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Main Themes for Talk

• Insights from a prior period when there 
was rivalry between network operators 
and there was a need to upgrade the 
networks in order to provide a new product

• Demand for broadband services and 
impact on policy and business plans

• Supply options for broadband
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Looking at History

• “Biologists have described millions of species of plants 
and animals in the world, and they think they have hardly 
started the job.  Now, I'm not suggesting that we should 
go on out and describe the decision making in a million 
firms; but we might at least get on with the task and see 
if we can describe the first thousand.  That does not 
immediately solve the aggregation problem, but surely, 
and in spite of the question of sampling, it is better to 
form an aggregate from detailed empirical knowledge of 
a thousand firms, or five, than from direct knowledge of 
none.  But the latter is what we have doing in economics 
for too many years.”

• Colloquium with H.A. Simon.  In M. Egidi & R. Arris (eds).  Economics, 
Bounded Rationality and the Cognitive Revolution, (Brookfield, Vermont: 
Edward Elgar Publishing Company: 1992), p.20.
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Construction of New Network

• Ground start versus 2-wire loop
• Needed for long-distance service
• Rivalry begins 1893 about the same time 

AT&T is taking major strides to upgrade its 
network

• Entrants also deploy 2-wire loop 
technology.
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Weak Demand for Long-Distance Service

• Subscribers who liked the Bell System 
(AT&T) on account of long-distance 
network
– Dayton – 4.4%
– Fall River 6.1%
– New Bedford 12.3%
– Chicago 2.4%
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Weak Demand for Toll Service (2)

• During 1903, fifty calls was the largest daily volume of 
calls between New York City and Chicago, and on 
average.

• The Bell Operating Company serving most of Ohio, 
Indiana, and Illinois studied customer calling habits 
about 1905 and found that "only about twenty percent of 
the exchange subscribers ever patronized a toll line at 
all, and only...three and a half percent...ever patronized 
a toll line over a hundred miles."  Reviewing the 
evidence, a contemporary consultant of AT&T concluded 
in 1906 that the long-distance toll business was "but a 
trifling fraction of the entire traffic and affects but few 
subscribers." 
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Weak Demand for Toll Service (3)

• Looking back over the early history of 
AT&T, the comments of H.B. Thayer, 
AT&T's chairman of the board in 1926 
reflect recognition of the role of the firm in 
shaping its market:  "Telephone service 
was not created to fill a demand."  Long 
line service between Boston and New 
York and then Chicago and Denver and 
San Francisco was not to fill a demand--
the service creates the demand. 
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Expected Benefits from Long-
Distance Service

• The firm anticipated that the demand for the 
service would eventually become strong and 
therefore, on its own merits, investments in the 
long-distance market would become profitable. 

• Second, by linking together different cities, the 
demand curve for access to the network would 
shift out.  Option value.

• Finally, the leaders of AT&T envisioned that an 
integrated network would also offer formidable 
protection from competition when its patents 
expired in 1894. 
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Business Benefits of Social Use not 
Appreciated by AT&T

• “The unlimited use of the telephone leads to a 
vast amount of unnecessary occupation of the 
wires, and to much borrowing of telephones by 
parties who are not subscribers.  Thus the 
telephone system is so encumbered with calls 
which are unnecessary, and largely illegitimate, 
that the service is greatly impaired, and 
subscribers, to whom prompt connection is 
essential, become dissatisfied.” AT&TCA, 
"Notice to Public," July 1880.
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New Technology and Unanticipated Consequences

• An 1884 state law had required the placement of utility wires 
underground.  

• At that time, underground transmission was experimental, and 
therefore it was difficult to raise capital for the construction of the 
conduits.

• Empire Subway (AT&T) had agreed to build the subways on the 
condition that New York City require other utilities to use their 
conduit. Empire agreed to make space open to others when it was 
available and to rent the space at a "reasonable rate."  No 
procedure was established to determine what constituted a 
reasonable rate.

• When the potential entrants attempted to rent space, they were 
usually told it was unavailable.  When Empire made space available, 
the rates appeared to be unreasonably high and entry was 
foreclosed.   

• Foreclosure in New York instrumental in demise of entrants in other 
markets.
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Telephone Growth Rate;  USA vs Europe
1885-1917
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Market Power in  (Ultra)Broadband

– What’s the relevant market
• Geographic dimension
• Product (e.g.., bus v res; symmetrical v 

asymmetrical transmission; speed)
– Is any firm dominant?  Supply and demand 

substitutes
– Source of market power and appropriate 

regulatory remedies if market power exists.
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What constitutes UltraBroadband?

