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Abstract—The high mobile data traffic growth requires
investments in radio access networks. Network capeg
expansion can be achieved by increasing the numbeaf base
stations, increasing the network spectral efficiencand obtaining
additional spectrum. This study assumes a constamumber of
base station to compare two potential future netwde deployment
scenarios; the Licensed Shared Access scenario (USAvhich
adds spectrum to the network and a Multi-lnput and Multi-
Output (4x2 MIMO) antenna technology, which increags the
network’s spectral efficiency. Both deployment scearios are
studied for the urban regions in Finland. The purpse is to
examine the spectrum availability and evaluate undewhich
conditions LSA is more likely to be implemented irthe Finnish
market. With the assumptions taken, the results she that the
LSA scenario provides more capacity but the MIMO senario
provides a more cost efficient alternative. The MIMD technology
is preferable than a LSA deployment for mobile datatraffic
growth rate less than 2.7. For larger growth rate (p to 3.5) the
LSA scenario is a feasible solution either as indepdent or
complementary technique.

Keywords— Licensed Shared Access; MIMO; spectrungbite
data traffic; techno-economics; costs; urban regipRinland

I. INTRODUCTION

Under the highly anticipated exponential growthriobile
data traffic, mobile network operators (MNOSs) shibdeploy
different strategies to attain higher level of @ffincy in their
networks. From a general perspective, MNOs cansinire
upgrading their networks or may alternatively dgmmerging

dynamic spectrum access (DSA) technologies to mbtai

additional spectrum capacity. This paper comparesest

possible step for these two evolution paths. Froe gide, this

study investigates the case of Licensed Shareds&gdsSA),
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MIMO smart antenna technology. In this way, the gyap
compares the effect of bringing additional specttorViNO’s
networks against increasing their spectral efficjermhe paper
aims to answer to the following question: "under ickh
conditions is LSA more likely to be implemented tine
Finnish market?” To answer this research questiorcost
model is developed to investigate the network cosr any
data traffic growth in near future for the urbargioms in
Finland. The future investments are based on thistimx
network infrastructure, assuming that the numbersibés
remains unchanged. The main outputs of the modelttss
capital and operating costs as well as the codt eumves
(average and marginal cost) which will provide #ssential
information for decision-making.

This paper contributes to assess the potentialfiberod
two alternative solutions for attending the inciregsdemand
of mobile markets in the short term. The paperstigates real
cases for mobile operators, and provides usefatnimétion for
decision making in network evolution. In concretds study
explores the Finnish market, so that conclusioms bz easily
employed to other larger markets as well.

The paper is outlined as follows: Section Il disassthe
spectrum availability and potential future allochspectrum to
a Finnish MNO, as well as the LSA concept. Sectithn
describes the model. Section IV covers the resolftghe
model. The paper is concluded in Section V.

Il. SPECTRUM ANDLICENSEDSHARED ACCESS(LSA)

A. Spectrum

Currently, the licensed bands allocated by theniBim
regulatory authority FICORA for mobile communicatioto

which is a mechanism which facilitates MNOs to abta provide national coverage add up to 555 MHz. Thewrh of

additional spare spectrum from other spectrum hislden the

other side, this paper studies the deployment & MXMO
(Multiple-Input  and  Multiple-Output)  smart
technology, which is likely to be deployed by MN@sthe

spectrum which has been harmonized by the European

Conference of Postal and Telecommunications Adrnatiens

antenna (CEPT) is 1077 MHz, but it is not fully utilized byobile

communications industry. Table | presents the spetbands

near future to boost their network performance. hBot for |nternational Mobile Telecommunications (IMT) Europe

deployment scenarios are studied for the casentdiri.

