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Ethernet passive optical networks 
(EPON or GePON) are being 
massively deployed in the Asia 
Pacific region. Japanese service 

providers, including NTT, USEN, K-
Opticom, KDDI and others, have been 
deploying PONs since 2002, initially 
with BPON, then ramping up on a truly 
massive scale with EPON beginning in 
late 2004. 

Japan’s Ministry of Internal Affairs 
and Communication recently reported 
that Japanese service providers were 
providing fiber-to-the-home (FTTH) 
connectivity to 5.0 million subscrib-
ers in detached homes at the end of 
March 2007. An additional 3.8 million 
subscribers in multiple dwelling units 
(MDUs) were being served by fiber-

to-the-building (FTTB) at the end of 
March 2007. (Japanese FTTB/MDU 
subscribers are served by both EPON 
and active Ethernet technologies.)

The magnitude of this accomplish-
ment can be fully appreciated only 

when this figure is compared with the 
total number of Japanese ADSL broad-
band subscribers (14.0 million), the 
number of CATV broadband subscrib-
ers (3.6 million), and the total number 
of households (50 million). It is truly an 
astounding achievement, considering 
that BPON and EPON are relatively 
new technologies compared with ADSL 
and CATV. And there seems to be no 
end in sight: NTT Holding Company 
has announced plans to provide FTTH 
connectivity to 30 million subscribers 
by the end of 2010.

Service providers in other Asia Pa-
cific countries, including Korea and 
China, have also been ramping up their 
EPON deployments. Korea Telecom is 
projected to deploy EPON to 700,000 

subscribers this year, and to more than 1 
million additional lines in 2008. Service 
providers in China are currently test-
ing EPON in multiple cities, and target 
mass deployment beginning in 2008. 

The primary objective of these 

EPON deployments has been to pro-
vide broadband data services at higher 
data rates than ADSL or CATV. For 
example, NTT East’s “Hyper-Family 
Type” B-Flets service delivers 100 Mbps 
per subscriber, whereas its Flets ADSL 
“More-III” service supports a maximum 
data rate of 47 Mbps downstream and 5 
Mbps upstream. Its Flets ADSL “Entry” 
service supports 1 Mbps downstream 
and upstream. 

Current Deployment 
Challenges
Telecommunications service providers 
(telcos) in North America recently shift-
ed their focus from delivering higher 
bandwidth data services to the delivery 
of triple play services (TPS) – bundled 
voice, data and digital TV services over 
a common IP network. Their strong de-
sire to offer TPS is rooted in their need 
to compete with CATV companies that 
are already offering TPS, and to gener-
ate new revenue streams. However, TPS 
has not yet been deployed by many of 
the major telcos due to a number of 
challenges, including: 
•    The debate on network neutrality, 

the outcome of which will shape 
the industry’s decision regarding the 
preferred method for IPTV services 
delivery to the user. 

•    The high cost of TPS customer prem-
ises equipment (CPE), which we re-
fer to as an optical services gateway 
(OSG). 

•  Digital rights management and secu-
rity.

EPON Deployment Challenges 
Today and in the Future
Ethernet PONs are being deployed worldwide today; they are especially 
popular in Asia but have been used wherever optical networks may be 
found. They are also being upgraded to carry far more bandwidth
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The electrical components of an optical transceiver, 
which traditionally have included a discrete 

laser diode driver, limiting amplifier, controller 
and EEPROM, have been integrated into a single 
integrated circuit, resulting in a reduced cost for 

optical transceivers.
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•  Regulatory and business barriers.
Other, more generic, deployment 

challenges include installation and in-
teroperability. 

IPTV Services Delivery 
and Network Neutrality
IPTV services can be divided into two 
main categories: multicast and on-de-
mand video services over IP. Tradition-
ally, video services providers (CATV 
companies), have broadcast a basic tier 
of video channels to all subscribers. This 
method of distribution is wasteful be-
cause network resources are dedicated 
from the source to every subscriber for 
each video channel offered, whether 
or not subscribers are actively viewing 
these channels. In contrast, IPTV net-
works deliver video channels to only 
those subscribers who want to view that 
channel. This method of video distri-
bution is referred to as multicast video 
over IP. Three approaches have emerged 
as leading candidates for the delivery of 
multicast video services over IP to the 
user. 

