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* What	
  is	
  happening	
  and	
  why	
  does	
  it	
  matter?	
  
* What	
  are	
  the	
  technical	
  challenges	
  we	
  need	
  
to	
  address?	
  
−  reliability	
  &	
  quality	
  
−  public	
  safety	
  (“911”,	
  “112”)	
  
−  numbering	
  &	
  trustable	
  identifiers	
  
−  universal	
  service	
  
−  service	
  stagnation	
  à	
  beyond	
  voice?	
  
−  copper	
  loops	
  à	
  competition,	
  legacy	
  services	
  
*  It’s	
  technical	
  +	
  economics	
  +	
  policy	
  

The	
  retirement	
  of	
  the	
  circuit-­‐switched	
  network	
  

US-­‐centric,	
  
but	
  similar	
  
elsewhere	
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FCC’s	
  Technology	
  Transition	
  Policy	
  Task	
  Force	
  

¨  The	
  Task	
  Force’s	
  work	
  will	
  be	
  guided	
  by	
  the	
  insight	
  that,	
  
technological	
  changes	
  do	
  not	
  alter	
  the	
  FCC’s	
  core	
  mission,	
  
including	
  protecting	
  consumers,	
  ensuring	
  public	
  safety,	
  
enhancing	
  universal	
  service,	
  and	
  preserving	
  competition.	
  	
  

¨  The	
  Task	
  Force	
  will	
  conduct	
  a	
  data-­‐driven	
  review	
  and	
  provide	
  
recommendations	
  to	
  modernize	
  the	
  Commission’s	
  policies	
  in	
  a	
  
process	
  that	
  encourages	
  continued	
  investment	
  and	
  innovation	
  in	
  
these	
  new	
  technologies,	
  empowers	
  and	
  protects	
  consumers,	
  
promotes	
  competition,	
  and	
  ensures	
  network	
  resiliency	
  and	
  
reliability.	
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The	
  three	
  transitions	
  

From	
   to	
   motivation	
   issues	
  

Copper	
   à fiber	
   capacity	
  
maintenance	
  cost	
  

competition	
  
(“unbundled	
  network	
  
elements”)	
  

Wired	
   àwireless	
   mobility	
  
cost	
  in	
  rural	
  areas	
  

capacity	
  
quality	
  

Circuits	
   à packets	
  
(IP)	
  

flexibility	
  
cost	
  per	
  bit	
  

line	
  power	
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VoIP,	
  
VoLTE	
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When?	
  

TDM	
  
switching	
  
(core)	
   VoIP	
  

access	
  

fixed	
  4G	
  

2013	
  

no	
  single	
  transition	
  date!	
  

numbering	
  
E.164	
  

human-­‐visible	
   hidden	
  

“wireless	
  network	
  is	
  99%	
  wired”	
  



*  User	
  behavior	
  changes	
  
−  more	
  text,	
  less	
  voice	
  
−  video	
  conferencing	
  for	
  personal	
  &	
  business	
  use	
  (telepresence)	
  
−  landline	
  à	
  mobile	
  
−  OTT	
  VoIP	
  (for	
  international	
  calls)	
  
*  Core	
  network	
  technology	
  changes	
  
−  IMS	
  
−  SIP	
  trunking	
  
*  Access	
  and	
  end	
  system	
  changes	
  
−  large	
  PBX	
  all	
  VoIP	
  
−  voice	
  as	
  app	
  
−  WebRTC	
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The	
  transition	
  of	
  the	
  PSTN	
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Available	
  access	
  speeds	
  

100	
  Mb/s+	
  

20	
  Mb/s	
  

5	
  Mb/s	
  

2	
  Mb/s	
  

1	
  Mb/s	
  

18%	
   80%	
   95%	
   97%	
   100%	
  avg.	
  sustained	
  
throughput	
  

of	
  households	
  

marginal	
  
VOIP	
  

10	
  Gb/s	
  

common	
  now	
  –	
  future	
  capability	
  

1	
  Gb/s	
  

10	
  Mb/s	
  

99%	
  by	
  2023?	
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Access	
  transitions	
  (US)	
  

FTTH	
  +	
  
HFC,	
  20	
  

FTTN	
  +	
  
HFC,	
  60	
  

DSL,	
  15	
  

Satellite,	
  5	
  
may	
  

transition	
  
from	
  

copper	
  to	
  

fiber	
  

4G	
  

copper	
  

coax	
  

unlicensed	
  
wireless	
  

⊕	
  

networks	
  go	
  hybrid:	
  

last	
  500-­‐3000	
  ft	
  



Landline	
  à	
  mobile	
  

(Released 12/2012) 
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Wireless Substitution: 
Early Release of Estimates From the 

National Health Interview Survey, January–June 2012 
by Stephen J. Blumberg, Ph.D., and Julian V. Luke 

Division of Health Interview Statistics, National Center for Health Statistics 

Overview 
Preliminary results from the 

January–June 2012 National Health 
Interview Survey (NHIS) indicate that 
the number of American homes with 
only wireless telephones continues to 
grow. More than one-third of American 
homes (35.8%) had only wireless 
telephones (also known as cellular 
telephones, cell phones, or mobile 
phones) during the first half of 2012—
an increase of 1.8 percentage points 
since the second half of 2011. In 
addition, nearly one of every six 
American homes (15.9%) received all 
or almost all calls on wireless 
telephones despite also having a 
landline telephone. This report presents 
the most up-to-date estimates available 
from the federal government concerning 
the size and characteristics of these 
populations. 

