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Abstract

The current roll-out of Long Term Evolution (LTE)][mobile networks evolves ex-
isting mobile networks towards homogeneous IP based generation mobile net-
works. Many technological options and migrationhgaare possible for this network
evolution and operators and vendors need to findwioich solution and which tim-
ing satisfy the roll-out objectives at minimal shtarm and long-term cost. It is
therefore necessary to model the incurred capiagrditures (CAPEX) [2] and op-
erational expenditures (OPEX) [3] in order to estienthe total cost of ownership
(TCO) [4] of the resulting setup. The conferencatabution outlines the respective
model aim, structure and assumptions based on @esiloTE roll-out example sce-
nario and gives an overview on the techno-econeesalts. The work has been car-
ried out within the EU CELTIC project "MEVICO" [5].

1 Introduction

The increasing demand for mobile broadband comnatinit has led to the current
roll-out of Long Term Evolution (LTE) [1] mobile tworks. This roll-out attends a
technological evolution from second generation #ndl generation network tech-
nology with separated voice and data paths towarlemogeneous IP based next
generation mobile network.

The building up and migration of such networks &4 as the operation of the result-
ing network needs to be cost efficient and capabkeatisfy the demanding Internet
services like streaming video and social networkMgny technological options and
migration paths are possible for this 2G/3G towa@@snetwork evolution and opera-
tors and vendors need to find out, which solutiod which timing satisfy the roll-out
objectives at minimal short-term and long-term ctiss therefore necessary to mod-
el the incurred capital expenditures (CAPEX) [2]daaoperational expenditures
(OPEX) [3] in order to estimate the total cost ain@rship (TCO) [4] of the resulting
setup.

Within the European CELTIC project “MEVICQO” [5], sh a cost modelling is being
developed alongside with the discussion of feagsiy@logical and technological so-
lutions. The described modelling approach below lbesn carried out within the
scope of this project.

The following sections describe the intention af ttreated model, its structure and
calculation results as well as an outlook to a ntan@plex approach to be followed
up within the project.



2 Model aim

The techno-economic implications of the mobile retwevolution towards LTE are
very complex and require detailed analysis of & driving technical elements, the
timing influence and the administrative and sellexgpenses. The resulting aim was
to model the full value chain starting from the gugtal customer base, the market
share (penetration) of the operator, the serviceathe being generated by the active
subscriber base in the busy hour, the required hdtt#ork equipment, the transport
network elements in the access, backhaul and adveork, the own and outsourced
human resources, the licensing cost as well astirketing expenses.

To achieve a better understanding of the elemepértdencies, a rather simple ex-
ample scenario has been tackled. Furthermore, ghestiTE data service is being
modelled with a setup fee and a monthly flat ratdftfor simplicity reasons. Based
on this revenue generating service not only the/orkt cost can be evaluated but also
the long term profitability as expressed throughrtlet present value (NPV) [6].

3  Model structure

The example scenario being modelled targets adichobile network operator, who
starts to deploy LTE data service in a rather snegjion - initially in three major cit-
les followed by ten medium sized cities and lastl¢7 small cities. This service roll-
out is planned over seven years and the simulateditorizon of the model is chosen
to be ten years.

The modelling makes use of a business case anabftigare called “Strategic Tele-
coms Evaluation Model (STEM)” [7].

The following subsections are going to describeomagodel parts in detail.

The overall model structure is shown in Figure 1.
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Figure 1 Model structure (LTE network example)

3.1 Modelling of the market

According to the assumed roll-out plan from largel anedium to small cities and

surroundings, the resulting market of potential Ldustomers is based on the cumu-
lative market population from those three city ydmeing increasingly accessible
over time (see Figure 2). The population is assutoetde 800.000, 100.000 and
30.000 inhabitants respectively.
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Figure 2 Cumulative market structure

The resulting overall market size is depicted igure 3.
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Figure 3 Potential customer base

The service uptake by the potential LTE customeraadelled using a S-curve pene-
tration forecast reaching 80% penetration in yéafskée Figure 4).



Service Penetration
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Figure 4 Market penetration in S-curve shape

3.2 Modelling of LTE data service

A single service is currently included in the mqarghich reflects on the predominant
usage of LTE mobile networks for mobile Internetadaervice. Voice services —
based on an IP Multimedia Subsystem (IMS) [8] camitane are not included in the
example scenario and will be added in future ext&ss

Starting from the LTE customer base and the desdrdervice penetration, the traffic
demand calculation is peak driven and concentatethe assumed busy hour traffic
given by a nominal bandwidth and a contention rafiois ratio hereby defines the
level of overbooking between the theoretical taffemand as given by the nominal
bandwidth and the active subscribers in the busy had the actually dimensioned
traffic capacity of the network. A nominal bandwidif 30 Mbps and a contention ra-
tio of 20 have been assumed.