The first approach uses IGMP 
snooping with multicast MAC address 
filtering (Internet Group Management 
Protocol, IGMP, is the protocol used 
for “discovering” multicast groups on 
a network). In this approach, the PON 
optical line termination (OLT, the de-
vice at the central office or other fiber 
point-of-presence) passively peers into or 
“snoops” the IP headers of all received 
Ethernet frames for IGMP query, and 
reports or leaves messages that are being 
transferred between IP multicast routers 
and hosts – like IP set-top boxes (STBs) 
– to learn new IP multicast group mem-
bership information. When the OLT 
learns a new IP multicast group associa-
tion, it configures the multicast MAC 
address filter table at the optical network 
unit (ONU, the Ethernet equivalent of 
an ONT at the customer end) support-
ing the IP STB that issued the IGMP 
query, report or leave message with the 
multicast MAC address associated with 
the “snooped” IP multicast group ad-
dress. 

The ONU compares all received 

frames with the entries in its multicast 
MAC address filtering table, and allows 
only those frames with multicast MAC 
addresses that match entries in this 
table to be forwarded to the user. All 
other multicast frames are discarded. In 
this way, the user can access multicast 
video services from any content provid-
er, and the user’s home network is not 
overwhelmed with unwanted multicast 
streams. However, the telco has little 
control over the content providers that 

deliver IPTV services to the user. 
The second method employs VLAN 

tagging. In this case, the ONU fil-
ters each multicast frame based on its 
VLAN identifier, allowing only those 
multicast frames with VLAN identifiers 
that match entries in its VLAN filtering 
table to be forwarded to the user. 

The telco exerts control over the 
multicast streams that are delivered to 
the user by configuring the user’s ONU 
with the appropriate VLAN identifiers. 
By design, this approach limits the user’s 
choice of content providers and IPTV 
services to those of the telco’s selection. 
For example, the telco could limit the 
user to viewing only its IPTV service. 

Also, this approach might overwhelm 
the user’s home network with unwanted 
multicast streams if multiple multicast 
streams are supported per VLAN. If 
only one multicast stream is supported 
per VLAN, the resulting network is 
limited to 4095 multicast streams and 
will not be scalable,. 

A combined approach addresses the 
limitations of the VLAN tagging meth-
od. In this case, multicast streams from 
each content provider are identified 

with a unique VLAN identifier. IGMP 
snooping is used to identify the multi-
cast MAC addresses of the multicast 
streams that are requested by the user 
via his IP STB. All multicast streams 
are filtered by a VLAN identifier and 
multicast MAC address at the ONU 
as described in the first and second ap-
proaches. The upshot is that scalability 
is assured because multiple multicast 
streams can be supported per VLAN, 
and the user’s home network is not 
overwhelmed with unwanted multicast 
streams since the network delivers only 
those multicast streams that the user se-
lects. However, this approach also limits 
the user’s choice of content providers 

Optical Services Gateways are now available 
that integrate ONU, gateway router and ATA 

functionality into a single box, providing 
benefits to the systems vendor, telco and user. 

The systems vendor can achieve component and 
development cost savings and a faster time to 

market for new OSG products. The telco can realize 
additional revenue by offering new, bundled 

and differentiated services while maintaining a 
higher degree of control over the CPE equipment 
terminating its network. … The user is presented 

with fewer boxes, which improves the ambience of 
the home, reduces cost and simplifies the setup and 

management of the user’s in-home network. 
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and IPTV services to those of the telco’s 
selection, similar to the VLAN tagging 
approach. 

