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Abstract

Internet popularity is driving demand for ever-fastirst-mile access and exerting downward pressure
price. A few years ago residential customers wienéedd to 56 kbps dialup. Today much of the popartat
is served by multi megabit broadband that costy slightly more then dialup did a few years agisT
paper discusses various technologies used to ddligh-speed residential Internet and role playsgctie
Internet Service Provider (ISP) in delivering thasavices.
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1 Broadband ISP Overview

From Computer Dezktop Encwclopedia
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Figure 1 Generic ISP block diagram

Internet popularity is creating demand for
ever-faster access, driving innovation and
exerting downward pressure on price.
Connection between end user and ISP is
often called théast-mile This implies there

is a magical entity out there called “the
Internet” and customers are passive
consumers of Internet goodness. | prefer the
term first-mile. It better denotes Internet
value being the result each person’s
connection as both contributor and
consumer. Today most citizens of
industrialized countries have access to some
form of high-speed access and more is
coming on line every day. Broadband is
increasing being seen as a utility without
which citizens are unable to fully participate
in society.

Broadband is a much abused and inexact
term. United States Federal Communication
Commission ECC) recently redefined
broadbandBasic broadbant now defined
as speed of 768 - 1500 kbps toward
customer (downstream). Previously it was
200 kbps. Until a few years ago high-speed
access was only available to large
companies and government, individuals
were limited to dialup. Dialup modems
represent a tremendous technical
achievement squeezing out every last bit of
performance from public switched
telephone networkQSTN. But due to the
way telephone calls are digitized dialup is
limited to less then 64 kbps.

Most of us utilize an Internet Service
Provider (SP). ISP owns, leases or
otherwise has access to a data path to each
customer. The picture at left provides a high
level overview of how ISP connects
customers to the Internet. Diagram is
somewhat dated in that 1.544 Mbps T1 links
would be something faster today.

Connecting to an ISP does not have much
value if the only people you can
communicate with have to be connected to
the same ISP. To provide worldwide
connectivity ISPs connect to other ISPs at
Peering points. This allows traffic destined
for hosts not local to the ISP be delivered
anywhere in the world.



Each host on the Internet requires a unique addi®Bs typically provide residential customers veith
single IP address. Large customers may obtain dukiress block directly from Internet Corporation f
Assigned Names and NumbelSANN). Current version of Internet protocollRv4. IPv4 defines a 32-bit
address space yielding about 4-billion possible@skbs. That was a large number back when theaétte
was limited to educational and government instiugi but has become a critical problem today. Assalt
IPv4 addresses are in very short supply. Nextigeioa Internet protocdPv6 increases address space to
128-bits, a truly humongous number. Unfortunategnersion to IPv6 represents a wholesale upgrade to
the Internet, a slow and difficult process

ISPs exert a great deal of control over how custamable to use the Internet. Much is made ofrtree
robustness and redundancy. That is certainly tftieeointernet in general but for most of us ouP IS
controls the Internet on ramp and acts as gatekekpmost locations broadband competition is
nonexistent or extremely limited. ISP businessqyofias significant impact on how customers use the
Internet and how new services are deployed.

There are several essential functions that muptdédded by the ISP, as they are the only entipatée of
doing so. There are many services often assocwitedSPs that can be provided by anyone. The
distinction between essential and non-essentialtioims is important when discussiNgtwork Neutrality
As broadband access becomes more pervasive IS&smbalance business considerations with public
interest.

Essential Core Services
First-Mile Access
Customer Authentication
IP Address Allocation
Packet Routing
Peering
Multicast (IGMP)
Quality of Service
Service Level Agreement
Acceptable Use Policy
Customer Service
Billing

Non-Essential Services
Virtual Private Network
Name Resolution (DNS)
E-mail
Usenet
Web Hosting
Voice over IP
Fixed Mobile Convergence
IP Radio
IPTV

1.1 Essential Core Functions

For most of us Internet access means signing upamitiSP. The ISP provides either a routed or leddg
customer connection. Residential accounts areaylgibridged; the user connects to the ISP dweij t
were part of the ISP LANVLAN techniques are used to prevent users from seattyaher’s traffic.
ISP business model originated during the heydaliafip and has been adapted to broadband world.



1.1.1 First-Mile Access

Some ISPs own the First-Mile access network; C@&olmpanies and FTTP are examples of this type of
ISP. Some ISPs rent physical access. This is tiypitla DSL where copper circuit is rented from
Incumbent Local Exchange Carrier (ILEC). Dialup $3Be Public Switched Telephone NetwBf&TNto
connect customers. Wireless ISP does not provjateysical connection at all other then obtaining FCC
radio license to use the airwaves.

Customer interface requirements differ greatly aeleg on type of service and whether or not ISP
provides access network interface unit. For exar@alele, DSL and FTTP ISPs typically provide custome
with standard’s based modem with eitkghernetor USB as customer interfacé&:1 is a tariffed
telecommunication service. In the US FCC requitegamer interface as two pair copper circuit tylhyca
implemented by a smart-jack. Dialup ISPs requirgg@mer obtain a V.90/92 or ISDN modem. Wireless
ISPs typically supply and install customer anteand radio.

1.1.2 Customer Authentication

ISPs need a mechanism to insure only authorizeidmess have access to service. For some types of
service link between customer and ISP is hardwsedny traffic appearing on the link is assumed to
originate from customer. This is common with BQSL and FTTP. Shared media such as Cable
Broadband and wireless need a way to identify enstoDOCSISmodems includédigital signatureso
prevent unauthorized accesSDSL ISPs typically use Point-to-Point Protocol ovehdthet PPPoF to
authenticate customers. Telco’s like PPPoE bedaimsslitates support for third-party ISPs. Digl ISPs
typically utilize Point-to-Point Protocol (PPP)dathenticate customers using same RADIUS servers as
PPPOE.

1.1.3 IP Address Allocation

Current Internet version is IPv4. A salient featoféPv4 is its 32-bit address space. 32-bit binary address
can support about 4 billion individual hosts. Whhat seems like a large number limited addressing
potential of IPv4 is a concern. Explosive growtlalb forms of Internet access over the last fewanse
means IPv4 address space will be compledghaustedn the 2011-2012 timeframe. Broadband
popularity is contributing to address exhaustibiis bn always-on connection and each customeiiresyu

at least one IP address.

IP addresses serve multiple functions. They deasigecific Internet host; each host needs at tesestP
address. IP addresses also facilitate routing Isectney are allocated in blocks. If IP addresses vgsued
randomly each router would need to potentially Ittmough four billion addresses to determine how to
handle each packet. By aggregating addressesairge blocks router only need look at a few higreord
address bits to know how to forward packets.

Business accounts are typically assigned one oe static addresses. Static allocation is prefeioed

commercial accounts. With a static IP address custaettings are configured manually, based on

information provided off-line by the ISP. This elimates possibility of address change interferinthwi
remote access.

Most residential ISP accounts use some form of dymdP address allocation. This is convenient beeau

it eliminates need for non-technical customers &muoally configure IP address, subnet mask, gateway
address and DNS server address. Because dynan@salgned address may change at any time it makes
it difficult to operate servers. Due to criticabPaddress shortage residential ISP customerypically

only assigned a single IP address.



1.1.4 Packet Routing

The term Internet is a contraction of the termrmetwork. Internet is literally a network of netike.
Routersare used to forward packets between networks.d@ewn the local network know if host they are
trying to reach is local or not. To access a rerhot packet is forwarded to a gateway router attdd¢o

the local area networkAN . Router in turn uses knowledge of connection togplto make intelligent
decision about how to forward each packet. Thieg@ss is repeated multiple times until packet finall
reaches its ultimate destination. Routers learmeotion topology by exchanging routing information.

Customer’s connection to ISP may be either Routdgriolged. Bridged connections are extremely popula
for residential accounts. Routed service is popfalacommercial accounts assigned a block of IP
addresses. Routed connections are more flexibl@sndssential if customer has multiple Internet
connections either for backup or performance remson

In a bridged connection customers are literallyt pathe ISP local network. ISP prevents accidefilil
and print sharing between customers by blockingatliconnection between customers.

With routed connection customer is assigned ormaare |IP addresses. Edge router, within ISP network,
communicates with customer’s edge router and fatvpacckets destined for customer network to it.
Customer’s edge router forwards packets to ISP.

1.1.5 Peering

ISP would not be very valuable if a customer cauity communicate with other users directly conneécte
to it. The early Internet consisted of a few noksrconnected by point-to-point links rented frtime Bell
System. As the Internet grew it became apparent thras a need for high-speed data network to
interconnect high usage nodes. Several companganlie specialize as Interexchange carriers (IXCGJ.
span continents and oceans providing the Interaetbone networkPeering pointallow IXCs to

exchange traffic among each other and accept taféict Large companies, ISPs and governments atinne
directly to peering points. Smaller ISPs purcheesadwidth from third party wholesale suppliers. Emel
result is regardless how one connects it is al@legtys possible to communicate with anyone elsthen
Internet.

Transit 1=2 {ransm ISP

Provid ions
rovider Nationa| ISP National ISP M National ISP Ry N2tenal ISP

T

Client
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- .

Figure 2 Peering



1.1.6 Multicast (IGMP)

Internet is a powerful communication medium. A cangp is able to connect to another anywhere in the
world virtually instantly. As powerful as this tyé communication is it is not well served to broasting,
delivering one program to many subscribers. Tradéi broadcast business model grew out of the
technical limitation of radio. Once a station islbowner acquires programs and broadcasting begins
Everyone within receiving range hears the samerprg

The one-to-one connection model used by the Intenades it difficult to cost effectively broadcast
programs since each listener requires a separateection and session. Internet Group Management
Protocol (GMP) creates the infrastructure to deliver a singleasth to multiple users. At each branch a
decision is made whether or not to forward theasirelf an active listener is downstream packets are
forwarded, if not they are dropped. This conseolemnel capacity by suppressing streams no one is
listening to. IGMP dramatically reduces server Isatte only a single copy of the material needseto
transmitted. Internet broadcasting is still iniftancy and IGMP is not commonly implemented by$SP
For multicast to function each router between seadd receiver needs to support IGMP.

1.1.7 Quality of Service (QoS)

Internet was designed as an egalitaliaat effortnetwork. This works amazing well for transferriagge
chunks of data from point A to point B. The netlwoontinues to operate in the presence of all sdrts
impairments and failures. However: best effort doaiswork as well with latency critical applicat®such
as telephony and streaming media when dealingaeitiyestion. For example during a Voice over IP
(VolP) phone call round trip latency should be underm&0Excessive delay makes carrying on a
conversation difficult and when extreme virtualiygossible. On the other hand if a print job is detha
little no one is likely to notice as long as it qulietes successfully.

