
Because each MDU complex 
is unique, a cost model is 
needed in order to take all the 
costs into consideration. The 

model allows the planner to vary de-
sign parameters and determine the right 
configuration for a particular MDU. 
Nevertheless, provisioning fiber to the 
home (FTTH) in a campus-style mul-
tiple dwelling unit complex can be ac-
complished for less than $100 per living 
unit in outside plant material cost, if a 
cost model is used to find the best ar-
rangement of network elements. This is 
half the price – a savings of at least $100 
– compared with the cost of materials 
using other design options. 

In fact, it may be possible to build 
FTTH in MDUs for less than $100 per 
living unit in material and splicing la-
bor, excluding cable placement and elec-
tronics costs. 

The initial cost of FTTH is critical 
to its financial success and requires close 
examination. But maintenance costs are 
also important, and these are affected by 
the unique dynamics of MDUs: High 
take rate, densely populated develop-
ment, high churn rate and (usually) a 
single provider for each type of service 
– telephony, video and Internet. The 
national average turnover rate hovers 
in the range of 70 to 80 percent, which 
can mean a lot of truck rolls for instal-
lations and disconnects. It’s important 
to design an FTTH network that can 
withstand the rigors of this high churn 
without deteriorating. 

A cost model like the one used by 
OFS, shown in Figure 1, allows us to 

examine the costs of the elements in an 
FTTH network. This model helps us 
compare different scenarios – for exam-
ple, using fusion splicing versus connec-
tors. The model does not recommend 
specific products, but rather provides a 
way to design economical networks. 

Centralized or 
Decentralized Splitters?
When should splitters be located in a 
centralized cabinet, and when should 
they be distributed throughout the 
network? The economics of using a 
centralized cabinet are determined 

It may be possible to build FTTH in MDUs for 
less than $100 per living unit in material and 
splicing labor, excluding cable placement and 
electronics costs.

Figure 1: On-screen view of OFS cost model for calculating design alternatives 
for an MDU fiber deployment.
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Figure 1: FTTH Cost Model
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by take rate. Generally, developments 
that have high take rates do not need 
centralized cabinets. 

With a centralized cabinet, splitters 
can be more fully used because custom-
ers from different parts of the network 
can be connected to the same splitter. 
When take rates are below 50 percent, 
centralized cabinets become economi-
cal because they allow a more efficient 
use of the electronics in the central of-
fice or headend. This efficiency justifies 
the expense of a cabinet, which may 
run as high as $100 per living unit 
served, taking into consideration the 
costs of the concrete pad, handholes, 
ductwork, right-of-way, site landscap-
ing and maintenance. 

In an MDU where the take rate 
exceeds 50 percent, it is more economi-
cal to distribute the splitters throughout 
the MDU complex. (Splitter sizing and 
placement are discussed in more detail 
later.) Since most MDU complexes have 
very high take rates – often above 90 

percent – there is no need to increase the 
efficiency of the electronics, and central-
ized cabinets are not justified. 

Contrary to some claims, a central-
ized cabinet is not needed in order to pro-
vide a test point, either. Most electron-
ics vendors build tools for analyzing the 
FTTH outside plant network into their 
surveillance systems for the electronics. 
This provides a quick way to locate prob-
lems, because all 32 customers behind a 
splitter can be analyzed almost at once. 
If the other customers behind a splitter 
have service, then the problem can be 

narrowed down to a particular part of the 
network without a visit to the field. 

Also, excellent test sets are available 
that can see through a splitter from one 
end or the other and determine fault 
points. This makes it unnecessary to 

place a centralized cabinet in order to 
create a test point. In fact, since central-
ized cabinets will most likely cause prob-
lems throughout the life of the network, 
they should be used with caution. 

It is also sometimes said that cen-
tralized cabinets add flexibility to the 
network. However, assuming that flex-
ibility means the ability to lower split 
ratios, then a cabinet adds only a small 
advantage. Lowering split ratios requires 
accessing the splitter and reducing the 
number of customers behind it, which 
can be done either in a cabinet or in a 
distributed splitter arrangement. The 
cabinet may offer a small time savings, 
but since split ratios are typically low-
ered only once every 6 to 10 years, the 
time savings does not justify the nearly 
$100 additional cost per customer. 

