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Background

« Since 2009 interconnection rates have been set on
the basis of an LTA cost model developed by the
World Bank consultant

» \oice call termination rates have converged at
/cpm (USD) for all operators after an initial period
of asymmetry (i.e. higher rates for the
smaller/newer players)

« LTA has commissioned an update of the model so
as to set rates for the period 2016-2020.
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Terms of Reference

« Revise/update the 2009 model to meet the current
environment

 Explain/justify changes to the model structure and
input data/assumptions

« Support the LTA in its public consultation process
« Train the LTA in the use of the updated model.
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Data submissions

« Detailed data requests were sent to all operators:
— Cellcom; MTN; Novafone; Libtelco

» Replies were received from each operator, with
varying degrees of completion

« All submitted data has been included in the
revised model, supplemented where necessary by
international benchmark data:

— e.g. network design assumptions and unit costs as
used in similar cost models in other jurisdictions.



Construction of the updated
cost model
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Key model characteristics

* An Excel workbook

« A bottom-up model: it is based on an assessment
of the assets and associated costs needed to meet
actual and forecast demand

« Covers the period 2014-2020 based on actual data
received from the operators

« Uses tried and tested modelling techniques
according to best international regulatory practice

« Results include both direct costs and a
proportionate share of common costs (LRIC+).
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Key assumptions

« Subscribers and traffic: historic data and forecasts provided by
mobile operators.

* Network design rules — standard industry assumptions with
asset totals reconciled with equipment numbers provided by the
operators.

« Equipment costs based on local data where provided,
supplemented by international benchmarks.

» Engineering practices (e.g. utilisation, blocking factors) and
accounting practices (e.g. asset lives, asset price changes)
based on efficient operator norms.

 Tilted annuity depreciation used as proxy for economic
depreciation

«  WACC estimated using the Capital Asset Pricing Model.
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Weighted average cost of capital




Key changes to model design

Four operators rather than five; modern efficient
operator (MEO) has 25% market share

Inclusion of 3G and 4G network technology;
although coverage remains limited and 4G is
embryonic.

Networks modelled by county — since 2009
significant roll-out beyond Monrovia

Radio network modelled by geotype (city, town,
rural)

Gradual transition from microwave to fibre
transmission network.



Data inputs & assumptions - 1

Base case parameters

Category Key assumptions Unit MEO
Financial Pre-tax WACC % 29.0%
Economic asset life - default for hardware years 8
Economic asset life - default for software years 5
Economic asset life - default for transmission years 25
Annual asset price trend - default for hardware % pa -2%
Annual asset price trend - default for software % pa -4%
Annual asset price trend - default for transmission % pa 2%
Annual installation/opex cost trend % pa 3%
Technical |Voice/text - Busy days per annum # 300
Voice/text - Busy day traffic in the busy hour % 9%
Average voice channel capacity kbps 64
Data/video - Busy days per annum # 300
Data/video - Busy day traffic in the busy hour % 9%
Market Market share - subscribers (2016) % 25%
Market share - subscribers (2020) % 25%




Data inputs & assumptions - 2

Subscriber numbers

Operator

2016 2017 2018 2019 2020
Cellcom 1,898,980 2,088,877 2,297,765 2,527,542 2,780,296
MTN 1,360,625 1,669,361 1,768,508 1,856,933 1,940,495
Novafone 160,000 189,630 224,746 266,366 315,693
Libtelco 0 11,000 13,100 15,300 21,500
Total 3,419,605 3,958,868 4,304,119 4,666,141 5,057,984

Based on data provided by operators
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Data inputs & assumptions - 3

