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As service providers increase the 
bandwidth they deliver to cus-
tomers, they will need to tran-

sition from the optical power splitting  
they use today to optical wavelength 
division. In today’s outside-plant (OSP) 
networks, providers typically use optical 
power splitters that divide each optical 
signal into 32 signals at a reduced power 
level. All wavelengths are available in 
the 32 signals. 

WDM-PON will be the method 
used to increase customer bandwidth. 
It will provide a specific wavelength to 
each home and may eliminate the need 
to share bandwidth among users, thus 
creating a virtual point-to-point link 
to each home. Bandwidths can be in-
creased dramatically, possibly to gigabits 
per home.

How should the prospect of a future 
transition to WDM-PON affect the de-
sign of today’s networks? What should 
network designers do to accommodate 
the anticipated transition? Is a design 
option available today that will serve as 
a better vehicle for WDM-PON in the 
future? Are designers running the risk of 
digging themselves into “design holes” 
that will be costly and time-consuming 
to get out of when the time comes to de-
ploy WDM-PON? 

Even though WDM-PON standards 
have not been developed yet, it is possible 
to examine the WDM-PON concept, 
determine how to deploy it and then 
review network design options to deter-
mine whether one design used today may 
prove to be better as the future unfolds. 

Currently, two options for deploying 
WDM-PON are being explored. One 

Converting to WDM-PON 

method requires replacing each optical 
power splitter with a device called an ar-
ray waveguide (AWG) that separates the 
wavelengths to be sent to each home. Of 
course, optical line terminals (OLTs) in 
the central office and optical network 
terminals (ONTs) at customer prem-
ises will also have to be replaced. AWGs 
work with tunable ONTs or reflective 

amplifiers that simply react to the wave-
lengths offered to them. 

The second option is to keep the op-
tical power splitters in place and filter 
wavelengths at the ONT, which are each 
tuned to a single wavelength. 

There are two primary issues to 
consider: first, the effects of these two 
WDM-PON options on networks  
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Figure 1: Three widely used PON design options
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already constructed and second, the ef-
fects of the two options on design strate-
gies for networks being built today. 

three PON DesigNs
Three network designs are in common 
use in today’s XPONs: home run, cen-
tralized and decentralized/distributed. 
(I refer to existing systems as “XPON,” 
meaning that they could use BPON, 
GPON or EPON technology.) These 
design options are shown in Figure 1. 
Each design has somewhat different 
implications for transitioning to WDM-
PON.  

For each design, it is necessary to 
consider three reference points: the OLT 
card port in the central office, the split-
ter location (central office, cabinet or 

splice case) and the customer location. 
To make a WDM-PON port avail-

able on an OLT, the existing XPON 
port can be used and the backplane 
input signal changed from XPON to 
WDM-PON, or a new WDM-PON 
port can be placed that will require a 
new OLT card port in the central office. 

When a new port is put in place and 
the optical splitter has been cut over to 
it, the existing port can be reworked and 
converted to WDM-PON. This mini-
mizes the expense of buying new OLT 
cards for all the splitters in the network. 
It also means that the converted card 
will require some time to change from 
XPON to WDM-PON, which can be 
done as technicians complete the field-
work on the transition. 

This analysis assumes a 100 percent 
take rate regardless of splitter location, 
so there are always 32 customers behind 
an optical splitter. 

CONvertiNg FrOm XPON  
tO WDm-PON 
The speed of splitter cutover is criti-
cal, regardless of the design. Both the 
cabinet and distributed designs require 
placing personnel at three different loca-
tions – the central office, the splitter lo-
cation and the home. In all three design 
options, the amount of time required 
to change the ONT at the home is the 
same. When analyzing these options, 
this time can be ignored as it will not af-
fect the design decision and is constant 
for all options. 

Figure 2: With a home-run architecture, there are no splitters in the field.  

Figure 3: In a centralized splitter architecture, multiple splitters are placed inside large field cabinets.
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For each of the three PON design 
options, there are two possible conver-
sion methods, based on the two WDM-
PON architectures. Option A involves 
turning up a new splitter (AWG) fed by 
the new WDM-PON signal. An existing 
XPON-fed splitter is selected for conver-
sion, and the fibers serving customers 
are rolled over to the new AWG while 
field technicians replace the associated 
XPON ONTs with WDM-PON ONTs 
and verify service with customers. 

Option B involves replacing the feed 
to the splitter input with a WDM-PON 
feed. When this is accomplished, the 
technicians replace the XPON ONT at 
each home with a WDM-PON ONT 
tuned to a specific wavelength. The meth-
ods for each option are analyzed below.

hOme-ruN DesigN
Option A always requires moving fibers 
from the optical power splitter to the 
AWG. The home-run design requires re-
moving the existing jumper after comple-
tion – because it is idle, it should be re-
moved for reuse later and to reduce clutter 
in the jumper management system. 

