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1. INTRODUCTION

The present document provides detailed information on the determination of the investment in
the switching and transmission equipment, as well as the transmission links. Separate
paragraphs deals with the investment in the accommodation costs in each of the swit ching and
transmission nodes. Note that the objective of the formulae presented below is to determine
the investment cost in the core PSTN-ISDN network. This implies that e.g. the nonttraffic
related parts of a RU or BU are not taken into account and that the possibility of sharing
network components between different services (e.g. PSTN-ISDN and data services) is
considered.

2. SWITCHING EQUIPMENT

2.1 Remote Units

The following paragraphs document the formulae used to calculate investments in switching
equipmernt in the remote units. Investments are always given on a per node basis.

2.1.1Linecards

Investment in linecardsin aspecificRU =

[(#PSTN * Inv_pstn + #1SDNBA * Inv_ISDNBA + # SDNPRA * Inv_ISDNPRA) / U]
* perc_core

#PSTN: Number of PSTN subscribersin aspecific node Inv_ISDNBA: Investment cost in ISDN-BA line cards for 1
ISDN-BA user

# SDNBA: Number of ISDN-BA subscribers in a specific

node Inv_ISDNPRA: Investment cost in ISDN-PRA line cards for 1
ISDN-PRA user

# ISDNPRA: Number of ISDN-PRA subscribers in a specific

node Uy¢: Utilisation factor (in %) for theline cards

Inv_pstn: Investment cost in PSTN line cards for 1 PSTN  Perc_core: % of theline card attributable to the core network
user

Remark: In the network modelled, no ISDN-PRA lines are instaled in the Remote Units.
Nevertheless, the formulae applied in the BottomUp model alow the possibility of taking
PRAs into account in the RUs.

2.1.2Concentrators

Investment in concentrators in a specific RU = number of concentrators (E1) *
investment cost per concentrator (E1) =

Roundup((#PSTN + # SDNBA * 2 + #I1SDNPRA * U¢) / (Uc * Upc* G )) * Inv_conc *
G

Roundup: Roundsthe result to the nearest integer Ue: Utilisation factor (in %) for the concentrator
#PSTN: Number of PSTN subscribersin aspecific node Upc: Number of line equivalents per E1




# SDNBA: Number of ISDN-BA subscribers in a specific  Inv_conc: Investment cost for aconcentrator (per E1)

node

G;: Granularity of concentrator (eg. multiple of 4 Els
# ISDNPRA: Number of ISDN-PRA subscribers in a specific required)
node

Remark: In the network modelled, no ISDN-PRA lines are installed in the Remote Units.
Nevertheless, the formulae applied in the BottomUp mode alow the possibility of taking
PRAs into account in the RUs.

2.1.3Concentrator Ports

Please note that the ports mentioned below refer to the ports on the concentrator and not the
ports on the switching matrix.

Investment in concentrator -related portsin a specificRU =

Roundup(((#PSTN + #ISDNBA * 2+ #ISDNPRA * Ux) / (U * Uk * &)) *
Inv_portc RU* G

Roundup: Roundsthe result to the nearest integer Ue: Utilisation factor (in %) for the concentrator
#PSTN: Number of PSTN subscribersin aspecific node Upc: Number of line equivalents per E1

# SDNBA: Number of ISDN-BA subscribers in a specific  Inv_portc_RU: Investment cost for aE1 port
node
Gc: Granularity of concentrator (e.g. multiple of 4 Els

#1SDNPRA: Number of ISDN-PRA subscribes in a specific required)

node

Remark: Please note that the number of ports equals the number of concentrators when
utilisation factors for ports and concentrators are equal, which should logically be the case.
Moreover, the granularity of the concentrator is taken into account also for the ports, since
symmetry between the number of E1 ports and concentrators at the E1 level should be
adhered.

2.1.4Accommodation

The accommodation costs of al nodes in the network modelled consist of an annualised
CAPEX cost per m?2 and of a fixed yearly cost (OPEX) per node. Since al switching and
transmission nodes are collocated, the fixed yearly cost per node will be taken into account in
the formulae for determining the yearly accommodation cost of the switching nodes.

Y early accommodation cost in a specific RU =
Acc_sixry +[Roundup(((#PSTN + # SDNBA * 2+ # SDNPRA * U,.) / (Ue * Gruy acd)l *

Footprint_RUg aec * ACC_yarru * COIIic gy * (L4 COrron ru))




Roundup: Roundstheresult to the nearest integer
#PSTN: Number of PSTN subscribersin aspecific node

# SDNBA: Number of ISDN-BA subscribers in a specific
node

# ISDNPRA: Number of ISDN-PRA subscribers in a specific
node

Acc_s RU: Fixed yearly OPEX (fixed per node)
U.: Utilisation factor (in %) for the concentrator

Upc Number of line equivalents per E1

2.2 Base Units

Footprint RU ¢ oc: Footprint of RU
equipment for number of equivaent lines
equal to granularity

/{ Supprimé : |

Acc_yarry: Variableannualised CAPEX (variable per m?)

Corric ru: Correction factor for the elimination of the footprint
requirements for theline cards

Corronru: Correction fctor for the addition of the overhead
surface (for extracorridorsetc)

Gru_acc: Cranularity of RU equipment (in a number of
equivalent lines)

The following paragraphs document the formulae used to calculate switching investment in
the base units. Investments are always given on a per node basis.

