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‘Communications Act of 1934, as amended, as the “Communications Act.”

L INTRODUGTION . i
1s is tl;ﬁ ommission’s Flﬂh Report exammmg the availability of advanced
telecomrﬂ batidne't foablllty to all Americans, as required by section 706 of the Telecommunications
Act of 1996 (1996 Act)." Section 706 directs the Commission to encourage the deployment of advanced
telecommunications capability to all Americans by using measures that “promote competltlon in the local
telecommunications market.” Further, it requires the Commission to conduct a regular inquiry to
determine “whether advanced telecommunications capability is being deployed to all Americans in a
reasonable and timely fashion.”® In this Report, we find, pursuant to the analytical framework established
in prior section 706 reports, that advanced telecommunications capability is being deployed to all

Americans in a reasonable and timely fashion.

18 DEFINITION OF ADVANCED TELECOMMUNICATIONS CAPABILITY |

2. Section 706(c) of the 1996 Act describes advanced telecommunications capability és “high-
speed, switched, broadband telecommunications capability that enables users to originate and receive
high-quality voice, data, graphics, and video telecommunications using any technology.”™ In previous
reports, the Commission defined “broadband” — and, in effect, “advanced telecommunications'capability”
and “advanced services” — as services and facilities with an upstream (customer-to-provider) and
downstream (provider-to-customer) transmission speed of more than 200 kilobits per second (kbps).” As
in these prevxous reports, we use these terms interchangeably for the purposes of this Report, and we
describe service speeds with greater specificity where needed.® By contrast, the Commission has used the
term “high-speed” to describe services with over 200 kbps capability in at least one direction.”:

. i

3. In the Commission’s Fourth Report in 2004, the Commission made clear that 200 kbps service
was appropriately considered “first generation” broadband. Also in 2004, the Commission reexamined its
Form 477 local competition and broadband data gathering program, and began requiring providers to

147U.8.C. § 157 nt.; see Inquiry Concerning the Deployment of Advanced Telecommunications Capability to All
Americans in a Reasonable and Timely Fashion, and Possible Steps to Accelerate Such Deployment Pursuant to
Section 706 of the Telecommunications Act of 1996, GN Docket No. 0745, Notice of Inquiry, 22 FCC Rcd 7816
(2007) (beginning the fifth inquiry under section 706) (Fifth Report Notice). The 1996 Act, Pub. L. 104-104, Feb. 8,
1996,.110 Stat. 56, amended the Communications Act of 1934, codified at 47 U.S.C. § 151 ef seq. We refer to the

247US.C. § 157 nt.
‘M
‘1, "

* Deployment of Advanced Telecommunications Capability to All Americans in a Reasonable and Timely Fashion,
CC Docket No. 98-146, Report, 14 FCC Red 2398, 2406, para. 20 (1999) (First Report); Deployment of Advanced
Telecommunications Capability to All Americans in a Reasonable and Timely Fashion, CC Docket No. 98-146,
Second Report, 15 FCC Red 20913, 20919-21, para. 10 (2000) (Second Report); Deployment of Advanced
Telecommunications Capability to All Americans in a Reasonable and Timely Fashion, CC Docket No. 98-146,
Third Report, 17 FCC Red 2844, 2850, para. 9 (2002) (Third Report); Availability of Advanced Telecommunications
Capability in the United States, GN Docket No. 04-54, Fourth Report to Congress, 19 FCC Red 20540, 20551-52
(2004) (Fourth Report).

§ See infra para. 33; Appendix B. We note, however, that some of the third-party studies and reports cited in this
Fifth Report may use the term “broadband” differently than it has been defined in our sectlon 706 reports

7 See Second Report, 15 FCC Red at 20920, para. 11; Third Report, 17 FCC Red at 2850-51 para. 9; Fourth Report,
19 FCC Rcd at 20551.
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submit further information about their broadband deployments.® Among other things, the Commission
required that filers determine the percentage of their broadband connections that are faster than 200 kbps
in both directions and to categorize those connegtions into five “speed tiers” based on the information
transfer rate in the connection’s faster directi6ii¥({) gi&atéfithan 200 kbps but less than 2.5 megabits per
second (mbps); (2) greater than or equal to 2.5 mbps but less than 10 mbps; (3) greater than or equal to 10
mbps but less than 25 mbps (4) greater than or equal to 25 mbps but less than 100 mbps; and (5) greater
than or equal to 100 mbps.” As a result of this more refined data collection, the Commission is now able
to examine the deployment of broadband capable of providing service in excess of 200 kbps on the basis
of speed tiers in this and subsequent reports.

4. Given the conclusion of the Fourth Report and the availability of suitable data from the Form
477 program, we find it appropriate to-evaluate broadband deployment by monitoring the migration of
customers and services to higher speed tiers, beginning at the 200 kbps threshold.!® By doing so, the
Commission can evaluate and track broadband deployment over time agamst a common benchmark to
determine whether it is being deployed in a reasonable and timely manner.!" Thus, in this Report we
evaluate broadband deployment by speed tiers for the first time.

5. Variation in services and technologies likewise supperts our evaluatmg broadba.nd deployment
over a range of speed tiers. As Connected Nation, the parent company of ConnectKentucky,"? points out,
different broadband technologxes have varying capabilities today that may meet particular needs of
broadband customers.” Further, consumers currently require different speed services dependmg upon the

8 See Local Telephone Competition and Broadband Reporting, WC Docket No. 04-141, Report and Order 19 FCC
Rcd 22340 (2004) (2004 Data Gathering Order).

® See id. at 22347-48, para. 14.

