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• Physical networks (“bricks”) and services (“clicks”)

• Rural Challenge: Building networks (bricks) to provide 
internet, voice, video, and wireless service (clicks) to 
rural consumers at affordable rates. 

Broadband Defined
Joseph K. Witmer

Pa. PUC 2018
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• PA has mostly a “last mile” challenge but some “middle mile” challenges
• Last Mile: connection to the consumer from the cable or telco office
• Middle Mile: connection between starting network and ending network
• Two industries (cable and telco) have > 90% of last mile connections
• 3 Phone Companies (Bells) have > 80% of locations without broadband
• Chapter 30 funded broadband availability at DSL speeds (now dated).
• Costs to build (capex) or operate (opex) go up by service-location-speed. 
• People (density) and topography (land) impact the cost of broadband. 
• FCC and Pa.PUC support is small compared to cost: $50B to $500B
• Wireless no substitute for wireline; both are needed & federally supported
• Public wants faster speeds and mobile service (needs wireline backhaul).
• Basic Internet Access Service (BIAS) is a policy swing (Info to T2 & back)
• FCC support is large but USDA, DCED, and Ofc. Gov also give support

The Baker’s Dozen
Joseph K. Witmer

Pa. PUC 2018



Broadband Challenge
Joseph K. Witmer

Pa. PUC 2018

• Technology: Society is moving from a copper-analog network where 
distance matters to a fiber-digital network where information travels 
at the speed of light (187,000 miles/second).

• Economics: Tension between market pricing (providing service 
where margin exists from carrier-set prices) and policy pricing 
(service to all at just & reasonable prices with profit margin).

• Law: Is Broadband “telecommunications” (subject to state and 
federal law) or “information service” (subject only to federal law set 
by the FCC); increasing variation by administration as policy calls.
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• The old technology used copper lines and switches to provide voice or fax 
calls; costs increased with distance.* 

• New technologies use Fiber-Internet Protocol (IP)(telco)  and Docsis 3.0 
(cable); technologies send voice, data, and video at the speed of light or 
187K per second; distance is irrelevant;* 

• “last mile” facilities from the telephone central office or remote and cable 
head-end to premises is the issue.* 

• There are multiple platforms for technologies & content but last mile to 
consumers is largely cable and telco.*

Sources: Francis Caircross, The Death of Distance (Harvard Business School Press, 2001);  In re: National Broadband Plan, Docket 09-51, Staff Update (9/29/9); FCC Broadband Progress & Section 706 
Report , Docket 15-191 (1/29/16) 

Technology 
Joseph K. Witmer

Pa. PUC 2018
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• Internet Protocol (IP): technology uses digitized pulses of light (IP packets) 
made up of header, load, and footer.*

• Routers & Servers: routes IP packets using header that names sender, 
recipient, content, speed, & priority of message.* 

• Voice Packets:  Voice over Internet Protocol (VoIP) needs Real Time 
packet priority (RTP) to stop conversation drops, jitter, & latency.*

• Video Packets: Do not need RTP but needs buffering to store locally to 
resend video streams.*

• Data Packets:  Do not need RTF nor buffering but can be quickly 
disassembled and reassembled.*

• Legal Classification of BIAS: Telecommunications or Information Service; 
telecommunications regutated by the States and FCC; FCC only information

• Legal Status of BIAS Providers:  Common Carrier (carry all message 
without discrimination) or Not Common Carrier (can discriminate or favor)

• Sources: Edward Felton, Nuts & Bolts of Network Neutrality  (Professor of Computer Science and Public Affairs, Princeton University: 2006).  http://itpolicy.princeton.edu/pub/neurality.pdf ; In re: National Broadband Plan, Docket 09-51, Pa. PUC Comment (7/15/10), (10/12/10), 
In re: Open Internet, Docket 14-28, Pa. PUC Comments (3/19/14), (7/15/14); In re: Open Internet, Docket 14-28 (3/12/15) appealed in USTA v. FCC, (D.C.C.A), Docket No. 15-1073,, affirmed 6/14/16;; Restoring Internet Freedom, Declaratory Ruling, Report and Order 
(Restoring Internet Freedom Order), WC Docket No. 17-108, FCC 17-166 (Released on January 4, 2018)., FCC upheld Mozilla v. FCC, DCCA: Docket No. 18-1051 (October 1, 2019), Petitions for Rehearing En Banc (December 12, 2019).