2.2.1LineCards

Investment in linecardsin a specific BU =

[(#PSTN * Inv_pstn + # SDNBA * Inv_ISDNBA + # SDNPRA * Inv_ISDNPRA) / Uy ]

* perc_core

#PSTN: Number of PSTN subscribersin aspecific node

# SDNBA: Number of ISDN-BA subscribers in a specific
node

# SDNPRA: Number of ISDN-PRA subscribersin a specific
node

Inv_pstn: Investment cost in PSTN line cards for 1 PSTN
user

2.2.2Concentrators

Inv_ISDNBA: Investment cost in ISDN-BA line cards for 1
ISDN-BA user

Inv_ISDNPRA: Investment cost in ISDN-PRA line cards for 1
ISDN-PRA user

Uic: Utilisation factor (in %) for theline cards

Perc_core: Percentge of the linecard attributable to the core
network

Investment in concentrators in a specific BU = number of concentrators (E1) *

investment cost per concentrator (E1) =

Roundup((#PSTN + # SDNBA * 2 + #1SDNPRA * Up) / (U * Upec* Gc)) * Inv_conc *

Ge

#PSTN: Number of PSTN subscribersin aspecific node

# SDNBA: Number of ISDN-BA subscribers in a specific
node

# ISDNPRA: Number of ISDN-PRA subscribers in a specific
node

Ue: Utilisation factor (in %) for the concentrator
Upc: Number of line equivalents per E1

Inv_conc: Investment cost for aconcentrator (per E1)

G;: Granularity of concentrator (eg. multiple of 4 Els
required)




2.2.3Investment in concentrator ports

The formulabelow solely refers to ports at the concentrator side for users directly connected
to the base unit. The concentrator ports from remote units that have the BU as host have
aready been taken into account in the dimensioning formulae for the RUs.

Investment in concentrator -related portsin a specific BU =

Roundup((#PSTN + #ISDNBA * 2+ #ISDNPRA * U,) / (U, * U, * G)) *
Inv_portc BU* G

Roundup: Roundstheresult to the nearest integer Uc Utilisation factor (in %) for the concentrator
#PSTN: Number of PSTN subscribersinaspecific node Ug:: Number of line equivalents per E1

# SDNBA: Number of ISDN-BA subscribersin a specific  Inv_portc_BU: Investment cost for aE1 port
node

# ISDNPRA: Number of ISDN-PRA subscribers in a
specific node

G¢: Granularity of concentrator (e.g. multiple of 4 E1srequired)

2.2.4Investment in ports on the switching matrix in a BU

The number of ports on the switching matrix is composed of ports facing the concentrators in
the BU or RUs and ports for the traffic w.r.t. the network that has to be switched in the BU.

The number of ports facing the concentrators equals the number of ports on the concentrator

itself, while the ports for the switching matrix are computed by applying the Erlang B
formula’ to the BHE of the BU, taking into account the number of directions D:

Investment in matrix ports in a specific BU = Investment in ports facing the
concentratorsin BU + investment in portsfor the switching matrix + investment in ports
facingthe RU concentrators=

Roundup?((#PSTN + #1SDNBA * 2 + #ISDNPRA * U,) / (U; * Uy * G))?* Inv_portm *
G; + Roundup(D*ErlangB(BHE/D,P)/(U,* C)) * Inv_portm + number of concentrator
portsRU * Inv_por tm

Roundup: Roundstheresult to the nearest integer Inv_port: Investment in ports (per E1)

ErlangB(x,y): ErlangB function Ue: Utilisation factor for the ports (%) on the concentrator

BHE: BHE per node Upc: Number of line equivalents per E1

Ci: Number of 64 Kbpschannelsper E1 Inv _portm: Investment in port (per E1) on the switching
matrix

D: Number of directionsin which BHE are measured
G;: Granularity of concentrator (eg. multiple of 4 Els
required)

Un: Utilisationfactor for the ports (%) on the switching matrix

Py: Blockingratio

1 In the following formula, ‘ErlangB(X, B)' indicates the required capacity, determined with the
Erlang B-formula, for X Busy Hour Erlang and a blocking chance equal to Pp%.




2.2.5Switching Matrix

Investment in switchingmatrix in aspecificBU =

Roundup 2((#PSTN + #1SDNBA * 2+ #1SDNPRA * U) / (U * U* G))? Inv_switch
* GC

+ Roundup(D*ErlangB(BHE/D,P,)/(U,,*C;)) * Inv_switch
+ Number of concentrator portsRU * Inv_switch

Roundup: Roundsthe result to the nearest integer Py Blockingratio

ErlangB(x,y): ErlangB function Inv_switch: Investment in switching matrix (per E1)

BHE: BHE per node Un: Utilisationfactor for the switching matrix (%)

Ci: Number of 64 Kbps channels per E1 Gg: Granularity of concentrator (eg. multiple of 4 Els
D: Number of directionsinwhich BHE are measured required)

2.2.6Processor

Investment in processor = BHE / ((Conea) * Up) * INV_processor

BHE: BHE per node Up: Utilisation factor for the processor (%)
Cinca Conversionfrom BHE to BHCA (0,04) Inv_processor: Investment cost in processor capacity per
BHCA

Remark: The factor U, should be determined very considerably since the BHE figures do not
take into account the processing power required for the processing of BU-RU traffic, since
this is not measured by the BHE taken into account.



2.2.7Accommodation

Y early accommodation cost in a specific BU =

Acc_sixsut [(Roundup((#PSTN + #ISDNBA * 2 + #1SDNPRA * U¢) / (U * Gu_acc))] *
Footprint_BU g _acc* ACC_yargu * COrrig gy * (1+Corrg, gu))

Roundup: Rounds up the result to the nearest integer AccC_yq gu: Varigbleannualised CAPEX (variable per m?)

#PSTN: Number of PSTN subscribersin aspecific node Corrc gu: Correction factor for the elimination of the footprint
requiremetsfor thelinecards

# SDNBA: Number of ISDN-BA subscribers in a specific e

node Corron_gu: Correction factor for the addition of the overhead
surface (for corridors etc

# ISDNPRA: Number of ISDN-PRA subscribers in a specific ( )

node Footprint_BUc ac: Footprint of BU equipment for number of
equivalent equal to granularity

Ug Utilisation factor (in %) for the concentrator
Ug:: Number of lineequivalents per E1

G Buac: Granularity of BU equipment (in a number of
equivalent lines)

2.3 Covering Area Exchanges

The following paragraphs document the formulae used to calculate switching investment in
the Covering Area Exchanges (CAE). Investments are always given on a per node basis.