 
NHIS Early Release 
Program 

This report is published as part of 
the NHIS Early Release Program. 
Twice each year, the Centers for 
Disease Control and Prevention’s 
(CDC) National Center for Health 
Statistics (NCHS) releases selected 
estimates of telephone coverage for the 
civilian noninstitutionalized U.S. 
population based on data from NHIS, 
along with comparable estimates from 
NHIS for the previous 3 years. The 
estimates are based on in-person 
interviews that NHIS conducts 
continuously throughout the year to 
collect information on health status, 
health-related behaviors, and health 
care access and utilization. The survey 
also includes information about 
household telephones and whether 
anyone in the household has a wireless 
telephone. 

Two additional reports are 
published regularly as part of the NHIS 
Early Release Program. Early Release 
of Selected Estimates Based on Data 
From the National Health Interview 
Survey is published quarterly and 
provides estimates for 15 selected 
measures of health. Health Insurance 
Coverage: Early Release of Estimates 
From the National Health Interview 
Survey is also published quarterly and 
provides additional estimates regarding 
health insurance coverage. Other Early 
Release Program products are released 
as needed. 

 
Methods 

For many years, NHIS has asked 
respondents to provide residential 
telephone numbers, to permit the 
recontacting of survey participants. 
Starting in 2003, additional questions 
were asked to determine whether a 
family had a landline telephone. NHIS 

families were considered to have 
landline telephone service if the survey 
respondent for each family reported that 
there was “at least one phone inside 
your home that is currently working and 
is not a cell phone.” (To avoid possible 
confusion with cordless landline 
telephones, the word “wireless” was not 
used in the survey.) 

An NHIS “family” can be an 
individual or a group of two or more 
related persons living together in the 
same housing unit (a “household”). 
Thus, a family can consist of only one 
person, and more than one family can 
live in a household (including, for 
example, a household where there are 
multiple single-person families, as 
when unrelated roommates are living 
together). 

The survey respondent for each 
family was also asked whether “anyone 
in your family has a working cellular 
telephone.” Families are identified as 

Figure 1 
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Lines	
  are	
  disappearing,	
  but	
  maintenance	
  costs	
  
are	
  constant	
  

$2.72	
  
per-­‐line	
  monthly	
  	
  
maintenance	
  
cost	
  

$17.57	
  

voice	
  revenue/line:	
  
$50	
   dis	
  

voice	
  only	
  
(DSL:	
  20	
  M)	
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Switches	
  are	
  ageing	
  

1979	
  

Nortel	
  DMS-­‐100	
  

http://www.phworld.org/switch/ntess.htm	
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PSTN:	
  The	
  good	
  &	
  the	
  ugly	
  

The	
  good	
   The	
  ugly	
  

Global	
  Connectivity	
  (across	
  devices	
  and	
  
providers)	
  

Minimalist	
  service	
  

High	
  reliability	
  
(engineering,	
  power)	
  

Limited	
  quality	
  (4	
  kHz)	
  

Ease	
  of	
  use	
   Hard	
  to	
  control	
  reachability	
  
(ring	
  at	
  2	
  am)	
  

Emergency	
  usage	
   Operator	
  trunks!	
  

Universal	
  access	
  
(HAC,	
  TTY,	
  VRS)	
  

No	
  universal	
  text	
  &	
  video	
  

Mostly	
  private	
  
(protected	
  content	
  &	
  CPNI)	
  

Limited	
  authentication	
  
Security	
  more	
  legal	
  than	
  technical	
  
(“trust	
  us,	
  we’re	
  a	
  carrier”)	
  

Relatively	
  cheap	
  
(c/minute)	
  

Relatively	
  expensive	
  
($/MB)	
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What	
  are	
  some	
  of	
  the	
  	
  “keeper”	
  attributes?	
  

*  Universality	
  
−  reachability	
  à	
  global	
  

numbering	
  &	
  
interconnection	
  

−  media	
  à	
  HD	
  audio,	
  video,	
  
text	
  

−  availability	
  à	
  universal	
  
service	
  regardless	
  of	
  
*  geography	
  
*  income	
  
*  disability	
  

−  affordability	
  à	
  service	
  
competition	
  +	
  affordable	
  
standalone	
  broadband	
  

*  Public	
  safety	
  
−  citizen-­‐to-­‐authority:	
  

emergency	
  services	
  (911)	
  
−  authority-­‐to-­‐citizen:	
  alerting	
  
−  law	
  enforcement	
  
−  survivable	
  (facilities	
  

redundancy,	
  power	
  outages)	
  
*  Quality	
  
−  media	
  (voice	
  +	
  …)	
  quality	
  
−  assured	
  identity:	
  telephone	
  

numbers	
  
−  assured	
  privacy	
  (CPNI)	
  
