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Key	challenges	– (nearly)	
everywhere
o Costs,	competition	and	investment	are	poorly	understood

o Network	neutrality	is	really	about	what	rules	apply	to	Internet	services

o Spectrum	is	no	longer	just	book-keeping

o Rural	broadband	is	about	finding	the	right	levers

o Access	for	people	with	disabilities	enables	functionality	for	everybody

o Emergency	services	(112	&	911)	are	mostly	still	stuck	in	pre-Internet
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Network	economics,	
competition	&	
investment
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The	industry	is	complicated
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cable
(CATV)

satellite
(SAT)

LECCLEC

RLEC
ILEC

MVPD	(affects	video	rights	&	obligations)

• all	entities	can	serve	as	a	Broadband	Internet	Access	Service (BIAS),	commonly	
known	as	ISP

• almost	all	”TV”	distributors	are	MVPDs,	but	not	all	MVPDs	are	ISPs	(e.g.,	
satellite)

• AT&T,	as	an	ILEC,	owns	a	satellite	MVPD	(DirecTV)
• Same	company	can	be	ILEC	in	one	state	&	CLEC	in	another	(rare)

owns
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Wireless	revenue	is	falling

TEMPLE	UNIVERSITY	OCT.	2017 6
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avg.	about	2.1	GB/month
T-Mobile:	10	GB	tethering



Newspaper	advertising

TEMPLE	UNIVERSITY	OCT.	2017 7
Twenty	years	ago	classifieds	provided	more	than	a	third	of	the	revenue	of The	Washington	Post.	Craigslist	has	destroyed	that	business	for	the Post and	
every	major	paper	in	the	country.	(Brookings,	2014)



Problem	likely	capacity,	not	
speed
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June	2017:	100	GB



Metrics:	not	Gb/s	or	b/s/Hz,	
but	$/GB	and	$/year
o Consumer	market:	$/GB	delivered
◦ little	willingness	to	pay	for	speed	above	10	Mb/s	for	now
◦ unless	$/GB	à 0,	1	Gb/s	just	threatens	wallet

o NB-IoT:	$/device	+	$/year	cost
◦ compete	with	$0	incremental	cost	BT/Zigbee/WiFi or	LPWAN
◦ include	amortized
◦ typically,	<<	$1/month
◦ predictable	coverage	&	international	reach
◦ alternative	for	one-way:	ATSC	3.0	(50+	miles	reach,	no	incremental	cost)
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Network	economics,	
(over)simplified
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Excessive operating expenditures 
caused by legacy network operations 
restrict carriers’ ability to leverage IP 
networking advancements
Motivating carriers to fund fiber 
infrastructure likely requires a method to 
improve carrier margins and free up money 
for capital investment. As market share 
losses in both voice and broadband access 
mount, carriers have been aggressive in 
slashing costs. However, cost reduction 
opportunities are fundamentally limited 
without an ability to completely retire 
legacy TDM products and assets. Without 
the ability to shutter real estate and 
decommission support systems entirely, 
cost cutting alone cannot keep pace with 
customer loss and corresponding revenue 
declines. As legacy TDM wireline networks 
continue to descale, the percentage of fixed 
costs overwhelms the cost structure which 
could lead to even greater margin pressure.

Carriers are willing to invest in, and could 
potentially gain tremendous efficiency from 
deploying new IP networking architectures 
like Software Defined Networks and 
Network Function Virtualization (SDN NFV). 
However, the requirement to operate and 
maintain legacy TDM-based networks 
limits carriers’ ability to take advantage 
of the savings and shift capital to deep 
fiber deployment.

The ratio of cash OPEX to CAPEX in Exhibit 
8 depicts the predicament of operating 
a legacy network given ongoing market 
share loss. Operating two networks 
(legacy TDM and IP) forces the largest 
wireline carriers to spend, on average, 
five to six times as much on operating 
expenses as they do capital expenditures. 
High operating costs due to maintenance 
of legacy products and systems consume 
the vast majority of service revenues, 
leaving less for capital expenditures.

Wireline carriers have both a capital 
intensive and labor-intensive business 
model. Other labor-intensive industries 
such as construction, hospitality and 
agriculture typically have capital intensities 
below 5 percent compared to a typical 
wireline telecom carrier with the expected 
capital intensity of 14–18 percent.45 Shifting 
OPEX dollars to capital investment in fiber 
deployment requires that carriers operate 
one network instead of two. Retirement of 
legacy TDM networks could greatly reduce 
the operating expenses to free up funds 
for fiber investment. TDM retirement 
also frees up capital previously reserved 
for maintenance of the legacy networks 
and systems.

Exhibit 8
2016 Average OPEX to CAPEX ratios44

Wireless

3.8X

Cable Wireline

2.7X

5.2X

Retirement of legacy TDM 
networks would greatly 
reduce operating expenses, 
freeing up funds for fiber 
investment.