Care must be taken while doing this, 
and the operation may cause problems 

for other customers. A conservative es-
timate is that a 5 percent trouble rate 
will be encountered (two troubles out of 
33 jumpers per splitter). This is an extra 
cost and will consume more time com-
pared with Option B. 

In addition, close coordination is re-
quired between the central office techni-
cian and the field technicians, who must 
check with one another for every cus-
tomer operation. This will likely cause 
delays as field technicians wait for cen-
tral office technicians to move fibers to 
their new splitters. 

However, Option A should cause a 
little less outage time for most customers, 
as they are moved only when field techni-
cians are ready to make the conversions. 
This is offset somewhat by the additional 
amount of time required by technicians 
to move one customer at a time. 

Option B requires a central office 
technician to provide a new WDM-
PON feed to each splitter, shutting off 
service for all customers behind that 
splitter until the field technician can 
complete the ONT work. This work is 
initiated by the field technician’s call 
to make the central office change after 
deployment to the first homes to be con-

verted. Speed is essential to restore ser-
vice as quickly as possible. 

Because the central office work is 
faster for Option B than for Option A, 
additional field technicians can be de-
ployed to speed up the restoration. This 
method is used by some cable compa-
nies today: They notify customers that 
there will be a service outage to upgrade 
the network and follow the same general 
scheme. 

An advantage to this method is that 
the OSP network between the OLT and 
ONT is not touched, so technicians’ 
hands in the plant will not generate ad-
ditional troubles. Troubles can greatly 
affect scheduling, as they must be re-
solved before moving to the next opera-
tion. Some troubles may not be evident 
until a customer gets home from work, 
thus jeopardizing the next day’s schedule 
or requiring overtime work to fix trou-
bles late in the evening. 

Telcos’ general rule is to make up-
grade conversions only on the ends of 
the OSP to prevent additional troubles 
from occurring and to ensure smoother 
conversions overall, even if the outage 
time may be slightly higher for some 
customers. This option may be more 
economical because technicians have 
less wait time on the telephone and 
fewer troubles to deal with. 

Another reason this option may be 
more economical is that no new OLT 
ports are needed as the splitters are not 
changed. However, this may not be an 

Figure 4: In a distributed architecture, splitters are placed close to customer premises.

Telcos have a general rule of making upgrade 
conversions only on the ends of the outside plant.
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issue if existing ports are available, and 
it would not likely be a significant con-
tributor to overall conversion costs. Us-
age of spares should mitigate this cost, 
as each spare will ultimately be returned 
when conversion is completed. 

CeNtrAlizeD sPlitter CAbiNets
With centralized splitter cabinets, Op-
tion A requires a technician to turn up 
each new splitter in the cabinet. If there 
are no vacant splitter slots in the cabi-
net, this option is ruled out entirely. If a 
slot is available, a new fiber feeder must 
be spliced from the back of the cabinet 
and made available for the splitter. As 
customers are rolled from one splitter 
to another, vacated jumpers may be re-
moved as they are disconnected. It may 
be possible to wait until all the splitters 
have been converted to remove the old 
jumpers, but this requires placing new 
jumpers on top of old jumpers, creating 
a massive jumper mess in the middle of 
the cabinet and possibly increasing the 
likelihood of troubles. 

Even without troubles, converting a 
cabinet using Option A takes about five 
hours. The outage time for individual 
customers might be shorter, as custom-
ers are moved one at a time. However, 
additional technician time is needed 
as central office and field technicians 
must hold a conversation about each 
customer. Because customers on a single 
splitter may be scattered through a large 
area, significant travel time may be re-
quired. Therefore, the time to convert 
a single splitter will be greater for the 
technicians working on ONTs.

Option B eliminates the need to 
visit the cabinet because splitters are not 
changed. The technician time used for 
the cabinet activity can be used to con-
vert the ONTs faster. The analysis and 
findings for this option are the same as 
the home-run analysis for Option B. 

DistributeD sPlitters
Option A presents the same types of 
problems with distributed splitters as it 
does with the other two options: A tech-

nician is needed at each splitter location 
to move fibers from one splitter to an-
other. Extra work may be necessary to 
bring another fiber feeder to the splitter 
from the central office. This may require 
additional splicing in several splice cases. 

However, Option A also offers ben-
efits with distributed splitters that are 
not realized with the other designs. The 
technician at the splitter can start mov-
ing customers to the AWG as the field 
technician calls from each customer lo-
cation. Because distributed splitters are 
typically in the middle of the PON area 
and close to homes, coordination may 
be slightly better – the two technicians 
may actually be in sight of each other. 
The possibility of creating additional 
troubles is greatly diminished because 
the technician at the splitter does not 
have to remove jumpers; only the old 
splitter needs to be removed. The work 
probably will go faster because homes 
are close together, and windshield time 
is almost eliminated when converting 
the single splitter area. 
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Option B with distributed splitters 
is similar to the previous two options 
in that the splitter location is not vis-
ited during conversion. This reduces the 
risk of troubles, increases technician ef-
ficiency with reduced coordination, and 
generally enables a closer adherence to 
the schedule. 