Traffic — MEO scenario

District name

Bomi, all 1%

Service Millions 2016 2017 2018 2019 2020 |Bong. Gbarnga 3%
On Net calls Voice Minutes 956 983 1,011 1,041 1,072 | Bong, other 1%
Outgoing Calls to Other Net\{ Voice Minutes 10 11 12 13 14 |Gbarpolu, all 0%
Outgoing Calls to Internation|Voice Minutes 56 59 61 63 65 |Grand Bassa, Buchanan 4%
Incoming calls from Other N¢Voice Minutes 10 11 11 11 12 |Grand Bassa, other 0%
Incoming calls from internati{ Voice Minutes 16 16 17 17 17 |Grand Cape Mount, all 1%
Roaming Calls (all types of d Voice Minutes 0 0 0 0 0 [Grand Gedeh, Zwedru 2%
Roaming Calls (all types of il Voice Minutes 0 0 0 0 0 [|Grand Gedeh, other 1%
Voice mail Voice Minutes 0 0 0 0 0 |Grand Kru, all 0%
Calls to Operator Voice Minutes 0 0 0 0 0 |Lofa, Voinjama 2%
Video Call Video minutes 0 0 0 0 0 [|Lofa, other 0%
MMS on net MMS 0 0 0 0 0 |Margibi, Kakata 6%
MMS outgoing to other netw{ MMS 0 0 0 0 0 |Margibi, other 1%
MMS incoming from other nd MMS 0 0 0 0 0 |Maryland, Harper 1%
SMS on net SMS 21 21 22 22 22 |Maryland, other _ 0%
SMS outgoing to other netwq SMS 2 2 2 2 2 | Montserrado, Monrowg 67%
SMS incoming from other nel SMS 4 4 4 5 5 |Montserrado, Bensonville 0%
Data services Mbytes 874 1,000 1,146 1,310 1,496 |Montserrado, Other 0%
End of list ] S A Y A m:mg: gltiveere kepa 23‘;
Rivercess, all 0%

. . River Gee, all 1%

Based on aggregation of data provided by operators Sinoe, all %

100%
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Data inputs & assumptions - 4

Radio network parameters (a)

2G Average cell |Unit
City Km 4.0
2G planning Unit Town Km 6.0
Quality of service at the radio interface % 2% Rural Km 9.0
Channels per GSM TRX # 8
TRX channels reserved for signalling # 1 3G Average cell [Unit
Typical utilisation % 60% City Km 3.0
Voice channels per GSM TRX # 4 Town Km 2.0
3G planning Unit Rural Km o0
Maximum Capacity per Radio (Mbps) Mbps 2 -
Typical utilisation % 70% 4G Ayerage cell |Unit
Mbps to BH MByte BHM / Mbps 450 City Km 3.0
Town Km 4.0
4G planning Unit Rural Km 6.0
Maximum Capacity per Radio (Mbps) Mbps 15
Typical utilisation % G 3G Node B colocated with 2G BTS
Mbps to BH MByte BHM / Mbps 450 Unit 2016
Where 3G and 2G are available Unit 2016 City % 80%
% of voice traffic on 2G % 80% Town Yo 80%
% of data traffic on 2G % 10% Rural % 80%
Where 4G, 3G and 2G are available Unit 2016 4G eNode B co-located with 2G BTS or 3G Node B
% of voice traffic on 4G % 0% Unit 2016
% of data traffic on 4G % 30% City % 100%
Town % 100%
Rural % 100%

Based on data provided by operators
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Data inputs & assumptions - 5

Radio network parameters (b)

Average number of 2G TRXs per BTS

Based on data provided by operators

Sector 2016 2017 2018 2019 2020

City 24.0 24.0 24.0 24.0 24.0

Town 16.0 16.0 16.0 16.0 16.0

Rural 10.0 10.0 10.0 10.0 10.0
Average number of 3G TRXs per NodeB

Sector 2016 2017 2018 2019 2020

City 16.0 16.0 16.0 16.0 16.0

Town 10.0 10.0 10.0 10.0 10.0

Rural 4.0 4.0 4.0 4.0 4.0
Average number of 4G TRXs per eNode B

Sector 2016 2017 2018 2019 2020

City 7.0 7.0 7.0 7.0 7.0

Town 4.0 4.0 4.0 4.0 4.0

Rural 2.0 2.0 2.0 2.0 2.0
Average number of sectors per cell

Sector 2G 3G 4G

City 3.0 3.0 3.0

Town 2.0 2.0 2.0

Rural 14 14 14
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Reconciliation of asset inventory

The model, roughly reproduces the operators’ reported equipment numbers

Operator 1
No. of equipment deployed
2015/16 Difference Variation (%)
Network Element Operator Model
Transceivers (all) 5,040 4,675 365 7%
BTS (2G Base station) 204 200 4 2%
BSC (2G Base station controller) 3 3 0 0%
Node B (3G Base Station) 108 90 18 16%
RNC (Radio Network Controller) - 3G network 1 1 0 0%
eNodeB (4G Base Station) 48 40 8 17%
End of list i B I
Operator 2
No. of equipment deployed
2015/16 Difference Variation (%)
Network Element Operator Model
Transceivers (all) 4,140 4,385 -245 6%
BTS (2G Base station) 206 189 17 8%
BSC (2G Base station controller) 3 2 1 33%
Node B (3G Base Station) 81 81 0 0%
RNC (Radio Network Controller) - 3G network 2 1 1 50%
eNodeB (4G Base Station) 35 40 -5 14%
Cell sites 208 205 2 1%
End of list AR ———
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Asset cost data