– UK Broadband 1—200 Kbps
– Broadband 2 – 12 Mbps or higher

• Why do we need 12 Mbps?  What are 
the intended applications?
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Evolution in Information Acquired 
on the Internet

– Static content
• 1998 Web page 15kb of information
• 2003 Web page 100 – 150kb of information

– Video, audio, gaming, etc.
• A single 30-60 second video clip with audio 

represents between 5-10MB of information –
around 60 times the amount of data  contained in 
the average web page in 2003 and over 400 
times the amount 10 years ago. 
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Evolution in video clips
• The vast majority of video clips on the web today are 

generally equivalent to QVGA quality – about half the 
resolution of a standard-definition TV picture. However, 
with higher-quality video capture on digital cameras, 
camcorders and camera phones, we expect web video 
quality to increase steadily, from QVGA to SD and then 
to HD quality and beyond (HD today is merely only HD 
‘version 1.0’). Each doubling in resolution quality 
approximately doubles the video file size. Broadband 
speeds therefore need to double accordingly each time, 
just to maintain parity in terms of download time or to 
ensure the integrity of the video stream. 
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Bandwidth Requirements of Video
• In the U.S., average of 2.8 TVs per home.  

Likely smaller number in other markets of 
developed nations but still above two. 

 
IPTV approximate bandwidth requirements (Mbps) 

 MPEG-4 
(AVC) 

MPEG-2 1 stream 2 streams 3 streams 

Standard 
Definition 

3 6 3-6 6-12 9-18 

High 
Definition 

6 12 6-12 12-24 18-36 
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Some other demand side 
considerations

• Internet usage could easily add 5 to 10 Mbps in 
bandwidth requirements.

• Willingness to pay:    11% of broadband 
subscribers would very likely pay an additional 
$10 per month to double their Internet speed.   
Not a lot of forecasted growth in revenue to pay 
for network upgrades. 

• Telephony’s requirement is trivial—somewhere 
in the range of 0.1 Mbps. 
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Wireline
• Focus on fiber rather than ADSL2.  According to IDATE, 

VDS2 will provide a small part of the population with 
high-speed access (12 Mbps or faster) to the Internet. 

• OECD:  Civil engineering costs estimated to be around 
60-80% of FTTH total costs.   Strong indicator of 
economies-of-scale. 

• Entrants constrained by ability to obtain access to right-
of-way and ducts. 

• Rival fiber networks may not emerge in less densely 
populated markets.

• Fibre profitability questioned in study done at Columbia 
University’s CITI.
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Fiber
• France Télécom estimates that very dense populated 

areas (covering around 40% of inhabitants in France) will 
over the next five years be subject to competition in 
FTTH with four companies competing for customers. The 
next 30% of inhabitants living in the less dense areas will 
have access to local loop unbundling offers but are 
unlikely to have fibre access. They may also have the 
potential for high speed from cable networks, if cable 
investment takes place, in extending their reach in terms 
of homes passed by broadband cable (see slide). 
However, the last 30% of the population will have access 
to much lower speeds, declining rapidly according to 
distance from switches, based on ADSL and probably 
without a choice between service providers unless 
access is made available through wireless offers. 



20



21

Satellite

• Satellite has a large coverage area but only 
accounts for a small fraction of OECD 
broadband connections – largely due to its 
relatively high price compared with other 
connectivity options. 

• Intermodal competition.  Imperfect substitute.   
Econometric study shows that satellite DBS 
provides less competitive pressure than wireline
competition in entertainment market.
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Broadband over Power

• A lot of attention has been given to the 
technology. 

• Very slow adaptation.
• Concerns about interference.
• Most of today's BPL services can offer 

speeds from 512K bps to 3M bps per user, 
which is comparable with DSL, but for BPL 
the speeds are symmetrical--downstream 
is equal to upstream.  
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Cable Television
• Provides strong competitor for high-speed access in US.  Rivalry 

between telco and cable television was a major factor in the FCC’s 
decision to eliminate the requirement of ILECs to provide certain 
unbundled network elements. 

• Outside of the US, and a few other jurisdictions, the cable 
companies geographic spread is comparatively limited and 
consequently regulators have been more inclined to mandate 
unbundling. Even countries with infrastructure based competition, 
such as Belgium and the Netherlands, have implemented 
unbundling and continue to rely on the increased competition it 
allows. 

• The DOCSIS2.0 cable modem platform, which is now largely 
standard issue in developed markets offers peak theoretical 
downlink speeds of 38Mbps although anticipating contention for 
bandwidth among users on the same cable spur, operators typically 
cap downlink speeds at 6-8Mbps. 
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Cable Television (2)

• Next-generation cable infrastructure, 
known as DOCSIS3.0, should be available 
in 2008-2009.

• Theoretical downlink speeds of even up to 
160Mbps. Provisions for loop contention 
will see DOCSIS3.0 speeds average 30-
70Mbps. 
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Wireless
• Latency, interference, and contention more of an issue than with

wireline service.   Interference.  Transmitting a signal through the air, 
rather than through a wire, leaves it exposed to interference from the 
elements and from physical objects such as buildings or hills, which 
absorb, reflect and refract the signal. Interference introduces 
omissions and errors into the data stream, which then requires 
retransmission or correction so that the intended information can be 
recovered. This adds processing overhead, which detracts from the 
access speed received by the end-user. 