1 See, e.g., NATOA et al. Comments at 8-9 (“We suggest one option the Commission consider be some sort of
tiered approach in defining ‘advanced telecommunications capability,” similar in approach to the manner in which
the Commission currently obtains information on deployment. . . . By adopting the data collection tiers into the
operational definition of ‘advanced telecommunications services,” both quantity and quality of broadband
deployment can be measured. As a result, all consumers, regardless of the speed of their selected service, will be -
counted.”); TIA Comments-at 7 (“Included in the-Commission’s January report on Internet access, is a set of ‘tiers’
of broadband,divided by technologies and the transmission speeds made possible by them. . . . TIA recommends
that the Comthission, for purposes of assessment, use these tiers to identify what is available to the consuming
public and the kinds of capabilities the tiers enable.”) (citation omitted); CTIA Comments at 10 (arguing that the .
baseline definition should be mainfained to allow the Commission to compile a full picture of the advanced
telecommunications eapabilities available to American consumers); Verizon/Verizon Wireless Comments at 32
(arguing that there is no reason to stop tracking entry-level broadband speeds that continue “to provide many
consumers access to the applications and services they desire™).

! We thus disagree that we should abandon consideration of information of services at the 200 kbps level. See, e.g.,
APT Comments at 3 (arguing that.the 200 kbps standard has outlived it usefulness); NASUCA Comments at 9
(stating.its belief that the current definition of advanced services isout of date); NJ Rate Counsel Comments at 10
(arguing that the current speeds have become irrelevant). But see, e.g., TIA Comments at 5 (“Despite the
Commission’s definition of broadband as 200 kbps, its deregulatory policies have spurred billions of dollars in
investiment and the availability of better broadband services. So, even though 200 kbps may not be an appropriate
definition of broadband in today’s market, it is important o note that the definition itself has done nothing to impede
innovation.”).

12 For a discussion of the ConnectKentucky project, see infra para. 37.

1* Connected Nation Comments at 2-3 (cautioning against the adoption of an inflexible definition of “advanced

telecommunications capability” that mighit exclude particular technologies, such as the fixed wireless technologies

that ConnectKentucky has found to be creative and cost effective solutiens in some areas); see also, e.g., OPASTCO
(continued....)
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particular applxcatlons or services being used, which-canin. part be a function of other technologlcal
developments, such a5 advances in compressioft téchnology™ For example, in prior section 706 reports,

the Commission has noted that at 200 kbps, consumers can enjoy the most popular applications, including
web browsing and email, without the delay experienced by dial-up subscnbers Commenters point out
that other applications and services work best with higher-capacity broadband.’® By examining
broadband availability across various speed tiers, we can monitor the availability of broadband associated
with a full range of technologies and services.

6. For the reasons described above, in this Report we evaluate the status of broadband ‘according
to the historical Form 477 data and terminology. In hght however, of the continuing evolution in
technology and consumer demand for advanced telecommunications capability, the Commission must
continue to evolve its data collection. The Commission is modifying the Form 477 data collection in

order to allow the Commission to gather more detailed information about- avallablllty of and subscnptlon

to broadband services, such as by adding addmonal broadband speed tiers.!”

(...continued from previous page)

Comments at 11-12 (stating that it may be appropnate for the Commiission to consider various speeds of broadband
services as part of its section 706 analysis “since technological advancements and marketplace demands will likely
render any one speed of broadband inappropriate. In additign, a speed-based definition risks rapid obsolescence, as
new apphcatlons and compression technology change the dynamics of how consumers will utilize broadband. .
Changes in marketplace demands and technological capabilities are too unpredictable at this point to make
alterations based on pre-determined conditions.”); NRTC Reply at 4 (“[ TThe Commission must note the contribution
of satellite and other wireless broadband providers that are delivering advanced telecommunications capabilities and
take care not to exclude such providers from any benefits that might be derived from a definition that encompasses
such lower speeds.”). -

14 See, e.g., OPASTCO Comments at 12.

15 See First Report, 14 FCC Red at 2406, para. 20; Second Report, 15 FCC Red at 20920, para. 10; Third Report, 17
FCC Rcd at 2852, para. 11; Fourth Report, 19.FCC Red-at 20551-52. As NATOA et al. point out, “the current
speed of 200kbps in each direction, according to the FCC’s own report, ‘permits users to play interactive games,
use VoIP applications, listen to on-line music, and watch compressed video clips.” This functionality — for some —
may be sufficient and, because of availability, cost or a combination of these and other factors, these consumers will
choose not to upgrade their broadband service. As aresult, if the definitional speed is raised higher than 200 kbps,
these consumers, even though they have access to broadband, will not be counted. Thus, if we are mofe interested
in getting an accurate assessment of.broadband deployment across the-country — quantity — we must be careful in not
increasing the speed to such.an extent that a significant undercount occurs.” NATOA et al. Comments at 8 (citation
omitted); see also TIA Comments at-6 (“While broadband continues to be offered at mcreasmgly faster speeds and
for some apphcatlonsxspeeds as high as several megabits per second are necessary, it remains the case that in many
circumstances speeds as low as 200 kbps may be appropriate.”). .

16 See, e.g., FTTH Council Comments at 9-10 (citing, for example, the need for capacity ranging from 6 mbps for
analog video to 20 mbps for digital; high-definition video, and up to 60 mbps for future “Super HDTV” Video,
depending upon the compression technology); ‘Conisumers Union ef al. Comments at 15, Fig. 3 (citing dlfferent
download speeds associated with different applications).

