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Abstract—2020 will be the year, in which 5G is going to be
put into operation, therefore, it is fundamental that all enabling
technologies are analyzed in a technical and economic way. The
business sector is not very favorable in investing into novel
technologies. In this paper, authors propose a techno-economic
model for the Multiple Input Multiple Output (MIMO) technology and compare it to the previously developed model for
the Distributed Antenna Systems (DAS). Firstly, the experimentation models are analyzed. Secondly, the mathematical models
are presented and the specific parameters are opted. Several
experiments help comparing and contrasting the two different
technologies. There are not many works concerning the technoeconomic perspectives of MIMO comparing it with the DAS,
this research contributes in this direction.
Keywords—5G, pricing, cost models, mobile networks, MIMO,
Massive MIMO, DAS

I.

I NTRODUCTION

The advent of 5G coincided with the economic crisis.
Telecommunication operators never cease to seek new ways
of obtaining profits with little or no investment in novel
technologies. The requirements of 5G are met by different
technologies, than nowadays. 5G’s realization will include
fundamental technological achievements, such as Device to
Device communications (D2D) and Internet of Things (IoT),
which will augment the number of connected devices to
mobile networks. 5G is supposed to reduce latency (less
than 1ms), augment the throughput. Therefore, the existing
technologies can not keep up with these demands.
Key technologies for 5G, such as Software Defined
Networking (SDN), Network Function Virtualization (NFV),
Multiple Input Multiple Output (MIMO), cognitive radio,
Ultra-density etc. are going to support the development of
networks in the future [1]. One of the key technologies of
5G networks will be MIMO, which is a wireless technology
that offers the capability to enhance the rate of the data
transfered using a number of antennas. The existing antennas
help transmitting the signals into smaller regions of space.
There is also a version of the MIMO, which is called Massive
MIMO as the number of the included antennas is enlarged.
This technology contributes in meeting 5G requirements, because it offers: [2] increased data rates, enhanced reliability,
improved energy efficiency and reduced interference.
An optimal design for Base Stations (BS) is discussed in
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[3], where it is pinpointed that MIMO unresolved issues focus
on finding the equilibrium among the appropriate bandwidth
(BW) needed, the quantization number in bits and the number
of antennas needed to maximize the sum of achievable rates.
MIMO technology has been thoroughly researched in [4],
while in terms of performance MIMO has been investigated
in [5] and [6]. When it comes to cost analysis, the main
existing study [7] compares MIMO with the Licensed Shared
Access (LSA) in Finland. There are several cost analyses
concerning 5G networks [8].
Authors have already presented research concerning the
techno-economics of 5G technologies. They have already
developed ultra-dense and DAS techno-economic models [9],
Sensitivity Analysis (SA) of DAS and small cells [10], [11].
In previous research, they have presented cost models for
SDN and NFV [12] and they have also thoroughly analyzed
the SDN and NFV concepts in mobile networks alongside
with the advancements and challenges they induce [13].
In this research, MIMO and DAS will be compared.
MIMO and DAS are two different technologies, they are both
based on a number of antennas that enable connectivity with
different terminals in the network. They could be used in 5G
networks. In future mobile networks, antennas are added in
the network to augment its capacity and coverage and rend
it more efficient. To our knowledge there is not a technoeconomic comparison between these two technologies.
The remaining part of this paper is structured as follows: In Section II the proposed architectures are analyzed
and explained. In Section III the proposed financial and
mathematical models are summarized. In Section IV the
experimentation parameters are opted and explained thoroughly. In Section V several experiments concerning the
models’ viability are conduced. In Section VI conclusions
are summarized and future research activity in the field is
proposed.
II.

