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There are three mainstream 
standards for deploying fi ber 
to the home. Each has advan-
tages and disadvantages. Each 

is particularly suitable under certain cir-
cumstances. All share the key advantage 
of fi ber optics for carrying data: Th e fi -
ber itself is basically future-proof. By im-
proving the electronics as time goes on, 
each strand of installed fi ber will be able 
to carry more and more bandwidth.

Because of the standardization, the 
“technology risk” of a fi ber network is 
almost non-existent. Th at means the 
network will work as designed, if built 
properly in the fi rst place. It also means 
that equipment from multiple suppliers 
can be mixed and matched as time goes 
on. Th e risks of a supplier disappearing 
are minimal.

Most FTTH networks being built 
today are either AON, GePON, or 
GPON. 

AON stands for “Active Optical Net-
work.” AONs are also called “point to 
point” or P2P networks. Th at’s a more 
accurate term. “Point to Point” refers to 
the fact that each customer is served by 

a fi ber (or multiple fi bers) that go all the 
way back to the communications sup-
plier’s “central” offi  ce. Th e CO does not 
have to be “central” at all, by the way. 
It can be a local point-of-presence, often 
a small room in a neighborhood build-
ing. In that kind of a network, there is 
no “passive” optical splitter between the 
CO and the customer.

GePON stands for “Gigabit Ethernet 
Passive Optical Network” and GPON 
stands for “Gigabit-capable Passive Op-
tical Network.” You may also hear the 
term EPON, for “Ethernet Optical Net-
work.” Almost always, this is the same 
as GePON. But it may refer to a slower 
variant, typically 625 Mbps download-
ing and uploading.

GePON and GPON systems both use 
optical splitters. Th is saves money on 
fi ber, because each customer’s fi ber line 
does not necessarily stretch all the way 
back to the CO. Instead, it goes only to 
a local splitter, where (typically) 16 to 32 
lines to customers split off  from a single 
fi ber line that comes from the CO. Be-
cause the splitter does not require any 
electrical power, it can be located in a 
simple street vault or pedestal. Th is ar-
rangement also saves money at the CO 
end, where an OLT (optical line termi-
nal) sends the light pulses down the fi ber. 
One OLT channel in a “PON” (passive 
optical network) can serve 32 customers 
in the typical 32-way split. Splits of 1 to 
64 are possible, but tend to be quoted by 
vendors who sense that the system build-
er is ultra cost-conscious.

At the customer end, the optical net-
work terminals (ONTs) turn light pulses 
into something the interior premises 
wiring can handle – either Ethernet data 
packets delivered over Cat-5 or Cat-6 ca-

bling, or over coax. ONTs are sometimes 
called “optical network units” (ONUs), 
especially when GePON, EPON or P2P 
is used instead of GPON. ONUs and 
ONTs are the same thing. In the tele-
phony world, all such equipment is con-
sidered “customer premise equipment” 
(CPE). 

Inside-the-home wiring can be ex-
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pensive. Loma Linda’s requirements for 
indoor structured wiring in new homes 
has a construction cost of about $3,000 
per household. That evidently has been 
tolerable in the hot California housing 
market. But it is not likely to become a 
national model everywhere. Verizon, as 
of winter 2006, estimates that its cost 
of passing a home with fiber is less that 
$1000. But the cost of connecting a pay-
ing customer to FiOS (including some 
inside wiring) is another $700. Verizon 
often uses “multimedia over coax” to do 
that, at least in single-family homes or 
cluster developments where a large ONT 
can be hung on an outside wall. AT&T 
has different ways of getting signals over 
copper from its fiber nodes to the cus-
tomer premises – usually telephone-type 

copper but evidently cable-TV type coax 
as well.

It is possible that inside wiring will 
be left entirely to customers, as it is in 
the DSL and cable-modem world. There 
are now super-tough, super-flexible fiber 
cable products coming onto the market; 
they behave mechanically much like cat-
5 cable. We detailed this development in 
our March 2006 European coverage.

P2P, GePON and GPON
P2P “active” networks and GePON 

networks control information the same 
way your local area network (LAN) or 
wireless home router does: As Ethernet 
packets. The technical standard is IEEE 
802.3ah. The Institute of Electrical and 
Electronics Engineers also calls this the 

EFM standard, for “Ethernet in the First 
Mile.” The “first mile” is the part of the 
network closest to customers. 