Broadband Technology
Joseph K. Witmer

Pa. PUC 2018
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• Legal Class Determines Regulation: Information or Telecommunications* 
• Information Service: FCC regulates*
• Telecommunications: FCC and the states regulate*
• States regulated intrastate telecommunications* 
• FCC regulated interstate or international telecommunications*
• Telecommunications Act of 1996 (TA-96) put regulators into both domains.*
• Common Carrier: rooted in medieval law; service must be to all (mail service)*
• Public Utility:  service provider with state-issued certificate*
• Universal Service: must serve all as a state public utility precondition.*
• Voice: Common Carrier under state law with a universal service mandate
• BIAS:  Unclear – how will the service & provider be treated? 
*Sources: 47 U.S.C. § 153; AT&T Corp. v. Iowa,525 U.S. 366, (1999), Verizon v. FCC, 535 U.S. 467 (2001); Edward W. Felten, Nuts & Bolts of Network Neutrality (Prof. of CompSci & Public Affairs, Princeton University: 2006) 
http://itpolicy.princeton.edu/pub/neurality.pdf ; In re: CAF, Docket 10-90 (11/18/11) aff’d In re: FCC, 753 F.3d 1014 (10th Cir. 2014), cert den. Nos. 14-610 (5/4/15); NARUC Telecommunications Staff Subcommittee, Federal Universal Service 
(November 8, 2015), J. Witmer, Pa. PUC, editor

Legal Status Quo: Voice
Joseph K. Witmer

Pa. PUC 2018
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• FCC:  2011 CAF Order successfully claims power over intrastate networks & services 
as “conditions” to federal USF*

• FCC:  Goal is a national ubiquitous broadband network.*

• FCC:  Policy Swing on Basic Internet Access Service (BIAS) is “telcommunications” or 
“information service” – a decision now in its fourth appeal.

• Basic Internet Access Service (BIAS) classified as “information service” under Bush, 
reclassified as “telecommunications” under Obama, now classified as “information 
service” under Trump. 

• Common Carrier: Telecommunications & Transportation but not Cable

• Public Utility – Telecommunications, Transport, Electric, & Gas but not Cable

*Sources: 47 U.S.C. § 153; AT&T Corp. v. Iowa,525 U.S. 366, (1999), Verizon v. FCC, 535 U.S. 467 (2001); Edward W. Felten, Nuts & Bolts of Network Neutrality (Prof. of CompSci & Public Affairs, Princeton University: 2006) 
http://itpolicy.princeton.edu/pub/neurality.pdf ; In re: CAF, Docket 10-90 (11/18/11) aff’d In re: FCC, 753 F.3d 1014 (10th Cir. 2014), cert den. Nos. 14-610 (5/4/15); NARUC Telecommunications Staff Subcommittee, Federal Universal Service 
(November 8, 2015), J. Witmer, Pa. PUC, editor, In re: Open Internet, 14-28 (3/12/15) appealed in USTA v. FCC, Docket No.15-1063 (June 14, 2016).; Restoring Internet Freedom, Declaratory Ruling, Report and Order (Restoring Internet 
Freedom Order), WC Docket No. 17-108, FCC 17-166 (Released on January 4, 2018), FCC upheld Mozilla v. FCC, DCCA: Docket No. 18-1051 (October 1, 2019), Petitions for Rehearing En Banc (December 12, 2019); NARUC Winter Retreat 
2018, Presentation of Prof. Barbara Cherry, Indiana Univ. Law School.

Legal Change: Broadband
Joseph K. Witmer

Pa. PUC 2018
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• Pulver.com: Voice over Internet Protocol (VoIP) not using the public 
network and free is information service not telco.*

• Vonage: states preempted from certificating or mandating 911 on VoIP but 
other authority retained.*

• Time-Warner: transmission is wholesale telco regardless of the services 
provided over that network (VoIP or BIAS).*

• Missouri Decision:  Vonage preemption of the states goes only to 
“nomadic” VoIP (Vonage) not “fixed line” VoIP (cable).*

• Minnesota Decision: The Vonage preemption included fixed and nomadic 
VoIP so states cannot impose mandates.*

• IP Enabled Services: No decision yet if VoIP is telco or information;   
Cable-modem ISP is information service.*

Sources:  In re: pulver, Docket 03-45 (2/29/4); In re: Vonage, Docket No. 03-211 (11/12/4); In re: TimeWarner, Docket 06-55 (3/1/7); Comcast v. Missouri, Case 06-4233-CV-NKL (1/18/7); Vonage v. Minnesota, Civ. No. 03-5287 (10/16/3); 
In re: IP Services, Docket 04-36, Brand X v. FCC, 545 U.S. 967 (2005).  