1 See Deployment of Nationwide Broadbana’ Data to Evaluate Reasonable and Ti imely Deployment of Advanced
Services to All Americans, Improvement of Wireless Broadband Subscribership Data, and Development of Data on
Interconnected Voice over Internet Protocol (VoIP) Subscrzbershlp, WC Docket No. 07-38, Notice of Proposed
Rulemaking, 22 FCC Rcd 7760 (2007) (2007 Data Gathering Notice), Deployment of Nationwide Broadband Data
to Evaluate Reasonable and Timely Deployment of Advanced Services to All Americans, Improvement of Wireless
Broadband Subscribership Data, and Development of Data on Interconnected Voice over Internet Protocol (VoIP)
Subscribership, WC Docket No. 07-38, Report and Order and Further Notice of Proposed Rulemaking, FCC 08-89
(rel: Jun. 12, 2008) (2008 Data Gathermg Order).

-y




Federal Communications Commission FCC 08-88

Il.  DEVELOPMENTS IN LAST-MILE TECHNOLOGIES SINCE THE FOURTH ;REPDRT

7. There have been considerable changes #nd-48vtnges in the delivery of broadband since the
Fourth Report. Here, we highlight a few of these advances for different broadband deployment

technologies.

A. Cable Technologies

8. Cable modem technologies continue to provide high-speed data services over cable systems,
and in many cases, voice services over the Data Over Cable Service Interface Specification (DOCSIS)
platform using PacketCable or other voice over Internet Protocol (VoIP) standards. Since the Fourth
Report, cable operators have continued to upgrade their hybrid fiber coaxial (HFC) networks and are
working to deliver new or improved services to residential and, increasingly, business customers through
bandwidth increases and savings. The Commission estimates that high-speed cable modem service is
avallablﬁz to 96 percent of the households to which cable system operators could provide cable TV
service.

9. Further, cable companies have continued to upgrade the equipment used to deliver broadband
services, mcludmg a throughput 1m5>rovement that allows cable operators to deliver additional and more
complex services, including VoIP.” On August 7, 2006, CableLabs announced the adoption of the new
DOCSIS 3.0 specifications that enable cable operators to offer significantly higher data rates to their
broadband customers.’ Specifically, the DOCSIS 3.0 spemﬁcatxons enable downstream data rates of 160
mbps or higher and upstream data rates of 120 mbps or higher.! DOCSIS 3.0 also incorporates support
for the Internet Protocol version 6 (IPv6), which is the next generation of the Internet Protocol (IP), and
greatly expands the number of Internet addresses that operators may use, allowing them to provide
consumers with more IP-based services.”? This new specxﬁcanon promlses secure delivery of advanced
interactive video that would otherwise require complex engineering in the networks and substantlal
upgrades to the plant.

10. The transition to DOCSIS 3.0 will take place in two phases. First, the operators must replace
the Cable Modem Termination System (CMTS) equipment in the network before offering the service.

18 See Appendix B, Table 14. E

19 “Throughput” is the actual amount of useful and non-redundant information which is transmitted or pfocessed.
See Harry Newton, Newton’s Telecom Dictionary at 832 (20th ed. 2004).

20 CableLab’s DOCSIS continues to be the dominant standard used to provide high-speed Internet service for cable
operators. Cable operators previously have deployed DOCSIS 1.0, 1.1, and 2.0 throughout their systems, allowing
capacities of up to 30 mbps. DOCSIS 3.0 has fully replaced the cancelled 2.0b speclﬁcatlon, which was 1dentlﬁed
only as an interim solution.

21 See Press Release, CableLabs, CableLabs Issues DOCSIS 3.0 Specification Enabling 160 Mbps (Aug. 7, 2006),
available at http://www.cablelabs.com/news/pr/2006/06 pr_docsis30_080706.html. To achieve these higher data
rates, DOCSIS 3.0 specifies a methodology called channel bonding — a load-sharing technique for logically
combining multiple DOCSIS channels — in both the upstream and downstream directions. Downstream channel
bonding is possible for a minimum of four channels, approximately 38 mbps each, for a total of more than 140 mbps
shared throughput. Upstream channel bonding is possible for a minimum of four channels, 10 to 30 mbps each, for
a total of 40 to 120 mbps of shared throughput. See John T. Chapman and Shalabh Goel, The Road to DOCSIS 3.0

(Dec. 1, 2006), available at hitp://www.cable360.net/ct/seclions/features/20942. html.

22 See Press Release, CableLabs, CableLabs Issues DOCSIS 3.0 Specification Enabling 160 Mbps (Aug.' 7, 2006),
available at http:/fwww.cablelabs.com/news/pr/2006/06 pr_docsis30_080706.html.
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Second, partly by a process of natural replacement over time, the cable modems and set-top boxes in
consumers’ homes will be replaced with DOGSIS 3.0:cormpétible equipment.” Some cable multiple

~ system operators (MSOs) soon will begin to deploy DOCSIS set-top gateways (DSGs), which support

more bandwidth intensive interactive video services and provide easier integration of multl-vendor
solutions, in addition to supporting the upcoming OpenCable Application Platform (OCAP).**

11. The cable industry is also continuing work on its Next Generation Network Architecture

(NGNA) project to advance cable operators’ transition to all-digital networks and to provide an

alternative software-based conditional access system that supports cable operators’ existing security. The
non-profit company Polycipher intends to continue the work NGNA had begun on the downloadable
conditional access system (DCAS) software-based security platform.”” Further, NGNA intends to unify
cable’s IP and moving pictures expert group (MPEG) video infrastructures in an effort to drivé down
equipment costs, reclaim valuable HFC spectrum, and enable high-value digital services. Fulfilling the
NGNA vision requires a new class of Digital IP Cable Edge devices that integrate the functionality of a
high-density edge quadrature amplitude modulation (QAM) modulator platform, DOCSIS CMTS, and
video processing. Ultimately, IP traffic (data, voice, and video) and MPEG traffic (broadcast and
on-demand standard and high-definition video) will flow over a common Gigabit Ethernet backbone to
the cable network edge. ‘There, the NGNA edge platform will dynamically route the service to the
appropriate customer premises device, whether MPEG set-top, IP set-top, cable modem, or PacketCable
electronic message transfer agent (E-MTA).* ’
I
B. Copper Technologies !

