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Overview

« MEVICO project

e Techno-economic modelling (with STEM)
e Techno-economic example

e Access network modelling

« Backhaul alternatives

e Summary
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MEVICO project

“Mobile Networks Evolution for Individual User
Experience”
o EU Celtic Call 7 project

« European consortium of about 25 partners in 10
countries

* Project Co-ordination: Nokia Siemens Networks,
Finland

 Ends by End of 2012 / Later in 2013
e Focusses on LTE EPC and Backhaul network
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WP1 Task
for System
Validation

MEVICO tasks > WP 6

Validation
Validation
Validation
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Techno-economic modelling
What is it?

* Business case modelling taking into account the technical
dependencies and constraints during the process of cost and revenue
calculations

 Long term business planning supporting strategic decisions and
medium term operations and management decisions

« Periodic model runs with adopted input for result consolidation,
operations controlling and decision valuation

e Sensitivity analysis reveals focus areas/elements for optimization

What is it not?
* No replacement for network planning
 Normally not inventory based

* No real-time or short term monitoring or controlling

30/11/2012
#5



- GEFGROEAT VM
b [i .‘ * Bundesministerium
& o fir Bildung
A | und Forschung L]
'_ Mobile Networks Evelution for Individual Communications Experience

Telecommunication Solutions
EUREKA

Techno-economic modelling in STEM

Input STEM model . C_)“tlp”t |
Model structure e Graphical model 'eCtnI:CEcJJI1 reiu ®
(market / service / . Parapmeter (|?|§ at-e u(;n . d
resource elements) : : Sz Ton, Senan
Cloment Interpolation and traffic etc.)
Jenerdencies * Element « Financial results

P dimensioning and (CAPEX, OPEX,
(formulae, =— replication — bal
transformations) i venLE, Banee
- o * Model run with sheet, cash flow,
-arameter( -curve, result coIIe_ct|on profit & loss, NPV,
time series, and graphical etc.)
constants etc. ' -

| ) o : gsglay — « Output provided
Input provided within ptionally Exce within STEM or as
STEM or from Excel report creation Excel reports

— —

(STEM ... Strategic Telecoms Evaluation Model)
30/11/2012
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Techno-economic example

LTE roll-out over
several years in
3 types of cities

Single flat-rate data
service with setup fee
and monthly tariff

Aggregation tree in
access and backhaul
network

Using different transport
technologies and

Considering extracost = .7
(marketing, personnel,
licences etc.)
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Techno-economic example

Cumulative market structure

. . / / /
« Potential customer bases rises !fw M;dﬁiw S{fw
with the LTE roll-out progress

Market Market Market
 Market penetration determines

the resulting service demand
/My Mi':lrket /

Market Segment Size
Woaorking Model, Size

5,0
e Service Penetration
40 Working Model, LTE Data, Penetration
35 B L= Coy 0a
- DI? -'-—-_—_'_,_—l—'—'_'_
g ' Bl sl City 0E /
2 25 Market 1 /
= 05
2,0 - Mfadium U-"-‘- /
City .
12 e 0,3 /
10 02 /
0,5 01 /
00 U,U T T T T T T T T T 1
YO Y1 Y2 YI Y4 YS YE Y7 Y8 Y9 Y10 Yo yr Y2 Y3 Y4 Y5 Y6 Y7 Y& YOI Y10
Year Year
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Techno-economic example

LTE elements, transport resources and general expenses

7
incremental  Outsourced
cities Personnel

. “TEE
: I:'-if'.'f — —
: .ﬂ'.ggreI ator — [ ———— 'R ——— [ TRA
ll'lllI ..... ll'lllI
g[8
% 6k License
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Techno-economic example

Resource Installed and Incremental Units
Woarking Model

1.8

16

14

12

1,0

08

Units (Thousands)

0.6

04

02

- B -~

eModeB Installed Units.
eModeB Incremental Units.
eModeB Expired Units
Aggregator Instslled Units
Aggregator Incrementsl Units
Aggregator Expired Units
MME Installed Units

MME Incremental Units
MME Excpired Units

HSS Installed Units.