−  accountable	
  reliability	
  

13	
  

initial	
  list	
  –	
  not	
  exhaustive	
  



* Eligible	
  Telecommunications	
  Carriers	
  
* Carrier	
  of	
  Last	
  Resort	
  (COLR)	
  
* Universal	
  Service	
  Fund	
  

Universal	
  service	
  

For	
  the	
  purpose	
  of	
  regulating	
  interstate	
  and	
  foreign	
  commerce	
  in	
  
communication	
  by	
  wire	
  and	
  radio	
  so	
  as	
  to	
  make	
  available,	
  so	
  far	
  as	
  
possible,	
  to	
  all	
  the	
  people	
  of	
  the	
  United	
  States,	
  without	
  discrimination	
  on	
  
the	
  basis	
  of	
  race,	
  color,	
  religion,	
  national	
  origin,	
  or	
  sex,	
  a	
  rapid,	
  efficient,	
  
Nation-­‐wide,	
  and	
  world-­‐wide	
  wire	
  and	
  radio	
  communication	
  service	
  with	
  
adequate	
  facilities	
  at	
  reasonable	
  charges,	
  for	
  the	
  purpose	
  of	
  the	
  national	
  
defense,	
  for	
  the	
  purpose	
  of	
  promoting	
  safety	
  of	
  life	
  and	
  property	
  through	
  
the	
  use	
  of	
  wire	
  and	
  radio	
  communications,	
  …	
  (47	
  USC	
  §	
  151,	
  1934)	
  

One	
  Policy,	
  
One	
  System,	
  
Universal	
  
Service	
  

T.	
  Vail	
  
(1907)	
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Numbers:	
  Disappearance	
  of	
  the	
  
old	
  constraints	
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The	
  number	
  is	
  part	
  of	
  the	
  problem	
  

* Geographically	
  assigned	
  (“area	
  codes”)	
  
− except	
  for	
  VoIP	
  and	
  cellular	
  (US)	
  
* Separate	
  numbering	
  for	
  SMS,	
  voice,	
  wireless,	
  …	
  
* Only	
  traditional	
  carriers	
  can	
  obtain	
  numbers	
  
* Complex	
  local	
  number	
  portability	
  
−  limited	
  wireless	
  è	
  wireline	
  porting	
  (“wire	
  centers”)’	
  
* Service	
  tied	
  to	
  number	
  à	
  makes	
  3rd	
  party	
  services	
  
difficult	
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It’s	
  just	
  a	
  number	
  

Number	
   Type	
   Problem	
  

201	
  555	
  1212	
   E.164	
   same-­‐geographic	
  
different	
  dial	
  plans	
  (1/no	
  1,	
  area	
  code	
  or	
  not)	
  
text	
  may	
  or	
  may	
  not	
  work	
  

#250,	
  #77,	
  
*677	
  

voice	
  short	
  code	
   mobile	
  only,	
  but	
  not	
  all	
  
no	
  SMS	
  

12345	
   SMS	
  short	
  code	
   SMS	
  only	
  
country	
  unclear	
  

211,	
  311,	
  411,	
  
911	
  

N11	
  codes	
   Distinct	
  call	
  routing	
  mechanism	
  
Mostly	
  voice-­‐only	
  
May	
  not	
  work	
  for	
  VoIP	
  or	
  VRS	
  

800,	
  855,	
  866,	
  
877,	
  888	
  

toll	
  free	
   not	
  toll	
  free	
  for	
  cell	
  phone	
  
may	
  not	
  work	
  internationally	
  

900	
   premium	
   voice	
  only	
  
unpredictable	
  cost	
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Property	
   URL	
  
owned	
  

URL	
  
provider	
  

E.164	
   Service-­‐specific	
  

Example	
   alice@smith.name	
  
sip:alice@smith.name	
  

alice@gmail.com	
  
sip:alice@ilec.com	
  

+1	
  202	
  555	
  1010	
   www.facebook.co
m/alice.example	
  

Protocol-­‐
independent	
  

no	
   no	
   yes	
   yes	
  

Multimedia	
   yes	
   yes	
   maybe	
  (VRS)	
   maybe	
  
Portable	
   yes	
   no	
   somewhat	
   no	
  
Groups	
   yes	
   yes	
   bridge	
  

number	
  
not	
  generally	
  

Trademark	
  
issues	
  

yes	
   unlikely	
   unlikely	
   possible	
  

Privacy	
   Depends	
  on	
  
name	
  chosen	
  
(pseudonym)	
  

Depends	
  on	
  
naming	
  
scheme	
  

mostly	
   Depends	
  on	
  
provider	
  “real	
  
name”	
  policy	
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Communication	
  identifiers	
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Numbers	
  vs.	
  DNS	
  &	
  IP	
  addresses	
  

Phone	
  #	
   DNS	
   IP	
  address	
  
Role	
   identifier	
  +	
  locator	
   identifier	
   locator	
  (+	
  identifier)	
  