• Leading-edge mobile systems such as EV-DO Rev A and HSPA 
(3.5 GSM technology) offer the user 1-2Mbps of downlink 
throughput and exhibit typical round-trip latency of 100-200ms. By 
contrast, even standard ADSL offers 2-3Mbps and round-trip latency 
of 20-50ms typically. At the extreme end of the wireline range is 
fibre: Verizon’s FiOS network, for example, offers 50Mbps downlinks 
and sub-10ms round-trip latency. 
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Spectrum Trade-offs

Most wireless broadband systems like HSPA, EVDO  and 
WiMAX currently occupy higher frequencies (eg 2.1GHz, 
2.5GHz etc) than say GSM, which is typically found at 
900/1800MHz. This is due in part to historical availability 
of larger chunks of contiguous spectrum at these higher 
frequencies to accommodate wider channel bandwidths 
(eg. 5MHz for HSPA versus 200kHz for GSM), but also 
to benefit capacity, with higher speeds helped by more 
frequent wave cycles. Therefore the optimum for a 
mobile broadband service would be a combination of the 
characteristics of high and low frequencies: low 
frequencies to enable cost-effective, wide coverage in 
less densely populated regions as well as to ensure 
good in-building signal strength; and high frequencies to 
provide a high-capacity service in more densely 
populated areas. 



27

WIMAX

• Work done by European engineers for OFTEL  found in 
urban areas that WIMAX had an outdoor range of 3.5Km 
(10 Mhz channel).

• When take into account shadowing and building 
penetration losses that occur with inside connection, radius 
differs depending on if use 3500Mhz or 700 Mhz.   At 3500 
Mhz radius varied from 0.54 in dense urban to 2.26 Km in 
rural areas.  At 700 Mhz, radius for fixed indoor service 
increases to 3.06Km dense urban to 10.76km rural.  

• After reviewing a few different wireless network 
configurations, report concludes: “Our considerations of 
wireless so far have led to the conclusion that whilst 
wireless might just conceivably remain a technical solution 
to the issues of delivering broadband 2.0, it seems unlikely 
to be an economical solution, due to the requirement of 
either far too much spectrum or far too many base stations 
to be practical or financially viable.”



28

Speeds of Operation

 
Wireline and Mobile bandwidth downstream model 

System Potential speed / user (Mbps) 
FTTP (GPON) 625 
FTTP (BPON) 311 
FTTN/VDSL 25 
ADSL2+ 17 
ADSL 8 
WCDMA (RS) 0.6 
HSPA 0.9 
HSPA (2 x SMHz) 1.8 
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LTE
• When it becomes available HSBC expects LTE 

to deliver actual average user rates in excess of 
c10Mbps on the downlink and perhaps 5-6Mbps 
on the uplink (although this is necessarily 
something of a guess, and expectations could 
change as LTE nears commercial reality). 

• The real issue however is that these systems 
were designed to provide mobile broadband, 
whose requirements are nowhere near those 
required for home broadband. One key reason is 
the difference in viewing screen sizes. 
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Emerging Technology Development Cycle for IP 
Multimedia 2000 - 2011
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Conclusions
• Cable most important competitor for fiber.
• Wireless, by itself, does not constrain the pricing 

for high-speed services (12 Mbps or higher). 
High-speed, at this time, is needed for TV.  Does 
the combination of satellite and wireless 
constrain the pricing of broadband access for 
non-entertainment services?

• High-speed access to television programming is 
generally not perceived as an essential service.

• Do we want to regulate broadband because of 
the perceived need to provide more television 
programming to the household?
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Conclusion (2)

• The future uses of the broadband network 
will evolve and therefore governments will 
want to reserve the right to regulate.

• Broadband versus dip in household 
penetration for voice telephone service.

• Regulation can greatly impact the rollout of 
advanced telecommunications services.
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Conclusion (3)

• Packet Switching in the United States
 

 Variables   All ILECs 
Medium Size ILECs & 

RBOCs RBOCs 

ln(competition) 0.146 0.111 0.0915 
271 Approval 0.0703 0.0815 0.0935 

RUS Support 0.00778* 0.00403  

%WC as Rural -0.463 -0.361 -0.272 

UNE$/ Loop Cost 0.395 0.325 0.457 
# of Employee 0.0925 0.0997 0.104 

      Voluntary price cap   -0.232 -0.256  
    Mandatory price cap   0.185* -0.247*  

Note: Elasticity estimates significant at 5% or less unless * present 
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Fini!
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OECD Convergence and Next Generation Networks
Ministerial Background Report
DSTI/ICCP/CISP(2007)2/FINAL

Figure 1. Separation of functional planes

Source: Keith Knightson, Industry Canada, ITU NGN Architecture, 
presentation at the “ITU-IETF Workshop on NGN”, May 2005, Geneva.
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OECD Convergence and Next Generation Networks

Ministerial Background Report

DSTI/ICCP/CISP(2007)2/FINAL

Table 3. Fibre network configurations and unbundling
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• Moral from 3G experience is that policy 
makers would have made a mistake in 
2000 if they had counted on 3G wireless 
technology to constrain the pricing of 
broadband services.
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• The time between promising new technology 
and successful commercial operations can be 
lengthy.  

• In 2000 3G wireless technologies were expected 
to enable high-speed, always-on Internet 
connections for a number of devices including 
mobile phones, handheld computers and laptops 
within the next few years. 

• Large bids for spectrum.
• Today still limited use of the technology. 
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