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FEATURE ARTICLE 

A Boost for 
Ethernet to the Home
A New IEEE Standard, 802.3ah, Makes Last Mile Hookups Easier

By Carole Hackenberg  ■  Market Manager, Transition Networks

T here’s a new standard for fiber Ethernet service 
to homes and small businesses that should make 
service easier to install, use and monitor. Here’s 
what to look for, and what to tell the techni-

cians. The standard, IEEE 802.3ah, by the “First Mile” 
working group at the Institute of Electrical and Electronics 
Engineers, was approved last June. It eliminates the need 
for any protocol conversions, and takes advantage of the 
cost benefits and network simplicity of Ethernet. Until now, 
Ethernet did not have the advanced monitoring capabilities 
needed by carriers to ensure optical and link quality, so 
they had to develop their own.

Whether they call the connection to homes and business-
es the last mile or the first, media converter manufacturers 
are already offering carriers 802.3ah equipment to connect 
to copper-based networks. There are also vendor-specific 
features that go beyond the requirements of 802.3ah but 
don’t conflict with it.

Why Ethernet in the first place? Ethernet equipment 
costs are relatively low because of Ethernet’s global domi-
nation in “enterprise” environments – corporate and edu-
cational local-area networks. Even simple home networks 
use Ethernet as well. An added benefit is the less complex 
architecture of an Ethernet network, which in turn allows 
simpler management. Carriers can save by installing cop-
per switches along with a media conversion platform at the 
central office, instead of a more costly fiber switch.  

In the fiber world, ATM networks have management ca-
pabilities such as virtual channel (VC) and segment moni-
toring built in. But Ethernet networks are typically man-
aged with Simple Network Management Protocol (SNMP), 
or proprietary software and hardware from an equipment 
vendor. On a public network, SNMP can be a problem be-
cause the network itself has to be running, and Ethernet 
has to be running over it, for the network to be managed. 
What if the network itself is down? And equipment from 
different vendors may not be manageable with multiple cus-
tom tools.

With 802.3ah, carriers can install 802.3ah intelligent 
media converters at the customer premises to connect to 
copper LAN environments and at the central office to man-
age the entire Ethernet link. There is no need for expensive 

routers or add-drop multiplexers (ADMs) at the customer 
premises because the entire link from the Central Office 
is Ethernet and protocol conversion is not needed. IEEE 
802.3ah also specifies carrier-grade operations, administra-
tion and management (OAM) provisions, for better service 
at less cost.

The expectation is that Competitive Local Exchange 
Carriers (CLECs) and small, independent Incumbent Lo-
cal Exchange Carriers (ILECs) will find that they can play 
in a competitive market by offering low cost Ethernet ser-
vices to small business and residential customers such as 
multi-tenant units.  By offering tiered services based on 
levels of bandwidth, customers can obtain services to meet 
their current network needs.

Defining the Standard
Networks are typically defined as being in seven “layers” 

with the physical connection at the bottom (layer 1) and 
the “application” layer at the top (layer 7). HTTP is an 
“application” or program running on the network in layer 
7, for example. Layer 2, just above the physical connection 
that moves the bits and bytes, is called the “data link” layer.  
It defines the format of data on the network and how the 
network handles the connection (physical and logical) to 
the data packet’s destination, using a network interface. A 
host connected to an Ethernet network has an Ethernet in-
terface to handle connections to the outside world, and a 
“loopback” interface to send packets to itself. 

IEEE 802.3ah works on layers 1 and 2, providing a man-
agement solution for link monitoring and maintenance. It 
also standardizes topologies and physical media. The IEEE 
standard identifies three subscriber access topologies and 
their physical layer parameters:

• Ethernet in the First Mile over Copper (EFMC)
• Ethernet in the First Mile over Fiber (EFMF)
•  Ethernet in the First Mile over Passive Optical Networks 

(EPON) or Ethernet in the First Mile Point to Multipoint 
Fiber (EFMP).

(See Figure 1)  802.3ah Scope 

EFMC, a point-to-point copper topology, is based on a 
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Figure 1 – IEEE 802.3ah scope at a glance.

DSL environment (“physical layer”) in 
which Ethernet is delivered over Cat-
egory 3 cable at 10 Mbps for distances 

up to 750 meters (a half-mile) and 2 
Mbps for distances up to 2,700 meters 
(almost two miles). There’s another 

option in which 802.3ah might shine. 
The 2BASE-TL scheme delivers a 2.3 
Mbps service to about 6,000 meters 

802.3ah Application



32  |  BROADBAND PROPERTIES |  www.broadbandproperties.com |  FEBRUARY 2005

Interestingly, considering the es-
sential need for link monitoring for 
guaranteeing Quality of Service, 
IEEE 802.3ah allows this monitoring 
function only as an optional speci-
fication. So not all 802.3ah-compli-
ant equipment has it built in. If it is 
implemented, the protocols don’t take 
much bandwidth. They include the 
features of Discovery, Link Monitor-
ing, Remote Failure Indication, Re-
mote Loopback and Retrieval from 
the Management Information Data-
base, the MIB (every piece of equip-
ment on the network has its own MIB 
variable).  In addition, the standard 
allows vendors to add their own spe-
cific feature enhancements.  

Discovery is simply that the units 
advertise their presence and capabili-
ties to each other. Link monitoring 
allows network managers to get im-
portant status information and detect 
error events on the Ethernet links.  

Remote Failure Indication detects 
and reports failure conditions on the 
Ethernet Link. Remote Loopback is 
a valuable command for testing and 
troubleshooting the link.

All of these features, in addition to 
the vendor enhancements, address the 
potential shortcomings of Ethernet 
deployments. 