HEE Incrementsl Units
HSS Expired Units

EGW Installed Units
SGW Incremental Units
ESGW Expired Units

PGW Installed Units

PGW Incremental Units

PGW Expired Units

0,0
Y0
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Techno-economic example

Revenue and Profit

[ Service Connection Revenue —|O] x|

Service Connection Revenue
Working Model, LTE Data, Connection Revenue

[T Service Revenue

Service Revenue

Working Model, LTE Data, Revenue

=101 x|
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Working Model, Network, Operating Profit Working Model, Network, NPV (Zero Terminal Value)
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[T Network Balance Sheet (Working Model, Network ) =101 x| [TM Network Profit and Loss Statement (Worki =] 3
Milions Yi| e V3] V4] VS| V6] v7] ¥B] o) VWO Millions vol  vi| ve| va] va| vs] wve| 7] vs] va| vwo
Cash 1 2] 3] 5] s 5 F] ] ] 9
Cash Deposits 2 o ol a6l 1175|2276 | 3584] 5.411| 7251 5153 Revenue 0 40 213 568 984| 1.344 | 1.630| 1.864| 1.976| 2.011| 2.032
Debtors 3 18 AT g1 110] 4134] s3] 1e2] 85| 487 Depreciation o a3 157 162 378 385 392 309 40 41 42
Current Assets 4] 9] s0| 431|1201|2418] 3746] 5.583] 7.456 | 0.330 Amortisation 0 67 87 67 67 67 67 67 87 67 67
Net Tangible Assets 21 43 61 92| M7 13&| 162| 148| 133| 128 Operating Costs o g 21 a5 55 75 a4 112 112 192 113
Net lniangible Assets 9331 867) 800 a3l 667 400) 623 467 400) 233 Operating Profit 0| -120] 32| 08| 4sa| s17| 1078] 1286 1757] 1791] 1811
Investments 0 0 0 0 0 1] 0 0 0 0
Long Term Assets 954| 900| 861| @25| 784| 736] 695| 615| 533| 461 Profit on Sale of Assets 0 0 0 0 0 0 0 0 0 0 0
Total Asssts 958| o79| 911]1256] 2075|3154 4441|6198 7080 | 9 800 Interest Income 0 0 0 0 0 0 0 0 0 0 0
Overdraft 0 0 0 0 0 0 0 0 0 0 Interest Expense 0 0 0 0 0 0 0 0 0 0 0
Long-Term Borrowing Payable 05| 93] 28 0 0 0 0 0 0 0 Debt Fees 0 0 0 0 0 0 0 0 0 0 0
Credilors o2l sl s] 8 8 8 8 9] 9 Pre-Tax Profit 0| -129| 32| 308| 484| 817 1078 1286 1.757| 1.791| 1.811
Tax Payable 0 0 0 0 0 0 0 0 0 0
Dividends Payable o o] o] o o] o a] o o] o Tax Charge 0 0 0 0 0 0 0 0 0 0 0
Current Liabilities 97 a5 31 5 [ 8 ] 9 9 g Met Profit 01 -129 -32 3058 484 817 | 1.078( 1.286| 1.757| 1791 181
Borrowing Payable after One Yr. 383 371 112 0 0 0 a a a 1] Dividends Declared 0 0 0 0 0 0 0 0 0 0 0
Total Liabiliies 480| 486) 143) 5] 6] 8 9] 9] 9] @ Retained Prafit 0| -129| -32| 308| 4s4| s817| 1078| 1.286| 1757 1791 1811
Share Capital 60a| 624| e24| e24| s24] s24] 24| 24| 24| 24
Retained Eamings 0| 130] 182] 144| 07| 1444] 2522] 3807] 5.585] 7.355 | 0.188 J=ITE
Equity 0| ars| as3| 7s8|1252|2069] 3146 4432 5.180] 7.080] 9.7
Total Liabillties plus Equity 0| s8] ov29] 911| 1286|2078 3154|4441 6198 7989 9.800 . Network NPV _