70%

30% traditional:	12-15	staff/10k	customers
Iliad,	FR:	3-4	staff/10k



Competition	models:	vertically	
integrated
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Sharing	models:	US
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sharing	(incumbent	+	new	entrant)	vs.	neutral	third	party

DSL
(ILEC)

ducts	&	poles
(electric	utilities	or	ILEC) towers

HFC
fiber

(ILEC,	CATV,	
overbuilder)

spectrum

PHY	(LTE)

+	WISP	&	satellite



Sharing	models:	Canada,	
Europe,	Australia
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Accidental	broadband
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DSL	patents
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Rural	wireline	ILECs	lack	
resources	
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Communications infrastructure upgrade | The need for deep fiber

Incentives to deploy 
fiber are lacking

ron  de nd for fiber e  fro  
re e  den fi on for  pro ed 

bro db nd e  nd ne  b ne  
onne  er e   e b hed n 

the previous section, such demands 
re n e her n e  or re ne en  
served across much of the United 

e  h  re he b rr er  pre en n  
rr er  fro  n  he ne e r  

investments to meet the demand for 
the consumer segment?

re e  b on nd b e 
competition have taken a toll on most 

re ne rr er  o er b e  e d n  o 
challenging economics and limited funds 
for fiber dep o en  re ne e e o  

rr er  h e n b e r e  h re n 
re  n h h he  o er fiber o he 

home.35 However, the lack of homes 
p ed b  p r ded re ne e o 
bro db nd fiber or d n ed opper  

e  de ne  n o e nd bro db nd 
r e  h re er  b e o pe on

On average, wireline telecom carriers 
o n  for bo   per en  of on er 

bro db nd o er  o p red o  
per en  for b e  n  e e o  
o p n e  en o ed  per en  bro db nd 

market share.37 b e o pe on dr e  
he or  of r e  h re o  
o e er   b  per en  pre re 

from alternative providers that address 
he o  r e r e  here he  

f e o  en r  b rr er  o h en e 
e e o  r e  h re  re ne rr er  

f re f r or e n o e be e of re e  

b on  re ne rr er r e  h re 
of voice revenue has declined from 79 
percent in 2005 to less than 15 percent in 
2015, most of which has migrated to 

re e  on 38

Th  dr  o er r on  
re  n h en n  fin n  for he 

re ne e e o  nd r  rren  nd 
for rd oo n  fin n  e e e roo  
for fiber p r de  n n  he re en e 

erf  n h b   de on r e  h  
po  ob on  h  deb  nd n ere  

re ne o p n e  ener e n en  
h o  o re n e  n fiber o ppor  

re den  bro db nd  b ne  er e  
or re e  den fi on

Exhibit 7
Average 2016 wireline financials39

(iIn thousands of dollars)

Revenue pe pe T Interest Dividend h o

$0

$20

$(20)

$(40)

$40

$60

$80

$100

$120

$140 After fulfilling obligations 
such as debt and interest, 
wireline companies do not 
generate sufficient cash 
flow to re-invest in fiber 
to support residential 
broadband, business 
services, or wireless 
densification.

The current wireline industry construct does not incent sufficient broadband deployment

Wireline	share	of	voice	revenue:
2005:	79%
2015:	15%



OECD	overview
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Trade-offs	across	the	world?
o If	new	deployment,	predicted	return	on	investment
◦ with	unbundling:	what	is	the	wholesale	price	going	to	be?
◦ no	magic	algorithm	--- margin	squeeze

o Allow	infrastructure	owner	to	provide	services?

o Impact	on	consumer	surplus

o US:	pole	attachment	problems
◦ if	incumbents	are	pole	owners

TEMPLE	UNIVERSITY	OCT.	2017 17



Rural	broadband
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Rural	broadband	US
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Broadband	access	by	speed	&	
geography
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15%	of	US	population
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Number	of	25/3	Mb/s	
providers
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Lower	population	density,	
easier	broadband
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Synergies 
between deep 
fiber and adjacent 
services in an 
‘unlimited’ world
Gartner predicts that affluent households 
will have up to 500 connected devices 
by 2022.17 The number of devices and 
associated services provide an opportunity 
for carriers to grow ARPU beyond flat fees 
for unlimited bandwidth. According to 
Deloitte’s 2016 Global Mobile Consumer 
Survey, 75 percent of surveyed consumers 
indicate an interest in home based IoT 
applications, while approximately 65 percent 
and 62 percent of surveyed consumers 
indicate an interest in automotive and 
wearables respectively. In some cases, IoT 
services offer the prospect of new revenue, 
however most connected devices will likely 
require low bandwidth or will likely be WiFi 
enabled and, therefore, may not provide 
carriers with incremental revenue. In such 
cases, carriers have an opportunity to 
increase revenue by offering integration, 
network security, and traffic management 
services within the increasingly complex mix 
of IoT devices and ecosystems. Most users 
want seamless performance despite devices 
using a mix of communications technologies. 
Relationships between hundreds of IoT 
devices and users are complex; most 
households or businesses have multiple 
occupants, making linkages between devices 
and environments difficult. Carriers are well 
positioned to solve IoT integration needs.