Country-­‐specific	
   mostly	
   optional	
   no	
  
#	
  of	
  devices	
  /	
  name	
   1	
  (except	
  Google	
  Voice)	
   any	
   1	
  (interface)	
  

#	
  names	
  /device	
   1	
  for	
  mobile	
   any	
   any	
  

controlled	
  by	
   carrier,	
  but	
  portability	
  
unclear	
  (800#)	
  and	
  geo.	
  
limited	
  

any	
  entity,	
  with	
  trademark	
  
restrictions	
  

any	
  entity	
  (ISP,	
  
organization)	
  

who	
  can	
  obtain?	
   geographically-­‐constrained,	
  
currently	
  carrier	
  only	
  

varies	
  (e.g.,	
  .edu	
  
&	
  .mil,	
  vs.	
  .de)	
  

enterprise,	
  carrier	
  

porting	
   complex,	
  often	
  manual;	
  
wireless-­‐to-­‐wireline	
  may	
  not	
  work	
  

about	
  one	
  hour	
  (DNS	
  
cache)	
  

if	
  entity	
  has	
  been	
  
assigned	
  PIAs	
  

delegation	
   companies	
  (number	
  range)	
   anybody	
   subnets	
  

identity	
  
information	
  

carrier	
  (OCN),	
  billing	
  name	
  
only	
  à	
  LERG,	
  LIDB	
  

WHOIS	
  data	
  
(unverified)	
  

RPKI,	
  whois	
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Number	
  usage	
   Federal Communications Commission FCC 12-46 

Chart 7 

Number�of�Assigned�Numbers�
(Thousands,�Source:��NRUF,�Projections�2011Ͳ

2015)

0����

100,000����

200,000����

300,000����

400,000����

500,000����

600,000����

700,000����

800,000����

900,000����

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

ILEC Mobile CLEC Paging
 

We seek comment on this estimate and the underlying assumptions, and invite commenters to present 
their own estimates for the growth or decline in the count of actively-used numbers as well as any 
additional data regarding their own estimates and the key drivers for such growth or decline.  To what 
extent is the growth in the volume of numbers due to new services and applications, and to what extent is 
it due to greater penetration of phone service, such as cell phone family plans and usage by younger 
children?  Do commenters believe the volume of numbers will increase in the foreseeable future?  Is the 
growth trend sustainable given anticipated technology changes?  What other factors will impact the 
continued growth in the volume of numbers?  What impact would the growth in numbers have on future 
contribution assessments?  To the extent commenters predict the volume of numbers in use will decline 
over time rather than grow, they should similarly identify the basis for their assumptions and describe in 
detail their projections for the foreseeable future.  What challenges would a numbers-based contribution 
system face if the volume of numbers were to shrink?   

311. We note that in 2008, AT&T and Verizon estimated that under a numbers-based 
assessment methodology, the contribution would be between $1 and $1.10 per number per month.505  
They further estimated that if the Commission were to move to a numbers-based system, the residential 
share of the contribution burden would drop from 50 percent to 46 percent, while the business share 
would rise from 50 percent to 54 percent.506  We seek to update the record on what the per-number charge 
                                                           
505 AT&T and Verizon Sept. 11, 2008 Ex Parte Letter, Attach. 2 at 2.  
506 Id. 
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0xx,	
  1xx	
  
(prefix),	
  200	
   N11,	
  8	
   Easily	
  

recognizable	
  
(NDD),	
  47	
  

N9X	
  
(expansion),	
  80	
  

37X	
  &	
  96X,	
  20	
  

555	
  &	
  950,	
  2	
  
880-­‐887,	
  889,	
  9	
  

In	
  service	
  
(geographic),	
  

345	
  

Awaiting	
  
introduction,	
  31	
  

Available,	
  258	
  

21	
  

Area	
  codes	
  (NPAs)	
  

634	
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Phone	
  numbers	
  for	
  machines?	
  

212	
  555	
  1212	
  
<	
  2010	
  

500	
  123	
  4567	
  
533,	
  544	
  

now:	
  one	
  5XX	
  code	
  a	
  year…	
  
(8M	
  numbers)	
  

see	
  Tom	
  McGarry,	
  Neustar	
  

500	
  123	
  4567	
  
(and	
  geographic	
  numbers)	
  

10	
  billion	
  available	
  

5	
  mio.	
  

64	
  mio.	
  

12%	
  of	
  adults	
  

311,000	
  



* Should	
  numbers	
  be	
  treated	
  as	
  
names?	
  
−  see	
  “Identifier-­‐Locator	
  split”	
  
− “multi-­‐homing”	
  

* Should	
  numbers	
  have	
  a	
  
geographic	
  component?	
  
−  Is	
  this	
  part	
  of	
  a	
  region’s	
  cultural	
  
identity?	
  

Future	
  numbers	
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* Easily	
  available	
  on	
  (SIP)	
  
trunks	
  –	
  can	
  be	
  legitimate	
  
* Used	
  for	
  vishing,	
  
robocalling,	
  swatting,	
  
anonymity	
  breaking,	
  …	
  

*  Caller	
  ID	
  Act	
  of	
  2009:	
  Prohibit	
  any	
  
person	
  or	
  entity	
  from	
  transmitting	
  
misleading	
  or	
  inaccurate	
  caller	
  ID	
  
information	
  with	
  the	
  intent	
  to	
  
defraud,	
  cause	
  harm,	
  or	
  wrongfully	
  
obtain	
  anything	
  of	
  value.	
  