A RCHITECTURE

In this section, MIMO and DAS technologies are presented.
A. Multiple Input Multiple Output (MIMO)
MIMO is a technology inextricably connected with antennas. In this technological concept, several antennas exist

Fig. 1: The MIMO technology generic concept.

both on the side of the transceiver and the side of the receiver.
This technique sets as principal goal the enhancement of the
coverage, data rates and reduction of the latency in a wireless
or mobile network. What is more, smart antenna technology
is exploited and used within MIMOs electronic circuits in
order to minimize errors and augment speed. Nowadays,
MIMO is a well-known technology used for the BS, starting
with the 4th generation of mobile networks, but in a very
different aspect. Common forms of the simple MIMO include
4, 8, 16 antennas at the transceiver’s and the receiver’s sides.
These numbers could differ for the different sides.
Fig. 1 depicts the general concept of a MIMO architecture. N stands for the total numbers of antennas existing in
the scheme. When the number of antennas is 4, 8, 16, then
the technology is called MIMO. When there is a huge number
of antennas in each transceiver or receiver e.g. 128, 256, etc.
then the scheme is called Massive MIMO and it is claimed
to be one of the main technologies for the 5th generation
of mobile networks, as it promises all the above mentioned
fundamental advantages.

Fig. 2: A model for in-building conventional DAS architectures.

transmission medium is needed and optic fiber is the one that
is opted, because it offers lower losses.
Fig. 2 depicts a basic architectural model for the DAS
structure. It includes several antennas per floor (at least
two), a number of transceivers and feeders in each floor.
All equipment is connected to the optic fiber, which is lead
to the outdoor antenna at the top of the building, which
exchanges information with the BS antenna and enables the
communication between the building’s devices and the outer
world.
III.

In this section, the pricing models developed for the
techno-economic comparison are analyzed.
In general, the Total Cost of Ownership (TCO) of a
technology could be split into two main categories of expenditures:
•

the Capital (CAPEX): is all the money spent for
the acquisition of the new equipment, site, and it is
actually an initial investment in a technology, product
or service and

•

the Operational (OPEX): represents the budget
needed on a defined recurring basis, such as maintenance, operation costs, such as power consumption
costs etc.

B. Distributed Antenna System (DAS)
DAS was thoroughly analyzed in previous research activity, such as [10], [11]. It includes a number of antenna
nodes connected in a transmission medium, e.g. optic fiber.
It is possible to combine it with 802.11 and even enhance
it. In previous research activity [9], it was indicated that
two antennas per floor of a building could sufficiently cover
the floor of a block of flats or an under-populated building.
But, when it comes to larger places, several sets of antennas
need to be added to succeed in covering the whole place.
There are several substantial benefits of this solution (e.g.
high coverage, power efficiency, scalability etc.) and this is
why it is supposed to be a good alternative for 5G networks.
The DAS includes two basic structures. There is a BS
and a Distributed System (DS). A number of antennas, as
mentioned before represents the DS alongside with a number
of transmitters and feeders that facilitate the transmission. A

P RICING MODEL

These two different cost categories are really deviant and
therefore, a specific methodology followed in [9] could
help in forming both costs. The annual cost estimation is
achieved by considering that the CAPEX as an investment,
whose capital was obtained through a loan. Afterwards, the
corresponding annual cost results by calculating the annual
installment payments that correspond to the repayments of
this loan.
Supposedly that P is the amount of money spent for the
loan and is repaid annually, the repeating payment formula

could be used and the installment payment would be:
n

r(1 + r)
(1)
(1 + r)n − 1
where r represents the periodic interest rate and n represents
the length of the installment plan in years.
A=P

3) Total Cost of Ownership: The TCO of a network is
the sum of the CAPEX and OPEX of all its components,
therefore:
r(1 + r)n
+
(1 + r)n − 1
(Ms + Md )[B(crun + cbh )(CeN B + CEP C )
r(1 + r)n
+ Bcst + fBW BW ]
(4)
(1 + r)n − 1

cTMCO
IM O = B(CeN B + CEP C )(Ms + Md )