2.3.1Ports on the switching matrix of a CAE

Investment in portson the switching matrix in a specific CAE =

Roundup(D*ErlangB(BHE/D,Py)/(Ug* Cj)) * Inv_port

Roundup: Roundsthe result to the nearest integer Py Blocking ratio

ErlangB(x,y): ErlangB function Inv_port: Investment in ports (per E1) on matrix
BHE: BHE per node Up: Utilisation factor for the ports (%)

Ci: Number of 64 Kbps channels per E1 D: Number of directionsinwhich BHE are measured

2.3.2Switching Matrix

Investment in switching matrix in a specific CAE =

Roundup(D*ErlangB(BHE/D,R,)/(Ux* Ci)) * Inv_switch

Roundup: Roundsthe result to the nearest integer Py Blocking ratio

ErlangB(x,y): ErlangB function Inv_switch: Investment in switching matrix (per E1)




BHE: BHE per node
Ci: Number of 64 Kbps channels per E1

2.3.3Processor

Un: Utilisationfactor for the switching matrix (%)
D: Number of directionsinwhich BHE are measured

Investment in processor = BHE / ((Cpnea) * Up) * INV_processor

BHE: BHE per node
Cinca Conversion from BHE to BHCA (0,04)

Up: Utilisation factor for the processor (%)

Inv_processor: Investment cost in processor capacity per
BHCA

Remark: The factor U, should take into account a normal utilisation rate, as opposed to the
BU processors, since all BHE that pass the CAE are effectively measured.

2.3.4Accommodation

Y early accommaodation cost in a specific CAE=

AcC_jsix cae + (Roundup ((D*ErlangB (BHE/D,R) / (Un X C X Geagac)) *
Footprint_CAEs acc * ACC_yacae * (L+COrron cae))

Acc_sx CAE: Fixedyearly OPEX (fixed per node)
Acc_ya CAE: Variableannualised CAPEX (variable per m?)
Roundup: Roundsup theresult to the nearest integer

Footprint_CAEg a: Footprint of CAE equipment for number
of Elsequal togranularity

D: Number of directionsin which BHE are measured
ErlangB(x,y): ErlangB function
BHE: BHE per node

Py Blocking ratio

Geae_ace: Granularity of CAE equipment (inanumber of E1s)
Inv_switch: Investment in switching matrix (per E1)

Um: Utilisation factor for the switching matrix (%)

Corron cae - Correction factor for the addition of the overhead
surface (for corridors etc)

C:: Number of 64 Kbps channels per E1




3. TRANSMISSION EQUIPMENT

3.1LDC

The following paragraphs document the formulae used to calculate the investment in
transmission equipment in the Local Distribution Centers (LDC). Investment is always given
on aper node basis.

3.1.1E1 tributary cardsin T-MUX

The formula below takes into account the fact that a minimum number of ports on the
tributary cards is aways required (eg. 32 ports on a tributary card) as costs could be
significantly underestimated, especially for smaller nodes, when thisis not done.

Investment in Eltributary cards= Roundup(E1./El) * Inv_trib

Roundup: Roundsthe result to the nearest integer Inv_trib: Investment cost for 1 tributary card (contains Elyis
orts)
E1.: Number of E1’'soriginating from concentrators ports)

Elin: Number of E1 portson 1 tributary card

Remark: No utilisation factor has to be applied here since it is already taken into account
when cal culating the number of concentrators needed.

3.1.2T-MUX equipment

The formula below takes into account the granularity of the T-MUX. This means that only a
specific maximum number of T-MUX tributary cards can be used in one T-MUX. If this
number is reached, a second T-MUX should be ingtalled.

Investment in T-MUX equipment = Roundup[Roundup(E1l/El.i,)/ TMUXi,] *
Inv_Tmux

E1.: Number of E1’ soriginating from concentrators TMUXyis Maximum capacity of TMUX expressed in
. tributary cards
E1ib: Number of E1 portson 1 tributary card
Inv_Tmux: Investment cost for 1 TMUX (Including 0 STM1
interface)

10



3.1.3STM-1line cardsin T-MUX

Once the number of T-MUX equipment required in the LDC node is known, the number of
STM-1 line cards that provide the interface towards the host node located on the ring, has to
be determined. Please note that only one STM-1 line card per 63 Els is required since a
physical point-to-point connection is configured.

Investment in STM-1linecardsin T-MUX = Roundup(EL:/63) * Inv_stm1

Roundup: Roundsthe result to the nearest integer Inv_stm1: Investment cost for 1 STM1linecard

E1.: Number of E1’ soriginating from concentrators

3.1.4STM-1tributary cards at the LTC side

The investment in STM-1 tributary cards at the LTC side is taken into account in the
investment categories for the LDC, since there is no exact information on the combination
LDC-LTC, which makes it impossible to model this cost a the LTC side.

Investment in STM-1tributary cardsin LTC = Roundup( EL./63) * Inv_admstm1

E1.: Number of E1’ soriginating from concentrators Inv_admstm1: Investment cost for 1 STM1 tributary card
inADM of LTC

3.1.5Accommodation

The accommodation costs for the transmission equipment consists solely of a variable
annualized CAPEX cost per m2. This cost has to be added to the accommodation costs of the
switching equipment that is collocated in the same network node.

Y early accommodation cost for theequipment inaLDC =

(#T-MUX_pc * Footprint_T-MUX* AcC_ys 1oc * (1+Corron 1oc))

Acc_va Loc: Variableannuaised CAPEX (variable per m?) #T-MUX.oc: Number of T-MUX in the LDC (cf. paragraph

312

Footprint_T-MUX: Footprint of T -MUX equipment )
Corron Loc: Correction factor for the addition of the overhead
surface (for corridors etc)

1




3.2LTC

Two situations are modelled in aLTC. Under the first situation, the LTC is co-located with a
remote unit. In the second situation, the LTC is co-located with a base unit.

