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Lista e akronimeve

Tabela 1 - Lista e akronimeve

2G Gjenerata e Dyté e telefonisé mobile
3G Gjenerata e treté e telefonisé mobile
LEK Monedha shqiptare

BSC Kontrolluesi i stacionit bazé

BTS Stacioni i Transmetuesit Bazé

CAPEX Shpenzimet kapitale

CE Elementét e kanalit

E1l Njésia e kapacitetit 2Mbit / s

EDGE Shkalla e pérmirésuar e té dhénave pér Evolucionin GSM
GSM Sistemi global pér komunikimet mobile
HLR Regjistri i Vendndodhjes sé Shtépisé
IN Rrjeti inteligjent

Kbps Kilobit pér sekondé

LRAIC Kosto Mesatare Rritése Afatgjaté
LRIC Kosto rritése pér njé kohé té gjaté

MB Megabytes

Mbps Megabits per sekonde

MEA Aseti ekuivalent modern

MGW Media GateWay

MSC-S Mobile Switching Centre Server
Node-B UMTS ekuivalente me BTS

OPEX Shpenzimet operacionale

RNC Kontrolluesi i Rrjetit té Radios

SGSN Nyja e Shérbimit e Abonentit GPRS
SIM Moduli i Ndérfages i Abonentit

SMS Shérbimi i mesazheve té shkurtra
SMSC Qendra e SMS

STM1 Modul transporti sinkron 155Mbit / s
TRX Njésia e marrésit

UMTS Sisteme Universale té€ Telekomunikacionit Mobile
VLR Regjistri i vendndodhjes sé vizitoréve
VMS Sistemi i emailit zanor

WACC Kostoja mesatare e ponderuar e kapitalit

Source: TERA Consultants
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1 Hyrje

1.1 Pérmbajtja

Pér té adresuar problemet e konkurrencés né tregun e komunikimeve elektronike mobile,
Autoriteti i Komunikimeve Elektronike dhe Postare (AKEP) vendos rregulla gé pérpigen
té krijojné parashikueshméri dhe kushte té barabarta konkurrence pér té gjithé
pjesémarrésit e tregut, dhe gé né fund té fundit mund té nxisé konkurrencén efikase dhe
té sigurojé njé gamé té gjeré shérbimesh me ¢mime té pranueshme pér konsumatorét.

Si pjesé e punés sé tij, AKEP né prill 2020,népérmjet dy vendimeve té tij miratoi dy
dokumente pér analizén e tregut té telefonisé sé lévizshme:

e N& Prill 2020, népérmjet vendimit né lidhje me tregun me shumicé té origjinimit
té thirrjeve né tregun celular, ku pas aplikimit té testit té tre kritereve u arrit né
pérfundimin se testi i tre kritereve nuk plotésohej dhe nuk u identifikua nevoja
pér rregullim ex ante, dhe rrjedhimisht nuk mund té kryhet analiza pér
identifikimin e njé operatori me fugi té ndjeshme (FNT) né kété treg.

e Né Qershor té vitit 2020, bazuar vendimmarrjen e AKEP pér dokumentin e
analizés sé tregut té terminimit té thirrjeve kombétare (pérfshiré edhe ato
ndérkombétare), u arrit né konkluzionin se té tre operatorét gé konkurrojné né
tregun Shqiptar, d.m.th. Vodafone Albania, One Telecommunications (Telekom
Albania) dhe Albtelecom, jané operatoré me Fuqi té€ Ndjeshme né Treg (FNT) né
rrjetet e tyre pérkatése dhe si rezultat né tregun e terminimit té thirrjeve kombétare
jané vendosur detyrimet e mos-diskriminim, transparencé, dhe detyrimet té
orientimit té cmimeve drejt kostos;

Pér llogaritjen e orientimit té tarifave drejt kostove té terminimit té thirrjeve kombétare
(MTR), AKEP deri tani éshté mbéshtetur né metodén e benchmarking té vendeve
BEREC, bazuar né modelet e kostove gé kané aplikuar metodén 'Pure LRIC', né
pérputhje me Rekomandimin e Komisionit Evropian té 7 majit 2009 mbi Rregullimin e
Tarifave té terminimit né rrjetet fikse dhe ato mobile né BE (2009/396 / KE) .

Ndérsa kjo gasje ka provuar té jeté njé ményré efikase pér té pércaktuar MTR né
Shqipéri, AKEP tani synon té zhvillojé modelin e tij té kostos, né ményré gé té sigurojé
gé MTR té pasqgyrojé me saktési kushtet dhe karakteristikat e tregut shqiptar.

Né pérputhje me kéto objektiva, AKEP me ndihmén e TERA Consultants publikoi
Dokumentin mbi Modelin e Referencés qé pérshkruan dhe shpjegon parimet kryesore té
modelimit dhe parametrat kryesore mbi té cilét do té bazohet modeli i ri i kostos, duke
marré né konsideraté maksimalisht rekomandimin e EC 2009 dhe praktikat mé té mira
ndérkombétare.

10
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AKEP me ndihmén e TERA Consultants ka krijuar njé model té rrjetit celular nga poshté-
larté (Bottom Up)né té cilin karakteristikat kryesore vijuese zbatohen né pérputhje me
kornizén konceptuale:

e Modeli nga poshté-larté duke marré né konsideraté gasjen gjeotipe;

e Dimensionimi i rrjetit bazohet né njé gasje té modifikuar shcorched node;

e Modelimi i HEO (Operatori Eficent Hipotetik ) me nje shkalle 33%;

e Pasurite e vleresuara te rrjetit bazuar ne koston aktuale;

e Qasja LRIC+ per te gjitha sherbimet celulare dhe Pure LRIC per shérbimet e
rregulluara pér terminimin e zérit (sipas rekomandimit te EC);

e Anuitetet e pérllogaritura sipas pergasjes vjetore;

e Metodat e kerkuara te alokimit te kapacitetit per kostot e perbashketa te rrjetit;

e Alokimi i EPMU per kostot e pa-atribueshme;

e Llogaritje e WACC bazuar ne gasjen CAPM.

1.2 Té dhénat e pérdorura

Pér té zhvilluar kéto modele, AKEP mblodhi té dhénat e nevojshme nga tre operatorét
pérmes dy fazave té proceseve t€ mbledhjes se té dhénave. Pas sigurimit té pérgjigjeve
té operatoréve, AKEP dhe TERA Consultants sé pari kontrolluan géndrueshmérine e
informacionit té siguruar me :

e T& dhéna té operatoréve tjeré;
e Standardet; dhe
e Té dhénat personale t&8 TERA-s nga projekte te ngjashme.

Pér te dhénat gé nuk jané siguruar nga operatorét, ose kur té dhénat e paragitura nuk jané
né pérputhje me té dhéna té tjera, modeli pérdor sa mé shumé té dhéna té mundshme té
disponueshme nga rregullatoret e tjeré/ modele kostosh.

1.3 Qéllimi i dokumentit

Qéllimi i1 kétij dokumenti éshté té pérshkruajé supozimet, parametrat, procedurat dhe
metodologjité e pérdorura né model. Disa vlera té inputeve dhe parametra jané hequr pér
arsye té konfidencialitetit.

Pér mé tepér, seksioni 7 paraget njé gasje té sugjeruar pér té vlerésuar mundesine e
implementimit té glide path. Operatorét jané té ftuar té shprehin dhe té arsyetojné
mendimin e tyre pér gasjen e propozuar.

Dokumenti é&shté strukturuar si mé poshté:

11
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Pérshkrimi i rrjeteve té ndryshme té modeluara si pjesé e modelit té kostos mobile
(shih seksionin 8Error! Reference source not found.);

Pérshkrimi i shérbimeve té modeluara si dhe té dhenat e pérdorura pér kérkesén
e trafikut te konsideruar (shih seksionin Error! Reference source not found.);
Pérshkrimi i dimensionimit té rrjetit dhe rregullave té ndryshme inxhinierike té
pérdorura (shih seksionin 8Error! Reference source not found.);

Pérshkrimi i gasjes sé kostos sé rrjetit, duke pérfshiré kostot e njésisé sé aseteve,
OPEX dhe gasjet e amortizimit dhe alokimit (shih seksionin 85);

Pérshkrimi i pérllogaritjes s&¢ WACC, i kryer ve¢cmas né modelin WACC (shih
seksionin 8Error! Reference source not found..);

Pérshkrimi i gasjes sé cmimit dhe Glide Path i sugjeruar (shih seksionin 8Error!
Reference source not found.);

Seksioni i fundit pérmban njé shtojce me informacionin e nevojshem Qé
pérshkruan implementimin dhe pérdorimin e modelit, si dhe njé pérmbledhje té
kodeve VBA té vendosura né modelin e kostos. (shih seksionin 88.)

Pasqyré e pérgjithshme e hapave té kérkuar pér modelimin e
kostos mobile

Qéllimi i modelit &shté gé :

dimensionimi i rrjetit mobile gé éshté modeluar duke u bazuar né kérkesén
aktuale dhe até té ardhshme té shérbimit;

pér té pérllogaritur koston e kétij rrjeti té dimensionuar me metodén pérkatése té
amortizimit;

té caktoje koston ndérmjet shérbimeve té ndryshme (dhe veganérisht terminimin
e thirrjeve zanore té tregut me shumicé(wholesale) ;

dhe sé fundmi pér té llogaritur koston e secilit shérbim.

Arkitektura e pérgjithshme e modelit &shté pérmbledhur né figurén mé poshté.
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Figura 1 - Pérmbledhje e modelit té kostos sé lévizshme

Model's control and

RATERA

MOBILE COST MODEL

Draft version - April 2021

ses. AKEP
e 2 X

A ‘ ‘ # AUTORITETI | KOMUNIKIMEVE
-~ - e ELEKTRONIKE DHE POSTARE

Collected data

Model's inputs Bepuolik

Network costing

Additional
modules

results preprocessing

dimensioning

Vodafone
Albania

(s TOPOLOGICAL
DATA
RESULTS by

Welcome

DESIGN
PARAMETERS

ROUTING
MATRIX

AND UNIT
COSTS

Burimi: TERA Consultants

CONVERSION
TABLES

TRAFFIC
TABLES

CONTENT

TRANSMISSION

TERA CONSULTANTS 2021

13



N
Modeli dhe rezultatet e kostove té shérbimeve me shumicé té rrjeteve celularé h

Hapat e ndryshme té modelimit mobile pérshkruhen né figurén mé poshté:

Figura 2 - Pérmbledhje e gasjeve té dimensionimit dhe kostos sé rrjetit celular
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Burimi: Tera Consultants

Si¢ pérshkruhet né figurén e méparshme, modeli i rrjetit mobile do té ndértohet bazuar
né njé gasje me 9 hapa:

Hapi 1- Topologjia e rrjetit: Do té pércaktohen vendndodhjet e nod-eve sé
bashku me llojin e kérkuar té pajisjeve (RNC, MSC, serverat);

Hapi 2- Kerkesa e ardhshme: Pér operatorin e modeluar dhe pér ¢do shérbim té
kérkuar, parashikimet pér evoluimin e ardhshém té trafikut do té pércaktohen
bazuar né supozimet mbi vlerat pér pjesén e tregut té operatorit gjenerik;

Hapi 3 - Dimensionimi i rrjetit: Ky hap konsiston né pércaktimin e llojit dhe
numrit té aseteve bazuar né rregullat inxhinierike gé kérkohen né secilin nivel té
rrjetit pér té pérmbushur kérkesén (trafikun). Pjesa mé e réndésishme e kétij hapi
konsiston né krijimin e tabelés sé rutimit. Pér secilin shérbim, pércaktohen pajisjet
dhe lidhjet gé shérbimi pérdor;

Hapi 4- Cmimet aktuale té aseteve: Ky hap konsiston né popullimin (plotésimin)
e modelit me ¢mimet e aseteve té pérdorura;

Hapi 5- Llogaritja e CAPEX: Ky hap plotésohet duke shumézuar numrin e
pasurive ( hapi 3) me cmimin e aseteve ( hapi 4);

14
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e Hapi 6- Amortizimi: Formula e pérzgjedhur e amortizimit aplikohet pér té
vlerésuar koston e investimit né ngarkesa vjetore. Vendimet duhet te merren ne
lidhje me jeten e aseteve, trended e cmimeve té aseteve dhe WACC;

e Hapi 7- Alokimi i kostos: Kostot alokohen pér shérbime té ndryshme sipas
metodes té pérzgjedhur té alokimit (tabela e faktoréve té rutimit, kapaciteti i
kérkuar, etj.);

e Hapi 8- Kostot e operimit: OPEX i shtohet tarifave vjetore té investimeve. Ky
hap mund té ndodhé gjithashtu para hapit 7, né varési té llojit t¢ informacionit
OPEX té pérdorur. Gjithashtu né kété faze do té alokohen dhe kostot e
pérgjitheshme té korporatave;

e Hapi 9- Kostot e shérbimit: Modeli i kostos pérllogarit pér secilin shérbim
koston e tij pér njési.

15
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2 Rrjetet e modeluara né modelin e kostos pér shérbimet
mobile

2.1 Fushéveprimi i modelit té shérbimeve mobile.

Né ményré gé té pércaktohet kostoja pér njési e secilit shérbim celular, modeli
konsideron té gjithé pérbérsit e rrjetit celular, nga pérdoruesi i terminalit te pajisjet baze
(core) té rrjetit dhe teknologjiné e transmetimit. Pér géllime thjeshtésie, struktura e
modelit mund té pérshtasé strukturén e rrjetit mobile. Prandaj, secila pjesé e rrjetit mund
té dimensionohet vecmas pér té pércaktuar koston e saj.
Si pasojé, modeli do té trajtojé tre pjesét kryesore té njé rrjeti mobile, sic shpjegohet né
seksionet vijuese:

e Radio Access Network (RAN);

e Mobile Core Network;

e Rurjeti i transmetimit.

Figura 3 - Fushéveprimi i rrjetit celular pér géllime ilustrimi
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Source: TERA Consultants

2.2 Aksesimi i rrjetit

Ky éshté komponenti i paré i té gjithé rrjetit mobile, duke filluar nga pérdoruesi i
terminalit deri ne kontrollorin e stacionit bazé dhe pajisjet e kontrollorit té rrjetit radio.
Radio Access Network (RAN) zbaton njé teknologji té aksesimit né radio gé lidh
pérdoruesin e terminalit me rrjetin kryesor té operatorit. Ai pérfshin pajisjet e
méposhtme:

1
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BTS: njé Base Transceiver Station (BTS) éshté pajisja GSM qé lejon terminalet
celularé té hyjné né njé rrjet celular;

Nyja B: Nyja B éshté ekuivalenti UMTS i BTS pér GSM;

eNode B: éshté Nyja Evolucionare B, evolucioni i elementit Nyja B né UTRA té
UMTS. Eshte hardware | cili &shté i lidhur me rrjetin e telefonit celular gé
komunikon direkt me vale wireless me terminalin mobile, si njé stacion marrés-
marrés (BTS) né rrjetet GSM.

TRX: njé Marrés (TRX) éshté njé pajisje qé kombinon si njé transmetues (TX)
ashtu edhe njé marrés (RX). Pajisjet e tilla mundésojné dérgimin dhe marrjen e
sinjaleve pa tel (wireless);

Antena: éshté njé lloj antene e drejtuar gé dérgon dhe merr sinjale radio;

3G RRU: éshté njé njési e radios né distancé. Eshté njé marrés 3G (TRX) specifik
pér rrjetet 3G;

4G RRU: éshté njé njési e radios né distancé, njé marrés 4G specifik pér rrjetet
4G;

BSC: Kontrolluesi i Stacionit té Bazés (BSC) merret me trafikun dhe sinjalizimin
ndérmjet pajisjeve mobile dhe njé rrjeti GSM,;

RNC: Kontrolluesi i Rrjetit té¢ Radios (RNC) éshté ekuivalenti UMTS i BSC pér
GSM. Kontrollon Nyjen B té lidhur me té dhe kryen menaxhimin e burimeve
radio dhe disa nga funksionet e menaxhimit mobile;

2.3 Rrjeti bazé (core)

Kjo éshté pjesa gendrore e rrjetit telekomunikues té operatorit. Ai siguron shérbime té
ndryshme pér klientét e lidhur pérmes aksesimit té rrjetit. Modeli pérfshin njé arkitekturé
rrjeti me véshtrim pérpara, duke supozuar njé fazé kalimi nga rrjeti i trashéguar né njé
strukturé rrjeti me funksione mé té virtualizuara.

Sipas té dhénave té mbledhura nga operatorét dhe ekspertiza e Konsulentéve TERA,
rrjeti bazé (core) i pérshkruar né model pérfshin pajisjet e méposhtme:

MGW (hibrid 2G / 3G / 4G): Media GateWay pérkthen rrjedhat mediatike (media
streams) midis rrjeteve té ndryshme telekomunikuese (2G, 3G, 4G, IP, etj ...);
MSC-S (harduer dhe softuer): Mobile Switching Centre Server (MSC-S) éshté
njé pajisje gé kontrollon elementet e nénsistemit té ndérrimit té rrjetit. Ai kryen
funksionet e ndérrimit dhe menaxhimit té lévizshmérisg;

SGSN: Serving GPRS Support Node (SGSN) éshté porta hyrése midis RNC dhe
rrjetit bazé né njé rrjet GPRS / UMTS;

GGSN: the Gateway GPRS Support Node (GGSN) éshté porta hyrése midis
rrjetit bazé dhe rrjeteve IP;

SMSC: Qendra SMS (SMSC) éshté pajisja e rrjetit gé ndérron trafikun SMS;
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e MMSC: Qendra e Shérbimit té Mesazheve Multimedia (MMSC) éshté pajisja e
rrjetit qé ndérron trafikun MMS 2.

e HLR: Regjistri i Vendndodhjes sé Shtépisé (HLR) éshté baza e té dhénave GSM
gé ruan té gjitha té dhénat e pajtimtaréve;

e VLR: Regjistri i Vendndodhjes sé Vizitoréve (VLR) éshté njé bazé e té dhénave
e bashkangjitur né njé BSS (Nénsistemi i Stacionit Bazé), gé ruan té dhénat e
pajtimtaréve né zonén e tij. Bazuar né té dhénat e siguruara nga operatorét, VLR
konsiderohet e ngulitur né MSC-S: kostoja pérkatése e VLR konsiderohet brenda
kostos MSC-S.

e STP: Pika e transferimit té sinjalit &shté njé nyje rrjeti qé drejton mesazhet e
sinjalizimit bazuar né kodin e pikés sé destinimit. Né model, funksioni i STP
konsiderohet i ngulitur brenda MSC-S, késhtu gé kostoja e MSC-S pérfshin até
té STP.

e IN: Rrjeti Inteligjent (IN) éshté njé arkitekturé standarde e rrjetit gé u mundéson
operatoréve té ofrojné shérbime me vleré té shtuar né celularét;

e Platforma e Faturimit: Platforma e Faturimit mbledh pérdorimin e pajtimtaréve
dhe gjeneron faturat e tyre.

e DNS: Domain Name System (DNS) éshté sistemi qé pérkthen URL / APN né IP.
Modeli konsideron tre pérbérés pér DNS:

o Gi DNS (vendos Manaxhim + Shérbimi njési) - konverton URL-né né IP

o Gn iDNS - pérkthen APN (Emrat e Pikave t€ Hyrjes) né IP té sistemit
GGSN /SGW / PGW. IDNS éshté njé DNS i brendshém gé trajton vetém
trafikun e operatorit.

o Gn eDNS - DNS e jashtme, gé ka funksion té ngjashém me até té DNS-
sé sé brendshme, por trajton trafikun e jashtém.

e (OSS: éshté njé Sistem i Mbéshtetjes Operative qé pérdoret nga operatorét pér té
manaxhuar rrjetet e tyre (rrjetet mobile). Ato mbéshtesin funksione manaxheriale
Si¢ jané sigurimi i shérbimeve, konfigurimi i rrjetit dhe manaxhimi i defekteve.

e HSS: Home Subscriber Server, ai ka njé funksion té ngjashém me até té HLR pasi
pérdoret pér té ruajtur té dhénat e pajtimtarit.

e [MS: Nénsistemi Multimedia IP mundéson shpérndarjen e shérbimeve
multimediale IP te pérdoruesit pérfundimtaré.

e [|-SBC: shté njé kontrollues i kufirit t& sesioneve (SBC), njé element rrjeti gé
pérdoret né rrjetet mobile pér té mbrojtur zérin e bazuar né SIP pérmes Protokollit
té Internetit (VolIP).

2 Kjo pajisje nuk konsiderohet né model pasi trafiku dhe shérbimet MMS nuk jane kostuar
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CSDB: Databaza e Pérbashkét e Abonentéve, éshté njé sistem global i bazés sé
té dhénave gé konsolidon té dhénat e profilit té pajtimtarit nga té gjithé
pérdoruesit né rrjet.
USSD: Té dhéna shtesé té shérbimit té pastrukturuar (USSD), éshté njé sistem
komunikimi i pérdorur nga telefonat celularé GSM pér té komunikuar me
kompjuterat e operatorit té rrjetit celular.
AAA: Server pér Autentikim, Autorizim dhe Gjéndja e llogarisé. Eshté njé server
rreze gé bén autentikimin, autorizimin dhe llogarit kérkesat e pérdoruesit celular
pér aktivizimin e sesionit té té dhénave.
MME: Njésia e Menaxhimit té Lévizjes (MME) éshté né njé rrjet 4G, pajisjet gé
menaxhojné sinjalizimin (control plane) midis terminaleve té pérdoruesit (UE)
dhe rrjetit bazé LTE.
SGW: Njé Shérbim Gateway ose SGW éshté njé pajisje né rrjetin celular qé
kontribuon né rutimin e té dhénave. Ai ka njé funksion té ngjashém té PGW (njé
porté rajonale e lidhur me PGW) gé mbledh té dhéna pér t'u dérguar né PGW, té
dhéna gé vijné nga terminalet pérmes stacioneve bazé. Ai gjithashtu merr pjesé
né transmetimin e té dhénave né drejtim té kundért, nga PGW né terminale.
Gi FW: Firewall pér trafikun celular, duke mbrojtur rrjetin dhe pajtimtarét nga
sulmet kibernetike.
Securenet: njé sistem qé ofron mbrojtje pér pérdoruesit mobil nga Malware /
kontrolli prindéror. Ai pérfshin dy sisteme:

o Securenet FE - Sistemi Front End

o Securenet BE - Menaxheri Qendror pér Securenet.

Modeli merr parasysh kéto elemente té rrjetit si pjesé e arkitekturés trashégimore. Pér mé
tepér, rrjeti celular i modeluar merr parasysh migrimin nga arkitektura e trashéguar né
njé arkitekturé me véshtrim pérpara (Virtualizimi i funksionit té rrjetit - NFV), duke
virtualizuar disa nga funksionet e rrjetit. Elementét e méposhtém té rrjetit jané
konsideruar né model duke zévendésuar né té ardhmen elementét e trashéguar gé kané té
njéjtat funksione:

virtual MME
virtual EPG
virtual MSP
virtual TMA
virtual WMG
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2.4 Rrjeti i transmetimit

Kjo pjesé e rrjetit siguron transmetimin e thirrjeve dhe té dhénave ndérmjet pajisjeve té
ndryshme té rrjetit (nyjeve), qofté né rrjetin e hyrés ose né rrjetin kryesor. Rrjeti i
transmetimit éshté i ndaré né dy nén-rrjete:
e Backhaul: pjesa e rrjetit té transmetimit gé siguron transportin e thirrjeve dhe té
dhénave pérmes nyjeve té rrjetit hyrés.
e Backbone: pjesa e rrjetit té transmetimit gé siguron transportin e thirrjeve dhe té
dhénave pérmes nyjeve té rrjetit kryesor.
Mund té pérdoren teknologji té ndryshme né ményré gé té krijohet lidhja midis nyjeve té
rrjetit:
e Wirless: zgjidhja mikrovalé zbatohet né model pérmes pajisjeve gé lejojné
transportimin e informacionit.
e Wireline: kjo mund té jeté cilado nga zgjidhjet e méposhtme:
o Lidhjet e fibrave
o Linjat me gera

Bazuar né té dhénat e mbledhura, pér zgjidhjet e linjés jané implementuar né model
vetém lidhjet me Fibér.
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3 Shérbimet e modeluara, kérkesa dhe trafiku né BH

Hapi i paré pér té pérllogaritur kostot e njésisé LRIC (qofté LRIC + ose "LRIC i pastér")
éshté vlerésimi i sasisé sé kapacitetit té kérkuar pér té trajtuar kérkesén e trafikut né
Shqipéri gjaté periudhés sé modeluar.

Seksionet e ardhshme kujtojné fillimisht listén e shérbimeve té konsideruara né model (1
3.1), pastaj kérkesén vjetore té konsideruar pér secilin shérbim (§ 3.2) dhe sé fundmi
dimensionimin e trafikut gjaté oréve té ngarkuara BH(83.3).

3.1 Lista e shérbimeve

Disa shérbime jané modeluar né modelin e rrjetit celular né ményré té vazhdueshme me
ato té detajuara né MRP:

Tabela 2 - Lista e shérbimeve té modeluara

Service category Services Technology unit
Category A: Voice services  Voice - Outgoing - To mobiles on net 2G/3G/4G min
Voice - Outgoing - To mobile off net 2G/3G/4G min

Voice - Outgoing - To national landlines 2G/3G/4G min

Voice - Outgoing - International 2G/3G/4G min

Voice - Other Outgoing Calls 2G/3G/4G min

Voice - Outgoing - Roaming Inbound 2G/3G/4G min

Voice - Outgoing - Roaming Outbound 2G/3G/4G min

Voice - Incoming - From mobile 2G/3G/4G min

Voice - Incoming - From fixed lines 2G/3G/4G min

Voice - Incoming - From international 2G/3G/4G min

Voice - Incoming - Inbound Roaming 2G/3G/4G min

Voice - Incoming - Roaming Outbound 2G/3G/4G min

Voice - Value Added Service 2G/3G/4G min

Category B: SMS services  SMS - Outgoing - To mobile on net 2G/3G/4G SMS
SMS - Outgoing - To mobile off net 2G/3G/4G SMS

SMS - Outgoing - International 2G/3G/4G SMS

SMS - Outgoing - Roaming 2G/3G/4G SMS

SMS - Incoming - From mobile 2G/3G/4AG SMS

SMS - Incoming - From landlines 2G/3G/4AG SMS

SMS - Incoming - Roaming 2G/3G/4AG SMS

SMS - Value Added Service 2G/3G/4G SMS

Category C: MMS services  MMS - Outgoing - To mobile on net 2G/3G/4AG MMS
MMS - Outgoing - To mobile off net 2G/3G/4AG MMS

MMS - Outgoing - International 2G/3G/4G MMS

MMS - Outgoing - Roaming 2G/3G/4G MMS

MMS - Incoming - From mobile 2G/3G/4G MMS

MMS - Incoming - From landlines 2G/3G/4G MMS

MMS - Incoming - Roaming 2G/3G/4G MMS

MMS - Value Added Service 2G/3G/4G MMS

Category D: Data services Data - national 2G/3G/4G vMB
Data - Inbound Roaming 2G/3G/4G MB

Data - Outbound roaming 2G/3G/4G MB

Source: TERA Consultants
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Mund té dallohen katér kategori té shérbimeve:

Kategoria A: pérfshin shérbimet zanore (voice);

Kategoria B: pérfshin shérbimet SMS;

Kategoria C: pérfshin shérbimet MMS. Shérbimet MMS pérfshihen né model
por jané té papérfshira né rrjedhén e llogaritjes pasi gé véllimet e MMS-ve té
ofruara nga operatorét jané ose shumé té uléta ose té barabarta me zero kur
shérbimet e MMS-sé caktivizohen.

e Kategoria D: pérfshin shérbimet e té dhénave;

3.2 Pershkrimi i kerkesés vjetore té shérbimit

Trafiku vjetor tregtar vendoset bazuar né té dhénat pérkatése té siguruara nga tre
operatorét, trafiku i pérgjithshém i tregut llogaritet duke marré parasysh trafikun e kaluar
té siguruar né periudhén e viteve midis 2017 dhe 2020, dhe parashikuar pér vitet né vijim.

Sapo té identifikohet kérkesa totale e tregut, kérkesa HEO llogaritet duke marré parasysh
pjesén e tregut t¢ HEO (prej 33.33% si¢ pércaktohet né Modelin e Referencés).

VEllimi i trafikut sigurohet i ndaré midis llojeve té ndryshme té shérbimeve; grafiket e
méposhtme paragesin véllimet e modelit pér secilén kategori (i) z&ri, (ii) SMS, (iii) MMS
dhe (iv) té dhénat.

Grafikét e méposhtém paragesin evolucionin e kérkesés vjetore pér secilén kategori té
shérbimeve:

I VEllimi total zanor pér té gjitha shérbimet (tregu dhe HEO)

Figura 4 - Véllimi i zérit té Tregut dhe HEO me kalimin e kohés
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Source: TERA Consultants from operators’ data
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VEéllimi total i SMS pér té gjitha shérbimet (tregu dhe HEO)

Figura 5 - Véllimet e SMS per HEO dhe Tregun total me kalimin e kohés
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iii. VEéllimi total i MMS pér té gjitha shérbimet (tregu dhe HEO)
Shérbimet MMS nuk merren parasysh né model.
iv. VEllimi total i té dhénave pér té gjitha shérbimet (tregu dhe HEO)

Figura 6 - Véllimet e té dhénave té tregut dhe HEO me kalimin e kohés
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Source: TERA Consultants from operators’ data

3.3 Dimensionimi i Trafikut gjaté orés sé ngarkuar (busy hour)

Rrjeti éshté i dimensionuar né lidhje me aftésité e tij té transportimit té trafikut gjaté njé
periudhe té caktuar bazuar né trafikun e me oré té ngarkuar (BH). Ora e ngarkuar, éshté
ora e javés me pérdorimin mesatar mé té larté té rrjetit, mesatarisht duke pérdorur masa
pér njé periudhé pérfagésuese prej njé viti.
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Qéllimi éshté té pércaktohet sasia e trafikut gé kalon népér secilén nyje té rrjetit, dhe
késhtu do té trajtohet trafiku (dimensionimi i trafikut) gjaté orés sé ngarkuar. Raporti i
secilit kapacitet pajisjeje mé né fund do té japé numrin e pajisjeve té kérkuara gjaté oréve
té ngarkuara BH.

Kapaciteti i pajisjeve shprehet né Erlangs ose né Mbps ose né pérpjekje pér thirrje né oré
té ngarkuara (BHCA). Kapaciteti i pajisjeve, kufizimet e té cilave kané té béjné me
numrin e thirrjeve té njékohshme zakonisht shprehen né Erlangs. Prandaj, njé Erlang
pérfagéson pérdorimin e vazhdueshém té njé rruge zanore gjaté njé periudhe kohore
(zakonisht njé oré). Pajisjet e tjera jané té dimensionuara né terma té xhiros maksimale
gé mund té mbéshtesin né orét e ngarkuara. Kapaciteti i tyre shprehet mé pas né Mbps.
Sé fundi, disa pajisje jané té dimensionuara pér sa i pérket numrit té thirrjeve gé kryhen
gjaté orés sé ngarkuar.