The IGMP snooping approach is 
consistent with the principles of net-
work neutrality, which promotes equality 

with regard to the processing of multi-
cast streams from all content providers, 
whether they are from the telco itself or 
an independent content provider, since 
IGMP snooping is indifferent to the iden-
tity of the content provider. In contrast, 

the VLAN tagging and combined ap-
proaches give absolute control of content 
to the telco, enabling it to favor or disfa-
vor content providers at will. It is unclear 
whether the advocates of network neu-
trality or the telcos will win this battle, 
but it is apparent that this issue will have 
a dramatic impact on the way streamed 
content is delivered to the user. 

Customer-Premises 
Equipment Cost
The cost of ONUs is the single largest 
contributor to the cost of PON equip-
ment on a per-user basis because one 
ONU is required per user. In com-
parison, the OLT, which resides at the 
central office (CO), contributes far less 
to the cost of PON equipment on a per-
user basis because its cost is divided by 
the number of users that it supports. As 
a result, great emphasis is being placed 
on reducing the cost of ONUs. 

The main contributors to the cost 
of an ONU are the optical transceiver, 
the Gigabit PHY at the user network 
interface (UNI), the ONU protocol 
system-on-chip (SoC), and peripheral 
memory devices. Until recently, ONU 
protocol SoCs required an external pro-
gram/scratch memory (approximately 
192 KB). These SoCs also required up to 
1 MB of packet buffer memory which, 
depending on the application and mem-
ory size, might have been supported 
externally. These peripheral memory de-
vices were significant contributors to the 
ONU cost and power consumption. 

More highly integrated ONU pro-
tocol system-on-chips have recently be-
come available that integrate these pe-
ripheral memory devices and, as a result, 
drive down the cost of ONUs. Corre-
spondingly, the electrical components of 
an optical transceiver, which tradition-
ally have included a discrete laser diode 
driver, limiting amplifier, controller and 
EEPROM, have been integrated into a 
single integrated circuit, resulting in a 
reduced cost for optical transceivers. 

The configuration of an optical servic-
es gateway contributes greatly to its cost. 
Today, a user requires up to three CPE 
“boxes” to support OSG functionality: 
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•  An ONU to provide PON termina-
tion and bridging functionality.

•  A gateway router to provide routing 
and security functionality such as 
firewall, NAT, VPN and encryption.

•  An analog terminal adaptor (ATA) 
to provide telephony services end-
point functionality.
This OSG configuration is expensive 

and cumbersome, resulting in an un-
sightly and unmanageable conglomera-
tion of boxes.

OSGs are now available that inte-
grate ONU, gateway router and ATA 
functionality into a single box, provid-
ing benefits to the systems vendor, telco 
and user. The systems vendor can achieve 
component and development cost savings 
and a faster time to market for new OSG 
products. The telco can realize additional 
revenue by offering new, bundled and 
differentiated services while maintaining 
a higher degree of control over the CPE 
equipment terminating its network. Ad-
ditionally, the telco has greater visibility 
into the user’s home network for moni-
toring purposes. The user is presented 
with fewer boxes, which improves the 
ambience of the home, reduces cost and 
simplifies the setup and management of 
the user’s in-home network. 

These benefits have been made pos-
sible through recent advances in semi-
conductor device design that have en-
abled a higher degree of integration. For 
example, PON SERDES, PON clock 
and data recovery (CDR), PON MAC, 
Ethernet MAC, bridge, microprocessor, 
packet buffer memory, and program/
scratch memory have been integrated 
into a single PON protocol chip. Addi-
tionally, ATA, encryption, firewall and 
router functionality have been integrat-
ed into a single voice services processor 
(VSP) chip. These two highly integrated 
devices enable a dramatic decrease in 
the cost of OSGs. 

Further OSG cost reductions can be 
achieved through the use of common, 
industry-standard interfaces – such as 
MII and GMII – between these devices, 
the sharing of peripheral memory devic-
es, and the use of common management 
information bases (MIB) and interfaces. 
These synergies can be achieved through 
partnerships between chip vendors or by 
sourcing both devices from a single ven-
dor. 