When switch or router encounters congestion itdrsffncoming packets until it is able to forwardrth
Quality of Service QoS metrics allows latency critical packets go reegiviority service. This simple
strategy works well if latency critical traffic @small percent of total. QoS marks packets witDitiserv)
priority level. If congestion occurs higher valugcgets are delivered as quickly as possible. Loakre
packets are delayed during congestion or discalldgdg periods of extreme congestion. QoS service
allows more graceful degradation by moving higlopty packets to the head of the queue.

As discussed in a later section traffic shaping prederential packet treatment is controversiatwdek
Neutrality proponents are concerned ISPs will stbikisiness deals with partners to preferentialeeli
their data at the expense of competitors. It jgartant to remember Quality of Service mechanismeat
provide additional channel capacity. They simplyafine winners and losers. When channel capacigg do
not meet “offered load” (an old telecom term) sgmécy must be in place to deal with congestione Th
PSTNmanaged congestion by withholding dial tone aunrehg an “all trunks busy” message when call
could not be completed. The Internet handles ddlpying packets. QoS controls which packets get
delayed. Many argue deploying additional capaatyore cost effective then implementing a complex
differential service mechanism.

To be maximally effective QoS requires end-to-eadldyment. Technical and business problems facing
QoS is much the same as IGMP. There is little vahid “everyone” deploys it and little incentive be an
early adopter. ISP and all intermediate nodes te@abnitor packet privilege level and treat them
accordingly. Controls at each level need to marstatistics to preventragedy of the commoridf too
many packets ask for priority handling they allfeuf

Most residential broadband service is asymmetogyrdoad is much faster then upload. There is bemefi
shaping upload traffic so higher priority traffetreated preferentially at the edge of the custame
network. Customer’s edge router examines outboaoettgis and prioritizes them. Many residential raite
already do this to a limited extent giving TCP/IRKs preferential treatment. Similar treatment may b
applied to VolIP or critical gaming packets.



1.1.8 Service Level Agreement (SLA)

The main difference between residential and busiaesounts is Service Level AgreemesitA). SLA
defines things like: minimum speed, maximum latersgyvice reliability and mean time to repair. SLA
guarantees are one of the reasons business cag® g6 so expensive. Residential accountdbart
effort. If connection fails or experiences congestion ikSender no obligation to correct problem on an
expedited basis. SLA imposes performance guaraifi&emust meet and penalties if they do not.

1.1.9 Acceptable Use Policy (AUP)

Acceptable use policyAUP) defines customer responsibility, how service maywsed and penalty for
misuse. For example, residential customers aredllpiprohibited from reselling access or runniegvers
and ISP blocks certain types of traffic. In anmipéto reduce cost some residential ISPs imposgeusa
caps to limit monthly download and upload. Most’ESféserve the right to revise AUP at any time mgki
for a pretty one-sided contract. If ISP does notjate required core services will have to look efsere.

1.1.10 Customer Service

Regardless of how good service is on occasionbeithecessary to contact technical support to resolv
problems. Tech support responsiveness dramatiafitigts overall customer satisfaction.

Due to hyper competitive nature of residential blilmend most providers offer only limited help in
troubleshooting problems. Finger pointing can listiiating when a customer is trying to resolve a
complex interaction and ISP does not considetreit tesponsibility. Specialized web sites such as
Broadband Reporisan be an effective alternative. Broadband Rep®dsgood example of an Internet
community, members post questions and assist gaeh o

1.1.11 Billing

ISPs would not stay in business long if they cadtibill for service. Most ISPs offer flat ratellip

based on speed. Some ISPs, typically Cable andé&seset monthly quota that if exceeded results in
extra (sometimes substantial) bandwidth chargeduaed connection speed. During the Dotcom era many
dialup ISPs offered advertising supported free s&cdglost of these companies are long gone.

There is no comparable notion of telephone lontadie in the Internet world. It does not cost amyarto
send a message across the street as around tite worl

1.2 Non Essential Functions

This section examines services often provided BsIBut that can be provided by third parties argbime
cases even customer. This distinction is imporitattie Network Neutrality debate. If an ISP decittes
offer a non-standard or value-add service and oustar third party is able to supply similar seeviesult
is dramatically different then if ISP implement®prietary core services.

1.2.1 Virtual Private Networking (VPN)

Virtual Private Network{YPN) uses public Internet to create private commuimogtaths. Depending on
how it is implemented it may be a feature that dhiy ISP is able to deliver or something custonner o
third-party is able to engineer.

Large companies make extensive us®IBLS VPNto implement geographically dispersed corporate
LAN. To users, regardless of location, resourcgmapto be on the LAN. Service provider configures
edge routers such that data presented to it igetelil to the correct physical location. ISP prateeich
company'’s traffic so in is invisible to other conmpes.
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More MPLS/VPN details in thibletwork Worldarticle.

It is also possible for customers to create thein ¥ PN IPsec In this case customer, rather then service
provider, creates a secure end-to-end path thrtheghublic Internet. IPsec is used extensivelyufgpsrt
satellite offices and telecommuters.

1.2.2 DNS

The Domain Name Syster®S) provides translation of Uniform Resource LocdtdRL) to IP

addresses. Without DNS web sites would have tacbessed by IP address. By specification if DNS is
unable to resolve a domain name it returns an enemsage. Some ISPs have attempted to monetize entr
of incorrect URLSs by returning advertising suppdrteeb page if URL cannot be resolved.

DNS redirection is controversial. Some customers fimal redirection useful, other not. For those vdm
not it may be possible to disable this featureuortheir own DNS Resolver. For those who want to ru
their own DNS ResolverreeWalkis popular

1.2.3 E- mail

As with DNS just about all ISPs provide email.dwise to consider ISP e-mail account a throwawfay.
you change ISP or the ISP is sold email addressgasamaking it difficult for folks to stay in touctWe
are currently going through an email change with s&Verizon’s VT/NH/ME territory to FairPoint
Communication. For a more permanent address wsefdhe free e-mail services suchYahooor Gmail
or better yet register a domain name.

1.2.4 Usenet

Usenet Newsgroups are a valuable source of uptéif@rmation. Most ISPs includgsenetaccess. Due
to declining interest in Usenet and legal attaekated to pornography many ISPs are taking easyoway



and eliminating or scaling back support of Useblsenet access is also available from a number of
specialized companief®Newsadmirhas a nice comparison list of newsgroup providers.

1.2.5 Web Hosting

Many ISPs provide web site hosting for residentisdtomers. This allows customers to have an Interne
presence without need to register a domain namenatheir own server. ISP runs virtual server eimapl
many web sites to run on a single computer. ISP vesiing is a boon to residential customers by
providing a painless way to create web presencewith email and Usenet there are many hosting
alternatives unconnected with specific ISP.

1.2.6 Voice over IP telephony (VoIP)

Public switched telephone netwoRETN) represents a hundred years of engineering. Rgqeatket
based telephony has become a serious contendéerRia¢n traditional circuit switching Voice ovér |
(VolP) uses packet-based communication to deliver twg+wal time voice. Voice communication is very
demanding. Voice data rate is low by Internet stadsl only 8-64 kbps in each direction. Howevernlaye

is critical. If packets are delayed more then a fiesvdred milliseconds voice quality is seriouslgdeled.
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Figure 4 Voice over IP

As with any new technology many players have edténe market. Most will fail but a few will succedd
your ISP offers VolP check out the service thordyghhe asymmetric nature of most residential sgryi
upload being much lower then download, makes i émsaturate the connection. Some form of Quality
Service (QoS) may be required to mark VolP pacletsigh priority so they get preferential treatinen

In the US FCC mandated telephanenber portability In most cases you will be able to transfer your
existing phone number to new phone service.




1.2.7 Fixed/Mobile Cellular Convergence

There is tremendous interest in multimode cellplawnes able to utilize both traditional cellulatweark

and opportunistically, WiFi networkBixed Mobile Convergenc=MC) represents a win-win situation for
both customer and wireless provider. For providteusilizes the vast potential of the Internet gnivate
LANSs to remove traffic from expensive cellular radietworks. For customer it represents potentially
lower cost and better performance. For businagpitsents a way to eliminate traditional PBX dire
telephone infrastructure without paying extravagaetminute charges. Depending on legal restristib
may also offer arbitrage possibility for multinatad corporations to treat voice much like emailp&gsing
local phone companies and eliminating per minutegés.
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Figure 5 Fixed Mobile Convergence

An alternative to WiFi isemtocellsbeing offered by several Cellular phone compariestocells are low
power cellular base stations that utilize custombrbadband connection to deliver coverage toglesin
home. As with WiFi Cellular providers like it bacse it moves traffic off cell stations.

At this stage it is unclear as to ISP’s role in FM@eoretically any packet-based network can bd tse
transport voice. However, Cellular providers mayélectant to have just anyone connect directlhear
network. They may want to limit access to a fewsghoproviders. Only time will tell.

1.2.8 IP Radio

ISPs do not appear interested in becoming contggregators for radio the way they are for TV. Bilitew
then much lower bandwidth Internet radio is notladit different then Internet T\Radio-Locatoris a
convenient way to find over the air and Internelioa

1.2.9 IP Television (IPTV)

Over-the-air QTA), CableandDBS TV all use basically the same transmission schémaévidual

programs are assigned a channel within allocated@®Etrum. US channels are 6 MHz wide, in Europe 8
MHZ. Channels were initially specified to carrgiagle analog TV program. Migration to digital TV
enables multiple programs over a single RF chaduelto increased transmission efficiency.

IPTV represents a fundamentally different way to delivé leveraging packet-based technology. IPTV
opens the door to demand based programming. Inefegtthnging channel¥/6D) is more like going to



the library. Standard Definition TV (SDTV) prograequires 2-3 Mbps, High Definition (HDTV) about 15
Mbps. These rates are result of data compressaiptbcess images both spectrally (within the petu
and temporally (over time). Raw data is too higlh¢odelivered economically.
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Figure 6 IP TV

IPTV places strain on the network. Residential esagdel is one of bursty traffic such as loadingpwe
sites or email. Streaming TV and to a lesser éxtigaaming radio lock up significant bandwidth for
extended periods of time.

ISPs are interested in so-calleghle-play services: data, telephone, and TV as a way teaser revenue
per customer. IPTV opens the door to third-partywal as the ISP. IPTV dramatizes the disruptiveure
of the Internet. Since end of WWII Cable companié@®d cities to deliver broadcast TV over coax and
more recently fiber. Cable network was intimatedyibd to TV delivery. As residential broadband speed
increases the door opens for new providers to leucmihtent and deliver it without need to eithetdor
own the means of delivery.

1.3 Connection Sharing

Historically when a customer contracted with an t8& were given a block of IP addresses large gimou
to take care of their needs. IPv4 address shoftaged ISPs to rethink how they allocate scarcaesebs.
Most residential broadband ISPs restrict customergingle IP address. This creates a quandaryttow
cost effectively connect multiple hosts to the tn&#? The most common workaround is Network Address
Translation NAT) coupled with private IP addresses. IETF RFC 1@E@rved three blocks of IP
addresses guaranteed not used on the InternetuBetizese addresses are not used on the publicdnte
they can be reused multiple times.