Model 1
Why rural broadband is more 
of a challenge in the US than abroad

  e r h  he d  d de  pre en  be een rb n nd r r  er  
ho n b  he n re n  ne en e  o bro db nd    h  rend o ed 

to just America? How are countries with more of a rural population handling the 
 of bro db nd e

n n  r  nd n d  pro de  n n ere n  on r  ho h bo h 
o n r e  h e h o er pop on den e  h n he n ed e   
nd    peop e 2  he pop on n bo h r  nd n d   

n fi n  ore eo r ph  on en r ed h n n he n ed e

Th  e n  h  he o n r e  f e  er  d eren  e  of h en e  r  nd 
n d  n e  o  per en  of fiber o er e b  o er n   per en   

 nd  per en   2  re pe e  To f fi  he e ob e e n 
he n ed e  he o er e re red   per en   2  en he 

r n e  n pop on on en r on  he fe b  of he n on  fiber ne or  
n o  n r   f r ore o  proh b e for he n ed e

The n h en e for he n ed e   he n fi n  re  nd per en e of 
pop on e n o   peop e per re  den e  The e o  den  

re  re h f he o  n ed e  re  b  e  h n  per en  for n d  
or r    he e den e  here he dep o en  e ono  e  er  
challenging.

Therefore    por n  h  he n ed e  ddre   r r  bro db nd 
need  h  r e  of ern e e hno o e  h  e e  re e  
o on  b e  ern e opper e or n  d n ed  nd fiber  e  
e hno o  ho d be b ed on r e  need  nd o  r re for  p r r 
eo r ph  er  re or  nd e or pre r p on

Exhibit B
Population densities in three countries60

United States Australia Canada

Percent of population  Percent of land area

8.7% 0.2% 0.5%

80% 20% 0.9% 1.2%

90% 31% 4.2% 3.3%

Land area Low density (5–50 people per km2) challenge

 Percent of population 37% 18% 14%

 Percent of land area 48% 4% 1.4%

2.91/km2 3.49/km232.45/km2

Deloitte,	2017



Policy	levers	for	rural	
broadband
o Decrease	cost	of	serving
◦ “dig	once”	– bury	conduit	or	fiber	during	street	(or	other	
utility)	repair	&	construction

◦ pole	attachment:	make-ready,	rates,	shot	clocks,	…

o Provide	funding
◦ US:	Universal	Service	Fund
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History:	rural	electrification
o Early	1920s,	between	2	and	3%	of	farms	(likely	less)
◦ 1921:	DC	had	98.2%,	MA	97.8%

o “In	1935,	only	10.9%	of	American	farms	(744,000)	enjoyed	central	
station	power,	compared	with	Germany	and	Japan	at	90%,	France	
between	90	and	95%,	and	New	Zealand	at	60%.”

o “In	1940,	just	four	and	a	half	years	after	Roosevelt	signed	Executive	
Order	No.	7037	(followed	by	1936	”Rural	Electrification	Act”),	25%	of	
American	farms	had	been	electrified.”

o 1950:	90%	had	been	electrified	nationally

o Today:	850	distribution	coops	serving	14	M	homes
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Rural	electrification
o “In	1935,	Morris	Llewellyn	Cooke,	a	mechanical	engineer	…
appointed	by	Roosevelt	as	the	REA's	first	administrator,	
Cooke	applied	an	engineer's	approach	to	the	problem,	
instituting	what	was	known	at	the	time	as	"scientific	
management"—essentially	systems	engineering.	… By	1939	
the	cost	of	a	mile	of	rural	line	had	dropped	from	$2,000	to	
$600.	Almost	half	of	all	farms	were	wired	by	1942	and	
virtually	all	of	them	by	the	1950s.”

o Cost	of	aerial	fiber installation:	$14k/mile	material,	
$39k/mile	installation	(Singer,	2017)

o USDA	loans	at	2.81%	for	30	years
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$10,958	in	
2017



Density	determines	network	
choices
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Challenges	for	rural	
broadband
o Who	is	going	to	build	out?
◦ some	incumbent	local	exchange	carriers	(ILECs)	are	not	interested
◦ municipalities	may	be	prohibited	by	state	laws

◦ or	hurdle	is	extremely	high
◦ rural	electric	cooperatives	– serve	14M	homes	in	US	(out	of	~110M)

◦ average,	5.8	electric	meters	per	mile

o Who	is	going	to	pay	for	broadband?
◦ pay	once	or	pay	forever?

o Are	non-landline	approaches	scalable?
◦ TVWS
◦ satellite	– NGS	like	OneWeb (600	satellites)

◦ currently,	about	500k	residential	satellite	subscribers
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the market is saturated and in a slow 
decline. 
 
Broadband Internet is at a different point 
in the consumer adoption curve.  
Despite the findings of a recent well-
publicized and frequently cited survey 
proclaiming a decline in broadband 
penetration in the US, the tracking data 
provide incontrovertible evidence 
that broadband subscriptions in the 
US have continued to grow.  In fact, 
the top broadband providers in the US 
added more subscribers in 2015 than in 
any year since 2010. 
 
With the broadband subscriber base 
increasing, a challenge going forward is 
how it will continue to grow.  Bringing 
broadband to later-adopters (more 
commonly lower income, and/or older 
individuals) and underserved 
populations is extremely important for 
providers and policy-makers alike.  
However, it is inaccurate and overly 
simplistic to conclude that the price 
of broadband service represents the 
major hurdle to adoption.  The roots 
of the “digital divide” go well beyond 
cost. 