12. Local telephene carriers primarily use digital subscriber line (DSL) service offerin'gs to
provide consumers with broadband services where they have not deployed fiber technologies. :As of June
2007, there were over 23.3 million broadband DSL connections.?” The variety and speed of DSL service
offered continues to inerease as carriers more fully realize the potential of copper-based technologies.
Next generation network facilities, such as asymmetric DSL 2+ (ADSL2+), are capable of offering
customers broadband connections of up to 25 mbps, while very high-speed asymmetrical DSL (VDSL2)
can achieve speeds of 100 mbps at dxstances of a few hundred feet and 25 mbps at around 2,500 feet.?

%2 Press Release, ABI Research, DOCSIS 3.0 Penetration to Reach 60% by 2011 (Aug. 23, 2006), available at

hitp://www.abiresearch.com/abiprdisplay.isp?pressid=710. Many major cable modem vendors, including BigBand
Networks, Arris, and Cisco; participated in a weeklong interoperability event in July 2006, and all companies’
downstream channel bonding products were able to interoperate with each other. In addition, the vendors .
successfully performed limited IPv6 testing.

2 See CableLabs OpenCable Website (visited June 25; 2007), available at http://www.opencable.com/. ' The DSGs
have embedded DOESIS modems for the purpose of migrating fraditional cable Out of Band (OOB) messaging
from: a proprietary to standards-based transport. OOB signals typically include conditional access, system
information, electromc programming guide (EPG), and emergency alert system (EAS) data, ‘

%5 See Jeff Baumgartner, Polycipher Key to Cable’s Downloadable Conditional Access Effort, CED Magazme (Aug.
17, 2006), available at hitp://www. cedmagazme com/article.aspx?id=120534.

% See Light Reading’s Cable Digital News, Next-Generatzon Network Architecture (NGNA) (Oct. 30, 2006),
available at hitp://www.lightreading.com/doctiment, agp"doc id=109381&site=cdn.

7 See Appendix B, Table 2.

8 See Covad Comments at 3; NuVox/XO Comments at 5; Telecommunications Industry Association, 2007

Technology &.Polzcy Primer at 32 (visited July 30, 2007), available at
olicy/publications/white%SFpapers/documents/TIA2007Primer.pdf.

'
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13. In addition to DSL, carriers are using copper-based technologjes to provide other services.

For instance, copper loops can prov1de Ethernet sérviées st speeds approximating 50 mbps on loops of up
to 12,000 feet.”’ Advanced services, like Internet Protocol television (IPTV) and hlgh-deﬁmtlon
television (HDTYV), are also now available over copper-based networks.*

C. Fiber Technologies

14. Fiber technology deployments have increased dramatically since the Fourth Report.
Specifically, at the time of the Fourth Report, fiber-to-the-home (FTTH) was just beginning to impact the
market for advanced telecommunications services, but has since experienced marked growth. ‘For
example, Verizon’s FiOS FTTH network offers speeds of up to 30 mbps downstream and up to 5 mbps
upstream (and even up to 50 mpbs downstream and up to 10 mbps upstream in select locations) and is
now available to 6.8 million homes and businesses.?! Carriers have also deployed other fiber technology
offerings such as fiber-to-the-curb (FTTC) and fiber-to-the-node (FTTN), where fiber is deployed from
the central office to a location near — but not all the way to — the customer’s premises. The fiber is
connected to an optical network unit (ONU) or similar electronics at that location, from which' copper
and, often, coaxial cable are connected to each customer premlses 2 For example, AT&T is in the
process of deploying its “U-Verse” offering, which will include IP-based video, broadband, and VoIP
services, to 18 million households through a combination of FTTN and FTTH by the end of 2008 3
addition, many small providers are deploying FTTH networks. M

D. Unlicensed Wireless Technologies :
1. Wi-Fi
t
15. Since the Fourth Report, Wireless Fidelity (Wi-Fi) access to the Internet has continued to

grow with an ever-mcreasmg number of hotspots, i.e., a place where the public can access Wi-Fi service,
either for free or for a fee.*® Also, a number of cities have _]omed the Wi-Fi expansion with mumclpal

2 See, e.g., Covad Comments at 4-7; NuVox/XO Comments at 4-5. |
30 See NuVox/XO Comments at 5. !

31 See FTTH Council Comments at 4; Verizon/Verizon Wireless Comments at 1; News Release, Verizon
Communications Inc., Innovation and Telecom Companies’ Advanced Networks Power Telecom Future, Seidenberg
Tells NXTcomm; Broadband, IP and Mobility are Key for Customers; Verizon FiOS All-Fiber Network Now
Connected to More Than 1 Million Internet and Nearly 500,000 TV Customers, Seidenberg Say (June 20, 2007),
available at hitp://newscenter. verizon.com/press-releases/verizon/2007/innovation-and-telecom.html,

32 See, e.g., Letter from Glenn Reynolds, Vice President — Federal Regulatory, BellSouth, to Marlene H. Dortch,
Secretary, FCC, CC Docket No. 01-338, Att. at 6 (filed Sept. 17, 2003).