Legal Issues:
Voice & Broadband (VoIP) 

Joseph K. Witmer
Pa. PUC 2018
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• Madison River: Local phone company fined for blocking internet content 
under FCC’s “ancillary” power in Title I.

• Comcast : Comcast fined for blocking Bit-Torrent internet content & 
Comcast appeals; court reverses FCC because Title I “ancillary power” 
has no power to fine

• Verizon: FCC issues rules on internet content blocking under Section 706; 
court reverses because the FCC said earlier 706 gives no power; FCC can 
change their mind. 

• Open Internet Order: FCC rules Basic Internet Access Service (BIAS) is 
Title II telecommunications and that 706 also gives it power to regulate; 
FCC upheld on authority to treat BIAS as federal Title II telco for fixed and 
mobile BIAS, decision affirmed by DC Circuit 6/14/16.

• Restoring Internet:  FCC rules that BIAS is information service; FCC 
upheld Mozilla v. FCC, DCCA: Docket No. 18-1051 (October 1, 2019), 
Petitions for Rehearing En Banc (December 12, 2019).*

Sources: Madison River Communications, File No. EB-05-IH-0110, 20 FCC Rcd 4295 (Enforcement Bur. 2005); Comcast Corp. v. FCC, 600 F.3d 642 (D.C. Cir. 2010); Verizon v. FCC, 740 F.3d 623 (D.C. Cir. 2014); In re: Open 
Internet, 14-28 (3/12/15) appealed in USTA v. FCC, Docket No.15-1063 (June 14, 2016); Restoring Internet Freedom, Declaratory Ruling, Report and Order (Restoring Internet Freedom Order), WC Docket No. 17-108, FCC 17-166 
(Released on January 4, 2018), FCC upheld Mozilla v. FCC, DCCA: Docket No. 18-1051 (October 1, 2019), Petitions for Rehearing En Banc (December 12, 2019).

Legal Issue:
Legal Classification of BIAS

Joseph K. Witmer
Pa. PUC 2018
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• Internet Protocol (IP): technology uses digitized pulses of light (packets) 
made up of header, load, and footer; can use header to “prioritize” traffic.*

• Routers & Servers: route IP packets using header that names sender, 
recipient, content, speed, & priority of message.* 

• Voice Packets:  Voice (VoIP) needs real time packet priority (RTP) to stop 
conversation drops, jitter, & latency.*

• Video Packets: Do not need RTP but need buffering access to locally store 
and retrieve video streams.*

• Data Packets:  Do not need RTF nor buffering but can be quickly 
disassembled and reassembled.*

• BIAS as Title II Telco: Cannot unreasonably prioritize packets.*
• BIAS as Information Service:  Can prioritize packets.
Sources: Edward Felton, Nuts & Bolts of Network Neutrality  (Professor of Computer Science and Public Affairs, Princeton University: 2006).  http://itpolicy.princeton.edu/pub/neurality.pdf ; In re: National Broadband Plan, Docket 09-51, Pa. 
PUC Comment (7/15/10), (10/12/10), In re: Open Internet, Docket 14-28, Pa. PUC Comments (3/19/14), (7/15/14); In re: Open Internet, Docket 14-28 (3/12/15) appealed in USTA v. FCC, (D.C.C.A), Docket No. 15-1073,;, affirmed 6/14/16; 
Restoring Internet Freedom Order), WC Docket No. 17-108, FCC 17-166 (Released on January 4, 2018), FCC upheld Mozilla v. FCC, DCCA: Docket No. 18-1051 (October 1, 2019), Petitions for Rehearing En Banc (December 12, 2019).

Technology & Law: 
Why It Matters

Joseph K. Witmer
Pa. PUC 2018
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• Monopoly: one provider serves all consumers.
• The old network used “policy pricing”, a practice where high cost rural areas 

were “averaged” with lower cost urban areas to set average or blended rate.
• The service provider had a Carrier of Last Resort (COLR) mandate to serve all.
• The old network had prices above cost in urban areas but below cost in rural 

areas; all consumers were served using average pricing and a COLR mandate.
• New regulatory approach relies on “market pricing” in which consumers pay the 

price to receive their service based on market costs & competition.
• Competition typically exists where average price is above cost (urban) but not 

where average price is below cost (rural); low-income challenges in both.
• Tension exists carrier desire to invest to serve consumers with margin under 

market pricing and COLR service regardless of cost with policy pricing.*
• Trebing competition definition: 5-7 firms of roughly equal size make providers 

price takers; 4-5 with over 60% is oligopoly with providers as price-setters.*

Source:  Garfield & Lovejoy, Public Utility Economics (Prentice Hall, 1964), NARUC Telecommunications Staff Subcommittee, Federal Universal Service (November 8, 2015), J. Witmer, Pa. PUC, editor.; Professor Harry Trebing, Market 
Power in Public Utilities Industries NARUC Annual Studies Program: 2000), pp. 3-4.