 

In a recent LRG study, those who do not 
currently get an Internet service at 
home, and do not plan to subscribe to a 
service in the next six months were 
asked, “what is your most important 
reason for not currently subscribing to 
an Internet service at home?”  Table 2 
shows that 44% answered that they 
have no need for the service, while 
22% cite expense as a reason, and 
10% say that they don’t use the 
Internet enough.  This order of 
responses has been consistent for the 
past several years in LRG studies. 
 
It is important to note that this question 
was asked allowing for open-ended 
responses.  Surveys that provide only 
closed-ended options (especially those 
not including “no need” as one of the 
listed choices) lead to the incorrect 
conclusion that cost is the driving force.  
This is a classic example of the 
importance of survey design; and how 
the questions are asked can significantly 
impact the responses and results. 
 
Cost is certainly an issue in the future 
adoption of Internet service, but the 
benefits of an online subscription have 

* Asked of those who do not currently get an Internet service at home and do not plan to subscribe in the next six months 
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Broadband Continues to 
Grow 
 
            ith 2015 year-end results        
             reported by major providers, it is 
easy to see where the broadband 

Internet and pay-TV 
industries currently 
stand, and the 
progress that has 
been made over 
time.  We continue to 
see two industries at 
different life cycle 
stages. 
 
Table 1 displays the 
cumulative total 
number of 
subscribers for the 
top pay-TV providers 
and for the top 
broadband providers 
at the end of the past 

nine quarters.  The table shows that the 
top pay-TV providers lost about a half 
million subscribers over the past two 
years, while the top broadband 
providers added more than six 
million subscribers over the past two 
years. 
 
These tracking figures may appear 
somewhat different from those in other 
recent reports and surveys.  The figures 
above include DISH’s Internet-delivered 
Sling TV (that debuted in 2015) into the 
counts for the major pay-TV providers.  
Some recent reports exclude Sling from 
the top providers.  Doing so, however, 
provides an inaccurate reflection of the 
market –  equivalent to excluding 
satellite TV providers following their 
launch in 1994, or Telcos in 2006.  Sling 
(and, currently to a far lesser degree, 
Sony’s PlayStation Vue) represents a 
new fourth type of delivery of pay-TV 
service.  Nevertheless, the bottom line 
for the pay-TV industry in the US is that 

W 
 
In this issue:  
 
Broadband Continues to Grow 

Major Pay-TV Providers Lost 
About 380,000 Subscribers in 
2015 

3.1 Million Added Broadband 
From Top Providers in 2015 

81% of US Households Have 
a DVR, Netflix, or use VOD 

Industry by the Numbers 

* The top providers tracked on a pro forma basis account for about 95% of pay-TV subscribers, and about 94% of broadband subscribers in the US 
 

Reason	for	non-adoption

partially
technology =	economics

&	policy
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Internet	usage	by	income
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4 U.S. Census Bureau

time.10 For example, in 1984, only 
8.2 percent of all households had 
a computer, and in 1997, 18.0 per-
cent of households reported home 
Internet use. This report shows 
that, in 2013, these estimates 
had increased to 83.8 percent for 
household computer ownership 

10 For more information, see <www.census 
.gov/prod/2013pubs/p20-569.pdf>.

and 74.4 percent for household 
Internet use (Table 1). 

In 2013, 78.5 percent of all house-
holds had a desktop or laptop 
computer, while 63.6 percent 
reported a handheld computer, 
such as a smartphone or other 

handheld wireless computer.11 
For Internet use, 73.4 percent of 

11 The estimates in this report (which may 
be shown in maps, text, figures, and tables) 
are based on responses from a sample of the 
population and may differ from actual values 
because of sampling variability or other fac-
tors. As a result, apparent differences between 
the estimates for two or more groups may not 
be statistically significant. Unless otherwise 
noted, all comparative statements have under-
gone statistical testing and are significant at 
the 90 percent confidence level.

Figure 2.  
Percentage of Households With Computers and Internet Use: 2013
(Data based on sample. For information on confidentiality protection, sampling error, nonsampling error, and definitions, 
see www.census.gov/acs/www/)

Note: About 4.2 percent of all households reported household Internet use without a paid subscription. These households are not 

included in this figure.

Source: U.S. Census Bureau, 2013 American Community Survey.

Computer ownership
Internet use

92.5
82.5
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58.3

85.4
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75.8
61.3
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86.6
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66.7

62.4
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69.0
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84.9

97.1
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98.1
94.9

86.8
78.7

Age of householder

Household income

Race and Hispanic
origin of householder

77.7
92.1

   $150,000 and more

   $100,000 to $149,999

   $50,000 to $99,999

  $25,000 to $49,999

    Less than $25,000

    Hispanic (of any race)
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Computer	and	Internet	Use	in	the	United	States:	2013

American	Community	Survey	Reports

4 U.S. Census Bureau

time.10 For example, in 1984, only 
8.2 percent of all households had 
a computer, and in 1997, 18.0 per-
cent of households reported home 
Internet use. This report shows 
that, in 2013, these estimates 
had increased to 83.8 percent for 
household computer ownership 

10 For more information, see <www.census 
.gov/prod/2013pubs/p20-569.pdf>.

and 74.4 percent for household 
Internet use (Table 1). 