A. Multiple Input Multiple Output (MIMO)
1) Capital Expenditure: CAPEX is the amount of money
invested for the deployment of the new infrastructure and/or
the acquisition of the new equipment. CAPEX also includes
the investments made on updating the infrastructure with
new hardware, building, installation, back-hauling etc. The
installation costs for the BS nodes alongside with the core
network therefore, appertain to this cost category.
If CeN B corresponds to the cost of a BS and CEP C
is the cost for the amendments and installations made for
the Evolved Packet Core (EPC), namely the key terms used
into the LTE-A, then the cost for a BS will be given by the
expression: : CeN B + CEP C . If for example B BS exist in
the network, then the cost is formated as B(CeN B + CEP C ).
CeN B includes all costs of acquiring the site, back-hauling
and construction. CEP C includes all the costs related to the
core network.
It is substantial that the cost of the added antennas on
both sides is calculated. Ms and Md should be the number
of antennas in the source and in the destination respectively.
Ms +Md is the total number of existing antennas per network
component.
So, the CAPEX for MIMO is: B(CeN B + CEP C )(Ms +
Md ) and as the CAPEX is an investment amount, using the
(1) the total CAPEX is given by:
CX
CM
IM O

r(1 + r)n
= B(CeN B +CEP C )(Ms +Md )
(2)
(1 + r)n − 1

where i is the interest rate and n is the duration of the
installment plan expressed in years.
B. Distributed Antenna System (DAS)
The pricing model for the DAS has already been described in previous research activity and therefore, in this
paper it is going to be summed up.
C. CAPEX
DAS’ CAPEX consists of the costs for obtaining the novel
infrastructure and the actions for integrating new ones when
the existing equipment is updated. DAS BS costs are given
by the following equation: CeN B + CEP C . BS is represented
by the coefficient CeN B and CEP C represents the costs for
the EPC. If there are N BS, then N (CeN B + CEP C ) is the
cost for all the BS. As this amount is repaid annually 1, then
DAS BS is given by:
CX
CBS
= N (CeN B + CEP C )

Ceq represents the costs for the DAS equipment. If there
are d DSs then the CAPEX for the DS per year is:
CX
CDASEQ
= Ceq d

denotes the annual CAPEX, and n is the
where
installment plan in years.

Site, operation and support costs could be expressed by
cst . In order to include the costs paid for all the base stations,
Bcst represents this type of cost. The needed BW BW
multiplied with a coefficient fBW denotes the cost for the
BW leasing and back-hauling needed.
To summarize, the OPEX for the MIMO is:
OX
CM
IM O = (Ms + Md )[B(crun + cbh )(CeN B + CEP C )
r(1 + r)n
+ Bcst + fBW BW )]
(3)
(1 + r)n − 1

(5)

i denotes the interest rate and n the installment plan in years.

CX
CM
IM O

2) Operational Expenditure: OPEX includes the costs
for the network’s day-to-day operation and maintenance
activities. There are costs for power, in and off site support
and maintenance, which are represented by the coefficient
crun and back-hauling is denoted by cbh . For the B existing
BS these costs are given by: B(crun + cbh ). Considering
the MIMO antennas as well, then the cost is formed as:
B(crun + cbh )(Ms + Md ).

r(1 + r)n
(1 + r)n − 1

r(1 + r)n
(1 + r)n − 1

(6)

CX
, denotes the annual total cost of DS equipwhere CDASEQ
ment CAPEX. Implementation costs Cinc represent the costs
for integrating and installing the new equipment.

In order to calculate the total CAPEX, then:
CX
CDAS
= (Ceq d + N (CeN B + CEP C ))

r(1 + r)n
+ Cinc
(1 + r)n − 1
(7)

CX
CDAS
represents the CAPEX yearly.