Economics of Broadband
Joseph K. Witmer

Pa. PUC 2018



Economics Case Example #1:
Social & Market Pricing For Voice

Joseph K. Witmer
Pa. PUC 2018

Policy Pricing: Traditional Approach
Rural Cost for Voice:      $ 150
Urban Cost for Voice:     $   10
Cost/Rate Policy Price:   $ 160/2 = $80 Each

Market Pricing: New Approach

$150 Cost with $80 Rate:  No Choice; Little BIAS
$10 Cost with $80 Rate: Choice; Much BIAS

13



Economics Case Example #2:
Policy & Market Pricing for VDV Broadband

Joseph K. Witmer
Pa. PUC 2018

Network Cost
Rural Cost for  VDV Broadband:          $ 300
Urban Cost for VDV Broadband:          $ 100 

Policy Pricing:  $400/2 = $200. 

Market Pricing: $300 Rural
$100 Urban

VDV: Access to Voice, Data, Video (VDV).
14



The Broadband Conflict
Joseph K. Witmer

Pa. PUC 2018

• Ongoing tension between Policy & Market Pricing 
reflects conflict between Private & Public Legal Duties

• Private Legal Fiduciary Duty:  Maximize company margin

• Public Legal Fiduciary Duty: Maximize Public Welfare

• It’s a Duties Thing; Duties can be in conflict

• Private providers’ refusal to invest or serve reflects duty 
to maximize margin; they have no public legal duty.

15



The Broadband Question
Joseph K. Witmer

Pa. PUC 2018 

• Similar to voice in the 19th and 20th centuries.

• Remember the transition from Party Lines on 
cross-bar switches to private lines on analog.

• Broadband everywhere at just rates or just 
where margin from investment supports service? 

• If so, who pays, who sets rates, and how. 
16



A Rural Answer
Joseph K. Witmer

Pa. PUC 2018

• UNIVERSAL SERVICE.

• Section 254 of federal law requires 
“comparable rates for comparable 
services” in urban and rural America.

• Section 3011 of Chapter 30 addresses 
universal service

17



Universal Service:
BIAS Support

Joseph K. Witmer
Pa. PUC 2018

• Department of Community & Economic 
Development (DCED);

• United States Department of Agriculture 
Rural Utilities Service (USDA RUS);

• Governor’s Office of Broadband, Cherie 
Collins, Director

18
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• 82% - Nation’s telephone network without broadband owned by Verizon, ATT, 
CenturyLink (formerly Qwest);*

• 93% - Facilities controlled by cable and telco providers;*
• 95% - Nation’s wholesale wireless minutes sold by Vz, ATT/Cingular, Sprint*
• 5% - Wireless consumers that can use 95% of spectrum*
• 50B – Cost to build a 10 to 30 Mbps broadband network nationwide*
• 350B – Cost to build a 100 Mbps broadband network nationwide
• $4.5B – FCC 2014 & 2015 support for high-cost (rural & tribal) BIAS* 
• 34M – Pennsylvania’s state fund to support voice COLR*
• Other support:  USDA, DCED (PA), Governor’s Initiative ($35M) 3/18
• Is Public support adequate to the rural cost? what’s out there today?

*Source: In re: Natl Broadband Plan, Docket 09-51, FCC Staff Update (9/29/09), slides 38, 44, 47; In re: IP-Enabled Services, Docket 04-36, Covad Comments (5/28/4), p. 8 and MCI Comment (5/28/4), p. 13; In re: Nextel Transfer to Sprint 
Communications, Docket 05-36, Bessen Declaration, (2/17/5), p. 19; In re:Net Neutrality, Docket 09-191, CTIA Ex Parte on Net Neutrality (9/20/10) and In re: Open Internet,, Docket No. 14-28, CTIA Ex Parte (9/4/14); In re: National Broadband 
Plan, Docket No. 09-51 FCC Staff Update (9/29/9), slides 38, 44. and 45; FCC Joint Board Monitoring Report (2015)(2016), Table 1.9; HB 1417, House Consumer Affairs Hearing, Chairman Gladys M. Brown Testimony (8/25/15), p. 2