3 See AT&T, Media Kits (visited July 30, 2007), available at http://www.att.com/gen/press-room?pid=5838.

3 See FTTH Council and TIA, FTTH/FTTP UPDATE at 11-12 (Apr. 1, 2007), available at
http://www.fithcouncil.org/documents/800832.pdf (noting that 341 small providers have deployed FTTH)

35 Wi-Fi refers to any device using the 802.11 family of standards developed by the Institute of Electrical and
Electronics Engineers (IEEE) for wireless local area networking. The IEEE 802.11 family of standards for Wi-Fi
include 802.11a for networking devices using the 5 GHz frequency band at speeds up to 54 mbps; 802.11b for
networking devices using the 2.4 GHz frequency band at speeds up to 11 mbps; 802.11g for networking devices
using the 2.4 GHz frequency band at speeds up to 54 mbps; and the latest draft standard 802.11n, scheduled to be
ratified in 2008, for networking devices using either the 2.4 GHz or 5 GHz frequency band with promises of
maximum speeds up to 600 mbps. Although 802.11n is still in draft form, the Wi-Fi Alliance has begun certifying
products to this draft standard, which has promoted market availability of pre-802.11n certified products. See
(continued....)
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wireless networks.” As of August 2007, MuniWireless’s website estimates that there are 415 cities and
counties in the United States deploying, planning.or running Wi-Fi networks.” Wi-Fi compuiter chips
are also becoming ubiquitous and are appearing in devices such as memory cards for digital cameras,
allowing the camera to send digital photos directly to a Wi-Fi-enabled printer or to any Internet photo

processing website.*® :
16. Where communication between Wi-Fi-enabled devices has generally consisted of data
communication from devices such as computers and personal dlgltal assistant devices, Wi-Fi-enabled
telephones now allow voice communication over the Internet using VoIP at any Wi-Fi hotspot. ¥ As more
companies, cities, and households develop Wi-Fi networks, Wi-Fi phones are becoming more-useful. For
example, some wireless carriers are prov1d1ng or planning to provide dual-mode hybrid mobile phones
that use both Wi-Fi and mobile networks.’ In addition, some VoIP service prowders have partnered with

hardware manufacturers to release cell-like mobile phones that can use their services via Wi-Fi

(...continued from previous page) I

Marguerite Reardon, Wi-Fi Alliance to Begin Certifying 802.11n Gear, News.com (May 16, 2007), avazlable at
hitp:/news.zdnet.com/2100-1035 22-6184282 html. Wi-Fi networks operate on an unlicensed basis under Part 15
of the Commission’s rules, in the 2.4 and 5 GHz frequency bands. With the latest 802.11n draft standard, Wi-Fi
networks can provide multiple data rates over. 200 mbps. See Eric Bangeman, 802.11n Specs Moves Closer to
Completion, Ars Technica (Jan. 19, 2007), available at hitp://arstechnica.com/news.ars/post/20070119-8662.htm;
see also Broadcom White Paper, 802.11n: Next Generation Wireless LAN Technology (April 2006), available at
http://www.broadcom.com/docs/WLAN/802_11n-WP100-R.pdf. A Wi-Fi network is comprised of on¢ or more
base stations or Access Points (AP) that enable communication between any Wi-Fi equipped wireless device, such
as a personal computer or a mobile telephone, that comes within 300 feet (100 m) of an AP. The range 'of an
802.11x (a, b, or g) Wi-Fi device is approximately 300 feet (100 m), whereas an 802.11n Wi-Fi device typically can
deliver more than twice the range. See David Naskin, FAQ: 802.11n Wireless Networking, Computerworld (May
16, 2007), available at
hitp://'www.computerworld.com/action/article.do?command=viewArticleBasic&articleId=9019472. Wl—Fl networks
often rely on another type of broadband connection for access to the Internet. See Appropriate Regulatmy
Treatment for Broadband Access to the Internet Over Wireless Networks, WT Docket No. 07-53, Declaratory
Ruling, 22 FCC Red 5901, 5907, para. 15 (2007) (Wireless Broadband Internet Access Services Order).

36 According to JiWire, Inc., there are 58,197 hotspots in the United States. See JiWire, Inc. Website (v!isited Aug.

20, 2007), available at bitp: //www jiiwire.com/hot-spot-directory-browse-by-
state.htm?country_id=1&provider id=0. Further, Wi-Fi networks are demonstrating their importance in homeland

security measures as well. See Carol Wilson, Wi-Fi Fills Cracks, Telephony Online (Aug. 20, 2007), available at
http://telephonyonline.com/home/news/telecom wifi fills cracks/ (noting that the Minneapolis Wi-Fi network aided
rescue workers following the collapse of the I-35 bridge). !

37 A list of municipal Wi-Fi networks is available at http:/www.muniwireless.com/article/articleview/1 3/ 1724/
(visited Aug. 20, 2007); see also Microsoft, MetroFi team, Light Reading (Nov. 15, 2006), gvailable at'

http://www.lightreading.com/document.asp?doc_id=110669&print=true. ;

38 See Michael Kanellos, Wi-Fi Memory Cards Coming to Cameras, CNET News.com (June 10, 2007), ‘available at
http://news.com.com/Wi-Fi+memory-+cards+coming-+to+cameras/2100-1041 3-6189671.html.

