


BDT & the Economics of

Spectrum Management
e 2001 SG3referred to Prime concern:

Report SM 2012 e Todevelop

(ITU-R) urging the appropriate methods to
BDT to organize ensure that developing
seminars to treat with countries obtain
economic aspects of adequate financial
spectrum resources to facilitate
Management. efficient spectrum

management.



|mportance of Adeguate
Financial Resources

A Facilitate new spectrum-using Services

Permit services to operate at acceptable
Interference-free levels;

dEnsure that the population is not taxed
unnecessarily in order to permit commercia
spectrum users to operate.




Overview

 Strong growth in demand for spectrum for
commercial purposes.

* Inthe Region, derived demand for commercial
spectrum has been driven largely by growth in
demand for mobile services and attendant
Infrastructure, (e.g.fixed terrestrial links which
reguire spectrum to facilitate mobile the services).

o With the advent of internet access over mobile
handsets and developments in convergence
technology, demand for commercial spectrum is
certain to accelerate, even in the near future.



Challenge

Spectrum Is socio-economic resource of high
commercia value that must be managed in a
manner that ensures efficient utilization the
resource.

e Imperative to efficient spectrum management
methodology isthe
formul ation/adoption/adaptation of market
oriented spectrum formulae that enable
reasonably accurate estimation of economic
values of frequencies, particularly in
commercial bands.



Spectrum Valuation Methods

*» Since the development of the use of radio
Frequencies as a communication medium in the
developing americas, licence fees for spectrum usage
have been determined primarily by two methods,
(none based on the economic value of the resource)
Including:
a) Fee structure which invariably pegged annual
charges at some percentage of gross/net profit.

b) Fee structure which smply ensured coverage of
fixed administrative costs.

¢ Under these systems, spectrum hording has been
easy and incentive to introduce more spectrum-



Marginal Value

o Studies indicate that spectrum reserved for
commercial uses, and not assigned to its highest
value user, represents a misallocation of the
resource, a sub-optimal investment decision that
benefits the user at the expense of the wider
economy of the country.

e Casein point: whenever high capacity fixed radio
link Is under-priced, it isusually more economical
for an operator not to use cable on its trunk network.

e Thismay be good economics for the operator but
poor for the country.



Opportunity Cost

The extent of loss of spectrum revenue to a country
IS contingent on economic valuation of the
spectrum.

Where spectrum is currently or, will be in the near
future, subject to competitive use, pricing should
be based on its economic value.

As far as possible, spectrum usage fees should be
consistent with the opportunity cost of the
commodity.

The difficulty is how should the opportunity cost
of spectrum be estimated/determined.

NO precise answer; spectrum valuation is not a set
science.



Spectrum Demand

» Demand for spectrum is derived demand.

» Positive Correlation between demand for
services facilitated by spectrum and demand
for spectrum.

» Demand for spectrum for non commercia
uses, e.g. national security should not be
assessed In like manner as demand for
spectrum for commercial uses.



Vauation Methodologies

a) Auction: fees set directly by the market

b) Administrative Valuation/Pricing: fees set
by spectrum manager/regulator based on a
basket of economic criteriawhich are
usually surrogates for market mechanisms.

In General, Administrative Pricing concepts
are based on the principles of Pareto
Optimality: spectrum valuation is informed by
Scarcity & differential rent.



AUCTION

 Efficient allocation of commercial spectrum, in that
awell designed auction is best poised to identify
the user with keenest sense of the optimal economic
value and who is likely to generate highest
economic benefits.

[ The market sets the price of the spectrum.
 Transparent and fair system of allocation.
 Less unfavourable to new market entrants.

[ Not suitable for low value high volume spectrum
e.g. private radio used by taxi.

dldeal in situations where demand for spectrum
outstrips supply.




Auction Design

v’ Scientific design, in particular the minimum
bid, iscrucid if an auction isto perform the
functions of the market.

v The minimum should be based on
guantitative methods, See Appendix.

v The difficulty in Latin America & the
Caribbean is to generate auction prices that
are market oriented and, at the same time,
not disproportionately disadvantageous to
new entrants.



Auction:Myths

**Auction Increases operatorscost and in
turn price of end product paid by
consumers,

 In general, economic theory of market
behaviour and empirical evidence lend little
support.

**Auction isa money printing mechanism.

 |n acompetitive market, the price of the end
product will be determined by market forces.