Universal Service:
Broadband Numbers

Joseph K. Witmer
Pa. PUC 2018
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• Telephone alone has the Carrier of Last Resort (COLR) to serve all*  
• Companies getting FCC money must provide voice and BB (COLR).* 
• Cable and others (CLECs) provide voice/BB but have no COLR.*
• Broadband is costly to build (Capex) and operate (Opex) in rural areas.* 
• FCC gives money to build networks to do voice and, now, broadband.* 
• BIAS was Title II telco in 2017 but reclassified as information in 2018.*
• Deployment means Availability (Got it?) and Affordability (Buy it?).*
• Deployment stimulates health, education, and economic development.

Source:  66 Pa.C.S. § 3011 et seq. and 47 U.S.C.§ 254; In re: CAF, Docket 10-90 (11/18/11) aff’d In re: FCC, 753 F.3d 1014 (10th Cir. 2014), cert den. Nos. 14-610 (5/4/15); 47 U.S.C.A. §§ 332, 601 et seq. and 701 et seq.; In re: National 
Broadband Plan, Docket 09-51 (FCC Staff Update 9/29/09), slide 44; In re: CAF, Docket 10-90 (11/18/11) aff’d In re: FCC, 753 F.3d 1014 (10th Cir. 2014), cert den. Nos. 14-610 (5/4/15); In re: Open Internet, Docket 14-28 (3/12/15), aff’d 
USTA v. FCC,; Docket No. 15-1063 (DCCA 6/14/16); Restoring Internet Freedom Order), WC Docket No. 17-108, FCC 17-166 (Released on January 4, 2018), FCC upheld Mozilla v. FCC, DCCA: Docket No. 18-1051 (October 1, 2019), 
Petitions for Rehearing En Banc (December 12, 2019); NARUC Telecommunications Staff Subcommittee, Rural Universal Service Reform (November 8, 2015), J. Witmer, Pa. PUC, editor; Hudson & Parker, Electronic Byways: State 
Policies for Rural Development Through Telecommunications, (Westview: Aspen Institute, 1992); 

Universal Service:
Broadband Burdens

Joseph K. Witmer
Pa. PUC 2018



Universal Service:
Broadband Platforms

Joseph K. Witmer
Pa. PUC 2018
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• Wireline – USF recipients must provide BB at 1/10 Mbps over 5 years; FCC says 
fiber gives nearly unlimited scalability and performance.* 

• Wireless – CTIA states wireless is not equal to wireline; FCC says it is no substitute 
for wireline in January 2016 and February 2018; needs wireline for backhaul.*

• Cable – relies on Docsis 3.0, mostly present in residential areas due to cable video 
legacy but expanding into business enterprise markets.*

• Satellite – FCC said broadband is fixed and wireless BIAS, satellite may not meet 
the 3/25 Mbps standard; has VoIP latency & multiplayer limits; capacity constraints* 

• Broadcast – Local content provided over the air with retransmission costs larger for 
COLR carriers than cable or satellite; concern with ownership concentration*

• Internet Protocol (IP) Networks –Header-Load software manage IP traffic; IP 
Header gives sender, receiver, content, nature, priority; Netflix a major user.*

• Fixed Wireless – Point to Point or Point to Multipoint broadcast; needs open Line of 
Sight (LOS); geography & distance limits; Fresnel effect (distortion) with open LOS*