Digital Rights 
Management and Security
Content providers demand that telcos 

guarantee a minimum of the following 
before they will permit telcos to stream 
their content to users:
• Quality of service.
•  Level of security from theft and pi-

racy.
•  Level of control over who can watch 

their content and the type of devices 
that their content can be viewed 
from.
Telcos base their business case for 

the deployment of fiber on their ability 
to deliver a vast number of video streams 
to the user at a low cost per stream. They 
assume they can compress standard TV 
signals into 3–4 Mbps data streams and 
high-definition signals into 10–12 Mbps 
using advanced compression techniques 
such as MPEG-4. However, it is unclear 
whether these compression techniques 
and data rates are sufficient to support 
the quality of service that content pro-
viders demand. As a result, telcos may 
be in for a rude awakening regarding 
their assumptions for key financial per-
formance measures such as ROI. 

Content providers also require that 
the telco encrypt content so that it can-
not be pirated. Additionally, they man-
date that the telco exert a high degree of 
control with regard to the storage of con-
tent by the user, the length of time that 
a user can view a video segment (assum-
ing that the user has VCR-like control 
of the video segment), and other aspects 
of the user’s experience that may impact 
the content provider’s bottom line. 

Business and 
Regulatory Barriers
There are a number of business and reg-
ulatory issues that are being addressed 
by telcos. The integration of traditional 
Layer 1 transport and Layer 2 switch-
ing functionality with higher layer rout-
ing and services (such as entertainment 
and information services, including 
IPTV and on-demand video) requires 
cooperation and integration between 
traditionally separate “silos” within tel-
cos’ organizations. The “walls” between 
these silos have proven to be difficult to 
break down due the existence of redun-
dant management structures with dif-

Telcos base their business case for the 
deployment of fiber on their ability to deliver 
a vast number of video streams to the user at 
a low cost per stream. They assume they can 
compress standard TV signals into 3–4 Mbps 
data streams and high-definition signals into 
10–12 Mbps …. However, it is unclear whether 
these compression techniques and data rates 
are sufficient to support the quality of service 
that content providers demand. As a result, 
telcos may be in for a rude awakening regarding 
their assumptions for key financial performance 
measures such as ROI. 
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fering agendas. However, telcos 
are making progress in resolving 
these differing agendas. 

Additionally, in some mar-
kets, telcos have been prohibited 
from offering entertainment 
and information services/appli-
cations by governmental regu-
latory bodies. Telcos are also 
making progress in this regard, 
requesting – and in some cases 
receiving – authorization from 
these regulatory bodies to offer 
these services. 

Interoperability
The IEEE 802.3ah Ethernet in the First 
Mile (EFM) standard provides a solid 
foundation for multivendor EPON 
equipment interoperability, but does not 
address all aspects of interoperability 
required for telco deployments. Specifi-
cally, it does not address encryption and 
a category of operations, administration 
and maintenance (OAM) functions re-
ferred to as enhanced OAM (EOAM) 
that include the remote configuration of 
ONU parameters and remote firmware 
download. As a result, telcos must pro-
actively fill these gaps in the standard 
by preparing detailed specifications for 
encryption and EOAM. 

Various telcos, including NTT and 
China Telecom (CTC), have addressed 
this issue by preparing telco-specific ad-
dendums to the IEEE 802.3ah EFM 
standard that provide detailed speci-
fications for encryption, EOAM and 
other carrier-specific functions. These 
efforts have proven to be very success-
ful, with both NTT and CTC’s EPON 
equipment suppliers achieving interop-
erability. However, this practice is lead-
ing to a proliferation of telco-specific 
interoperability specifications, which 
may adversely affect the pace of EPON 
deployment in the future. Addition-
ally, the preparation of these specifica-
tions requires a level of sophistication 
achieved by only the largest and most 
forward-looking telcos. As a result, less 
sophisticated telcos will be forced to 
adopt the interoperability specifications 
of other telcos or choose to limit their 

deployment to EPON equipment from 
a single vendor. 

Installation
PON installation presents many issues 
to a telco. These issues include the meth-
od of deploying fiber to the home or to 
the building, network demarcation, in-
home cabling and lifeline telephony-re-
lated problems, to name a few. These is-
sues have been addressed by some telcos, 
like NTT and Verizon, but they still 
represent major hurdles to many others. 