Administrative Valuation

Usage of quantitative methods to estimate the
economic value of spectrum taking into
consideration factors such as:

a. Efficient spectrum usage

b. Economic benefits

c. Technology innovation

d. Competition

Objectives:

[ To estimate the opportunity cost/economic rent
of spectrum.

d To estimate the total cost incurred for spectrum
use.



V.

Opportunity Costing
Methodolog

Develop matrix of alternatives}é current
network (trunked systems, more efficient
sharing, reuse, moving to different frequency
bands etc.)

Estimate equipment life span and derive
depreciation values.

Derive initia annual licence fee on the basic of
|east cost aternative.

Apply adjustment factors ie quantitative proxies
to account for factors such as. competition,
quality of service and spectrum usage constraints
that are influenced by propagation characteristics



Opportunity Cost, Cellular
Spectrum

|mportant Elements:

Assuming optimal utilization of spectrum by any

operator:

» The opportunity cost of cellular spectrum can be
estimated by calculating the least cost options

available to the network operator in the event that
spectrum is not available for network expansion.

» Modification can be made where such assumption
IS seriously challenged.
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Model Structure

Structure of current network.

Structure of expansion of current network
capacity as afunction of change in demand for
Service.

Structuring of network expansion using smaller
cells within the same spectrum used by the
current network.

Structuring network expansion assuming
availability of additional spectrum.



Cost Methodology

= Estimate (Z) cost of current network.

» Estimate (C1), cost of network expansion using
smaller cells.

» Estimate (C2), cost of network expansion using
additional spectrum.

= Let (I3f) indicate additional spectrum required,
the opportunity cost of spectrum (C!) is estimated
by:

= Cl=(C1-C2)/ 3f



|mportance of Assumptions

» Assumptions about cell planning.
» Assumptions about spectrum availability.
» Assumptions about depreciation.
» Assumptions about competition.

» Technology and socio-economic
Assumptions.



Technology Parameters

JANumber of cells

JANumber of transcelvers per cell

1Cdl size

For:

»* Current network

“*Network expansion using smaller calls

**Network expansion using additional
spectrum




Cost Elements

“* Equipment costs for additional cells;
«*Costs of additional transceivers;

< Siterental for additional cells;
**Cost of link to base station.



Financing Parameters

»Life time of equipment
» Discount rate to compute NPV.

» Spread profile for capital expenditure
over X; period.

» Cost adjustment factor/s.



Cell Planning Options
Network Expansion through:

1. Cdll reduction by changing
transmitter power.

2. Sectoring cells.

3. Addition of microcell layer over
existing cell structure.

NB:Expansion should not apply in zones
where there is little or no congestion.



Traffic Projection

Zone Min Future Max Future
Traffic (E/km2) | Traffic (E/lkm2)

Urban 60 90

Sub Urban 40 70

Rurd 2 5

Remote Rural 1 3




Basaline Network

Zone Current No Of cells | Carrier/Cell
Traffic
(E/km?)

Urban 77 80 8

Sub Urban |50 26 8

Rural 2.5 700 8

Remote 1.5 1000 3

Rural

Total 1806




V.

Technical Assumptions

Spectrum avallableis 2 x 24MHz.
8 Carrier pairs per cell.

Network expansion via additional spectrum can
be achieved with 1 more transceiver per cell.

Same increase in network capacity can be
achieved through reduction of cell size or adding
cells as necessary.

No network congestion in rural and remote rural
areas.



Cost Assumptions

= Capital Cost of adding new cells = £50,000,
Including cost of two transceivers.

= Site rental cost per annum = £ 2, 250 per
cell.

= Link Cost = £ 1, 000 per transcelver per
annum.

= Capital cost of adding transcelversto
existing cell = £ 8,000



Zone | ncreased ? Network Carner ? Network Carner
Capacity (smaller (Additional
E/kim? cells) Célls | spectrum) | CEllS
Urban 38 02 3 380 9
Sub- 57 30 3 26 9
urban
Rural 3 3897 3 700 9
Remote |1.5 1000 3 1000 9
Rural
Total 1989 1806




Financial Assumptions

dDiscount rate (including adjustment
factor) = 10%.

dDepreciation period on equipment 10
years.



e Expansion Using Smaller Cedlls

Reguired

Total Cost £ 105 663 000
NPV £ 86 828 762
Spectrum 2 X 24 Mhz




Expansion Using Additional

Spectrum
Total Cost £ 65 700 000
NPV £ 53190935
Spectrum Required 2X 27 MHz
Estimated value of £1721517 per 2*1IMHz
Spectrum per annum




Licence Fees Based on Spectrum
Usage Costs

Spectrum User Fee (Ty) = f (Ksm, Ag)
Where:

K, ,=Annual basic costs of spectrum
M anagement.