Si pasojé, té gjitha shérbimet (duke pérfshiré zérin, SMS3, MMS* dhe té dhénat) trafiku
duhet té konvertohen né njésiné e duhur: Erlangs dhe Mbps.

Rrjeti i modeluar éshté i ndaré né dy pjesé kryesore: RAN dhe Baze (core). Informacioni
I transmetuar evoluon pérmes kétyre rrjeteve me xhiros té ndryshme, pér shkak té
teknikave té ndryshme té modulimit t& pérdorura né secilén pjesé. Si pasojé, trafiku i
dimensionimit (Mbps, Erlangs) nuk éshté i njéjté né rrjetin e aksesit dhe né rrjetin bazé
(core).

Pajisjet e vendosura né rrejtin e aksesit (té tilla si BTS, Node B, eNode B, BSC) jané té
dimensionuara me trafikun e dimensionimit té aksesimit, ndérsa pajisjet e vendosura né
rrjetin bérthame (core) (MSC, MGW) jané té dimensionuara me trafikun e dimensionimit
bazé.

Rregullat e konvertimit si pér aksesin, ashtu edhe pér trafikun e dimensionimit
kryesor mund té gjenden né tabelat e fletés "*Konvertimi”.

Trafiku i oréve té ngarkuara BH pér secilin shérbim pér HEO llogaritet bazuar né té
dhénat e trafikut té oréve té ngarkuara té siguruara nga operatorét dhe té parashikuara pér
vitet e ardhshme °.

Trafiku i oréve té ngarkuara BH qé pérdoret pér té pasqyruar kérkesén e HEO vlerésohet
bazuar né pjesén e tregut HEO prej 33% dhe trafikut total té tregut.

3 Edhe pse trafiku i SMS nuk ka impakt ne dimensionimin e rrjetit, ai duhet te mbaje nje pjese te kostove te ndara per
pérdorimin e kétyre rrjeteve.

4 Megenése shérbimi MMS éshté i gaktivizuar nga disa operatoré ose i pajisur me véllime shumé té uléta, nuk merret
parasysh né kété ushtrim modelimi

5 Pér vite pas vitit 2024, parashikimet kryhen bazuar né trendet e evolucionit té vérejtura midis 2017 dhe 2020: normat e
rritjes gjeometrike llogariten pér té vlerésuar parashikimet.
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Kryesisht, dimensionimi i rrjetit orjentjohet nga (i) ora e ngarkuar zanore dhe (ii) ora e
ngarkuar e té dnénave (data). Trafiku i SMS né orét e ngarkuara ka njé ndikim té kufizuar
né dimensionim (por ai merret né konsideraté né ushtrimin e modelimit).

3.3.1 Trafiku zanor né oré té ngarkuara

Ora e ngarkuar pér té dhénat zanore e konsideruar né model paragitet né grafikun vijues:

Figura 7 - Tregu dhe zérat (voice) HEO né orare té ngarkuara (busy hours)
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Source: TERA Consultants from operators’ data
3.3.2 Trafiku i té dhénave gjaté orés sé ngarkuar BH

Ora e ngarkuar e té dhénave e konsideruar né model paragitet né grafikun vijues:

Figure 8 — Tregu dhe te dhenat HEO né orare té ngarkuara (busy hours)
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Source: TERA Consultants from operators’ data
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4 Dimensionimi i rrjetit

Bazuar né kérkesat dhe parimet inxhinierike dhe algoritmike, modeli pércakton numrin
e elementeve té kérkuara té rrjetit. Ky hap i dimensionimit té rrjetit llogarit véllimin e
elementeve té rrjetit té kérkuara pér té mbéshtetur nivelin e dhéné té kérkesés gjaté orés
sé ngarkuar BH duke pérdorur teknologjiné e zgjedhur.
Si¢ shpjegohet né fushén e modelit (paragrafi 2.1), dimensionimi i rrjetit ndahet né tre
hapa kryesoré:

e Dimensionimi i rrjetit té aksesit né radio;

e Dimensionimi rrjetit bérthamé;

e Dimensionimi i rrjetit té transmetimit.
Para se té dimensionojé Radio Access Network, dhe pasi té identifikojé trafikun BH pér
secilin shérbim, modeli llogarit sé pari sasiné e trafikut gé garkullon pérmes secilés nyje
té rrjetit. Ky trafik éshté funksion i trafikut BH pér secilin shérbim dhe sa secili shérbim
pérdor secilén nyje té rrjetit (faktori i rrugézimit).

4.1 Matrica e rutimit

Matrica e rutimit té rrjetit (ose tabela e rutimit) pércakton se si secili shérbim pérdor
rrjetin, d.m.th. sa nga secili element i rrjetit pérdoret mesatarisht nga shérbimi.

Pérdorimi i ploté i rrjetit nga njé shérbim i rrjetit mund té bazohet né véllimin e minutave
té shérbimit ose madhésiné e té dhénave ose numrin e thirrjeve té béra ose ndonjé
pércaktuesi tjetér. Ky informacion pérmblidhet né njé tabelé gé rendit se sa pérdoret
shérbimi nga secili element i rrjetit. "Sa" éshté pércaktuesi efektiv i kostos dhe mund té
jeté numér i elementeve té rrjetit, ose pérdorim relativ i kostos (pér sa kohé qé pérdoret
pércaktuesi i njéjté i kostos pér secilin element té rrjetit nga secili shérbim, mund té
perdoret cdo lloj pércaktuesi)

Modeli konsideron gé faktorét e rutimit duhet té jené njé llogaritje e numrit mesatar té
secilit lloj té elementit té rrjetit té pérdorur pér secilin shérbim. Né rastet kur ekzistojné
mé shumé se njé rrugé e mundshme (p.sh. né nivelin bérthamé (core)), atéheré numri
mesatar i elementeve té rrjetit té pérdorur pér secilén rrugé vlerésohet nga probabiliteti
gé kjo rrugé mund té ndodhé.

Tabelat e rrugétimit jané siguruar nga 2 operatoré, té konsideruar si té dhéna bruto. Kéto
tabela rutimi mund té ndryshojné né listén e pajisjeve té ofruara dhe né faktorét e rutimit
gé korrespondojné me probabilitetin e itinerarit. Prandaj, tabelat e rutimit té ofruara nga
operatorét u pérpunuan né ményré gé té pérdoren té dhénat mé té réndésishme dhe té
kené njé homogjenitet global, dhe té pérshtaten né formatin e miratuar té tabelés sé
modelit.

Matrica e rutimit e pérdorur né model mund té gjendet né fletén "Matrica e rutimit".
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4.2 Dimensionimii Radio Access Network (2G RAN, 3G RAN dhe 4G
RAN)

Objektivi i modelimit RAN éshté té hartojé njé konfigurim té rrjetit radio gé plotéson té
dyja (i) kérkesat e kérkuara gjeografike (modelimi i mbulimit) dhe (ii) kérkesa e trafikut
(dendésimi).
> Modelimi mbulimit: konsiston né pércaktimin e stacioneve (site)/ gelizave
té nevojshme pér té arritur njé nivel té caktuar t€ mbulimit pér secilin gjeotip
duke lejuar plotésimin e kérkesés gjeografike, pa ndonjé kufizim té trafikut;
> Modelimi i dendesimit: konsiston né shtimin e gelizave té nevojshme,
stacioneve dhe pajisjeve (marrésve) pér té pérmbushur trafikun e kérkuar né
orén e ngarkuar pér secilin gjeotip
Modelimi i mbulimit
Pér té arritur njé nivel té caktuar t& mbulimit, zonat e mbuluara nga njé rrjet celular
ndahen né zona mé té vogla té quajtura geliza. Secila gelizé éshté njé element unik i
rrjetit g€ pérfshin pajisjet e veta pér té transmetuar, marré dhe ndérruar thirrjet nga
pajtimtarét qé ndodhen brenda kufijve té zonés sé saj té mbulimit radio.
Pér mbulim, supozohet njé tip kryesor i gelizés pér mbulim: makrocelizat.
Gjithashtu zona mund te mbulohet nga llojet e tjera té gelizave té tilla si mikrogelizat,
pikogelizat ose femtogelizat por ato pérdoren pér dendésim dhe makrogelizat kané rrezen
mé té madhe té gelizave, késhtu qé pérdoren kryesisht pér mbulim.
Sic¢ u tha mé lart, dimensionimi i mbulimit kérkon tre inpute kryesore:
e Sipérfaget gjeotipike;
e Mbulimi i synuar pér secilén teknologji (2G, 3G dhe 4G) dhe pér secilin gjeotip
e Rrezet e gelizave (radio) pér secilén teknologji (2G, 3G dhe 4G) dhe per secilin
gjeotip
Modelimi i dendésimit
Modelimi i dendésimit konsiston né vendosjen e stacioneve inkrementale dhe pajisjeve
gé mundésojne plotésimin kérkesés pér trafik. Nga piképamja e nivelit té larté, modelimi
i dendésimit konsiston né identifikimin e dy elementéve kryesoré:
» Pér secilin stacion/ pajisje, kapacitetin e tij orjentuar drejt t& manaxhimit té
trafikut né oré té ngarkuara;
» Pér secilin gjeotip trafiku i kérkuar né orét e ngarkuara BH.
Modelimi i dendésimit vendos sa mé shumé pajisje té nevojshme pér té pérmbushur
trafikun né orén e ngarkuar né secilin gjeotip.
Stacionet pérfundimtare krahasohen me stacionet e mbulimit pér té pércaktuar stacionet
incrementale pér dendésimin.
Dimensionimi i dendésimit kérkon tre hyrje kryesore:
» Trafik né orén e ngarkuar pér gjeotip (dhe pér pajisje, té marra pérmes matricés
Sé rutimit);
» Spektri i disponueshém pér HEO;
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» Rregullat e inxhinierisé (normat e shfrytézimit, kapacitetet e pajisjeve...).
Seksionet e méposhtme paragesin dimensionimin e rrjetit radio pér té pérmbushur té dy
kérkesat: mbulimi (coverage 4.2.1) dhe trafiku (84.2.2).

4.2.1 Dimensionimi i rrjetit te mbulimit

Stacionet (site) e mbulimit RAN jané stacione qé duhet té vendosen nga njé operator pér
té arritur njé nivel té caktuar té mbulimit gjeografik. Nuk ka asnjé shqyrtim mbi kufizimin
e trafikut. Rrjeti i mbulimit éshté vendosur vetém pér té béré njé telefonaté. Modeli
llogarit numrin e stacioneve té nevojshém t¢ mbulimit 2G dhe 3G dhe 4G RAN bazuar
né inputet e mbulimit té rrjetit 2G, 3G dhe 4G pér gjeotip.

Seksionet e ardhshme detajojné fillimisht inputet kryesore (8 4.2.1.1) té kérkuara pér
dimensionimin e mbulimit, pastaj rregullat e dimensionimit té pérdorura pér té llogaritur
vendet e kérkuara (8 4.2.1.2) dhe sé fundmi rezultatet e pérftuara (§Error! Reference
source not found.).

4.2.1.1 Hyrjet kryesore

Llogaritja e numrit té stacioneve té nevojshme pér té arritur mbulimin e synuar kryhet
bazuar né inputet e mbulimit té rrjetit 2G, 3G dhe 4G pér gjeotip.
Sic¢ u tha mé lart, tre inputet kryesore jané té nevojshme:
e Madhésia e secilit gjeotip (ne km2)
e % e sipérfages sé mbuluar pér secilin gjeotip (pér secilén teknologji 2G, 3G dhe
4G);
e Rrezjae qelizés né secilin gjeotip (varet nga brezi i frekuencés / Gjeotipi).

» Madhésite e gjoetipit

Dimensionimi i mbulimit té rrjetit té aksesit celular synon sigurimin e njé mbulimi
minimal té njé zone té detyrueshme, pavarésisht nga kapaciteti i kérkuar.
Prandaj, dizenjimi i rrjetit varet shumé nga karakteristikat gjeografike té zonave gé do té
mbulohen, si nga piképamja e dendésisé sé sipérfages ashtu edhe té kérkesés.
Né ményré gé té pasqyrohen sakté karakteristikat e tilla né model, zonat me karakteristika
té ngjashme pér sa i pérket pérgendrimit té kérkesés (d.m.th. dendésia e popullsisé) do té
grumbullohen né gjeotipe, né ményré gé secili gjeotip té ndajé karakteristika té ngjashme.
Secili gjeotip mé pas do té pércaktohet me njé rreze specifike té gelizés gé mundéson
llogaritijen e numrit té stacioneve bazé té kérkuara pér mbulim gjaté hapit té
dimensionimit.
Gjeotipet gé do t& merren né konsideraté né model bazohen né tipologjiné territoriale
shqiptare gé lidhet me shkallén e urbanizimit. Sugjerohen katér gjeotipa:

e Gjeotipi i dendur urban (DEGL1: zona té dendura né qytete);
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e Gjeotipi urban (DEG2: zona mé pak té dendura né qytete);
e Gjeotipi periferik (DEG3: qytete dhe periferi);
e Gijeotipi rural (DEG4: zonat rurale).
Sipérfagja e gjeotipit &shté kérkuar nga operatorét si pjesé e procesit t¢ mbledhjes sé té
dhénave, megjithaté kéto té dhéna nuk u siguruan pasi duket se nuk disponohen.
TERA ka vlerésuar sipérfagen e secilit gjeotip bazuar né lokalizimin e stacioneve (site)
té operatoréve té dhéné, per sa gé stacionet jané té pajisura me gjeotipin pérkatés
(gjeotipet e dendura urbane, urbane, periferike dhe rurale).
Eshte ndjekur gasja e meposhtme:
1. Identifikimi i stacioneve té dendura urbane, urbane, periferike dhe rurale bazuar
né té dhénat e siguruara nga operatorét;
2. Cdo stacion shogérohet me rrezen pérkatése té gelizave (vendet rurale mbulojné
geliza mé té médha sesa vendet urbane)

Figure 9 — Stacionet dhe gelizat pér geotype
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3. Identifikimi i zonés sé mbuluar lidhur me secilin gjeotip
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Figura 10 — Identifikimi i gjeotipeve dhe shebull pér zonén e Tiranés
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Source: operators, analysis: Tera Consultants

Identifikimi i gjeotipave bazuar né zonat e mbuluara dhe nivelet e mbulimit té
ofruara nga operatorét.

Sipérfagja e mbulimit

Si . eotipit =
ipwrfagjae gjeotipt Niveli i mbulimit tw gjeotipit

» Gjeotipi i dendur urban korrespondon me zonén e identifikuar nga vendet e
dendura urbane;

» Sipérfagja e gjeotipit urban korrespondon me zonén e identifikuar nga vendet
e dendura urbane minus gjeotipin e dendur urban (pasi gqé vendet e dendura
urbane zakonisht ndodhen brenda zonés urbane);

» Sipérfagja e gjeotipit periferik korrespondon me zonén e identifikuar nga
vendet periferike minus gjeotipi urban dhe i dendur urban;

» Zona rurale korrespondon me pjesén tjetér té territorit.

Sipérfaget gjeotip té identifikuara pérmblidhen né tabelén vijuese:

Table 3 — Sipérfaget e Gjeotipeve

Urban i dendur Km? 137,74
Urban Km? 158,16
Periferike Km? 268,19
Rurale Km? 28 183,90
Territori total Km? 28 748,00

Source: Tera Consultants
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» Mbulimi i synuar nga HEO

Shkalla e mbulimit e pérdorur né model llogaritet bazuar né treguesit e normave té
mbulimit (né% té territorit) té raportuar né AKEP nga operatorét:

Figura 11 - Pérqgindja e territorit té Republikés sé Shqipérisé té mbuluara nga sinjali i secilés
teknologji pér secilin operator
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Source: AKEP

Bazuar né normat e mbulimit pér secilin operator, modeli supozon (pér HEO) shkallén
mé té larté t& mbulimit té vérejtur nén secilén teknologji né ményré gé té sigurojé njé
sinjal stimulues pér operatorét pér té pérmirésuar mbulimin.

Bazuar né kéto norma té mbulimit kombétar (normat e supozuara pér HEO pér secilén
teknologji), pérgindjet e mbuluara né secilin gjeotip (dhe pér secilén teknologji)
pércaktohen né model né pérputhje me shkallén totale t& mbulimit dhe duke supozuar gé
operatorét efikasé mbulojné me pérparési zonat mé té dendura. Késhtu, modeli merr 99%
té mbulimit né gjeotipet e dendura urbane, urbane dhe suburbane dhe pér gjeotipin rurale,
modeli llogarit shkallén e mbulimit né ményré qé shkalla e mbulimit té territorit té jeté e
barabart¢ me shkallén e territorit t& synuar (shih grafikun e méparshém). Per
identifikimin e mbulimit te kenagshem perdoret formula e meposhtme:

Yk=1 Surface_Geotype_k x Coverage_Geotype_ik

Coverage_Rate; =
ge- ' Surface_Territory

Ku:

i: teknologji (2G, 3G or 4G);

- Coverage_Rate;: shkalla e mbulimit té territorit pér teknologjiné i (bazuar né figurén
11);

- Surface_Geotype_k: Sipérfagja e secilit gjeotip k (identifikuar né seksionin e
méparshém);

- Coverage_Geotype_ik: normat e mbulimit pér secilin gjeotip k dhe pér teknologjiné
I

- Surface_Territory: Sipérfagja totale e Republikés sé Shqipérisé, vlera e 28 748km?.
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» Rrezet e gelizave radii per secilen teknologji dhe frekuence

Modeli &shté i populluar me rrezet e gelizave té informacionit té léshuar nga operatorét
dhe nga njé pikeé referimi e praktikave mé té mira ndérkombétare®. Analiza e fageve té
llogaritura té modelit né pérputhje me numrin mesatar té fageve té tre operatoréve, lejon
kalibrimin e koeficientit te Scroched Node’ duke marré parasysh kufizimet lokale pér t'u
pérballur nga HEO kur vendos rrjetin celular.

Table 1 - Cell radii for the generic operator

2G 3G 4G
Geotype Unit
Dense Urban m 1228 1068 1155
Urban m 2417 2101 2228
Suburban m 2417 2101 2228
Rural m 7017 5821 6127

Source: Operators, benchmark

Sic éshté paragitur né tabelén e mésipérme, modeli merr parasysh rrezet e ndryshme té
gelizave té mbulimit né varési té teknologjisé dhe gjeotipit.

Rrezet e gelizave pér operatorin gjenerik mund té gjenden né seksionin 5.1 dhe 5.2 té
fletés “Té dhéna topologjike”.

4.2.1.2 Rregullat kryesore te dimensionimit

Bazuar né madhésiné e secilit gjeotip, kérkesat e mbulimit dhe supozimet e rrezatimit té
gelizave, modeli nxjerr njé rrjet t&¢ mbulimit minimal. Né ményré té vecanté, ajo
pércakton numrin e stacioneve té kérkuara pér té siguruar mbulim pér secilin gjeotip pér
té mundésuar njé thirrje zanore. Diagrama e méposhtme paraget ményrén se si kryhen
llogaritjet né model

6 Rrezet gelizore té pérdorura né model llogariten si mesatarja e rrezeve té gelizave pérkatése té operatorit shqiptar
dhe dy burime standarde: mesatarja e rrezeve gelizore té vérejtura midis vendeve evropiane (modeli EC i vitit 2015)
dhe rrezet gelizore té pérdorura né modelin e fundit té kostos EC. Zgjedhje té ndryshme zbatohen né model pér vlerat
e rrezeve té gelizave (ose pérzierja midis vlerave pérkatése té operatoréve shqiptaré dhe standardeve ose vetém
mesatarja e vlerave té referuara ose mesatarja e vlerave té operatoréve shqiptaré€) - shih panelin e modelit né fletén
"Kontrolli"

7 Koeficienti SNC ruhet né 1 né kété version té modelit.
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Figura 12 - Llogaritja e stacioneve t&¢ mbulimit RAN
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Source: TERA Consultants

Duhet té theksohet se dimensionimi i mbulimit kryhet né ményré té ngjashme pér tre
teknologjité e modeluara.

Mé poshté njé shembull i llogaritjes skematike:

Calculation example

With the following assumptions:

e A: Areato be covered (100 km?)
e R:Radius of a site (2 km)
e  SNC: scorched-node coefficient (0.8)

The number of coverage site is:

A A
Number of sites = = = 16 sites
Area of an hexagon
f g 32£ (R * SNC)?

Eshté e réndésishme té theksohet se kostot e rrjetit minimal t¢ mbulimit nuk kapen nga
gasja e pastér e kostos sé LRIC pasi nuk varet nga trafiku.

Késhtu, ajo pérfagéson njé kosto té pérbashkét, e cila shpérndahet né té gjitha shérbimet
né njé alokim té kostos LRAIC +, por nuk ka asnjé ndikim né pérfundimin e thirrjes
zanore né rast té njé alokimi té kostos "té pastér LRIC™ pér terminimin me shumicé
(wholesale) té thirrjeve zanore.

4.2.1.3 Rezultatatet

Bazuar né inputet dhe rregullat e dimensionimit té paragitura né seksionet e mésipérme,
modeli vleréson stacionet e nevojshme pér té pérmbushur kérkesat e mbulimit. Numri i
stacioneve té modeluara jané paragitur mé poshté pér secilén prej teknologjive té
modeluara (2G, 3G dhe 4G):
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» Rurjeti i aksesit né radio 2G - sitet e mbulimit

Tabela 5 - Sitet e mbulimit 2G pér operatorin gjenerik

2019 2020 2021 2022 2023 2024 2025
Total 2G sites for coverage Geotype unit

Dense Urban # 35 35 35 35 35 35 35
Urban # 11 11 11 11 11 11 11
Suburban # 18 18 18 18 18 18 18
Rural # 213 213 213 213 213 213 213

Source: Mobile cost model

» Rrjeti i aksesit né radio 3G - sitet e mbulimit

Tabela 6 - Sitet e mbulimit 3G pér operatorin gjenerik

2019 2020 2021 2022 2023 2024 2025

Total 3G sites for coverage Geotype unit

Dense Urban # 47 47 47 47 a7 47 47
Urban # 14 14 14 14 14 14 14
Suburban # 24 24 24 24 24 24 24
Rural # 307 307 307 307 307 307 307

Source: Mobile cost model

» Rrjeti i aksesit né radio 4G - sitet e mbulimit

Tabela 7 - Sitet e mbulimit 4G pér operatorin gjenerik

2019 2020

Total 4G sites for coverage Geotype unit

Dense Urban # 40 40 40 40 40 40 40
Urban # 13 13 13 13 13 13 13
Suburban # 21 21 21 21 21 21 21
Rural # 271 271 271 271 271 271 271

Source: Mobile cost model

4.2.2 Dimensionimi i rrjetit té trafikut (dendésimi)
Dendésimi i rrjetit konsiston né llogaritjen e vendeve dhe pajisjeve té nevojshme
(marrésit) pér té trajtuar trafikun e modeluar.

Si¢ u citua mé lart, parimi i dimensionimit konsiston né identifikimin e kapacitetit té
secilit stacion / pajisje dhe llogaritjen e nevojave pér té pérmbushur trafikun e modeluar
né Orén e Ngarkur BH.
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Pér té llogaritur kapacitetin e stacioneve me teknologji té ndryshme, spektri i
disponueshém i alokuar pér HEO éshté njé input kryesor i llogaritur né model.

Seksioni tjetér (8 4.2.2.1) paraget spektrin e llogaritur nén secilén teknologji dhe
frekuencé, pastaj seksionet vijuese detajojné pér secilén prej teknologjive té modeluara
(2G né seksionin § 4.2.2.2, 3G né seksionin 8 4.2. 2.3 dhe 4G né seksionin § 4.2.2.4), sé
pari inputet kryesore té kérkuara pér dimensionimin e mbulimit, pastaj rregullat e
dimensionimit té pérdorura pér té llogaritur vendet e kérkuara dhe sé fundmi rezultatet e
marra.

4.2.2.1 Spektri dhe teknologjia

Spektri éshté njé burim ky¢ né hartimin dhe funksionimin e njé rrjeti celular. Sasia e
spektrit té disponueshém pér HEO dhe ndarja e tij mbi brezat ekzistues do té pércaktoje
drejtpérdrejt sasiné e pajisjeve té nevojshme né rrjetin e aksesit né radio dhe si pasojé
rrjedhen e kostove pér sigurimin e shérbimeve celulare.

Operatorét e rrjetit celular né Shqipéri kané pérdorur historikisht brezat 900 dhe 1800
MHz pér té siguruar shérbime standarde GSM 2G. Q& nga viti 2010 AKEP ka kryer njé
numér procedurash konkurruese pér té alokuar sasité e spektrit né brezat 1900/2100 MHz
(pér pérdorimin e shérbimeve standarde 3G UMTS), 2500/2600 MHz (pér shérbimet 4G
standarde LTE) dhe brezin 800 MHz té tenderuar gjaté Shkurt 2019. Né 2015 AKEP
finalizoi procesin e heqgjes sé kufizimeve teknologjike né pérdorimin e brezave té
frekuencés sé operatoréve té rrjetit celular, duke mundésuar pérdorimin e té gjithé
spektrit té disponueshém pér operatorét celularé pér standardin e gjeneratés sé katért (4G)
ose LTE.

AKEP konsideron gé njé operator efikas duhet té keté zakonisht njé sasi konsistente
spektri né pérputhje me kérkesén e tij, dhe té shpérndahet né breza té ndryshém né njé
ményré té ekuilibruar duke siguruar gé operatorét té mund té pérdorin té dy brezat me
frekuencé té ulét pér t& maksimizuar mbulimin e tyre, dhe brezat me frekuencé mé té
larté pér té dendésuar rrjetin e tyre, aty ku kérkohet (zakonisht né ambiente urbane / té
dendura urbane).

Bazuar né té dhénat e mbledhura nga operatorét, ato pérdorin frekuenca té ndryshme:

e 800 MHz
e 900 MHz
e 1800 MHz
e 2100 MHz
e 2600 MHz

Né pérputhje me MRP, modeli i akordon operatorit HEO njé pérgindje té spektrit té
disponueshém né secilén brez né treg, né pérputhje me pjesén e tij té tregut (33% sic
thuhet nga MRP). Megenése brezi i frekuencés sé pérdorur nga operatorét nuk éshté
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shuméfish i 5MHz, sasité e spektrit té llogaritura pér HEO nuk rrumbullakosen sipas
bllogeve prej 5 ose 10 MHz né secilén brez. Sidoqofté, modeli pérfshin njé zgjedhje pér
té llogaritur spektrin HEO, ose i bazuar né rrumbullakosje ose jo (shih. Fleta "kontrolli"
I modelit).

Konfigurimi i méposhtém i spektrit llogaritet mé pas né model:

Tabela 8 - Alokimi i spektrit pér operatorin e modeluar

Spectrum allocation QISEalaleS unit

2019 2020 2021 2022 2023 2024 2025

2G Total MHz 17,0 17,0 17,0 17,0 17,0 17,0 17,0
800MHz MHz - - - - - - -
900 MHz MHz 7,0 7,0 7,0 7,0 7,0 7,0 7,0

1800 MHz MHz 10,0 10,0 10,0 10,0 10,0 10,0 10,0
2100 MHz MHz - - - - - - R
2600MHz MHz

3G Total MHz 15,0 15,0 15,0 15,0 15,0 15,0 15,0
800MHz MHz
900 MHz MHz
1800 MHz MHz - - - - - - -
2100 MHz MHz 15,0 15,0 15,0 15,0 15,0 15,0 15,0

2600MHz MHz

4G Total MHz 31,0 31,0 31,0 31,0 31,0 31,0 31,0

800MHz MHz 7,0 7,0 7,0 7,0 7,0 7,0 7,0
900 MHz MHz 4,0 4,0 4,0 4,0 4,0 4,0 4,0
1800 MHz MHz 15,0 15,0 15,0 15,0 15,0 15,0 15,0
2100 MHz MHz 4,0 4,0 4,0 4,0 4,0 4,0 4,0
2600MHz MHz 20,0 20,0 20,0 20,0 20,0 20,0 20,0

Source: operators, Mobile cost model

Disponueshméria e spektrit pér operatorin e modeluar mund té gjendet né fletén
"Parametrat e Dizajnit", seksioni 4.

4.2.2.2 Dimensionimi i orientuar nga trafiku pér rrjetin 2G

4.2.2.2.1 Inputet kryesore

Dimensionimi i pajisjeve specifike 2G kryhet bazuar né parametra té ndryshém té
inputetve.

Tabela e méposhtme ofron listén e inputeve té pérdorura né model dhe burimin e tyre:
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Tabela 9 - inputet e dimensionimit t&¢ RAN 2G

. Available frequency bandwidth of the HEO, see section | Calculated based on
Bandwidth

84.2.2.1 data collection
TRX bandwidth Bandwidth of TRX Data collection
Spectrum reuse factor See description below Data collection
Table linking the NB of TRX and the max Nb. of
2G RAN dimensioning table simultaneous calls (see. Section 4.2 of the sheet “Design | Data collection
parameters” in the model)
Erlang B table See description below Data collection
Blocking probability See description below Data collection
Calculated based on
NB. Of sectors per BTS The average NB. Of sectors of BTS .
data collection
Utilization factors See description below Data collection

2G BH traffic per network node (BTS)

Calculated in the

2G BH traffic per network node (TRX) Calculated based on traffic data and the routing matrix model

2G BH traffic per network node (BSC)

Voice and data traffic share per geotype Split of voice and data per geotype Calculated in the
model based on

Share of voice in BH traffic Share of voice in BH traffic data collection

Max NB of TRX per sector Maximal number of TRX per sector Data collection

Capacity of BSC in NB of TRX Capacity of BSC in terms of TRX Data collection

Capacity of BSC in traffic at the BH Capacity of BSC in terms of traffic at the BH (Erlangs) | Data collection

Source: Tera Consultants

Sic u paragit mé lart, inpute té& ndryshme pérdoren né model pér té€ dimensionuar pajisjet
e nevojshme té orientuara nga trafiku. Kéto inpute jané ose parametér modelimi i
llogaritur né modelin bazuar né té dhénat e operatoréve (ose jane saktésisht ata gé ofrohen
nga operatorét kur jané té ngjashém, ose bazuar né mesataren e vlerave pérkatése té
dhéna).

Lidhur me parametrat kryesoré tekniké gé nuk jané pérshkruar mé sipér (faktorét e
shfrytézimit, faktori i ripérdorimit té spektrit, tabela Erlang B dhe probabiliteti i
Bllokimit); ato zbatohen né model kryesisht bazuar né té dhénat e ofruara nga operatorét.
Kéto inpute jané pérshkruar mé poshté:

Faktori i shfrytézimit - pér elementét e rrjetit 2G

I njohur gjithashtu si shénjuesi (markup) i sigurisé ose shkalla e pérdorimit, ai zbatohet
né trafik me ore té ngarkuar BH, né ményré gé té parandalojé saturimin e rrjetit. Ai
kérkohet nga operatorét né ményré gé té pasqyrojné nje profil sigurie Shqiptare dhe
ofrohet pér nyjet e ndryshme rrjeti.