The purpose of this paper is to evaluate whetheerised

and Finland determined by International Telecommation
Unit (ITU), CEPT and FICORA [1-4]. In addition, tA&ble I

Shared Access is worth being implemented. The papé,hows the current and the potential future allatapectrum in

performs a quantitative analysis for a Finnish MNEDstly it
examines the spectrum availability and needs. Stgothe
cost of a LSA scenario is compared to the deployroédx2

average for a Finnish MNO [3, 5]. The candidate chéor
potential use of LSA in Europe is at 2300 MHz. Tiogal
spectrum identified for IMT in this frequency bail 100
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MHz. Initial studies [6] suggest the share of speut
dedicated for downlink to be 0.75 and the guardsdagiween

incumbent spectrum users to maintain their rightsleva
limited number of additional users, here MNO, woldd

networks 10 MHz. Also, the spectrum which would begranted a license to access the band when it doesause

available for MNO from the incumbent is used fof®0f the
time. Thus, for the Finnish market with three érigt
operators, the potential assigned spectrum foropegator in
this band is 0.75*(100-2*10)*0.9/3 = 18 MHz.

TABLE I. IMT SPECTRUMBANDS (MHZ)
. B"?‘r.‘ds CEPT harmonized Licensed bands
identified by S
Bands band for mobile in allocated by
ITU for IMT
. Europe FICORA
in Europe
450-470
450 | (wRc 07)
694-790

700 | (WRc '12/15)

790-862 FDD 2x30:

800 (WRC '07) 790-862 791-821 / 832-862

900 862-960 FDD 2x35: FDD 2x35:
(WRC '00) 880-915 / 925-960 | 880-915 / 925-960

1400 1452-1492

1800 1710-1885 FDD 2x75: 1710- FDD 2x75:1710-
(WRC '00) 1785/1805-1880 | 1785 /1805-1880
1885-2025, | FDD 2x60, TDD 35: Eg&%ﬁ%égi%

2100 2110-2200 1900-1980, 2010- TDD 15 1900-

(WARC '92) 2025, 2110-2170 1910, 1915-1920
2300-2400

2300 | (wrc '07)

2600 2500-2690 FDD 2x70, TDD 50:| FDD 2x70: 2500-
(WRC '00) 2500-2690 2570 / 2620-2690
3400-3600

3500 (WRC 07) 3400-3600

3700 3600-3800

Total 1181 MHz 1077 MHz 555MHz

TABLE II. ALLOCATED SPECTRUM FOR AFINNISH OPERATOR(MHZ)
Bands Current allocated Potential future allocated
spectrum (2014) spectrum (2020)
450 - B
700 - FDD 2x10
800 FDD 2x10 FDD 2x10
900 FDD 2x11.4 FDD 2x11.4
1400 - TDD 15
1800 FDD 2x24.8 FDD 2x24.8
2100 FDD 2x19.8 FDD 2x19.8
TDD 4.8 TDD 4.8
2300 - TDD 18
FDD 2x25 FDD 2x25
2600 - TDD 10
3500 -
3700 - -
Total 186.8 MHz 249.8 MHz

B. Licensed Shared Access (LSA) concept

To help the regulators to take into use more of¢hdT
bands for mobile communications, spectrum sharimieu the
new Licensed Shared Access (LSA) concept is urtdelysn
regulation and research [7]. The LSA concept walllow the

harmful interference to the incumbent. LSA représerirst
step to perform spectrum transactions with a gueeghquality
of service through a legal contract providing detia and
potentially financial compensation. For a MNO,stthe most
concrete means to increase the required networacigpby
employing DSA technologies.

Ill. MODEL

The model for evaluating the business potentianefv
technigues to improve the capacity focuses onglesMNO in
Finnish market for urban regions. The inputs of nedel are
grouped to i) market and service, ii) technologg apectrum
and iii) cost in the second half of 2013 (Fig. The service-
related inputs are the total volume of data traffit and its
characteristics such as uplink to downlink ratid, [@affic
distribution for busy hour [10] and traffic distdtion among
sites [11]. The market is defined in terms of gepyical area
i.e., urban regions [12-13] and market share [Rfgarding
the technology-related input parameters, the teehni
architecture is defined by network technologies [&],
territory and population coverage percentages [6-and
assumptions about the network configuration. Fochea
network technology the typical spectrum efficien@t-22],
the average cell range [21] and the current coeeraljput are
specified. Some additional design parameters areadsumed
to calculate the number of sites and other radiess network
entities [23-25]. Finally, the power consumptiomgraeters for
each base station type are also included [26-2W. Spectrum
parameters include the spectrum availability [3]dan
assumptions about the spectrum share between nidtaoice
services. The main cost parameters include theafst the
price of the radio access network equipment anessithe
network implementation actions and operational egfares
[6, 23-25]. The important input parameters andrtheimerical
values can be found in Tables A.1 - 6 in Appendix.