3 Several manufacturers are offering Wi-Fi mobile phones. See Peter Jacobson, Wi-Fi Phones Buyer’ s Guzde,

Information Week (Feb. 1, 2007), available at |
hitp://www.informationweek.com/story/showArticle.jhtml?articlelD=196901394. |

0 See, e.g., Amol Sharma, How Wi-Fi Can Extend T-Mobile Range, Wall St. J., May 3, 2007, at B3, available at
http://online. wsj.com/article/SB117815938377190497 himl; see also infra para. 26 (discussing these dual-mode
hybrid mobile phones). These handsets allow the consumer to take advantage of Wi-Fi networks when they are
available, and use the mobile networks the rest of the time. .
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networks ! According to hfonehcs Research, Wx-Fx phone sales reached $535 million m 2006 a 327
percent growth from 2005.” ML EEECLIE

2. WIMAX

17. Worldwide Interoperability for Microwave Access (WiMAX)* has made large stndes in part
due to the adoption of the IEEE 802.16e-2005 standard.** Activities on WiMAX deployments in terms of
products shipped have accelerated since the end of 2006. Intel Corp. released its WiMAX system-on-
chip, the WIMAX Connection 2250, in late 2006, and companies such as Motorola, Alcatel, and Proxim
are planning to integrate the Intel chip into their WiMAX system designs.” To date, carrier use of the
WiMAX technology has largely come in two areas: as a backhaul service for cellular, operating as an
alternative to T1 lines or point-to-point fiber links; or in conjunction with Wi-Fi meshes to provide tlered
mesh services in larger metropolitan areas. 46 However, as mobile WiMAX devices become avallable

41 See supra note 39. i

%2 See Wi-Fi, Mobile Phone Sales Soar in 2006 - Dual-mode Wi-Fi/Cellular VoIP Phones Ramping Up, ‘Government
Technology (Yan. 25 2007), available at http://www.govtech.com/dc/articles/103532.

* WiMAX refers to any device using the IEEE 802.16 standard for wireless metropolitan area networking and
operates on the same general principles as Wi-Fi by allowing communication between WiMAX enabled devices and
providing them with a gateway to the Internet. A WiMAX system consists of two parts: (1) a WiMAX tower,
similar to a cell-phone tower that connects to the Internet using a high-bandwidth wired connection, such as a T3
line; and (2) WiMAX-enabled receivers in mobile devices such as laptop computers or dual mode hybrid mobile
phones. A WiMAX tower can connect to another WiMAX tower using a line-of-sight, microwave link, thereby
creating a backhaul connection. With its wide range coverage and tower-to-tower connection, WiMAX is capable
of delivering last-mile broadband to remote rural areas. Providers tout WiMAX delivery of broadband at 75 mbps,
under ideal circumstances, and reach up to 30 miles. See Fifth Report Notice, 22 FCC Red at 7823, n.30. In
contrast, the Wi-Fi/802.11 wireless local area network standard is limited in most cases to only 100-300 feet.
WiMAX operates on both licensed and unlicensed frequencies. The 802.16 standard specifies a range of operating
frequencies from 2 to 66 GHz. Initial WiMAX products operate in the internationally available 2.3 GHz, 2.5 GHz,
3.3 GHz and 3.4-3.8 GHz licensed bands, and WiMAX computer chips for use in the 5.8 GHz unlicensed bands are
becoming available. See WiMAX Forum, Mobile WiMAX — Part I: A Technical Overview and Peiformance
Evaluation at 49 (Feb. 21 2006), available at

http://www.wimaxforum.org/technology/downloads/Mobile WIiMAX Parfl Overview and Performance. pdf In
the U.S., service providers use the 2.3 GHz (Horizon Wi-Com) and 2.5 GHz (Clearwire Corp. and Sprint Nextfel)
licensed bands. See WiMAX Forum, Wavesat Announces Availability of World’s First 5.8 GHz WiMAX Mini-PCI
Design (May 30, 2007), available at
http://www.wimaxforum.org/mews/pr/view?item key=7e567{8255fcd06753d7129a63ef2dc3c9e4162f, 'To promote
interoperability and compliance with the 802.16 standard among equipment from various manufacturers, trade
associations such as the WiMAX Forum provide a certification program, which allows vendors to display a
“WiMAX Forum Certified” designation on their products. The WiMAX Forum maintains a product registry of all
WIMAX certified products at http://www.wimaxforum.org/kshowcase/view/catalog_search (visited June 24, 2007).
To date, there are over two dozens of WiMAX Forum-Certified base stations and subscriber stations.

“$ IEEE 802.16-2004 standard defmés the air interface for fixed WiMAX stations. Mobile WiMAX
implementations follow IEEE 802.16e-2005 standard.

4 See Colleen Taylor, Intel Debuts WiMAX Chip, Electronic News (Oct. 12, 2006), available at
http://www.edn.com/index.asp?layout=articlePrini&articleID=CA 63804 14. i

% See Loring Werbel, Pushing Past Trials, WiMAX Footprint Grows, EETimes (July 17, 2006), available at
hitp://www.eetimes.com/showArticle.jhiml ?article]D=190400387.