We assume that in the first situation, LTC-RU, no T-MUX equipment is needed. The E1 ports
that originate from the switching processor are directly connected to the ports on the E1

tributary cards on the ADM. Simulations run in the bottom-up model show that in redlity this
should not pose any technical limitations.

In the LTC-BU, connection from the switch to the ADM is aways provided through
additional T-MUX capacity. This way, no port constraints will occur on the ADM equipment.

In the following paragraphs, we will first describe the formulae used for the LTC-RU.
Subsequently, the LTC-BU formulae will be commented.

3.2.1LTC-RU Investment in E1 tributary cards on the ADM

Given the fact that the current version of the Bottom-Up model only models the PSTN/ISDN
network as an increment, no multiplexing equipment is needed between the ADM and the
concentrators. Therefore, E1 tributary cards should be installed directly in the ADM.

Investment in E1 tributary cards= Roundup(E1l./Elyip) * 1 NVirib_adm

E1.: Number of E1'soriginating from concentrators I NV am : INvestment cost for 1 tributary card on the ADM

Elyis Number of E1 portson 1 tributary card (contains Eliibports)

3.2.2LTC-RU Investment in ADM equipment

The appropriate type of ADM equipment is determined by the type of ring on which the
ADM is situated. Possible options are STM-1 ADM, STM-4 ADM, STM-16 ADM and STM-

64 ADM. The investment in ADM includes the line cards to the ring but excludes the
tributary cards towards the switch. Note that the actually installed capacity of the ring is taken
into account. Only in the case where 2 times an STM -1 ring was installed, the model increases
this capacity to the STM -4 level.

Investment in ADM equipment (incl. Linecards) =

Inv_admlfor STM-1ring* perc_switch
Inv_adm4for STM-4ring * perc_switch

Inv_adml6for STM-16ring* perc_switch

Inv_adm64for STM-64ring * perc_switch




Perc_switch: Percentage of the ring used for switched Inv_admx: Investment cost for ADM_x equipment, including
services line cardstowardsring but excluding tributary cards

When a loca switch (BU) is located in the LTC, the amount of E1s originating from the
switching matrix tends to increase rapidly. This gives rise to the necessity of installing
multiplexing equipment (T-MUX) between the switch and the Add Drop Multiplexer in order
to groom E1 traffic towards the ADM, even when only PSTN/ISDN traffic is considered. The
formulae below illustrate how the necessary amount of equipment is modeled.

3.2.3LTC-BU Investment in E1 tributary cards on the T-MUX

Investment in E1 tributary cards = Roundup[(Elgye + Elry -Elruco)/Elgin] *

I nV_tribtmux
Else: Number of E1’ sbased on BHE data Elwib: Number of E1 portson 1 tributary card
Elru: Number of E1'scomingfromRU’s INV_yimmux: INVeStment cost for 1 tributary card on the

TMUX (contains Elyinports)
Elruco : Number of E1’ scoming from RU’ s col ocated with BU ( b POrts)

Remark: The above formula is the result of the fact that some RU’s are located in the same
building as a BU. This is not efficient and the RU lines should be considered as being BU
customers. Because of this, the number of ports from these customers should be subtracted
since they do not pass through the TMUX equipment or the ADM. Moreover, for some (very
few) cases, the RU colocated with the BU has a different host BU. The result of this is that
when the RU-ports are substracted from the total ports of the BU, the number of ports can
become negative. In this case, aminimum of 1 port is taken into account. This overestimates
the investment dightly since the ports are again taken into account in the actual base unit that
hosts these RUs.

3.2.4LTC-BU Fixed invessment in a T-MUX

Theinvestment in fixed T-MUX equipment located in the LTC is determined by the formula
below. Note that the capacity of the T-MUX is limited by a maximum number of tributary
cardsthat can beinserted in the T-MUX. Once this capacity is reached, an additional T-MUX
will be installed.

Investment in T-MUX equipment = Roundup[Roundup[(Elgye + Elgy
'EI-Rucol )/Eltrib]/TM Uxtrib] * InV_TmUX

13



ELyin: Number of E1 portson 1 tributary card TMUXyin: Maximum Capacity of TMUX expressal in
tribut d:
Els£: Number of E1'sbased on BHE data ributary cares
. Inv_Tmux: Investment cost for 1 TMUX (Including O
Elry: Number of E1'scoming fromRU’s STM1interface)

Elrucoi: Number of E1’'scoming from RU’ s colocated with BU

3.2.5LTC-BU STM-1line cardsin a T-MUX

The formula above identified the investment in T-MUX equipment in the LTC-BU. However,
no cost for the STM-1 line cards in the FMUX have been taken into account so far. Thisis
done by the formula below.

Investmentin STM-1 line cardsin T-MUX = Roundup[( Elgye + Elry -Elrucorc Y 63] *
Inv_stml

Elgre : Number of E1' sbased on BHE data Inv_stm1: Invesment cost for 1 STM1 line card in

) TMUX
Elru: Number of E1’scomingfromRU’s

Elruco : Number of E1’scoming from RU’ s colocated with BU

3.2.6LTC-BU Investment in ADM equipment

The appropriate type of ADM equipment is determined by the type of ring on which the
ADM s situated. Possible options are STM-1 ADM, STM-4 ADM, STM-16 ADM and
STM-64 ADM. The investment in ADM includes the line cards to the ring but excludes the
tributary cards towards the switch. Note that as it was the case with the ADM dimensioning of
the LTC-RU, rings where 2 times a STM -1 capacity is provided in reality, are upgraded to 1
time STM-4.