The outputs of the model are the average cell specand
the spectral efficiency for the future network dsphent
scenarios as well as their cost curves; the invastncost
(CAPEX), operating cost (OPEX), and the marginad an
average cost. The evolved network assumes thatutider of
sites remains the same, after an initial netwovestment for
deploying Long Term Evolution (LTE) network at 188MHz
and the Evolved High-Speed Packet Access (HSPAtwank
(Release 10, quad carrier-QC) for the whole unzgions.
Then, based on this infrastructure, the two altdéreacenarios
are compared. The assumptions for the network geyat
are the followings:

1. LTE 1800 & HSPA QC: An initial investment scenario
which includes LTE network expansion and (HSPA+)
multi carrier with adjacent channels. Dual band édRs
at 1800 and 2600 MHz are installed on the existing
GERAN1800 sites, replacing the BTSs (GSM remaires du
to Multi Standard Radio feature). Also, carriers added
to the NodeBs at 2100 MHz. (UTRAN 3 and E-UTRAN
1-2 in Table A.3 in Appendix A).
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with the corresponding network elements. The LSAnacio

eNodeBs replacing the old base stations. (E-UTRAN 3 adds extra spectrum in cells whereas the spedfieieacy is

in Table A.3 in Appendix A).
3. 4x2 MIMO: MIMO antenna system is installed to tlies

with NodeBs and eNodeBs (E-UTRAN 5-6 and UTRAN 4

in Table A.3 in Appendix A).

For any investment scenario, the model investightes
the cost and other results are progressed ovedataytraffic
growth which can be carried in each scenario. is1way, the

constant (from black to blue square). In contrang MIMO

scenario keeps the average spectrum per cell cinbtat the
spectral efficiency increases significantly (frotadk to red
square). The LSA scenario can provide more capaily
carry 2.9 times more mobile data traffic, compa@dlIMO

scenario which can carry 2.7 times more traffiettiee current
network. In this analysis, the LSA scenario seemsbé
preferable than the MIMO scenario. However theedéhce is

model does not incorporate any forecasts abouticserv rather small. Finally, the Fig. 2 illustrates ttese of a network

penetration, mobile data traffic volume, data usamsl/or
average user data rates, i.e., the model is imdiffehow the
data traffic increases. This makes the model robmstiata
traffic growth assumptions, since a lot of uncettias which
are related to demand estimation are removed.

IV. RESULTS

Fig. 2 illustrates different combinations of averag
spectrum per cell and average spectral efficiemcynbbile
data traffic growth. The indifference curves (obgaants)
represent the mobile data traffic. The current oekw
infrastructure (green square) lays on the indiffex@irve with
mobile data traffic growth of 1.1. This means ttia current
network operates almost at its full capacity bréhis some
room for unexpected additional traffic to avoid adden
potential congestion. The initial investment for E1800 &
HSPA QC deployment increases both the spectratieffiy
and the average cell spectrum (black square). mataork
deployment increases the network capacity whichceary 2.3
times more data traffic. Then, the two alternatiygions are
compared; LSA and 4x2 MIMO. Both scenarios are canegp
at the end of the projects where all the sites lheen equipped

Fig.

with combined LSA and MIMO deployment, in which the
traffic capacity is increased by 3.5 times.