Federal Communications Commission iFCC 08-88

Consumer services and applications as well as entetprise netwotk solutions are aceelerating WMAX
growth.* Commercial WiMAX deployments.are-expected to begin by the end of 2007,
3. Wireless Personal Area Network |

18. Wireless Personal Area Networks (WPANS) are growing with the advent of wireless USB,
a wireless type of networking using ultra-wideband (UWB) radio technology.”’ Wireless USB uses the
unlicensed 3.4-10.6 GHz frequency band for UWB communication devices and aims at eliminating cables
to allow computer peripherals and multi-media devices to interconnect.”> Wireless USB offers speeds up
to 480 mbps over a range of 30-45 feet. In-Stat estimates that by late 2007, computers and high-end
multi-media devices will have certified wireless USB devices built into them, replacing the traditional
wired USB connection port

E. Licensed Wireless Technologies

19. Wireless broadband technologies operating on licensed spectrum allow consumers to access
the Internet at high speeds on a mobile, portable, or fixed basis using a mobile phone or a laptop computer
with a wireless modem. Since the Fourth Report, wireless operators have greatly expanded an:d upgraded
their broadband networks to allow subscribers access to the Internet while mobile via a laptop computer

(...continued from previous page)
%7 See W. David Gardner, WiMAX Modems Expected in Late 2007, Information Week (June 15, 2007), avallable at

hitp://www.informationweek.com/shared/printable Article.jhtml?articleID=199904800; see also Stephen Lawson,
Mobile WiMAX Gear Lifts Off, IDG News Service (Apr. 10, 2007), available at

http://wireless.itworld.com/4273/070410wimax/page 1.html.

48 See Stephen Lawson, Samsung to Aim WiMAX at SMB Networkmg, Wash. Post (May 23, 2007), avatlable at
http://www.washingtonpost.com/wp-dyn/content/article/2007/05/23/AR2007052300054.html.

4 See W. David Gardner, Mobile WiMAX Commercial Launch Planned for Northeast Region in August; Information
Week (June 29, 2007), available at '
hitp://www.informationweek.com/showArticle.jhtml;jsessionid=KRCV4F3J5HTSSOSNDLPCK HOCTUNN2JVN?a
rticlelD=200001684& queryText=wimax; Peter Svensson, Sprint Sees Growth Beyond Cell Phones, Associated
Press (Aug. 31, 2007), available at hitp://biz.yahoo.com/ap/07083 I /market spotlight sprint.html?.v=1. We note
that WiMAX technology can be deployed in both licensed and unlicensed spectrum bands, depending on the
particular standard and network architecture employed See infra para. 19.

50 Universal Serial Bus (USB) refers to the common plug-and-play, high-speed computer bus used to cormect
peripheral devices to a computer. There are two versions of USB. USB 1.0, the older version, transfers data at
speeds up to 12 mbps. USB 2.0 can achieve data transfer rates up to 480 mbps.

51 See Cameron Wilmot, Intel Demonstrates fast new Ultra-Wideband WPAN at IDF Fall Taiwan 2006,
Tweaktown.com (Oct. 17, 2006), available at http://www.tweaktown.com/articles/968/. A WPAN is a computer
network used for communication among personal devices close to the same person such as between a headset and a
personal audio CD or MP3 player, or between a digital camera and a laptop computer. WPAN can be used for
communication between the personal devices themselves, or for connecting to a higher-level network, such as a
home network between two or more computers, and to the Internet. WPAN uses point-to-point or peer-to-peer
technology without the need for a wireless router, thus reducing infrastructure costs. Because the UWB part of
WPAN allows for very fast maximum throughput rates of up to 480 mbps at a range of 30 feet or less (the same as
Bluetooth), which matches that of wired USB 2.0 (480 mbps), Intel is promoting WPAN as USB w1thout wires. See
id, UWB operates on an unlicensed basis under Part 15 of the Commission’s rules.

52 See 47 C.F.R. § 15.517.

53 See Wireless USB to Soar in 2007, Test & Measurement World (May 10 2007), available at i
http://www.tmworld.cony/article/CA6440967.html.
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or Personal Digital Assistant (PDA) with a wireless modem card, or to download a range of multimedia
content and advanced applications on certaingnebile.handset models. Some Code Division Multiple
Access (CDMA) carriers have deployed 1XEV-DO (EV-DO) and EV-DO Revision A (Rev A) network
technologies across their networks.* With EV-DO, typical users experience download speeds from 400-
700 kbps and upload speeds of 50-70 kbps.” The EV-DO Rev A network upgrade increases these
average download speeds to 600 kbps-1.4 mbps and significantly improves average upload speeds to 350-
800 kbps.® The Commission estimates that, as of mid-2007, EV—DO/EV-DO Rev A networks had been
deployed to approximately 82 percent of the U.S. population.”’ In addition to the EV-DO deployments by
CDMA wireless carriers, some GSM carriers have upgraded portions of their networks with Wideband
CDMA/High Speed Downlink Packet Access (WCDMA/HSDPA) technology, which enables mobile
broadband access at average user download speeds of 400-700 kbps.® The Commission estimates that, as
of mid-2007, WCDMA/HSDPA networks covered approximately 43 percent of the U.S. population.”

20. In addition, wireless operators in the 2.5 GHz Broadband Radio Service (BRS) and
Educational Broadband Service (EBS) and 2.3 GHz WCS spectrum have begun rolling out, or have
announced plans to deploy, wireless broadband services using Orthogonal Frequency Division'
Multiplexing (OFDM) technologies, including WiMAX and similar technologies.®® Because OFDM

i

54 See Implementation of Section 6002(b) of the Omnibus Budget Reconciliation Act of 1993, Annual Report and
Analysis of Competitive Market Conditions with Respect to Commercial Mobile Services, WT Docket No. 04-111,
Ninth Report, 19 FCC Rcd 20597, 20652-53, para. 134 (2004) (Ninth CMRS Competition Report), Implementation
of Section 6002(b) of the Ommibus Budget Reconciliation Act of 1993, Annual Report and Analysis of Competitive
Mavrket Conditions with Respect to Commercial Mobile Services, WT Docket No. 06-17, Eleventh Report, 21 FCC
Rcd 10947, 10993, para. 112 (2006) (Eleventh CMRS Competition Report), News Release, Verizon Wireless,
Verizon Wireless: 100 Percent of Wireless Broadband Network Now Enhanced with Faster Speeds (June 29, 2007),
available at hittp://news.vzw.com/news/2007/06/pr2007-06-28h.html (Verizon Wireless June 29, 2007 News

Release).