A, = Secondary costs of spectrum use, as
determined by:

I.  Bandwidth used.

Il. Coverage area and population density of area.
1. Spectrum Employment.

V. Spectrum monitoring complexity.

V. Type of service.



Assumptions

+* Positive correlation between bandwidth and
Value of spectrum.

*»*Pogitive correlation between population
density in coverage area and value of
spectrum.

“»Positive correlation in spectrum monitoring
complexity & marginal cost of spectrum
administration.

“*Pogitive correlation between exclusivity of
use & payment



Estimating Spectrum
Management Costs

Ken= (K1, Ky),
Where:

e K, = State expenditure on spectrum
management.

» K, =Collateral charges re spectrum
management.



Defining K,

Ki=f (k,il k12, Kis)
Where:

ki, Is State expenditure on purchase, installation
and maintenance of spectrum management system
and Infrastructure including: radio monitoring
station equipment, direct finders, computer
hardware & software, amortization of building,
etC.



Defining K,

k., = State costs associated with
scientific research, purchase of
scientific literature, electromagnetic
compatibility analysis, frequency
assignment, coordination, etc.

k;; = Spectrum Management staff
salaries.



Defining K,
Ko = f(Ky, Kp)

e \Where:

»K,, 1S taxes imposed by the State on
spectrum management equi pment,
buildings, etc.

» Kk, is applicable if there is any payment
required by the State for initial use of
spectrum.



Defining A,

Asm = f(p| ,FB T)
Where:

“*p; Is the socio-economic value of the
frequency resource used for the ith
frequency assignment;

“*F.3 Isthe areaused for the ith frequency
assignment; and

T, time = one year.



Defining p,

p=?fi(@?)
e Where:

?f Sengtesthe Ith frequency used in a frequency
and.

1) @& Istheexclusivity factor of use of the ith
frequency which assumes avalue (0< a; 1)

2) 2 Isthe factor which takes into account:
a) ?,thecommercial value of the spectrum range;

b) 2, the complexity of spectrum management in
the band.



Defining F;
F;=f(D;«P)
Where:

= D, Isthe population density coefficient which
assumes a value between low density (L,— and
high (Hy).

» pisthe coordination site located in the high
density area.

Population density in a country is invariably
Inconsistent and operators, in particular new ones,
tend to prefer high density areas. For ssimplicity the
model divides the country into low density (L) and
high density (H,) areas.



» Accordingly, the value of D, may vary
between 0.1-1.



Estimating Cost Per Licence

Cost licence (Ty,) Istherefore:
EITsui = [(Ksm)/n + (Asmi)]
* Where:

n 1s the total number of licences
awarded.



ANNEX
Determination Of Minimum Bid

* 1) Number of base stations (BS) in the mobile
network as a function of the bandwidth

dThe first group of basic data includes the
parameters shown in Table 1, which are used to

determine the following key parameters of the
mobile communication network:

N - cluster size:

JC - number of BS that have to be installed In a
town:

[ n, - number of telephone channels.




Symbol Parameter Value Estimated
F Bandwidth for |2-25MHZz
network In
darea
B/Width
M=6for0= No of Sectors |1-6
60° served per cell




Symbol Parameter Estimated
Vaue
Number of 8

N - 138 8 respectively

subscribers using
Channel
simultaneously

N, Number of urban | 10,000-150,000
subscribers
3 Peak hour use per |0.025 Erlangs

subscriber




O0=4-10dB Random variation |6 dB
In signal received

P, Probability of call 0.1
blocking in N/work

?o =18, 9 and 9dB ?GC{Ui red 9dB
orotection for
Recalvers

Pt % of received 10%
signal/interference
ration falling
falling below
Protection ratio




« 1) Total number of frequency channels
In a cellular mobile network 1n atown:

. n = int(FF,)
e where Int(x) Is the integer part of the
number X.