= Warking Model, Network, NPV {Zero Terminal Value)
iaix] 0
Millions vo|  vi| v2| va| val wvs| ve| 7| ve| vo| viwo ‘
Pre-Tax Profit 0| 120 32| 305| 4s4| e17| 1078| 1.288] 1757| 1701] 1811 35
Depreciation o| 93| 57| 12| a378| a38s| 392 3ma] 40| a1 a2
Amortisation ol 7| 7| 67| 7| 7] 7| 7| 67| 67| 67 30
Profit on Sale of Assets 0 0 0 0 0 0 0 0 0 0 0 25
Ch. in Debtors less Creditors o 3 13 28 32 28 22 18 9 3 2
Tax Paid i i 0 i 0 i i 0 i 0 0 20
Cashflow from Operations 0| 28| 4170| s505| s98| 1.241| 1514| 1734| 1.8855| 1.808| 1.018 g
Cap. Ex - Tangible o] 114 179] 10| 409 411] 411 4z5] 27| 28] 36 = 15
Cap. Ex. - Infangible 0| 1.000 0 i [ i i 0 i [ i o 10
Proceeds from Sale of Assets 0 0 0 0 0 0 0 0 0 0 0
Change in Investments 0 0 0 0 0 0 0 0 0 0 0 05
Cashflow before Financing -0|-1.086 -1| a25| 4ss| 830 1.103| 1.309] 1.828| 1870] 1.881 ¥p ¥1 Y2 Y3 Y4 }‘»/ \G Y7 \G ¥9 ¥10
Change in Total Borrowing o| 4ve| -15| -324| -140 0 0 0 0 0 0 0.0 T T T i i i T T T 1
Change in Share Capital a 608 16 V] 0 a 1] a V] 0 a 05
Dividends Paid i i 0 i i i i 0 i i i
Cashflow after Financing 0 9 1 1| 347| s30| 1.103| 1.300| 1.828| 1.870] 1.881 4.0
Ch. in Cash plus Cash Deposits 0 1 1 1| 347| e30| 1.103| 1.300| 1.828| 1.870] 1.881 Year
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Techno-economic example

(TR Network NPV at 10%

Network NPV at 10%
Working Model, Network in Y10

“Large City Market".Size

"Medium City Market".Size

"Small City Market". Size

eModeB.UnitCosts Maintenance

eNodeB.UnitCosts Capital

34 35 36

37 38

Billions

42

B Bl ssseine ]

Sensitivity analysis / Tornado graph

g [m[ 3]

[T network NPV at 10%

Network NPV at 10%
MNetwark, NPV at 10%
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Billions
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Working Model :
eNodeB. UnitCosts Maintenance [-1]

Working Model

‘Working Model :
eNodeB. UnitCosts Maintenance [+1]

‘Working Model :
eNodeB. UnitCosts, Capital [-1]

Werking Model

Working Model :
eMNodeB. UnitCosts. Capital [+1]

‘Working Model : “Large City
Market” Size [-1]

‘Working Model

Working Model - "Large City
Market" Size [+1]

Working Model : "Medium City
Market” Sizs [-1]

Working Model

‘Working Model : "Medium City
Market” Size [+1]

‘Working Model : "Small City
Market” Size [-1]

Werking Model

Working Model : "Small City
Market” Size [+1]
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Access network modelling

Traffic demand increase Is biggest ~ “
challenge for access and ij

. ﬁ SGSN § GGsN public Internet
aggregation part (= backhaul) ofa = 38
mobile network. —

\

SGSN  GGSN :
ﬁ‘. s 5 »
IPSec | 8
GW

SGW  PGW
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Access network modelling

Typical network structure of backhaul network:

« Tree like traffic aggregation up to Concentrator
Nodes (CNs)

* Ring like interconnection of CNs with 5..10 CNs per
rng

« Head end CN redundantly connects to the fibre
backbone platform of the operator

 Mobile core equipment (e.g. EPC) is also connected
to the backbone platform

30/11/2012
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Backhaul alternatives

Layer 2 alternatives

e Ethernet variants
— Rapid Spanning Tree (RSTP)
— Multiple Spanning Tree (MSTP)
— Shortest Path Bridging (SPB)
— Transparent Interconnect of Lots of Links (TRILL)
— Provider Backbone Bridging — Traffic Engineering (PBB-TE)
— 802.1ad support (“Double VLAN tagging”)

» Generic Framing Procedure (GFP)
— Single link aggregation over p2p connection

30/11/2012
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Backhaul alternatives

Layer 2,5 alternatives

* Multi-Protocol Label Switching (MPLS)
— Widely used in core, new to access / aggregation
— Statistical packet aggregates with “engineered” paths

« MPLS Traffic Profile (MPLS-TP)

— Pseudo-wires over end-to-end LSPs
— Similar to PWE3

e« Seamless MPLS
— Consistent IP/MPLS deployment
— ldeally between eNodeB and gateways

30/11/2012
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Backhaul alternatives model

« Definition of key network elements

« Definition of main transport path alternatives
e Using traffic forecasts

e Using technology roadmaps

e Consideration of migration
scenarios %E oo

Tvp 1l
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ransf, maxlrans
SEmoTOe e, ; connections
Market i
Segment

ansf.. maxlransf. 3G -~
3G ModeB
......... h connections

services

Several Scenarios for
outages and technology %\(
alternatives :

| |

T
Transf. 4G

Transf.
eModeB max

throughput requirement

failure_normal_mode = 1

@ Mode of

30/11/2012

Ethernet
_Capacity Mbps

f::": o eman
5 Eailure case ranig max / elodeB W
QA\‘\ ennections ‘ ]
e il

Transf. G
Capacity Mbps .