In 2013, 78.5 percent of all house-
holds had a desktop or laptop 
computer, while 63.6 percent 
reported a handheld computer, 
such as a smartphone or other 

handheld wireless computer.11 
For Internet use, 73.4 percent of 

11 The estimates in this report (which may 
be shown in maps, text, figures, and tables) 
are based on responses from a sample of the 
population and may differ from actual values 
because of sampling variability or other fac-
tors. As a result, apparent differences between 
the estimates for two or more groups may not 
be statistically significant. Unless otherwise 
noted, all comparative statements have under-
gone statistical testing and are significant at 
the 90 percent confidence level.

Figure 2.  
Percentage of Households With Computers and Internet Use: 2013
(Data based on sample. For information on confidentiality protection, sampling error, nonsampling error, and definitions, 
see www.census.gov/acs/www/)

Note: About 4.2 percent of all households reported household Internet use without a paid subscription. These households are not 

included in this figure.

Source: U.S. Census Bureau, 2013 American Community Survey.
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Open	Internet	
(Network	neutrality)
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A	simplified	evolution
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Early	(2003-
2009)
•no	blocking
• attach	non-
harmful	devices

• competition

Intermediate	
(2010)
•no	blocking
•no	discrimination
• transparency

Advanced	
(2015-)
•privacy
• interconnection
• zero	rating	&	caps
• tethering

Reversal	
(2017?)
• semi-voluntary?
• anti-trust?

Section	706Authority	
unclear Title	II

Information	
service?



Questions	beyond	
o What	are	the	rights	and	obligations	of
◦ broadband	Internet	access	providers?
◦ content	providers	that	want	to	interconnect?
◦ handset	vendors	and	application	writers?
◦ consumers?
◦ right-of-way	owners	(poles	and	ducts)?

o What	are	the	legal	foundations?
o Are	there	any	economic	restrictions?
◦ Telecom:	“just	&	reasonable”
◦ or	just	anti—trust	rules	(largely,	mergers	&	acquisition,	collusion,	…)

o Who	sets	the	rules?
◦ FTC	– ”unfair	or	deceptive	trade	practices”
◦ FCC	– sector-specific
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Spectrum
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Spectrum	sharing
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These mechanisms provide the regulator essen-
tial information about the bidders’ valuations for
the different models, and this information is
needed when choosing the suitable spectrum
access model for each band. Moreover, the new
models offer more spectrum packets, which
increases flexibility and may attract new bidders
into the auction. This may increase competition,
revenue, and social welfare. These mechanisms
do not, however, solve the problem of estimating
the value of unlicensed use, since no bids in the
auction represent the value of unlicensed prima-
ry and secondary bands.

CURRENT SPECTRUM
ACCESS MODELS

LICENSED AND UNLICENSED USE
Most of the valuable spectrum is licensed and
only a small percentage of the frequency bands
are left in unlicensed use. The licensing scheme,
also known as the exclusive use model, has
evolved over time as spectrum use and the inter-
est in spectrum has changed. Initially, the regu-
lator decided which radio services are offered,
who gets the licenses, and which technology is
used on each spectrum band. This is the com-
mand and control model [2, 3] (see Fig. 1). The
assigning of licenses was liberated from the FCC
to the market in 1993, when the commission was
given the authority to run auctions. The idea was
to grant the licenses to those who value them
the most and would probably implement the ser-
vices quickly. Moreover, the secondary markets
were created in 2004, which allows spectrum
trading and leasing. Flexibility has been further
increased by allowing the licensee to decide its
service and technology used. This technology
and service neutrality has been suggested in the
EU for 1350 MHz of spectrum in 2007, and it
was approved for the 800 MHz, 900/1800 MHz,
2.5–2.69 GHz, and 3.4–3.8 GHz bands in 2012.

The commons model was introduced in 1985
when the unlicensed use of low power devices
was allowed. The idea was to share the spectrum
among users and encourage the development of
industrial, scientific, and medical (ISM) devices
in the unlicensed bands. This has created suc-
cessful technologies such as WiFi/WLAN and
Bluetooth. The commons model does not mean
that there are no rules as in the open access
model, but that the interference issues are con-
trolled by standards, radio etiquettes, and tech-
nology.

It has been widely debated whether the new
spectrum allocations should be licensed or
unlicensed [2, 3, 9]. The long-term licenses
serve large and centrally controlled networks
that require lots of spectrum, and they allow
the licensee to recover the huge investment
costs.  The unlicensed model,  on the other
hand, provides low cost spectrum and a test
bed for innovation. There are different kinds
of services that require different kinds of solu-
tions, and there is no winning spectrum access
model in spectrum management. The current
policy is to make more licensed and unlicensed
spectrum available, but new models are also
being considered.

HYBRID MODELS

The hybrid models offer more bundles of spec-
trum use rights by defining a new set of rules
that combine the benefits of licensed and unli-
censed use [10]. Several models have been sug-
gested that involve spectrum sharing and
dynamic spectrum access [4–7], but the new
models need to be tested before they can be
implemented widely in spectrum management.

The dynamic spectrum access models are typ-
ically classified into underlay and overlay sharing
(see Fig. 1). In the underlay approach, the
devices are restricted to very low transmit power
so that they do not cause any harmful interfer-
ence and no detection of primary user is
required. Underlay sharing was authorized by
the FCC in 2002, when the unlicensed use of
ultra-wideband (UWB) devices was allowed
between 3.1 to 10.6 GHz.

