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Questions 
• What fundamental transmission technologies are likely? 
• What about next-gen Internet architecture? 
• Will there still be AM/FM radio and fax machines? 
• What is the likely industry structure? 
• What will become key public policy issues? 
• Could things get worse? 

We always overestimate the change that 
will occur in the next two years and 

underestimate the change that will occur 
in the next ten. (Bill Gates) 
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The great infrastructure 
•  Technical structures that support a society à “civil 

infrastructure” 
•  Large 
•  Constructed over generations 
•  Not often replaced as a whole system 
•  Continual refurbishment of components 
•  Interdependent components with well-defined interfaces 
•  High initial cost 

water energy transportation communication 
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Infrastructure 
•  “Infrastructure = you wouldn’t buy a home without it” 
• Some infrastructure can be locally replaced 

•  water à well, sewer à septic tank, electricity à solar panels 

• Others, less so: 
•  transportation 
•  communication 
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The Internet as core civil infrastructure 
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Interfaces: Energy 

1904 
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110/220V 

•  Lots of other (niche) interfaces 
•  Replaced in a few applications 
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Other long-lived interfaces 
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Communication research 
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The two-layer model of the Internet 

content 
apps & software 

services 
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infrastructure 
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1-3 years 
(depends on 
infrastructure impact) 

10-30 years 
(depends on 
infrastructure re-use) 



Change may seem sudden, but is visible 
•  Early lab prototypes 

•  see “mother of all demos” (Doug 
Engelbart, 1968) 

•  IPv6: 
•  discussion started in 1992 
•  standardized in 1996 
•  10-25% deployment 20 years later 

•  VoIP: 
•  tech demos 1978, revived early 

1990s 
•  standards mid-1990s 
•  2014: 40% deployment 

•  Smartphone: 
•  first version 1994 
•  iPhone 2007 

“The future has arrived — it’s 
just not evenly distributed 

yet.” (attributed to W. Gibson, 1992) 
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Pattern 1: The dependency cycle 
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Pattern 2: converging communities 
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Pattern 3: fixed à nomadic à mobile 

end point? 
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Natural evolution 
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Key enablers for everything-on-the-
Internet 
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IoT: more than programmable light bulbs 

public sensors & 
actuators 

semi-private 

private 
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Increasing expectations 
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Does it 
work? 

How fast 
(per user)? 

How 
reliable 

and safe? 
How easy 
to use? 

How 
cheap? 
(per GB) 



Broadband usage 
•  Limited by human perception 
•  Text à images à video à multi-party e-sports 
•  4K video à 15-20 Mb/s 

•  even if 3D becomes popular (again) 

•  5 hours of video/day & person 
•  à ~ 2 TB/month/household 
•  compared to 20 GB (median) today 
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(Almost) all new transmission technologies 
work best over short distances 
• Examples: 

•  DSL 
•  Cellular MIMO and directional antennas 
•  Wi-Fi 
•  Free-space optical 
•  60 GHz microwave 

• Opportunities: 
•  higher b/s/Hz – mostly done, except by… 
•  smaller cells à cost approaching fixed network 

•  or cellular as small upgrade to fixed network if base stations cheap 
•  directional à MIMO 
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Out of G’s? 
• A new generation roughly every ten years 
•  5G (whatever that may mean) planned for 2020 

G Year 
(introduced) 

Architecture Per-user speed Other 

1 1981 analog voice only 
2 1992 digital voice + SMS 
3 2001 digital + IP 0.5-1 Mb/s 
4 2011 IP + legacy 5-20 Mb/s lower latency, HD 

voice 
5 2020 all-IP < 100 Mb/s 24 GHz+ 
6 2030 all-IP 
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Terrestrial TV & radio broadcast 
• US: ~10-15% get over-the-air TV 
• Sustained by 

•  ubiquity 
•  cheap end systems (and infrastructure) 
•  legal or regulatory advantages 

•  such as must-carry rights in the United States 
•  or viewer fees in Europe 

• No reason to turn it off 
•  except for spectrum value 
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Table 5 
Connections over 200 kbps in at Least One Direction by Technology 2009-2013 

(In thousands) 
 