Vlerat pér operatorin gjenerik zbatohen né model bazuar né vlerat e operatoréve pérkatés.
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Tabela 10 - Shénimi i kapacitetit rezervé pér pajisjet e rrjetit pér operatorin gjenerik - 2G

Utilisation factor

Node  Geoype 7
BTS
Dense Urban 52%
Urban 56%
Suburban 63%
Rural 79%
TRX
Dense Urban 52%
Urban 57%
Suburban 66%
Rural 80%
BSC
Dense Urban 52%
Urban 56%
Suburban 66%
Rural 80%

Source: Operators
Rritja e kapacitetit rezervé mund té gjendet né Fletét “Parametrat e dizajnit”.

Modeli pérfshin njé zgjedhje pér té llogaritur shkallén e pérdorimit ose bazuar né té
dhénat pérkatése té operatorit Shqiptar ose bazuar né njé vleré gjenerike homogjene
(shih. Fleta "kontrolli" i modelit).

Faktori i ripérdorimit té spektrit

Né teori, té gjitha gelizat mund té pérdorin té njéjtat transportues. Kjo jep avantazhin e
lejimit t&¢ mé shumé thirrjeve né té njéjtén kohé. Sidoqofté, duke gené se spektri éshté i
ngushté, kjo mund té ¢ojé né ndérhyrje midis gelizave. Prandaj, futet njé parametér i
ripérdorimit té spektrit, i cili &shté funksion i numrit maksimal té gelizave pér stacion;

Grafiku mé poshté tregon njé shembull ku faktori i ripérdorimit té frekuencés éshté 12.

Figura 13 - Shembull i modelit té faktorit té ripérdorimit té spektrit prej 12

Source: TERA Consultants
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Pér té pércaktuar modelin e ripérdorimit, zona e mbulimit pérfagésohet nga njé séré
gjashtékéndéshash té afért, pér té pérshkruar stacionet bazé. Secili stacion (site) éshté e
ndaré né 3 sektoré.

Pér té siguruar cilésiné e shérbimit, pérdoret njé model pérsérités me katér geliz®a, késhtu
gé konsiderohet njé model i ripérdorimit té frekuencés prej 12 (gjithashtu ne ményré te
vazhduar me té dhéna té dhéna e ofruara nga operatorét), i cili lejon té paktén njé hendek
sektori midis gelizave qé pérdorin té njéjtén frekuencé.

Probabiliteti i bllokimit

Probabiliteti i bllokimit &shté shkalla e déshtimit té thirrjes né krijimin e rrjetit gjaté orés
se ngarkuar. Meqgenése shndérrimi i kapaciteteve nga garget né Erlang (i kryer nga tabela
Erlang B, shih § mé poshté) varet nga probabiliteti i bllokimit. Ky parametér éshté i
nevojshém pér dimensionimin e RAN.

Probabiliteti 1 bllokimit té thirrjes mund t€ gjendet né seksionin 7 té fletés “Parametrat e
dizajnit”.
Tabela Erlang B

Kjo tabelé siguron sasiné e trafikut pér njé probabilitet té caktuar bllokimi dhe numrin e
kanaleve né dispozicion dhe bazohet né llogaritjet statistikore té inxhinierisé. Pérdoret
pér té kthyer kapacitetet nga garget né Erlangs ose e kundérta. Pér shembull, pérdoret né
model pér té vlerésuar kapacitetin BTS né Erlangs kur dihet numri i kanaleve.

4.2.2.2.2 Rregullat kryesore te dimensionimit

Dimensionimi i pajisjeve té kérkuara RAN pér té trajtuar trafikun e modeluar konsiston
né identifikimin:
i.  Numri i stacioneve 2G (BTS) té kérkuara pér dendésimin. Numri i pérgjithshém
i stacioneve 2G do té jeté shuma e vendeve té dendésimit dhe stacioneve té
mbulimit.
ii.  Numrii TRX i kérkuar
iii.  Dimensionimi i stacioneve 2G té nevojshme pér té pérmbushur kufizimin e
trafikut kryhet né hapa té ndryshém duke ndjekur grafikun mé poshté.Figure 1 —

8 Njé model me katér geliza lejon hapésiré té mjaftueshme midis gelizave né ményré gé ndérhyrjet kur pérdorni té njéjtén frekuencé
té jeté nén pragun e tolerancés
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Figura 14- Rrjedha e perllogaritjes per sitet 2G (BTS) te kerkuara per dendesim.
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Inputs Intermediary result

Source: TERA Consultants

(ii) Dimensionimi i numrit té TRX té kérkuar béhet né tre hapa:

» Trafiku pér stacion dhe pér sektor llogaritet i drejtpérdrejté bazuar né trafikun
pér nyjen e rrjetit (TRX), numrin e siteve 2G dhe numrin e sektoréve pér
stacion;

» Falé tabelés Erlang B dhe probabilitetit t€¢ bllokimit, vlerésohet numri i
thirrjeve té njékohshme gé korrespondojné me trafikun pér stacion dhe pér
sektor;

» Falé tabelés sé dimensionimit 2G RAN, llogaritet numri i TRX i kérkuar.

Rrjedha e llogaritjes paragitet né grafikun vijues..
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Figure 2 — Rrjedha e llogaritjes per numrin e TRX
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(iii) Dimensionimi i pajisjeve BSC kryhet né model duke marré parasysh dy kufizime:
* Numri i TRX pér BSC

* Trafiku i BH pér BSC

Té dyja kéto kérkesa duhet té plotésohen, dhe numri maksimal i BSC ruhet si numri i
pajisjeve té nevojshme BSC.

Figura 3 — dimensionimi BSC
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Source: TERA Consultants

Llogaritjet e dimensionimit té¢ BTS, TRX dhe BSC mund té gjenden né fletét "2G RAN".

4.2.2.2.3 Rezultatet
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Bazuar né inputet dhe rregullat e dimensionimit té paragitura né seksionet e mésipérme,
modeli vleréson pajisjet e nevojshme 2G RAN pér té pérmbushur kérkesat e trafikut.

Numri i pajisjeve té modeluara jané paragitur mé poshté:

> 2G stacionet/BTS e modeluara

Table 11 - 2G stacionet e mbulimit + stacionet e percaktimit te trafikur per operatoret gjenerik

2019 2020 2021 2022 2023 2024 2025

Total 2G sites coverage + densification Geotype unit
Dense Urban # 168 168 166 163 161 158 156
Urban # 70 70 69 68 67 66 65
Suburban # 40 40 39 39 38 37 37
Rural # 213 213 213 213 213 213 213

Source: Mobile cost model

» Modeli TRX

Tabela 2 — Percaktimi vjetor i TRX nga operatori | modeluar

2019 2020 2021 2022 2023 2024

Geotype unit

Dense Urban # 1916 1916 1893 1859 1836 1802 1779
Urban # 799 799 787 776 764 753 742
Suburban # 572 572 557 557 543 528 528
Rural # 1215 1215 1215 1215 1215 1215 1215

Source: Mobile cost model

» Modeli BSC

Table 3 — Percaktimi vjetor | BSC nga operatori | modeluar

Total # BSC Geotype unit

2019 2020 2021 2022 2023 2024 2025

Dense Urban # 2 2 2 2 2 2 2
Urban # 1 1 1 1 1 1 1
Suburban # 1 1 1 1 1 1 1
Rural # 1 1 1 1 1 1 1
Total (geotype dimensioning) # 5 5 5 5 5 5 5
National dimensioning # 4 4 4 4 4 4 4

Source: Mobile cost model

42



Modeli dhe rezultatet e kostove té shérbimeve me shumicé té rrieteve celularé

4.2.2.3 Dimensionimi i trafikut orjentuar per rrjetin 3G.

42231

Inputet kryesor

Dimensionimi i pajisjeve specifike 3G kryhet bazuar né parametra té ndryshém hyrés

(inpute).

Tabela e méposhtme ofron listén e inputeve té pérdorura né model dhe burimin e tyre:

Table 4 — dimensionimi | inputeve 3G RAN

Bandwidth

Auvailable frequency bandwidth of the HEO, see
section §4.2.2.1

Calculated based on
data collection

3G carrier bandwidth

Bandwidth of 3G carrier

Data collection

CE pool size, per carrier per site (UL and DL) | See description below Data collection

See description in section §Error! Reference source

Erlang B table
9 not found.

Data collection

See description in section 8Error! Reference source

Data collection
not found.

Blocking probability

Calculated based on

NB. Of sectors per NodeB data collection

The average NB. of sectors of Node B

Utilization factors See description below Data collection

3G BH Traffic per network node (Node B) Calculated in  the
Calculated based on traffic data and the routing matrix
3G BH traffic per network node (RNC) mode

Calculated in the
model based on

Voice and data traffic share per geotype Split of voice and data per geotype

Share of voice in BH traffic Share of voice in BH traffic

data collection

Calculated based on

Share of data traffic per bearer .
data collection

Split of data traffic between bearer R99 and HSPA

UL/DL data and voice traffic ratio See description below Data collection

Soft Handover See description below Data collection

NB of CE per bearer See description below Data collection

NB of RRU per sector and per carrier Design parameter for RRU number calculation Data collection

Capacity of RNC in Mbps Capacity of RNC in terms of Mbps Data collection

Capacity of RNC in Erlangs Capacity of RNC in terms of Erlangs Data collection

Capacity of RNC in LuB Capacity of RNC in terms of LuB Data collection

Capacity of RNC in Cells Capacity of RNC in terms of number of cells Data collection

Source: Tera Consultants

Lidhur me parametrat kryesoré teknike té cilat nuk jané pérshkruar mé sipér, ato zbatohen
né model kryesisht bazuar né té dhénat e ofruara nga operatorét, né pérputhje me
praktikat mé té mira ndérkombétare.

Madhésia e pool CE, pér transportues pér stacion (UL dhe DL)

Kanalet e kapacitetit té shtyllave (pool CE) gé konsiderohen pér dimensionim, paraget
numrin e elementeve té kanalit té disponueshém pér site pér downlink dhe pér uplink.
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Madhésia e pool CE (64 CE pér uplink dhe 43 CE pér downlink pér transportues pér
stacion pér operatorin gjenerik) zbatohet né model bazuar né té dhénat pérkatése té
siguruara nga operatorét.

Faktori i shfrytézimit - pér elementét e rrjetit 3G

I njohur gjithashtu si shénjuesi i sigurisé ose shkalla e pérdorimit, zbatohet né trafik té
ngarkuar BH, né ményré gé té parandalojé saturimin e rrjetit. Ai kérkohet nga operatorét
né ményré qé té pasqyrojné njé profil sigurie per Shqiptaret, dhe ofrohet pér nyje té
ndryshme té rrjetit.

Vlerat pér operatorin gjenerik zbatohen né model bazuar né vlerat e operatoréve pérkatés.

Tabela 15 — Shénjuesi i kapacitetit rezervé pér pajisjet e rrjetit pér operatorin gjenerik — 3G

Utilisation factor

Node  Geotype %
Node B
Dense Urban 52%
Urban 50%
Suburban 51%
Rural 56%
3G RRU
Dense Urban 51%
Urban 48%
Suburban 50%
Rural 57%
RNC
Dense Urban 52%
Urban 51%
Suburban 55%
Rural 57%

Source: Operators
Rritja e kapacitetit rezervé mund té gjendet né Fletét "Parametrat e Dizajnit".

Modeli pérfshin njé zgjedhje pér té llogaritur shkallén e pérdorimit ose bazuar né té
dhénat pérkatése té operatorit shgiptar ose bazuar né njé vleré gjenerike homogjene (shih.
Fleta "kontrolli" i modelit).

Raporti i trafikut Uplink-Downlink

Dimensionimi i aksesit 3G kérkon ndarjen e trafikut né uplink dhe downlink, pasi
rregullat e dimensionimit jané té ndryshme pér kéto dy trafige.

Raporti i trafikut Uplink-Downlink mblidhet nga operatorét: né model pérdoret njé raport
prej 15:85 midis trafikut té té dhénave uplink dhe downlink.
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Pérgindja e RNC soft handover

Kjo éshté njé karakteristiké e rrjetit 3G e cila lidhet me faktin se secili pajtimtar gjaté
kryerjes sé njé thirrje mund té jeté i lidhur me dy ose mé shumé sektoré té gelizave gé i
pérkasin té njéjtit stacion té gelizave fizike.

Soft handover percentage mund té gjendet né fletét "Parametrat e Dizajnit", seksioni 4.3.
NB i Elementeve té Kanalit (CE) pér bartés

Numri i CE pér bartés tregon konsumin e elementit té kanalit pér shérbime té ndryshme
né bartés té ndryshém té radios. Ky konsum ndryshon nga pajisjet. Vlerat e méposhtme
jané marré, mbi bazén e té dhénave té mbledhura nga operatorét:

Tabela 16 - Faktorét e Elementeve té Kanalit

Number of channel elements

Channel elements Bearers unit Uplink Downlink
Voice # 1 1
R99 # 8 4
HSPA # 32 32

Source: Operators

Konsumi né termat e CE té secilit bartés mund té gjendet né fletét "Parametrat e Dizajnit",
seksioni 4.3.

4.2.2.3.2 Rregullat kryesore te dimensionimit
Dimensionimi i pajisjeve té kérkuara RAN pér té trajtuar trafikun e modeluar konsiston
né identifikimin:

i.  Numri i stacioneve 3G (Nyja B) té nevojshme pér dendésimin. Stacionet e
pérgjithshme 3G do té jené shuma e stacioneve té dendésimit dhe stacioneve té
mbulimit;

ii.  Numri i RRU-sé sé kérkuar;

iili. ~ Dhe numri i RNC-sé sé kérkuar.

(i) Bazuar né numrin e stacioneve 3G té nevojshme pér mbulim, hapi i paré konsiston né
llogaritjen e trafikut BH pér sektor pér stacion pér secilén klasé té shérbimit (zé&, té dhéna
né R99 dhe té dhéna né HSPA). Ndérkohé qe té dy zéri dhe té dhénat ishin té pérziera né
dimensionin 2G RAN pér sa i pérket trafikut, ndarja midis bartésve té shérbimeve éshté
e nevojshme né 3G, pasi gé secili shérbim ka njé konsum té ndryshém té kapacitetit té
trafikut (i quajtur gjithashtu faktori ose pesha e elementit té kanalit). Megenése konsumi
I elementeve té kanalit &shté i ndryshém né uplink dhe downlink, trafiku BH ndahet
gjithashtu midis uplink dhe downlink, pér secilén klasé té shérbimit.

Procesi i ploté i dimensionimit éshté pérmbledhur né figurén vijuese:
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Figura 17 - Rrjedha e llogaritjes pér vendet 3G (Nyja B) e nevojshme pér dendésimin
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Source: TERA Consultants

(it) Dimensionimi i numrit t¢ RRU pér rrjetin 3G kryhet sipas diagramést sé méposhtéme:

Figura 18 - Rrjedha e llogaritjes pér 3G RRU
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Source: TERA Consultants
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Numri i transportuesve té aktivizuar &shté maksimumi midis numrit té transportuesve té
aktivizuar pér trafikun UL dhe numrit té transportuesve té aktivizuar pér trafikun DL
Numri i RRU llogaritet drejtpérdrejt nga numri i transportuesve té aktivizuar duke
shumézuar me numrin e vendeve 3G, numrin mesatar té sektoréve pér nyjen B dhe
numrin e RRU pér sektor dhe pér transportues.

(iii) Dimensionimi i pajisjeve RNC kryhet né model duke marré parasysh tre kufizime:
o Kapaciteti i trafikut né Mbps
e Kapaciteti i trafikut né local lub
e Kapaciteti i gelizave
Té gjitha kéto kérkesa duhet té plotésohen, dhe numri maksimal i RNC ruhet si numri i
pajisjeve té nevojshme RNC.

Dimensionimi i numrit t& RNC pér rrjetin 3G kryhet sipas diagramés sé méposhme:

Figura 19 - Dimensionimi i RNC
3G BH Traffic per
RetiRtnedel (RS Constraints 1, 2 and 3

Traffic to be handled in R NB of RNC considering
Factors of conversion Mbps » Mbps capacity ™
Utilization factors Traffic to be handled in N B of RNC considering
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MAX

NB of RNC

NB of cells to be
handled by RNC

Average NB of cells
per site

Capacity of RNC in
Mbps

Capacity of RNC in
LuB

Capacity of RNC in
Cells

Inputs Intermediary result

Source: TERA Consultants

Llogaritjet e dimensionimit té Nyjeve B, 3G RRU dhe RNC mund té gjenden né fletén
"3G RAN”.
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4.2.2.3.3 Rezultatet

Bazuar né inputet dhe rregullat e dimensionimit té paragitura né seksionet e mésipérme,
modeli vleréson pajisjet e nevojshme 3G RAN pér té pérmbushur kérkesat e trafikut.

Numri i pajisjeve t€ modeluara jané paraqitur mé poshté:

» Stacionet 3G / Nyja B e modeluar

Tabela 17 - Stacionet e mbulimit 3G + faget e drejtuara nga trafiku pér operatorin gjenerik
2019 2020 2021 2022 2023 2024 2025

Total 3G sites coverage + densification Geotype unit
Dense Urban # 74 78 72 71 70 69 68
Urban # 41 43 40 39 39 39 38
Suburban # 28 30 28 27 27 27 26
Rural # 307 307 307 307 307 307 307

Source: Mobile cost model

» 3G RRU e modeluar

Tabela 18 - Pércaktimi vjetore 3G RRU nga operatori i modeluar

2019 2020 2021 2022 2023 2024 2025

Geotype unit

Dense Urban # 618 653 601 594 586 579 572
Urban # 340 361 332 328 325 321 317
Suburban # 234 248 228 225 223 220 218
Rural # 263 279 257 254 251 249 246

Source: Mobile cost model

» RNC e modeluar

Tabela 19 - RNC e vendosur vjetore nga operatori i modeluar

Total # RNC Geotype unit

2019 2020 2021 2022 2023 2024 2025

Dense Urban # 1 2 2 2 2 2 2
Urban # 1 1 1 1 1 1 1
Suburban # 1 1 1 1 1 1 1
Rural # 1 1 1 1 1 1 1
Total (geotype dimensioning) # 4 5 5 5 5 5 5
National dimensioning # 2 3 3 3 3 3 3

Source: Mobile cost model
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4.2.2.4 Dimensionimi i orjentuar nga trafiku pér rrjetin 4G

4.2.2.4.1 Inputet kryesore

Dimensionimi i pajisjeve specifike 4G kryhet bazuar né parametra inputi té ndryshém.

Tabela e méposhtme ofron listén e inputeve té pérdorura né model dhe burimin e tyre:

Tabela 20 - inputet e dimensionimit t&¢ RAN 4G

Zonat gjeotipike

Shikoni seksionin § 4.2.1.1

Llogaritur bazuar né
mbledhjen e té
dhénave

Fitimi MIMO né funksion té ISD

Shikoni pérshkrimin mé poshté

Mbledhja e té
dhénave

Faktori i pérdorimit té& eNode B

Shikoni pérshkrimin mé poshté

Mbledhja e té
dhénave

Faktori i shkallézimit té kapacitetit - funksioni i
shkallés sé shfrytézimit

Shikoni pérshkrimin mé poshté

Mbledhja e té
dhénave

Gjerésia e brezit 4G

Bandé e gjéré e gjerésisé sé frekuencés 4G té HEO,
shihni pjesén § 4.2.2.1

Mbledhja e té
dhénave

Llogaritur bazuar né
mbledhjen e té
dhénave

NB Té sektoréve pér eNodeB NB mesatare. té sektoréve té eNode B

Funksioni i efikasitetit spektral DL / UL té Mbledhja e té

Shikoni pérshkrimin mé poshté

gjerésise sé brezit dhénave
. . . Llogaritur bazuar né té dhénat e trafikut dhe | Llogaritur né
Trafiku 4G BH pér nyjen e rrjetit (eNode B) g_ R . g .
matricén e rutimit modalitet
Llogaritur né

modelin e bazuar né

Mbledhja e té
dhénave

Ndarja e trafikut té zérit dhe té dhénave pér gjeotip | Ndarja e zérit dhe e té dhénave pér gjeotip

Source: Tera Consultants

Lidhur me parametrat kryesoré tekniké gé nuk jané pérshkruar mé sipér, ato zbatohen né
model kryesisht bazuar né té dhéna té operatoréve né pérputhje me praktikat mé té mira
ndérkombétare.
Fitimi MIMO

Fitimi MIMO éshté fitimi i marré duke pérdorur Multiple-Input dhe Multiple-Output.
Kjo varet nga distanca ndérfages (1SD). Tabela e méposhtme ofron masa eksperimentale
té ndikimit té ISD né fitimin MIMO.
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Tabela 5 - fitimi MIMO

Inter-site distance unit %
500 m 20%
1732 m 20%

3000 m 8%

9000 m 5%

Source: TERA Consultants/ Operators
Faktori i shfrytézimit - pér elementét e rrjetit 4G

I njohur gjithashtu si shéniuesi i sigurisé ose shkalla e pérdorimit, zbatohet né trafik té
ngarkuar BH, né ményré gé té parandalojé saturimin e rrjetit. Ai kérkohet nga operatorét
né ményré qé té pasqyrojné profilin e sigurisé shgiptare dhe ofrohet pér nyje té ndryshme
té rrjetit.

Vlerat pér operatorin gjenerik zbatohen né model bazuar né vlerat e operatoréve pérkatés.

Tabela 22 - Shénimi i kapacitetit rezervé pér pajisjet e rrjetit pér operatorin gjenerik - 4G

Utilisation factor
Equipment utilisation factors Node Geotype %

eNode B
Dense Urban 38%
Urban 32%
Suburban 38%
Rural 44%
4G RRU
Dense Urban 38%
Urban 34%
Suburban 37%
Rural 46%

Source: Operators
Rritja e kapacitetit rezervé mund té gjendet né Fletét “Parametrat ¢ dizajnit”.

Modeli pérfshin njé zgjedhje pér té llogaritur shkallén e pérdorimit ose duke u bazuar né
té dhénat pérkatése té operatorit shqiptar ose bazuar né njé vleré gjenerike homogjene
(shih. Fleta "kontrolli" i modelit).

Faktori i shkallézimit té kapacitetit - funksioni i shkallés sé shfrytézimit

Faktori i shkallézimit té kapacitetit éshté njé parametér modelimi gé ndikon né
kapacitetin e eNode.

Ky parametér varet nga shkalla e pérdorimit té eNode B dhe ISD (Inter Site Distance).
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Tabela e méposhtme ofron masa eksperimentale té ndikimit té ISD dhe shkallés sé
pérdorimit né faktorin e shkallézimit té kapacitetit.

Tabela 23 - Faktori i shkallézimit té kapacitetit (pa njési) bazuar né shkallén e pérdorimit dhe ISD

Capacity scaling based on JUMIIEEMIINEIE Unit
utilisation rate in %

Inter-site distance
500 m 1732 m 3000 m 9000 m

0% 2,17 1,63 1,10 1,00

5% 2,16 1,44 1,09 1,00
10% 2,07 1,26 1,08 1,00
15% 1,96 1,17 1,06 1,00
20% 1,86 1,08 1,05 1,00
25% 1,76 1,07 1,04 1,00
30% 1,67 1,05 1,04 1,00
35% 1,59 1,04 1,03 1,00
40% 1,51 1,03 1,02 1,00
45% 1,44 1,02 1,02 1,00
50% 1,37 1,01 1,01 1,00
55% 1,31 1,01 1,01 1,00
60% 1,25 1,01 1,00 1,00
65% 1,20 1,00 1,00 1,00
70% 1,15 1,00 1,00 1,00
75% 1,11 1,00 1,00 1,00
80% 1,08 1,00 1,00 1,00
85% 1,05 1,00 1,00 1,00
90% 1,03 1,00 1,00 1,00
95% 1,01 1,00 1,00 1,00
100% 1,00 1,00 1,00 1,00

Source: TERA Consultants/ Operators
Funksioni i efikasitetit te spektrit DL / UL té gjerésisé sé brezit

Efikasiteti | spektrit percakton masén se sa me efikasitet pérdoret njé spektér frekuence
nga eNode. Ka njé ndikim té réndésishém né kapacitetin e fages 4G dhe varet nga
parametra té ndryshém:

- ISD;
- Lloji i trafikut (ngritje ose zbritje);
- Gjerésia e spektrit né dispozicion.

Tabela e méposhtme ofron koeficientét e efikasitetit te spektrit té€ pérdorur né modelin e
kostos:
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Tabela 24 - Efikasiteti spektral i Downlink dhe Uplink (né bps pér Hz)
Inter-site distance
Downlink Uplink

500m 1732m 3000m 9000 m{ 500 m 1732 m 3000 m 9000 m

STEMIEINCERGA Bandwidth in MHz  Unit

0 MHz bps/Hz - - - - - - - -

1,4 MHz bps/Hz 0,87 0,82 0,71 0,54 0,51 0,37 0,22 0,02
5 MHz bps/Hz 1,06 1,00 0,88 0,58 0,65 0,56 0,42 0,12
10 MHz bps/Hz 1,19 1,11 0,98 0,67 0,67 0,57 0,44 0,13
15 MHz bps/Hz 1,19 1,11 0,98 0,71 0,68 0,59 0,45 0,15
16 MHz bps/Hz 1,19 1,11 0,98 0,73 0,68 0,59 0,45 0,16
20 MHz bps/Hz 1,19 1,11 0,98 0,80 0,68 0,59 0,45 0,17

Source: Operators

Tabelat e efikasitetit te spektrit mund té gjenden né fletét "Parametrat e Dizajnit", seksioni 4.4.

4.2.2.4.2 Rregullat kryesore te dimensionimit

Procesi i dimensionimit té dendésimit synon té hapé mjaftueshém 4G eNode B né ményré
gé té trajtojé té gjithé trafikun 4G BH, ai konsiston né identifikimin:
i.  Numri i stacioneve 4G (eNode B) gé kérkohen pér dendésim. Stacione totale 4G
do té jené shuma e stacioneve té dendésimit dhe stacione té mbulimit.
ii. Numri i RRU-se se kerkuar
(i) Dimensionimi i stacioneve té nevojshme 4G (pér dendésimin) kryhet né tre hapa
Kryesoré:
1. Hapi 1: llogaritja e kapacitetit té stacioneve 4G. Ky hap kryhet né 4 nén-hapa.
1.1 Llogaritja e ISD (Distanca ndérmjet stacioneve);
1.2 Llogaritja e fitimit (pér trafikun e zbritjes me MIMO (Multiple Input Multiple
Output);
1.3 Llogaritja e faktorit té shkallézimit té kapacitetit bazuar né shkallén e
shfrytézimit;
1.4 Llogaritja e efikasitetit spektral, dhe si pasojé e kapacitetit té stacionit 4G
2. Hapi 2: llogaritja e trafikut né BH gé do té trajtohet nga stacionet 4G né secilin
gjeotip;
3. Hapi 3: llogaritja e stacioneve té nevojshme 4G pér dendésimin.

Grafiku i méposhtém pérmbledh procesin e llogaritjes:
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Figura 20 - Rrjedha e llogaritjes pér stacionet 4G (eNode B) e nevojshme pér dendésimin
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Source: TERA Consultants

» Hapi 1 - llogaritja e kapacitetit té vendeve 4G né UL dhe DL
Ky hap i paré éshté i ndaré né katér nén-hapa:
e Hapi 1.1 - llogaritja e distancés ndérmjet stacioneve (1SD)

Nén-hapat e ardhshém varen nga distanca ndér-stacion (ISD). Distanca ndér-stacion e
njé viti té caktuar llogaritet si distanca ndér-stacion midis té gjitha vendeve té paragitura
vitin e kaluar;

Pér secilin gjeotip, ISD llogaritet me formulén e méposhtme:

Geotype area

ISD =

@ * Nb of eNodeB in the geotype

e Hapi 1.2 - llogaritja e fitimit MIMO

Fitimi i MIMO varet nga ISD. Eshté llogaritur bazuar né lidhjen midis ISD dhe fitimit.
Kjo lidhje pérshkruhet né seksionin e méparshém 8§ 4.2.2.4.1.
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Pér ¢cdo ISD né mes, modeli supozon se njé projeksion linear llogaritet duke ditur se:

- Pér ISD nén 500 metra, fitimi mbetet né 20%;

- Pér ISD mbi 9000 metra, fitimi éshté ende 5%.

e Hapi 1.3 - Llogaritja e faktorit té shkallézimit té kapacitetit bazuar né
shkallén e shfrytézimit

Shkalla e shfrytézimit ka njé ndikim té drejtpérdrejté né kapacitetin e eNode B por edhe
né faktorin e shkallézimit té kapacitetit.

Faktori i shkallézimit llogaritet bazuar né shkallén e pérdorimit té elementit té rrjetit
eNode B, duke ndjekur lidhjen midis faktorit té shkallézimit dhe faktorit té pérdorimit.

Kjo lidhje jepet n€ njé€ tabelé, seksioni 4.4 t€ fletés “Parametrat e dizajnit”.
e Hapi 1.4 - Llogaritja e efikasitetit té spektrit
Efikasiteti i spektrit varet nga:
- ISD;
- Lloji i trafikut (uplink ose downlink);
- Gjerésia e spektrit né dispozicion.

Efikasiteti i spektrit llogaritet bazuar né lidhjen e dhéné ndérmjet dy tabelave té ndryshme
(Pér uplink dhe downlink) né seksionin 4.4 té fletés “Parametrat e dizenjimit”.

Pasi té jené pércaktuar parametrat e méparshém, kapaciteti i qelizés merret me formulén
e méposhtme:

Cell capacity = Spectrum width X Spectral ef ficiency X capacity scaling factor
X utilisation rate X (1 + MIMO gain)

» Hapi 2: llogaritja e trafikut né BH gé do té trajtohet nga faget 4G né secilin
gjeotip
Llogaritja e trafikut né BH kryhet né ményré té ngjashme me dimensionimin 2G dhe 3G,
bazuar né trafikun BH dhe faktorét e rrugézimit té lidhur me eNodeB.

» Hapi 3: llogaritja e trafikut né BH gé do té trajtohet nga faget 4G né secilin
gjeotip
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Pasi té llogaritet trafiku qé kérkohet té trajtohet nga 4G eNode B (hapi 2) dhe té
identifikohet kapaciteti i stacioneve 4G (hapi 1). Stacionet e kérkuara pér dendésim 4G
llogariten kur numri né rritje 1 stacionevea 4G perputhet me numrin stacioneve te
nevojshme ge plotésojné trafikun e synuar (perfshire stacionet e mbulimit).