Investment in ADM equipment (incl. Linecards) =
Inv_admlfor STM-1ring* perc_switch

Inv_admd4for STM-4ring * perc_switch
Inv_adml6for STM-16ring* perc_switch
Inv_adm64for STM-64ring * perc_switch

Perc_switdr: Percentage of the ring used for switched  InvV_am¢ Investment cost for ADM_x equipment, including
services line cardstowardsring but excluding tributary cards

14



3.2.7LTC-BU Investment in STM-1 tributary cardsin ADM

The STM-1 tributary cards are used to provide ports in the ADM to the T-MUX at the STM-1
level. The model does not take into account higher connection rates. Moreover we assume
that no capacity problems will occur a the ADM port level. Finally the model assumes 1
STM-1 port per tributary card. Simulations run in the model also show that when only the
PSTN/ISDN increment is considered, the number of STM-1 cards required is fairly limited so
that no port limitations are to be expected. Therefore, no capacity restraints at the STM-1
tributary card level are taken into account.

Investment in STM-1 tributary cards for ADM = Roundup[(Elgye + Elgy -
E1Ruc0l c)/63] * I nv_stmladm

Els+e : Number of E1'sbased on BHE data INV_smzim: Investment cost for 1 STM1 tributary card in
ADM
Elry: Number of E1'scoming fromRU’s

Elrucoi: Number of E1’'scoming from RU’ s colocated with BU

3.2.8 Accommodation cost

Year ly accommodation cost for theequipment inaLTC-RU =

(#ADM| 1cry* Footprint_ ADM* perc_switch* AcC_yari7cru * (1+ COrfon L 1c-RU))

AcC_ya Locru: Variableannualised CAPEX (variableperm?)  #ADM_rcru: Number of ADM in the LTC-RU (cf. paragraph
322)

Footprint_ ADM: Footprint of ADM equipment

Coron e ru: Correction factor for the addition of the

Perc_switch: Percentage of the ADM used for switched o erhend surface (for corridorsetc)

services

Y early accommodation cost for theequipment inaLTC-BU =

[(# T-MUX(i1cBu  * Footprint_T-M UX) + (# ADM tceu * per c _switch *
Footprint_ADM)] * ACC_yar Ltc-su™ (1+COrron 1 1c8u))

AcC_yaitcsu: Variable annualised OPEX and CAPEX  Footprint_T-MUX: Footprint of T-MUX equipment
(variableper m?) .
#T-MUX_ rc.eu: Number of T-MUX in the LTC-BU (cf.

Footprint_ ADM: Footprint of ADM equipment paragraph3.2.4)
#ADM.tces: Number of ADM in the LTC-BU (cf. Coroircsu: Correction factor for the addition of the
paragraph 3.2.6) overhead surface (for corridors etc)
Perc_switch: Percentage of the ADM used for switched
services
3.3ZTC
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3.3.1Investment in E1 tributary cardsin -MUX

Theinvestment in E1 tributary cards on the T-MUX located in the ZTC is determined by the
formula below. Note that the exact location of these tributary cards in the different -MUX in
the ZTC isirrelevant for the cost calculation in the model.

Investment in E1 tributary cards = Roundup[(Elgye + Elry -Elruco)/Eliin] *

I nV_tribtmux

Elge : Number of E1’ sbased on BHE data Elyin: Number of E1 portson 1 tributary card

Elru: Number of E1'scoming fromRU’s INV_yinmue INVestment cost for 1 tributary card on the
TMUX (contains Elyipports)
Elrue : Number of E1'scoming from RU’ s colocated with BU ( b POrts)

3.3.2Fixed investment in T-MUX equipment

The investment in fixed T-MUX equipment located in the ZTC is determined by the formula
below. Note that the capacity of the T-MUX is limited by a maximum number of tributary
cardsthat can beinserted in the T-MUX. Once this capacity is reached, an additional T-MUX
will be installed. However, at least 1 distinct T-MUX needs to be configured for each ring and
one additional T-MUX is required to provide a direct connection from the switch to the cross-
connect located in the ZTC. Thisis also represented by the formula below.

Investment in T-MUX equipment = Max[Roundup[Roundup[ (Elgse + Elgy
-Elruco YEL4in)/TMUX, ], (#Rings +1)] * Inv_Tmux

Elyin: Number of E1 portson 1 tributary card TMUXyin: Maximum capacity of TMUX expressed in
tribut d
Els£: Number of E1'sbased on BHE data riulery cares
. Inv_Tmux: Investment cost for 1 TMUX (Including O
Elry: Number of E1'scoming fromRU’s STM1interface)
Elruea: Number of E1's coming from RU's colocated with BU #Rings: Number of ringsonwhichtheZTCislocated

3.3.3Investment in STM-1 line cardsin T-MUX

The connection between the T-MUX and the ADM or the Cross-Connect is provided by
means of STM-1 connections. A minimum of STM1-cards equal to the number of FMUX
must be at least modeled. The formula below represents the investment calculation of STM1-
line cards in the T-MUX.
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Investment in STM-1linecardsin T-MUX = MAX[#TMUX; roundup(Elsue + Elry
'E-Rucolcy63] * |I’lV_Stml

Elge : Number of E1’ sbased on BHE data Inv_stm1: Investment cost for 1 STM1linecardin TMUX
Elryu: Number of E1' scoming from RU’s #TMUX: Number of distinct T-MUX equipmentinZTC
Elruco: Number of E1's coming from RU’s colocated with

BU

3.3.4Fixed investment in ADM equipment

The appropriate type of ADM equipment is determined by the type of ring on which the
ADM s situated. Possible options are STM-1 ADM, STM-4 ADM, STM-16 ADM and
STM-64 ADM. The investment in ADM includes the line cards to the ring but excludes the
tributary cards towards the switch.