2) Required cluster size for given values of r , and Py

* Lot
pP(N)=100 0 —
(10|g(1/?3- ryV 20

p



where p (N) is the percentage of time during which

the signal/interference ratio at the mobile station
receiver input falls below the protection ratio r .
The values b, and s, depend on the parameters
g=,s and M. The value of p(N) decreases as N
Increases. For given valuesof r ,, s and M =1, 3
and 6, values of p(N) are calculated for a number
of values of N (i.e.: g). The value of N for which
the condition p(N) £ P, is fulfilled is taken as the
cluster size for the mobile network.



The parameters b, and s, used in the equation for p(N) are determined using the
following expressions:

s? =s2+s.2
e I u
. € a bi* U
e 2e 2 i = u
2 _ ~ | “s i=1 -1
S, —|—2Ln§.1+(e -1) | 7 (
e ¢R pi2 U
& é Y
e i=1 4] u

e él 2



Hae | =(01Ln10) adthevdues| ad b dgoad onM ad mey befaund usic
thefdlomng famulae fM=1tenl =6

by =by =(q- ])-4; by =b, =q’* bs:bes:((31”)_41['J
If M=3 thenl =2 I

b, =(+07) % b, =q%;
if M=6 thenl =1

b =(q+3*

whae q:\/3T\|

i
Y
|
:
:
p



3) Number of frequency (n) and telephone (n.) channels used to serve
subscribers in one sector of one cell:

ns = int(n/MN)
N. = Ng XN,.

4) Admissible telephone traffic in one sector of one cell (Erlang):

ncg- \/1 P.A/PN. /2 )l u for p, £ /2/pn,

i
A=
} n, \/p/2+2n Ln(pa\/pn /2) Jpl2- forp, >,/2/pn,
5) Number of subscribers served by one BS for a given value of blocking

probability:
Ngs = Mnt (A/b)
6) The number of BSin the cellular network is determined as follows:
=int (Na/Nge) +1



Estimation Cost to Establish
Mobile Network

Symbol Parameter Value

Kp, Avg Hourly rate 3 (USD/hr)
per installation

K s Price SC/BS USD 230,000
Installation

Ke Unit cost R/trans  |USD 11,000

A, Fixed cost USD 351/ch

A, 176/ch

B, . B, Variable Cost USD23-12ch/km




Expenditures =
Ks =K+ K, + K+ K, + K¢
Where:
K, - cost of construction and assembly work
K, - cost of BS equipment

K5 - cost of establishing a switching centre
(SC)

K, - expenditure for purchasing software and
technical facilities for billing systems

Kg - cost of establishing communication links
between BS and SC.




Construction and assembly costs (K,) are determined on the
basis of statistical data '+ = on the labour consumption of
the various stages of work. These costs are proportional to
C, which is the number of BS in the mobile network, and
may be determined by the equation:

Capital costs for BS equipment are determined by the
equation:

K,=CXx[Kgst (M XxnY X K]
where (M x ny Is the number of frequency channels in one
cell.

The cost (K ) of establisning the switching centre (SC) of a
mobile network 1s determined from the data in Table 3 on
the basis of the number of subscribers in the network.



Required no of Switching centre |Cost K4 (USD)
ﬁztavr\]/g?ks on Analogue Digital

N, <500 300 000 3 500 000

N, <2,000 500 000 3600 000

N, < 10,000 1 300 000 4 000 000

N, <50,0000 3 000 000 5000 000




Type of System Cost K, USD

Simple System for 5000 subs
130 000

Simple billing system for 10,000| 240 000
Subscribers

System with additional features | 750 000
For 10 000 subscribers

System with additional features |1 400 000
For 100 000 subscribers




The costs of communication links (N, ) needed to
connect one BS to the SC with a capacity of 60 or
30 telephone channels (with a transmission speed
of 2 or 4 Mbit/s). The required number of
communication links with a capacity of 30
telephone channelsis as follows:

N, = int((M X n )/30)+1.

Efficient capital outlay for BS-SC connections,
Requires communication links of type 1 The
number of such links will be:

N, = int(NL/2).



Unit costs for one telephone channel with type 1
or type 2 links of length L, are: T, = A, + B,
XL, T,=A,+B,xL,
The coefficients A,, B,, A, and B, for cable,
optical and radio-relay links:
The cost of communication links between the I-th
BS-SCis:

K =60XN; X T;; +30X N, xT, =A
+ B X L,
where

A=060XN; XA +30X N, XA, B=
60x N, x B, +30Xx N, X B..



e Thetotal cost of establishing communication links
to connect all BS-STs

« where Is the average length of all BSSC
connection links. The length of these links may
vary from 5 to 25 km. If the mobile network’s
coverage area Is assumed to be a circle and base
stations are uniformly distributed throughout this
area, then:

. L =2x[25°%-5%/3 x 252 @16.6 km.