D. OPEX
OPEX represents all the costs concerning the day-today operation of the system. It also includes the power
consumption costs, leasing, site etc. All these costs are
represented by the crun . The back-hauling is represented by
the coefficient cbh . The DAS BS OPEX costs on a yearly
basis is:
OX
CBSDAS
= N (crun + cbh )

Ceq denotes the costs for the DS and d is the numbers of the
DS in the building. The OPEX for all the DS is:
OX
CDSDAS
= Ceq d

r(1 + r)n
(1 + r)n − 1

The power consumption for the operation of the system is
denoted by Cpw . The total BW is given by the coefficient
BW multiplied with a coefficient, that denotes the backhauling activities for the BW, namely the fBW . Therefore, the
OPEX of the DAS is given by:
OX
CDAS
= N (crun + cbh ) + fBW BW +
r(1 + r)n
+ (fst + Cpw Ceq d)
(1 + r)n − 1

V.

E XPERIMENTAL PROCEDURE

In this section, the experiments are conducted. In the Flow
Chart 1 the procedure followed for the experiments in this
research is summarized. Different parameters affect the TCO
of the model in a different way, SA is realized for all the
components of the model. There are several parameters, that
refer to the same component of the network.

(8)

E. TCO
The TCO of the DAS model is given by the sum of 7
and 8:
T CODAS = (N (CeN B + CEP C ) + Ceq d(1 + Cpw ) + fst )
r(1 + r)n
+ Cinc + N (crun + cbh ) + fBW BW
(1 + r)n − 1
(9)
IV.

the outcome of the corresponding fluctuations is
described. Ms & Md , CeN B & CEP C and BW &
fBW .

PARAMETER SELECTION

In this section, the parameters of the proposed models are
opted. In order to conduct the experiments and conclude to
the influence of the cost parameters in the overall model concerning that the operators will be encouraged or discouraged
to invest in this technology, it is crucial that a specific test
bench with appropriate parameter values are opted. Values for
the network components of the Greek Market are available,
because of previous research activity [9]. 5G is going to be
realized in the future, it is fundamental to make a provision
concerning, what the prices will be. The values of the prices
vary within a price range of +/- 50% of today’s value. It is
probable that in the next few years prices will be augmented,
but on the other hand, the integration of novel technologies
into networks, (e.g. SDN and NFV), could offer important
advantages and reduce the costs for network components.
Virtualization is supposed to reduce the costs 20-80%.
Table I includes all the cost parameters, that are opted for
the MIMO scenarios.
In order to complete the experimental procedure, SA will
be used. SA is a strong tool, which will be used to indicate
how components affect the model. It helps pinpointing the
factors that should be diminished for the network to be
effective and profitable to the operator. SA is met in twodifferent types:
•

One way SA: When one of the parameters of the
problem ranges within the price range and the outcome of this reduction/augmentation is described. BN , n, r, Cs t, Cr un, Cb h.

•

Multi-way SA: When two or more of the parameters
of the problem range within the price ranges and

Algorithm 1 Experimental procedure
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:

procedure M ATHEMATICAL M ODELS
Calculate MIMO TCO
Calculate DAS TCO
procedure PARAMETERS S ELECTION
Opt for the parameters for MIMO
Opt for the parameters for DAS
Opt for the price ranges
procedure S ENSITIVITY A NALYSIS
One way SA for the parameters:
B, n, r, Cst , Crun , Cbh
Multi-way SA for the parameters:
Ms & Md , CeN B & CEP C and BW & fBW

A. Comparison of MIMO & DAS
In this section, there will be several experiments that will
help comparing and contrasting the two selected technologies.
Fig. 3 depicts the comparison for the CAPEX of the two
models. For the MIMO cases (number of antennas ≤ 64)
the CAPEX does not diverge compared to the CAPEX of
DAS. CAPEX for Massive MIMO (number of antennas ≥
64) is exponentially augmenting in relation to the number
of antennas. The DAS CAPEX increases in a much slower
pace, when the number of added antennas exceeds 1000. Fig.
4 depicts the comparison of the OPEX of the two models.
For the MIMO cases (number of antennas ≤ 64) the OPEX
does not diverge compared to the one of DAS. OPEX for
Massive MIMO (number of antennas ≥ 64) is exponentially
augmenting in relation to the number of antennas. The DAS
OPEX seems stable for the antennas added. Fig. 5 depicts the
comparison of the TCO of the two models. For the MIMO
cases (number of antennas ≤ 64) the TCO does not diverge
compared to the one of DAS. The TCO for Massive MIMO
(number of antennas ≥ 64) is exponentially augmenting in
relation to the number of antennas. The DAS TCO increases
in a much slower pace, when the number of added antennas
exceeds 1000.