Combining NAT, more properly Network Address Poraislation since both address and port number are
modified, and private addresses allow an unlimitechber of computers to share an Internet connection
even though ISP only provides a single IP addifdad. provides translation between private addresses
LAN and single public address issued by ISP on WAN.

LAN traffic is not affected by NAT. When a requesinnot be serviced locally it is passed to NAT eout
called a gateway. Router modifies packet by reptapirivate address with public address issued By IS
and if needed modifies port number to support mpidtsessions and calculates new checksum. Router
sends modified packet to remote host as-if-it-oiatgd-from-the-router. When router receives reply
modifications are reversed and packet is forwatdddAN. Router tracks individual sessions so mugtip
computers are able to share a single addressr /s faternet hosts are concerned entire LAN |dikdesa
single computer.
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1.4 Blocked Ports

Internet was designed as a transparent end-toieddllvery network. This means any host on therdmét
is able to communicate with any other h@stP/IPandUDP/IP use ports to allow host support multiple
simultaneous sessions. Ports are 16-bit unsigakebs yielding up to 65,535 ports for each conpecti
type. When a service is defined a port numberlecsed for initial contact. This is called the “Wihown
port.” For example the well know port fBfTTP Web access is 80. When a remote user attemptsiteect
it sends the request to TCP port 80. Once initalhection is established both computers agree to a
different combination of ports to use for ongoimenunication. An analogy is to think of well-known
port as a doorbell. If access to well-known psibliocked remote users are unable to connect. The
doorbell has been disconnected.

It is common practice for residential ISPs to blpckt 80 to prevent customers from running webssite
port 25 for mail servers to prevent spam, and piB8% 138, 139, and 445 to prevent remote access to
Windows LAN based file sharing. In an effort taloee file trading some ISPs throttle or block poded
for peer-to-peer (P2P) file trading applicatiomaphct of blocked ports varies. For example: | have
registered domain. | use outgoing TCP port 25 toranicate with my SMTP mail server to send eméil. |
my ISP blocks outgoing port 25 | will not be aldesend outgoing mail to my SMTP mail server.

To get around blocked port it is easy to reconfigegrver to use a non-standard port. If accegsiied to
known group it is easy enough to simply inform ge&e which port to use. If goal is wider public ess
use of nonstandard ports is a problem. Without kngywort number remote user is unable to connect.
URL forwardingis a technique to work around this restriction.

1.5 Servers and Dynamic IP Allocation

Most residential accounts are configured automiyieach time customer connects. Dynamically
assigned IP address makes it difficult to run aexelbecause address can change at any time pmyenti
remote users from connecting until they learn nddressDynamic DNSservice provides a workaround
to run servers on dynamic accounts. A daemon rarestber router or server to detect addresses esang
and notify dynamic DNS service. Even with autom&tS update there is still a period of time aftes t
address changes where server is not accessiblectined sessions are aborted. Dynamic DNS serviees a
really only suitable for casual personal serveo$ ousiness use.

1.6 Latency vs Speed

In the quest for ever-faster speed it is importanitto loose sight of the interplay between speet a
latency. As an example a truck carrying DVDs eithihigh speed (bits per second) once it arrivesalso
high latency because it takes hours or days fod#te to arrive. Latency is defined as time it saligacket
to go from source to destination. Factors affectiatgncy are: connection speed, modem overhead,
distance, speed of propagation and network corggesti

Modems operate on “chunks” of data increasing atdrecause entire block must be processed before
being passed to next stage. Data cannot be usitherifist bit in the bock is received. DSL modesften
use a technique called interleave to reduce seitygitd transient noise. This is effective in maiding
robustness by reducing effect of errors but adénty because it operates over larger data blamk. L
speed connections such as dialup often used smalbdet size to minimize this effect.

Light travels about 186,000 miles per second iruvat. Optical fiber is somewhat slower about 70% of
light in vacuum. A packet traveling the 3,000 frolaw York to LA takes about 25 ms in each direction.
To this one must add delay at each router betweearts and destination. Normally this delay is rgigle
but if network becomes congested router must teallyastore incoming packets until outgoing path is
free. In extreme cases router will discard pack&tisen that occurs upper level protocols either estju
retransmission (TCP/IP) or in the case of streardaitg (UDP/IP) fake missing data.
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Impact of latency is heavily dependant on typeaffic. Interactive use such as gaming and Voiocer ¢9
(VolP) telephony place stringent demands on latencylbutot require much bandwidth. File transfer on
the other had is relatively insensitive to latebcy places great importance on bandwidth.

Typical first-hop latency: T1 or FTTP 1ms, CableIDB)-30ms, Dialup 100 ms, Satellite 500ms. For a
more in-depth explanation sei’s the Latency Stupid

1.7 Asymmetric Speed

Most residential broadband service is asymmetogirdoad is much faster then upload. This is dome fo
technical and business reasons. The businessggmaposition residential broadband as primarily
consumption based and discourage customer frommgiiservers. Asymmetric speed allows ISP to
position residential service differently then besia and charge higher fee for business class servic

Low upload speed makes it difficult to run a serveuse Voice over IP since upload pipe is easily
saturated.

1.8 Traffic Shaping

Internet is designed as an egalitarian best effeitvork. This means as packets arrive they areegead
on a first come first serve basis. When enough mélazapacity is available incoming packets nevet wa
long.

Residential ISPs made assumptions about typicébes usage when they set monthly charges and
designed infrastructure. Business model assumeshybdata flows predominantly web browsing, email,
and occasional file download. Proliferation of PeePeer(P2B file trading and streaming video services,
such asrouTubeand IPTV upset these assumptions. ISPs are $itnigdg carry more traffic then
anticipated.

Some ISPs are responding with traffic quotas. Whestomer exceeds quota either speed is reduced or
additional charge incurred. Especially in the aafseellular providers this has generated press remeeof
to customer bills for thousands of dollars in ogeraharges. Some ISPs detect undesirable traffic an
throttle it.

1.9 Measuring Speed

LAN performance is rarely a speed determinate. &fsetypically limited by first-mile WAN connection
It can be a challenge teasing out various compsrafrend-to-end performance to see if ISP is waykis
advertised.

IP transmission splits data into 1500 byte churdted packets (1-byte = 8-bits). Some of the 15@@dH
are used for network control so are not availabteuber data. TCP/IP uses 40 of the 1500 bytes for
control. NOTE: this analysis assumes use of maxirize packets. Since overhead is fixed using smalle
packet incurs higher overhead. With 40-bytes reskfor control out of every 1500-bytes sent orgQ
are available for data. This represents 2.6% owaethe

Some ISPs, typically phone companies, use an additprotocol called Peer to Peer Protocol over
Ethernet PPPoR to transport DSL data. This is an adaptationPPRised by dialup ISPs. Telco’s like
PPPOE because it facilitates support of third pe8Bs as mandated by FCC. PPPoE appends an additio
8-bytes to each packet increasing overhead to #&slvgducing payload to 1452. Where PPPOE is used
overhead is increased to 3.2%.

Many phone companies use IP over Asynchronous Teahtode ATM) (AALS) to carry DSL traffic.
ATM was designed for low latency voice telephonyhéfld used for data it adds significant overhead. ATM

12



transports data in 53-byte Cells of which only 48 data the other 5 used for ATM control. Each 1500
byte packet is split into multiple ATM cells. A 18Myte packet requires 32 cells (32 x 48 = 1,534y

The extra 36-bytes are padded, further reducing Affidiency. 32 ATM cells require modem transmit
1,696 bytes of which only 1452 carry payload. Wh&Té//PPPoE is used overhead is increased to 14.4%.

TCP/IP overhead 2.6% efficiency 97.4%
TCP/IP/PPPoE overhead 3.2% efficiency 96.8%
TCP/IP/PPPoE over ATM overhead 14.4%, efficiency68o

It is easy to determine best-case file transfar ifahodem data rate is known. Broadband marketibe

may not the same as modem transfer rate. This malpbe to simplify marketing by presenting a nice
round number. Some Telco’s set transfer rate hititer marketing speed. When customer performs speed
test they receive value close to marketed speeast Broadband modems have status page allowingaiser
observe true transfer rate. Keep in mind thistie modem connects to ISP not speed computer canttect
modem or router with is typically 10 or 100 Mbps.

As an example our FairPoint 3000/768 ADSL serviag & sync rate of 3360/864, 3360 kbps toward
customer, 864 kbps toward Internet. FairPoint #deBoE and ATM yielding an overhead of 14.4%. Best-
case transfer rate is 85.6% of sync rate, resuiltirdy876 kbps down 740 kbps up. Typical file sfm

speed reported yroadband Reporisr Speedtest.nés shown below.

NOTE: This is best-case speed. Errors, transmissiorysiedac will reduce speed from this value.
The higher the speed the more impact even modgstiiments will have on thru put. Some ISPs
offer temporary boost during file transfer may teguoverly optimist report.

Figure 7 Speed Test Result

1.10 Speed Optimization

There are many urban myths about magical perforenanproving tweaks. System tuning can be difficult
because measurements are hard to duplicate. Matoydaare outside user’s direct control.

TCP requires receiver to periodically send an Aekiedge to let sender know everything is OK. If the
transmitter has not received acknowledgement afsends a number of packets it stops transmitiimd
waits. This is called the receive window. For hggleed connection or where latency is high default
receive window RWIN) should be increased to prevent pauses in tragsmis
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The other important tweak is packet size, callednttaximum transmission uniTU). Maximum packet
size is typically limited t01500 bytes. Normallydtsetting is fine for broadband access, dialu asmuch
lower MTU typically 576. PPPoE encapsulation a8dstes to each packet. This reduces maximum
packet size to 1492 bytes. If sender attemptsattstnit a larger packet it will either be rejected o
fragmented into two parts, with attendant perforogadegradation.

A suite of optimization tools is available Btoadband Reports Tool®nce the optimum setting is
determinedDrTCP utility can used to effect change.

1.11 When “Unlimited” Doesn’t Mean “Unlimited”

There has been much press about residential ISB&timg unlimited service and then imposing usage
caps for heavy users. Some ISPs have gone sotiarcali heavy users bandwidth hogs.

Controversy is not over ISP’s right to set termsigd it about misleading marketing. It is aboulingla
service unlimited then throttling or disconnectmgstomer if they use it too much.

1.12 When “Always On” Doesn’t Mean “Always On”

Broadband service is marketed as “always on.” Bxadbat this means is subject to interpretatione Th
most “on” service is a bridged or routed connectionfigured with a static IP address. Once sergice
configured connection is permanent and always abksluntil the next time the ISP needs to realltat
addresses or power fails.