As mentioned earlier, the LTE data service is bemgglelled with a setup fee of 60
EUR and a monthly flat rate tariff of 45 EUR. Tleistends the cost analysis by posi-
tive cash flow for the revenue and thus allowspiafit calculations and NPV analy-

sis.

3.3 Modelling of LTE equipment

In order to provide the LTE data service as desedriabove, a number of basic net-
work elements need to be deployed. This requirenseahe input for the installed
base of the LTE equipment, which is independerthefactual number of such ele-
ments required to carry the actual traffic or sigmg demand. The list of such basic
network resource elements is:

* BTS (Base Transceiver Station also known as eNddeBTE)

« MME (Mobility Management Entity)

 HSS (Home Subscriber Server)

» SGW (Serving Gateway)

* PGW (PDN Gateway)



» Spectrum Licence

Each resource element has an assumed capacityvi® iseoming traffic demand.
The replacement of devices is modelled by a phififetime with the assumption,
that the replacement installs the same type ofpagemt again. This mechanism is
particularly valuable for the long term cost evélma in the life cycle of the mobile
network. On the associated cost input for eachuresg the capital cost for the initial
investment, the operations cost for the maintenasoeell as the residual value, the
churn and decommissioning cost in case of devigkacement can be modelled. For
simplicity reasons, the following analysis is foedson the capital cost for CAPEX
and the operations cost for OPEX only.

3.4 Modelling of the transport network

The transport of LTE traffic from the eNodeBs todathe Serving Gateway is as-
sumed to happen in an aggregated tree like transpowork. Accordingly some ag-
gregation devices are modelled along the path, waggregate on a ratio of 10:1 in
transport capacity. Furthermore, large portionghefaccess network are assumed to
be implemented using microwave link technology, velas the aggregation and core
network lines are either leased lines or ownecefilmnnections. A split of 50% mi-
crowave and fixed lines and equal distribution lestv owned and leased lines has
been assumed behind the aggregator node.

Figure 5 depicts the modelling section for the sport network on the right hand

\ﬁ lt-.:::
..... :
11 Aggregator
aggregation

o —>
T

Required
interconnectio

ns

Microwave

NV,

PGW

Figure 5 LTE elements and transport resources



3.5 Modelling of administrative and selling expenses

Besides the specific cost elements for network mgant, the administration, staff
and marketing expenses should be taken into acasuntell in order to model the
overall cost structure of the network operation.

Figure 6 depicts some of such general resources) lmeinsidered in the cost model-
ling.
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Figure 6 More general operating expenses

One special distinction has been made between “qwemSonnel, which is perma-
nently hired and responsible for configuration amaintenance of the network (per-
manent OPEX) and outsourced personnel, which ellon demand with fixed pric-
ing for the equipment roll-out phase in the respecatoll-out area (non-recurring in-
stallation cost).

4  Modelling results

The simulation run of the established LTE networidel yields many detailed re-
ports on the technical as well as financial paranseand internal calculation results.
The following subsections will document a smalkesébn of such reports.

4.1 Traffic demand report

Based on the potential LTE customer base as givéigure 3 and the assumed ser-
vice market penetration as shown in Figure 4, timaber of active connections in the

busy hour (see Figure 7) and the resulting busy traffic (see Figure 8) is being re-

ported.



Service Demand - Connections
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Figure 7 Number of active connections

Service Demand - Busy-Hour Traffic
Working Model, LTE Data, Busy Hour Traffic
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Figure 8 Traffic demand — busy hour traffic

4.2 Installed units report

The modelled traffic demand needs to be met byr¢leired resource elements of
the LTE data service and leads to the respectstallation base of the equipment re-
sources. Each element had been given its capadlitg \and will be installed several
times to meet the demand.

This in turn leads to reports about installed unier time. However, since the ca-
pacities of serving gateways, PDN gateways, HSSMME devices outperform the
required capacity values in this small simulationly single instances of such devic-
es are reported.

The overall report of installed equipment of eaghetcan be seen as part of the re-
port in Figure 9 shown in bold continuous lineg¥e 9, however, gives even more
insight depicting the expired (long dashed lineyl amcrementally installed (short
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dashed line) units. This way, one can estimateirtbeemental effort required over
time to commission the required equipment underiieg traffic demand and con-
currently physically expiring network elements. Akown in the figure below,
eNodeBs (BTS) and aggregation elements by far oolen the remaining element
types.
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Figure 9 Installed and incremental resource units

An equivalent report can be created on the installgts of transmission lines as de-
picted in Figure 10. Here the predominant technpigsgmicrowave due to the many
transport links of this type in the access netwogk. However, it can be shown, that
leased lines and microwave links fall in numbershasinstallation of own fibre con-
nections advances.
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Figure 10 Installed units of transmission lines

4.3 CAPEX report

Capital expenditures are long lived investmentgoonds and real estate, which are
normally being depreciated in the financial statets@ver several years.