el - oma “f:g d ts ﬁ
/////i” \\ Modelling BTS/(e)NodeB Types
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BE router  Backbone path Backbone path
BB router Leasedline

Modelling access and
aggregation locations
and network equipment
by means of Aggregator
Types O .. 4 with L1 and
L2 equipment for
scenarios with different
alternative solutions
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Backhaul alternatives model

* Results on expected concentrator load + outlook how
long SDH microwave can cope with it

 Modelling of fibre leased line interconnections to
drain traffic and achieve SDH ring life span extension

« CAPEX/ OPEX trade-off for near-by vs. far-off
leased line interconnects among several LL providers

« Evaluate partially meshed access networks for better
demand distribution

e L2 vs. L2.5 migration decision

30/11/2012
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Backhaul - Installed Resources

Resource Installed Units

Working Model, Installed Units Resource Installed Units

Woarking Model, Installed Units

20
18 B —
5 16 — ' w 12 e — Aggregator
C 14 e/ e - Typ 1
@ / — =hodeE planned % 10 e — 1.#:ggr§gatc>r
o ModeB planned 8 ¥p
- 10 o
t 3 /f/ BTS planned E B — ;.;.rgr;-gmr
B W
= 8 4 Aggr=g
C 4 / c Typ 4
3 N 5 5 ¥R
] [ E———
Y0 ¥4 Y2 Y3 Y4 Y5 Y0 ¥1 Y2 Y3 Y4 Y5
Resource Installed Units Resource Installed Units
Working Model, Leased Line roll-out, Installed Units Working Model, Installed Units
18 16 :
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— 1 — 14
T 14 = el 5 P
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3J / - 1'[] Line 3030
3 10 = L
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Backhaul - Leased Line far-off

Resource Capital Expenditure
Variant deny far-off, Capital Expenditure

Network Capital Expenditure
I t_ﬁaﬁﬂdh Metwaork, Capital Expenditure
g B e B veren
% near-by g ?ar—oll
- t?:?:wl'l' ﬂ::] - ::r::m
far-off
Y0 ¥ Y2 Y3 Y4 Y8
. . Year
Resource Capital Expenditure
Variant allow far-off, Capital Expenditure
160
140 Network Operating Costs
B esce :
120 Line ool MNetwork, Operating Costs
1.000
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5 20 - tle:ﬁd 800 I Variant
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40 Line far-off E 400 [ ] ::xm
far-off
20 200
0 0
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Backhaul — Multiplex Factor

Sensitivity of Multiplex Factor vs. V99 & V99,995 capacity demand

Instantaneous Qutput Working Model - “Giotal
300 parameters”. Multiplese
Factor” [-1], Transf.
Ethernet W33 demand
per CM [Mbps]

250 / — Working Model, Transf.
Ethernet W35 demand

per CM [Mbps]

200 — Working Mode! | "Global
parameters”. “WMultiplex
Factor” [+1], Transf.
Ethernet W35 demand
per CM [Mbps]
150 v — VWorking Model : "Global
parameters”. "Wultiplex
Factor” [-1], Transf.
Ethernet V38,585
demand per CH [Mbps)
100
/ . Working Model, Transf.
/ Ethemnst V33,555
// demand per CN [Mbps]
50 A - I, I,
?

\

\

N

__.--"""—'_-
—  Working Model : "Global
e ‘-—’_—_‘—‘-"-‘ parameters” "Multiplese
Factor” [+1], Transf.
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01 T demand per CM [Mbps]
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Year
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Backhaul — Multiplex Factor

Transformation Instantaneous Qutput | ——  werking Mesel: “Gict

parameters”. Multiplex

Transf. LL1000 requirement, Instantaneous Qutput Factor' [-1]
400 / — Working Modzl
350
— Working Model : "Global
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Backhaul — Multiplex Factor

Resource Capital Expenditure

Capital Expenditure W Voring Mossl - “Gistsl
a0 parameters”. "Multiplex Factor”
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70 Bl Working Model, Lessed Line
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Summary

* Operators face many design choices

e Current access network topologies need to be
extended

« Detalled techno-economic modelling required

« Complete OPEX modelling also covering
Energy cost for network operation

 Modelling reveals dependencies
o Sensitivity analysis reveals cost drivers
e Scenario calculations for strategic decisions
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Thank You

http://www.life-cycle-costing.de/STEM/
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