GPON networks use a different, 
more broadly based standard (ITU-T 
G.984) from the International Telecom-
munication Union (ITU) and the Full 
Services Access Network (FSAN) ini-
tiative. FSAN and ITU have been sup-
ported mainly by telephone companies. 
Thus, unlike the IEEE, the ITU more 
easily accommodates existing standards 
used by telephone companies. But ei-
ther network type can be tricked into 
offering all the services the other has 
available. Oddly enough, although the 
IEEE is based in the United States, the 
IEEE standard is more commonly used 
in Asia. The GPON standard from ITU 
(which is based in Europe) is becoming 
more popular in the United States!

This is partly because the Asians 
needed a fast fiber network technology 
before communications companies in 
the United States were ready to deploy 
massive amounts of fiber to the home. 
The Asians had started with an ITU 
standard, BPON, but recognized that 
BPON bandwidth is not adequate for 

ONTs are sometimes called “optical network units” 
(ONUs), especially when GePON or P2P is used 
instead of GPON. ONUs and ONTs are the same 

thing. In the telephony world, all such equipment is 
considered “customer premise equipment” (CPE). 

Diagram of typical passive optical network, from Calix. If you plan on supplying video using today’s technology, note the details of video 
headend to left. Note that the signal from the central office is split before reaching consumers.



34  |  BROADBAND PROPERTIES |  www.broadbandproperties.com |  MAY 2006

TECHNOLOGY

the services customers demanded. Ge-
PON was ready. GPON was not. Ameri-
can telecommunications companies 
also started with earlier ITU standards, 
APON and BPON, and have stayed 
with those standards longer. Th ere is no 

CPON or DPON standard, by the way.

A Little History
Th e fi rst PON standard was APON, 

for ATM (Asynchronous Transfer 
Mode) PON. ATM is a telephony com-

munications standard for transport of 
voice and data. Next came BPON (for 
Broadband PON). BPON includes the 
ATM standard but also allows for Ether-
net and video. GPON uses the SONET 
GPF standard, developed by phone com-
panies fi rst for intercity long-distance 
use. SONET handles Ethernet packets 
and telephony TDM as well, but not the 
same way that BPON does. Th us, it is 
not easy to intermix the technologies.

Bandwidth is also an issue. BPON 
tops out at 622 Mbps downstream to 
customers and 155 Mbps upstream. If 
that bandwidth is split among 32 us-
ers, and each user is on the system at the 
same time, the maximum bandwidth 
per user is 622/32 or about 20 Mbps. 
EPON started at the same bandwidth, 
but in both directions. GePON, really 
the same as EPON, also off ers symmetri-
cal bandwidth – the same speed whether 
uploading or downloading. Th at’s simi-
lar to what a normal local area network 
would off er. For GePON, the bandwidth 
is as high as 1.25 Gbps, which allows 
about 40 Mbps for each of 32 simulta-
neous users. GPON at its maximum of-
fers about the same speed uploading, but 
2.488 Gbps downloading. Th at puts the 
download speed per customer around 80 
Mbps using a 1:32 split, or 40 Mbps us-
ing a more aggressive 1:64.

But raw speed is not everything. 
Th ere’s also a matter of cost. At this 
writing, GePON equipment is quite 
cheap. Th at’s because Ethernet is such a 
common worldwide standard. GPON, 
because it is faster, allows more splits. 
Th at saves on fi ber costs and on elec-
tronics (fewer OLTs are needed in the 
CO to light fewer fi bers; each OLT in-
terface to a fi ber costs about $1,700 right 
now). But GPON is just now achieving 
the economies of scale that have driven 
down GePON electronics prices. And 
as bandwidth per subscriber increases 
beyond 30-40 Mbps, GPON’s greater 
downstream bandwidth per fi ber gives it 
an advantage on price.

In greenfi eld situations, laying extra 
fi ber strands from the CO to customers 
adds little to cost. It also avoids the extra 
fi eld splices and street furniture neces-
sary to accommodate passive optical 
splitters. Th us, our national deployment 

Active (“point-to-point”) optical network diagram from Smart TV, emphasizing some 
of the issues involved in moving bandwidth around the home. Note that each consumer 
gets an unsplit signal from the central offi  ce. Th ere may be several connector-boxes along 
the way, however.
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survey lists (see the April 2006 cover sto-
ry) show that P2P “active” networks are 
particularly popular in new housing de-
velopments. P2P networks are also more 
flexible using software management 
tools that already exist; many technolo-
gies have evolved in Europe and Asia to 
deliver multiple content providers’ mate-
rial over such networks.

