV, N
instances of MTV are switched into that
service group. Typically the transport
mechanisms on the IP network will also be
via IP unicast, but hybrid solutions can be
envisioned in which, for example, ad servers
at the edge join multicast IP content, insert a
targeted ad, and then send the new stream via
IP unicast to the edge QAM.

The drivers for deploying switched unicast are
compelling. Switched unicast offers the
opportunity to personalize video. Since each
tuner now receives an individual video
stream, media processing techniques can be
used to modify the stream to suit the
preferences of an individual subscriber. These
modifications may include graphics overlays
on the screen that are tailored to the
subscriber’s preferences. For example, a
ticker that displays preferred stock quotes,
sports scores, localized weather information,
etc.

But perhaps the most compelling driver for
switched unicast is in the ability to
personalize advertising. The North American
cable industry has a long history in spot
advertising as a revenue source, and many
systems perform a limited level of localization
by dividing a cable system into zones and
offering spot insertion on a zone by zone
basis. However, the ability to transcend
beyond zones and offer advertising on a
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personalized  basis offers MSOs the
opportunity to charge a premium for these
slots — indeed the success of Google in its
ability to personalize advertising in the online
space has made all participants in the
advertising delivery chain sit up and take
notice.  Furthermore, with personalized
advertising, ads need not be restricted to 30-
second spots — they can additionally take the
form of graphics logo overlays, with
additional possibilities enabled from the
incremental ability to launch interactive ads.

This raises an interesting question which is
the subject of this paper — switched unicast
has the ability to increase MSO revenue
through the incremental benefits of
personalized advertising, yet to reap this
benefit requires an investment in delivery
infrastructure to enable these personalized
capabilities. Is the investment worth it?

This turns out to be a challenging question to
answer, as the answer depends on a number of
variables, including subscriber viewing
patterns, service group sizing, equipment
costs, and the anticipated premium to be
expected from placing a personalized ad as
opposed to a zoned ad. To better understand
this topic, we propose to study the subject
from 3 perspectives: analyzing data from a
real SDV deployment to understand multicast
and unicast resource sensitivity based on
program popularity, service group size, and
other factors; developing a financial model of
switched unicast, which allows ROI to be
analyzed based on a number of factors; and
exploring alternate models of SDV that enable
unicasting on an opportunistic basis.

SUBSCRIBER VIEWING PATTERNS AND
SWITCHED UNICAST

It is difficult to make purely analytical
predictions regarding SDV efficiency, since

efficiencies ultimately depend on subscriber
viewing patterns, which in turn is driven by
the behavior of human beings. However, by
analyzing the pattern of channel change
messages from SDV, it is not difficult to infer
what the expected system behavior would be
if the system were unicast instead of
multicast.

To better understand this relationship,
viewership information was extracted and
analyzed as part of a SDV trial with a major
North American MSO. By aggregating and
post-processing channel change information
from server log files, it is analytically
straightforward to determine not only the
relative difference in resource requirements
between multicast and unicast, but it is also
possible to analytically modify the “virtual”
size of the service group to better appreciate
the sensitivity between service group size and
resource utilization for both the multicast and
unicast scenarios.

The viewership study was conducted over
several weeks and included channel-change
data for 247 broadcast video services
comprising 228 standard definition programs
and 19 high definition programs delivered to
680 tuners in a service group. The study
included four major steps: (1) computation of
the viewership long-tail; (2) segmentation of
the long-tail into popularity quintiles; (3)
segmentation of the settops into “virtual
service groups”, and (4) computation of
unicast (total) and multicast (unique) streams
required to deliver cumulative quintiles of
programming to a range of service group
sizes.

The concept of a “virtual service group”
warrants some discussion. One important
result desired from the analysis was the
expected variation in video stream resource
requirements with service group size. In most
production systems, a target service group
size is established and the inside and outside
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plants designed to that target size. If an
analysis is performed only with the existing
service group structure, bandwidth
requirements can be predicted for only a very
narrow range of service group sizes.
Therefore, instead of using the existing
system’s service group structure, the nodes
were regrouped into sets of virtual service
groups containing tuner counts that span the
range of interest.