Capacity (number of | Purchase price per
Manufacturers design units per unit of equipment:
Network Element design unit equipment) Year 1
usD

2TRX (2G Transceiver) R 1,500
BTS (2G Base station) B 74,000
BSC (2G Base station controller) 125 BTSs 365,976
3TRX (3G Transceiver) I 2,700
Node B (3G Base Station) R 30,000
RNC (Radio Network Controller) - 3G network 250 Node Bs 300,750
4TRX (4G transceiver) R 4,190
eNodeB (4G Base Station) R iy 2]_,875
MSC (Mobile switching centre) 500,000 Subscribers 575,104
HLR (Home location register) 500,000 Subscribers 575,104
INP (Intelligent network platform) 500,000 Subscribers 463,577
GGSN (Gateway GPRS Support Node) 100,000 BH Mbytes 250,727
SGSN (Serving GPRS Support Node) 100,000 BH Mbytes 230,000
SGW (Serving Gateway) 100,000 BH Mbytes 313,024
MME (Mobility Management Entity) 100,000 BH Mbytes 1,250,000
PDN (Packet Data Network Gateway) 100,000 BH Mbytes 562,500
PCRF (Policy Charging & Rules Function) 100,000 BH Mbytes 150,000
SMSC (SMS Control Centre) 25 Messages/sec 60,777
MMSC (MMS Control Centre) 25 Messages/sec 857,059
VMS (voice mail system) 5,000,000 Subscribers 32,400
NMS (Network management system) 5,000,000 Subscribers 756,521
INT (International Gateway) 100,000 BH Mbytes 60,000
IGW (Interconnect Gateway) 100,000 BH Mbytes 180,000
RBIL (Retall Billing system) 5,000,000 Subscribers 1,798,816
IBIL (Interconnection Billing System) 5,000,000 Subscribers 2,504,986
End of list B

The model contains a mixture of operator data and benchmark data
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Indirect opex and common costs

Mark-ups based on data from two operators

Summary of mark-ups 2016 2017 2018 2019 2020
Indirect network opex 4.0% 3.9% 3.7% 3.4% 3.2%
Common costs 18.8% 18.5% 17.7% 16.8% 15.9%
Working capital 5.9% 5.8% 5.5% 5.2% 5.0%
Overall mark-up 31% 30% 29% 27% 26%




Results of the cost model
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Interconnection pricing scenario

« The same call termination rates should apply to all
operator:

— The period of asymmetry in favour of small new entrants is
past.
« This means that the rates should be set on the basis
of the MEO rather than for individual network
operators.

« The model outputs should be checked against various
sensitivity scenarios and against regional benchmarks.
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Base case results for the MEO

Average costs of call termination (USD cpm)

2.908-
2.81

20160 20171 2018 201901 20201

These results compare with the current call
termination rate of 7 cents per minute
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Sensitivity analysis

Sensitivity Base case assumption Revised % change in
assumption termination rate

Market share 25% 33% -20%
WACC 29% 26.1% -5%
Asset lives Various 20% longer -2%
Price trends Various 1% p.a. higher -1%
Asset utilisation 60-80% 70-80% -2%
Peak voice 300 busy days; 9% BH 365 days; 8% BH -9%

Peak data 300 busy days; 9% BH 250 days; 10% BH -6%



Using the sensitivity analysis

 Sensitivity analysis gives a reasonable range for cost-
based termination rates.

- In total all the sensitivities suggest a reasonable range
of +/-50%
- However, the last two sensitivities are already

calibrated through the reconciliation of asset numbers
with real networks (MTN, Cellcom & Novafone).

« Consequently we propose a reasonable range of +/-
30% of the base case outcomes.
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Reasonable range for MTRs
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» Proposal: a flat rate of USD 2.6 cpm for 2016-2020

 Alternative: from current 7cpm reduce to 5cpm in 2016; 3.5
cpm in 2017 and 2.5 cpm for 2018-2020.
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Comparisons with other

countries
MTR (USD cpm)
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Consultation questions

1. Please comment on the modeling approach and data
assumptions outlined in this presentation.

2. What are your views on the proposed termination
rate of USD 2.6 cpm for the next 5 years?

3. Would you prefer a glidepath approach (e.g. to
reduce from the current level over 3 years).

4. Would it be better to use 33% or 50% market share
for the MEO — giving rates of 2.2 or 1.6 cpm
respectively?