(it) Numri i 4G RRU llogaritet drejtpérdrejt nga numri i eNode B pasi modeli konsideron
njé RRU 4G pér sektor.

Grafiku i méposhtém pérmbledh procesin e llogaritjes sé 4G RRU:

Figura 21 - Rrjedha e llogaritjes se nevojshme pér 4G RRU
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Source: TERA Consultants

Llogaritjet e dimensionimit t€ eNode B dhe 4G RRU mund té gjenden né fletén “4G
RAN”.
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42.2.4.1 Rezultatet

Bazuar né inputet dhe rregullat e dimensionimit té paragitura né seksionet e mésipérme,
modeli vleréson pajisjet e nevojshme 4G RAN pér té pérmbushur kérkesat e trafikut.

The number of modelled equipment are presented below:

» Faqet 4G / eNode B té modeluara

Tabela 25 - Faget e mbulimit 4G + faget e drejtuara nga trafiku pér operatorin gjenerik
2019 2020 2021 2022 2023 2024 2025

Total 4G sites coverage + densification Geotype unit
Dense Urban # 40 42 58 79 105 139 181
Urban # 25 30 40 53 69 92 118
Suburban # 21 22 30 40 54 72 95
Rural # 271 271 271 271 271 271 271

Source: Mobile cost model

» 4G RRU e modeluar

Tabela 26 - Vendosja vjetore 4G RRU nga operatori i modeluar
2019 2020 2021 2022 2023 2024 2025

Geotype unit

Dense Urban # 113 118 163 222 295 391 509
Urban # 71 85 113 149 194 259 332
Suburban # 59 62 85 113 152 203 267
Rural # 761 761 761 761 761 761 761

Source: Mobile cost model
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4.3 Modelimi i rrjetit bazé (core)

Si¢ pérshkruhet né seksionin e fushés sé modelit § 2.1, modeli i kostos mbulon gjithashtu
elementet berthamé (core) té rrjetit.

Rrjeti bazé pérbéhet nga pjesa gendrore e rrjetit t€ pérgjithshém celular gé lejon
pajtimtarét celularé té kené akses né shérbimet gé kané té drejté té pérdorin, p.sh. thirrje
ndérkombétare. Ai éshté pérgjegjés pér funksionet kritike té tilla si informacioni i profilit
té parapaguesit, vendndodhja e parapaguesit, vértetimi i shérbimeve dhe funksionet e
nevojshme té ndérrimit pér sesionet e zérit dhe té dhénave.

Figura 22 - Rrjeti bérthamé
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Source: TERA Consultants

Ndryshe nga Radio Access Network (RAN), i cili varet shumé nga trafiku né orén e
ngarkuar BH, elementét kryesoré té rrjetit bérthamé (core) nuk jané té ndjeshém ndaj
ndryshimeve té trafikut, késhtu qé& modelimi kryesor i rrjetit nuk ka asnjé ndikim né
vlerésimin e kostos sipas standardit té kostos sé pastér LRIC.

Modeli i kostos modelon pajisjet kryesore té rrjetit (core) bazuar né nyjet kryesore
ekzistuese té ofruara nga operatorét, ai pérfshin njé arkitekturé rrjeti me véshtrim pérpara,
duke supozuar njé fazé kalimi nga rrjeti i trashéguar né njé strukturé rrjeti me funksione
mé té virtualizuara®.

® The model assumes Network Virtualized Functions replacing the corresponding legacy equipment (such as GGSN,
SGSN, MME, SGW, PGW & PCRF) in 2023.
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Lista e pajisjeve kryesore té konsideruara né modelin berthame pérshkruhet né seksionin
8 2.1. Inventari pérkatés dhe evolucioni i tij me kalimin e kohés mund té gjenden né
fletén "Inventari dhe kostot pér njési", seksioni 1.

4.4 Dimensionimi i rrjetit té transmetimit

Modeli dimensionon rrjetin e transmetimit bazuar né kérkesat e trafikut, si dhe kufizimet
e menaxhimit. Rrjeti i transmetimit pérfshin lidhjet e méposhtme:

e BTS-BSC

e Node B-RNC
e BSC-MSC

e BSC-SGSN

e RNC-MSC

e RNC-SGSN

e SGSN-GGSN

e ENODE B - MME
e ENODE B-SGW

e RNC-SGW

e SGW-PGW

e PGW:-Internet
e BSC-MGW

e RNC-MGW

e GGSN-Internet
e MSC-GW/transit switch
e MSC-MSC

Pérshkrimi fizik i rrjetit pérfshin nyje shtesé, té tilla si grumbulluesit, unazat dhe
shpérndarésit.

N& rrjetin e transmetimit, stacionet bazé mund té lidhen drejtpérdrejt me BSC / RNC ose
indirekt pérmes unazave té grumbullimit. Lidhjet e backhaul mund té jené ose me tel ose
pa tel né varési té pérshkrimit té rrjetit té transmetimit té siguruar nga operatorét.
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Figura 23 - Struktura fizike e rrjetit té transmetimit té aksesit
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Modeli supozon njé pérzierje té teknologjive wireless dhe lineare, pérzierja plotésohet
né model bazuar né té dhénat e mbledhura nga operatorét.

Tabela e méposhtme paraqget pérzierjen e pérdorur né modelin e kostos.

Table 27 — Perzjerja e teknologjive e perdorur per link

FH Wireline
Geotype unit % %
BTS-BSC All geotypes % 60% 40%
Dense Urba % 12% 88%
Urban % 46% 54%
Suburban % 58% 42%
Rural % 91% 9%
Node B-RNC All geotypes % 58% 42%
Dense Urba % 12% 88%
Urban % 43% 57%
Suburban % 58% 42%
Rural % 91% 9%
BSC-MSC % 0% 100%
BSC-SGSN % 0% 100%
RNC-MSC % 0% 100%
RNC-SGSN % 0% 100%
SGSN-GGSN % 0% 100%
ENODE B - MME % 60% 40%
ENODE B-SGW % 60% 40%
RNC-SGW % 0% 100%
SGW-PGW % 0% 100%
PGW-Internet % 0% 100%
BSC-MGW % 0% 100%
RNC-MGW % 0% 100%
GGSN-Internet % 0% 100%
MSC-GW!/transit switch % 0% 100%
MSC-MSC % 0% 100%

Source: mobile cost model, based on operators data
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Sic éshté paragitur né tabelén e mésipérme, lidhjet me tel (wireline) pérdoren 100% né
té gjithé rrjetin e transmetimit té shtyllés kurrizore, ndérsa pérzierja pérfshiré lidhjet FH
pérdoren né lidhje gé lidhin sitet 2G, 3G dhe 4G me shtresat downstream té rrjetit.

Pér lidhjet BTS-BSC dhe Nyja B-RNC, pérdorimi i lidhjeve FH pérgendrohet né zona
mé pak té dendura (gjeotipi rurale dhe né njé masé mé té vogél né zonén Suburban /
Urban), ndérsa né zona té dendura urbane lidhjet me tel pérdoren mé shpesh né model.

Lidhur me dimensionimin e lidhjeve té transmetimit, modeli merr llojet e méposhtme té
lidhjeve 1

» Lidhjet me tel
e Lidhjet E1 (2,048 Mbps kapacitet)
e Lidhje me fibra 1G (1000 Mbps)
e Lidhje me fibra 1G (1000 Mbps)
e Wireless links

» Lidhjet Wireless
e Lidhja tipike: me madhési té kanalit 55MHz

Dimensionimi i rrjetit té transmetimit orjentohet nga trafiku qé duhet té bartet né rrjetin
e transmetimit si dhe topologjia e rrjetit. Kjo e fundit pércakton numrin minimal té
lidhjeve té kérkuara dhe llojin e lidhjeve. Pér shembull, numri i lidhjeve backhaul nuk
mund té jeté mé i vogél se numri i stacioneve bazé.

Procesi i dimensionimit té lidhjeve té transmetimit kryhet né tre hapa si¢ éshté
pérmbledhur né grafikun vijues:

10 eased line connections are implemented in the model but not used for the HEO
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Figura 24 - Rrjedha e llogaritjes sé lidhjeve té transmetimit
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1. Llogaritja e numrit té lidhjeve bazuar né numrin e nyjeve té vendosura gé do té
lidhen.

2. Ky hap konsiston né identifikimin e numrit té lidhjeve gé do té béhen ndérmjet
nyjeve.

Shembull

» Lidhje te thjeshta

Pér shembull, né rastin e vendosjes sé 100 BTS qgé do té lidhen secila me njé BSC, numri i lidhjeve éshté
100.

» Lidhje te nderlidhura

Pér shembull, né rastin e vendosjes sé 4 MSC pér t'u lidhur me njéri-tjetrin, numri i lidhjeve éshté 4x (4-1)
12=6

3. Llogaritja e trafikut né BH qgé do té mundesohet nga linku.

Ky hap konsiston né llogaritjen e trafikut pér nyje gé do té mundésohet nga lidhja (linku).
Kjo llogaritje kryhet bazuar né trafikun né BH né nivelin e nyjes dhe numrin e nyjeve té
vendosura.
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Pér shembull, nése né nivelin e secilés BSC, njé trafik mesatar né BH prej 1700Mbps
duhet té trajtohet né nyjet né rrjedhén e poshtme té rrjetit, modeli llogarit 2 lidhje té 1G.

4. Llogaritja e numrit t& pérgjithshém té lingeve né secilén madhési (1G, 10G) dhe
né secilin tip (FH/Wireline)

Bazuar né trafikun né BH gé do té trajtohet né nivelin e nyjes, do té pércaktohet kapaciteti
I nevojshém i lingeve dhe numri i tyre.

Njohja e numrit té lingeve gé do té percaktohet dhe numrit té secilés madhési té lingeve
té nevojshme (bazuar né kufizimin e trafikut); mund té llogaritet numri i pérgjithshém i
lingeve. Modeli ndan linget midis llojeve t& ndryshme (Wireline dhe FH), bazuar né
pérzierjen e paragitur né Tabelén 27.

Modeli merr parasysh faktorét e tepricés né vendosjen e lingeve té transmetimit.
Tabela e méposhtme paraget parametrat e tepricés té konsideruara né model pér secilin
link:

Tabela 28 - Parametrat e tepricés

FH Wireline
unit % %
BTS-BSC # 145 1
Node B-RNC # 148 1
BSC-MSC # 1 1+1
BSC-SGSN # 1 1+1
RNC-MSC # 1 1+1
RNC-SGSN # 1 1+1
SGSN-GGSN # 1 1+1
ENODE B - MME # 1,48 1+1
ENODE B-SGW # 1,48 1+1
RNC-SGW # 1 1+1
SGW-PGW # 1 1+1
PGW:-Internet # 1 1+1
BSC-MGW # 1 1+1
RNC-MGW # 1 1+1
GGSN-Internet # 1 1+1
MSC-GW!/transit switch # 1 1+1
MSC-MSC # 1 1+1

Source: Tera Consultants, operators
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5 Kaostoja e rrjetit

Kostoja e rrjetit kryhet né pérputhje me parimet e vendosura né MRP; éshté e
drejtpérdrejté ne momentin gé rrjeti té jeté dimensionuar.

Qasja e kostos sé rrjetit &shté pérmbledhur né grafikun vijues:

Figura 25 - Qasja e pérgjithshme e kostimit té rrjetit
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5.1 Njesia CAPEX dhe OPEX

Pasi modeli té keté llogaritur sasiné e kérkuar té elementeve té rrjetit (duke ndjekur hapin
e dimensionimit té rrjetit), ai llogarit shpenzimet kapitale shogéruese duke aplikuar
kostot pérkatése té njésisé. Pastaj llogarit amotizimin vjetor duke pérfshiré WACC,
prirjen e cmimeve dhe jetén ekonomike, dhe shton OPEX.

5.1.1 Njesia e elementit te rrjetit CAPEX

Njésia e aseteve CAPEX (d.m.th., gmimet e paguara pér pajisjet e shtuara ne koston e
instalimit) plotésohet né model bazuar né té dhénat e ofruara nga operatorét si pjesé e
procesit t&é mbledhjes sé té dhénave.
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Modeli nxjerr vlerésimet pérfundimtare té kostos pér njésiné CAPEX duke marré
parasysh vlerén e percaktuar, e duke konsideruar trendin'! e cmimit té pajisjeve dhe vitin
e referencés. Kéto tendenca té ¢cmimeve shprehen né terma nominalé.

Sitet e rrjetit CAPEX logariten pér sitet né pronési té blerjes, ose pér sitet me gira duke
marré parasysh njé gira (OPEX). Modeli supozon tre mundési pér sitet e operatoréve
gjeneriké, ose (i) 100% site me pronési, (ii) 100% me qira ose (iii) njé pérzierje e siteve
me gira dhe né pronési. Pérzierja e supozimeve né pronési / gira né skenarin e pérzier
merret si mesatarja e pérzierjes sé vérejtur midis tre operatoréve.

Pér sitet e bashkéngjitur (collocated, CAPEX pér elementin e bashkéngjitur llogaritet
duke pjesétuar CAPEX té percaktuar té njé vendi té bashkéngjitur me numrin e
elementeve té bashkéngjitur.

5.1.2 Elementii rrjetit OPEX

Parimi i llogaritjes s€ OPEX né model bazohet né pércaktimin e shenjuesve té aplikuara
né CAPEX pér secilin komponent té rrjetit.

Shénuesi sigurohet nga operatorét si pjesé e procesit t€ mbledhjes sé té dhénave.

Sitet OPEX pérfshijné tarifat e girasé kur sitet nuk jané né pronési, ky informacion
sigurohet nga operatorét.

Modeli pérfshin gjithashtu né rrjetin OPEX tarifat e spektrit (tarifat vjetore té
pérséritura), gé konsiderohen si kosto té pérbashkéta té rrjetit té aplikuara né RAN.
Tarifat e licencés pérshkruhen mé hollésisht né seksionin § 5.2.2.

5.1.3 Kostoja totale vjetore e rrjetit

Kostot totale vjetore té rrjetit llogariten duke pérmbledhur kostot vjetore té kapitalit té
rrjetit (pasi CAPEX / investimi té vjetrohen duke marré parasysh gasjen e amortizimit §
5.3) me shpenzimet operative.

11 pér disa pajisje kryesore, trendi i gmimit nuk sigurohet: njé evolucion i gmimit prej -5% supozohet né model dhe zbatohet né
model si njé parametér né fletén e punés sé kontrollit.
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5.2 Kosto shtesé (kosto jo té rrjetit)

Pérvec kostove té rrjetit té llogaritura mé paré, konsiderohen zérat e tjeré té kostos pér
llogaritjen e LRAIC +¥. Kéto kosto shtohen né ményré gé t& mbulojné té gjithé
perimetrin e kostove gé do té alokohen né rrjet. Modeli pérfshin kostot e méposhtme:

e Kostot e stafit pér ndérlidhje dhe roaming;
e Kostot e licencés;
e Shpenzimet e pérgjithshme té biznesit.

5.2.1 Stafi i ndérlidhjes dhe roamingut

Kéto kosto specifike induktohen drejtpérdrejt nga shérbimet e ndérlidhjes ose roaming.
Ato konsistojné né koston e stafit té alokuar posacérisht pér interkoneksion dhe roaming.

Kostot e interkonjeksionit alokohen posacgérisht pér shérbimet e interkoneksionit ndérsa
kostot e stafit roaming jané alokuar pér shérbimet roaming.

Ky informacion u éshté kérkuar operatoréve. Vlerat e operatorit gjenerik korrespondojné
me mesataren e té dhénave té operatoréve pérkatés.

Shkalla e ndérprerjes e llogaritur bazuar né standardin e pastér té kostos LRIC pérfshin
njé pjesé té kostove té stafit té interkoneksionit.

5.2.2 Kaostot e licences

Kostot e licencés sé spektrit (njé heré) pérfshihen gjithashtu né kostot totale pér
llogaritjen e LRAIC +. Ato konsiderohen si kosto té pérbashkéta té papagueshme dhe u
jané alokuar shérbimeve bazuar né alokimin kyg te trafikur.

Ato sigurohen nga operatorét dhe pérbéhen nga kostoja e blerjes vetem nje here (one-
shot), si dhe nga njé tarifé vjetore e paguar ¢do vit.

Si¢ pérshkruhet né pjesén e dimensionimit té rrjetit, modeli i akordon operatorit HEO njé
pérgindje té spektrit t& disponueshém né secilén brez né treg, né pérputhje me pjesén e
tij té tregut. Késhtu, modeli vleréson kostot e licencés HEO (one-shot dhe tarifa) si
produkt i kostove pér njési (pér MHz) dhe gjerésia e brezit HEO né secilén frekuencé.

Kostot e njésisé pér Mhz llogariten bazuar né té dhénat e siguruara nga operatorét.

Kostot e licencés (Kostot e njéhershme vjetore, Tarifat e licencés (OPEX)) mund té
gjenden né fletén "Inventari dhe kostot e njésisé", seksioni 5.

12 And for the pure LRIC calculation for interconnection costs
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5.2.3 Shpenzimet e pergjithshme te biznesit

Shpenzimet e pérgjithshme té biznesit konsiderohen né modelin e bazuar né gasjen
EPMU, duke marré parasysh njé shénjues té aplikuar né totalin e kostove té tjera (kostot
e rrjetit, stafi i interkoneksionit, kostot e licencés).

Ky shénues merret nga té dhénat pérkatése té siguruara nga operatorét.

Shenjuesi paraget pérgindjen e kostove té papagueshme né shumén e kostove té rrjetit
dhe kostove me pakicé.

Kur ky shenjues zbatohet né shumén e llogaritur té kostos sé njésisé sé rrjetit, kostos sé
njésisé sé stafit té interkonjeksionit dhe kostos sé njésisé sé licencés sé spektrit, rezultati
éshté kostoja totale e njésisé. Si pasojé, kostoja e njésisé sé pérgjithshme té biznesit do
té pérfagésonte ndryshimin midis kostos totale té njésisé pas aplikimit té shenjuesit dhe
kostos totale té njésisé para aplikimit té shénjuesit.

Shpenzimet e pérgjithshme té biznesit gé do té merren parasysh duhet té jené vetém ato
té réndésishme pér rrjetin. Modeli pércakton njé shénjues pér té nxjerré pérbérésin e
rrjetit té shpenzimeve té pérgjithshme té biznesit nga shuma totale. Né fakt, ky shénjues
pasgyron vetém pjesén e shpenzimeve té pérgjithshme té alokuara né fushén e kostove
té modeluara. Llogaritja bazohet né tre parametrat vijues té cilét jané siguruar nga
operatorét:

e Kostoja e rrjetit ;
e Kostot me pakice;
e Kosto te papagueshme.

Bazuar né té dhénat e mbledhura, rritja e pérdorur né model evoluon pak me kalimin e
kohés, né periudhén 2020-2025, ndérsa konsiderohet konstante pas vitit 2025.
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Figura 26 - Llogaritja e shpenzimeve té pérgjithshme té biznesit
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5.3 Pershkrimi

Ekziston njé gamé e gjeré gasjesh pér té zhvlerésuar njé investim, por NRA-té né Evropé
kryesisht pérdorin zhvlerésimin ekonomik kur zbatojné modelin nga poshté-lart sesa
amortizimin e kontabilitetit me anuitetet e straight line.

Amortizimi ekonomik llogarit amortizmet gé evoluojné me té ardhurat e pritshme té
gjeneruara nga aktivi gjaté jetés sé dobishme té aktivit. Amortizimi ekonomik
pércaktohet thjesht si ndryshimi periudhé pas periudhe né vlerén e tregut té njé aktivi.
Vlera e tregut e njé aktivi éshté e barabarté me vlerén aktuale té té ardhurave gé pritet té
krijojé aktivi gjaté pjesés sé mbetur té jetés sé tij té dobishme.

Metodat mé té pérshtatshme pér zhvlerésimin e investimeve jané:
e Amortizim vjetor i shkallézuar (Tilted Annuity)
e Amortizim vjetor i shkallézuar i axhustuar (Adjustet Tilted Annuity)

Sic éshté theksuar né Kornizén Konceptuale, "AKEP éshté i piképamjes paraprake se
gasja e amortizimit vjetor te shkallézuar éshté mé e pérshtatshme pér t'u pérdorur pér té
gjitha pasurité. ”.

Si pasojé, né model, amortizimet llogariten me metodén e “Tilted annuities’. Formula e
amortizimit ‘Tilted annuity’ éshté ndoshta formula mé e pérhapur e amortizimit e
pérdorur pér géllime rregullatore. Ai pérfshin njé prirje e cila mundéson llogaritjen e
anuiteteve té evoluojné né pérputhje me ndryshimet e ¢gmimit té aseteve: nése njé ¢cmim
i aseteve rritet me 5 pérgind né vit, anuitetet gjithashtu do té rriten me 5 pérgind né vit.

Njé formulé€ e till€ u dérgon sinjale t€ pérshtatshme ‘ndérto ose blej’ aktoréve té tregut.
Lehtéson pérséritjen e tarifave vjetore me té cilat pérballet njé operator né njé treg
konkurrues.

Edhe me e rendesishmja, metoda ‘tilted annuity’ lejojn njé evolucion té geté té kostove
vjetore, pavaresisht ndryshimeve te gmimeve dhe cikleve te investimeve. Né fund té jetés
sé dobishme té njé aktivi, d.m.th. kur aktivi duhet té rinovohet, amortizimet e llogaritura
me metodén e cituar do té jené té ngjashme pak para dhe menjéheré pas rinovimit té
aktivit.

Nén qasjen e referuar, rikuperimi i kostos pér njé aktiv éshté njé funksion i kostos
zBvendésuese té aktivit, prirjes vjetore té pritshme té ¢mimit té aktivit, jetés sé pritur
ekonomike té aktivit dhe WACC.

Figura 27 - Metoda e amortizimit (Tilted Annuity)
(w-pA+p'A+w)”

- (155)

At=IX
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Source: TERA Consultants
Ku:

- A:¢ Riparimi vjetor i kostos

- I: Invensitmi fillestar

- . WACC - Llogaritja e WACC dhe vlera e pérdorur pérshkruhet né detaje né seksionin
vijues § 6

- p: trendi i cmimit té aseteve

- n: jeta ekonomike e asetit

- PT: Kushtet e pagesés

Né modelin e kostos, kapitali garkullues éshté i pérjashtuar dhe afati i pagesés éshté
vendosur né 0, késhtu gé formula e amortizimit e pérdorur né ményré efektive éshté:

Figura 28 - Metoda e pritjes sé anuar pas vendosjes sé afatit té pagesés né 0
t
(w—p)A +p)
I X

- (35

t =

Source: TERA Consultants
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5.4 Alokimi i kostos

Pasi té llogariten kostot totale dhe kostot shtesg, hapi tjetér éshté alokimi i tyre te
shérbimet né ményré gé té zbritet kostoja e shérbimit té synuar. Alokimi mund té
ndryshojé né pérputhje me gasjen e zgjedhur: ose né LRAIC +, ose né LRIC té Pastér.
Modeli zbaton si standardin e kostos: LRAIC + pér té gjitha shérbimet dhe LRIC té pastér
pér tarifat e terminimit, si¢ citohet né MRP.

5.4.1 Qasja e alokimit té kostos LRAIC +

5.4.1.1 Alokimi i kostove totale vjetore

Duke njohur koston totale vjetore té secilit element té rrjetit, qéllimi éshté té pércaktohet
pérgindja e pérdorimit té secilit element nga secili shérbim.

Modeli bazohet né metoden ‘Alokimi i Kapacitetit t&€ Kérkuar’. Ajo i pérket ‘rregullave
propocionale te familjes’ (alokimi teknik), ku kostot alokohen né pérputhje me
kapacitetet e kérkuara pér secilin shérbim té mbéshtetur nga rrjeti. Né rastin e rrjeteve
telekomunikuese, kostot mund té alokohen né bazé té brezit té oréve té ngarkuara®>,

Pér shembull: Nése njé telefonaté né internet pérfagéson 10% té pérdorimit té
pérgjithshém té trafikut té BTS, 10% té pérdorimit té pérgjithshém té trafikut té¢ BSC,
5% té pérdorimit té pérgjithshém té trafikut t¢ MSC dhe 5% té pérdorimit té pérgjithshém
té trafikut t¢ MGW,; atéheré kostoja totale vjetore e alokuar pér kété shérbim
korrespondon me 10% té kostos vjetore té BTS, 10% té kostos vjetore t& BSC, 5% té
kostos vjetore t& MSC dhe 5% té kostos totale vjetore t¢ MGW.

Pérgindja e pérdorimit t& nyjeve té rrjetit nga shérbimet e ndryshme llogaritet duke
pérdorur tabelén e rutimit t& dhéné si pjesé e procesit té mbledhjes sé té dhénavel*

Pér shembull: njé telefonaté hyrese duhet té aktivizojé 2 BTS ndérsa njé thirrje dalése e
rrjetit duhet té aktivizojé vetém njé BTS té rrjetit té€ operatorit. Duke béré té njéjtén gjé
me té gjitha shérbimet, dhe duke marré parasysh trafikun me oré té ngarkuar BH té secilit
shérbim, béhet e mundur té pércaktohet pérgindja e pérdorimit té njé BTS nga secila
pajisje. Supozohet né model gé alokimi béhet sipas trafikut té oréve té ngarkuara.

Kostoja e llogaritur duke pérdorur kété metodé pérfagéson koston totale vjetore té
alokuar pér té gjithé trafikun vjetor té shérbimit. Hapi vijues éshté pércaktimi i kostos

13 Nése konsumi i bandés sé orés sé zéné (= nxitési mé i réndésishém i kostos) i shérbimeve té ndryshme ndryshon né
varési té segmenteve té rrjetit, éshté e nevojshme té ndahet kostoja totale nga segmentet e rrjetit pérpara se té

kryhet alokimi i kostos

14 Matrica e rutimit e pérdorur né model mund té gjendet né fletén “Matrica e rutimit”
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pér njési té trafikut té shérbimit. Kjo arrihet duke pjesétuar koston totale té llogaritur me
trafikun e pérgjithshém vjetor té shérbimit.

Figura 29 - Qasja e alokimit té bazuar né kapacitet

Routing matrix Total traffic Network costing

Network element utilization Network total yearly
rate by each service* cost

Cost of each service

Inputs

Burimi: Konsulentét TERA
* Pér secilin element té rrjetit, shuma e normave té shfrytézimit mbi té gjitha shérbimet éshté gjithmoné e
barabarté me 100% pérndryshe; disa kosto nuk do té rikuperohen.

5.4.1.2 Alokimi i kostove shtesé

Me Alokimin e kapacitetit té Kérkuar, alokimi i kostos totale té njé artikulli té kostos
shtesé (p.sh. kostoja totale e stafit té ndérlidhjes) midis té gjitha shérbimeve, bazohet né
trafikun e pérgjithshém tregtar té secilit shérbim. Ndérsa trafiku shprehet né njési té
ndryshme (minuta pér zérin, njésité pér SMS dhe MMS, M bytes pér té dnhéna), modeli
duhet té shndérrojé trafikun né njé njési homogjene pér té alokuar koston e rrjetit midis
té gjitha shérbimeve. Né model, té gjitha njésité e trafikut té shérbimeve jané shndérruar
né 2G minuta.

Kostot e stafit té ndérlidhjes dhe roamingut

» Kaostot e stafit t& ndérlidhjes alokohen pér shérbimet e interkoneksionit bazuar né
trafikun komercial (konvertuar né 2G min pér géllime homogjeniteti);

» Kaostot e stafit té roaming jané alokuar pér shérbimet roaming bazuar né trafikun
komercial (konvertuar né 2G min pér géllime homogjeniteti);
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Kostot e stafit té ndérlidhjes dhe roamingut

Lidhur me koston e licencés (tarifat vjetore dhe njé heré), alokimi bazohet gjithashtu né
trafikun komercial (konvertuar né 2G min pér géllime homogjeniteti)

Kostot e pa atribuara

Pér kostot e atribuara (shpenzimet e pérgjithshme), alokohen né sajé té gasjes EPMU
(Equi-Proportionate Mark-up). Si¢ paragitet né seksionin § 5.2.3, njé ngritje (mark-up)
llogaritet bazuar né té dnhénat e operatoréve, té cilat zbatohen pér koston e secilit shérbim;

5.4.2 Qasja e pastér e alokimit té kostos LRIC

Kostoja e pastér LRIC e njé shérbimi té caktuar éshté kostoja e shmangur kur nuk
siguroni shérbimin e zgjedhur.

Né model, gasja e pastér LRIC pérdoret pér t¢ modeluar normat e pérfundimit. Ai
konsiston né modelimin e rrjetit ndérsa merret parasysh i gjithé trafiku pérveg trafikut
pérfundimtar. Kjo lejon llogaritjen e kostos sé shmangur gé rezulton né (hipotetikisht)
hegjen e trafikut pérfundimtar.

Pér ta béré kété, modeli pérdor njé makro specifike (shih pérshkrimin e algoritmit né
Shtojcé). Ky makro, sé pari, heq véllimet e trafikut gé& duhen marré né “rritje
inkrementale té pastér”. Pastaj, kostoja totale e rrjetit e marré me hegjen e "rritjes
inkrementale té pastér” zbritet né koston totale té rrjetit t€ marré me té gjitha shérbimet
(pérfshiré "rritjen e pastér"). Dallimi gé rezulton ndahet nga "rritja inkrementale e pastér"
(d.m.th. trafiku pérfundimtar) né ményré gé té merrni njé kosto njésie té trafikut pér
shérbimin.

Grafiku i méposhtém pérmbledh metoden e pérdorur né model:
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Figura 30 - Metoda e alokimit té bazuar né kapacitet

Traffic
Total traffic the service
selected
v \ 4
Network
3 q - > .o. 3
Qﬁ* = dimensioning = Q

rules

A 4 A 4
Network cost when not
Total network cost o .
providing the selected service

Avoided cost of the
selected service

Inputs Intermediary result

Source: TERA Consultants

Megenése shpenzimet e pérgjithshme té biznesit dhe tarifat e licencés konsistojne ne
kostot e pérbashkéta, ato nuk kapen mekanikisht brenda metodes "LRIC i pastér".

Né praktiké, né model, pérkufizimi i rritjes pér secilén kategori (z€, SMS, MMS dhe té
dhéna) pércaktohet né Fletén "Pure LRIC", seksioni 1.

6 Llogaritjae WACC

Kostoja e kapitalit mat mundésiné ose koston alternative té burimeve té kapitalit (borxhi
dhe kapitali) té investuara né rrjet.

Ai konsideron se kthimi né asetet e kompanisé duhet té jeté i barabarté me kthimin total
té pritur nga aksionerét e saj dhe kreditorét e borxhit, té€ ponderuar nga kontributi i tyre
pérkatés né financimin e kompanisé.