Placing Optical Splitters
Distributing optical splitters is the eco-
nomical choice for MDUs, but how 
should they be distributed? Figure 2 
shows three conventional ways to serve 
a campus-style MDU with eight living 
units in each building. A 1x32 splitter 
can serve all four of the eight-unit build-
ings. You could also use a 1x8 splitter 
feeding two 1x4 splitters at each build-
ing or a 1x4 feeding four 1x8 splitters 
(one at each building). 

Cost models have been developed 
for this scenario, and each time the 
1x32 splitter has proven to be the most 
economical unless there is a significant 
distance between the buildings. If the 
distance is large, then the cost of dis-
tributing the splitters is offset by the 
decreased cable size, and it makes eco-
nomic sense to use a splitting option 
other than 1x32. However, in most 
campus-style MDU complexes, the 
distance is not large enough to justify 

anything except a 1x32.
 The 1x32 splitter can be housed 

in the same enclosure that is used for 
splicing the pigtail that feeds into the 
electronics, or for the fiber drop that 
is then placed to each living unit. This 

Figure 2: Options for locating optical splitters in an MDU with four low-rise 
buildings containing eight dwelling units each. Splitter placement affects fiber 
runs and operating 

In designing a fiber-to-the-home network, 
take operational as well as installation costs 
into account.

Centralized cabinets for optical splitters are 
rarely economically justified in an MDU.

Figure 2: Distributed Splitter Arrangement
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eliminates the need for additional split-
ter housings and reduces the cost of the 
FTTH network. In other words, the 
enclosure can serve “double duty” for 
splitting and splicing. The number of 
living units in each building does not 
affect the recommendation for splitting. 
Whether there are four, 16 or more units 
per building, the 1x32 splitter is the best 
option to use. However, the number of 
units in a building does determine the 
size of the fiber cable that is needed from 
the splitter location to each building.

Configuring Fiber Cables
Figure 3 shows two options for placing 
a fiber cable into an MDU complex. In 
the top three diagrams, which illustrate 
a “dedicated cable” plan for buildings 
with different numbers of units, a single 
cable is used for each building. These ca-
bles are routed back to a common point 
and spliced together. 

The three diagrams on the bottom 
show another option: looping a single 
fiber cable from building to building. 
The cable is looped through the point 
at each building where the electron-
ics are located, either on the side of the 
building – preferably in a small add-on 
room for utilities – or in a utility closet 
somewhere inside the building. This op-
tion eliminates the common splicing 
point and also minimizes the amount of 
trenching necessary to place the cable. 

Looping the cable from building to 
building is the most economical choice, 
since it minimizes both trenching costs 
and the total amount of cable needed to 
service the buildings. 

Placing Terminals 
At each building of an MDU complex, 
we must select a placement for the elec-
tronics and a point where pigtails can 
be spliced to the fiber cable in order to 
provide a connector for the electron-
ics. Most MDU complexes have a util-
ity building on the side of each unit 
or a utility closet inside each building. 
Because the utility building or closet 
protects the equipment and helps miti-
gate tampering, the terminal can be an 
inexpensive plastic housing just large 
enough to hold the electronics and the 
splicing. Although service theft has been 
a problem for many MDU complexes, 
it is possible to reduce or eliminate this 
problem in FTTH installations by pro-
visioning service remotely. 

Placing terminals in a utility 
building or closet eliminates the need 
for a hardened terminal with a fiber 
stub factory-wired into it. Hardened 
terminals are very costly and are not 
well adapted to MDUs, whose high 
turnover rates tend to create problems 
with the connectors. 

There are two basic options for lo-
cating the electronics in an MDU. The 

first option is to place the electronics in 
each living unit; the second is to use the 
MDU version of the electronics. The 
first option requires placing a fiber drop 
to each living unit. These fiber drops 
must be spliced into either the splitter or 
a fiber cable that is fed from a splitter at 
some other location. 

The second option eliminates the 
need for running a fiber to every living 
unit but requires CAT5 and coax cables 
instead. Most FTTH electronics ven-
dors have a special MDU ONT (opti-
cal network terminal, or the electronics 
at the customer premises; also called an 
ONU) that can serve up to about 24 
subscribers. The unit is placed in a sin-
gle location in a building, with CAT5 
and coax cable going to each unit from 
the MDU ONT. This option generally 
provides a significant decrease in ONT 
electronics cost; the downside is that the 
bandwidth to each unit is lower, though 
it is high enough to serve the immediate 
needs of most tenants. Future improve-
ments in MDU ONTs will undoubtedly 
increase the bandwidth capability. 