An overlay approach permits higher transmit
power that may cause interference, but the trans-
mission is only allowed at times or locations
where the spectrum is not occupied by the prima-
ry user. The usage is based on spectrum opportu-
nities that are also known as white spaces or
spectrum holes. The secondary unlicensed use of
the TV bands was authorized by the FCC in
2008. The devices have to connect to a database
that lists the available channels at the device’s
geographic location. A similar sharing arrange-
ment but different technological solution has
been adopted on 5.25–5.35 and 5.47–5.725 GHz
radar bands in 2006. The unlicensed WiFi sys-
tems are required to detect the radars, and select
the frequency and transmit power dynamically.

The unlicensed models may not provide suit-
able spectrum for applications that require a
guaranteed high quality of service. This issue
can be addressed by increasing coordination
between the users. The coordinated regulatory
solutions include light licensing, site registra-
tion, managed and private commons, where a
small number of parties operate on a licensed
band. For example, the FCC adopted light
licensing of the nationwide 3650–3700 MHz
band in 2007, where the licensees may pay a
small fee and they are obliged to cooperate in
order to avoid harmful interference. Shared
licenses of this type were auctioned in the UK
in 2006. The frequency band was 1781.7–1785
MHz paired with 1876.7–1880 MHz, and 12
licenses were awarded to the 16 bidders. The
coordination can also be managed by the
devices, and different technological solutions
have been suggested, e.g. cognitive control radio
and cognitive pilot channel [11].

Figure 1. The polar models of commons and exclusive use, and the hybrid
models in between.

Open access

Overlay sharing

Underlay sharing

Hybrid models

Auctions

Secondary
markets

Command
and

control
CommonsExclusive use
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fairness	is	required?
à LTE-U	&	LTE-LAA	(license-
assisted,	listen-before-talk)
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through
1990s

US:	since	1994

radio,	TV,
early	mobile

Wi-Fi
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Ideal	spectrum
o Unused	or	cheap

o Available	globally	(à important	for	consumer	goods	&	market	size)
◦ preferably	under	similar	licensing	conditions

o No	noisy	or	sensitive	neighbors

o Propagates	indoors	through	walls	and	glass

o Not	affected	by	rain	or	leaves	outdoors

o Wide	bands	(≥	5	MHz,	preferably	20	MHz+)

o Is	paired	(uplink	&	downlink)

o Can	be	processed	with	cheap	electronics	(Si,	not	GaAs)

o Allows	small	antennas🦄🦄
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Spectrum	management
UNTIL	THE	2000S

Single	purpose

Fixed	technology	(modulation)

Exclusive	use

Narrow	bands	(except	TV)

Assume	single	radio	per	device

Worry	mostly	about	OOB	to	like

Spectral	efficiency	secondary

Single-country	

“MODERN”

Flexible	use

Flexible	technology

Shared,	over/underlay

At	least	5	MHz,	preferably	100

Multiple	(>	4)	XTR/RCV

Receiver	requirements?

Spectral	efficiency	matters

International	coordination
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Challenges	for	spectrum	
sharing

Unlicensed	~2000
• indoor	home
• indoor	enterprise
• campus
• -->	natural	separation
•only	power	rules	(no	
listen-before-talk	(CS)	
required)

Unlicensed	now
•secondary	public	SSID
•e.g.,	CableWiFi

• re-use	HFC/FTTH	backhaul
•One	band,	one	channel

Unlicensed	emerging
• LTE-U,	LAA
•what	are	the
“kindergarten”	rules?
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vs.

“high	tower,	high	power”
(TV,	cellular	downlink,	radar	transmitter)

• cellular	uplink
• radar	receiver
• GPS	receiver

Spectrum	co-existence
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how	do	I	quickly	identify	sources	of	interference?
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Spectrum	roles

base-level	coverage
(particularly	rural)

urban	capacity indoor	&	capacity directional
capacity

400	– 800	MHz 1	– 3	GHz 3-6	GHz >	10	GHz

Digital	dividend
TV	incentive	auction

AWS-3 3.5	GHz mmWave R&O
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TV	incentive	auction

41

initial
clearing	
goal

reverse
auction

(TV	stations)

forward
auction
(carriers)

TV	station	
participated	
&	got	bid?

1. go	off-air	(6	MHz)
2. multiplex	(share)
3. VHF

repack
(39	months)

forward	bids
insufficient	à
reduce	clearing	goal

144	MHz
(May	2016)

descending	clock	auction
à reduce	until	clearing	target	met
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next	
step

April	2017	✅



Incentive	auction	facts
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The Incentive Auction “By the Numbers”
Reverse Auction

$10.05 billion Revenues to winning broadcast stations

84 MHz Cleared by the reverse auction process

175 Winning stations

$304 million Largest individual station payout

$194 million Largest non-commercial station payout

30 Band changing winners (moved to low- or high-VHF)

36 Winning stations receiving more than $100 million

11 Non-commercial stations winning more than $100 million

Forward Auction

$19.8 billion Gross revenues (2nd largest in FCC auction history)