 2009 2010 2011 2012 2013 

Technology Dec Jun Dec Jun Dec Jun Dec Jun Dec 

Total 136,294 157,017 182,065 206,131 230,201 243,359 262,564 284,692 293,397
  Total Fixed 79,994 81,764 84,521 86,575 88,317 89,945 92,511 93,986 96,032
     aDSL 30,987 30,759 31,470 31,611 31,330 31,173 30,974 30,657 30,690
     sDSL 225 191 167 159 148 139 132 117 108
     Other Wireline1 719 755 795 778 795 770 796 769 772
     Cable Modem 42,439 43,923 45,334 46,698 48,263 49,664 51,646 52,760 54,009
     FTTP2 3,980 4,441 4,993 5,477 5,898 6,300 6,733 7,250 7,745
     Satellite 1,116 1,144 1,176 1,204 1,190 1,217 1,454 1,623 1,849
     Fixed Wireless 527 551 587 649 693 682 777 810 858
  Mobile Wireless3 56,300 75,253 97,544 119,556 141,883 153,414 170,053 190,706 197,365

 
             1 Power Line and Other are summarized with Other Wireline to maintain firm confidentiality.  No Power Line connections were reported after 2012.  See Technical 
             Notes at the end of the report for a description of Form 477 technology categories and other reporting requirements. 
             2 Fiber to the premises. 

 
             Note: Some historical data have been revised.  Figures may not sum to totals due to rounding. 
             Source: FCC Form 477, Part I. 

 
 
 
 
 
 

 

 
 
 

Chart 6
Connections by Technology as of December 31, 2013
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Broadband competition challenges 

2

The lighter the blue, the fewer the options. You get the point. 

The bar on the left reflects the availability of wired broadband using the FCC’s current broadband 
definition of 4 Mbps. But let’s be clear, this is “yesterday’s broadband.” Four megabits per second isn’t 
adequate when a single HD video delivered to home or classroom requires 5 Mbps of capacity. This is 
why we have proposed updating the broadband speed required for universal service support to 10 Mbps.

But even 10 Mbps doesn’t fully capture the increasing demand for better wired broadband, of 
which downstream speed is, of course, only one component. It’s not uncommon for a U.S. Internet-
connected household to have six or more connected devices – including televisions, desktops, laptops, 
tablets, and smartphones.  When these devices are used at the same time, as they often are in the evenings, 
it’s not hard to overwhelm 10 Mbps of bandwidth. 

And consumer demand is growing; today over 60% of peak-time downloads are streaming audio 
and video. While today that video may be for entertainment, other applications are right behind. For 
instance, if we are to tackle healthcare costs, high-speed broadband video for remote examination, 
diagnosis and even surgery is important. If our students are to get a 21st Century education, high-speed 
broadband to the classroom is essential. And, increasingly, that high-speed will be in both directions.

As is proved here daily at 1776, high-speed connections are crucial not only for the kind of 
innovation that will educate our children and deliver quality health care, but also improve energy 
efficiency, fill the employment ranks, and maintain the United States as the world’s innovation leader for 
the 21st Century. 

The history of our time will be recorded as a period in which ever-increasing network 
performance made possible an ever-expanding list of capabilities for both consumers and businesses. This 
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2035 challenge: even distribution of 
broadband 
• US 

•  stratification by income and housing density 
•  High-income, high-density à 1 Gb/s FTTP 
•  Medium income, suburbia+ à cable (50 Mb/s) 
•  Lower income, rural à ADSL (3-4 Mb/s) 
•  Cost barriers à no-video LTE 
•  Limited willingness to pay extra for > 20 Mb/s 
•  Communication expenditures constant ~ 5% of income 

• Elsewhere 
•  new delivery methods 

•  drones, balloons, cube sats? 
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Example: DSL 
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US broadband adoption Exploring the Digital Nation: Embracing the Mobile Internet 

2 

Figure 1: Overview of Household Adoption Rates by Technology, 
Percent of U.S. Households, 1997-2012 

 
  *  Includes handheld devices such as smartphones and tablets (2010 only). 
**  Includes tablets but not smartphones (2011-2012). 

The use of mobile devices continued to increase in 2012. Eighty-eight percent of 
Americans ages 25 and older reported using mobile phones in October 2012. Once 
online, mobile phone users increasingly used their devices to send and receive email, 
browse the Web, access social networks, and utilize other applications that offer 
increased productivity or entertainment in their busy lives. 