CONClusiONs
Option A vs. Option B: Option B – 
filtering wavelengths at the customer 
premises – is preferable from a conver-
sion standpoint to Option A, in which 
wavelengths are filtered through an 
AWG in the OSP network. With Op-
tion B, trouble potential is mitigated, 
and the overall cutover efficiency of field 
technicians is maximized. Generally, up-
grades are best performed at the ends of 
the OSP network rather than inside the 
OSP network itself. Keeping hands out 
of the plant helps to decrease troubles 
and insure that the plant will withstand 
long-term usage. 

Central office vs. centralized cabi-
net vs. distributed splitter design. 
There appears to be no particular ad-
vantage for one PON design over an-
other and definitely no advantage from 
a conversion cost standpoint. Especially 
for Option B, which does not involve 
the OSP network in the conversion, no 
particular PON design presents any sig-
nificant advantage in converting from 
XPON to WDM-PON.

The home-run and centralized cabi-
net designs may offer slightly less down 
time for individual customers, but they 
may also increase the number of trou-
bles and thus lengthen overall conver-
sion time and potentially play havoc 
with schedules. 

The distributed splitter design has 
the advantage of fewer troubles and less 
travel time, but this advantage is not large 
enough to justify using it everywhere. 
The long-term costs and operations of 

the network are more important than 
a “one-off” event such as migration to 
WDM-PON. Simply stated, XPON to 
WDM-PON conversion or any type of 
electronic upgrade should not dictate the 
type of design deployed. The facts just are 
not present to warrant such a claim. 

PrePAriNg FOr Future  
CONversiON
Conversion to WDM-PON from 
XPON can be better accomplished with 
some thought initially about how to pre-
pare the network with minimal effort. If 
an AWG is to be utilized (Option A), the 
existing splitter will have to be replaced. 
Here are some suggestions to minimize 
cutover time and effort.

1 Be vigilant about mapping customer 
addresses to the associated splitters  
and keeping records up to date.

2 If the existing network has a home-
run configuration, make sure cus-
tomers behind the same splitter are 
at least in the same feeder route,  if 
not closer. This greatly reduces wind-
shield time compared with having 
customers spread over the entire cen-
tral office area. Grouping customers 
may require deploying at least one 
more splitter per feeder route. 

3 Use a similar approach if splitters are 
located in cabinets. The defined area 
for each splitter may be in relation 
to the cabinet location (ideally in the 
middle of the service area). A north-
south-east-west arrangement may be 
successful in minimizing windshield 
time between customer locations. 
Not much can be done to minimize 
the time at the cabinet, as a techni-
cian will have to be there to manage 
splitter replacement. As ONTs are 
turned up, a technician will have to 
roll the fiber to the AWG splitter. 
With multiple technicians placing 
ONT’s, the technician will have to 
be at the cabinet on demand.

4 With the distributed split option, 
little needs to be done to prepare 
for cutover. With customers literally 
next door to each other, windshield 
time is minimal. The technician at 
the splitter may be able to literally see 
the technicians as they move from 
home to home if the splitter is located 
in the middle of the 32-home area. 

Which of the two WDM-PON op-
tions will be the eventual winner? Per-
haps both are needed. Operators could 
use the ONT wavelength filter option 
for the millions of homes in XPON sys-
tems that are already deployed. The big-
ger companies will probably choose this 
option as their labor rates push them 
toward minimal labor involvement in  
the network. 

New deployments could take advan-
tage of the benefits the AWG option of-
fers, such as extended reach. The designs 
used for current systems can also be 
used for WDM-PON unless some new 
technological breakthrough occurs.

With some forethought about where 
this technology is headed, the transition 
needed in the future can be minimized 
and easier. Careful planning for the fu-
ture is always a sign of a good engineer-
ing job. These thoughts may help this 
process along. 

It is probable that both options will 
be available in the future. Option A 
could be used for greenfield areas, and 
Option B could be used for brownfield 
areas. That may well be the best of both 
worlds.

One final thought: To deliver all the 
wavelengths needed for WDM-PON 
and other possible future services, fiber 
will have to be manufactured with a 
consistent loss across wavelength spec-
trum. Only one type of fiber can do this. 
It is called Zero Water Peak (ZWP). 

Natural fiber does not have a consis-
tent loss across all wavelengths, due to 
several properties inherent in natural 
material. Synthetic fiber is now available 
from several fiber vendors and is best for 
future delivery of all wavelengths. It is 
the only fiber type that has a consistent 
loss across all wavelengths. It is highly 
recommended that this type of fiber be 
specified for all FTTH work. v

The “best of both worlds” may be to filter 
wavelengths in the field in greenfields and filter 

them at the ONTs for brownfield conversions.