Figure 11 depicts a typical example of the CAPEXestment in LTE specific
equipment. It can be seen that cost for eNodeBsSjBAnd aggregators dominate
heavily and the remaining elements are hardly tedsn in the diagram. Moreover,
this figure also reveals that the highest CAPEXestinent is forecasted for year sev-
en, which is a valuable insight for the financingmming of the venture.

Resource Capital Expenditure
Working Maodel, Capital Expenditure

45

40

35

30

25

Millions

20

Aggregator

eNod=B

YO YT Y2 Y3 Y4 Y5 Y6 Y7 Y8 YD Y10
Year



Figure 11 CAPEX of LTE specific resources

Similarly, the installation of microwave and fiblieks holds CAPEX costs, which
are shown in Figure 12. The leased lines cost (cebtbin red) are nil, since this is
regarded as annually recurring OPEX cost.
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Figure 12 CAPEX of transport links

The overall CAPEX report is depicted in Figure 13
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Figure 13 Overall CAPEX report

4.4 OPEX report

Operational expenditures are short lived expengstuwhich are required for the op-
eration of the network. It encompasses cost of anreences, marketing, wages, etc.
The following figures depict the respective OPEX$tdor such annual fees as well as
the maintenance cost of the installed units (sieckpare parts and expenditure for
site inspection, etc.).
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Figure 14 OPEX of LTE specific elements
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Figure 15 OPEX of transport links
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Resource Operating Costs
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Figure 16 OPEX of personnel, licences and marketn

The overall OPEX report is depicted in Figure 17.
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Figure 17 Overall OPEX report

4.5 Revenue and NPV report

Since the model includes a tariff for the offeredvece, revenue is generated accord-
ing to the service uptake by the subscribers ara thonthly flat rate fee. The re-
spective connection and flat rate revenue is shawiigure 18 and Figure 19.
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Service Connection Revenue
Working Model, LTE Data, Connection Revenue
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Figure 18 Revenue of initial connection setup
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Figure 19 Revenue of monthly service fee

Under the given assumptions, the network operasdmecoming profitable in year
three as shown in Figure 20.
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Figure 20 Network operating profit
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The similar trend is also documented in the 10% M&NOrt as depicted in Figure 21.

Network NPV at 10%
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4.6 Sensitivity analysis

The modelled demand and cost parameters are basaedsomptions and forecast
values. This naturally includes uncertainty andl@¢qotentially lead to wrong mod-
elling results. In order to challenge the modehwiarying parameters, the sensitivity
analysis is used to determine the impact of in@rameter changes onto output re-
sults. This way, the most influential parametens lba derived and in turn modelled
In more rigorous accuracy.

Exemplarily, the parameters for eNodeB capital arntenance expenditures are
varied by +/- 10% of uncertainty, which yields th&put as shown in Figure 22.
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Figure 22 eNodeB CAPEX and OPEX sensitivity

As a second example, a +/- 10% uncertainty in thekat size of all city types varied
independently results in the following figures (fig 23 and Figure 24).
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In order to base management decisions, supply ¢tade decisions as well as to
concentrated market research efforts onto the mfdsential system inputs of the
mobile network venture, one should come the sepaetsitivity analysis results into
one diagram sorted by decreasing impact.

Figure 25exemplarily depicts such an so called “tornad@lgtaombining the sensi-
tivity results for varied eNodeB CAPEX and OPEXvasd| as the market size fore-
cast uncertainty.
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Figure 25 NPV sensitivity tornado graph in year 1dfor eNodeB CAPEX, OPEX and market
size influence

5 Summary and Outlook

The described model of a fictive LTE network depi@nt with a three stage roll-out
scenario demonstrates the need for and the cayatiiltechno-economic modelling
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of such complex ventures. Even a simple exampleast® reveals internal depend-
encies of the required network elements as wethasmost influential cost drivers.

The whole life modelling of the network operatiorakas also clear the impact of
CAPEX and OPEX cost within the overall profitalylf the operation.

Many more reports and sensitivity analysis runstkamg available and a far more
detailed LTE network model with ATCA [9] based gguient modelling is currently

created within the MEVICO project. This articlebased on a previous publication of
the same author.
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