Dynamic Host Configuration ProtocdDCP) assigns client an IP address for a limited pecaited a
lease. Before lease expires client automaticatgngits to renew lease. DHCP simplifies task of mganta
customer settings. From customer’s perspectivaa®eiy always on, lease renewal is transparent.eSom
ISPs bind IP address to hardware MAC address.r€bidts in same IP address being assigned as fong a
customer does not change equipment.

Point-to-Point-Protocol over Ethern&KPol or ATM (PPPoA emulates traditiond?PPdialup
connection. This type of service is common for AD8Lleverages ISP investmentRADIUS
authentication and billing equipment. Once custoim@uthenticated ISP issues IP address. If cdiomec
becomes idle the user is disconnected. Most resédeauters include a keep-alive mechanism so
connection is never disconnected.

Some ISPs, typically dialup, limit maximum contitugoconnect time. After a certain number of hours
connection is dropped and must be reestablished.

1.13 Security and Privacy

Internet is a rough and tumble world often likenedhe Wild West. The power of worldwide connedijvi
means anyone on the planet with an Internet cofmmes in a position to attack your computer. |Sften
block certain ports to reduce danger to unsoplaitgt users. Port blocking is a double edge swoid as
may interfere with customer’s use of the Inter&etme ISP's go further acting as firewalls to priotec
customers from hostile attack and examine emaiifmgerous content or attachments. Some users
consider this a great feature in the battle agaipain and viruses. Others see it as an unwelcanusion
in what should be individual control of network ass.

The ISP is privy to all traffic that flows througis system. This raises two concerns, nosey ISB's an

subpoenas. ISP can easily monitor how customersheasinternet, what sites they go to, what enhaiy t
send and receive and in some cases even snoo@aoeand passwords if they are sent in the clear.
Privacy concerns have been exacerbated with expagmesrnment snooping due to war on terrorism.
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Recent news reports indicate US government reqiiéSts to monitor customer traffic without a court
order. In most cases ISPs complied.

Privacy policy determines how customer informai®nsed and protected. It is reasonable to exjsdttd
collect and use information for diagnostic purposed to improve service. However, some ISPs sell or
otherwise make use of customer’s browsing habiis example as a way to created targeted ads. In
addition governments are pressuring ISPs to retstomer usage logs and make it available to law
enforcement years after the fact.

Popularity of wireless networks raises securitycewns. In a wired network attacker must physical
connect to network. With wireless an attacker caresdrop from some distance away. This is espgcial
worrisome with WiFi hot spots since they are inlmiplaces and integrity of owner is often unknowio.
protect against this when setting up WiFi at horse wireless protected Accesd8A2 mode. This
provides over the air encryption. When using publiit Spots one should be careful accessing any
resource over a wireless network where passwomdexahanged in the clear.

1.14 Network Neutrality

As Internet access becomes pervasive there is ggownsion between ISPs business practices anit publ
good. ISPs are concerned being relegated to contyrimaindwidth provider. As such they are frantically
trying to create business relationships with selaictl parties to offer bundled services.

Network Neutralityproponents are concerned ISPs will created waligdens and be in position to favor
some companies and disadvantage others. Opporfeéxié&iwork Neutrality argue ISPs ought to be able to
due anything they want with their own network.

The reason | went into so much detail earlier albegtired and optional ISP services was to identibse
services that only an ISP is able to deliver. Nekwdeutrality ought to insure network transpareiscy
maintained, innovation encouraged and ISP alloweaffer value add services while being preventedfr
acting as gatekeeper. Internet’s rapid rise in [@jiy is the result of its open architecture. Eptieneurs
need to be able to create new business modelmmdct with customers without requiring permisso
cooperation of network owner.

1.15 Finding an ISP

It can be difficult finding information about ISBsrvicing a specific location. For residential €isgt place
to check is local phone and cable companies. Sdate Bublic Utility Commission’s (PUC) maintain
broadband provider information.

For WISP checkout Broadband Wireless Exchangedyiag: WISP |locator service
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2 Plain Old Telephone Service (Dialup)

Dialup has come a long way from early Bell 103 nrad®perating at 300 bps to current crop of V.90/92
modems capable of over 50,000 bps. Dialup Inteanegss is available to anyone with telephone servic
Dialup modems can be used with both wired and leellthone service. Data rate is significantly slowe
over cellular and per minute connect charges aadnm. Almost all Dialup ISPs suppdfU-T V.90
modem standard/.90 modems deliver up to 56 kbps over the PSTN. Vedfuires ISP modem connect to
phone company digital trunk. Only a single digitaknalog conversion can exist between ISP and user
the US FCC power limitation reduces effective maximspeed to about 53.333 kbps. V.90 transmission
from subscriber to ISP uses V.34 mode limiting maxin upload speed to 33.6 kbps. V.92 increased
maximum upload speed to 48 kbps. If modem cannmect in V.90 mode it automatically falls back to
V.34 mode in both directions with a maximum speE836 kbps. Phone lines are analog only between
customer and central office or remote terminalth@t point they are digitized at 64 kbps. This nsean
POTS modem technology has reached its theoretiagimum speed. To obtain higher speed requires use
of different technology.

Figure 8 V.90/92 Dialup Modem End-to-End

V.92 is a minor enhancement to V.90. Upload speedcigased slightly to 48 kbps and implements faster
auto negotiation to reduce call setup time. V.4dhpession improved compression of reference tdat da
to 6:1 vs 4:1 with V.90. Compression increases epyaspeed because it reduces the number of bits
transmitted over the slow phone line. Modem on HM®H) allows modem to park a data session
allowing user to answer a short incoming call. Magks in conjunction with Phone Company Call
Waiting feature and requires support from the B2 modems are readily available but dialup ISP’s
have been slow to upgrade.

At connect time modem probes phone line to deteemiise and attenuation characteristics in ordeeto
initial connect speed. Speed is constantly adjustedsponse to varying line conditions. After neat the
ISP performs user authentication and assigns addiress. The most common method used to traverse th
dialup connection is Point-to-Point Protocol (PPPhis allows Internet Protocol (IP) packets be
transported over serial point-to-point telephon& bbetween user and ISP. Once PPP process is demple
user is able to access the Internet.

To obtain maximum speed V.90 and V. 92 modems reqfione circuit exceed minimum FCC
requirements. There are many effects that redwagimodem speed while not interfering with voice
quality. Dialup modem impairment@re discussed in a separate paper.

2.1 Dial Up Networking (DUN)

Dialup networking DUN) establishes connection to ISP. DUN support autizaddy dials ISP phone
number, waits for modem to connect then establiah@sint-to-point-protocolRPB session to ISP. Once
PPP session is set up ISP automatically configitgmrameters.
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2.2

MultiLink

In the quest for higher speed some dialup ISPsatppultilink. Multilink

binds two separate dialup connections into a sifegler connection. If
customer typically connects at say 44 kbps mukitioubles speed to 88 kbps.
Multilink requires two modems; two phone lines, amdISP that supports it.
Where available it is a useful technique to obtsdtter performance from
dialup.

Software at each end of the link splits date evéelyveen each connection
effectively doubling speed. Unfortunately becauatads still traveling over
low speed dialup multilink does not improve latency

Figure 9 Multilink Dialup ISP business model assume customers cofuraefatively short

2.3

periods of time. To enforce this most ISP’s enfadie and maximum connect
timeouts.

Dial Up Optimization

Compatibility - Proprietary ISP software makes it difficult argossible to use a router to share the
connection.

Cost Tip— make sure ISP has access numbers, Points @eeeBOB), close enough so calls are
unmetered. Failure to do so will result in a rudgpsise when the phone bill arrives.

Windows Performance in dial up networking uncheck "Log on to Netwdrkost ISP’s use
RADIUS authentication, eliminating Windows network logimeeds up ISP connection process.

Windows Performance- Depending on Windows version unchééétBEUI andIPX in dialup
networking. TCP/IP is the only protocol required.

Security- If computer is directly connect to dialup modanbind file and print sharing from
dialup. This prevents remote hosts on the Intefe@t gaining access to shared files

Call Waiting — Call waiting can be temporally disabled at tkgibning of a call. The sequence
varies by locale, in our area it is *70. Unfortuglgtsending the disable sequence to a line not
equipped with call waiting is interpreted as pdrthe dialed number, resulting in an incorrect
connection. This is a problem if the modem usedipiallines and not all are equipped with Call
Waiting.

Shared Line- if dialup modem shares a phone line there isipiisy of mutual interference. If
modem is in use picking up a phone will cause mottedisconnect. One can use a privacy device
that monitors phone line voltage to prevent thi$ieW phone is idle open circuit voltage is high
around 48 volts, when a phone/modem is in use g®lthiops to less than 10 volts. Privacy adapters
measure line voltage to prevent phone use if agalready in place. There are a couple of
inconvenient side effects to this. Privacy devioevents calls being transferred from one phone to
another and it confuses line use indicators buiti many phones. | designed/@dem Access
Adapterto prevent interference when modem and phone shareame line. Details are posted on

the Writings page
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3 T-1 and E-1 Carrier

The US Bell System developéddl digital carrier during the early 60’s to reductenoffice transmission
cost. Prior to T-1 analog frequency division mu#ipng (EDM) was used to carry voice traffic between
telephone switching centers. FDM carrier used dré-wircuit to carry 24 voice channels, one paieath
direction. T-1 was designed to carry 24 voice cleég)rfacilitating transition from FDM t&dDM. E-1

digital carrier, used in Europe, is similar trangjmg 30 voice channels. Each voice channel igtidiyl
resulting in a 64 kbps data rate. 24 channels redqub36 Mbps plus an 8 kbps control channel riegpin
data rate of 1.544 Mbps (E1 is 2.048 Mbps). T-1&8S-1 channel speed of 1.544 Mbps and is carried
over a 4-wire copper facility. Popular usage hasugded this distinction. T-1 is now commonly uged
mean any 1.544 Mbps service.

In the early 1980’s T-1 was trarrifed and made lalée to customers. T-1 continues to be extremely
popular in commercial service carrying both voiod data. Prices for T-1 have dropped dramatically a
technology improves and competitive pressure tgréditive high-speed services.

3.1 Converting Voice to Digital Bits

Voice grade phone service occupies the frequenog b&300-3000 Hz. Low frequencies are suppressed
to eliminate interference from power line noiseereasing upper frequency bound beyond 3000 Hz does
little to improve intelligibility, at the expensd greater bandwidth. Digital sampling must be perfed at
least twice the highest frequency of interest,rada rate of 8,000 times a second was chosenadt w
found sampling to 12-bits, resulting in 4096 pokesilalues, produced excellent voice quality. This
required a 96 kbps per channel data stream regtiltia composite data rate that exceeded what 1960s
technology could deliver. To reduce data rate exgjim decided to use only 8-bits or 256 values per
sample, resulting in a 64 kbps data stream. Tomika quality degradation, conversion is performed
logarithmically. When sound level is low samples elose together. During loud passages samples are
farther apart. This masks quantizing noise genéiayehe conversion procesg:LAW conversion is used
in US andA-LAW in Europe. The resulting digital signal is calledise Code ModulatiorPCM). 24

phone calls in US (T-1) or 30 Europe (E-1) areriataved using Time Division MultiplexinglDM)
combined with 8 kbps signaling channel resulting komposite 1.544 Mbps (US) or 2.048 Mbps data
stream.