%5 See News Release, Sprint Nextel, Sprint Powers Up Faster Mobile Broadband Network in 10 More Markets,
Upgraded Coverage Reaches 60 Million People (Dec. 12, 2006), available at
http://www2.sprint.com/mr/news_dtl.do?id=14680; 3G Americas, 3G Technologies (visited July 3, 2007), available

at htl]:_) //www.3gamericas. com/Enghsh/PDFs/SG technology comparison.pdf (3G Americas website). The
maximum peak download speed for EV-DO is 2.4 mbps. See 3G Americas website.

%6 See News Release, Sprint Nextel, America’s Largest and Fastest Mobile Broadband Network Just Got Even
Larger — Sprint Customers Can Do More, In More Places, And At Fast Speeds (June 19, 2007), available at

http://www2.sprint.con/mr/mews dtl.do?id=17121 (Sprint Nextel June 19, 2007 News Release); Verizon Wireless
June 29, 2007 News Release. The maximum peak download speed for EV-DO is 3.1 mbps. See 3G Americas
website.

57 Commission estimate based on service area boundary maps provided by American Roamer and census block
analysis of population covered. !

58 See Implementation of Section 6002(b) of the Omnibus Budget Reconciliation Act of 1993, Annual Report and
Analysis of Competitive Market Conditions with Respect to Commercial Mobile Services, WT Docket No. 05-71,
Tenth Report, 20 FCC Red 15908, 15953 (2005) (Tenth CMRS Competition Report); see also, e.g., News Release,
Cingular Wireless, Cingular Wireless Completes $86 Million Investment jn Las Vegas During 2006 — Delzvers
Wireless Innovation (Jan. 30, 2007), available at

hitp://att.centralcast.net/cingularnewsarchive/Release.aspx?21D=4224. .

%% Commission estimate based on service area boundary maps provided by American Roamer and census block
analysis of population covered.

% See, e.g., Eleventh CMRS Competition Report, 21 FCC Red at 10962, para, 32 (noting that several small

BRS/EBS licensees offer wireless broadband services in rural areas of the country using technologies that employ

OFDM); News Release, Sprint Nextel, Sprint Nextel Cites WiMAX Network Progress for 2007 (Jan. 8, 2007),
(continued....)
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allows signals to pass through buildings and trees, carriers can use the technology to offer wireless
broadband services without a direct line-of-sight-between the transmitter and the end user’s reiceiver.
Therefore, many of the services offered using OFDM technology allow customers to access the Internet
with portable “plug-and-play” modem devices connected to a personal or laptop computer, rather than a
fixed antenna mounted on a roofiop, allowing customers to transport these devices to other locations

61

- within the carrier’s coverage area where a network signal is available and in some cases use them while

traveling at high speeds.* -i
21. As of June 2007, 35.3 million mobile wireless devices capable of accessing the Internet over
high-speed lines were in use, versus almost none at the end of 2003. % In addition, the Commission
estimates that, as of mid-2007, providers have deployed mobile broadband networks to areas of the
country containing 233 million people, or 82 percent of the U.S. population.*

(...continued from previous page)

available at hitp://www2.sprint.com/mr/news dtl.do?id=15000; News Release, Horizon Wi-Com, Horzzon Wi-Com
Selects Navini for Wireless Deployment (Jan. 15, 2007), available at

hitp://www.weai.conypdf/2007/p naviniJanl2.pdf (Horizon Wi-Com Jan. 15, 2007 News Release); News Release,
Clearwire Corporation, Richmond First in Virginia to Experience Clearwire Wireless Broadband Service (June 5,
2007), available at http://www.clearwire.com/company/news/06_05_07 b.php; W. David Gardner, WzMax
Networks Go Live in Nine Northeast Cities, InformationWeek (June 13, 2007), available at
Dttp://www.informationweek.com/showArticle. html"sesswmd=OPFNJ OZNUB2L0 SNDLOSKI-IOCJUNNZJVN‘7
article]D=199903928& queryText=WiMax+Networks+Go+Live+in+Nine+Northeast+Cities (noting that Horizon
Wi-Com purchased its WCS licenses from Verizon in 2006); News Release, Sprint Nextel, Sprint Nextel and
Clearwire to Partner to Accelerate and Expand the Deployment of the First Nationwide Mobile Broadband Network
Using WiMAX Technology (July 19, 2007), available at hitp://www2.sprint.com/mr/news _dtl.do?id=17520; supra
para. 17 (discussing WiMAX technology). As one of the conditions of the August 2005 merger of Sprint and
Nextel, the Commission required the merged company to fulfill its voluntary commitment to provide service in the
2.5 GHz band. The merged company is required to offer service using its BRS/EBS spectrum to at least 15 million
Americans by August 2009 and to an additional 15 million Americans by August 2011. See Applications of Nextel
Communications, Inc. and Sprint Corporation for Consent to Transfer Control of Licenses and Authorizations, File
Nos. 0002031766, et al., WT Docket No. 05-63, Memorandum Opinion and Order, 20 F