Outside plant realities, such as 
the method of deployment of outside 
plant cabling, can have a huge impact 
on the cost of FTTH and FTTB. For 
example, it is inexpensive to overlay fi-
ber on the existing copper distribution 
plant in geographic areas where aerial 
plant is predominantly deployed, com-
pared  with areas where the distribution 
plant is buried. The Verizon FTTH and 
FTTB deployment is a case in point. Ve-
rizon’s deployment costs are much lower 
than AT&T’s because Verizon’s plant is 
primarily aerial, whereas AT&T’s plant 
is primarily buried. The existence of un-
used cable ducts in some metropolitan 
areas may serve to partially alleviate this 
cost disparity. 

The location of the network demarca-
tion point can also play a big role in the 
cost and complexity of FTTH installa-
tions. For example, in North America, 
the point of demarcation is typically the 
outside wall of the home. In this case, the 
ONU is exposed to the environment, so 
it must be environmentally hardened, 

which tends to increase its cost. 
However, telco personnel have 
easy access to the ONU for in-
stallation, maintenance and 
troubleshooting, which tends 
to decrease installation and op-
erations complexity and costs. 
In contrast, ONUs are deployed 
inside the home in Japan, which 
leads to lower ONU equipment 
costs, but to increased installa-
tion and operational complexity. 

In-home network cabling 
(or the lack thereof) can also 
be a cause of grief for telcos 

and users alike. In North America, us-
ers are responsible for connecting their 
in-home networks to the ONU on the 
exterior wall. This can be problematic 
since it may be difficult to run an Ether-
net cable from the ONU to the router or 
other Internet appliance. 

However, standards bodies and in-
dustry forums are addressing this issue 
by specifying standards for high-data-
rate connectivity within the home using 
high-speed wireless LANs and existing 
twisted-pair or coaxial cable. Examples 
of these standardization efforts include 
IEEE’s latest wireless standard, IEEE 
802.11n; HomePNA’s latest specification 
for the transport of high-speed data over 
in-home twisted pair cabling, HPNA 
3.0; and the Multimedia over Coax 
Alliance’s specification for the transport 
of high-speed data over in-home coaxial 
cable. Companies are also developing 
proprietary technologies for high-speed 
in-home networks, including powerline 
technologies.

In Japan, by comparison, because 
ONUs are deployed within the home, 
the responsibility for the deployment of 
in-home cabling falls squarely on the 
shoulders of the telco. Telco personnel 
must identify the optimal location for 
the ONU, provide fiber connectivity to it 
through the exterior wall of the home, en-
sure that the fiber cable is protected from 
damage, and protect the user from any in-
jury that may be caused by exposing the 
user’s eyes to light from a broken fiber. 

Delivering baseband analog telepho-
ny service (that is, plain old telephone 

The IEEE 802.3ah Ethernet in 
the First Mile (EFM) standard 

provides a solid foundation for 
multivendor EPON equipment 

interoperability, but does 
not address all aspects of 

interoperability required for 
telco deployments.



TECHNOLOGY

september 2007 | www.broadbandproperties.com | BROADBAND PROPERTIES | 39

service, or POTS) and remotely power-
ing CPE telephony devices over PONs is 
impossible due to the nature of transmis-
sion over fiber optic cables. As a result, the 
OSG must act as a services end-point for 
telephony service, connecting one or more 
standard analog telephones to a voice-over-
IP (VoIP)-based network (provide ATA 
functionality). If lifeline telephony service 
is required, the OSG must also be capable 
of supporting battery backup so that tele-
phony service can be provided in the event 
of a power outage. These batteries must be 
maintained by either the telco or the user. 
As a result, the provisioning of lifeline tele-
phony services also contributes to installa-
tion and operations complexity and costs. 