Llogaritja e WACC zakonisht kryhet para taksave dhe ndjek 4 hapa kryesoré qé kérkon
llogaritjen e 4 parametrave:

73



N
Modeli dhe rezultatet e kostove té shérbimeve me shumicé té rrjeteve celularé h

1. Raporti i ingranazhit (The gear ratio): proporcionet relative té borxhit dhe
kapitalit neto té pérdorura pér financimin e investimit;

2. Kostoja pérpara tatimit e borxhit: norma e interesit qé ofruesit e borxhit do t'i
ngarkojné kompanisé pér sigurimin e borxhit ndaj njé investimi té tillg;

3. Kostoja pérpara tatimit e kapitalit: shkalla e kthimit gé investitorét do té
prisnin pér njé investim té tillé;

4. Taksa e korporatave: pérgindja me té cilén tatohet korporata.

Llogaritja e WACC kryhet sipas formulés mé poshté:

Figura 31 - Formula e llogaritjes s¢ WACC

Debt level in the Vs Equity level in the company‘s
company‘s asset base &= v+ 7, asset base
x T
— E
wAcC,, ,..=C,.G (1-G)
b
A A v VVVVVVV '

H Pre-tax cost of debt H Pre-tax cost of equity I Corporate tax

Source: TERA Consultants

Para se té analizoni secilin nga hapat e nevojshém pér té llogaritur koston e kapitalit,
éshté e réndésishme té zgjidhni njé grup té kompanive (peer group) gé do té pérdoren si
referencé pér krahasimin e parametrave. Pérzgjedhja e peer group éshté njé element kyc
né llogaritjen e WACC; seksioni tjetér diskuton kriteret e pérdorura pér té identifikuar
kéto kompani dhe paraget rezultatin e analizés.

6.1 Identifikimi i grupit referencé (peer-group)

Shqipéria éshté zyrtarisht njé kandidat pér t'u bashkuar né Bashkimin Evropian (BE)
théné kjo, éshté e réndésishme (pér géllimin e géndrueshmérisé) té bazohet né analizé
duke marré parasysh kriteret e pérdorura zakonisht nga vendet e BE-sé (té pérmbledhura
né udhézimet®® e Bordit t& Rregullatoréve Evropiané pér Komunikimet Elektronike
(BEREC) té paragitura pér operatorét e tjeré relevanté né vendet né UE dhe jashté UE.

15 BEREC Report on WACC parameter calculations according to the European Commission’s WACC Notice of 7th
November 2019 (WACC parameters Report 2020) -
https://berec.europa.eu/eng/document register/subject matter/berec/download/0/9364-berec-report-on-wacc-
parameter-calculati 0.pdf - page 16
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Pér mé tepér, kompanité e analizuara / té zgjedhura operojné né vende gjeografike prané
Shqipérisé me njé numér karakteristikash té pérbashkéta té tregut.

Udhézimet e BEREC pérshkruajné pesé kritere kryesore pér té zgjedhur kompanité si
referencé ‘peer group’. Pér géllimin e kétij studimi, dy kritere shtesé jané marré né
konsideraté, (i) operatorét gé do té zgjidhen duhet té kené njé aktivitet celular (pasi gé
WACC pér tu llogaritur ka té béjé vetém me aktivitetin celular) dhe vendndodhja
gjeografike e operatoréve gé do té merren parasysh, té cilat mund té jené jashté EU por
gjeografikisht té lidhur me rastin Shqiptar.

Gjashté kriteret e mbajtura né analizé jané pérmbledhur né tabelén vijuese:

Tabela 1 - grup kriteresh pér zgjedhjen e peer group

Kompanité e zgjedhura operojné
e : Jo Po
njé aktivitet té telefonise celulare

Kompanité e zgjedhura renditen
né tregjet e bursés dhe aksionet e | Po Po
tyre tregtohen né ményré likuide

Kompanité e zgjedhura zotérojné
dhe investojné né infrastrukturéne | Po Po
komunikimeve elektronike

Po, por duhet t& jeté i hapur pér té
pérfshiré kompani té tjera té
Kompanité e zgjedhura operojné Po ngjashme, si Mbretéria e Bashkuar
kryesisht né BE ose Norvegjia dhe Zvicra, té cilat
jané vende me té cilat BE ka lidhje
té ngushta ekonomike

Kompanité e zgjedhura kané njé
vlerésim té shkallés sé investimit | Po Po
(BBB / Baa3) ose mé lart

Kompanité e zgjedhura nuk jané
pérfshiré kohét e fundit né shkrirje
(merges) dhe blerje té
konsiderueshme

Po Po

Source: TERA Consultants

Duke marré parasysh kriteret e paragitura mé lart, u analizuan 28 kompani / operatoré
(g€ i pérkasin 23 vendeve té ndryshme). Analiza identifikon 15 kompani té konsideruara
si té réndésishme (né lidhje me kriteret e pérzgjedhjes) gé do té pérfshihen né grupin e
kolegéve (peer group).

Tabela e méposhtme paraget listén e operatoréve té zgjedhur né grupin e kolegéve, si dhe
vendet té cilave u pérkasin:
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Tabela 32 - Lista e kompanive té pérfshira né ‘peer group’

Telia Lietuva AB Lituania Po
Elisa Corporation Finlanda Po
Orange Belgium SA Belgjika Po
Magyar Telekom Telecommunications PLC Hungaria Po
Tele2 AB Suedia Po
Telekom Austria AG Austria Po
Proximus S.A. Belgjika Po
Swisscom Ltd. Zvicra Po
Telia Company AB Suedia Po
Telenor ASA Norvegjia Po
Koninklijke KPN N.V. Hollanda Po
BT Group PLC Mbreteria e Bashkuar | Po
Orange SA Franca Po
Vodafone Group PLC Mbreteria e Bashkuar | Po
Deutsche Telekom AG Gjermania Po
GOP.L.C. Malta Jo
Bulgarian Telecommunications Company AD Bullgaria Jo
TELEKOM SLOVENIJE, d.d. Sllovenia Jo
SONAECOM - S.G.P.S. S.A. Portugalia Jo
Hrvatski Telekom d.d. Kroacia Jo
02 Czech Republic Republika Ceke Jo
TDC A/S Danimarka Jo
Portugal Telecom, SGPS, SA Portugalia Jo
Orange Polska Polanda Jo
HELLENIC TELECOMMUNICATIONS ORGANIZATION S.A. Gregia Jo
Telecom ltalia SpA Italia Jo
ALTICE NV (formerly VIVENDI) Hollanda Jo
Telefonica S.A. Spanja Jo

Source: TERA Consultants

Gjeografikisht, 15 kompanité e konsideruara brenda grupit té references jané té
vendosura kryesisht né EU. Figura e méposhtme, paraget vendndodhjen e operatoréve té

zgjedhur:
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Figura 33 - Grupi i references (*)

I Countries selected in the peer group

Burimi: TERA Consultants

(*) midis kllapés éshté numri i operatoréve té konsideruar né vend

6.2 Ingranazhet (gearing)

Raporti i ingranazhit éshté njé matje e l8vrimit financiar té njé kompanie, duke krahasuar
borxhin e kompanisé me kapitalin e saj té pérgjithshém (borxh + kapital).

Zakonisht tre metoda jané né dispozicion pér llogaritjen e tij:

1. Bazuar né vlerat e librit (vlera kontabél e borxhit dhe kapitalit té njé kompanie)
2. Bazuar né vlerén e kontabilitetit té borxhit dhe vlerés sé tregut pér kapitalin e vet
3. Bazuar né njé vleré efikase:
a. Bazuar né njé strukturé optimale té kapitalit;
b. Mund té béhet pérmes njé krahasimi té vendimeve té rregullatoréve té
tjere.
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Meqgenése vlera kontabél e kapitalit nuk kap potencialin e ardhshém té fitimeve té
firmave dhe aftésiné e tyre pér té mbajtur borxhin, vlerat e tregut® rekomandohen pér té
vlerésuar vlerén e kapitalit.

Si rrjedhojé, modeli pérdor gasjen e dyté me vlerén e kontabilitetit pér borxhin dhe vlerat
e tregut té kapitalit qé rrjedhin nga Thomson Reuters Eikon.

Raporti (gearing)i ingranazheve llogaritet si mé poshté:

Ku:

- G: Raporti i ingranazhit
- D: Vlera kontabél e borxhit total
- E: Vlera e tregut e kapitalit neto

6.3 Kostoja para tatimit e borxhit

Kostoja para tatimit e borxhit gqé pasgyron koston e huazimit té ndérmarrjes mund té
llogaritet sipas tre ményrave kryesore:

1. Bazuar né vlerat e librit (Bazuar né té dhénat e kontabilitetit té librit aktual té
kredisé

2. Bazuar né njé nivel té efektshém huamarrjeje (Bazuar né njé libér kredie efikas
(portofol i huave té ndryshme afatgjata) i shogéruar me kostot pérkatése té
borxhit);

3. Shuma e normés pa rrezik dhe primi specifik i borxhit té kompanise.

Né pérgjithési, metoda e paré dhe e dyté nuk pérdoren nga rregullatorét. NRA
(vecanérisht né Evropé) mbéshtetet né gasjen e treté.

Kostoja e borxhit né metodén e treté llogaritet si shuma e normés pa rrezik dhe primit té
borxhit:

Cpb = R + Primi i borxhit

e Shkalla pa rrezik: Shkalla e pritur e kthimit té njé aktivi pa rrezik, mund té
llogaritet bazuar né obligacione (bonds).

e Primi specifik i borxhit (e njohur edhe si shpérndarje e korporatave): primi mbi
normén pa rrezik gé reflekton koston shtesé pér kompanité pér té rritur borxhin.

16 Market values consist in the product of the price of the share and the number of outstanding shares for each
company
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6.3.1 Shkalla pa rrezik

Pér té pércaktuar normén pa rrezik pér Shqipéring, gasja e zakonshme pér té pérdorur
bondet geveritare nuk éshté e disponueshme pasi Shgipéria nuk emeton bono me maturim
10 vjet. Modeli pérdor normén pa rrezik pér Gjermaniné dhe shton primin e rrezikut té
vendit pér Shqgipériné né krye té saj pér té shérbyer si njé pérfagésues pér normén pa
rrezik pér Shqipériné, si¢ ilustrohet nga formula e méposhtme:

Rr(Albania) = Rp(Germany) + CRP(Albania)
Ku:

- Rr(Albania): Norma shqiptare pa rrezik, qé do té pérdoret pér llogaritjen e WACC
- Re(Germany): Norma gjermane pa rrezik e pérdorur si referencé
- CRP Premium i Rrezikut té Vendit (pér Shqipériné)

Kjo gasje zakonisht pérdoret dhe konsiderohet si njé praktiké mé e miré né llogaritjet e
WACC.

Shkalla pa rrezik pér Gjermaniné llogaritet nga mesatarja e rendimenteve té bondeve
gjermane 10-vjecare pér periudhén e shqyrtuar.

Primi i rrezikut té vendit pér Shqgipériné merret nga njé studim i kryer nga eksperti
financiar Aswath Damodaran nga Universiteti i Nju Jorkut. Ky studim pércakton primin
e rrezikut té vendit duke pérdorur shpérndarjet e paracaktuara té kredisé sovrane.

6.3.2 Primi borxhit

Dy modele jané zbatuar né model pér té llogaritur primin e borxhit:

1. Bazuar né mesataren e pérhapjes sé CDS 10-vjecare né grupin e kolegéve (peer
group), nga Thomson Reuters Eikon.

Lidhur me kété gasje té paré, primi i borxhit bazohet né pérhapjet e CDS si njé
pérfagésues qé pasgyron rrezikun rrités né rast té mospagimit té borxhit.

Né model, mesatarja e pérhapjes ditore té CDS gjaté periudhés sé marre parasysh
konsiderohet si njé pérfagésues pér té llogaritur primin e borxhit.

Té dhénat jané marré nga bazat e té dhénave Thomson Reuters.

2. Bazuar né rendimentin e Indeksit té Korporatave té IBOXX Euro, i cili éshté njé
indeks i lidhjeve korporative té kompanive té telekomunikacionit evropian, nga
Thomson Reuters Eikon.

Bazuar né kété pérqgasje té dyté, primi i borxhit matet si diferencé midis YOBs té
bonove korporatave té telekomit dhe normés gjermane pa rrezik. Pérdoret
mesatarja e rendimenteve ditore vjetore gjaté periudhés sé shqyrtuar.
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Qasja e dyté konsiderohet né rastin bazé té llogaritjes s¢ WACC.

6.4 Kostoja para tatimit e kapitalit (equity)

Llogaritja specifike e kostos para tatimit té kapitalit (hapi 3 né Figurén 31) bazohet né
formulén e Modelit t¢ Cmimit té Aseteve Kapitale (CAPM) dhe kérkon pércaktimin e (i)
normés sé pritur té kthimit né treg ry,, (ii) norma pa risk 7, dhe (iii) beta .

Figura 34 - Formula e llogaritjes sé kostos sé kapitalit

I Market risk premium or equity risk premium

A

v '

H Risk free rate of return H Beta of the risky asset

Burimi: TERA Consultants

6.4.1 Primii riskut té tregut (ose primi i riskut té kapitalit neto)

Primi i rrezikut té tregut éshté kthimi shtesé gé njé investitor pret té marré nga mbajtja e
njé portofoli té njé tregu me risk né vend té aktiveve pa risk.
Mund té vlerésohet bazuar né tre metoda kryesore:

1. Bazuar né studime té pavarura té drejtuara nga eksperté financiaré pérkatésisht:
i. metoda Damodaran e Universitetit t¢ New York-ut;
ii. dhe metoda DMS (Dimson, Marsh dhe Staunton).

2. Bazuar né krahasimin e vendimeve té rregullatoréve té tjeré.

Modeli pérdor metodén e paré, metodén Damodaran, pér té vlerésuar primin e riskut té
tregut.

6.4.2 Shkalla pa risk

Norma pa risk e pérdorur pér koston e kapitalit éshté ajo qé pérdoret pér koston e borxhit.
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6.4.3 Beta e aktivit té riskut

Beta e njé aktivi éshté njé masé e rrezikut té tij sistemik krahasuar me tregun né térési
(portofol pérfagésues i tregut). Pesé metoda jané né dispozicion pér rregullatorét pér ta
llogaritur até:

1. Vlerat historike: Beta matet nga krahasimi midis regresionit té kthimit té
kompanisé Rj (pérfshiré dividentét dhe vlerésimin e ¢cmimit) dhe kthimin e tregut
Rm (Rj=a+ B * Rm ku B €shté€ Beta e aksioneve;

2. Benchmark-u i rregulluar i kompanive té krahasueshme: Bazuar né standardin
nga B i kompanive té krahasueshme (peer group). Kjo metodé éshté rregulluar
pér té marré né konsideraté levén e ndryshme financiare ndérmjet ndérmarrjeve
(pa leverdi duke marré parasysh ndérmarrjet / ingranimet e taksave dhe ri-
nivelimin e konsideruar ingranazhin e llogaritur dhe taksén shqiptare);

3. Llogaritja e njé Beta té synuar bazuar né EBITDA té operatoréve té integruar;

4. Standardi i rregullatoréve: Krahasimi me rregullatorét e tjeré.

Modeli pérdor metodén e dyté. Dy grupe t€ t&€ dhénave pérdoren pér té llogaritur B té
paleveruara dhe té rrafshuara né model:

1. Grupi i kolegéve B mujor nga Thomson Reuters Eikon.
2. Grupi i kolegéve B tremujor nga Thomson Reuters Eikon.

Pér té gjithé parametrat e méparshém, mesatarja né horizonte té ndryshme kohore
llogariten né model: 1 vjeg, 2 vjet, 3 vjet dhe 5 vjet. Horizonti kohor pér mesataren
éshté njé parametér model, dhe pér rastin bazé, konsiderohet njé horizont kohor

prej 3 vjetésh.

6.5 Shkalla e taksés sé korporatave

Shkalla e taksés sé korporatave mund té vlerésohet duke pérdorur dy ményra:

1. Shkalla e taksave ligjore té korporatave: e vendosur nga ligji mbi té ardhurat e
tatueshme té kompanisé;

2. Shkalla efektive e taksave té korporatave: shkalla e taksave té paguara né té
vérteté nga kompania. Mund té ndryshojé ¢do vit né varési té lejimeve té kapitalit
(Reduktimi i shumés sé taksés sé korporatés sé pagueshme, i ofruar si njé nxitje
pér investime), ndikimi i niveleve t& ndryshme té taksave pér njé kompani gé
operon né disa vende, lehtésimi nga humbjet e kaluara, boshlléget...

Qasja statutore e korporatés (gasja e paré) e normés sé taksés éshté me véshtrim pérpara,
transparente dhe e lehté pér t’u zbatuar, si dhe éshté e pavarur nga struktura e kapitalit té
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ndérmarrjes dhe vendimet e saj té investimeve. Kjo éshté praktika mé e miré e pérdorur
kryesisht nga rregullatorét. Prandaj, qasja e paré e zbatuar né model.

Modeli pérdor njé tabelé té normave ligjore té taksave té korporatave né té gjithé botén
té siguruara nga KPMG pér té pércaktuar normén e taksave ligjore té korporatave
shqiptare.

6.6 Rezultatet e WACC

Bazuar né gasjen e pérshkruar mé sipér, vlera e Kostos Mesatare té Ponderuar té Kapitalit
e llogaritur éshté 10.05%.

Tabela e méposhtme paraqget vlerén e secilit prej parametrave té llogaritur:

Tabela 35 - Detajet e llogaritjes s&¢ WACC

1. Kostoja e borxhit = RF + PD
Shkalla pa rrezik (RF) % 5,5%
Premium i borxhit (PD) % 1,0%

2. Kostoja e Kapitalit = RF + 3 * ERP

Shkalla pa rrezik (RF) % 5,5%
Beta (B) # 0,83
Premium i Riskut té Kapitalit (ERP) % 5,4%

3. Ingranazhe

4. Norma e tatimit

WACC nominale para tatimit

Source: TERA Consultants
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7 Percaktimi i gmimit

7.1 Raportet e terminimit te thirrjeve ‘voice’ celulare (MTR)

7.1.1 Cmimi mesatar pér periudhén 2022-2024

Modeli éshté ndértuar bazuar né njé horizont kohor shumévjecar; merr né konsideraté
evolucionin e kostove brenda njé periudhe kohore dhe jep rezultate jo vetém pér situatén
aktuale té rrjetit por gjithashtu edhe pér vitet né vijim.

Grafiku i méposhtém paraget kostot vjetore té llogaritura, si pér MTR-né kombétare
ashtu edhe pér até ndérkombétare:

Figura 36 — Rezultatet vjetore té modelit

National MTR International MTR
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Source: Mobile cost model

MTR i ri propozohet té zbatohet duke filluar nga viti 2022. Shkalla e synuar llogaritet si
mesatarja e normave vjetore pér njé periudhé prej 3 vjetésh, e cila shtrihet nga 2022 né
202417,

Bazuar né rezultatet e llogaritura vjetore, modeli llogarit kostot e pastra mesatare té LRIC
(né Fletén "Rezultatet™) pér pércaktimin e ¢gmimit.

Cmimi mesatar pér periudhén 2022-2024 llogaritet duke marré parasysh vlerén neto
aktuale té kostove té pastra LRIC té llogaritura ¢do vit pér shérbimet: kostot e pastra
vjetore té LRIC ponderohen nga trafiku vjetor i shérbimit té konsideruar mbi té cilin
aplikohet WACC.

Formula e pérdorur né llogaritjet paragitet mé poshté:

17 viti i fundit i horizontit kohor nuk duhet té kalojé té ardhmen e afért
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Figura 37 - Cmimet mesatare

pureLRIC; X Traf ficVolume;
! 1+ w)!
TrafficVolume;
Zi 1+ w)?

X

PLRIC_Pricegerpice =

Source: TERA Consultants
Ku:

- pureLRIC;: llogaritet ¢do vit kosto e pastér LRIC pér shérbimin né vitin i
- Traffic Volume;: véllimi vjetor i trafikut té shérbimit né vitin i
- PLRIC_Price_service: Cmimi i pastér LRIC i shérbimit pér periudhén 2022-2024

Kostot mesatare té llogaritura duke marré parasysh formulén e mésipérme jané paragitur
né tabelén vijuese:

Tabela 38 - Rezultatet e MTR (tarifa e synuar)

MTR pér thirrjet zanore 0.751 Lek/min

MTR pér thirrjet ndérkombétare me zé 0.762 Lek/min

Source: TERA Consultants

Tarifat e terminimit mobile (kombétar) té llogaritur nga modeli i kostos sé 1évizshme
jané 31% / 32% mé té uléta se ato gé jané aktualisht né fugi né Shqipéri (prej rreth 1.11
Lek / min).

MTR pér té dy shérbimet (thirrjet zanore kombétare dhe ndérkombétare) jané té té njéjtit
rend madhésie.

Krahasuar me tarifat e terminimit mobile té llogaritur posacérisht né vende té ndryshme
evropiane, tarifat e reja té llogaritura nga modeli i kostos jané ndér vendet e treta me njé
¢cmim mé té liré.

Grafiku i méposhtém krahason MTR-né e llogaritur me ato té raportuara né BEREC pér
vendet e ndryshme té BE-sé né vitin 2020:
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Figura 39 - Rezultatet vjetore té Modelit Shkalla e Terminimit t& Zérit né Evropé gé nga Janari, 2020 - Lek / min —
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7.1.2 Glide path

Glide path i referohet njé mijeti rregullator , i cili pérdoret kur NRA-té u kérkon
operatoréve té ulin ¢gmimet gjaté njé periudhe kohore té menjéhershme ose te shtrire ne
kohe, né nivelin e llogaritur drejt kostos sé orientuar. Né praktikén rregullatore Glide
path jané konsideruar té zakonshme né caktimin e tarifave té orientuara drejt kostos,
arsyet mé té zakonshme qé lidhen me pérdorimin e tyre shogérohen me nevojén pér t'u
dhéné kohé operatoréve pér té rregulluar gradualisht planet e tyre té biznesit duke
shmangur ndérprerjet e menjéhershme né treg, vecanérisht kur ndryshimi midis MTR
ekzistuese dhe MTR té orientuar drejt kostos éshté i larté.

AKEP e konsideron glide path gjithashtu si njé mjet té réndésishém pér zbatimin e nivelit
té ri té MTR-se zanore té orientuar drejt kostos né rastet kur normat mesatare aktuale té
terminimit jané dukshém mé té larta se niveli i vlerésuar i kostos efikase.

Né kété drejtim, dy parametra Kryesoré sigurojné njé zbatim té geté té tarifave té reja té
orientuara drejt kostos:

» Hendeku midis niveleve té terminimit aktualisht né fuqi né Shqipéri dhe gé
Ilogaritet nga modeli i kostos;

» Kohézgjatja e zbatimit té glide path.

Hendeku midis normave aktuale té terminimit dhe normave té llogaritura

Normat aktuale té terminimit né Shqipéri jané rreth 1.11LEK / min ndérsa modeli
vleréson normat e terminimit zanor prej 0.751LEK pér thirrjet hyrése kombétare dhe
0.762LEK / min pér thirrjet hyrése ndérkombétare, e cila pérfagéson njé rénie me rreth
31% / 32%. AKEP konsideron se ky hendek é&shté i réndésishém dhe kérkon zbatimin e
njé glide path, veganérisht né periudhén afatshkurtér, ku ndikimet e krizés COVID19
mund té jené mé té réndésishme pér operatorét (dhe pér ekonominé mbarékombétare)
dhe gjithashtu duke pasur parasysh pasigurité rreth shérimi pas COVID19.
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Kohézgjatja e zbatimit té glide path

Gjatésia (kohézgjatja) e glide path éshté njé parametér ky¢ qé mundéson zbatimin e
tarifave sipas orientimit nga kosto né ményré té zbutur: duke pasur parasysh hendekun
prej 31% / 32%. Njé glide path shumé e shkurtér, pér shembull 6 muaj, do té siguronte
njé zbatim shumé té shpejté té shkallés sé terminimit zaror me kosto efikase, por
potencialisht nuk do té jeté i mjaftueshém pér té siguruar njé ulje té zbutur (smooth). Si
pasojé, nuk do té lejonte pérmbushjen e objektivit pér t’i siguruar njé periudhé té
pérshtatshme operatoréve pér té sistemuar planet e tyre té biznesit vecanérisht gjaté késaj
periudhe té krizés COVID19.

Nga ana tjetér, sa mé e gjaté té jeté gjatésia e glide path, aq mé i réndésishém éshté rreziku
I zgjatjes sé njé niveli mé té larté joefikasiteti, né dém té konsumatoréve dhe té
operatoréve me bilanc pérfundimtar negativ. Njé rrugé e gjate glide path kontribuon
gjithashtu né zbutjen e zbatimit té tarifave té reja té llogaritura.

Glide path jané pérdorur gjerésisht né vendet e ndryshme té Evropés né pércaktimin e
MTR kryesisht kur ata filluan té kalonin nga metodat e vjetra té llogaritjes s€ MTR né
LRIC té pastér sipas rekomandimit t& EC 2009 (kryesisht né periudhén midis 2009 dhe
2013 apo edhe 2015).

Pér mé tepér, sé fundmi Komisioni Evropian ka pérdorur pérdorimin e njé glide path
brenda kornizés sé niveleve té terminimit té thirrjeve zanore né té gjithé BE.

Tabela e méposhtme tregon kohézgjatjet e glide path té pérdorura né secilin vend kur
kaloni né tarifat e pastra té synuara LRIC si dhe hendekun midis ¢gmimit fillestar dhe atij
té synuar gé duhet té arrihet nga rruga e kalimit:
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Tabela 29 - Standardi i parametrave té glide path

AT 2,9 65%
BE 24 79%
FR 2,0 75%
GR 2,0 37%
IT 3,0 78%
LU 2,0 30%
NL 2,2 62%
NO 2,0 64%
PT 13 42%
ES 18 41%
EC-2020 3,0 71%
SE 4,0 67%
DK 3,7 71%
DE 4,1 64%

Source: Cullen®®, EC'® — analysis Tera Consultants

Tabela e mésipérme paraget pér secilin vend, hendekun midis tarifés fillestare (qé ishte
né fuqi pér MTR) dhe tarifés sé synuar té vendosur bazuar né njé standard té pastér té
kostos LRIC si dhe kohézgjatjen e glide path té konsideruar né secilin vend pér té zbutur
ndikimin e tarifat e reja.

Mund té vérehet se sa mé i larté éshté hendeku, ag mé e larté kohézgjatja e glide path,
késhtu gé mund té absorboje hendekun dhe té zbusé ndikimin e gmimeve té reja.

Grafiku i méposhtém paraget gjatésiné e diferencave te glide path sipas:

18 Tarifat e terminimit mobile- glide path-et,
https://www.hakom.hr/userDocsImages/javnarasprava/lgor/901/Prilog%202_MTR_Glide_paths_WE_October2011
.pdf

19 Komisioni Europian, https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=72433
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Figura 40 - Funksioni i zgjatjes sé glide path

Length of the glide path (in months)

50
45
40
35
30
25
20
15
10

0

® Considered

DE® eSE
® DK ® Not Considered
EC-2020
enT ® OIT
3 965x+17.,87.7 l\: ® BE
oLU o < = eNO eFR

® PT

0

T , Gap (in %)
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

T

5

T T T T T T T T T T T T T T T

Source: Tera Consultants

Bazuar né hendekun e llogaritur midis niveleve té méparshme té terminimit dhe normave
té llogaritura nga modeli i kostos, prej rreth 31% / 32%, kohézgjatja e glide path mund
té vlerésohet né 1.7 vjet pér thirrjet hyrése kombétare dhe ndérkombétare.

Duke marré parasysh krizén aktuale COVID19, AKEP éshté i mendimit té konsiderojé
periudhén 2 vjecare si rruga e duhur pér té zbatuar tarifat e synuara.

AKEP sugjeron glide path t& méposhtém pér zbatimin e ri t¢ MTR (kombetare):
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Figura 41 — Glide path (p.sh. thirrjet hyrése kombétare)
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Burimi: Tera Consultants

Bazuar né sa mé sipér, AKEP éshté i mendimit té konsiderojé periudhén 2 vjecare pér zbatimin e tarifave
té synuara dhe synon, pérmes kétij konsultimi publik, t& mbledh piképamjet e paléve té interesuara pér
zbatimin e glide path.
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7.2 Kosto te tjera té llogaritura nga modeli

Si¢ e cituam né dokumentin MRP, modeli i kostove mobile llogarit koston e té gjitha
shérbimeve té modeluara, duke konsideruar standardin e kostos LRIAC+.

Tabelat e méposhtme prezantojné llogaritjen e kostos sé njésisé né model, duke
konsideruar koston standard LRIAC+ (pér té gjithé shérbimet e modeluara) ose LRIC e
pastér (pure) pér shérbimet e terminimit.

> Kostot e terminimit té zérit LRAIC+ dhe LRIC e pastér (Pure) (pér shérbimet e
terminimit)

Table 6 — Kostot e terminimit té zérit

LRAIC+ Pure LRIC (Termination)

Voice blended termination Service unit
On-net A LEK/min 1,534
Voice LEK/min 1,476 0,751
International voice LEK/min 2,152 0,762
Inbound roaming N LEK/min 1,848
Outbound roaming” LEK/min 1,639

Source: Mobile cost model

> Kostot e origjinimit t€ zérit LRAIC+ dhe LRIC e pastér (Pure) (pér shérbimet e

terminimit)

Table 7 — Kostot e origjinimit té zérit

LRAIC+ Pure LRIC (Termination)

Senvce unit
Outgoing off-net N LEK/min 1,695
Inbound roaming N LEK/min 1,533
Outbound roaming” LEK/min 1,816
Other services
Voice - Outgoing - To national landlines LEK/min 1,700
Voice - Outgoing - International LEK/min 2,391
Voice - Other Outgoing Calls LEK/min 0,933
Voice - Value Added Service LEK/min 0,544

Source: Mobile cost model
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» Kostot SMS LRAIC+ dhe LRIC e pastér (Pure) (pér shérbimet e terminimit)

Table 8 — Kostot SMS

LRAIC+ Pure LRIC (Termination)

Senvce unit
On-net LEK/SMS 0,083
Outgoing off-net LEK/SMS 0,082
Incoming LEK/SMS 0,082 0,005
Other services
SMS - Outgoing - International LEK/SMS 0,082
SMS - Outgoing - Roaming LEK/SMS 0,081
SMS - Incoming - Roaming LEK/SMS -
SMS - Value Added Service LEK/SMS

Source: Mobile cost model

> Kostot e shérbimeve data (té¢ dhéna), LRAIC+ dhe LRIC e pastér (Pure) (pér shérbimet

e terminimit)

Table 9 — Kostot e shérbimeve data (t& dhéna)

LRAIC+ Pure LRIC (Termination)

Service unit
Data - national LEK/MB 0,065 0,012
Data - Inbound Roaming LEK/MB 2,555
Data - Outbound roaming LEK/MB 2,528

Source: Mobile cost model
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8 Shtojca

8.1 Zbatimi dhe pérdorimi i modelit

8.1.1 Zbatimi i modelit

8.1.1.1 Arkitektura e modelit

Figura 42 - Arkitektura e modelit té kostos mobile
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8.1.1.2 Pérshkrimi i fletéve

Tabela 30 - Pérshkrimi i fletéve

Source: Tera Consultants

8.1.1.3 Pérshkrimi i seteve té udhézimeve té implementuara
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8.1.2 Pérdorimi i modelit

8.1.2.1 Si té merren rezultatet
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8.1.2.1 Parametrat e ndryshém

Source: Tera Consultants

8.1.2.2 Pérshkrimi i parametrave

Tabela 31 - Pérshkrimi i parametrave

Parametrat ekonomiké

WACC 10.05% Vlerae WACC
Metoda e amortizimit Tilted Annuity Metoda pér té amortizuar capex (ose amortizimit te pershkallezuar ose vija e drejté)
Kapital garkullues NA Numri i muajve té kapitalit t& punés pér t’u pérfshiré kur llogariten kostot e amortizuara ose NA pér té mos marré parasysh kapitalin

qgarkullues né llogaritje.