PCM coding scheme developed for T-1 is what mak&® ¥nd V.92 dialup modems possible and also the
reason dialup is limited to 56 kbps. Logarithmimgding minimizes effect of audible noise but onlpas

7 of the 8 bits be used for data. 8,000 samplesgaynd times 7-bits per sample results in maxirdata

rate of 56,000 bits per second. Dialup modems heaehed their theoretical limit.

3.2 Channelized vs. Unchannelized

When used for Internet access voice channeliza&iorither required nor desired. T-1 data circaiits
unchannelized this exposes total channel caparityet IP layer. IP, rather than physical layerfqrens
multiplexing. Some circuits are provisioned to allfiexible control of channelization. This allows a
Integrated Access DeviceAD) to dynamically allocate bandwidth between voind data.

3.3 Provisioning

The original implementation of T-1 required regexters spaced every 6,000 feet. Regenerators recreat
bipolar signals, allowing T-1 to deliver very lower rates compared to analog carrier. Regenerators
be powered from the T-1 line, called a span, elating need for local power. T-1 bipolar signalisg i
relatively noisy. This requires care during cirquibvisioning to prevent interference between Thd a
other services, including other T-1s and DSL inghme cable.
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Early T1 required 4-wire circuit, 1-pair in eachedition. Newer T1 deployments using HDSL2 use glsin
pair for both directions. Digital signal processteghniques similar to that used with DSL reduckside
plant cable requirement and increases distancecegtwegenerators.

4-wire T-1 circuit can be up to 50 miles, with rageator every mile. Very long T-1 circuits are rare
nowadays as fiber is more cost effective.

3.4 CSU and DSU

Channel Service UnilgSU) is connected directly to the 4-wire facility. TG&U regenerates T-1 bipolar
signals before handing them off to Data Servicet IBEU). The CSU provides keep alive and Loopback
testing enabling Telco to monitor line quality.

T-1 uses bipolar plus and minus 3-volt pulses, betwpulses line voltage returns to zero. The Bligit
Service Unit (DSU) converts bipolar signals to agdyonous interface such ¥s35 using bothRS232
single ended anBS422differential signaling to connect to customer equént.

In the US CSU and DSU are built into customer psengiquipment (CPE), such as a T-1 router. In thte re
of the world CSU is owned by service provider, GR&udes only the DSU.

3.5 Smart Jack

When T-1 was developed the interface between CSU
and DSU, called DSX-1, was designated the
demarcation point between Telco and customer. DSX-
1 is still the demarcation point in rest of the ldor
During US deregulation the FCC defined the 4-wire
facility as the demarcation point. This caused
problems for service providers as now management
and quality assurance functions were no longer unde
their control but provided by customer premise
equipment (CPE).

The solution was the Smart Jack. It presents ard-wi
(2-pair) interface to customer and implements servi
provider Loopback test function. This allows Tetoo
_ perform testing and maintenance functions while
Figure 10 T-1 Smart Jack complying with FCC regulations.

Smart Jacks can be also used to deliver T-1 setwicastomers by converting other transmission reetse
typically optical, to T-1
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3.6 Beyond T-1

The telephone network is almost entirely digitadept 2-wire loop connection to analog POTS equitme
The digital carrier hierarchy is based on the notbvoice channels. The lowest level, called Rigit
Service 0 (DS-0), is a single PCM digitized voiaewit of 64 kbps. Next in the hierarchy is DS-4(2
voice circuits over T-1 carrier) operating at 1.94#ps, then DS-2 (T-2) operating at 6.312 Mbps
equivalent to 4 T-1 circuits. Then DS-3 (T-3) at@3b Mbps equivalent to 28 T-1 circuits.

Higher speed transmission is optical using SynatmerOptical Network§ONET) and ITU Synchronous
Digital Hierarchy GDH). Optical Carrierl (OC-1) and Synchronous Transport Signal Le&TS-1)
operate at 51.84 Mbps. Next in the hierarchy iSSTOC-3) 155.52 Mbps. Then STS-12 (OC-12)
operating at 622.08 Mbps and so forth. 10 Gbps $95(0C-192) is an interesting convergence paint. |
is the first time Ethernet and SONET/STS operatee@same speed opens the door for Ethernet being
carried directly over SONET.

For years 1.544 Mbps T-1 service was consideregl fast, and compared to dialup it is. Advent of low
cost residential broadband is driving demand far éaster commercial service at the same time it is
exerting downward price pressure. The good newsdmiers is the tremendous capacity of fiber. ©nc
fiber is installed increasing speed is often justaiter of changing access setting — cable plaht an
electronics are not affected. Even when electroméesis to be upgraded existing cable plant remains
unchanged.

Telco Digital Carrier Hierarchy

301.336 Gbpg OC-7144F
159.252 Gbpg OC-3072 STS-3072
100.000 Gbpg Proposed 100 Gig Ethernet (not paliggal hierarchy)
79.626 Gbpy 0OC-1536
39.812 Gbpy 0OC-768 STS-768 Telco convergencemrithosed 40 Gig Ethernet
9.953 Ghpg OC-192 STS-192 10G Sonet Telco coamergwith 10 Gig Ethernet
4976 Gbps 0OC-96
2.488 Ghpy 0OC-48 STS-48 2.5G Sonet
1.244 Ghpg 0OC-24 STS-24
1.000 Gbps Gig Ethernet (not part of digital hiehy)
622.080 Mbpg OC-12 STS-12
155.520 Mbpy OC-3 STS-3
100.000 Mbps Fast Ethernet (not part of digitat&ichy)
51.840 Mbps] OC-1 STS-1
44,736 Mbps| T-3 DS-3 North America
34.368 Mbps| E-3 Europe
10.000 Mbps Ethernet (not part of digital hiergfich
8.448 Mbps| E-2 Europe
6.312 Mbps| T-2 DS-2 North America
2.048 Mbps| E-1 DS-1 Europe 30 DS-0 voice channels
1.544 Mbps| T-1 DS-1 North America 24 DS-0 voiceruiels, Primary Rate ISDN
144 kbps| Basic Rate ISDN 2B (64 kbps bearer charnbl (16 kbps data channel
64 kbps| DS-0 (DS) Digital Signal, Single PCM voateannel
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4 Integrated Service Digital Network (ISDN)

Success of T1/E1 prompted Telephone industry
to look for a way to deliver high-speed digital
service directly to customer. Integrated Service
Digital Network (SDN) was supposed to be the
next big thing poised to revolutionize telephone
industry. Things have not played out that way.
ISDN has been relegated to niche service.

Basic rate ISDN provides two 64 kbps bearer
channels (B channels), and a 16 kbps data
control channel (D channel). Primary Rate
ISDN is basically a T-1 connection. ISDNis a

Figure 11 ISDN Terminal Adapter circuit switched technology with very fast call
setup time. Being digital full 64 kbps is
available.

ISDN requires a Terminal AdaptefA). TA connects to ISDN line, provides two POTS aggbhone
lines, and serial data connection. Both B chanmglg be bonded into a single faster 128 kbps cdiomec
Combined with automatic dialing and incoming catettion both channels can be used for maximum
speed when needed, while automatically falling kackingle channel during voice call. ISP needs to
support multilink in order to bond both B channfels128 kbps service.

ISDN, like T1/E1, allows use of regenerators teeext distance between customer and central office.

ISDN was touted as the next big thing by the tebeghindustry in early 1990s. However deployment
missteps and high cost have slowed deploymentNIBviable where other forms of high-speed access
are not unavailable but its window of opportuniisipassed.

Cost Tip— ISDN is a switched service make sure ISP hasssacumbers, Points of Presence
(POP), close enough so calls are flat rate. Fattud so will result in a rude surprise when the
phone bill arrives. Telco’s offer different typeSISDN service, for Internet access unmetered
service is ideal.

4.1 IDSL

A variation of ISDN, called ISDN digital subscriblare (IDSL), uses ISDN signaling to deliver 144 kbps
data only service at greater distance than tyé&il.

21



5 Digital Subscriber Line (xDSL)

Digital Subscriber LineSL) technology utilizes telephone copper wiring betwsubscriber and phone
company central office (CO) or Remote Terminal (RIYleliver high-speed data. This allows local
exchange carrier (LEC) to generate additional raedvy leveraging its massive investment in copper
outside plant cabling. Several types of DSL hawenbdeveloped hence the xDSL moniker. The most
common types are Asymmetric DSL (ADSEP92.] ADSL2 (G.992.3), ADSL2+ (G.9925) and
Symmetric DSL (SDSL). Telco’s like DSL not only asother revenue source but because it gets long
duration data calls off the Public Switched Telephdletwork PSTN). This minimizes need for expensive
upgrades to circuit switched phone network.

ADSL was initially developed for video on demand and beaen recycled for broadband Internet access.
ADSL has higher download speed, toward the subscriban upload. It uses frequencies above thasg us
with Plain Old Telephone ServicBQTS allowing it to coexist with voice service. Thidmmizes cost by
allowing a single copper pair to be used for bailte and data. A single line residence can beppgui

with both phone and high-speed data service owesdime copper circuit. Typical ADSL speed is 768 —
8,000 kbps downstream (toward customer) and 12®-kBps upstream (toward Internet).

The Digital Subscriber Line
Access MultiplexerDSLAM) at
the Telephone Central Office or
Remote Terminal is connected to
the customer’s phone line. The
voice portion is passed through a
low pass filter and delivered to
POTS phone switch. DSLAM
recovers customer data and uses
Asynchronous Transfer Mode
(ATM) to link customer to ISP.
Telco’s use ATM because it
facilitates support of third party
ISPs. At the customer location a
similar filter is used to separate
DSL from POTS. This can be a
single whole house POTS/DSL
splitter or filter connected ahead
of each non-DSL device.

Symmetric DSL(SDSL) is
typically marketed as a business
service. It requires a dedicated

copper pair not shared with

Figure 12 Shared ADSL POTS Service POTS. Being symmetric makes it
suitable for use with servers.

Maximum DSL speed is a function of line length,evirauge and line quality. ADSL service is limited t
about 18,000 feet, with closer customers eligibleiigher speed. RemoESLAMS, called Remote
Terminals (RT), shorten loop distance by moving@& AM closer to the customer. This increases
number of potential customers within range anddases maximum speed.
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Figure 13 ADSL First-Mile

FCC regulations require Incumbent Local Exchangei€a (ILEC) to allow third party Competitive
exchange carriers (CLECS) access to copper acetssnk. CLECs need to rent collocation space in the
central office to install DSLAMS and backhaul fa&@ds to transport data. Unlike Cable there areynan
ISPs that resell DSL. In that case customer datarsported over ATM network eliminating need to
physically install DSLAMs. As such they evolved@mplex interconnect scheme consisting of 1) playsic
copper loop, 2) Asynchronous Transfer Mode (ATMjual circuits to transport customer packets okier t
First-Mile network to the respective ISP 3) typit@P functions. DSL may involve three different
companies, ILEC supplying copper service, CLEQ finfe transport, and ISP doing the rest.