$19.3 billion Revenues net of requested bidding credits

$7.3 billion Auction proceeds for federal deficit reduction

70 MHz Largest amount of licensed low-band spectrum ever made available 
at auction

14 MHz Spectrum available for wireless mics and unlicensed use

2,776 License blocks sold (out of total of 2,912 offered)

$1.31 Average price/MHz-pop sold in Top 40 PEAs

$.93 Average price/MHz-pop sold nationwide

50 Winning bidders

23 Winning bidders seeking rural bidding credits

15 Winning bidders seeking small business bidding credits

The Incentive Auction “By the Numbers”
Reverse Auction

$10.05 billion Revenues to winning broadcast stations

84 MHz Cleared by the reverse auction process

175 Winning stations

$304 million Largest individual station payout

$194 million Largest non-commercial station payout

30 Band changing winners (moved to low- or high-VHF)

36 Winning stations receiving more than $100 million

11 Non-commercial stations winning more than $100 million

Forward Auction

$19.8 billion Gross revenues (2nd largest in FCC auction history)

$19.3 billion Revenues net of requested bidding credits

$7.3 billion Auction proceeds for federal deficit reduction

70 MHz Largest amount of licensed low-band spectrum ever made available 
at auction

14 MHz Spectrum available for wireless mics and unlicensed use

2,776 License blocks sold (out of total of 2,912 offered)

$1.31 Average price/MHz-pop sold in Top 40 PEAs

$.93 Average price/MHz-pop sold nationwide

50 Winning bidders

23 Winning bidders seeking rural bidding credits

15 Winning bidders seeking small business bidding credits
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3.5	GHz	band

FSS:	C	Band	(3.625–4.200)
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Outside the US, these frequencies are used for fixed and mobile access in many 
areas, including Japan and Europe, on a licensed basis. As such, they are 
increasingly considered target bands for 5G deployments. The increased interest 
in the 3.5 GHz spectrum is welcome. It is a frequency that has been underutilized 
for a long time, but it is attractive now because it is well suited to using small 
cells to fulfill the densification requirements that mobile operators have in high-
density areas.  

Global deployments in the 3.5 GHz frequencies also have a positive impact on 
CBRS because they accelerate the addition of 3.5 GHz support to devices. It has 
to be kept in mind, however, that a device designed for 3.5 GHz outside the US 
will not be able to access CBRS, because it does not meet the FCC requirements 
that would enable it to coordinate transmission with the CBSD. But devices can 
support both CBRS and ITU bands 42 and 43, and with this configuration the 
combination of US, Europe and Asia can drive a faster adoption of 3.5 GHz in 
mobile phones than if the band were available only in the US. 

CBRS uses a three-tiered access model, with the other lower tiers designed to 
give new players different levels of access to the CBRS band: 

▪ Tier 1: Incumbents. The protection of access for incumbent users (military 
radars, FSS, WISPs) in CBRS means they can use the band as allocated to 
them as they choose, without any requirement to coordinate transmission 
with other users.  

▪ Tier 2 – Priority Access License (PAL). Reserved to licensed users in the 
3550–3650 MHz band, in 10 MHz TDD channels. The duration of a license is 
still under discussion, but the expectation is that it will be 6 years. The FCC 
has not yet announced when and how it plans to issue the licenses, but 
they will be assigned on a census-tract basis – i.e., for small areas (there are 
74,000 census tracts in the US, and they typically have a population of 
1,200 to 8,000). Each area will have at most seven channels, and no 
licensee can have more than four licenses per census track. PAL licensees 
have to give priority to incumbents’ use, but within their assigned 

channel(s) they have priority over tier 3 users. They have to be able to 
coordinate access with the SAS.  

▪ Tier 3 – General Authorized Access (GAA). Anyone can use the CBRS band 
under the GAA provision, as long as there is a channel available, and the 
user is registered and authorized, and can coordinate transmission with the 
SAS. The entire CBRS band – 3550–3700 MHz – is available for GAA, 
including PAL channels when not in use, with a minimum of 80 MHz and a 
maximum of 150 MHz in each area. GAA users have no protection, and 
they have to accommodate tier 1 and tier 2 users: their access is 
opportunistic, although at each given location, the availability of CBRS 
spectrum should, to a good extent, be predictable. The SAS allocates 
transmission rights to tier 3 users.  
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Universal	access
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Goal:	functional	equivalence
o Title	IV	of	Americans	with	Disabilities	Act	(ADA):
◦ The	term	"telecommunications	relay	services"	means	telephone	
transmission	services	that	provide	the	ability	for	an	individual	who	has	a	
hearing	impairment	or	speech	impairment	to	engage	in	communication	by	
wire	or	radio	with	a	hearing	individual	in	a	manner	that	is	functionally	
equivalent	to	the	ability	of	an	individual	who	does	not	have	a	hearing	
impairment	or	speech	impairment	to	communicate	using	voice	
communication	services	by	wire	or	radio.	Such	term	includes	services	that	
enable	two-way	communication	between	an	individual	who	uses	a	TDD	or	
other	nonvoice terminal	device	and	an	individual	who	does	not	use	such	a	
device.
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What	can	be	done?
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But	what	about	YouTube?
Live	events?