*  Also:	
  phantom	
  traffic	
  rules	
  

24	
  

Caller	
  ID	
  spoofing	
  



Robocalling	
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“pink	
  carriers”	
  



* Practically,	
  mostly	
  about	
  identity,	
  not	
  content	
  
* Old	
  model:	
  “trust	
  us,	
  we’re	
  the	
  phone	
  company”	
  
* Need	
  cryptographically-­‐verifiable	
  information	
  
−  Is	
  the	
  caller	
  authorized	
  to	
  use	
  this	
  number?	
  
* not	
  necessarily	
  “ownership”	
  

− Has	
  the	
  caller	
  ID	
  name	
  been	
  verified?	
  
* cf.	
  TLS	
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Security	
  (trustworthiness)	
  



* Web:	
  
−  plain-­‐text	
  à	
  rely	
  on	
  DNS,	
  path	
  

integrity	
  
*  requires	
  on-­‐path	
  intercept	
  

−  X.509	
  certificate:	
  email	
  
ownership	
  
*  no	
  attributes	
  

−  EV	
  (“green”)	
  certificate	
  
*  PSTN	
  
−  caller	
  ID	
  
−  display	
  name:	
  CNAM	
  database,	
  

based	
  on	
  caller	
  ID	
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Who	
  assures	
  identity?	
  



* Now:	
  LIDB	
  &	
  CNAM,	
  LERG,	
  LARG,	
  CSARG,	
  NNAG,	
  
SRDB,	
  SMS/800	
  (toll	
  free),	
  do-­‐not-­‐call,	
  …	
  
*  Future:	
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Strawman	
  “Public”	
  PSTN	
  database	
  

carrier	
  code	
  or	
  SIP	
  URLs	
  
type	
  of	
  service	
  (800,	
  …)	
  
owner	
  
public	
  key	
  
…	
  

1	
  202	
  555	
  1234	
  

extensible	
  set	
  of	
  fields	
  
multiple	
  interfaces	
  (legacy	
  emulation)	
  
multiple	
  providers	
  

DB	
  HTTPS	
  



VoIP	
  interconnection,	
  public	
  
safety,	
  universal	
  access	
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*  “VoIP	
  interconnection”	
  ≠	
  IP	
  
peering	
  
*  Are	
  there	
  technical	
  stumbling	
  
blocks?	
  
−  SIP	
  features?	
  
− Media	
  codecs	
  &	
  conversion?	
  
*  Separation	
  application	
  layer	
  &	
  
transport	
  
*  $0.001	
  /	
  minute	
  for	
  IP	
  
transport	
  ($0.10/GB)	
  à	
  
location	
  not	
  relevant	
  

VoIP	
  Interconnection	
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Cisco	
  



*  Transition	
  to	
  NG911	
  &	
  NG112	
  
underway	
  
−  NGxxx	
  =	
  all-­‐IP	
  (SIP	
  +	
  RTP)	
  

emergency	
  calling	
  
*  Key	
  issues:	
  
−  Indoor	
  location	
  for	
  wireless	
  
*  location	
  accuracy	
  of	
  50/150m	
  may	
  
not	
  be	
  sufficient	
  
*  need	
  apartment-­‐level	
  accuracy,	
  
including	
  floor	
  
*  Civic	
  (Apt.	
  9C,	
  5	
  W	
  Glebe),	
  not	
  geo	
  

−  Cost,	
  scaling	
  and	
  transition	
  

Public	
  Safety	
  (NG911	
  &	
  NG112)	
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* VoIP	
  =	
  Voice	
  +	
  Video	
  +	
  Vords	
  (text)	
  
− à	
  Real-­‐time	
  communication	
  as	
  base-­‐level	
  service?	
  
* Accommodate	
  new	
  media	
  codecs	
  (e.g.,	
  AMR)	
  
* See	
  also	
  “advanced	
  communication	
  systems”	
  in	
  
U.S.	
  Communications	
  and	
  Video	
  Accessibility	
  Act	
  
(CVAA)	
  
*  Just	
  point-­‐to-­‐point?	
  or	
  multipoint?	
  
* Services	
  beyond	
  call	
  forwarding	
  à	
  web	
  API	
  model	
  
− e.g.,	
  for	
  robocall	
  prevention	
  

More	
  than	
  point-­‐to-­‐point	
  voice	
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*  5	
  nines	
  à	
  5	
  minutes/year	
  unavailable	
  
*  How	
  do	
  we	
  measure	
  reliability	
  &	
  QoS?	
  
−  E.g.,	
  FCC	
  Measuring	
  Broadband	
  America	
  

project?	
  
−  à	
  IETF	
  LMAP	
  

*  Can	
  we	
  improve	
  power	
  robustness?	
  