Smartphones and their diverse applications have led the mobility movement. Popular 
with the general public, smartphones are also important to people with disabilities for 
reasons beyond mere convenience. Smartphone applications can reveal one’s location 
via GPS or provide directions to a desired destination. To help people with vision 
disabilities, researchers in Pakistan have developed a smartphone app that monitors a 
user’s location and distance walked from a destination to warn of imminent nightfall. 
The application is geo-aware and so knows the time of sunset around the world, and 
with its access to online mapping software, the app can offer the potentially vulnerable 
user shortcuts for the return trip (Ahsan, Khan, & Salam, 2013).  

Smartphones can also aid the unemployed. Some 77 percent of job seekers have already 
begun to use smartphone apps to give them an advantage in job-seeking. Application 
developers are creating tools that enhance one’s ability to learn about and secure a new 
job and to customize and export a résumé expeditiously. Another uses geo-targeting to 
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Non-adoption 
Exploring the Digital Nation: Embracing the Mobile Internet 
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Figure 16: Main Reason for Non-Use of the Internet at Home, 

Percent of Households Not Online at Home, 2012 

 

No Need or Interest 

In 2012, as in previous years, the prevailing reason that households without residential 

Internet service gave for not using it was the lack of need or interest in going online at 

home. In the 15 months between the July 2011 and October 2012 data collections, the 

portion of non-Internet using households offering this explanation remained at 48 

percent. The percentage of such households increased 9 points between 2003 and 2012 

from 39 percent to 48 percent.  

Views on whether households needed Internet access or were interested in it varied 

based on previous home Internet use. Households that once used the Internet at home, 

but no longer did so as of the 2012 CPS, expressed disinterest in home Internet use 

much less frequently (21 percent) than the households that had never connected to the 

Internet from home (53 percent). Additionally, 38 percent of households that reported 

only using dial-up Internet service at home cited a lack of need for, or interest in, home 

broadband connections in 2012, an increase from 34 percent of dial-up users in 2011. 

Dividing households by householder age shows differences in perceptions of whether 

home Internet use is needed or of interest. From 2001 to 2012, CPS data reveal a 

consistent pattern of non-adopting householders expressing no interest in, or no need 

for, home Internet service increasing with age. Accordingly, in 2012 non-Internet using 

householders ages 15 to 24 (24 percent), and those between 25 and 44 (26 percent), 

were the least likely groups to state they did not want or need to use the Internet at 
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Broadband cost 

70% 
30% 

29 

e.g., CenturyLink: capital investment = 15% of revenues 
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Clean slate or muddling through? 
• Basic transmission technology hasn’t changed since 1969 

•  datagram with end point addressing 

• Alternative: data objects 
•  named-data networking, content-centric, information-centric, … 
•  predicated on video 
•  but in 2035, much of the content may be dynamically generated 

•  “video games” = custom movies 

• Conditions 
•  parallel networks (same transmission technologies) 
•  10x better, cheaper, faster, more secure, … 
•  better than application-layer alternatives 
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Residential network architecture 

dumb fiber 
access network 

TTM 2014 31 



Engineering and business opportunities 
• Capital investment surprisingly small 
• Academic and industry research focuses on 15%, rather 

than 85% 
•  Three likely models in different countries: 

1.  public conduits (& fiber) + private Internet access 
•  community & electric utilities 

2.  structurally-separated into transmission, interconnection & 
connect 

3.  vertically integrated (monopoly & duopoly) provider 
• Opportunities and predictions: 

•  like retail à franchising, “SolarCity” capital model 
•  local network, central administration 
•  self-administered networks 
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Too risky for commercial use? 
•  Lots of legacy protocols, software, 

assumptions 
•  designed for friendlier world 

•  Transition from hobby à professional 
open source à “reps & warranties” 

• Passwords à “what you have” 
•  know when lost or stolen 
•  limited attack surface à provable 

correctness 
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Could things get worse? 
•  Technology always gets better, but society doesn’t 
• Risk factors: 

•  income stagnation à limited mass-market deployment 
•  geographic fragmentation 
•  “cableization” fragmentation of Internet 
•  political fragmentation & tribalization increased by Internet 

personalization 
•  security risks – Internet suitable only for cat pictures 
•  RF discovered to have significant health risks 
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Conclusion 
•  Just like 2014 is recognizable to time traveler from 1994, 

2035 will be recognizable to 2014 time traveler 
• Unlike other areas of technology, combination of 

•  R&D 
•  financing & business models 
•  regulatory environment 
•  external economic & cultural factors 
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