TABLE I: TCO Cost Parameters and System Variables.
Parameter
CeN B
CEP C
B/N
n
r
cst
Crun
Cbh
BW
fBW

Parameter
Ms
Md

Parameter
Ceq
d
fst
Cpw
Cinc

General Costs
Description
Value [9]
Capital cost for a single BS
1000 e[9]
Core network’s capital cost for the deployment
110 e[9]
of a single eNB
The total number of BS’s and EPC’s needed
1 [9]
Duration of installment plan of a site in years
10 yrs
Periodic interest rate
6% [9]
Site costs apart from maintenance cost, e.g.,
3100 e [9]
power, in-site and off-site support
Running costs, such as single site, in-site, off-site
892.50 e[9]
Backhaul costs for optic fiber
4800 e[9]
Backhaul BW for a site’s interconnection
10 Gbps [9]
Linear coefficient correlating site annual back1170 [9]
haul costs with provided BW – expressed in
e/Gbps
MIMO Costs
Description
Value [9]
Factor related to the MIMO antennas at the
64
source
Factor related to the MIMO antennas at the
4
destination
DAS Costs
Description
Value [9]
DAS equipment
11900 e
Number of DS
2 antennas/floor
Site maintenance costs
0.8
Energy consumption costs
157.68 e
Implementation costs
2800 e

Fig. 3: The comparison of the capital expenditures of MIMO
and DAS.

B. Sensitivity Analysis of MIMO costs
SA indicates which of the components affect the model,
therefore, several studies should be developed in the direction
of finding technologically efficient approaches to reduce the

Value Range for SA
[500, 1500]
[55, 165]
[1,100]
[5, 20] [9]
[2, 10]
[1150, 4650]
[446.25, 1338.75]
[2400, 7200]
[5, 15]
[585, 1755]

Value Range
[2, 4, 8, 16, 64, 128, 256, 512]
[2, 4, 8, 16, 64, 128, 256, 512]

Value Range
[5950, 17850]
[2, 4, 8, 16, 64, 128, 256, 512]
0.8
[78.84, 236.54] e
[1400, 4200] e

Fig. 4: The comparison of the operational expenditures of
MIMO and DAS.

components’ costs alongside with maintaining high quality.
One-way SA is followed for the parameters that are considered independent from others and it is pursued to show how
they affect the CAPEX, OPEX and TCO of the model. On

Fig. 5: The comparison of the total cost of ownership of
MIMO and DAS.

Fig. 7: One-way SA for the years of the investment plan for
the MIMO.

Fig. 6: One-way SA for the number of BS of the MIMO.

Fig. 8: One-way SA for the interest rate for the MIMO.

the other hand, two-way SA is followed for the parameters
that seem to be strongly correlated and/or represent the same
network component.

raises the market demands and pushes to the development of
new products and services. As a result, telecommunication
operators seem rather unwilling to invest in a technology,
which will have become obsolete in the short future.