−  Circuit-­‐switched:	
  -­‐48V	
  @	
  20-­‐50	
  mA	
  (~	
  1	
  W)	
  
−  e.g.,	
  DOCSIS	
  modem	
  consumes	
  ~7W	
  (idle)	
  
−  Li-­‐Ion	
  battery	
  =	
  2.5	
  Wh/$	
  è	
  3$/hour	
  of	
  

standby	
  time	
  
*  Can	
  we	
  simplify	
  multihoming	
  to	
  make	
  

new	
  PSTN	
  more	
  reliable	
  than	
  old?	
  
−  e.g.,	
  cable	
  +	
  4G	
  

Reliability	
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* Three	
  simultaneous	
  technology	
  transitions:	
  
−  copper	
  à	
  fiber,	
  wired	
  à	
  wireless,	
  circuit	
  à	
  packet	
  
* But	
  no	
  cut-­‐over	
  date	
  
* Need	
  to	
  “grow	
  up”	
  quickly	
  
− no	
  more	
  second	
  network	
  for	
  reporting	
  &	
  fixing	
  things	
  
− universal	
  service	
  à	
  Internet	
  access	
  for	
  everyone	
  
−  single	
  network	
  à	
  suitable	
  for	
  demanding	
  services	
  
−  life-­‐and-­‐safety	
  network	
  
* The	
  Internet	
  –	
  your	
  life	
  will	
  depend	
  on	
  it…	
  

Conclusion	
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Backup	
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Cost	
  vs.	
  distance	
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Rural Broadband – Overcoming Obstacles and Achieving the Vision 

As the RTF noted, there is a wide diversity among rural carriers. This diversity is driven 

by demographics, terrain, distance, density and many other factors that influence the cost of 

delivering high-quality telecommunications services.  

The next two Charts use nationwide average cost results to illustrate the role that distance 

                                                 Chart VI 

and density play in determining cost of providing telephone service.20  

nce from the central office has on the monthly 

cost of providing basic telephone service (on the right-hand vertical axis), and the distribution of 

customer density for all U.S. households (on the left-hand vertical axis). 

                                                

Chart VI illustrates the impact that dista
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20 This data includes loop, switching and transport functions, and was developed during the FCC’s proxy model 
proceeding in the late 1990s. It comes from the BCPM 3.0 model with FCC Common Inputs. As the Rural Task 
Force identified in White Paper 4, proxy models are not sufficiently accurate at the individual rural wire center level 
to be reliable indicators of the costs of specific rural telephone companies. The data presented in Charts VI and VII 
reflects Nationwide averages of cost and is presented solely to illustrate the dramatic effect that distance and density 
may have on the average cost of building wire/fiber-line networks.  This model employs a forward-looking hybrid 
fiber/copper architecture that can be used for both voice telephone and Broadband data services. 
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Rural Broadband – Overcoming Obstacles and Achieving the Vision 

Notice that nationwide well over half of all households are located within 15,000 feet of 

their serving central office, whereas only a small percentage are located at distances exceeding 

50,000 feet. This chart also shows that costs are relatively low in close proximity to the central 

office, 

etrically as 

A good indicator of relative costs is the percentage of customers in 

e two lowest density bands – 0 to 5, and 5 to 100 households per square mile.  

x 
households per square mile, and 11.4% are in areas with less than 100 households per 

but grow geometrically as distances exceed 40,000 feet. This geometric expansion stems, 

in part, from the fact that the more distant customers generally are located in sparsely populated 

areas as well.  

Chart VII illustrates the impact that population density has on the average cost of 

providing telephone service.  

 

Chart B shows that costs increase gradually with decreasing population density until 

around 100 households per square mile. Below this density level, costs increase geom

population density decreases. 

th

Nationwide, 1.1% of residential customers are in service areas with less than 5 

square mile.  
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Interstate	
  switched	
  access	
  minutes	
  

 5 - 2

Chart 5.1
Interstate Switched Access Minutes of Use for Incumbent Local Exchange Carriers

(in Billions)
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Evolution	
  of	
  VoIP	
  

“amazing 
– the 
phone 
rings” 

“does it do 
call transfer?” 

“How can 
I make it 
stop 
ringing?” 

1996-2000 2000-2003 2004-2005 

catching up 
with the digital PBX 

long-distance calling, 
ca. 1930 

going beyond 
the black phone 

2006- 

“Can it really 
replace the 
phone 
system?” 

replacing the 
global phone system 
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Telephone	
  Social	
  Policies	
  

Universal	
  service	
  
(Lifeline,	
  high	
  cost,	
  …)	
  

Necessary	
  to	
  function	
  (call	
  doctor,	
  call	
  
school,	
  …)	
  

Basic	
  service	
  price	
  regulation	
   Ensure	
  widespread	
  availability	
  

911	
   Report	
  emergencies	
  for	
  self	
  and	
  others	
  

Power	
  backup	
   Ensure	
  emergency	
  communications	
  

Outage	
  reporting	
   Ensure	
  reliability	
  

Lawful	
  intercept	
  (CALEA)	
   Phone	
  as	
  tool	
  for	
  criminals	
  

Disability	
  access	
  (ringers,	
  HAC)	
   Ensure	
  participation	
  in	
  society	
  

CPNI	
   Phone	
  as	
  private	
  medium	
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*  How	
  to	
  prevent	
  hoarding?	
  