Alokimi i kostos sé licencés "TE GJITHA" Ményra e alokimit té kostove té licencés: ose alokohet shuma e kostove té licencave "ALL" pér shérbimet 2G, 3G dhe 4G sipas trafikut
té BH ose alokoen kostot e licencés "pér techno": kostot e licencés 2G pér shérbimet 2G (dhe alokimi sipas trafikut ndérmjet
shérbimeve) dhe késhtu me radhé. Ka nje ndikim shumé té kufizuar né rezultate.

Trendi i cmimit -5% Rritja vjetore e njésise capex, e aplikuar kryesisht né kostot e pajisjeve pér té cilat nuk parashikohet trendi i ¢mimit.

Parametrat e modelimit

Niveli i modelimit Niveli kombétar Disa pasuri mund té modelohen ose né nivelin e gjeotipit ose drejtpérdrejt né niveli kombétar.

Brezat e frekuencave HEO né | FAUX Brezat e frekuencés gé kérkohen pér HEO llogariten bazuar né pjesén e tregut HEO. K&to parametra synojné té pércaktojné ose brezat
shuméfish té 5? e rrumbullakosura (né shuméfish té 5) ose jo té rrumbullakosura (shumefish i 1).

Burimi pér rrezet gelizore Mes rrezeve pérkatése Parametri gé pércakton burimet e rrezeve té gelizave té konsideruara (radii).
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Pérdorimi i lidhjeve 100Mbps me | Jo Parametri pér té pérdorur lidhjet 100Mpbs pér transmetim ose jo. Bazuar né mbledhjen e té dhénave, lidhjet 200Mbps nuk pérdoren.

fibra Ky parametér éshté vendosur vetém né 100Mbps.

Pérfshini ribalancimin VRAI Parametri pér té pérfshiré ribalancimin né llogaritjen ose jo. Ribalancimi konsiston né llogaritjen e pjesés sé pa rikuperuar té kostove
té pastra LRIC né kostot e tjera té llogaritura nga modeli.

Pérfshini kostot e papagueshme né | FAUX Parametri pér té pérfshiré ose jo njé pjesé té kostove té papagueshme né kostot e pastra LRIC ose jo. Ky parametér éshté vendosur

LRIC té pastér False né rastin bazé.

Nagjitja e trafikut FAUX Ky parametér synon té shtojé njé shénjues né trafik pér té pérfshiré trafikun teknik. Megenése trafiku BH sigurohet nga operatorét
dhe nuk llogaritet né modelin e bazuar né trafikun komercial, ky parametér vendoset False.

Qiraja / pronésia e stacioneve (site) Me gira Parametri pér té pércaktuar pronésiné e stacioneve (site). Pér rastin bazé, faget HEO konsiderohen té marra me gira.

Kapacitetet e pajisjeve Albanian oos Parametri gqé pércakton burimin e kapaciteteve té pajisjeve, ose bazuar né té dhénat e operatoréve shqiptaré ose té dhéna gjenerike.

P Ky parametér éshté vendosur né té dhénat shqiptare.
Shkalla e shfrytézimit Albanian ops Parametri qé pércakton burimin e normave té pérdorimit té pajisjeve, ose bazuar né té dhénat e operatoréve shqiptaré ose njé vleré

unike e cila do té zgjidhet pér té gjitha pajisjet nga lista. Ky parametér éshté vendosur né té dhénat shqiptare.

Source: Tera Consultants
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8.2 Analiza e ndjeshmérisé s¢ MTR ndaj ndryshimit t¢ WACC

MTR té llogaritura nuk jané shumé té ndjeshme ndaj ndryshimeve t¢ WACC. Tabela e
méposhtme paraget se si MTR reagon sipas ndryshimit t¢ WACC:

Tabela 44 - Ndjeshméria e MTR ndaj ndryshimeve t&¢ WACC

5% 0,74 0,75
6% 0,74 0,75
7% 0,74 0,75
8% 0,75 0,76
9% 0,75 0,76
10,05% 0,75 0,76
11% 0,75 0,76
12% 0,76 0,77
13% 0,76 0,77
14% 0,76 0,77
15% 0,77 0,78
16% 0,77 0,78
17% 0,77 0,78
18% 0,77 0,79

Burimi: TERA Consultants
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List of acronyms

Abbreviation

Table 1 - List of acronyms

Description

2G Second Generation of mobile telephony
3G Third Generation of mobile telephony
LEK Albanian currency
BSC Base Station Controller
BTS Base Transmitter Station
CAPEX CAPital EXpenditure
CE Channel Element
El 2Mbit/s unit of capacity
EDGE Enhanced Data rate for GSM Evolution
GSM Global System for Mobile communications
HLR Home Location Register
IN Intelligent Network
Kbps Kilobits per second
LRAIC Long Run Average Incremental Cost
LRIC Long Run Incremental Cost
MB Megabytes
Mbps Megabits per second
MEA Modern Equivalent Asset
MGW Media GateWay
MSC-S Mobile Switching Centre Server
Node-B UMTS equivalent to the BTS
OPEX OPerational EXpenditure
RNC Radio Network Controller
SGSN Subscriber GPRS Serving Node
SIM Subscriber Interface Module
SMS Short Message Service
SMSC SMS center
STM1 155Mbit/s synchronous transport module
TRX Transceiver Unit
UMTS Universal Mobile Telecommunications Systems
VLR Visitor Location Register
VMS Voice Mail System
WACC Weighted Average Cost of Capital

Source: TERA Consultants
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1 Introduction

1.1 Context

In order to address competition issues on the market for mobile electronic
communications, the Electronic and Postal Communications Authority (AKEP) imposes
rules which strive to create a predictable and level playing field for all market
participants, and which ultimately could facilitate efficient competition and provide a
broad range of price worthy services for consumers.

As part of its work, AKEP issued in 2020 two market analysis decisions in relation with
the mobile market:

» In April 2020, a decision related to the wholesale market for mobile access and
call origination, which concluded that the application of the three criteria test to
the market did not result in identifying the need for ex ante remedies, and
consequently that no Significant Market Power (SMP) operator could be identified
on this market.

» In June 2020, a decision related to the wholesale market for mobile call
termination (including international incoming calls), which concluded that the
three mobile operators competing on the Albanian market, i.e. Vodafone Albania,
Telekom Albania and Albtelecom, have a Significant Market Power (SMP) on their
respective networks and should be imposed non-discrimination, transparency,
access, and cost-oriented price control obligations in the wholesale call
termination market;

To calculate cost-oriented mobile termination rates (MTR), AKEP have until now relied
on a benchmark of MTRs of BEREC countries based on ‘Pure LRIC’ cost modelling
exercise, in line with the European Commission Recommendation of 7 May 2009 on the
Regulatory Treatment of Fixed and Mobile Termination Rates in the EU (2009/396/EC)
— The 2009 Recommendation.

While this approach has proved to be an efficient way to determine MTRs in Albania,
AKEP now intends to develop its own cost model, in order to ensure that MTRs reflect
accurately Albanian market conditions and characteristics.

In line with these objectives, AKEP with the assistance of TERA Consultants published
the Model Reference Paper describing and explaining the key modelling principles and
main parameters on which the new cost model will be based, taking utmost account of
the EC 2009 recommendation and international best practices

AKEP with the assistance of TERA Consultants has therefore built up a draft bottom-up
mobile network model in which the following major characteristics are implemented in
accordance with the conceptual framework:

e Bottom-Up modelling considering a geotyping approach

e Network dimensioning is based on a maodified scorched node approach;

2019-39 TERA 18
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¢ HEO (Hypothetical Efficient Operator) modelling with a 33% scale
e Network assets valued based on current cost

e LRIC+ approach for all mobile services and Pure LRIC for voice termination
regulated services (according to EC recommendation)

e Annuities calculated according to a yearly approach;
e Required capacity allocation methods for joint and common network costs
e EPMU allocation for un-attributable costs

e WACC calculation based on the CAPM approach

1.2 Data used

To develop these models, AKEP collected the necessary data from the three operators
through 2 rounds of data collection processes. Following the provision of operators’
answers, AKEP and TERA Consultants first crosschecked the consistency of the
information provided with:

e Others operators data;
e Benchmarks; and
e TERA'’s own data from similar projects.

When some data was not provided by operators, or when data submitted was
inconsistent with other data, the model uses as much as possible data available from
other regulators/cost models.

1.3 Purpose of the document

The objective of this document is to describe the assumptions, parameters, procedures
and methodologies used in the model. Some inputs and parameters values have been
removed for confidentiality reasons

In addition, section 7 presents a suggested approach for a pricing glide path
implementation. Operators are invited to express and justify their opinion on the
proposed approach.

The document is structured as follows:

» Description of the different networks modeled as part of the mobile cost model
(see section 82);

» Description of services modeled as well as data used for the traffic demand
considered (see section §3);

» Description of the network dimensioning and the different engineering rules used
(see section 84);
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Description of the network costing approach, including asset unit costs, OPEX
and the depreciation and allocation approaches (see section §5);

Description of the WACC calculation, performed separately in the WACC model
(see section 86)

Description of the pricing approach and the suggested glide path (see section
87).

The final section contains an appendix with the necessary information describing
the model implementation and usage, as well as an overview of embedded VBA
codes in the cost model. (see section §8)

1.4 General overview of the steps required for mobile cost
modelling

The purpose of the model is to:

dimension the modeled mobile network based on current and future service
demand;

to calculate the cost of this dimensioned network with relevant depreciation
method;

to allocate the cost between the different services (and especially the wholesale
voice call termination);

and finally to calculate the cost of each service.

The general model architecture is summarized in the figure below.

2019-39
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Figure 1 - Overview of the mobile cost model

ETE RA  MOBILE COST MODEL gg‘ AKEP

AUTORITETI | KOMUNIKIMEVE
. ) ELEKTRONIKE DHE POSTARE
Draft version - April 2021

Additional
modules

Network
dimensioning

Model's control and Collected data

N Model's inputs
results preprocessing

Network costing

<© < CONVERSION
TABLES

O TOPOLOGICAL TRAFFIC
* DATA TABLES
< DESIGN
REILGE PARAMETERS
"

Welcome

CONTENT

ROUTING
WACC value ; MATRIX

AND UNIT

WACC model COSTS

TRANSMISSION

TERA CONSULTANTS 2021

Source: TERA Consultants

2019-39 TERA 111



Cost modelling for mobile services — Model documentation h

The different steps of the mobile model are described in the figure below:

Figure 2 - Outline of the mobile network dimensioning and costing approaches
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As described in the previous figure, the mobile network model will be built based on a
9-step approach:

Step 1 - Network topology: The locations of nodes along with required type of
equipment (RNC, MSC, servers) will be determined;

Step 2 - Future demand: For the modelled operator and for each service
required, forecasts about the future evolution of traffic will be defined based on
assumptions on the values for the generic operator market share;

Step 3 - Dimensioning the network: This step consists of determining the type
and number of assets based on engineering rules that are required at each level
of the network to fulfil the demand (the traffic). The most important part of this
step consists of creating the routing table. For each service, the equipment and
links that the service uses are determined;

Step 4 — Current asset prices: This step consists of populating the model with
the prices of the assets used

Step 5 — CAPEX calculation: This step is completed by multiplying the number
of assets (step 3) by the price of assets (step 4);
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Step 6 — Depreciation: The selected depreciation formula is applied to annualize
the investment cost into annual charges. Decisions have to be made regarding
asset lives, asset price trends and WACC;

Step 7 — Cost allocation: Costs are allocated to the different services according
to the selected allocation key (routing factors table, required capacity, etc.);

Step 8 — Operating costs: OPEX are added to investments’ annual charges.
This step can also occur before step 7, depending on the type of OPEX
information used. Corporate overhead costs will also be allocated at this stage;

Step 9 — Service costs: The cost model calculates for each service its cost per
unit.
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2 Networks modeled in the mobile cost model

2.1 Scope of the mobile model

In order to determine the unit cost of each mobile service, the model considers all the
mobile network components, from the terminal user to the network core equipment, and
the transmission technology. For simplicity purpose, the structure of the model can
adopt the structure of the mobile network. Hence, each part of the network can be
dimensioned separately to determine its cost.

In consequence, the model will address the three main parts of a mobile network, as
explained in next sections:

¢ Radio Access Network (RAN);
e Mobile Core Network;
e Transmission Network.

Figure 3 - Scope of the mobile network for illustration purposes
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2.2 Access network

This is the first component of the whole mobile network, starting from the user terminal
to the base station controller and the radio network controller equipment. The Radio
Access Network implements a radio access technology connecting the terminal user to
the operator’s core network. It involves the following equipment:

e BTS: a Base Transceiver Station (BTS) is the GSM equipment enabling mobile
terminals to access a mobile network;
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Node B: the Node B is the UMTS equivalent of the BTS for GSM,;

eNode B: is the Evolved Node B, the evolution of the element Node B in UTRA
of UMTS. It's the hardware that is connected to the mobile phone network that
communicates directly wirelessly with mobile terminal, like a base transceiver
station (BTS) in GSM networks.

TRX: a Transceiver (TRX) is an equipment combining both a transmitter (TX)
and a receiver (RX). Such equipment enables sending and receiving wireless
signals;

Antenna: is a type of directional antenna that sends and receives radio signals;
3G RRU: is a Remote Radio Unit. It's a 3G transceiver (TRX) specific to 3G
networks;

4G RRU: is a Remote Radio Unit, a 4G transceiver specific to 4G networks;
BSC: the Base Station Controller (BSC) handles traffic and signaling between
mobile devices and a GSM network;

RNC: The Radio Network Controller (RNC) is the UMTS equivalent of the BSC
for GSM. It controls the Node B connected to it and carries out radio resource
management and some of the mobility management functions;

2.3 Core network

This is the central part of the operator’s telecommunication network. It provides various
services to customers connected through the access network. The model includes a
forward-looking network architecture, assuming a transition phase from legacy network
to a network structure with more virtualized functions.

According to data gathered from operators and TERA Consultants expertise, the core
network described in the model involves the following equipment:

MGW (hybrid 2G/3G/4G): the Media GateWay translates media streams
between different telecommunication networks (2G, 3G, 4G, IP, etc...);

MSC-S (hardware and software): the Mobile Switching Centre Server (MSC-S)
is an equipment controlling network switching subsystem elements. It carries out
switching and mobility management functions;

SGSN: the Serving GPRS Support Node (SGSN) is the gateway between the
RNC and the core network in a GPRS/UMTS network;

GGSN: the Gateway GPRS Support Node (GGSN) is the gateway between the
core network and IP networks;

SMSC: the SMS Centre (SMSC) is the network equipment switching SMS traffic;
MMSC: the Multimedia Message Service Center (MMSC) is the network
equipment switching MMS traffic’.

! This equipment is not considered in the model as MMS traffic and services are not costed
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HLR: the Home Location Register (HLR) is the GSM database storing all the
subscribers’ data;
VLR: the Visitor Location Register (VLR) is a database attached to a BSS (Base
Station Subsystem), storing data of the subscribers in its area. Based on data
provided by operators, the VLR is considered embedded in in the MSC-S: the
corresponding cost of VLR is considered within the MSC-S cost.
STP: the Signal Transfer Point is a network node that routes signaling messages
based on their destination point code. In the model, the function of the STP is
considered embedded within the MSC-S, so the cost of the MSC-S includes that
of the STP.
IN: the Intelligent Network (IN) is a standard network architecture enabling
operators to provide value-added services on mobile phones;
Billing Platform: the Billing Platform gathers subscribers’ usage and generates
their bills.
DNS: the Domain Name System (DNS) is the system that translates URL/APN
into IP. The model considers three component for DNS:
o Gi DNS (' set Mangement + Service unit) — converts URL into IP
o Gn iDNS - translates the APN (Access Point Names) to IP of the
system GGSN/SGW/PGW. The iDNS is an internal DNS that handles
only the operator’s traffic.
o Gn eDNS - external DNS, having similar function than that of the
internal DNS, but handles external traffic.
OSS: it's an Operational Support Systems used by operators to manage their
networks (mobile networks). They support management functions such as
service provisioning, network configuration and fault management.
HSS: the Home Subscriber Server, it has a similar function than that of the HLR
as it is used to store subscriber’s data.
IMS: The IP Multimedia Subsystem enables delivering IP multimedia services to
end users.
I-SBC: It's a session border controller (SBC), a network element used in mobile
networks to protect SIP based voice over Internet Protocol (VolP).
CSDB: Common Subscribers Database, is a global database system that
consolidates subscriber profile data from all users in the network.
USSD: Unstructured Supplementary Service Data (USSD), It is a
communication system used by GSM cellular telephones to communicate with
the mobile network operator's computers.
AAA: Authentication, Authorization, and Accounting server, it's a radius server
that authentify, authorize and account the requests of mobile user for activation
of data session
MME: The Mobility Management Entity (MME) is in a 4G network, the
equipment that manages the signaling (control plane) between user’s terminals
(UE) and the LTE core network.
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e SGW: A Serving Gateway or SGW is a device in mobile network that
contributes in the routing data. It has a similar function of the PGW (a regional
gateway linked to the PGW) collecting data to be sent to the PGW, data
coming from the terminals via the base stations. It also participates in the
transmission of data in the opposite direction, from the PGW to the terminals.

e PGW & PCRF: same as SGW, with aggregation function.

e Gi FW: Firewall for mobile traffic, protecting the network and subscribers from
cyberattacks

e Securenet : a system offering protection to mobile users from Malware/parental
control. It includes two systems:

o Securenet FE — Front End system
o Securenet BE — the Central Manager for Securenet.

The model takes into account these network elements as part of the legacy architecture.
In addition, the modelled mobile network takes into account the migration from legacy
architecture to a forward-looking architecture (Network function virtualization - NFV), by
virtualizing some of the network’s functions. The following network elements are
considered in the model replacing in the future the legacy elements having the same
functions:

e virtual MME
e virtual EPG
e virtual MSP
e virtual TMA

e virtual WMG

2.4 Transmission network

This part of the network ensures the transmission of calls and data between the different
network equipment (nodes), either in the access network or in the core network.
Transmission network is split into two sub-networks:

e Backhaul: the part of transmission network ensuring transport of calls and data
through access network nodes

e Backbone: the part of transmission network ensuring transport of calls and data
through core network nodes

Different technologies could be used in order to link between network nodes:

e Wireless: microwave solution is implemented in the model through equipment
allowing the transportation of information.
e Wireline: this can be either of the following solutions:
o Fiber links
o Leased lines

Based on data collected, only Fiber links are implemented in the model for wireline
solutions.
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3 Services modeled, demand and traffic at the BH

The first step to calculate the LRIC unit costs (whether it is LRIC+ or “pure LRIC”) is to
estimate the amount of capacity required to handle the traffic demand in Albania during
the modeled period.

The next sections recall first the list of services considered in the model (83.1), then the
annual demand considered for each service (83.2) and finally the dimensioning traffic
during the busy hour (83.3).

3.1 List of services

Several services are modeled in the mobile network model consistently with those
detailed in the MRP:

Table 2 - List of modelled services

Service category Services Technology unit
Category A: Voice services  Voice - Outgoing - To mobiles on net 2G/3G/4G min
Voice - Outgoing - To mobile off net 2G/3G/4G min

Voice - Outgoing - To national landlines 2G/3G/4AG min

Voice - Outgoing - International 2G/3G/4G min

Voice - Other Outgoing Calls 2G/3G/4G min

Voice - Outgoing - Roaming Inbound 2G/3G/4G min

Voice - Outgoing - Roaming Outbound 2G/3G/4G min

Voice - Incoming - From mobile 2G/3G/4G min

Voice - Incoming - From fixed lines 2G/3G/4G min

Voice - Incoming - From international 2G/3G/4G min

Voice - Incoming - Inbound Roaming 2G/3G/4G min

Voice - Incoming - Roaming Outbound 2G/3G/4G min

Voice - Value Added Service 2G/3G/4G min

Category B: SMS services  SMS - Outgoing - To mobile on net 2G/3G/4G SMS
SMS - Outgoing - To mobile off net 2G/3G/4G SMS

SMS - Outgoing - International 2G/3G/4G SMS

SMS - Outgoing - Roaming 2G/3G/4G SMS

SMS - Incoming - From mobile 2G/3G/4AG SMS

SMS - Incoming - From landlines 2G/3G/4AG SMS

SMS - Incoming - Roaming 2G/3G/4AG SMS

SMS - Value Added Service 2G/3G/4G SMS

Category C: MMS services  MMS - Outgoing - To mobile on net 2G/3G/4AG MMS
MMS - Outgoing - To mobile off net 2G/3G/4G MMS

MMS - Outgoing - International 2G/3G/4G MMS

MMS - Outgoing - Roaming 2G/3G/4G MMS

MMS - Incoming - From mobile 2G/3G/4G MMS

MMS - Incoming - From landlines 2G/3G/4G MMS

MMS - Incoming - Roaming 2G/3G/4G MMS

MMS - Value Added Service 2G/3G/4G MMS

Category D: Data services Data - national 2G/3G/4G vMB
Data - Inbound Roaming 2G/3G/4G MB

Data - Outbound roaming 2G/3G/4G MB

Source: TERA Consultants
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Four categories of services can be distinguished:

e Category A: including voice services;

e Category B: including SMS services;

e Category C: including MMS services. MMS services are included in the model
but disabled in the calculation flow since MMS volumes provided by operators
are either very low or equal to zero when MMS services are decommissioned.

e Category D: including data services;

3.2 Service annual demand description

The yearly commercial traffic is established based on relevant data provided by the three
operators, the total market traffic is calculated considering past traffic provided in the
period of years between 2017 and 2020, and forecasted for the following years.

Once the total market demand is identified, the HEO demand is calculated considering
the market share of the HEO (of 33.33% as defined in the Model Reference Paper).

The traffic volume is provided broken down between the different service types; the
following graphics presents the model’s volumes for each category (i) voice, (i) SMS,
(iii) MMS and (iv) data.

The following graphics present the evolution of the annual demand for each service
category:

i.  Total voice volume for all services (market and HEO)

Figure 4 — Market and HEO voice volumes over time
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ii. Total SMS volume for all services (market and HEO)

Figure 5 — Market and HEO SMS volumes over time
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iil. Total MMS volume for all services (market and HEO)

MMS services are not considered in the model.

iv. Total data volume for all services (market and HEO)

Figure 6 — Market and HEO data volumes over time
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3.3 Dimensioning Traffic during the busy hour

The network is dimensioned in terms of its traffic carrying capabilities over a given period
based on busy hour (BH) traffic. Busy hour is the hour of the week with the highest
average network usage, averaged using measures over a representative period of one
year.
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The aim is to determine the amount of traffic going through each node of the network,
and hence the traffic to be handled (dimensioning traffic) during the busy hour. The ratio
with each equipment capacity finally gives the number of equipment required during the
busy hour.

Equipment capacity is expressed either in Erlangs or in Mbps or in busy hour call
attempts (BHCA). The capacity of equipment whose constraints are relating to the
number of concurrent calls is usually expressed in Erlangs. Therefore, one Erlang
represents the continuous use of one voice path during a period of time (usually one
hour). Other equipment are dimensioned in terms of the maximum throughput they can
support in the busy hours. Their capacity is then expressed in Mbps. Finally, some
equipment are dimensioned in terms of the number of call attempts they handle during
the busy hour.

Consequently, all services (including voice, SMS?, MMS?® and data) traffic must be
converted to the appropriate unit: Erlangs and Mbps.

The modeled network is separated into two main parts: RAN and Core. Transmitted
information evolves through these networks with different throughput, due to the
different modulation techniques used in each part. Therefore, the dimensioning traffic
(Mbps, Erlangs) is not the same in access network and in core network.

Equipment located in the access network (such as BTS, Node B, eNode B, BSC ...) are
dimensioned with access dimensioning traffic, while equipment situated in core network
(MSC, MGW ...) are dimensioned with core dimensioning traffic.

Conversion rules for both access and core dimensioning traffic can be found in
Sheet “Conversion tables”.

Busy hour traffic for each service for the HEO is calculated based on the busy hour
traffic data provided by operators, and forecasted for the upcoming years®.

The busy hour traffic used to reflect the HEO demand is assessed based on the HEO
market share of 33% and the total market traffic.

Mainly, the network dimensioning is driven by (i) voice busy hour and (ii) data busy hour.
SMS traffic at the busy hour have a limited impact on the dimensioning (but it is taken
into consideration in the modelling exercise).

3.3.1 Voice traffic at the busy hour

Voice busy hour considered in the model is presented in the following graphic:

2 Although SMS traffic does not have a direct impact on radio site dimensioning, it does bear a share of the costs of
those radio sites

3 Since MMS service is either decommissioned by some operators or provided with very low volumes, it is not
considered in this modelling exercise.

4 For years after 2024, forecasts are performed based on evolution trends observed between 2017 and 2020:
geometric growth rates are calculated to assess forecasts.
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3.3.2 Datatraffic at the busy hour

Data busy hour considered in the model is presented in the following graphic:

Figure 8 — Market and HEO data busy hour
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4 Network dimensioning

Based on demand and engineering principles and algorithms, the model determines the
number of network elements required. This network dimensioning step calculates the
volume of network elements required to support the given level of demand during the
busy hour using the chosen technology.

As explained in the scope of the model (section 2.1), the network dimensioning is divided
into three main steps:

e Radio access network dimensioning;
e Core network dimensioning;
e Transmission network dimensioning.

Before dimensioning the Radio Access Network, and after identifying the BH traffic for
each service, the model calculates first the amount of traffic circulating through each
network node. This traffic is function of the BH traffic for each service and how much
each service uses each network node (routing factor).

4.1 Routing matrix

The network routing matrix (or routing table) defines how each service uses the network,
i.e. how much of each network element is used by the service on average.

The full usage of the network by a network services may be based on the service’s
volume of minutes or data size or numbers of calls made or any other relevant driver.
This information is summarized in a table that lists how much of each network element
is used by the service. The "how much" is the effective cost driver and can be numbers
of network elements, or relative cost usage (as long as the same cost driver is used for
each network element by each service, any driver may be used).

The model considers that the routing factors should be an estimate of the average
number of each type of network element used for each service. In the cases where more
than one possible route exists (e.g. at the core level), then the average number of
network elements used for each route is weighted by the probability that this route can
occur.

Routing tables were provided by 2 operators, considered as raw data. These routing
tables may differ in the list of equipment provided and in the routing factors
corresponding to the probability of the route. Hence, the routing tables provided by
operators were processed in order to use the most relevant data and have a global
homogeneity, and to fit to the adopted table format of the model.

The routing matrix used in the model can be found in the sheet “Routing matrix”.
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4.2 Radio Access Network dimensioning (Sheets 2G RAN, 3G
RAN and 4G RAN)

The objective of RAN modelling is to design a radio network configuration that meets
both the required (i) geographic demand (coverage modelling) and (i) traffic demand
(densification).

» Coverage modelling: consists in deploying the necessary sites/cells to achieve
a certain level of coverage for each geotype allowing then meeting the geographic
demand, without any constraint of traffic;

» Densification modelling: consists in adding the necessary cells, sites and
equipment (transceivers) to meet the required traffic at the busy hour for each

geotype
Coverage modelling

In order to achieve a certain level of coverage, the areas covered by a maobile network
are divided into smaller areas called cells. Each cell is a unitary network element that
includes its own equipment in order to transmit, receive and switch the calls from
subscribers located within the borders of its radio coverage area.

For coverage, it is assumed one main cell type for coverage: macrocells.

Other types of cells such as microcells, picocells or femtocells can also cover an area
but they are used for densification and macrocells have the largest cell radius and so
are primarily used for coverage.

As stated above, coverage dimensioning requires three main inputs:
e Geotype surfaces;
e The targeted coverage for each technology (2G, 3G and 4G) and for each
geotype
e Cell radii for each technology (2G, 3G and 4G) and for each geotype

Densification modelling

Densification modelling consists in deploying incremental sites and equipment that
allows meeting the required traffic. From a high level point of view, densification
modelling consists in identifying two key elements:

» For each site/equipment, its capacity in terms of handling traffic at the busy hour;
» For each geotype the required traffic at the busy hour

The densification modelling deploys as much as necessary equipment to meet the traffic
at the busy hour in each geotype.

The resulting sites are compared to coverage sites to determine the incremental sites
for densification.
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Densification dimensioning requires three main inputs:

> Traffic at the busy hour per geotype (and per equipment, obtained via the routing
matrix);

» Spectrum available for the HEO;
» Engineering rules (utilization rates, equipment capacities...).

The following sections present the radio network dimensioning to meet both
requirements: coverage (84.2.1) and traffic (84.2.2).

4.2.1 Coverage network dimensioning

The RAN coverage sites are the sites that need to be deployed by an operator to achieve
a given level of geographical coverage. There is no traffic constraint consideration. The
coverage network is deployed only in order to make a phone call. The model calculates
the number of 2G and 3G and 4G RAN coverage sites needed based on the inputs of
2G, 3G and 4G network coverage per geotype.

The next sections detail first the main inputs (84.2.1.1) required to dimension coverage,
then dimensioning rules used to calculate the required sites (84.2.1.2) and finally the
results obtained (84.2.1.3).

4.2.1.1Main inputs

The calculation of the number of sites necessary to achieve the targeted coverage is
performed based on the inputs of 2G, 3G and 4G network coverage per geotype.

As stated above, three main inputs are necessary:

e Size of each geotype (in km?)
e 9% of covered surface for each geotype (for each technology 2G, 3G and 4G);
e Cell radius in each geotype (depending on the frequency band/Geotype).

» Geotype sizes

The coverage dimensioning of mobile access networks aims at ensuring a minimum
coverage of a given area, regardless of the required capacity.

Therefore, the network design highly depends on the geographical characteristics of the
zones to be covered, in terms of both surface and demand density.

In order to correctly reflect such characteristics in the model, areas with similar
characteristics in terms of demand concentration (i.e. population density) will be
aggregated into geotypes, so that each geotype shares similar characteristics.