Investment in ADM equipment (incl. Linecards) =
Inv_admlfor STM-1ring* perc_switch

Inv_adm4for STM-4ring* perc_switch
Inv_admi6for STM-16ring* perc_switch

Inv adm64 for STM-64ring* perc switch

Perc_switch: Percentage of the ring used for PSTN/ISDN  InV_am¢ Investment cost for ADM_x equipment, including
services line cardstowardsring but excluding tributary cards

3.3.5Investment in STM-1 tributary cardsin ADM equipment

The investment in STM-1 tributary cards for the ADM-equipment is calculated as follows:
first of al, for each ring, the capacity that needs to transit through the ADM is caculated by
multiplying the capacity of the ring by the percentage that is used for PSTN/ISDN -traffic. If
we want to be completely correct, this figure should be reduced by taking into account that a

part of the ring capacity is used for local traffic and intraring traffic from nodes that are not
colocated with the ZTC. However, we do not take this into account since this would create too

many additional parameters for which we do not have suffient data. Moreover, it would
impact the cross-connect formulae considerably without any real added value. We thus
overstate the number of ports needed on the ADM dlightly, but do not take extra overcapacity
into account.

The result of this calculation is divided by 155 and rounded up to calculate the required
amount of STM-1 cards per ring. Note that a minimum of 2 STM-1 cardsis always required,
since an interface towards the T-MUX of the switch and and interface towards the cross-
connect, should aways be provided.
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Investment in STM-1tributary cardsin ADM per ring =
Maximum(2;roundup[ (Upgn * Capring )/155)]) * Inv_stm1

Upstn: Percentage of ring capacity used for switched Inv_stml: Investment in 1 STM -1 tributary cardin ADM
services Caping: Capacity of the ring (622, 2500, 10000), expressed
inMbps

Once the investment in STM-1 cards per ring has been calculated, the total amount is
caculated by summing all investmentsin STM-1 cards in a specific ZTC.

3.3.6Fixed investment in cr oss-connects

With regard to the investment calculation of cross-connects, no real dimensioning formulae
have been applied, a least not for the dimensioning of the fixed cross-connect itsdlf. It is
assumed that when the cross-connect is used solely for switched services, one cross-connect
per ZTC is sufficient.

Fixed Investment in Cross-Connects =Roundup(STM1 ./ CCq,p) * CCpqn *Inv_cc

Inv_cc: Fixed investment in cross-connect STM.c¢: Number of STM1 ports on crossconnect

CCeap: Maximum number of portson cross-connect CCan: % of the cro: nnect used for PSTN/ISDN

services

Remark: CC,4n, representing the share of the cross-connect that is used for PSTN/ISDN
servicesis calculated as followsfor each individual cross-connect :

CGCosn = (STM1cC * %pstn + STM Lagm)/(STM 1ee + STM dagm)

Whereby CCoan: Percentage of the cross-connect cost to be alocated to PSTN/ISDN
services

STM1,.: Tota number of STM1 ports used on the cross-connect by the core
link connections

%pstn: Weighted average % of the core links that is used for PSTN/ISDN
services, this weighted average is calculated for each cross-connect

STM1,4n: Total number of STM1 ports on the cross-connect facing the
ADMs. This does not include other traffic than PSTN/ISDN traffic.
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3.3.7Investment in STM1-cards in cross-connect

The investment in STM1 cards for the crossconnect is calculated as follows: the number of
STM1 ports on the cross-connect is assumed to equal the total number of STM1 ports on the
ADM plus the number of active VC4's that originate from the core links. This assumption
results in some minor errors: first of all a part of the Local and I1AA Intra-Ring traffic is taken
into account where in reality this does not affect the crossconnection dimensioning. This
overstates the number of STM1 cards required. Secondly a part of the IAA Inter-Ring traffic
will transit through the switch itself and will not use the cross-connect. Finally, non-Local and
non-Intra-Ring traffic from customers directly connected to the base unit colocated with the
ZTC generate traffic that use the crossconnect equipment. This is not modelled either, since
this would increase the model’s dimensioning formulae significantly and the impact on the
final transmission costs are minimal (<0,5%). In summary, the cost for the STM1 cards facing
the ADM’sis somehow overstated and the cost for the STM1 cards facing the TMUX of the
switch is dightly understated. The impact on the results however is neglectable.

Investment in STM1 cards for crossconnect = (STM1l,, + VC4 *
V Cépen)*inv_cc_stml

Inv_cc_stm1: Investmentin1 STM-1 port on cross-connect  VC4: Number of active VC4'son corelink (all services)

STM1am: Number of STM1 ports used for PSTN/ISDN ~ VCApn: Percentage of the links used for PSTN/ISDN
servicesonthe ADMs services

Remark : Please note that a typical cross-connect can have a maximum of 256 STM1 ports.
This constraint is never reached in the actual bottomup model. If this constraint would be
reached, an additional cross-connect should be installed.

3.3.8Investment in SLT line cards

The SLT equipment provides the connection between the crossconnect and the physical cable
infrastructure of the core network. The SLT equipment is actualy a specia configuration of
an ADM. The equipment comprises the fixed investment of the SLT, the line cards of the
SLT (STM4, STM16 or STM64) and the STM1 tributary cards of the SLT facing the
concentrator.

Starting from the number of active VC4's, the calculation of the required line capacity has to
be performed first. The following rule is hereby applied:

Number of STM-1s STM-level Ties ST
needed

1 1 1

2-4 4 1

5-8 4 2

9-16 16 1
17-32 16 2
33-64 64 1
65—128 64 2
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This calculation is performed for each individual connection. The subsequent step is to
consider the required number of SLT line cards at the ZTC level. In order to obtain this
number, for each ZTC all requirements are summed. This results in the required number of
line card interfaces for each individual ZTC, expressed in a number of STM4, STM16 and
STM64 capacities. This approach respects the specificity of the individua links, whereas an
aggregate approach would take the total capacity and provide one port for this capacity.

Obvioudly, such an approach would seriously understate costs. Once the number of required
interfaces has been determined, the calculation of the line card cogts is fairly straightforward
and illustrated by the formula below.