Future Deployment 
Challenges
New high-bandwidth services – such as 
large-screen digital imagery (LSDI) at 
40 to 160 Mbps per channel, 3-D online 
interactive games and ultra-high-speed In-
ternet access – will drive the need for even 
greater bandwidth to the home in the near 
future. The IEEE 802.3 working group 
formed a new task force, IEEE 802.3av, to 
develop specifications for a 10 Gbps PHY 
for EPON that will address this need. This 
task force is reusing existing Ethernet con-
tinuous and burst-mode technologies that 
have been proven to be stable and credible 
to create a 10 Gbps EPON specification. 
Members of this task force have already 
demonstrated the technical feasibility of a 
10 GBPS EPON system. 

Migration from 
1G EPON (GePON)
Because 1G EPON will have been de-
ployed to tens of millions of homes by the 
time that 10G EPON is commercially 
available for deployment, telcos will de-

mand that 10G EPON be compatible with 
1G EPON so that 10G and 1G EPON 
OLTs and ONUs can coexist in the same 
network without interfering with each 
other. This capability will enable telcos to 
introduce 10G EPON gradually into ex-
isting networks without forcing them to 
abandon existing 1G EPON equipment 
or “flash cut” their existing 1G network 
to a 10G network. Telcos don’t want to 
abandon existing equipment because it is 
undesirable to forfeit their investment in 
this equipment. Likewise, they don’t want 
to flash cut from 1G to 10G EPON due 
to the cost and service downtime that this 
type of transition would entail. 

This constraint will likely compel 
the task force to specify wavelengths for 
downstream and upstream transmission 
for 10G EPON that don’t interfere with 
1G EPON. In other words, wavelengths 
other than 1490 nm (1G EPON down-
stream wavelength) and 1310 nm (1G 
EPON upstream wavelength) must be 
specified for the 10G EPON downstream 
and upstream wavelengths respectively. 

Similarly, since G.652 (single-mode) 
fiber will have been deployed to tens of 
millions of homes by the time that 10G 
EPON is commercially available for de-
ployment, the task force will also be com-
pelled to specify 10G EPON so that it will 
support transmission over this fiber type. 

10G EPON Equipment Cost
The cost of 10G laser transmitters and 
receivers is significantly higher than that 
of 1G. It is anticipated that these costs 
will fall over time as deployments of 
10G SONET, SDH and Ethernet ramp 
up. However, the IEEE 802.3av task 
force is proactively addressing this cost 
issue by investigating OLT and ONU 
optics configurations that minimize the 

cost of ONU optics at the expense of 
higher-priced OLT optics. In doing this, 
the task force is implicitly recognizing 
the telco’s cost reduction priorities (that 
is, its focus on CPE cost reduction as 
discussed earlier in this article). 

For the same reasons, the task force 
is also investigating the feasibility and 
cost-effectiveness of mandating sup-
port for the following as means to drive 
down the cost of 10G EPON on a per-
line basis: 
•  Larger optical split ratios than are 

commonly supported in today’s de-
ployments (1:64 and 1:128 optical 
split ratios rather than 1:32). 

•  Forward error correction (FEC). 
Larger split ratios will further reduce 

the contribution of OLTs to the cost of 
EPON deployments on a per-user basis 
relative to the cost of ONUs. FEC in-
creases the system gain associated with 
optical transmission systems, thereby in-
creasing the reach and optical split ratios 
that can be supported by PON systems. 

Conclusions
Current EPON deployment challenges 
include:
•  The debate on network neutrality, 

the outcome of which will shape 
the industry’s decision regarding the 
preferred method for IPTV services 
delivery to the user.

• The high cost of TPS CPE (OSG). 
•  Digital rights management and se-

curity.
• Regulatory and business barriers.

These challenges must be addressed 
before telcos can progress to the next 
phase of EPON deployment – the de-
ployment of IPTV services. 

While telcos are addressing these is-
sues, they must not lose sight of the ball 
by continuing to address generic deploy-
ment challenges such as installation and 
interoperability, as well as preparing for 
future challenges including the migra-
tion to 10G EPON. BBP
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Verizon’s deployment costs are much lower 
than AT&T’s because Verizon’s plant is primarily 
aerial, whereas AT&T’s plant is primarily buried. 
The existence of unused cable ducts in some 
metropolitan areas may serve to partially alleviate 
this cost disparity.