Discounted |ncome of Network

Symbol | Parameter Value

N, Initial NO of subscribers 300

T, Tariff per Min in Public Network |USD 0.05
X Call ratio of network 0.7

KpH Busy hour call ratio 0.18

3 Subscriber busy hour activity 0.025

P, Mean Initial connect charge USD 200
P, Mean Monthly Subscription USD 50
P, Mean call tariff USD 0.35
n Licence period 10 yrs

™ _ a1 _ _ £ __ _ _f£"a2 2 __ _

N NN




* number of network subscribers, N_(t) may
be calculated based on statistical data on the
development of mobile networks using the

formula
. N () = max{N, x exp(n, x t),
where (k-1)<t<k; N_}.



Year 2003 |2004 |2005 2006 |2007-

2012
k 0 1 2 3 4-11
Ng=  |2x10% |13x10% |53x10% |132x10% Ny =
Na(k) 2x10°
Vi 0 1.87 1.48  |0.92 0.34




Current annual expenditure (Z,) IS Ze | =
Lyt Lyt Ly,
where

Z, 1s the annua expenditure for operation,
amortization, maintenance, administrative costs,
salaries, captial cost, land rental. On the basis of
the data, Z,, =805X N,

Z,., annual expenditure for maintenance of billing
system is:
Z,, = USD 30 000.



Zy 1S the annua expenditure for the lease of
public network channels for one year.

Ly =12XN_ XY, XXXT,.
The value of Y,,, the monthly traffic for one
subscriber, i1s the number of minutes per month
during which a subscriber occupies a

communication channel, and is determined by the
equation:

Y,, =30.4 x b/K,



Income from operation of a mobile network for k
years:

Do =Dy + Dy + Dy,
where

D, Includes: connection fee, guarantee deposit,
access number, use of local public network
operator's line, sales mark-up for subscriber
equipment, as follows:

D, =N_ XP;,.
D, I1sincome from monthly subscription fees.
D, Isincome from monthly call fees.



Usng theaboverdaiangip Nyt), weddamine Dx ad Dy asfdlons

k k
Dy, =12 By x (Nek(®)ck =12x P, x{Ny + & Ny X[1- o- )]/ vi}
0] 1

K
D, =12xBE xY_X{N, +a N, X[1- eq(-Vv,)]/V,}
1

In orde to evduste the economic efiaency o the gparaion of anoalenswark, the
dsoounted income index |p, Is cdlauldied as the raio of the umaf dsoounted nd

prafit of theprgedt to overdl caaitd exqpanditure
The curat wath o fuire inoome is ddamined Lang the disoounting index (1 +
E), whaetrevdued E, istaken astheneenanud bark rae Thus

—g[( A)(D; ZaK)](l E )




On the bags o the reallts doaned, the dsoount rete for the prged ney e

cdauaedt

E =R/l
Disoountied incoe Is cdadasd as an arud arout rdaive to oe ddla o
Invedmet intheprgedt.




e The relationship between a cellular mobile
network operator's discounted standard profit and
bandwidth F, the number of subscribers served N,
and the number of sectors served M Is shown In
Figure 1. The graph reveals that an operator can
make additional profit by using additional
bandwidth. When determining the minimum bid,
one fundamental principle must be to give
operators an incentive to make more efficient use
of the radio-frequency spectrum.
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Minimum Bid

The minimum bid is calculated by the
equation:

T=(E,-E)xD,/n.
where D, Is the net profit of the operator
during the licence term.

The profit standard for an operator set by
the State for mobile communication
enterprisesisE,



Notethat:1) The Total number of frequency
channels in a cellular mobile network in atown is

n, = int(F/F)
where int(x) Is the integer part of the number X.

2) Required cluster size for given values of r
and P

where p (N) Is the percentage of time during
which the signal/interference ratio at the mobile
station receiver input falls below the protection
ratio r . The values b, and s, depend on the
parameters g = , s and M. The value of p(N)
decreases as N increases. For given valuesof r , s
and M =1, 3 and 6, values of p(N) are calculated
for a number of values of N (i.e.: q).



e Thevaueof N for which the condition p(N)

£ P, is fulfilled is taken as the cluster size
for the mobile network.