Invesment in SLT linecards = (STM44 * inv_slt_stm4+ STM164* inv_slt_stm16 +
STM64y* inv_st_stm64)* VCé,gn

STM4g: Number of STM4 portsrequiredonthe SLT inv_dlt_stm4: Investment for L STM4 SLT line card

STM16st: Number of STM 16 portsrequired onthe SLT inv_dt_stm16: Investment for 1 STM-16 SLT linecard

STM64g:: Number of STM64 portsrequired onthe SLT inv_sit_stm64: Investment for 1 STM-64 SLT linecard
VCAn: Percentage of the links used for PSTN/ISDN
services

3.3.9Investment in SLT STM1 tributary cards

The investment in SLT STM1 tributary cards is determined by the number of active VC4's
that enter the ZTC through the core connections, which is reflected in the formula underneath:

Investment in SLT linecards = (VC4 * inv_dt_stm1* VC4pgn)

V C4: Number of active VC4' sthat go throught the ADM Inv_dt_stml: Investment for LSTM1SLT linecard
VCAn: Percentage of the links used for PSTN/ISDN
services

3.3.10Fixed investment in SLT equipment

Finally, the fixed investment in SLT equipment needs to be determined. This is done based on
the number of active line cards that are needed and that have been determined above. We
assume that capacity restraints are at the line card level (STM4, STM16 or STM64) and not at
the tributary (STM1) level.

Fixed Investment in SLT equipment =

[Roundup(STM4g/Cap_dlt_stm4)* inv_dltfix_stm4 +
Roundup(STM 164/Cap_slt_stm16)* inv_sltfix_stm16 +
Roundup(STM644/Cap_dlt_stm16)* inv_gltfix_stm64)]* V Cdpsn

STM4g: Number of STM4 portsrequiredonthe SLT Inv_dtfix_stm4: Fixed investment for 1 STM4 SLT ecl.
line cards
STM16st: Number of STM-16 portsrequiredontheSLT
) Inv_ditfix_stm16: Fixed investment for 1 STM-16 SLT excl.
STM64y:: Number of STM-64 portsrequired ontheSLT line cards

Cap_dt_stm4: Maximum number of STM-4 portson SLT




Cap_dt_stm16: Maximum number of STM-16 portson SLT
Cpa_dt_stm64: Maximum number of STM-64 portson SLT

3.3.11 Accommodation

Inv_dtfix_stm64: Fixed investment for 1 STM-64 SLT excl.
linecards

VCAn: Percentage of the links used for PSTN/ISDN
services

Y early accommodation cost for theequipmentinaZTC =

[(# T-MUXzrc * Footprint_T-MUX) + (# ADMzrc* Footprint_ADM * perc_switch) + (#
CCyzrc* Footprint_CC * CCpyyn) + (#SLTzrc* Footprint_SLT * VC4psy)] * ACC_yar 27¢

* (I+Corrgn z1c))

Acc_va zic: Variable annualised CAPEX (variable per m2)
Footprint_ T4 U X: Footprint of T-MUX equipment

#T-MUXzrc: Number of T-MUX in the ZTC (cf. paragraph
332)

Footprint_ ADM: Footprint of ADM equipment
#ADMrc: Number of ADM inthe ZTC (cf. paragraph3.3.4)

Perc_switch: Percentage of the ADM used for switched
services

Footprint_ CC: Footprint of cross-connect equipment

#CCzrc: Number of cross-connects in the ZTC (cf. paragraph
336)

CCusn % Of the ¢ ross-connect used for PSTN/ISDN services
Footprint_SLT: Footprint of SLT equipment

#SL T rc-su: Number of SLT inthe ZTC (cf. paragraph3.3.10)
VCApsn: Percentage of the core links used for PSTN/ISDN
services

Corron zrc : Corredion factor for the addition of the overhead
surface (for corridors etc)
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4. TRANSMISSION LINKS

4.1 Links LDC-host

4.1.1L ength of the Links LDGhost

No detailed information is available regarding the length of the individual Links LDC-host,
i.e. the links from aLDC to aregiona ring. Since only the tota length of all links and the
total number of links is known, we opt to use an average length in the model.

4.1.2Investment in trenches and ducts for the Links LDG host

Investment in trenches per Link LDC-host = Av_length * Inv_trench *
% Switch_trench_LDC * % Shared_trench_LDC

Investment in duct per Link LDC-host = Av_length * Inv_duct *
% Switch_duct_LDC * % Shared_duct_LDC

Av_length : Average length of a Link LDC-host (i.e. link Inv_trench: Priceof atrench, expressed in€ per meter
between al. DC and aregional ring), expressed in meter

< 9). &xp %Shared_duct_LDC: Percentage of the duct used for the
Inv_duct: Price of aduct, expressed in€ per meter regiona and core transmission network, i.e. exclusive the

ercentage for the local access network.
%Switch_duct LDC: Percentage of the duct used for P 2
PSTN/ISDN-services %Shared_trench_LDC: Percentage of the trench used for

) the regional and core transmission network, i.e. exclusive
%Switch_trench_LDC: Percentage of the trench used for the percentagefor thelocal accessnetwork
PSTN/ISDN -services '

In this formula, it is assumed that only a single cable is used for the Links LDC-host.
Consequently, the connection requires only one trench and one duct as well.

Moreover, we have to take into account the following elements:

- Not only traffic from PSTN/ISDN-services is transmitted, but aso traffic from
leased lines, data-services etc. As a consequence, costs for ducts and trenches
have to be distributed over these different services and only a certain percentage
of the costs should be allocated to PSTN/ISDN-services, which is reflected by the
inclusion of the parameters ‘%Switch_duct LDC' and ‘%Switch_trench_LDC;

- The trenches and ducts can be shared between the local access network on the
one hand, and the regional and core network on the other hand. As a
consequence, only a certain percentage of the costs for ducts and trenches should
be allocated to the regional and core network, which is reflected by the inclusion
of the parameters‘ %Shared_duct_LDC' and ‘%Shared _trench LDC'.