5.1 Splitter vs Inline filter

ADSL and Voice telephone share a single coppeuitirAt each end filters prevent DSL from interfegi
with voice phone service. To reduce cost ADSL iserproviders include inline filters as part of a
customer self-install kit. Customer is instructedrtstalled filter at each non-DSL device. Havingtomer
self-install filters eliminates expense of a truok.

An alternative to per device filtering is a wholeusePOTS/DSL splitterSplitter provides low pass filter
isolating voice from high frequency DSL. Splitteashtwo outputs; “Data” connected directly to DSL
modem and “Voice” connected to inside phone wirifigne splitter contains a half-ringer test cirafier
the low pass POTS filter. This allows removal oftnager in NID, minimizing DSL signal loading.
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Figure 14 Inline Filter and Whole House POTS/DSL Sitter

Splitter Advantage Splitter Disadvantage
Single device for entire house - Installation required
Better electrical characteristics - Dedicated run from splitter to DSL modem
Isolates inside wiring from DSL - Have to purchase separately
Isolates half-ringer from DSL
Works with home Alarm dialer

5.2 Impairments

DSL uses 100-year old copper telephone networlaty digh-speed data. This is an impressive
engineering accomplishment. Unfortunately not hbbpe lines are suitable for DSL. Assuming the local
central office (CO) or remote terminal (RT) is quped for DSL it may not be available for a numbker o
reasons. This section discusses common probleme/lagce applicable workarounds.

5.2.1 Loop Carrier

Digital Loop CarriefDLC), Digital Added Main Line (DAML) et al are technigs to allow multiple
customers share a single circuit. Phone compagiesoop carrier when there are no available ciscaritd
in rural areas where cost of active electronidess then running dedicated circuit to customer.
Unfortunately most forms of multiplexing are incoatiple with DSL unless designed to support it.

5.2.2 NID, MTU and Half Ringer

In the bad old days before US telecom divestit@B30 to early 1980’s) phone company supplied servic
installed and leased all required telephone equipn@&ustomer was prohibited from connecting anyghin
to the telephone network. With divestiture Phonenfany regulated responsibility was limited to
delivering service to premise. Inside wiring andipment became customer’s responsibility.

This created a dilemma for the Phone Company, lodetermine if a problem was their responsibility o
that of the customer? Enter the Network Interfaegife (NID). NID is the demarcation point, between
Phone Company and customer. It incorporates liggtprotection and a method to easily disconnect
customer premise equipment (CPE) from the telepheneork. Early NIDs used modular jack connected
to old style carbon block lightning protector. Otiene NIDs evolved into an integrated package.

The phone company uses automatic test equipmdaticakechanized loop testl( T) to periodically test
copper phone lines. They wanted a device; buit ihe NID, that allows MLT to determine where the
network ended and where customer responsibilitabeghere have been two different approaches $o thi
MTU and Half-Ringer.
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5.2.2.1 Maintenance Terminating Unit (MTU)

The MTU was the first device used during early datation. It is a pretty clever device. It consista
series pass voltage controlled switch on eachféigeoPlain Old Telephone Service (POTS) circuit.
During normal phone usage switch conducts and P&ju§ment operate normally. Testing, done at a
lower voltage, does not trigger the series elerttarg isolating CPE side from the telephone network.

Unfortunately MTU’s are incompatible with DSL. TBSL modem does not seize the line: that is cause
current to flow, which is what turns on the volteggnsing switch. The MTU effectively isolates DSL
modem from the telephone network.

If your line has an MTU it must be removed. Fors@as too involved to go into here MTU's caused iothe
problems and have not been used for years. In cassis MTU have been removed from phone line long
ago, but it is possible to still have one. Autondaiesting should flag the existence of an MTU, ittt
always. MTU being a series pass device has foudisldao connect to the Telco side the other twoRdE.

5.2.2.2 Half-Ringer

Half-Ringer is a simple circuit that emulates diges electromechanicalestern Electricinger providing
test signature for automatic test equipment. Istxia of a capacitor, resistor, and back-to-badkere
diodes. ADSL is designed to operate in the presehachalf ringer so in most cases it will haveefiect
on ADSL. It does represent a small load so if dig;hanarginal removing it may help. SDSL is noteatd
operate in the presence of a Half-Ringer and ittrbasemoved for SDSL service.

Excerpt fromDSL ForumTechnical Report 013.

It has been standard practice in many areas of the United States
to install, at the Network Interface Device (NID), a network
termination device called a half ringer. It is an e xample of an
AC termination device since it is detected using AC techniques.
A normal POTS mechanical ringer is made up of an in ductor and
capacitor in series bridged between Tip and Ring. T he half ringer
is a capacitor in series with a zener diode and res istor. This,

in the U.S., is a 0.47 micro Farad capacitor withou t the addition
of the inductive part of the circuit, hence the nam e ‘half’

ringer.

5.2.3 Distance

ADSL service is limited to about 18,000 feet. SdieCs are installing Remote Terminals (RT) to resluc
cable distance allowing them to serve more custsmehigher speed. Newer DSL equipment has slightly
extended maximum distance. Obtaining accurate jquteraistance estimate can be a difficult. The
effective wire distance between DSLAM and custoim@ften substantially longer than driving distance
making map based estimates questionable.
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Figure 15 DSL Distance vs Speed

Aware published a gre#lthitepapereviewing differences between the various versmsDSL.

5.2.4 Bridged Taps

When telephone feeder cable is installed it iskmown how many customer circuits will be neededaath
location. The solution is to run a large feeddrlegpast many customers. As service is installed th
technician selects an unused cable pair and sptiteshe drop cable. The circuit feeding the drogy
continue for hundreds or thousands of feet beybadttistomer, this results in a bridged tap. Briciaed
are of no consequence for telephone service butlegrade DSL. The presence of a bridged tap causes
DSL signal split at the tap going down both patken it reaches the end it is reflected back inline,
creating interference. DSL is designed to tolesatme amount of bridged tap, but if circuit is maggiit
may cause problems or push customer over distamite $DSL providers typically pay Telco to remove
bridged taps. This is expensive and is not ordipdone for low cost residential ADSL.

5.2.5 Load Coils

Resistance and impedance attenuate signals. Tag &f more
pronounced at high frequencies and long circuitsid coilsare used on
long loops to cancel these harmful effects resglitmbetter voice
characteristics. Load coils are typically instaltadloops over 18,000 feet.
H88 load coils, the most common type, are spacedye;000 feet
beginning 3,000 feet from the central office.

Unfortunately load coils are incompatible with DSlhey flatten response
over the voice frequency range but severely attenbigher frequencies
used by DSL. If Load coils are present they mugtelmeoved prior to
Figure 16 88 mH Load getting DSL.
coils
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5.2.6 Noise and Crosstalk

Telco feeder cable carries many different servie&3TS, ISDN, DSL and T-1. Phone circuits often elps
parallel power lines picking up power line noisapkrfections cause unintentional coupling from one
circuit to another. This raises the noise floondfse becomes excessive speed is impacted.

Residential DSL is not typically warranted for spei is a best effort service. If noise is presdunting
phone call customer is more likely to get problesotved than if it only affects DSL or dialup.

5.2.7 Interleave vs Fastpath

DSL lines are susceptible to noise bursts from mamyrces such as: lightning, ignition noise, radio
transmissions and power line faults. DSL spec wgiteere aware of this and included forward error
correction EEC). FEC adds redundant check bits to data streanwi$ke corrupts data check bits are used
to recover from error. As long as only a few bits damaged receiver is able to correct errors avpid
need for retransmitssion.

The key is only a few damaged bits can be recovéf@dise burst is long it corrupts too many ks
receiver to undo damage. In that case bad packessised to higher layer protocol. TCP/IP TCP retgues
retransmission. Needless to say that takes a "ltmg. UDP/IP, used with VolIP and streaming datasdo
not have a retransmission scheme. There is notgeniime to retransmit data before it is needed by
application. Streaming applications have provisitnfake missing data. How badly missing data a$fec
quality depends on application and how extensieeddimaged.

When interleave is turned on bits from several #amre interleaved in time. If noise burst is logigtive
to bit time it corrupts many bits. When receiveindierleaves data corrupt bits are now spread across
multiple frames - increasing chance FEC is ableotwect them. This eliminates need for retransorssr
application having to fake missing data.

As speed increases number of bits affected byengiwise burst increases. Lets say a noise bursipts
a single bit at 768 kbps. At 1500 two bits and@@@Bthe same pulse affects four. As transmissieedp
increases signal to noise margin decreases mald@ngmission more susceptible to noise corruption.

Downside of Interleave is slightly higher first hBjing, because multiple frames are processediagle s
entity. The penalty for Interleave goes down agdpges up since a given frame takes less time to
transmit at higher speed. Unless you are an aviteginterested in absolute lowest possible ping tim
Interleave is transparent. Other network issueallysswamp out the slight increase (10-20 ms)iist faop
ping. Telco’s did not implement Interleave to anmgayners; they did it to improve overall customer
satisfaction.
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6 Fiber to the Curb (FTTC)

VDSL2 is optimized for very high-speed service over shaops. The sweet spot for VDSL2 is 50 Mbps
@3,000ft. To deploy VDSL Carriers are building sdled fiber to the curbHTTC) networks. Video ready
access device/RAD) cabinets are deployed in the field and linketetephone central office via fiber.
Cabinets are located close to customer to keepdistances under 3,000 feet.

Figure 17 Fiber to the Curb

To shorten customer loop DSLAM must be locatedhenfteld
near customer. This requires active electronictetver triple-
play services (phone data video) and backhauidraffCentral
Office over fiber.

VSDL is fast enough to deliver limited televisioergce while at
the same time providing high-speed Internet. Stahdefinition
TV (SDTV) requires 2-3 Mbps per program while hidgfinition
(HDTV) about 15 Mbps.

VRAD are controversial because they are ratheelargl targets
for graffiti. VRADSs are typically located near etirgy
crossconnect boxes to gain access to customer icojppait.
VRADSs require both AC power and backup power. AT&T
experienced early battery problems, since resolved resulted
in several explosions.

Figure 18 VRAD
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7 Data Over Cable Service Interface Specification (  DOCSIS)

Cable TV CATV) started in the 1950's as Community Access TVr@aa where roof top antennas did not
provide adequate reception. Early pioneers foheg tould locate a large antenna on a local montatai
and distribute broadcast TV over coax cable. Byli®@0'’s the industry was looking for new revenue
opportunities and ways to fend off inroads beinglenby Direct Broadcast SatellitBBS).