Isoquants - Mobile data traffic growth
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Fig. 3 shows the cost results which include theegwent
cost, the annual operating cost and the marginclsaterage
cost for mobile data traffic. The horizontal axisows the
network capacity in the form of traffic growth raféhe Fig. 3a
depicts the investment or capital cost. The investncost
curves increase linearly until all equipment istatled for all
scenarios. Firstly, for the current network (grdere), the
investment cost is zero until the traffic grows firhes. Then
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Cost results for the network evolution

optimal decision making; the optimum and cost-éffic
scenario is the one with the lowest marginal doss derived
that the MGsa > MCymo over the additional demanded
traffic. The marginal cost (cost of producing onerenGB) for
LSA scenario is MG, = 0.27 €, whereas for the MIMO
scenario MGuuo = 0.166 €. Therefore, the MIMO scenario is
economically preferable because the increase afugtmn by
one more unit costs less. However, considering lt8& can

the network capacity grows up to 2.3 times with thecarry more traffic, the tradeoff between the projdgrability

deployment of LTE 1800 & HSPA QC networks (blaakel.
Finally, the two cost lines represent LSA and MIMEenarios
(blue line and red line respectively). For a giweaific growth
above 2.3, the LSA scenario has higher investmest than
MIMO. However, as also mentioned above, the maximu
demanded traffic which is able to be carried isagrefor LSA.

The Fig. 3b shows the operating costs. The diffegen
between LSA and MIMO cost curves can be explaingd b
energy consumption and the maintenance cost.

(e.g., higher parameter y for LSA) and the costdee® be
evaluated.

The Table Il presents the most important numeriesllts
or the current and future networks. The numerieallts for
he parameters are shown for the maximum trafficckvican
be carried in each network deployment scenario.

maintenance cost is proportional to the number etfvark
components. The number of network elements for MIM

scenario is larger, because the MIMO antenna sysgem
installed to the sites which are equipped with UTNRAThe

number of these sites is bigger than the numbsite$ which
are equipped with E-UTRAN. Regarding the energy,cibs

decreases for the initial investments because of rtore

energy efficient eNodeB in conjunction to the replaent of
the legacy GERAN’'s BTS sites. At the maximum netwo
capacity for LSA and MIMO scenarios, the ener

consumption is 1.99 and 2.1 GWh/month respectively.

Finally, the Fig. 3c illustrates the unit cost asv The
calculation of the marginal and average cost fahescenario

requires the investment cost to be annualized arsyg and
added to operating costs (e.g., y = 3.5 years wtictesponds

to the first half of 2017). The marginal costs eomstant and
higher than the average total cost for the initisestment and

the LSA scenario. In these cases, the averagescosteasing,

indicating diseconomies of scales. On the contréfiMO
scenario possesses a lower marginal cost than geveest.
The marginal analysis is a significant manageral tfor

TABLE Il NUMERICAL RESULTS
The
Current | LTE1800 & 4x2
o  Parameter network | HSPAQC | SA | mimo
Data traffic growth 1.11 23 29 2.7
Average cell spectrum
for data (MHz) 17.9 32.65 41.61 32.65
Spectrum efficiency 0.988 114 114 1.37
(bps/Hz)
Investment cost (€ ‘000) - 61,797 101,697, 79,491
J’ -
Operating cost
(€ ‘000/year) 12,642 12,591 12,645 12,699
Marginal cost (€ for an
extra GB/month) 0.0012 0.218 0.27 0.166
Average total cost
(€/GB) 0.172 0.196 0.212 0.191
Average cost per site
(€/site/month) 757 1810 2495 2119
Energy consumption
(GWh/month) 2.08 1.91 1.99 2.1
Energy cost share (%) 7.9 7.3 7.6 7.9




V. DIscUSSIONAND CONSLUSIONS

The mobile operators need to evolve their radicesec [1]
networks to carry the future data traffic volumeéieTpaper
intends to solve the decision problem of mobilerafmes on
the evolution of their radio access networks, byngis
economic theory and cost modeling. Cost analysisislucted