−  By	
  pricing	
  
*  DNS-­‐like	
  prices	
  ($6.69	
  -­‐	
  $10.69/year	
  

for	
  .com)	
  
*  takes	
  $100M	
  to	
  buy	
  up	
  (212)…	
  
*  1626:	
  60	
  guilders	
  

*  e.g.,	
  USF	
  contribution	
  proposals	
  
*  $8B/year,	
  750	
  M	
  numbers	
  à	
  

$10.60/year	
  
*  but	
  significant	
  trade-­‐offs	
  

−  By	
  demonstrated	
  need	
  
*  see	
  IP	
  address	
  assignment	
  
*  1k	
  blocks	
  
*  difficult	
  to	
  scale	
  to	
  individuals	
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Phone	
  numbers:	
  hoarding	
  

15c/
month	
  

100	
  million	
  .COM	
  



Robocalls	
  –	
  the	
  enablers	
  

Robocalling	
  

Cheap	
  
VoIP	
  

Number	
  
spoofing	
  

Cheap	
  
labor	
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Copper	
  loops	
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May 19, 2011

Craig Moffett (Senior Analyst) • craig.moffett@bernstein.com • +1-212-969-6758
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Exhibit 37
Population Density by Country (per square mile)

Exhibit 38
DSL Loop Length Distribution by Country

The second major factor predicting the vulnerability of the copper network is cable ubiquity.  The HFC 
(hybrid-fiber-coax) plant of the cable operators can deliver vastly superior speeds than the copper network.
(Recall in Exhibit 15 the FCC's finding that average realized cable speeds are currently ~5.5 Mbps, versus 
DSL at 2Mbps; moreover, enhancements like DOCSIS 3.0 deliver theoretical download speeds of up to 160 
Mbps).  But cable isn’t available everywhere… at least it isn’t available everywhere outside the U.S.
Cable’s overlap in the U.S. is higher than in any developed nation.

In areas where the TelCos have built out fiber, they have a product which offers similar (or, in some cases, 
superior) broadband service versus the cable operators, so they can compete on reasonably similar footing.  
Currently, roughly 43 million households (or ~37-38% household penetration) are covered by Telco fiber in 
the U.S., with that percentage reaching and largely leveling out at ~40% by the end of 2012.  However, in 
the remaining 60% of U.S. households not covered by Telco fiber, DSL faces the formidable threat of 
irrelevance – especially when taking into account the fact that households not covered by Telco fiber also
likely have higher than average loop lengths, given that the Telcos determined that building fiber out to 
these homes did not pose attractive economics.  Taking this one step further, this implies that DSL 
performance is likely below average in these areas, making cable an even more attractive alternative.   (By 
the same token, in the areas that cable has not deployed facilities, it is usually because the area is too rural... 
in which case the distances would be too great for telco DSL to take advantage of the absence).

Arguably, the differences between the U.S. and Europe are a matter of degree rather than kind, and that the 
obsolescence of the TelCo network is a matter of when rather than if in even the best markets. Still, the 
combination of high cable overlap and long copper loops is a double-whammy that makes the U.S. copper 
network uniquely ill-suited for the challenges of the next decade.  In contrast, this dynamic is much less 
problematic for carriers in many European countries, where the cable infrastructure is far less built out –
countries such as Germany (where only 58% of households are covered with cable), France (28%) and Italy 
(a mere 1%).
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DSL	
  loop	
  lengths	
  

high-­‐speed	
  DSL	
  

Copper	
  loops	
  à	
  large-­‐scale	
  data	
  competition	
  (“unbundled	
  network	
  elements”)	
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*  PSTN:	
  general	
  interconnection	
  duty	
  
−  requires	
  physical	
  TDM	
  trunks	
  and	
  switch	
  ports	
  
*  VoIP:	
  
−  VPN-­‐like	
  arrangements	
  
− MPLS	
  
−  general	
  Internet	
  
− may	
  require	
  fewer	
  points-­‐of-­‐interconnect	
  
−  only	
  relatively	
  small	
  number	
  of	
  IXPs	
  
−  transition	
  to	
  symmetric	
  billing	
  (cellular	
  minutes,	
  flat-­‐rate)	
  

rather	
  than	
  caller-­‐pays	
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Interconnection	
  



*  Technical	
  problem	
  
− where	
  and	
  how	
  
−  just	
  voice?	
  
* Money	
  problem	
  
− who	
  pays	
  for	
  what	
  (conversion,	
  transport,	
  …)	
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FCC	
  USF/ICC	
  reform	
  
Federal	
  Communications	
  Commission	
   	
  FCC	
  11-­‐161	
  	
  

	
  
42.	
  IP-­‐to-­‐IP	
  Interconnection.	
  	
  We	
  recognize	
  the	
  importance	
  of	
  interconnection	
  
to	
  competition	
  and	
  the	
  associated	
  consumer	
  benefits.	
  	