Each geotype will then be defined with a specific cell radius which enables to calculate
the number of base stations required for coverage during the dimensioning step.
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The geotypes that will be considered in the model are based on the Albanian territorial
typology related to the degree of urbanization. Four geotypes are suggested:

e Dense urban geotype (DEGL1: dense areas in cities);
e Urban geotype (DEGZ2: less dense areas in cities);

e Suburban geotype (DEGS3: towns and suburbs);

e Rural geotype (DEG4: rural areas).

Geotype surface have been requested from operators as part of the data collection
process, however this data was not provided as it does not seem to be available.

TERA has assessed the surface of each geotype based on operators sites localization
provided, since sites are provided with the corresponding geotype (dense urban, Urban,
Suburban and Rural geotypes).

The following approach has been followed:

1. Identification of Dense urban, urban, suburban and rural sites based on data
provided from operators;

2. Each site is associated to the corresponding cell radius (rural sites cover larger
cells than urban sites)

Figure 9 — Sites and cells per geotype
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3. Identification of covered area related to each geotype
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Figure 10 — Geotypes identification and example of Tirana geotypes
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4. ldentification of geotypes based on covered areas and coverage rates provided
by operators.

Covered area

Geotype surface =
yp f Geotype coverage rate

» Dense urban geotype corresponds to the area identified by dense urban
sites

» Urban geotype surface corresponds to the area identified by dense urban
sites minus dense urban geotype (since dense urban sites are generally
located within urban area)

> Suburban geotype surface corresponds to the area identified by
suburban sites minus urban and dense urban geotype

» Rural area corresponds to the rest of the territory.

Geotype surfaces identified are summarized in the following table:

Table 3 — Geotype surface

Geotype unit Surface
Dense urban Km? 137,74
Urban Km? 158,16
Suburban Km? 268,19
Rural Km? 28 183,90
Total territory Km?2 28 748,00

Source: Tera Consultants
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» HEO targeted coverage

Coverage rates used in the model are calculated based on coverage rates (in % of
territory) indicators reported to AKEP by operators:

Figure 11 — Percentage of the territory of the Republic of Albania covered by the
signal of each technology for each operator
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Based on coverage rates for each operator, the model assumes (for the HEO) the
highest coverage rate observed under each technology in order to provide an incentive
signal to operators to improve coverage.

Based on these national coverage rates (rates assumed for the HEO for each
technology), the percentages covered in each geotype (and for each technology) are
determined in the model in accordance with the total coverage rate and assuming that
the efficient operators cover in priority denser areas. Thus, the model assumes 99% of
coverage in Dense urban, Urban and Suburban geotypes and for rural geotype, the
model calculates the coverage rate so as the territory coverage rate equals the target
territory rate (see previous graphic). The following equation is satisfied for the coverage
identification:

Yk=1 Surface_Geotype_k x Coverage_Geotype_ik

Coverage_Rate; =
ge- ' Surface_Territory

Where:

i: technology (2G, 3G or 4G)

- Coverage_Rate;: territory coverage rate for the technology i (based on the
Figure 11)

- Surface_Geotype_k: Surface of each geotype k (identified in the previous
section)

- Coverage_Geotype_ik: coverage rates for each geotype k and for the
technology i;

- Surface_Territory: Total surface of the Republic of Albania, the value of

28 748 km?
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» Cell radii for each technology and frequency

The model is populated with cell radii information issued from operators and from a
benchmark of international best practices®. The analysis of the model’s calculated sites
consistently with the average number of sites of the three operators, allows calibrating
the Scorched Node Coefficient® taking into account local constraints to be face by the
HEO when deploying the mobile network.

Table 4 - Cell radii for the generic operator

2G 3G 4G
Geotype Unit
Dense Urban m 1228 1068 1155
Urban m 2417 2101 2228
Suburban m 2417 2101 2228
Rural m 7017 5821 6127

Source: Operators, benchmark

As presented in the table above, the model considers different coverage cell radii
depending on the technology and on the geotype.

Cell radii for the generic operator can be found in the section 5.1 and 5.2 of the sheet
“Topological data”.

4.2.1.2Main dimensioning rules

Based on the size of each geotype, the coverage requirements and the cell radii
assumptions, the model derives a minimum coverage network. Specifically, it
determines the number of sites required to provide coverage to each geotype to enable
a voice call.

The following diagram presents how calculations are performed in the model:

5 Cell radii used in the model are calculated as the average of Albanian operator’s relevant cell radii and two sources of
benchmark: the average of cell radii observed among European countries (EC model of 2015) and cell radii of used in
the recent EC cost model. Different choices are implemented in the model for cell radii values (either the mix between
relevant Albanian operators values and benchmark or only the average of benchmarked values or the average of
Albanian operators values) — see the model’s dashboard in the sheet “Control”

8 The SNC coefficient is maintained to 1 in this version of the model.
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Figure 12 - RAN coverage sites calculation
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Source: TERA Consultants

It should be noted that coverage dimensioning is performed similarly for the three
modelled technologies.

Hereafter a schematic calculation example:

Calculation example

With the following assumptions:

e A:Areato be covered (100 km?)
e  R:Radius of a site (2 km)
e  SNC: scorched-node coefficient (0.8)

The number of coverage site is:

A A
Number of sites = = = 16 sites
Area of an hexagon
f g 32£ (R * SNC)?

It is important to note that the costs of the minimum coverage network is not captured
by the pure LRIC costing approach as it is not traffic dependent.

Thus, it represents a common cost, which is distributed to all services in a LRAIC+ cost
allocation, but has no impact on voice call termination in case of a “pure LRIC” cost
allocation for wholesale voice call termination.

4.2.1.3Results

Based on the inputs and dimensioning rules presented in the sections above, the model
assesses the necessary sites to meet coverage requirements. The number of modelled
sites are presented below for each of the modelled technologies (2G, 3G and 4G):
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» 2G radio access network — coverage sites

Table 5 - 2G coverage sites for generic operator

2019 2020 2021 2022 2023 2024 2025

Total 2G sites for coverage Geotype unit

Dense Urban # 35 35 35 35 35 35 35
Urban # 11 11 11 11 11 11 11
Suburban # 18 18 18 18 18 18 18
Rural # 213 213 213 213 213 213 213

Source: Mobile cost model

» 3G radio access network — coverage sites

Table 6 - 3G coverage sites for generic operator

2019 2020 2021 2022 2023 2024 2025

Total 3G sites for coverage Geotype unit

Dense Urban # 47 a7 47 47 a7 47 47
Urban # 14 14 14 14 14 14 14
Suburban # 24 24 24 24 24 24 24
Rural # 307 307 307 307 307 307 307

Source: Mobile cost model

» 4G radio access network — coverage sites

Table 7 - 4G coverage sites for generic operator

2019 2020 2021 2022 2023 2024 2025

Total 4G sites for coverage Geotype unit

Dense Urban # 40 40 40 40 40 40 40
Urban # 13 13 13 13 13 13 13
Suburban # 21 21 21 21 21 21 21
Rural # 271 271 271 271 271 271 271

Source: Mobile cost model

4.2.2 Traffic network dimensioning (densification)

The network densification consists in calculating the necessary sites and equipment
(transceivers) to handle the modelled traffic.

As stated above, the dimensioning principle consists in identifying the capacity of each
site/equipment and calculating how much are needed to meet the modelled traffic at the
Busy Hour.
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To calculate the capacity of sites under the different technologies, the available
spectrum allocated to the HEO is a key input calculated in the model.

The next section (84.2.2.1) presents the calculated spectrum under each technology
and frequency, then the following sections detail for each of the modelled technologies
(2G in the section 84.2.2.2, 3G in the section 84.2.2.3 and 4G in the section §4.2.2.4),
first the main inputs required to dimension coverage, then dimensioning rules used to
calculate the required sites and finally the results obtained.

4.2.2.1Spectrum and technology

Spectrum is a key resource in the design and operation of a mobile network. The
guantity of available spectrum for the HEO and its split over the existing bands will
directly drive the amount of equipment needed in the radio access network and
consequently the costs incurred for the provision of mobile services.

Mobile network operators in Albania have been historically using the 900 and 1800 MHz
bands to provide GSM-standard 2G services. Since 2010 AKEP has performed a
number of competitive procedures to allocate spectrum quantities in the 1900/2100 MHz
bands (for UMTS-standard 3G services use), 2500/2600 MHz (for LTE-standard 4G
services) and the 800 MHz band tendered during February 2019. In 2015 AKEP finalized
the process of removing technological limitations in the use of frequency bands of maobile
network operators, enabling the use of the entire spectrum available to mobile operators
for fourth generation (4G) or LTE standard.

AKEP considers that an efficient operator should typically have an amount of spectrum
consistent with its demand, and spread over different bands in a balanced way so that
the operators can use both low frequency bands to maximize its coverage, and higher
frequency bands to densify its network where required (typically in urban/dense urban
environments).

Based on data collected from operators, different frequency are used by operators:

e 800 MHz
e 900 MHz
e 1800 MHz
e 2100 MHz
e 2600 MHz

Consistently with the MRP, the model allocates to the HEO operator a percentage of the
spectrum available in each band in the market, consistent with its market share (33% as
stated by the MRP). As frequency band used by operators are not multiple of 5SMHz, the
guantities of spectrum calculated for the HEO are not rounded according blocks of 5 or
10 MHz in each band. However, the model includes a choice to calculate HEO spectrum,
either based rounded or not (see. Sheet “control” of the model).

The following spectrum configuration is then calculated in the model:
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Table 8 - Spectrum allocation for the modeled operator

Spectrum allocation RISEalale unit

2019 2020 2021 2022 2023 2024 2025

2G Total MHz 17,0 17,0 17,0 17,0 17,0 17,0 17,0
800MHz MHz - - - - - - -
900 MHz MHz 7,0 7,0 7,0 7,0 7,0 7,0 7,0
1800 MHz MHz 10,0 10,0 10,0 10,0 10,0 10,0 10,0

2100 MHz MHz - - - - - - -
2600MHz MHz - - - - - - -

3G Total MHz 15,0 15,0 15,0 15,0 15,0 15,0 15,0
800MHz MHz - - - - - - -
900 MHz MHz - - - - - - -
1800 MHz MHz - - - - - - -
2100 MHz MHz 15,0 15,0 15,0 15,0 15,0 15,0 15,0

2600MHz MHz - - - - - - -

4G Total MHz 31,0 31,0 31,0 31,0 31,0 31,0 31,0
800MHz MHz 7,0 7,0 7,0 7,0 7,0 7,0 7,0
900 MHz MHz 4,0 4,0 4,0 4,0 4,0 4,0 4,0
1800 MHz MHz 15,0 15,0 15,0 15,0 15,0 15,0 15,0
2100 MHz MHz 4,0 4,0 4,0 4,0 4,0 4,0 4,0
2600MHz MHz 20,0 20,0 20,0 20,0 20,0 20,0 20,0

Source: operators, Mobile cost model
Spectrum availability for the modeled operator can be found in the sheet “Design
parameters”, section 4.

4.2.2.2 Traffic driven dimensioning for 2G network

4.2.2.2.1 Main inputs

The dimensioning of 2G specific equipment is performed based on different input
parameters.

The following table provides the list of inputs used in the model and their source:
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Table 9 — 2G RAN dimensioning inputs

Input

Bandwidth

Description

Available frequency bandwidth of the HEO, see

section §4.2.2.1

Source

Calculated based
on data collection

TRX bandwidth

Bandwidth of TRX

Data collection

Spectrum reuse factor

See description below

Data collection

2G RAN dimensioning table

Table linking the NB of TRX and the max Nb. of
simultaneous calls (see. Section 4.2 of the sheet
“Design parameters” in the model)

Data collection

Erlang B table

See description below

Data collection

Blocking probability

See description below

Data collection

NB. Of sectors per BTS

The average NB. Of sectors of BTS

Calculated based
on data collection

Utilization factors

See description below

Data collection

2G BH traffic per network node (BTS)

2G BH traffic per network node (TRX)

2G BH traffic per network node (BSC)

Calculated based on traffic data and the routing
matrix

Calculated in the
model

Voice and data traffic share per geotype

Split of voice and data per geotype

Calculated in the

model based on

Share of voice in BH traffic Share of voice in BH traffic

data collection

Max NB of TRX per sector Maximal number of TRX per sector Data collection

Capacity of BSC in NB of TRX Capacity of BSC in terms of TRX Data collection

Capacity of BSC in terms of traffic at the BH

Capacity of BSC in traffic at the BH (Erlangs)

Data collection

Source: Tera Consultants

As presented above, different inputs are used in the model to dimension the necessary
traffic driven equipment. These inputs are either modelling parameter calculated in the
model based on operators data (HEO parameter are either exactly those provided by
operators when similar or based on averaging of relevant provided values).

Concerning the key technical parameters that are not described above (Utilization
factors, Spectrum reuse factor, Erlang B table and Blocking probability); they are
implemented in the model mainly based on operators provided data. These inputs are
described below:

Utilization factor — for 2G network elements

Also known as security markup or utilization rate, it is applied on busy hour traffic, in
order to prevent from network saturation. It is requested from operators in order to reflect
Albanian security profile, and is provided for the different network nodes.

The values for the generic operator are implemented in the model based on relevant
operators’ values.
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Table 10 - Spare capacity markup for network equipment for generic operator — 2G

Equipment utilisation factors Node

Geotype

Utilisation factor

%

BTS

Dense Urban
Urban
Suburban
Rural

Dense Urban
Urban
Suburban
Rural

Dense Urban
Urban
Suburban
Rural

Source: Operators

Spare capacity mark-up can be found in the Sheets “Design parameters”.

The model includes a choice to calculate utilization rate either based relevant Albanian
operator’s data or based on a homogenous generic values (see. Sheet “control” of the

model).

Spectrum reuse factor

In theory, all cells can use the same carriers. This gives the advantage of allowing more
calls to be made at the same time. However, as the spectrum is narrow, this may lead
to interferences between the cells. Therefore, a spectrum reuse parameter is introduced,

which is function of the maximum number of cells

The graph below shows an example where the frequency reuse factor is 12.

per site;

Figure 13 — Example of spectrum reuse factor pattern of 12

Source: TERA Consultants
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To determine the reuse pattern, the coverage area is represented in a set of contiguous
hexagons, to depict base station sites. Each site is split into 3 sectors.

In order to ensure quality of service, a four-cell repeating pattern is used’, so a frequency
reuse pattern of 12 is considered (also consistently with operators provided data), which
allows at least one sector gap between cells that use the same frequency.

Blocking probability

The blocking probability is the network design call failure rate in the busy hour. Since
the conversion of capacities from circuits to Erlang (performed by the Erlang B table,
see § below) depends on the blocking probability. This parameter is necessary for RAN
dimensioning.

Call blocking probability can be found in the section 7 of the sheet “Design parameters”.
Erlang B table

This table provides the amount of traffic for a given blocking probability and number of
available channels and is based upon statistical engineering calculations. It is used to
convert capacities from circuits to Erlangs or the opposite. For example, it is used in the
model to estimate the BTS capacity in Erlangs when the number of channels is known.

4.2.2.2.2 Main dimensioning rules

The dimensioning of the required RAN equipment to handle the modelled traffic consists
in identifying:

i. The number of 2G sites (BTS) required for densification. The total number of
2G sites will be the sum of densification sites and coverage sites.

ii. The number of TRX required
iii. And the number of BSC required

(i) The dimensioning of 2G sites necessary to meet the traffic constraint is performed in
different steps following the graphic below.

7 a four-cell pattern allows enough space between cells so that interferences when using the same frequency is below
the tolerance threshold
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Figure 14 — Calculation flow for 2G sites (BTS) required for densification

Bandwidth
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Voice and data traffic { Additional necessary |
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Inputs Intermediary result

Source: TERA Consultants

(if) The dimensioning of the number of TRX required is done in three steps:
e The traffic per site and per sector is computed straightforward based on the

traffic per network node (TRX), the number of 2G sites and the number of
sectors per site;

e Thanks to the Erlang B table and the blocking probability, the number of
simultaneous calls corresponding to the traffic per site and per sector is
assessed;

e Thanks to the 2G RAN dimensioning table, the number of TRX required is
calculated.

Calculation flow is presented in the following graphic.
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Figure 15 — Calculation flow for the number of TRX

2G BH Traffic per

network node (TRX)
NB orf 2G sites per — BH traffic per site per
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Source: TERA Consultants

2G RAN dimensioning
table

(iii) The dimensioning of BSC equipment is performed in the model considering two
constraints:

e The number of TRX per BSC
e The BH traffic per BSC

Both of these requirements should be met, and the maximum number of BSC is retained
as the number of needed BSC equipment.

Figure 16 - BSC dimensioning

2G BH Traffic per

network node (BSC) Constraint 1
onstrain

NB of BSC considerin:
traffic constraint

Constraint 2
NB of TRX per NB of BSC considerin
p > _ 9
geotype TRX constraint
Capacity of BSC in Nb
of TRX

Capacity of BSC in
traffic at the BH

Utilization factors

NB of BSC

MAX

Inputs Intermediary result

Source: TERA Consultants

The BTS, TRX and BSC dimensioning calculations are can be found in the sheets “2G
RAN”.
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4.2.2.2.3 Results

Based on the inputs and dimensioning rules presented in the sections above, the model
assesses the necessary 2G RAN equipment to meet traffic requirements.

The number of modelled equipment are presented below:

> 2G sites/BTS modeled

Table 11 - 2G coverage sites + traffic driven sites for generic operator

2019 2020 2021 2022 2023 2024 2025

Total 2G sites coverage + densification Geotype unit
Dense Urban # 168 168 166 163 161 158 156
Urban # 70 70 69 68 67 66 65
Suburban # 40 40 39 39 38 37 37
Rural # 213 213 213 213 213 213 213

Source: Mobile cost model

» TRX modeled

Table 12 — Yearly deployed TRX by the modeled operator

2019 2020 2021 2022 2023 2024 2025

Geotype unit

Dense Urban # 1916 1916 1893 1859 1836 1802 1779
Urban # 799 799 787 776 764 753 742
Suburban # 572 572 557 557 543 528 528
Rural # 1215 1215 1215 1215 1215 1215 1215

Source: Mobile cost model

» BSC modeled

Table 13 - Yearly deployed BSC by the modeled operator

Total # BSC Geotype unit

2019 2020 2021 2022 2023 2024 2025

Dense Urban # 2 2 2 2 2 2 2
Urban # 1 1 1 1 1 1 1
Suburban # 1 1 1 1 1 1 1
Rural # 1 1 1 1 1 1 1
Total (geotype dimensioning) # 5 5 5 5 5 5 5
National dimensioning # 4 4 4 4 4 4 4

Source: Mobile cost model
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4.2.2.3Traffic driven dimensioning for 3G network

4.2.2.3.1 Main inputs

The dimensioning of 3G specific equipment is performed based on different input

parameters.

The following table provides the list of inputs used in the model and their source:

Table 14 — 3G RAN dimensioning inputs

Input

Bandwidth

Description

Available frequency bandwidth of the HEO, see
section §4.2.2.1

Calculated based

Source

on data collection

3G carrier bandwidth

Bandwidth of 3G carrier

Data collection

CE pool size, per carrier per site (UL and
DL)

See description below

Data collection

Erlang B table

See description in section §4.2.2.2.1

Data collection

Blocking probability

See description in section §4.2.2.2.1

Data collection

NB. Of sectors per NodeB

The average NB. of sectors of Node B

Calculated based
on data collection

Utilization factors

See description below

Data collection

3G BH Traffic per network node (Node B)

3G BH traffic per network node (RNC)

Calculated based on traffic data and the routing
matrix

Calculated in the
mode

Voice and data traffic share per geotype

Split of voice and data per geotype

Share of voice in BH traffic

Share of voice in BH traffic

Calculated in the
model based on

data collection

Share of data traffic per bearer

Split of data traffic between bearer R99 and
HSPA

Calculated based
on data collection

UL/DL data and voice traffic ratio

See description below

Data collection

Soft Handover

See description below

Data collection

NB of CE per bearer

See description below

Data collection

NB of RRU per sector and per carrier

Design parameter for RRU number calculation

Data collection

Capacity of RNC in Mbps

Capacity of RNC in terms of Mbps

Data collection

Capacity of RNC in Erlangs

Capacity of RNC in terms of Erlangs

Data collection

Capacity of RNC in LuB

Capacity of RNC in terms of LuB

Data collection

Capacity of RNC in Cells

Capacity of RNC in terms of number of cells

Data collection

Source: Tera Consultants

Regarding the key technical parameters that are not described above, they are
implemented in the model mainly based on operators provided data, consistently with

international best practices.

CE pool size, per carrier per site (UL and DL)

Pole capacity channels (CE pool) are considered for dimensioning, it represents the
number of available channel elements per site for downlink and for uplink.
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The size of CE pool (64 CE for uplink and 43 CE for downlink per carrier per site for the
generic operator) is implemented in the model based on relevant data provided by
operators.

Utilization factor — for 3G network elements

Also known as security markup or utilization rate, it is applied on busy hour traffic, in
order to prevent from network saturation. It is requested from operators in order to reflect
Albanian security profile, and is provided for the different network nodes.

The values for the generic operator are implemented in the model based on relevant
operators’ values.

Table 15 - Spare capacity markup for network equipment for generic operator — 3G

Utilisation factor

Node  Geotype %
Node B
Dense Urban 52%
Urban 50%
Suburban 51%
Rural 56%
3G RRU
Dense Urban 51%
Urban 48%
Suburban 50%
Rural 57%
RNC
Dense Urban 52%
Urban 51%
Suburban 55%
Rural 57%

Source: Operators
Spare capacity mark-up can be found in the Sheets “Design parameters”.

The model includes a choice to calculate utilization rate either based relevant Albanian
operator’s data or based on a homogenous generic values (see. Sheet “control” of the
model).

Uplink-Downlink traffic ratio

3G access dimensioning requires splitting the traffic in uplink and downlink, as the
dimensioning rules are different for those two traffics.

Uplink-Downlink traffic ratio is collected from operators: a ratio of 15:85 between uplink
and downlink data traffic is used in the model.
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RNC soft handover percentage

This is a characteristic of the 3G network which is related to the fact that each subscriber
while making a call may be connected to two or more cell sectors that belong to the
same physical cell site.

Soft handover percentage can be found in the sheets “Design parameters”, section 4.3.
NB of Channel Elements (CE) per bearer

The number of CE per bearer indicates the channel element consumption for the
different services on different radio bearers. This consumption varies with equipment. It
has been assumed the following values, on the basis data collected from operators:

Table 16 - Channel Elements factors

Number of channel elements

Channel elements Bearers unit Uplink Downlink
Voice # 1 1
R99 # 8 4
HSPA # 32 32

Source: Operators

The consumption in terms of CE of each bearer can be found in the sheets “Design
parameters”, section 4.3.

4.2.2.3.2 Main dimensioning rules

The dimensioning of the required RAN equipment to handle the modelled traffic consists
in identifying:
i. The number of 3G sites (Node B) required for densification. The total 3G sites
will be the sum of densification sites and coverage sites.

ii. The number of RRU required

iii. And the number of RNC required

(i) Based on the number of 3G sites needed for coverage, the first step consists in
calculating the BH traffic per sector per site for each class of service (voice, data in R99,
and data in HSPA). While both voice and data was mixed to dimension 2G RAN in terms
of traffic, the split between service bearers is necessary in 3G, since each service has
a different traffic capacity consumption (also called channel element factor or weight).
Because channel elements consumption is different in uplink and downlink, the BH
traffic is also split between uplink and downlink, for each class of service.

The full dimensioning process is summarized in the following figure:
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Figure 17 — Calculation flow for 3G sites (Node B) required for densification
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(if) Dimensioning the number of RRU for the 3G network is carried out according to the
following diagram:
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Figure 18 — Calculation flow for 3G RRU
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The number of activated carriers is the maximum between the number of activated
carriers for UL traffic and the number of activated carriers for DL traffic

The number of RRU is then straight calculated from the number of activated carriers by
multiplying by the number of 3G sites, the average number of sectors per node B and
the number of RRU per sector and per carrier.

(iif) The dimensioning of RNC equipment is performed in the model considering three
constraints:

e Traffic capacity in Mbps
e Traffic capacity in lub
e Cell capacity

All of these requirements should be met, and the maximum number of RNC is retained
as the number of needed RNC equipment.

Dimensioning the number of RNC for the 3G network is carried out according to the
following diagram:
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The Node B, 3G RRU and RNC dimensioning calculations are can be found in the sheet

“3G RAN".
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4.2.2.3.3 Results

Based on the inputs and dimensioning rules presented in the sections above, the model
assesses the necessary 3G RAN equipment to meet traffic requirements.

The number of modelled equipment are presented below:

» 3G sites/Node B modeled

Table 17 - 3G coverage sites + traffic driven sites for generic operator

2019 2020 2021 2022 2023 2024 2025

Total 3G sites coverage + densification Geotype unit
Dense Urban # 74 78 72 71 70 69 68
Urban # 41 43 40 39 39 39 38
Suburban # 28 30 28 27 27 27 26
Rural # 307 307 307 307 307 307 307

Source: Mobile cost model

» 3G RRU modeled

Table 18 — Yearly deployed 3G RRU by the modeled operator

2019 2020 2021 2022 2023 2024 2025

Geotype unit

Dense Urban # 618 653 601 594 586 579 572
Urban # 340 361 332 328 325 321 317
Suburban # 234 248 228 225 223 220 218
Rural # 263 279 257 254 251 249 246

Source: Mobile cost model

» RNC modeled

Table 19 - Yearly deployed RNC by the modeled operator

Total # RNC Geotype unit

2019 2020 2021 2022 2023 2024 2025

Dense Urban # 1 2 2 2 2 2 2
Urban # 1 1 1 1 1 1 1
Suburban # 1 1 1 1 1 1 1
Rural # 1 1 1 1 1 1 1
Total (geotype dimensioning) # 4 5 5 5 5 5 5
National dimensioning # 2 3 3 3 3 3 3

Source: Mobile cost model
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4.2.2.4 Traffic driven dimensioning for 4G network

4.2.2.4.1 Main inputs

The dimensioning of 4G specific equipment is performed based on different input
parameters.

The following table provides the list of inputs used in the model and their source:

Table 20 — 4G RAN dimensioning inputs

Input Description Source

Calculated based

r ion §4.2.1.1 .
Geotype areas See section § on data collection
MIMO gain in function of ISD See description below Data collection
eNode B utilization factor See description below Data collection

Capacity scaling factor - function of

L See description below Data collection
utilization rate

Available 4G frequency bandwidth of the

. D llection
HEO, see section §4.2.2.1 ata collectio

4G bandwidth

Calculated based

NB. Of sectors per eNodeB The average NB. of sectors of eNode B .
on data collection

DL/UL spectral efficiency function of

bandwidth See description below Data collection
) Calculated based on traffic data and the Calculated in the
4G BH Traffic per network node (eNode B) ; ;
routing matrix mode

Calculated in the
Voice and data traffic share per geotype Split of voice and data per geotype model based on
data collection

Source: Tera Consultants

Regarding the key technical parameters that are not described above, they are
implemented in the model mainly based on operators provided data consistently with
international best practices.

MIMO gain

The MIMO gain is the gain obtained using the Multiple-Input and Multiple-Output. It
depends on the Inter Site Distance (ISD). The following table provides experimental
measures of the impact of the ISD on the MIMO gain.
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Table 21 — MIMO gain

Value

Inter-site distance unit %
500 m 20%
1732 m 20%

3000 m 8%

9000 m 5%

Source: TERA Consultants/ Operators
Utilization factor — for 4G network elements

Also known as security markup or utilization rate, it is applied on busy hour traffic, in
order to prevent from network saturation. It is requested from operators in order to reflect
Albanian security profile, and is provided for the different network nodes.

The values for the generic operator are implemented in the model based on relevant
operators’ values.

Table 22 - Spare capacity markup for network equipment for generic operator — 4G

Utilisation factor
Equipment utilisation factors Node Geotype %

eNode B
Dense Urban 38%
Urban 32%
Suburban 38%
Rural 44%
4G RRU
Dense Urban 38%
Urban 34%
Suburban 37%
Rural 46%

Source: Operators
Spare capacity mark-up can be found in the Sheets “Design parameters”.

The model includes a choice to calculate utilization rate either based relevant Albanian
operator’s data or based on a homogenous generic values (see. Sheet “control” of the
model).

Capacity scaling factor - function of utilization rate
The capacity scaling factor is a modelling parameter impacting the capacity of eNode.

This parameter depends on the utilization rate of the eNode B and the ISD (Inter Site
Distance).

The following table provides experimental measures of the impact of the ISD and
utilization rate on the capacity scaling factor.
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Table 23 - Capacity-scaling factor (no unit) based on utilization rate and ISD

Capacity scaling based on JUIEENECI Unit
utilisation rate in%

Inter-site distance
500 m 1732 m 3000 m 9000 m

0% 2,17 1,63 1,10 1,00
5% 2,16 1,44 1,09 1,00
10% 2,07 1,26 1,08 1,00
15% 1,96 1,17 1,06 1,00
20% 1,86 1,08 1,05 1,00
25% 1,76 1,07 1,04 1,00
30% 1,67 1,05 1,04 1,00
35% 1,59 1,04 1,03 1,00
40% 1,51 1,03 1,02 1,00
45% 1,44 1,02 1,02 1,00
50% 1,37 1,01 1,01 1,00
55% 1,31 1,01 1,01 1,00
60% 1,25 1,01 1,00 1,00
65% 1,20 1,00 1,00 1,00
70% 1,15 1,00 1,00 1,00
75% 1,11 1,00 1,00 1,00
80% 1,08 1,00 1,00 1,00
85% 1,05 1,00 1,00 1,00
90% 1,03 1,00 1,00 1,00
95% 1,01 1,00 1,00 1,00
100% 1,00 1,00 1,00 1,00

Source: TERA Consultants/ Operators
DL/UL spectral efficiency function of bandwidth

Spectral efficiency consists of a measure of how efficiently a frequency spectrum is used
by the eNode. It has a significant impact on 4G site capacity and depends on different
parameters:

- The ISD;
- The type of traffic (uplink or downlink);
- The width of spectrum available.

The following table provides the spectral efficiency coefficients used in the cost model:
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Table 24 - Downlink and Uplink spectral efficiency (in bps per Hz)

Inter-site distance
Downlink Uplink

500m 1732m 3000m 9000 m| 500 m 1732 m 3000 m 9000 m

STEMIEINCERGA Bandwidth in MHz  Unit

0 MHz bps/Hz - - - - - - - -

1,4 MHz bps/Hz 0,87 0,82 0,71 0,54 0,51 0,37 0,22 0,02
5 MHz bps/Hz 1,06 1,00 0,88 0,58 0,65 0,56 0,42 0,12
10 MHz bps/Hz 1,19 1,11 0,98 0,67 0,67 0,57 0,44 0,13
15 MHz bps/Hz 1,19 1,11 0,98 0,71 0,68 0,59 0,45 0,15
16 MHz bps/Hz 1,19 1,11 0,98 0,73 0,68 0,59 0,45 0,16
20 MHz bps/Hz 1,19 1,11 0,98 0,80 0,68 0,59 0,45 0,17

Source: Operators

The spectral efficiency tables can be found in the sheets “Design parameters”, section
4.4.