*Sources: In re: CAF, Docket 10-90 (12/18/14), para. 4 and In re: Natl Broadband Plan, Docket 09-51, Staff Update (9/29/9), slide 38; In re: Open Internet, Docket 14-28, CTIA Ex Parte (9/4/14) and  FCC Broadband Progress & Section 706 Rpt, Docket No. 15-191 (1/29/16), para. 17 
& Section 706 Report (2018), Docket No. 17-199 (February 2018), para. 18; ; FCC Local Competition Report, (October 2014), Fig. 4-8 and HB 1417, House Consumer Affairs Hearing, Tourje Testimony (8/2/15), pp. 2-3; In re: Broadband Progress & Section 706 Report (January 29, 
2014), para. 18 and In re: CAF III Auction, Docket No. 10-90 (May 26, 2016), para. 30; and Jeff Baumgartner, “New Hughes/EchoStar Satellite to Deliver 100 Mbps-Plus” Multichannel News (8/11/17) http://www.multichannel.com/news/distribution/new-hughesechostar-satellite-deliver-
100-mbps-plus/414552; In re:, Retransmission, Docket No. 10-71 and Frontier & CenturyLink Ex Parte (3/24/14) and John Hendel, “How Trump’s FCC Aided Sinclair Expansion,” Multichannel News (8/6/17) http://www.politico.com/story/2017/08/06/trump-fcc-sinclair-broadcast-
expansion-241337; Edward Felton, Nuts & Bolts of Network Neutrality (Prof. of CompSci & Public Affairs, Princeton University: 2006) http://itpolicy.princeton.edu/pub/neurality.pdf ; In re: Broadband National Plan, Dockets 09-51, Pa. PUC Comments (7/15/10), (10/12/10); In re: Open 
Internet, Docket 14-28, Pa. PUC Comment (3/28/14); NARUC Telecommunications Staff Subcommittee, Federal Universal Service (November 8, 2015), J. Witmer, Pa. PUC, editor and Todd Spangler, Netflix Uses 37% of Bandwidth (Variety Magazine May 28, 2015) on 
http://variety.com/2015/digital/news/netflix-bandwidth-usage-internet-traffic-1201507187/; In re: Section 706 Report, Docket No. 17-199 (February 2018), para. 51, n. 148.



New Platforms: 
DAS

Joseph K. Witmer
Pa. PUC 2018
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• Distributed Antenna Systems (DAS)

• Uses femtocell or small cells dispersed on poles or roof 

• Subdivides scarce spectrum to send over fiber 

• Essential to G5 wireless service

• DAS can serve one carrier or many carriers (Crown 
Castle for ATT, Verizon, Sprint, T-Mobile)



DAS in PA
Joseph K. Witmer

Pa. PUC 2018
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• Pa.PUC certified DAS as a public utility which granted 
Rights-of-Way access and Eminent Domain power.

• Pa.PUC certified DAS as “wholesale 
telecommunications” until 2017; no longer certifying.

• Pa.PUC decision is under appeal in the Pa. courts

• Pa. Assembly is considering law for siting; HB1620.

• FCC looking at how “state practices” may impede DAS.



New Hope:
Blimps & Satellite

Joseph K. Witmer
Pa. PUC 2018
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• Altaeros

• $7.5M in SoftBank Group funding (owner of Sprint); 

• Develops autonomous aerostats

• Proposes reliance on SuperTower, a project that uses 
Altaeros’ tethered balloons (blimps) to bring broadband 
wireless to rural areas*

• FCC Section 706 Report (February 2018) notes that 
ViaSat and Hughes may sell 25/3 but constraints can 
limit the number of consumers able to get it.*

Altaeros gets SoftBank boost for rural broadband balloons TechCrunch (8/8) ; Section 706 Report , Docket No. 17-199 (February 2018), para 51 and n. 148.



New Hope:
Fixed Wireless

Joseph K. Witmer
Pa. PUC 2018
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• Two : Point-to-Point (PTP) & Point to Multipoint (PMT)*

• Uses broadcast and needs unobstructed Line of Sight (LOS) 
from tower to receiving point or multipoint to work*

• Can be less expensive than fixed wireline service*

• Technology changing; maybe useful in high-cost areas* 

• Limitations:  Geography (hills); distance (7 miles) & Fresnel 
effect (distortion based on physics) w/wo clear LOS*

https://www.cio.com/article/2440978/wifi/the-last-mile--fixed-wireless.html (2002 basic science); https://www.fiercewireless.com/5g/starry-to-expand-its-50-200-mbps-fixed-wireless-service-to-16-major-markets-during-2018; https://www.lifewire.com/fixed-wireless-broadband-internet-access-818318; 
https://www.broadcastingcable.com/news/broadband-coalition-proposes-new-fixed-wireless-service-166686; 
http://www.whichvoip.co.za/blogpage/advantages-and-disadvantages-fixed-wireless-connectivity-business; 
http://www.digitalairwireless.com/wireless-blog/recent/fresnel-zones-what-are-they-and-why-are-they-so-important.html; 
https://www.researchgate.net/publication/224306981_Ray_Tracing_with_Fresnel_Zone_Theory_for_Fixed_Wireless_Access_Channel_Characterization; https://blandinonbroadband.org/2018/02/14/wireless-to-the-rescue-the-pros-and-cons-of-fixed-wireless/;  
http://blog.oneringnetworks.com/explaining-the-pros-and-cons-of-fixed-wireless-internet; https://succeed.net/faqs/understanding-line-sight-limitations-fixed-wireless/



Why New Networks Matter
Joseph K. Witmer

Pa. PUC 2018
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• Critical for wireline & wireless backhaul*

• The Future: Demographics of NextGen (ITU Study)*

70% of ages 15 to 24 use the internet;
94% of the 70% are in developed countries

104 nations have 80% or more of 15-24 online 

830 million young people of 15-24 are online, 
320 million (39%) are in China and India. 
80% of fixed, high-speed BB at 10 Mgbs in developing 
nations are in China; wireless is cheaper.