  We	
  anticipate	
  that	
  the	
  
reforms	
  we	
  adopt	
  will	
  further	
  promote	
  the	
  deployment	
  and	
  use	
  of	
  IP	
  
networks,	
  and	
  seek	
  comment	
  in	
  the	
  accompanying	
  FNPRM	
  regarding	
  the	
  
policy	
  framework	
  for	
  IP-­‐to-­‐IP	
  interconnection.	
  	
  We	
  also	
  make	
  clear	
  that	
  even	
  
while	
  our	
  FNPRM	
  is	
  pending,	
  we	
  expect	
  all	
  carriers	
  to	
  negotiate	
  in	
  good	
  faith	
  
in	
  response	
  to	
  requests	
  for	
  IP-­‐to-­‐IP	
  interconnection	
  for	
  the	
  exchange	
  of	
  voice	
  
traffic	
  	
  

John	
  Barnhill,	
  GenBand	
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QoS	
  is	
  not	
  just	
  an	
  Internet	
  problem…	
  

Service�Type Attempts
Incomplete�

Calls
Poor�Voice�
Quality

Delayed�
Setup*

Attempts
Incomplete�

Calls
Poor�Voice�
Quality

Delayed�
Setup*

IXC 4,037 3.5% 5.3% 2.8% 341 0.6% 1.5% 0.6% 11.6% 2.6%
Wireless 1,162 4.3% 9.0% 1.3% 102 1.0% 8.8% 1.0% 14.5% 10.8%
VoIPͲFixed/Cable 991 6.4% 6.5% 3.0% 84 0.0% 1.2% 2.4% 15.8% 3.6%
VoIPͲNomadic 634 28.4% 21.8% 1.4% 54 0.0% 13.0% 1.9% 51.6% 14.8%
Totals 6,824 6.4% 7.6% 2.5% 581 0.5% 3.8% 1.0% 16.5% 5.3%

NOTES:

��

*�Calls�were�recorded�as�"Delayed�Setup"�when�ringͲback�began�after�15�seconds�or�more�of�dead�air�following�dialing.��Such�calls�may�have�also�resulted�in�
incompletion�or�poor�voice�quality;�to�avoid�double�counting,�these�calls�are�only�counted�as�"Incomplete"�or�"Poor�Voice."

RURAL�������
Total�Issues

NONͲRURAL��
Total�Issues

National�Call�Completion�Test�Ͳ�April�2012�
Summary�by�Service�Type

2012�RURAL 2012�NONͲRURAL

Successful�
83%

Incomplete�
6%

Poor�Quality�
8%

Delayed�3%

2012�Rural�Test�Call�Results

Successful�
95%

Incomplete�
.5%

Poor�Quality�
4% Delayed�1%

2012�NonͲRural�Test�Call�Results

5('$&7('���)25�38%/,&�,163(&7,21

NECA	
  ExParte	
  05/21/2012	
  

7400	
  test	
  calls	
  to	
  115	
  locations	
  



*  Problems:	
  
− manual	
  error	
  tracing	
  
−  complicated	
  least-­‐cost	
  routing	
  arrangements	
  
−  termination	
  charge	
  incentives	
  
*  Requirements	
  for	
  new	
  PSTN:	
  
−  automated	
  call	
  flow	
  tracing	
  
−  end-­‐to-­‐end	
  call	
  quality	
  evaluation	
  (à	
  MBA)	
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Rural	
  call	
  completion	
  

Service�Type Attempts
Incomplete�

Calls
Poor�Voice�
Quality

Delayed�
Setup*

Attempts
Incomplete�

Calls
Poor�Voice�
Quality

Delayed�
Setup*

IXC 4,037 3.5% 5.3% 2.8% 341 0.6% 1.5% 0.6% 11.6% 2.6%
Wireless 1,162 4.3% 9.0% 1.3% 102 1.0% 8.8% 1.0% 14.5% 10.8%
VoIPͲFixed/Cable 991 6.4% 6.5% 3.0% 84 0.0% 1.2% 2.4% 15.8% 3.6%
VoIPͲNomadic 634 28.4% 21.8% 1.4% 54 0.0% 13.0% 1.9% 51.6% 14.8%
Totals 6,824 6.4% 7.6% 2.5% 581 0.5% 3.8% 1.0% 16.5% 5.3%

NOTES:

��

*�Calls�were�recorded�as�"Delayed�Setup"�when�ringͲback�began�after�15�seconds�or�more�of�dead�air�following�dialing.��Such�calls�may�have�also�resulted�in�
incompletion�or�poor�voice�quality;�to�avoid�double�counting,�these�calls�are�only�counted�as�"Incomplete"�or�"Poor�Voice."

RURAL�������
Total�Issues

NONͲRURAL��
Total�Issues

National�Call�Completion�Test�Ͳ�April�2012�
Summary�by�Service�Type

2012�RURAL 2012�NONͲRURAL

Successful�
83%

Incomplete�
6%

Poor�Quality�
8%

Delayed�3%

2012�Rural�Test�Call�Results

Successful�
95%

Incomplete�
.5%

Poor�Quality�
4% Delayed�1%

2012�NonͲRural�Test�Call�Results
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