Figure 1 provides viewership results for one
week of data and illustrates the classic long-

tail viewership phenomenon. The graph is
generated by summing the number of seconds
viewed for each broadcast video program and
then ranking the channels in order of
decreasing total viewership [1]. Once the
programs are ranked, the viewership curve is
segmented into five sections, each of which
includes 20% of the offered programs. These
quintiles are wused to evaluate stream
requirements as a function of program
popularity.
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Figure 1. Program Viewership Ranking

Figure 2 illustrates switched multicast stream
usage and displays the number of peak unique
simultaneous streams required as a function of
service group size and popularity of content.
The horizontal axis displays the number of
tuners per service group, and the vertical axis
displays the number of peak unique
simultaneous streams. Five curves are
included on the plot, each of which illustrates

peak stream requirements for a particular
grouping of content: the bottom curve
illustrates the peak unique streams required
for the least viewed 20% of content; the next-
to-bottom curve illustrates peak unique
streams required for the least viewed 40% of
content; and so on up to the top curve that
illustrates the peak unique streams required
for the entire broadcast video lineup.
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Figure 2. Switched Multicast Peak Stream Usage

Each curve is generated from a regression
analysis of the raw data points, also included
on the plots, that result from processing each
virtual service group for a specific grouping
of content. = Two-sided 95% prediction
intervals (not shown in the figure) were also
computed. Future individual peak stream
count results are expected to fall below the

upper bound of this prediction interval 97.5%
of the time.

Figure 3 is the unicast equivalent of Figure 2.
In this case, the vertical axis displays the
number of peak total simultaneous streams as
opposed to the number of peak unique
simulcast streams; otherwise, the data analysis
is equivalent to that described above for the
multicast case.
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Figure 3. Switched Unicast Peak Stream Usage

Figure 4 summarizes the stream count
dynamics between unicast, multicast, and

basic broadcast for the entire 247-program
lineup.
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As  expected, the different delivery
mechanisms require dramatically different
HFC bandwidth allocations. The number of
streams required to deliver the lineup via
traditional linear broadcast is of course
constant and therefore independent of service
group size. The number of streams required
to deliver the same lineup via switched
multicast is significantly less since settops
may share streams within an HFC service
group. The number of streams required to
deliver the lineup using switched unicast is
linearly proportional to service group size.
This latter viewership curve is similar to that
for VOD except that the slope of the unicast
demand curve for broadcast content is much
steeper than that experienced with VOD.

For delivery of the most popular content to
larger service groups, unicast requires
significantly more bandwidth than not only
multicast SDV but also simple linear
broadcast. For example, in order to offer the
entire broadcast video lineup to today’s
typical 500 tuner service group, the unicast
model of Figure 4 requires approximately 417
peak streams, the multicast model requires
approximately 120 peak streams, and the
broadcast model requires 247 streams.
Making the simplifying assumption of a 50/50
SD/HD split for the unicast streams,
approximately 104 QAM carriers would be
required to carry the unicast content.

Clearly the capacity to unicast the entire
lineup is not available on a typical service
group in today’s hybrid digital/analog HFC
systems; however, there are a number of
revenue-enhancing opportunities that can be
supported today by the surgical insertion of
unicast  technologies. These surgical
deployments can be more fully developed as
the industry continues the inexorable push
toward smaller service groups and increased
digital delivery. Service group sizes are
trending towards a future where 250 tuner
service groups will be the norm, and only 209

streams will be required to unicast the entire
the 247 channel broadcast lineup, fewer than
the number required for simple linear
broadcast.

One key caveat should be raised at this point
regarding unicast: viewership statistics are
nonstationary from a statistical standpoint,
that is, they change with time, and this fact
has significant practical implications. As an
example, consider the case of a weather or
news channel, a service with average
viewership sufficiently far down the long-tail
to support its inclusion into a switched tier.
As time goes by, a hurricane or other major
news event will inevitably emerge, and the
popularity of this previously moderately-
viewed programming skyrockets. If the
channel is offered on a multicast tier, viewers
that flock to the channel share a single stream;
however, if the channel is offered on a unicast
tier, viewers receive their own stream, and the
required edge bandwidth mushrooms beyond
that which may have been predicted based
upon prior viewership studies. A unicast tier
is much more sensitive to the choice of
selected content than a multicast tier and is
therefore less stable from a bandwidth
planning perspective. In order to mitigate this
risk, a key potential feature of a unicast
system would be the ability of the system to
automatically promote and demote between
the unicast and multicast tiers.

Finally, in the above discussion stream counts
are used as a proxy for bandwidth
requirements and the two are often used
interchangeably. However, if different
streams have different bandwidths, aggregate
stream counts and their associated total
bandwidths may not be directly proportional.
For example, if viewership of HD services is
consistently higher than that for SD services,
the most viewed 20% of content may require
substantially more bandwidth than the stream
estimates alone would predict. In the system
under consideration, 19 of the 247 broadcast
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