In Europe, even large citywide net-
works are often P2P, because network 
operators expect that multiple content 
providers will be accommodated and 
because pedestals and similar street fur-
niture are tougher to accommodate in 

high-density areas. In Europe, it is not 
uncommon to find splitters fastened un-
der roof eaves or in small underground 
vaults, however, or even in apartment-
house basements.

The big extra cost for active P2P comes 
in the need for extra OLT channels. On 
the other hand, OLTs do not have to be 
installed until the customer base rises; 
they can be added as needed.

If all video and telephone service were 
pure IP “data,” Ethernet would tend to 
make more sense. That would favor Ge-
PON. But in the US, this is not the case 
at this time. Video is almost always deliv-
ered over fiber as an analog service, using 
different wavelengths of light than those 
used for data. A local business connect-
ing to a city fiber network might want 
to keep its old PBX for a while. Thus, it 
would need access to a TDM line (a 1.5 
Mbps T-1 telephone trunk line is TDM), 

as well as Ethernet for non-phone data. 
GPON is better for that. There is a 

standard “GPON generic encapsulation 
method” (GEM) that wraps (encapsu-
lates) data packets of any type (including 
Ethernet) in a standard GEM wrapper. 
GEM works particularly well with Eth-
ernet packets. That is, a GEM-wrapped 
Ethernet packet doesn’t require much 
more overhead than plain Ethernet run-
ning over GePON. But ATM and TDM 
are more difficult to accommodate, so the 
telcos tend to look to circuit emulation. 
That is, the ATM and TDM packets run 
over the same fiber, but use software to 

simulate separate electronics to send and 
receive the signals. That adds to costs, 
but there is a great deal of legacy equip-
ment around to help move the transition 
forward over the next few years.

Smaller, independent, telephone 
companies have been installing mainly 
GPON since last fall.

What Else the RBOCs are Doing
The original regional Bell operating 

companies – the RBOCs – started de-
ploying fiber mainly in BPON networks 
in the United States. Over the next few 
years, they say they intend to transition 
to GPON. But they will get to GPON 
by following different routes.  Verizon’s 
FTTH FiOS buildout is providing 
bandwidth good enough to deliver sev-
eral channels of HDTV at the same 
time to each household passed – about 
40 Mbps.  The BPON that Verizon is in-

P2P “active” networks and GePON networks control 
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packets. The technical standard is IEEE 802.3ah. 
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closest to customers. GPON networks use a different, 

more broadly based standard (ITU-T G.984) from the 
International Telecommunication Union (ITU) and the 
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stalling now won’t necessarily be replaced 
right away. But when it is, the replacement 
will involve mainly swapping electronics, 
not laying new fiber.

AT&T (formerly SBC) has been build-
ing BPON FTTH in greenfield develop-
ments, but settling for what SBC has called 
“fiber to the neighborhood” or “fiber to the 
node” in existing communities.

In an FTTN network, the last gap 
between the fiber’s termination point 
and the consumer is covered by copper. 
The shorter the gap, the more bandwidth 
can be run over that copper. Tradition-
ally, FTTN has meant copper “customer 
loops” as long as a mile. But AT&T has 
been building its fiber somewhat closer 
to customers – typical loop lengths of 

1000 meters or less. AT&T then uses a 
fast variant of DSL (VDSL2) over the 
copper, to get (with some tweaking) 20 
to 40 Mbps. Its standard service now 
maxes out at 24 Mbps.

Verizon’s approach, fiber all the way to 
the customer premises, is more expensive 
to start, but should be more reliable and 
less costly to maintain.

Vendors say all RBOCs are looking 
for GPON around 2.5 Gbps down-
stream and 1.25 Gbps upstream. That’s 
double the speed of the first-generation 
GPON installed in the past 6 to 12 
months. Verizon wants support for tra-
ditional RF video, while AT&T has not 
publicly clarified its preference. Some 
vendors say AT&T is leaning toward de-
livering video as IPTV. But its current 
FTTN bandwidth budget makes HD-
IPTV (at 20 Mbps a channel) dicey. If 
AT&T compresses the video to cut the 
bandwidth needs, it takes longer for the 
video to “synch” with users’ TV sets. 
This makes channel surfing a less satisfy-
ing experience.