Historically Cable TV has been a one-way medium.sighals originate at the CATV Head EmdE) and
carried over coaxial cable to subscribers. To acaodate Internet service the Industry needed toagmgr
unidirectional one way “broadcast” cable distribatiwith a bidirectional system. This involved regitey
distribution amplifies with bidirectional amps. Rieus upgrades had replaced the coaxial networtk wit
Hybrid Fiber CoaxKIFC). Fiber is deployed deep into the CATV networkdRedant fiber loops
interconnect the Head End to hubs. The hubs indanmect to local nodes that convert fiber to c@@oax
is only used for relatively short distance connegindividual subscribers to HFC network.

Figure 19 HFC Distribution Network

CATV industry worked hard to standardize cable nmslso they can be purchased retail like dialup
modems. The industry is rapidly adoptiD@CSIScreated byCable Labs DOCSIS 1 delivers per

segment bandwidth of up to 40 Mbps toward custcaner10 Mbps upload. DOCSIS 2 increases upload to
about 30 Mbps. DOCSIS 3 increases downstream tdVils and upstream to 100 Mbps. This is the total
data rate for a particular node that may consist D80 customers. Typical CATV service offerings 2-

20 Mbps down (toward the customer) and 2-5 up. Rlegdk rate is typically much higher then that

available over DSL.

DOCSIS delivers about 40 Mbps over each RF chaallgdated to Internet use. A TV channel (6 MHz
wide in the US) is reserved for data service tovgrdscribers. DOCSIS 3 bonds multiple channels to
obtain greater speed. Upstream data path is maikening. Upload is carried in band below lowest T
channel. Distribution amplifiers had to be replaegith ones capable of amplifying signals in both
directions. The Head End recovers these signasautes them to Internet exchange carriers.

Some early Cable Internet deployments were unitiimeal. Cable network was used for downstream
transmission and dialup for upstream. This allo@&d'V operators to quickly offer high-speed Internet
service prior to upgrading cable facility to cabiydirectional data.

The industry is actively courting commercial cuséss While DOCSIS can be used to service commercial
accounts the preferred methodNsvelength Division MultiplexingWDM uses different “colors” to share
single fiber.
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Figure 20 DOCSIS Architecture

At customer premise coax transmission line is $plttvo drops. One drop feeds DOCSIS modem other
feeds one or more TVs. This insures maximum sigtmahgth for cable modem. DOCSIS uses one or more
RF channels to deliver data to customer and logugaecy band below first TV channel to upload tcaffi

In modern HFC CATV networks coax is used for atreddy short distance, between hub and customer.
Fiber is used as inter hub backbone because siifitsrior transmission capacity.

7.1 Impairments

The CATV network, much like the phone network, basn pressed into service to deliver high speed
Internet connectivity. There are a number if issh@s interfere with obtaining maximum possibleespe

7.1.1 Shared Medium

Cable is a shared medium. Each user competes thignsoon the same segment. While all Internet a@cces
is shared at some point Cable is shared in therfile. As more customers subscribe Cable provider,
called Multi System OperatoSO) must reduce number of subscribers per segmetliger acceptable
service.

This is why Cable industry has been so aggressirgafter “bandwidth-hogs,” customers that either
upload or download a lot. It is not uncommon teendaily/monthly cap on residential cable accoulfits.
cap is exceeded speed is throttled or service diiszed.

7.1.2 Limited Upload

DOCSIS uses a time slot mechanism, called Timesiaini Multiplexing TDM), to facilitate equitable
upload over the shared cable segment. The Cahlistiydassumed customers would primarily use
download capacity. Customers are taking advantafigernet peer-to-peer capabilities to create laost
their own data, use Cable for Voice over YRIP) telephone service, and peer-to-peer file shaiiigs
creates a strain on limited Cable upload capability
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8 Cellular

Cellular phone service is hugely popular. Whattsthout as an expensive lunchbox sized 2-way radio
phone a couple of decades ago has shrunk to srttadiera pack of cigarettes and is considered antak
part of everyday life by much of the populatioron® customers, especially younger ones, use aedlsla
their primary phone forgoing wired phone servidegéther. The attraction of wireless connectivityiot
limited to voice. Almost from the beginning Cellulaas pressed into data service, typically witls fgen
stellar results. The landscape is changing asi@elproviders offer a verity of fast wireless datavices.

United States situation is somewhat unique compiareest of the world where national cellular start$
exist. FCC has not mandated a single US celludardstrd. This resulted in a confusing patchwork of
competing standards but it also allowed compamwigapidly bring innovative services to market. Earl
cellular protocol was analog: Advanced Mobile Ph8ystem AMPS). Modern cellular networks are
digital. Most of the rest of the world uses GloBgktem for Mobile CommunicationGEM). In the US
some carriers use GSM others Code Division Multfdeess CDMA2000).

8.1 AMPS - Cellular Digital Packet Radio (CDPD)

Cellular Digital Packet Dat&@DPD s the granddaddy of wireless data
service. It uses analog AMPS to deliver an anenfi@m® 14.4 kbps. That was
not too bad a decade ago but is painfully slowyotléith AMPS being
phased out CDPD is also at end of life.

8.2 CDMA2000 - Evolution Data Optimized (EvDO)

Modern Cellular network is digital capable of fastata transport then
previous analog generation. CDMA2000 cellular neksdave several
planned data enhancement called Evolution-Datan@p¢idEvDO. EvDO
delivers download speed in the 3.1 Mbps range «Mbps up.

8.3 GSM - Enhanced Data Rates for GSM (EDGE)

General Packet Radio ServigeHRS was the first data enhancement to
GSM. Typical GPRS speed is about 32-40 kbps. Avaroed version of
Figure 21 EvDO GPRS Enhanced Data Rates for GSM Evoluti&GE) triples data rate.

Radio

8.4 GSM - High Speed Download Packet Access (HSDPA)

High-Speed Download Packet AcceBESOPA) is the latest flavor of data service provided3yM.
HSDPA delivers about 3.6 Mbps.

8.5 GSM 3GPP Long Term Evolution (LTE)

LTE is part of the Third Generation partnership profec GSM networks. This is still a work in progses
though trials have begun. Focus is migrating catldiata to packet based, rather then circuit setiich
network and delivering substantially higher spdezhttoday’s cellular network. LTE will deliver Mult
megabit speed with very low latency.
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9 Wireless (WISP)

In areas not served by wired high-speed accesd&§&¢SPs (WISP) are rushing to fill the void. Tingt
guestion that comes to mind is what is the diffeeebetween Cellular and WISP? Cellular begarelfa
voice centric service then added data as an enheemte Cellular services are optimized for use vhil
customer is in motion; WISPs are optimized for dixecation use. WISPs use either Point-to-Point or
Point-to-Multipoint distribution network. In somages customer’s equipment acts as a router creating
mesh networko expand service footprint. WISPs use radiosdparate in both licensed and unlicensed
bands. Optical units do not have to be licensadriust meet safety standards as pertains to laghts.

9.1 Multipoint Radio

Wireless ISPs use a central radio to cover a lang#ory
eliminating need to run cable to customer’s premRadio
technology is ideal for rural areas where low pagiagh
density makes installing copper or fiber too castly
picture shows signal may take a direct path or if
obstructions ISP may deploy Repeaters. Repeateaact
router forwarding packets and extending coverage.ar
Directional antenna can create multiple sectorseging
total bandwidth.

Radios may be either proprietary, Motor@anopygear is
very popular ofEEE 802.16World Interoperability for
Microwave AccessWiMAX ). WiMax trade association is
promoting this evolving standard and hopes maks it
successful as WiFi has become for Wireless LANSs.
. o ] WiIMAX is specified to operate in 2.3-2.7 GHz an8-3.8

Figure 22 Multipoint radio GHz licensed bands and 5.725-5.85 GHz unlicensed.ba
Distance is about 10 miles in Non Line of Sight (D&)
and 30 miles over line of sight (LOS). Maximum dedte
is about 50 MbpsClearwireis marketing WiMax service.

9.2 White space Broadband

White Spaceefers to unused TV channels. As part of convertidDigital TV FCC is investigating
allowing unused TV channels be used for low powégrhet access. Equipment vendors and service
providers created thé/ireless Innovation Alliancéo exploit unused TV channels for data communicati

The Cable industry expressed concern nearby tratesmivill cause unacceptable levels of interfeeenc
with consumers AV gear due to signal leakage.

9.3 WiFi Hot Spots

The tremendous popularity #8EE 802.11WiFi Wireless LANs created the
phenomena of WiFi hot spots. Shops and hotelsant government
agencies use WiFi Access Points to cré/diEi hot spots Customers near
hot spot have high speed Internet access. In sasesservice is free in
others it is pay to play.

WiFi was designed as a short-range wireless LANerApts to provide
citywide coverage using WiFi have met with gredficlilty.

Figure 23 Outdoor AP
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9.4 Optical Point-to-Point

Point-to-Point links are often optical. Opticalarfiaces are inexpensive compared to RF and vetyTas
downside is birds, fog and snow obstruct transmispath. Canobeamroducts are typical of free-space
optical gear.

Figure 24 Point to Point Free Space Optical Link
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10 Satellite

Satellites act as a very tall antenna vastly exjpancboverage area. Geosynchronous satellite usersaty
high orbit so they appear to be stationary. LowtlEarbit satellites require a large number to cdtier
entire globe.

10.1 Geosynchronous

Science Fiction author Arthur C Clark is
generally credited with proposing the notion of
geosynchronous satellités his 1945 paper
Extra-Terrestrial Relay$On Earth this distance

is about 22,300 miles, now called the Clark
orbit. Clark’s idea has been a boon to Radio and
TV broadcasting.

Orbital time is a function of distance. The
farther a satellite is from earth the longer the
orbit duration. Clark realized that at a certain
distance orbital time would equal 24 hours. If
the satellite is in equatorial orbit a 24-hour brbi
means the satellite appears to stay positioned
over the same spot on Earth permanently.

HEETFAIR
B! Dot
—

The great height of geosynchronous satellite
creates continent sized signal footprint for each
satellite. Since satellite appears fixed in space
expensive antenna tracking mechanisms are not
Figure 25 Geosynchronous Satellite Internet required.

When small aperture Direct Broadcast SatelliiB$) TV became popular it was natural to adopt this
technology to high-speddternet accessOne-way implementation uses satellite link fayhhspeed
download and dialup modem for upload. Two-way sErvises satellite link in both directions.
Unfortunately the great height of geosynchronott @dds significant latency making this type afviee
more appropriate for file transfer than interactivewsing. One-way latency Ground—Sat--Ground is
about ¥2 second (250 ms). If the satellite is usdubih directions latency is about 500 ms. Whetugdiss
used for upload total latency is reduced to ab&0tiBs.