Enable	access	by	people	with	disabilities	à provide	
new	capabilities	for	everyone



Relay	services
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text	relay

VRS

IP-CTS

73 12

Opening Balance 160,932,526$   
Receipts
    Receipts from Carriers 112,465,918$  
    Interest Received 86,751$           
    Miscellaneous -$                 
    Total Receipts 112,552,670$  112,552,670$   
Disbursements

    NDBEDP 822,693$         

    Total Disbursements 93,498,450$     
Closing Balance 179,986,746$   

Category CTS IP CTS IP Relay STS TTY All VRS
Projected Minutes 434,957             24,921,029         491,523               11,496                 186,934           11,289,554       
Rate Per Minute 1.9058$             1.9058$              Multiple 3.7555$               2.6245$           Multiple Total
Projected Support 828,942$           47,494,497$       638,980$             43,175$               490,609$         41,638,575$     91,134,777$         
Total Support Paid* 52,862,711$       558,403$             37,430,955$     92,087,633$         
Diff. Projected vs. Paid 5,368,214$         (80,577)$              (4,207,621)$      952,855$              
% Difference 11.3% - 12.6% - 10.1% 1.0%

# of Providers Paid 
During Month

5 (ClearCaptions, 
Hamilton, Miracom, 
Sorenson, Sprint)

1 (Sprint)
5 (ASL, Convo, 

CSDVRS, Purple, 
Sorenson)

* May include support for minutes of services during past periods

Projected vs. Paid for Calls in June 2017

Total Minutes Paid in June 2017

Report Month: June 2017

Actual Fund Balance

+

‐

Prepared by Rolka Loube 

Captioned Telephone Service

IP CTS

IP Relay

Speech To Speech

Traditional TTY

Video Relay Service
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Direct	video	calling
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old	model:	customer	à video	interpreter	à government	agency
new	model:	customer	– (direct	video	calling)	--- government	agency

10%	of	VRS
minutes	are	
to	small	set	of
destinations,	
like	SSA



Emergency	calling
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Text-to-911
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obligation
for	carriers
by	June	2015



VoIP	emergency	
communications
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emergency call

dispatch

civic coordination

emergency alert

90	characters
(360	in	the	future?)

wireless	emergency	alerts
(WEA)

phone	&	SMS-based	(local)

AM/FM
TV
cable



What	distinguishes	911?
o 5,784	PSAPs	(in	3,135	U.S.	counties)
◦ some	very	large	(NYC,	LA,	Chicago),	some	tiny
◦ technical	services	by	contractors	and	“system	service	providers”

o 240	million	9-1-1	calls	per	year:	70%	cellular

o Location	delivery
◦ 98.6%	of	population	have	some	Phase	II	(July	2016)	– outdoors!
◦ most	carriers	use	hybrid	location	(GPS	+	network-based	such	U-TDOA)

o Funded	by	variety	of	add-on	9-1-1	charges	on	phone	bills,	not	taxes
◦ some	diverted	to	other	purposes

o Limited	regulatory	authority	for	FCC
◦ Mostly,	iVoIP and	cellular	providers,	not	PSAPs
◦ some	oversight	by	state	public	utilities	commission	or	state	911	office

TEMPLE	UNIVERSITY	OCT.	2017 52



Wireless	911:	Phase	2

y Net r s
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w.ap .co

Wireless Tower

ALI

PDE

A-GPS, UTDOA, …

MPC/SCP

ESRK or ESRD à
coordinates
callback number

pANI
(ESRD or ESRK)

LEC
selective router

MSC

E2

ESRK = unique for call
ESRD = unique for location

dynamic
updates
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Switches	are	ageing
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1979

Nortel	DMS-100

http://www.phworld.org/switch/ntess.htm



March	8th	AT&T	Mobility	VoLTE 911	Outage
o March	8,	2017:	Significant	adverse	impact	on	VoLTE 911	services

◦ Outage	appeared	to	affect	AT&T	Mobility	VoLTE 911	service	for	approximately	5	hours	in	the	
Southeast,	Central	and	portions	of	the	Northeast	Region	of	the	US,	and	eventually,	a	significant	
portion	of	VoLTE 911	calls	in	the	remaining	portion	of	the	country.

◦ According	to	AT&T,	on	a	normal	day,	it	would	expect	its	total	VoLTE 911	call	volume	to	be	
approximately	44,000	calls	nationwide.		During	the	event,	approximately	12,600	unique	callers	
were	not	able	to	reach	911	directly.

◦ Changes	to	AT&T’s	network	appeared	to	cause	automated	call	routing	for	VoLTE 911	calls	to	fail.
◦ Small	subset	of	calls	were	answered	by	a	backup	call	center	and	routed	to	first	responders.	
Volume	of	calls	exceeded	the	call	center’s	capability	to	manually	process	them,	resulting	in	a	
large	number	of	calls	being	dropped.

◦ Some	customers	received	fast	busy	signals	when	attempting	to	call	911.		Others	report	that	calls	
to	911	rang	repeatedly	without	being	answered.
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Conclusions
o Networks	as	infrastructure	à technology,	economics	&	policy

o Think	in	decades,	not	conference	cycles

o Network	performance	is	rarely	the	key	problem
◦ except	maybe	at	physical	layer

o Many	of	the	problems	are	incentive	problems
◦ we	know	how	to	solve	them,	but	levers	are	missing
◦ or	are	politically	not	feasible
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