 Traditionally, FTTN has meant copper “customer 
loops” as long as a mile. But AT&T has been building 
its fiber somewhat closer to customers – typical loop 
lengths of 1000 meters or less. AT&T then uses a fast 
variant of DSL (VDSL2) over the copper, to get (with 
some tweaking) 20 to 40 Mbps. Its standard service 

now maxes out at 24 Mbps. Verizon’s approach, 
fiber all the way to the customer premises, is more 

expensive to start, but provides more bandwidth and 
should be more reliable and less costly to maintain.
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Aside from the fact that BPON is 
much slower than GPON and GePON, 
it is also getting to be more expensive. 
BPON and GPON as of this writing 
are about the same in price. But GPON 
pricing is heading down faster than 
BPON. In part, this is because BPON 
must handle old ATM signals, and this 
requires fancier CO equipment because 
the ATM transport layer is complicated 
(the signal timing is delicate). GPON 
handles ATM, but by fooling the elec-
tronics into thinking they are carrying 
Ethernet. This is slightly less efficient, 
but GPON is so much faster, it doesn’t 
matter much.

Also, there is a relatively small market 
for ATM (compared to Ethernet) so pric-
es cannot ride the mass market down-
ward. Yet, BPON carries only about a 
quarter of the bandwidth of GPON.

Nevertheless, GPON has been slow 
in coming, because vendors have had 
trouble until recently getting chips for 
it. There has also been a shortage of  2.5 
Gbps optical components, as the FTTH 
market has exploded just as the stan-
dards were finalized. 

GPON and GE-PON run about the 
same way when transporting information 
as Ethernet. But the Ethernet standard 
itself does not actually specify a 2.488 
GHz clock rate, so GPON at full speed 
could not use existing low-cost Ethernet 
optical components that GePON uses. 
Those lower-cost devices are just becom-
ing available now for GPON.

What’s Next?
Faster and faster standards are coming. 

In March, the IEEE formed a study group 
to look at standards for what it is calling 
10G EPON, a 10 Gbps version of Ge-
PON.  “Alloptic was a founding member 
of the original IEEE EFM working group 
and our support for the 10G EPON stan-
dard is building on that legacy,” said Tom 
Warner, Alloptic’s Chief Technical Offi-
cer. “The study group will be building on 
the rapid success of Ethernet based PON 
systems have had around the globe; 10 
Gbps components are starting to exhibit 
the same compelling economic curve that 
its 1 Gbps predecessors experienced.” Al-
ready, 10 Gbps Ethernet is widely used in 
corporate and academic data centers.

The rapid growth in the number  of 
HDTV sets being purchased by con-
sumers and the desire by video service 
providers to support multiple streams of 
HDTV per household in the near future 
requires more bandwidth than GePON 
and GPON networks usually deliver 
now.

Other applications include high-den-
sity deployments in MDUs (multiple-
dwelling unit buildings), where tele-
phone companies see four to 12 dwelling 
units sharing each ONT. To get enough 
bandwidth to users in that situation, the 
network has to be faster overall, before 
the optical splitter. In addition, 10 Gbps 
will be needed for business Ethernet ser-
vices, delivery of VDSL2 service, and 
wireless backhaul. 

Net Neutrality
As noted above, all FTTH stan-

dards include software and firmware 
for what network operators call “Op-

erations, Administration and Main-
tenance,” or OAM. All also support 
Class of Service (CoS) operation; that 
is, ways of expediting certain kinds 
of information (right now, video and 
voice), favoring those packets over ba-
sic data, where delays are generally not 
noticeable. 

Strictly speaking, this discrimination, 
favoring some kinds of data over others, 
could run afoul of badly crafted “net 
neutrality” rules being pushed in Con-
gress. Yet almost all observers, including 
proponents of “net neutrality,” want such 
discrimination to continue. What they 
don’t want is discrimination within vari-
ous classes of service. But the argument 
is far from clear. See Net Neutrality: The 
Cure is More Fiber, by Carl Kandutsch in 
our March 2006 issue. BBP
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