If fiber is run to each unit, then the 
building terminal only needs to house a 
fiber splice for splicing the fiber drops 
from each unit to the fiber cable. If the 
second option is used, then the build-
ing terminal must be sized to house the 
splice for the pigtails and the electron-
ics. In either case, economical housings 
are available from a number of vendors.

Fusion Splicing or Connectors?
In fusion splicing, the drop fiber is 
welded to the distribution cable fiber. 
When they are executed properly and 
left alone, these welds do not fail. Fu-
sion splices that have been measured 20 
years after they were made still have the 
same loss as the day they were spliced. 
This finding, based on lessons learned in 
the copper world, gives credence to the 
“dedicated plant” concept for fiber.

Connectors, on the other hand, ac-
cumulate dust and water, and their defect 
rate may increase as they age. As Chart 
A shows, the more network elements are 
added to the network, the higher their 
problem rates and maintenance costs are 
over the life of the plant, compared with 
a fusion-spliced network. 

Figure 3: Fiber Cable Placement 
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Figure 3: The distances signals travel on fiber do not affect bandwidth, so 
“looping” the fiber cable from one building to another, rather than branching 
from a central location, is technically possible and can save a great of money.
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Chart A represents what can be ex-
pected to happen to a typical network 
over time; it does not reflect the experi-
ence of any particular network. 

Chart B illustrates total labor costs 
over the life of the FTTH deployment, 
including installation and maintenance. 
(This is also a conceptual chart that does 
not reflect the experience of a particular 
network.) Over time, labor costs are much 
higher for a connectorized network and can 
result in a significant increase in budgetary 
requirements for the life of the plant. 

In MDU environments, fusion splic-
ing is recommended for optical splitters 
and for any fiber drops. Fusion splicing 
will insure the long-term success of the 
FTTH network, since splices offer fewer 

Chart A 

Connectorized
Drops and
Centralized
Splitter
Cabinet

Connectorized
Drops

Fusion Spliced

Maintenance Costs
Conceptual Chart

1 2 3 4 5 6 7 8 9 10
Years in Service

$/
S

u
b

sc
ri

b
er

Chart A: Comparing projected maintenance costs for preconnectorized versus 
fusion-spliced fiber. In this MDU example, given typical current connector 
technology, fusion should cost less.
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Chart BChart B: Fusion is still cheaper in this MDU example, when the higher labor 
cost of the fusion splice is taken into account.

opportunities for problems to occur and 
they can withstand the rigors of a high 
churn rate prevalent in MDU environ-
ments. Fusion splicing also reduces over-
all network loss and helps ensure that the 
network is reliable enough to retain and 
possibly grow the customer base. 

Conclusions
A cost model approach helps providers 
develop cost-effective and reliable FTTH 
networks. Reliability is essential in an 
MDU environment since churn has tra-
ditionally shortened the life expectancy 
of telecommunications facilities. Figure 
4 shows the recommended layout of a 
FTTH network, with splitters placed 
strategically based on the number of 
living units in each building. The fiber 
cable is looped to each building and an 
enclosure is placed to provide for splicing 
and housing of the electronics if MDU-
type ONUs are used. The recommended 
network below has been used to design 
thousands of MDUs, so it has been field-
tested. Outside plant material costs have 
consistently been under $100 – well be-
low the material costs obtained by using 
other design options – and, in most cas-
es, splicing labor and material costs were 
kept under $100 as well. BBP 
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RECOMMENDED FTTH CONFIGURATION
FOR CAMPUS STYLE MDUs

Note: Fusion splice all connections. Place 1x32 splitters based on the
number of living units per building. This design will be under $100
in OSP material cost for conventional MDU campus style developments.
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Figure 4: The idea of looping, with local splitters, generally holds for larger 
buildings than in Figure 2; the splitter assemblies just get bigger – typically, 
up to a maximum of 32 splits per assembly and multiple splitter assemblies per 
building –  to match the number of residents. Business expectations enter into 
calculations; a 32-unit building with low take rate might not justify a 32-port 
splitter, of course