*Shawn Buckley, “ Zayo’s Caruso: Sprint, wireless industry’s backhaul plans validate fiber’s importance,” Fierce Telecom (8/16/17), http://www.fiercetelecom.com/telecom/zayo-s-caruso-sprint-wireless-industry-s-backhaul-plans; 
International Telecommunication Union, ICT Data & Statistics Division, ITU Data Visualisation Tool (July 2017), http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2017.pdf
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[w]e find that consumers have advanced telecommunications 
capability only to the extent that they have access to both fixed and mobile 
broadband service. As they currently exist, fixed and mobile broadband 
services are not functional substitutes for one another, as some commenters 
have suggested.

FCC Section 706 Report, Docket No. 15-191 (January 29, 2016), 
paragraph 17.

Wireline and Wireless:
The FCC’s 2016 View

Joseph K. Witmer
Pa. PUC 2018



Wireline and Wireless:
The FCC’s 2018 View

Joseph K. Witmer
Pa. PUC 2018

At the same time, we disagree with those that argue that mobile 
services are currently full substitutes for fixed service.  Both fixed and mobile 
services can enable access to “information, entertainment, [and] employment 
options,” but there are salient differences between the two technologies.  

FCC Section 706 Report, Docket 17-199, (February 19, 2018), Paragraph 18

28
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• Fixed networks have significantly higher capacity and predictability of 
resource requirements, whereas mobile networks are far more capacity 
constrained, with constantly changing user requirements and operating 
environments. Fixed networks involve channels that are relatively clean 
with signal regeneration, while mobile channels are impaired with 
interference, multipath and blockage, varying by location and from one 
millisecond to the next.

In re: Open Internet & Net Neutrality, CTIA Ex Parte, Docket 14-28 
(9/4/14).

CTIA Explanation
Joseph K. Witmer

Pa. PUC 2018
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• FCC fund spent $8.5B on four programs in 2015, i.e., high cost, low-income, 
(lifeline), schools & libraries (e-rate), and rural health.*

• $4.5B of $8.5B supports COLR carriers in rural and tribal high-cost areas.*
• $50B for a nationwide 10-39 Mbps network; $350B for 100 Mgbs.*
• PA paid $169M more into the FCC fund in 2015 than PA got after deducting 

support for high cost areas, lifeline, e-rate, and rural health.*
• At 4.9M households with 2.5 per household and $169M to USF, annual cost 

is about $34.48 per year or $2.87 per household per month.*
• The statewide average does not separate households served by carriers 

who got more than they paid (rural carriers) from households served by 
carriers who paid more then they got (Verizon).  

Source: FCC Universal Service Monitoring Report (2016), Table 1.9;  In re: Broadband National Plan, Docket No. 09-51, FCC Staff Update (9/29/9), slides 38, 44, and 47; 
Census Facts U.S. Census Bureau, http://www.census.gov/quickfacts/table/PST045215/42

Broadband Economics:
US and PA

Joseph K. Witmer
Pa. PUC 2018



31

• 100% broadband at speeds of 128 kpbs up/1.5 Mgbs down; 
• 3014(b)(5): broadband availability 10 days of request; 
• Section 3014(g): technical support to political subdivisions;
• Section 3015(h): LEC right of first refusal; local broadband; 
• 3015(a)(2): PUC oversight.
• $969.01M in rate increases since 2005;* all were not 

collected (mostly smaller); rates can increase in the future.*
• Some legislators are interested in revising Chapter 30 and 

state universal service support.  

Source: In re: CAF II Auction Process, Docket No. 01-92, Pa. PUC Comments, (July 21, 2016), p. 6; But see In re: Intercarrier Compensation, Docket No. 01-92 (Missoula Plan), Pa. PUC Reply Comments 12/22/8), Appendix D ($1.2B 
through 2008 including state USF distributions); 66 Pa. C.S. § 2015(a)(2).