2
to provide information on the scale (capacity eodecage) of 2
the radio access networks and show which is thet mos
preferable scenario for the network capacity exipangor  [3]
Finnish urban regions. Network capacity expansian be
occurred by increasing the number of base stationsgasing  [4]
the network spectral efficiency and use additios@dctrum.
Assuming that the number of base station is cohdama %]
dense network infrastructure, this study inves@igatand
compares two potential future network deploymetits; LSA
scenario, which add spectrum to the network and4k2 [g
MIMO antenna technology scenario, which increases t
network’s spectral efficiency. Prior to the compari of these
two scenarios, the study assumes a LTE 1800 andAHER0  [7]

QC deployment. As a result, the paper shows thatlLtBA
scenario provides more capacity but the MIMO sdenar
provides a more cost efficient alternative. The L&k carry
traffic up to 2.9 times more than the current tcaéind the cost
transmitting one extra GB per month is 0.27 €, wherthe
corresponding numbers for MIMO scenario are 2d/@a7 €.

(8]

In general terms, the MIMO technology is more costg
efficient and preferable than a LSA deployment tfog near
future network evolution. In addition, Finland istrlacking
spectrum at this moment. In fact, the future awuctid the
second part of digital dividend band (700 MHz) wilovide
additional 30 MHz for mobile services. Besides spgug, the
state-of-the-art of the technology (such as, MIM@ag
antenna technologies) may be firstly utilized befarake any 11]
use of dynamic spectrum mechanism such as LSA Which

[10]

requires additional effort for regulation. In camgibn, based [17]

on model assumption for urban regional network imand,

the MIMO scenario is better solution for mobile aldtaffic  [13]

growth rate less than 2.7. For larger growth ratet 3.5) the

LSA scenario is a feasible solution either as imtelent or

complementary technique [14]
In the longer run, when the network has reactiritgd for

capacity, network infrastructure and the antennatesys [15]

density, new network deployment scenarios need ¢o b
investigated; i) LTE-Advanced with carrier aggrégatand

HSPA+ multicarrier and multiband. The spectrum dan [16]
aggregated utilizing all available bands, includilicense- [17]
exempt spectrum for LTE-Wi-Fi carrier aggregatidiso LSA
can enable additional spectrum to be aggregatethigiher
order of MIMO (e.g., 8x8 MIMO) and active antennég, [1g]
higher order of vertical and horizontal sectoriaati iv)
installation of outdoor small cells and/or relayg, other [19]

techniques such as coordinated multipoint (eCOMRY a
baseband pooling. Other disruptive technologies clwhi [20]
introduces also the 5G era are millimeter-wave rieldyies,

massive MIMO, new modulation schemes with high spéc [21]
efficiencies and extreme network densification wihmall
cells. Finally, another further research could qerf a similar [22]

analysis for other countries or larger markets ndeo to
observe potential similarities.
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APPENDIX— INPUT VARIABLES
1) Market and service related inputs

TABLE A.1. BASIC DEMOGRAPHICS FOR URBAN REGIONS

Land (km2) 1166
Population 1757959
Population density 1507
Territory percentage (%) 0.39
Population percentage (% 32.22

LE A.2. MOBILE MARKET AND SERVICE CHARACTERISTICY{2H/2013)

Mobile data traffic volume (TB, countrywide) 114927

MNO'’s market share (%) 40

Traffic distribution among sites 0.3
Traffic distribution for busy hour (over 24-hourrjoel) 0.1
Uplink to downlink ratio 0.1

a. 15% of traffic is carried by the 50% of the s

UTRAN 1 4.95/1.1/0.95 0.65 5 14.8
UTRAN 2 9.9/1.3/0.95 0.65 95 34.98
UTRAN 3 19.8/1.45/0.95 0.65 0 78.03
UTRAN 4 19.8/1.75/0.95 0.65 0 94.18
E-UTRAN 1 20/1.56/1 0.5 22.24 89.26
E-UTRAN 2 20/1.56/0.95 0.75 50 84.8
E-UTRAN 3 38/1.56/1 0.5 0 169.6
E-UTRAN 4 38/1.56/0.95 0.75 0 161.12
E-UTRAN 5 20/1.87/1 0.5 0 107
E-UTRAN 6 20/1.87/0.95 0.75 0 101.65