4.1.3Investment in cables for the Links LDC-host

In the formula to compute the investment in cables, it is assumed that only two fibers are used
within the cable for PSTN/ISDN -services. Therefore, since the standard number of fibres

within one cable is equal to 12, 24, 48, or 96, it suffices for dl links to use a cable featuring
12 fibres.

Investment in cablesper Link LDC-host = Av_length * Inv_cable 12 *
% Switch_cable LDC * % Shared_cable LDC

Av_length: Average length of a link between a LDC and a  %Switch_cable LDC: Percentage of the cable used for
regiond ri ng, expressed in meter PSTN/ISDN-services

Inv_cable_12: Price of acable containing 12 fibres, expressed in - %Shared_cable LDC: Percentage of the cable used for
€ per meter regional and core transmissio n network, i.e. exclusivethe
percentage for the local access network.

4.2 Regional Rings

The network modelled is composed of a number of Regional Rings. For every Regional Ring,
information regarding the total length of the ring, the capacity of the SDH ing and the
percentage used for PSTN/ISDN-services is known.

Aswas the case for the Links LDC-host (cfr. previous section), we assume that only asingle
cable is used for the Regional Rings. Conseguently, the connection requires only one trench
and one duct aswell.

Moreover, one assumes that on a Regional Ring, always two fibers are used. A cable
featuring 12 fibers therefore suffices.

4.2.1Investment in trenches and ducts for the Regional Rings

Investment in trenches per Regional Ring = Inv_trench * % Switch_trench_regring *
% Shared_trench_regring * length_regring * (1 - ? * ? * total_length_corelinks /
total_length_regring)
Investment in duct for a Regional Ring = Inv_duct * % Switch_duct_regring *
% Shared_duct_regring * length_regring * (1 - ? * ? * total_length_corelinks /
total_length_regring)

Total_length regring: Total length of al regional rings, Inv_trench: Priceof atrench, expressed in€ per meter
expressed in meter
P : %Switch_trench_regring: Percentage of the trench used for

Total_length_corelinks: Total length of al core links, expressed  PSTN/ISDN-services

n meter %Shared_trench_regring: Percentage of the trench used for

Inv_duct: Price of aduct, expressed in€ per meter theregiond and core transmission network, i.e. exclusive the
ercentage for the local access network.

%Switch_duct_regring: Percentage of the duct used for P ag

PSTN/ISDN-sarvices 2. Length of the core rings that are redlised over regiona

rings/ total length corelinks



%Shared_duct_regring: Percentage of the duct used for the
regiond rings, i.e. exclusive the percentage for the local access
network.

Length_regring: Length of theregional ring, expressed in meter

?: The number of fibers occupied by the core links'tota
number of occupied fibers

4.2.2Investment in cables for the Regional Rings

Investment in cables per Regional Ring = Inv_cable 12 * % Switch_cable regring *
% Shared_cable regring * length_regring * (1 - ? * ? * total_length_corelinks /

total_length_regring)

Total_length_regring: Total length of dl regiona rings,
expressed in meter

Total_length corelinks: Totad length of al core links,
expressed in meter

Inv_cable_12: Price of acable featuring 12 fibers, expressed in
€ per meter

%Switch_cable regring Percentage of the cable used for
PSTN/ISDN-services

Length_regring: Length of the regiona ring, expressed in
meter

4.3 Core network

%Shared_cable_regring: Percentage of the cable used for
the regiona and core transmission network, i.e. exclusive
the percentagefor thelocal access network.

?. Length of the core rings that are realised over regional
rings/ total length corelinks

?: The number of fibers occupied by the core links/total
number of occupied fibers

The core network is composed of links that interconnect the ZTCs. These connections can be

realised in two distinct manners:

- via physical distinct point-to-point (p2p) connections;

- viathe regiond rings.

4.3.1Investment in duct and trenchesfor the corelinks

With respect to the Core Links, we have acquired detailed information concerning the length
of the links, the capacity of the links (STM-1, STM-4, STM-16 or STM-64), the number of
installed fibres, the number of the fibres that are actually used and the percentage that is used
for PSTN/ISDN-services.

Investment costs for ducts and trenches can be found as follows:

Investment in trenches per Core Link = Inv_trench * % Switch_trench_ corelink *
% Shared_trench_ corelink * length_corelink * (1-?7*(1-?))

Investment in duct per Core Link = Inv_duct * % Switch_duct_corelink *
% Shared_duct_corelink * length_corelink * (1-2*(1-?))
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Inv_duct: Price of aduct, expressed in€ per meter Inv_trench: Price of atrench, expressed in€ per meter
Length_corelink: Length of the corelink, expressed in meter %Switch_trench_corelink: Percentage of the trench used

for PSTN/ISDN-services
%Switch_duct_corelink: Percentage of the duct used for
PSTN/ISDN-sarvices %Shared _trench_corelink: Percentage of the trench used

for the regional and core t ission network (i.e. excl.
%Shared_duct_corelink: Percentage of the duct used for the |g£a, ;g%&wg?k)we rensmission nework (.e. ex

regional and core network (i.e. excl. local access network)
2 length of the core rings that are realised over regional

rings/ total length corelinks

?: the number of fibers occupied by the core links/total
number of occupied fibers

4.3.2Investment in cablesfor the corelinks

Investment in cables per Core Link = Inv_cable 24 * % Switch_cable corelink *
% Shared_cable_corelink * length_corelink * (1-7*(1-?))

Length_corelink Length of acorelink, expressed in meter %Switch_cable_corelink: Percentage of the cable used for

Inv_cable 24 : Price of a cable featuring 24 fibers, expressed PSTN/ISDN-services

in € per meter %Shared_cable_corelink: Percentage of the cable used for
the regiona and core transmission network (i.e. excl. local
access network)

2 length of the core rings that are realised over regional rings
/ total length corelinks

?: the number of fibers occupied by the core links/total
number of occupied fibers
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