1) One-way Sensitivity Analysis: Fig. 6 indicates that the
number of BS affects mainly the OPEX and the TCO of
the overall model. All types of costs (CAPEX, OPEX, TCO)
are proportional to the number of added antennas, but the
CAPEX augments in a lower rate. The OPEX and TCO
are also augmenting proportionally to the number of added
antennas, but in a much higher rate, which really affects the
cost of the model.
Fig. 7 indicates that the number of the investment plan
affects all the expenditures. All types of costs (CAPEX,
OPEX, TCO) are inversely proportional to the years of the
investment, but the CAPEX decreases in a lower rate. The
OPEX and TCO are also cut down on inversely to the
years of investing in the technology, but in a much higher
rate, which really reduces the cost of the model with the
elapsing of years. It is therefore obvious that a long-term
installment plan is highly affecting the costs and reduces it.
The main issue that emerges here is that although mobile
network technologies really have low lifetimes, the clientle

Fig. 8 indicates that the interest rate affects mainly the
OPEX and the TCO of the overall model. All types of costs
(CAPEX, OPEX, TCO) are proportional to the percentage of
the interest rate, but the CAPEX augments in a lower pace.
The OPEX and TCO are also augmenting proportionally to
the interest rate, which really affects the cost of the model. It
is therefore obvious that the augmentation of the interest rate
is really affecting the costs of the model. Thus, it seems that
the prices of the model’s components are strongly related to
the condition of the market and the banking system at the
period of the investment.
Fig. 9 indicates that the site costs affect mainly the OPEX
and the TCO of the overall model, because these costs cost
more. On the other hand, for all the different prices in the
data range of the site costs, the costs are almost stable and
therefore, it seems that a certain augmentation or reduction
of this component will not highly affect the overall model.
Fig. 10 indicates that the running costs affect mainly the

Fig. 9: One-way SA for the MIMO site costs.

Fig. 11: One-way SA for the MIMO back-hauling costs.

Fig. 10: One-way SA for the MIMO running costs.

Fig. 12: Two-way SA for the number of antennas of MIMO.

OPEX and the TCO of the overall model. OPEX and TCO
are proportional to the augmentation of the running costs,
but the CAPEX is stable for all the different prices in the
data range of the running costs. It is therefore obvious that
the augmentation of the running costs is highly affecting the
operational costs of the model. Running costs include types of
costs related to the operation of the system and all activities
related to it. Therefore, a possible divergence in this type of
costs is affecting the OPEX and therefore the TCO.
Fig. 11 indicates that the costs for back-hauling affect
mainly the OPEX and the TCO of the overall model. OPEX
and TCO are proportional to the augmentation of the backhauling costs, but the CAPEX is stable for all the different
prices of the back-hauling costs. It is therefore obvious that
the augmentation of the back-hauling costs is highly affecting
the operational costs of the model. Back-hauling costs include
types of costs related to back-haul the system. Therefore,
a possible divergence of this type of costs is affecting the
OPEX and therefore the TCO. It becomes obvious that in
order to maintain low costs of the TCO of the MIMO, a
very careful initial design of the model alongside with usage
of novel highly-efficient and low-cost technologies for the
back-hauling activities should take place.

2) Two-way Sensitivity Analysis: Two-way SA is a technique that shows how the costs of a technology are diverging,
when a specific set of cost parameters fluctuates within
a certain data range. Its basic goal is to indicate, which
combination of the cost parameters need to be reduced so
that the model becomes cost efficient and widely adopted.
Fig. 12 indicates how the two parameters of the number of
antennas are affecting the TCO. It seems that in architectures,
that the number of antennas is ≥ 64, the TCO is really
augmented and it may be inefficient. Solutions, that have
different number of antennas on each side, with the one
side including small numbers of antennas and the other side
including high numbers seem to be cost efficient and maybe
solving the coverage and connectivity problems. Another
question is also raised: Are there any other ways to reduce
the antennas’ costs? Or is there a more efficient way to use
the MIMO concept?
Fig. 13 indicates that the reduction of BS costs leads
to lower TCO. Novel ways of adding novel technologies or
virtualization methods could help reducing the costs of the
BS even more and as a result, to reduce the overall cost of
the model.
Fig. 14 indicates that the reduction of BW costs leads

low-cost solution, which is of high significance before the
wide adoption of the MIMO and Massive MIMO.
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