3) Cost related inputs

TABLE A.4. COST OF RADIO ACCESS NETWORK ELEMENTECAPEX)

Radio access network equipment and site types  Urdbst
(€ '000)
BTS 30
GERAN BSC 350
PCU 100
NodeB 50
UTRAN NodeB upgrades 10
RNC 1000
eNodeB & new antenna systen 60
E-UTRAN eNodeB supporting LS8 new 37
antenna system
MIMO 4x2 MIMO antenna system 12
owned tower site 50
owned roof-top site 25
Site types rental tower sil. 50
rental roof-top site 25
shared rental tower site 16.7
shared rental rottop site 8.2

a.Installing 2.3 GHz radio fquency units and antennas on sitescost arount

12,000 €. The implementation of LSA requires iflatain of equipment in core
network, such as LSA controller, LSA repository atider (e.g., firewalls). The study
focus on radio access networks and therefore treste are not included in the

model. Also, the LSA repository may be managechisyincumbent, the regulator or

be delegated to an independent trusted third pahty.price is around 0.5-1 million €
for constructing a standalone repository [6].

TABLE A.5. IMPLEMENTATION COST(IMPEX AS PART OFCAPEX)

2) Technology and spectrum related inputs - Technology
definition and assumptions

TABLE A.3. TECHNOLOGY CONFIGURATION AND SPECTRUM ASSUMPTIONS

List of current and future network technology cguofiations:

Network implementation actions Action cost (€)
Site buildout (€/site buildout) 35000
NodeB upgrades (€/NodeB upgrade) 200
Other installation of componel (€/ installation 50C

TABLE A.6. OPERATIONAL COST OFRADIO ACCESSNETWORK (OPEX)

GERAN 1: GERAN%%O, GSM/EDGE Category Cost (€) Additional info
GERAN 2: GERAN@1800, GSM/EDGE rental tower Site 500
3$Sﬁ“ % 8$22“@5188 :gﬁﬁ: S; ZD:E:MEZpi/Ib rental roof-top site 600 - Site rental
UTRAN 32 UTRAN%ZlOO’ HSPA+’ Rlb Q(’Z 84 Mrt))f)s shared rental tower site 167 - €/month/site
UTRAN 4: UTRAN@2100, HSPA+, R11, QC, MIMO 4x2, 3Bfps shared rental roof-top site 200 :
E-UTRAN 1: E-UTRAN@2600, LTE, 2x2 MIMO, 172 Mbps Employees and salary 4000 -80 employees in urban
E-UTRAN 2: E-UTRAN@1800, LTE, 2x2 MIMO, 172 Mbps - €/month
E-UTRAN 3: E-UTRAN@2600, LTE, 2x2 MIMO, LSA@230048 Mbps Network operation & - sum of network components
E-UTRAN 4: E-UTRAN@1800, LTE, 2x2 MIMO, LSA@230048 Mbps maintenance 1 (excluding sites)
E-UTRAN 5: E-UTRAN@2600, LTE, 4x2 MIMO, 325 Mbps - €/month/component
E-UTRAN 6: E-UTRAN@1800, LTE, 4x2 MIMO, 325 Mbps Energy 40000 €/GWh
Cell spectrum . Administrative cost for - €/r_nqnth. Cos_ts associa_ted yvith
(Mhz) / Spectral Average tit’rz:gm Tys’:i’t'gal LSA® 0 defining new rights and issuing
Technology | efficiency (bps/Hz) | cell range coverz;ye capacity licenses
/ Data service (km) (%) g (Mpb S) a. It's not ircluded to the model because the costs are relatively {6].
share P
GERAN 1 0.95/0.4/0.25 1.4 100 0.27
GERAN 2 1.18/0.4/0.25 0.75 100 0.34