Broadband in Pennsylvania:
Chapter 30

Joseph K. Witmer
Pa. PUC 2018



Fixed Rural Broadband Today: 
PA > US But Still Challenged

Joseph K. Witmer
Pa. PUC 2018

2016 Report                2018 Report
Section 706*                 Section 706*

Urban   Rural        Urban    Rural 
PA             271K  532K         178K     472K
w/o %          3%    20%           1.8%     17.3%

US            10.5M  23.4M        5.4M   9.3M
w/o %          4%     39%           2.1%    30.7%
Source: Section 706 Report, Docket No. 15-191 (January 2016), Appendix D; Section 706 Report, Docket No. 17-199 (February 2018), Appendix D1. CAVEAT: rural definition 
reflects 2010 census block classification, presumes census block is served if one location is served, relied on advertised speeds, concedes that data may overstate service; 
recognizes satellite may serve but capacity constrains may limit the number of consumers getting service, concludes that wireline and wireless service are not the same. Section 
706 Report, Docket No. 17-199 (February 2018), App. C, p. 18, n. 128, para. 43, p. 19, n. 133, p. 128, n. 62, App D-1, p. 62; In re: CAF, Docket  10-90 USCS EX Parte (2/25/16)
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Mobile Rural Broadband Today:
PA > US But Still Challenged

Joseph K. Witmer
Pa. PUC 2018

2018 Report                2018 Report
5 Mbps/1Mbps*            10 Mbps/3Mbps*

Urban     Rural          Urban    Rural 
PA  (with)  10.05M     2.703M       11.6M     2.0M
without %        0%        .08%           4.5%    12.9%

(12.774M counted)       (12.178M counted/ 596K not)

US (with)    259M     62.9M            229M     33M
Without %       0%       1.3%            9.5%    29.9%

(all 322M counted)       (300.03M counted; 19M not)
CAVEATS:  5/1 is standard for areas getting MF II support and 10/1 is standard MF II recipient must build; Reflects centroid service area, Does not mean service is actually offered, Uses advertised speeds of carriers and 

OOKLA speed test, Counties with less than 300 measurements are excluded (7% of American counties) for 10/3 mobile speed. Source: In re: MF II, Docket No. 10-208, FCC Order (8/4/17), para. 15-17, FCC Order (2/28/18), para. 10, FCC 
Section 706 Report, Docket No. 15-191 (January 29, 2016), Para. 46, n. 133 and 135, Para. 48, n. 141 and n. 142, n. 152, Table 3b, n. 154, and Table D1.
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By Numbers:

• US: 96.4% of Americans have voice service
• PA: 98.8% of Pennsylvanians have voice service*

By Income:

• 10K:  98.8% for PA versus 96.0% for US or 2.8% difference
• 30K:  99.1% for PA versus 97.7% for US or 1.4% difference
• 40K:  99.5% for PA versus 98.1% for US or 1.4% difference

By Impact

• With 4.9M households, 1% means 49,000 more Pennsylvania households 
have service compared to the national average.  

• With 4.9M households, 2% means 98,000 more Pennsylvania households 
have service compared to the national average.  

• Impact likely larger in rural areas given their overall lower incomes. 
Sources: 2015 FCC Joint Board Report (2015), Table 6.8; 

Voice: PA > US
Joseph K. Witmer

Pa. PUC 2018



Why? 
Joseph K. Witmer

Pa. PUC 2018

• Others lack a state USF

• Others completely deregulated all retail voice services rates and QOS.

• Others lack regulatory policy aimed at preserving universal service

• Others did not rely on consumer rate increases alone to fund broadband. 

BUT

Let not the Perfect or Preferred be the Enemy of the Possible.
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10 Point Summary
Joseph K. Witmer

Pa. PUC 2018

• Two “last mile” network owners serve most with 25 Mbps
• RBOCS had most areas without broadband; FCC reforms reduced rural 

carriers’ support to support the RBOCS; today’s speed is 25/3 with mobile.
• Broadband costs increase with speed; 50B to 350B.
• Broadband rates increase with speed.
• Federal fund is tiny given the cost; PA fund is very small.
• Wireless is no substitute for wireline; both are needed
• Consumers choice is mostly cable and/or telco BIAS.
• Consumers want speed and mobility; FCC sees that.
• BIAS went from Title II telco to information in one year.
• FCC supports BIAS networks and low-income voice & BIAS.
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Questions
Joseph K. Witmer

Pa. PUC 2018
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