Satellite capacity is shared by many uses. Seprieeiders implant Fair Access PolidyAP) to allocate
capacity equally to all customers.

10.2 Low Earth Orbit (LEO)

To reduce high latency satellite has to be clasé&arth. There have been several attempts to use Lo
Earth Orbit LEQ) satellites to provide Internet communication sanbut they have not been
commercially successful. Covering the globe requireonstellation of hundreds of expensive satsllit
The two most famous attempts wéridium andTeledesic
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11 Broadband over Power Line (BPL)

In the quest for high speed Internet access whaitaddectric utilities? One would think they arellwe
positioned to take advantage of demand for broadibaness. A speaker mentioned in a seminar | a&tend
several years ago electric companies are idea#iifipped to be broadband providers because theg:Hjv
Rights of way, 2) Guys with trucks, and 3) know himvwsend out a bill every month. In short they age
be well positioned to roll out high speed Interaetess. Alas except for a few isolated cases &usht
happened.

Figure 26 Broadband Over Power Line

Recently the media has been playing up news abmaddand over Power LineBFL). Rather then string
fiber several companies are looking at feasibdityising power line itself to carry bidirectionadtd. The
same technique that shoehorns megabit DSL ontoeplimes can be used to send bits over power lines.
Electric utilities have some experience with tleishnology. They use a much slower version to tramnsp
telemetrySCADA data from remote substations for years.

As with all new technology there are many playerd many press releases about how this will
revolutionize broadband access. The skepticalrgbsshould keep several questions in mind. Whttes
benefit of using this compared to “real” wirele$§@at sort of performance can be expected when
thousands of customers use the network? Will thisse unacceptable level of interference to existgp
users? Th&RRL has been very vocal with concerns BPL will inceetiee noise floor negatively impact
amateur radio operations. This is an important iciemation as Amateur Radio Operators often aredall
to provide emergency communication during disasters

35



12 Fiber to the Premise (FTTP)

The holy grail of broadband is fiber optic servatkthe way to the customer, callEter-to-the-Premise
(FTTP). A fiber network costs $1000 to $2500 pembgassed. To put that number in perspective it is
about twice what a copper plant costs and aboeettimes that of Cable. Service providers aredfadth
the difficult business decision of choosing to istvia technology to extend life of existing coppetwork

or take the plunge and install fiber. Deployingefitputs the company in a very strong competitivatjom

but demands tremendous capital investmeriple-play service: voice, data video takes advantage of fibe
capacity to deliver converged services.

High cost of deploying FTTP has been an impedineatoption. Companies are working hard to reduce
both labor and component cost. As more systemimsialed cost is falling rapidly. These effortaiga

from use of fiber optic ribbon cable and preterrtédacable assemblies to installing fiber in sewaimns or
abandoned water and gas pipes. Vendors are wotdkirggluce cost of components needed to convert
between electrical and optical signaling.

FTTP can emulate analog plain old telephone sef#EEr'S by reserving channel capacity and encoding
phone calls optically. To subscriber service isitaml to existing phone service. Implemented tésy
phone service is invisible to broadband connectiois.also possible to implement as Voice over IP
(VolP).

FTTP facilitates delivery of TV programs in additito data and voice. Legacy Cable Hybrid Fiber Coax
(HEC) network can be emulated by encoding TV prograntsusing another “colofambdato transmit
them over fiber. At the residence optical signalaaverted to RF and delivered over standard ceed u
for Cable and over the air reception.

Speed of optical networks makes them ideally suited/ideo on Demand\{oD). Video on Demand
requires tremendous network capacity, especialifoTV. Each HDTV program requires about 20
Mbps. 100 Mbps broadband is enough to deliver iddi&d HDTV programs to a family of four with
enough left over to Internet.

12.1 Controversy

FTTP represents a complete rethinking of how waeehmunication services are delivered. Building a
FTTP network is a major construction project inwotyinstallation of fiber cabling, termination féties
and customer premise equipment.

12.1.1 Power Outage

Legacy analog POTS phone network is powered bphelee switching office. During power outages
batteries and diesel generators maintain systenepimgefinitely. It is not feasible to deliver pomaver

an optical network. Customer’s terminal equipmertiattery backed so during power outage it coninue
to operate. Backup time is a function of battergsLarger the battery longer service stays opmrali
during a power failure. Batteries are relativelpghived components and need to be replaced degary
years at customer’s expense.

12.1.2 Copper Decommissioning

Fiber outside plantdSP is much more reliable then copper dramaticaljumng maintenance costs.
Phone Companies have made no secret long-termggmatliscontinue use of copper outside plant. €htrr
FCC regulations require Incumbent Local Exchangei€a (LEC) to share certain copper unbundled
network elementsUNE) with third party service providers.
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12.1.3 ONT Installation

There have been numerous horror stories about datoagther utilities and homeowner property during
installation of FTTP. There have also been problerhere CPE was installed in violation of National
Electrical CodeNEC) requirements.

12.1.4 Competitors

In the US telecommunication deregulation requitesng companies to share certain portions of their
network with competitors. That is no longer theecadth fiber.

Once a locality is wired with FTTP it makes litHense for a competitor to do so. First-mile isrttest
expensive and lest profitable portion of the glaieéécommunication network. This creates policyéssas
to the role of first-mile providers to society awhole.

12.1.5 Municipal Broadband

Some municipalities frustrated by the slow roll otihigh-speed service are installing their owrefiand
renting it to third party service providers or deling data, video and phone service (triple play)
themselves. Currently this is a hotly debatedaophould municipalities build their own fiber netrk or
is this is best left to private enterprise?

12.2 Point-to-Point Ethernet

IEEE Ethernet in the First Mile working group deyeéd both PON and Switched Ethernet version of the
specification. With Switched Ethernet a custometiiectly connected to a port on an Ethernet edge
switch, typically located in a remote enclosuratigkly close to customer. The advantage of thig@gch

is costly electro/optical interfaces only need apeat link rate, typically 100 Mbps rather thegrzgate
PON rate. Customer premise equipment is cheapeg gionly has to convert a point-to-point optical
interface to Ethernet.

Switched Ethernet simplifies provisioning. Onceuatomer is connected, increasing or decreasingacce
speed can be performed by a command sent to tleessdtch. Whereas with PON customer provisioning
may require sending a craftsperson out to physicatidify split ratios. Privacy is very good, asynl
traffic destined for the customer is visible attonser’'s drop. Down side is requirement for remote
equipment huts to house Ethernet switches and lgagower.

12.3 Passive Optical Network (PON)

Passive Optical NetworlPON) uses a single optical fiber to deliver serviae82 or more customers.
Traffic toward customer is broadcast to all endiblpstream traffic utilizes a time division-mpléxing
(TDM) scheme to insure access fairness. Traffic towastomer and toward Internet is carried by
different colors, called Lambdas. Advantage of Pi®Hlimination of active electronics in the fieldd
reduction of number of fibers used to connect austs. Passive convergence points house opticéespli
used to connect multiple customers to single il

PON networks are able to deliver TV by using aetéht Lambda to carry RF CATV signal over the same
fiber used for data. This technique is called Wength Division Multiplexing (YDM). WDM s the

optical equivalent of Frequency Division Multipleg EDM) used at lower frequencies. At customer
location an optical/electro converter translateNRiptical signal to traditional ATV coax electrical
interface, much as a node does in CATV networks Pnéserves backward compatibility with legacy
CATV network — as well as its technical limitations
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Figure 27 PON Outside Plant

12.3.1 Ethernet PON

IEEE Ethernet in the First Mile working group deyedd an Ethernet version of PON that does away with
ATM and delivers Gigabit speed. E-PON is fastentBePON (622/155 Mbps) but not as fast as new ITU
GPON (2.4/1.2 Gbps). Second generation Ethernet PGidases speed to (10/1Gbps).

12.3.2 A-PON B-PON

ATM PON uses ATM to provide data and voice virtuat@its over single fiber. APON specification
delivers aggregate bandwidth 622 Mbps down andMbBps up. Maximum fiber distance is 20 km (65
kft). B-PONuses a third optical wavelength to emulate lega&¥V network for triple play service. ATM
is used for transport reducing effective IP paylbgdibout 10% due to ATM overhead. One also nemds t
factor in AAL2 POTS voice channels at 64 kbps eahsuming a 1:32 split ratio B-PON delivers about
18 Mbps down and 4.5 up to each customer.

1550 nm is used to emulate CATV Hybrid Fiber Cadk() network. Inthe US TV channels are 6 MHz
wide. Each channel can be used to send a singlegg8&®TV channel or up to 40 Mbps of data. Data can
be digitally compresse8DTV, HDTV or radio.

1490 nm is used to transmit data toward the custolfaeh ONT “sees” all packets on the cable. Howeve
only those destined to the customer are forwardexdistomer’s Ethernet connection.

1310 nm is used to transmit data from customerNh.OUpstream traffic is based on a time division-
multiplexing scheme to insure fairness. Unusedssioe reclaimed and are available to other custmer

The system being deployed bgrizonincludes 4 emulated POTS channels. This is not&over IP.

POTS channels are carried over ATM, making thersible to Internet traffic. Voice quality is ideoél
to regular POTS, typically better due to short thraf copper circuit.
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Figure 28 B-PON Triple Play

Figure 29 ONT Figure 30 ONT UPS and Power Supply

Verizon residential PON installation consists of@ptical Network Terminal (ONT) typically mounted o
exterior wall and a battery backed power supplidmshe home.
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A single fiber connects ONT to the PON network. i¥en is making heavy use of preterminated fiber to
reduce installation cost. Fiber and UPS wiring @mro left hand Telco side of the ONT. The rigabt

customer side has four analog POTS interfaces,@mfector for TV and a RJ45 Ethernet connector for
data.

During power failure Internet and TV portions aheislown after a few minutes to conserve battegy lif

The uninterruptible power supplyP9 keeps voice service active for about 12 hoursnwitiee and about
4 -5 “talk” hours.

ONT cable TV emulation is unidirectional — towangstomer. This creates a problem for smart set-to-
boxes that need to communicate with head-endallyitset-top-box required both coax and Ethernet
connection. Recent deployments make use of Multianeder Coax AllianceN|oCA) technology to
utilize RG6 TV wiring for data.

12.3.3 G-PON

GPONITU-T G984.1 and G.984.2 standard increases sfwe2d Gbps down and 1.25 Gbps up. GPON
does away with ATM eliminating so-called ATM cedixt Higher speed of GPON makes it better suited to
IP based Video on demand (VolP) then first genemaBPON.

Figure 31 G-PON
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Closing Thoughts

These are dynamic times. High speed Internet reptes new way of communicating.
Never before have creators and patrons been selglotked.
Never before have ordinary citizens “owned thetprqnpresses.”
Never before has it been so easy and inexpensisenionunicate with anyone on the planet.
Never before has it been so inexpensive to creat® avisual, and written works.

The next decade will profoundly change human @atiion. | can’t wait.
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