Media Conversion Enhancements
The ability to enhance products that 

support 802.3ah has enabled vendors 

(more than three miles). With loop 
bonding, as many as eight pairs of 
2BASE-TL lines can be combined to 
deliver nearly 20 Mbps symmetrical. 
IEEE 802.3ah runs in the same band 
plan but of course has all of the service 
characteristics of Ethernet. 

EFMF and EPON both use optical 
fiber. EPON is a point-to-multipoint 
topology. An optical splitter is used to 
divide the signal into separate strands 
fed to the individual subscribers.  Be-
cause there is no need for electrical 
power in the field, and because each 
home or business does not need its 
own fiber line all the way back to the 
central switching point, it costs less. 
Thus, EPON is an attractive solution 
for carriers.  Unfortunately, EPON 
does not provide ideal tools to effec-
tively diagnose and troubleshoot prob-
lems in the field.  

EFMF is a point-to-point topology. 
That is, a single mode fiber – either 
dual or single fiber strands – connects 
the user with the control point.  It al-
lows Ethernet at speeds of 100 Mpbs 
or 1 Gbps, at a distance of 10 km (six 
miles).  An optional specification is an 
extended temperature range, from –40 

to +85 degrees Celsius, which allows 
the network connections to withstand 
a variety of environmental conditions.  

When using dual fiber, the send and re-
ceive signals transmit on different strands.  
100BASE-LX10 and 1000BASE-LX10 
are the standards for dual fiber.  Both 
standards transmit at a wavelength of 
1310nm. IEEE 802.3ah establishes new 
wavelengths for transmitting send and re-
ceive signals on single fiber.  

The downlink, referring to the trans-
mission from the central office to the 
customer, is 100BASE-BX10-D and 
1000BASE-BX-10-D. The uplink from 
the customer is covered by 100BASE-
BX10-U and 1000BASE-BX10-U.  

Wavelengths specified by the standard 
include 1310 and 1550 for 100Base-BX 
standards while 1000Base-BX standard 
specifies 1310 and 1490nm.

Link monitoring, administration and 
maintenance is a critical feature for service 
providers in terms of time and cost for ef-
fectively monitoring the health of their 
networks and quickly identifying prob-
lems.  

These management functions are sup-
ported in a sublayer of the Data Link Layer 
(Figure 2).  

Figure 2 – The network layer model and the management sublayer, under international standard definitions.

Not all 802.3ah-compliant equipment has link 
monitoring for guaranteeing quality of service 
built in. If it is implemented, the protocols don’t 
take much bandwidth.
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Figure 3 –  An IEEE 802.3ah application in practice.

to provide features that allow carriers 
to deploy and maintain Ethernet fiber 
networks with ease and confidence.

SNMP, along with the management 
features, enables network managers 
to completely manage the entire link 
from end-to-end when media convert-
ers are used at both the central office 
and the customer’s premises.  This is 
an important time and cost reduc-
tion because it eliminates the need, in 
many cases, to send a technician to the 
field to troubleshoot problems.  When 
conversion technology is used only at 
the customer end to connect to cop-
per hardware, basic management can 
still be maintained through 802.3ah 
support.

Management protection can be 
enhanced through advanced SNMP 
security features offered by premium 
manufacturers.

A key feature offered by media con-
verter manufacturers is the ability to 
allocate bandwidth.  Some products 
are offered with the ability to allocate 
in as little as 64KB increments.  This 
allows carriers to offer contracts for a 
variety of service levels, based on cus-
tomer needs.  Controlling bandwidth 
with media converters permits the 
switch to perform its main switching 
function without losing processing 
power to bandwidth management.  
Both upstream and downstream band-
width levels can be controlled.

Manufacturers are also supporting 
IEEE 802.1P and IEEE 802.1Q, traf-
fic prioritization and VLAN tagging.  
802.1P support is vital to support high 
priority traffic, such as voice, over the 
last mile. VLANs effectively segment 
the traffic ensuring that no unauthor-
ized access is allowed, providing in-
creased security.  Both are managed 
via SNMP. 

A few premium vendors offer the 
capability for the converter to restore 
the link, without any need for user 
intervention, once a fault condition is 
removed.  This eliminates the need to 
send a technician to the field.  Digital 
diagnostics can be implemented on the 
optical link to measure temperature 
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(and the transmit and receive power 
levels as well).

Applications for Media Conversion
Media conversion devices can 

be deployed at both the central of-
f ice and the customer premises to 
provide an end-to-end Ethernet 
solution.  The 1000BaseTX edge 
switch is insta lled at the central of-
f ice.  The RJ-45 ports on the switch 
will be connected by copper to the 
802.3ah compliant 10/100/1000 
copper-to-f iber media conversion 
cards, loaded in a slot chassis.  Fi-
ber is then run from the BX or LX 
ports on the cards out to the in-
dividual customers.  There, the 
802.3ah compliant 10/100/1000 
copper-to-f iber media conversion 
stand-alone devices convert the op-
tica l signal into an electrica l sig-
nal.  The customer can connect to 
the Ethernet network with existing 

copper-based network devices.  
Another conf iguration would be 

to insta ll a f iber switch at the cus-
tomer end.  

The f iber can then be run to the 
customer and to 802.3ah compli-
ant stand-alone media converters, 
which in turn would provide an 
RJ-45 port to the customer to con-
nect an existing copper switch to 
the high bandwidth Ethernet net-
work.  

A lthough the carrier will lose 
the ability to enable the vendor-
enhanced features, basic adminis-
tration and quality management is 
supported.

With the 802.3ah standard, the 
same characteristics that have en-
abled Ethernet to f lourish in enter-
prise networks can now be exploit-
ed in carrier networks.  

The high bandwidth offered by 
Ethernet provides service provid-

ers an option to unplug the current 
bottleneck created in the last mile 
of service by lower bandwidth pro-
tocols. ◆
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