4.2.2.4.2 Main dimensioning rules

The densification dimensioning process aims at rolling out enough 4G eNode B in order
to handle all the 4G BH traffic, it consists in identifying:

i. The number of 4G sites (eNode B) required for densification. The total 4G sites
will be the sum of densification sites and coverage sites.

ii. The number of RRU required

(i) The dimensioning of the necessary 4G sites (for densification) is performed in three
main steps:

1. Step 1: calculation of 4G site capacity. This step is performed in 4 sub-steps.
1.1 Calculation of the ISD (Inter Site Distance)

1.2 Calculation of the gain (for downlink traffic with MIMO (Multiple Input Multiple
Output));

1.3 Calculation of the capacity scaling factor based on utilization rate
1.4 Calculation of the spectral efficiency, and consequently the 4G site capacity

2. Step 2: calculation of the traffic at the BH to be handled by 4G sites in each
geotype
3. Step 3: calculation of the necessary 4G sites for densification

The following graphic summarizes the calculation process:
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Figure 20 — Calculation flow for 4G sites (eNode B) needed for densification
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» Step 1 - calculation of 4G sites capacity in UL and DL

This first step is divided into four sub-steps:

e Step 1.1 —calculation of the inter-site distance (ISD)

Next sub-steps depend on the inter-site distance (ISD). The inter-site distance of a given
year is calculated as the inter-site distance between all the sites rolled out the previous
year;

For each geotype, ISD is computed with the following formula:

Geotype area
ISD = yP

@ * Nb of eNodeB in the geotype

e Step 1.2 —calculation of the MIMO gain

The MIMO gain depends on the ISD. It is calculated based on the relation between ISD
and the gain. This relation is described in the previous section 84.2.2.4.1.
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For any in-between ISD, the model assumes a linear projection is computed knowing
that:

- For ISD below 500 meters, the gain remains at 20%;

- For ISD above 9000 meters, the gain is still 5%.

e Step 1.3 — Calculation of the capacity scaling factor based on utilization
rate

The utilization rate has a direct impact on the capacity of the eNode B but also the
capacity scaling factor.

The scaling factor is calculated based on the utilization rate of eNode B network element,
following the relation between the scaling factor and the utilization factor.

This relation is provided in a table, section 4.4 of the sheet “Design parameters”.

e Step 1.4 — Calculation of the spectral efficiency

The spectral efficiency depends on:

- The ISD;
- The type of traffic (uplink or downlink);
- The width of spectrum available.

The spectral efficiency is calculated based on the relation between the provided in two
different tables (For uplink and downlink) in section 4.4 of the sheet “Design
parameters”.

Once the previous parameters have been determined, the cell capacity is obtained with
the following formula:

Cell capacity = Spectrum width X Spectral ef ficiency X capacity scaling factor
X utilisation rate X (1 + MIMO gain)

» Step 2: calculation of the traffic at the BH to be handled by 4G sites
in each geotype

The calculation of the traffic at the BH is perfomed similarly to 2G and 3G
dimensioning, based on BH traffic and routing factors associated with eNode B.

» Step 3: calculation of the traffic at the BH to be handled by 4G sites
in each geotype
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Once the traffic required to be handled by 4G eNode B is calculated (step 2) and 4G
sites capacity is identified (step 1). The required 4G sites for densification is calculated
as the incremental number of 4G sites necessary sites meet the targeted traffic (in
addition to coverage sites).

(i) The number of 4G RRU is straight calculated from the number of eNode B as the
model considers one 4G RRU per sector.

The following graphic summarizes the calculation process of 4G RRU:

Figure 21 — Calculation flow for 4G RRU needed
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Source: TERA Consultants

The eNode B and 4G RRU dimensioning calculations are can be found in the sheet “4G
RAN".
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4.2.2.4.1 Results

Based on the inputs and dimensioning rules presented in the sections above, the model
assesses the necessary 4G RAN equipment to meet traffic requirements.

The number of modelled equipment are presented below:

» 4G sites/eNode B modeled

Table 25 - 4G coverage sites + traffic driven sites for generic operator

2019 2020 2021 2022 2023 2024 2025

Total 4G sites coverage + densification Geotype unit
Dense Urban # 40 42 58 79 105 139 181
Urban # 25 30 40 53 69 92 118
Suburban # 21 22 30 40 54 72 95
Rural # 271 271 271 271 271 271 271

Source: Mobile cost model

» 4G RRU modeled

Table 26 — Yearly deployed 4G RRU by the modeled operator

2019 2020 2021 2022 2023 2024 2025

Geotype unit

Dense Urban # 113 118 163 222 295 391 509
Urban # 71 85 113 149 194 259 332
Suburban # 59 62 85 113 152 203 267
Rural # 761 761 761 761 761 761 761

Source: Mobile cost model
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4.3 Core network modelling

As described in the model's scope section 82.1, the cost model covers core network
elements as well.

Core network consists in the central part of the overall mobile network that allows mobile
subscribers to get access to the services that they are entitled to use, e.g. international
calling. It is responsible for critical functions such as subscriber profile information,
subscriber location, authentication of services and the necessary switching functions for
voice and data sessions.

Figure 22 — Core network
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Unlike the Radio Access Network, which is highly dependent on the traffic at the busy
hour, core network elements are not sensitive to traffic variations, thus the core network
modelling has no impact on cost assessment under the Pure LRIC cost standard.

The cost model models core network equipment based on existing core nodes provided
by operators, it includes a forward-looking network architecture, assuming a transition
phase from legacy network to a network structure with more virtualized functions®.

The list of core equipment considered in the core model is described in the section §2.1.
The corresponding inventory and its evolution over time is can be found in the sheet
“Inventory and unit costs”, section 1.

8 The model assumes Network Virtualized Functions replacing the corresponding legacy equipment (such as GGSN,
SGSN, MME, SGW, PGW & PCRF) in 2023.
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4.4 Transmission network dimensioning

The model dimensions the transmission network based on the traffic requirements as
well as management limitations. The transmission network includes the following links:

BTS-BSC

Node B-RNC
BSC-MSC
BSC-SGSN
RNC-MSC
RNC-SGSN
SGSN-GGSN
ENODE B - MME
ENODE B-SGW
RNC-SGW
SGW-PGW
PGW-Internet
BSC-MGW
RNC-MGW
GGSN-Internet

MSC-GW!/transit switch

MSC-MSC

The physical description of the network includes additional nodes, such as aggregators,
rings and hubs.

In the transmission network, the base stations can be directly linked to BSC/RNC or
indirectly through aggregation rings. The backhaul links can be either wireline or
wireless depending on the description of the transmission network provided by
operators.

Figure 23 - Access Transmission network physical structure
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4

The model assumes a mix of wireless and wireline technologies, the mix is populated in
the model based on data collected from operators.

The following table presents the mix used in the cost model.

Table 27 — Mix of technologies used per link

Mix of transmission technologies

Geotype

BTS-BSC All geotypes
Dense Urba
Urban
Suburban
Rural

Node B-RNC All geotypes
Dense Urba
Urban
Suburban
Rural

BSC-MSC

BSC-SGSN

RNC-MSC

RNC-SGSN

SGSN-GGSN

ENODE B - MME

ENODE B-SGW

RNC-SGW

SGW-PGW

PGW-Internet

BSC-MGW

RNC-MGW

GGSN-Internet
MSC-GW!/transit switch
MSC-MSC

unit

%
%
%
%
%

%
%
%
%
%

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

FH
%

60%
12%
46%
58%
91%

58%
12%
43%
58%
91%

0%
0%
0%
0%
0%
60%
60%
0%
0%
0%
0%
0%
0%
0%
0%

Wireline
%

40%
88%
54%
42%

9%

42%
88%
57%
42%

9%

100%
100%
100%
100%
100%
40%

40%

100%
100%
100%
100%
100%
100%
100%
100%

Source: mobile cost model, based on operators data

As presented in the table above, 100% wireline connections are used in all backbone
transmission network, whereas the mix including FH links are used in links linking 2G,

3G and 4G sites to the downstream layers of the network.

For BTS-BSC and Node B-RNC links, the use of FH links is focused in less denser area
(Rural geotype and in a lesser extent to Suburban/Urban area), whereas in dense urban
areas wireline connections are more often used in the model.

Concerning the dimensioning of the transmission links, the model assumes the following

types of connections®:

» Wireline connections

e E1 links (2,048 Mbps of capacity)

9 Leased line connections are implemented in the model but not used for the HEO
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e 1G fibre link (1000 Mbps)
e 10G fibre link (1 000 000 Mbps)
e Wireless links

» Wireless Link

e Typical link: of 55MHz channel size

Transmission network dimensioning is driven by the traffic that needs to be carried over
the transmission network as well as the network topology. The latter defines the
minimum number of links required and the type of links. For example, the number of
backhaul links cannot be less than the number of base stations.

The dimensioning process of transmission links is performed in three steps as
summarized in the following graphic:

Figure 24 — Transmission links calculation flow
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Source: TERA Consultants

1. Calculation of the number of connections based on the number of deployed
nodes to be linked

This step consists in identifying the number of connections to be made between
nodes.

2019-39 TERA 158



"
Cost modelling for mobile services — Model documentation ‘

Example
» Simple links

For example, in the case of deployment of 100 BTS to be linked each to one BSC, the number
of connections is 100.

» Interconnected links

For example, in the case of deployment of 4 MSC to be linked to each others, the number of
connections is 4x(4-1)/2 = 6

2. Calculation of the traffic at the BH to be handled by the link

This step consists in calculating the traffic per node to be handled by the link. This
calculation is performed based on traffic at the BH at the node level and the number of
deployed nodes.

For example, if at the level of each BSC, an averaged traffic at the BH of 1700Mbps
needs to be handled to the downstream nodes of the network, the model calculates 2
links of 1G.

3. Calculation of the total number of links in each size (1G, 10G...) and in each
type (FH/Wireline)

Based on the traffic at the BH to be handled at the node level, the necessary capacity
of links and their number will be determined.

Knowing the number of connections to be established and the number of each size of
links needed (based on traffic constraint); the total number of links can be calculated.
The model splits links between the different types (Wireline and FH), based on the mix
presented in the Table 27.

The model takes into account redundancy factors in the deployment of transmission
links.

The following table presents redundancy parameters considered in the model for each
link:
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Table 28 — Redundancy parameters

Redundancy parameters

FH Wireline

unit % %
BTS-BSC # 1,45 1
Node B-RNC # 1,48 1
BSC-MSC # 1 1+1
BSC-SGSN # 1 1+1
RNC-MSC # 1 1+1
RNC-SGSN # 1 1+1
SGSN-GGSN # 1 1+1
ENODE B - MME # 1,48 1+1
ENODE B-SGW # 1,48 1+1
RNC-SGW # 1 1+1
SGW-PGW # 1 1+1
PGW:-Internet # 1 1+1
BSC-MGW # 1 1+1
RNC-MGW # 1 1+1
GGSN-Internet # 1 1+1
MSC-GW!/transit switch # 1 1+1
MSC-MSC # 1 1+1

Source: Tera Consultants, operators
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5 Network costing

Costing the network is performed according to principles set in the MRP; it is
straightforward once the network has been dimensioned.

Network costing approach is summarized in the following graphic:

Figure 25 — Network costing overall approach
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5.1 Unit CAPEX and OPEX

Once the model has calculated the required quantity of network elements (following the
network dimensioning step), it calculates the associated capital expenditures by
applying the corresponding unit costs. It then calculates the annuity by including the
WACC, the price trend and the economic lifetime, and it adds the OPEX.

5.1.1 Network element unit CAPEX

The asset unit CAPEX (i.e., prices paid for equipment added to cost of installation) is
populated in the model based on data provided by operators as part of the data
collection process.
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The model derives the final CAPEX unit cost estimates by taking in to account the
provided value considering the price trend*° of equipment and the reference year. These
price trends are expressed in nominal terms.

Network sites CAPEX is calculated for the sites owned in acquisition, or for the rented
sites considering a rent (OPEX). The model assumes three options for the generic
operator sites, either (i) 100% owned sites, (i) 100% rented or (iii) a mix of rented and
owned sites. The mix of owned/rented sites in the mixed scenario is obtained as the
average of the mix observed among the three operators.

For collocated sites, the CAPEX per collocated element is calculated by dividing the
provided CAPEX of a collocated site by the number of collocated elements.

5.1.2 Network element OPEX

The principle of OPEX calculation in the model is based on the determination of markups
applied to CAPEX for each network component.

The markup is provided by operators as part of the data collection process.

Sites OPEX include rental fees when sites are not owned, this information is provided
by operators.

The model also includes in network OPEX the spectrum fees (annual recurring fees),
that are considered as joint network costs applied to the RAN. License fees are
described more in details in the section §5.2.2.

5.1.3 Total Network annual cost

Total network annual costs are calculated by summing network annual capital costs
(once CAPEX/investment are annualized considering the depreciation approach 85.3)
with operating expenditure.

10 For some core equipment, the price trend is not provided: a price evolution of -5% is assumed in the model and
implemented in the model as a parameter in the control worksheet.
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5.2 Additional costs (non-network costs)

In addition to previously calculated network costs, other cost items are considered for
LRAIC+ calculation!!. These costs are added in order to cover all the perimeter of costs
to be allocated to network. The model includes the following costs:

e Interconnection and roaming staff costs;
e License costs;

e Business overheads.

5.2.1 Interconnection and roaming staff

These specific costs are directly induced by interconnection or roaming services. They
consist of the cost of staff allocated specifically to interconnection and roaming.

Interconnection costs are allocated specifically to interconnection services while
roaming staff costs are allocated to roaming services.

This information has been requested to operators. Generic operator’s values correspond
to the average of relevant operators’ data.

Termination rates calculated based on the pure LRIC cost standard includes a share of
interconnection staff costs.

5.2.2 License costs

Spectrum license costs (one-shot) are also included in the total costs for LRAIC+
calculation. They are considered as un-attributable common costs, and allocated to
services based on a traffic allocation key.

They are provided by operators and consist of the one-shot acquisition cost as well as
an annual fee paid annually.

As described in the network dimensioning section, the model allocates to the HEO
operator a percentage of the spectrum available in each band in the market, consistent
with its market share. Thus, the model assesses HEO license costs (one-shot and fees)
as the product of unit costs (per MHz) and HEO bandwidth in each frequency.

Unit costs per Mhz are calculated based on data provided by operators.

License costs (One-Off costs annualized, License fees (OPEX)) can be found in the
sheet “Inventory and unit costs”, section 5.

11 And for the pure LRIC calculation for interconnection costs
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5.2.3 Business overheads

The business overheads are considered in the model based on the EPMU approach,
considering a markup applied to the total of other costs (network costs, interconnection
staff, license costs).

This markup is obtained from relevant data provided by operators.

The markup represents the percentage of un-attributable costs in the sum of network
costs and retail costs.

When this markup is applied to the sum of calculated network unit cost, interconnection
staff unit cost and spectrum license unit cost, the result is the total unit cost. In
consequence, the business overhead unit cost would represent the difference between
the total unit cost after application of markup and the total unit cost before application of
markup.

The business overheads to be taken into account must be only those relevant to
network. The model defines a markup to derive the network component of business
overheads from the total amount. In fact, this markup reflects only the part of overheads
allocated to the scope of modelled costs. The calculation is then based on the three
following parameters which were provided by operators:

e Network costs;
e Retail costs;
e Un-attributable costs.

Based on data collected, the mark-up used in the model evolves slightly over time, in
the period 2020-2025, while it is considered constant after 2025.
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Figure 26 - Business overheads calculation
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5.3 Depreciation

There is a wide range of approaches to depreciate an investment, but NRAs in Europe
mainly use economic depreciation when implementing bottom-up model rather than
accounting depreciation with straight line annuities.

Economic depreciation calculates annuities that evolve with expected incomes
generated by the asset over the asset’s useful life. Economic depreciation is defined
simply as the period-by-period change in the market value of an asset. The market value
of an asset is equal to the present value of the income that the asset is expected to
generate over the remainder of its useful life.

The most appropriate methods for depreciation of investments are:
e Tilted Annuity
e Adjusted Tilted Annuity

As it is stated in the Conceptual Framework, “AKEP is of the preliminary view that tilted
annuity depreciation approach is the most appropriate to be used for all assets.”.

In consequence, in the model, annuities are calculated in tilted annuities depreciation.
The tilted annuity formula is probably the most widespread depreciation formula used
for regulatory purposes. It incorporates a tilt which enables the calculation of annuities
to evolve in line with asset price changes: if an asset price increases by 5 per cent per
annum, annuities will also increase with 5 per cent per annum.

Such a formula sends appropriate ‘build or buy’ signals to market players. It facilitates
to replicate the annual charges an operator in a competitive market would face.

Even more important, tilted annuities allow for a smooth evolution of annual costs
despite price changes and investment cycles. At the end of the useful life of an asset,
i.e. when the asset needs to be renewed, the annuities calculated with the tilted annuity
method will be similar just before and just after the renewal of the asset. Therefore,
annuities evolve without the discontinuities which are the case of the standard annuity
approach.

Under the tilted annuity approach, cost recovery for an asset is a function of the
replacement cost of the asset, the expected annual price trend of the asset, the expected
economic life of the asset and the WACC.

Figure 27 - Tilted annuity method
(0w =—pA+pPA+w)y’

- (15)

At=IX

Source: TERA Consultants
Where:

- A:¢ Annual cost recovery
- Iz initial investment
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w: WACC — WACC calculation and used value is described in details in the
following section §6

p: asset price trend

n: economic life of the asset

PT: payment term

In the cost model, working capital is excluded and the payment term is set to O, thus the
tilted annuity formula effectively used is:

Figure 28 - Tilted annuity method after setting payment term to 0
t
(w—p)A +p)
I X

- (35

t =

Source: TERA Consultants

2019-39 TERA 1 67



"
Cost modelling for mobile services — Model documentation ‘

5.4 Cost allocation

Once the total costs and additional costs are calculated, the next step is to allocate them
to services in order to deduce the cost of the targeted service. The allocation may differ
according to the selected approach: either in LRAIC+, or in Pure LRIC. The model
implements both cost standard: LRAIC+ for all services and Pure LRIC for termination
rates, as stated in the MRP.

5.4.1 LRAIC+ cost allocation approach

5.4.1.1Total annual costs allocation

Knowing the annual total cost of each network element, the aim is to determine the
percentage of usage of each element by each service.

The model is based on the ‘Required Capacity Allocation’ approach. It belongs to
‘proportional rules family’ (technical allocation), where costs are allocated according to
the capacities required for each service supported by the network. In the case of
telecommunication networks, costs can be allocated on the basis of the busy hour
bandwidth.*?

For example: If an on-net call represents 10% of the total traffic usage of BTS, 10% of
total traffic usage of BSC, 5% of total traffic usage of MSCs, and 5% of total traffic usage
of MGW, then the total annual cost allocated to this service corresponds to 10% of the
annual cost of BTS, 10% of annual cost of BSC, 5% of annual cost of MSCs, and 5% of
total annual cost of MGW.

The percentage of usage of network nodes by the different services is calculated using
the routing table provided as part of the data collection process?®:.

For example: an on-net call needs to activate 2 BTS while an off-net call needs to
activate only one BTS of the operator’s network. Doing the same with all the services,
and taking into account the busy hour traffic of each service, it becomes possible to
determine the percentage of usage of a BTS by each equipment. It is assumed in the
model that allocation is done according to busy hour traffics.

The calculated cost using this method represents the total annual cost allocated to all
the service annual traffic. The following step is to determine the cost per unit of traffic of
the service. This is achieved by dividing the total calculated cost by the service total
annual traffic.

121 the Busy Hour bandwidth (= most relevant cost driver) consumption of the various services differs depending on the
network’s segments, it is necessary to break up the total cost by the network’s segments before carrying out the cost
allocation.

3 The routing matrix used in the model can be found in the sheet “Routing matrix”
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Figure 29 - Capacity based allocation approach

Routing matrix Total traffic

Network element utilization Network total yearly
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Source: TERA Consultants
* For each network element, the sum of the utilization rates over all the services is always equal
to 100% otherwise; some costs would not be recovered.

Inputs

5.4.1.2Additional costs allocation

With the Required Capacity Allocation, the allocation of the total cost of an additional
cost item (E.g: interconnection staff total cost) between all the services, is based on the
total commercial traffic of each service. As traffic is expressed in different units (minutes
for voice, units for SMS and MMS, Mbytes for data), the model has to convert the traffic
in a homogenous unit to allocate the network cost among all services. In the model all
the services traffic units are converted to 2G minutes.

Interconnection and roaming staff costs

» Interconnection staff costs are allocated to interconnection services based on
commercial traffic (converted to 2G min for homogeneity purposes);

» Roaming staff costs are allocated to roaming services based on commercial
traffic (converted to 2G min for homogeneity purposes);

Interconnection and roaming staff costs

Regarding the license cost (one-shot and annual fees), the allocation is also based on
commercial traffic (converted to 2G min for homogeneity purposes)
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Un-attributed costs

For un-attributable costs (overhead costs), thy are allocated thanks to the EPMU (Equi-
Proportionate Mark-up) approach. As presented in the section 85.2.3, a mark-up is
computed based on operators data, which applied to the cost of each service;

5.4.2 Pure LRIC cost allocation approach

The pure LRIC cost of a given service is the avoided cost when not providing the
selected service.

In the model, the Pure LRIC approach is used to model termination rates. It consists in
modeling the network while considering all traffic except the terminating traffic. This
allows calculating the avoided cost resulting in (hypothetically) removing the terminating
traffic.

To do this, the model uses a specific macro (see algorithm description in the Appendix).
This macro, first, removes the traffic volumes that are to be taken into the “pure
increment”. Then, the total network cost obtained with the removal of the “pure
increment” is subtracted to the total network cost obtained with all services (including
the “pure increment”). The resulting difference is divided by the “pure increment” (i.e.
the terminating traffic) in order to get a unit traffic cost for the service.

The following graphic summarizes the approach used in the model:
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Figure 30 - Capacity based allocation approach
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Source: TERA Consultants

As both business overheads and license fees consists in common cots, they are
mechanically not captured within the “pure LRIC” approach.

In practice, in the model the definition of the increment for each category (voice, SMS,
MMS and data) is defined in Sheet “Pure LRIC”, section 1.
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6 WACC calculation

The cost of capital measures the opportunity or alternative cost of the sources of capital
(debt and equity) invested in the network.

It considers that the return on the assets of the company must be equal to the total return
expected by its shareholders and debt creditors, weighted by their respective
contribution to the financing of the company.

The calculation of the WACC is usually performed before taxes, and follows 4 main
steps which requires 4 parameters calculation:

1. The gearing ratio: the relative proportions of debt and equity used to finance
the investment;

2. The pre-tax cost of debt: the interest rate that debt providers would charge the
company for providing debt to such an investment;

3. The pre-tax cost of equity: the rate of return that investors would expect on
such an investment;

4. Corporate tax: the percentage at which the corporation is taxed

The WACC calculation is performed according to the formula below:

Figure 31 — WACC calculation formula

Debt level in the - v, Equity level in the company‘s
company'‘s asset base - v, +7, asset base

A A

pre—tax

WACC,, = Cp G+t

v v v

H Pre-tax cost of debt H Pre-tax cost of equity H Corporate tax

Source: TERA Consultants

Before analyzing each one of the steps required to calculate the cost of capital, it is
important to select a set of companies (the peer group) to be used as a reference for
parameters benchmarking. The peer group selection is a key element in WACC
calculation; the next section discusses the criteria used to identify these companies and
presents the result of the analysis.

6.1 Identification of the peer group

Albania is officially a candidate to join the European Union (EU) , this being said, it is
relevant (for consistency purpose) to base the analysis considering criteria usually used
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by EU countries (summarized in the Body of European Regulators for Electronic
Communications (BEREC) guidelines'*) extended to other relevant operators in
countries in UE and outside the UE. Furthermore, the companies analyzed/selected
operate in countries geographically close to Albania with a number of common market
characteristics.

BEREC guidelines outline five main criteria to select companies for the peer group. For
the purpose of this study, two additional criteria are taken into consideration, (i)
operators to be selected must have a mobile activity (since the WACC to be calculated
concerns only mobile activity) and the geographical location of operators to be
considered, which could be outside of the UE but geographically relevant to the Albanian
case.

The six criteria retained in the analysis are summarized in the following table:

Table 1 — set of criteria for the selection of the peer group

14 BEREC Report on WACC parameter calculations according to the European Commission’s WACC Notice of 7th
November 2019 (WACC parameters Report 2020) -
https://berec.europa.eu/eng/document_register/subject matter/berec/download/0/9364-berec-report-on-wacc-
parameter-calculati 0.pdf - page 16
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Criterion ‘ BEREC guidelines Relevance to the study
Selected companies
operate a mobile phone No Yes
activity

Selected companies are
listed on a stock exchange

. Yes Yes
markets and their shares
are traded liquidly
Selected companies own
and invest in electronic
Yes Yes

communications
infrastructure

Yes, but needs to be
relaxed to include other
relevant companies, like
Yes United Kingdom or Norway
and Switzerland, which are
countries with whom the EU
has close economic ties

Selected companies
operate mainly in the EU

Selected companies have
an investment grade rating Yes Yes
(BBB/Baa3) or above

Selected companies have
not been recently involved
in substantial mergers and
acquisitions

Yes Yes

Source: TERA Consultants

Considering criteria presented above, 28 companies/operators were analyzed
(belonging to 23 different countries). The analysis identifies 15 companies considered
as relevant (regarding the selection criteria) to be included in the peer group.

The following table presents the list of operators selected in the peer group as well as
countries to which they belong:

2019-39 TERA 174



Cost modelling for mobile services — Model documentation

Table 32 - list of companies included in the peer group

Company Country Selected within
the peer group
Telia Lietuva AB Lithuania Yes
Elisa Corporation Finland Yes
Orange Belgium SA Belgium Yes
Magyar Telekom Telecommunications PLC Hungary Yes
Tele2 AB Sweden Yes
Telekom Austria AG Austria Yes
Proximus S.A. Belgium Yes
Swisscom Ltd. Switzerland Yes
Telia Company AB Sweden Yes
Telenor ASA Norway Yes
Koninklijke KPN N.V. Netherlands Yes
BT Group PLC United Kingdom Yes
Orange SA France Yes
Vodafone Group PLC United Kingdom Yes
Deutsche Telekom AG Germany Yes
GO P.L.C. Malta No
Bulgarian Telecommunications Company AD Bulgaria No
TELEKOM SLOVENWE, d.d. Slovenia No
SONAECOM - S.G.P.S. S.A. Portugal No
Hrvatski Telekom d.d. Croatia No
02 Czech Republic Czech Republic No
TDC A/S Denmark No
Portugal Telecom, SGPS, SA Portugal No
Orange Polska Poland No
HELLENIC TELECOMMUNICATIONS ORGANIZATION S.A. Greece No
Telecom ltalia SpA Italy No
ALTICE NV (formerly VIVENDI) Netherlands No
Telefonica S.A. Spain No

Source: TERA Consultants

Geographically, the 15 companies considered within the peer group are located mainly
in the UE. The following figure, presents the location of the operators selected:
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Figure 33 — Peer group (*)
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Source: TERA Consultants

(*) between bracket is the number of operators considered in the country

6.2 Gearing

The gearing ratio is a measurement of a company's financial leverage, by comparing
company’s debt to its total capital (debt + equity).

Three methods are usually available for calculating it:

1. Based on book values (the accounting value of a company’s debt and equity)
2. Based on accounting value of debt and market value for equity
3. Based on an efficient value:

a. Based on an optimal capital structure;

b. Can be done through a benchmarking of other regulators’ decisions.

Since the accounting value of equity does not capture the future earnings potential of
firms and their ability to sustain debt, market values® are recommended to assess the
value of equity.

15 Market values consist in the product of the price of the share and the number of outstanding shares for each
company
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Consequently, the model uses the second approach with accounting value for debt and
market values of equity derived from Thomson Reuters Eikon.

The gearing ratio is calculated as follow:
D

G =
E+D

Where:
- G: Gearing ratio
- D: Book value of the total debt
- E: Market value of the equity

6.3 Pre-tax cost of debt

The pre-tax cost of debt reflecting the borrowing cost of the company could be calculated
according to three main approaches:

1. Based on book values (Based on the accounting data of the current loan book

2. Based on an efficient borrowing level (Based on an efficient loan book (portfolio
of various long-run loans) associated with corresponding costs of debt);

3. Sum of the risk-free rate and the company specific debt premium.

Generally, the first and the second methods are not used by regulators. NRA (especially
in Europe) rely on the third approach.

The cost of debt in the third approach is calculated as the sum of the Risk-free rate and
the Debt Premium:

Cb = Rr + Debt Premium

e Risk-free rate: expected rate of return of a risk-free asset, can be calculated
based on bonds.

e Specific debt premium (also known as corporate spread): the premium on top
of the risk-free rate that reflects the additional cost for the companies to raise
debt.

6.3.1 Risk-free rate

In order to determine the risk-free rate for Albania, the usual approach to use
government bonds is not available as Albania does not issue bonds with 10 years
maturity. The model uses the risk-free rate for Germany and adds the country risk
premium for Albania on top of it to serve as a proxy for the risk-free rate for Albania, as
illustrated by the following formula:
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Rr(Albania) = Rp(Germany) + CRP(Albania)
Where:

- Re(Albania): Albanian risk free rate, to be used for WACC calculation
- Re(Germany): German risk free rate used as a reference
- CRP: Country Risk Premium (for Albania)

This approach is commonly used and considered as a best practice in WACC
calculations.

The risk-free rate for Germany is calculated by averaging yields of 10-Years German
bonds for the period considered.

The country risk premium for Albania is obtained from a study conducted by the financial
expert Aswath Damodaran from New York University. This study determines country
risk premium using sovereign Credit Default Swap spreads.

6.3.2 Debt premium

Two methods are implemented in the model to calculate the debt premium:

1. Based on peer group average of CDS 10-Years spreads, from Thomson Reuters
Eikon.

Concerning this first approach, the debt premium is based on CDS spreads as a
proxy reflecting the incremental risk in the event of a debt default.

In the model, the average of daily CDS spreads over the period considered is
considered as a proxy to calculate the debt premium.

Data is obtained from Thomson Reuters databases.

2. Based on IBOXX Euro Corporate Telecom Index yields, which is an index of
European telecommunications companies’ corporate bonds, from Thomson
Reuters Eikon.

Based on this second approach, the debt premium is measured as the spread
between IBOXX corporate telecom bonds Yields and German risk-free rate. The
average of daily annual yields over the period considered is used.

The second approach is considered in the base case of the WACC calculation.

6.4 Pre-tax cost of equity

The specific calculation of the pre-tax cost of equity (step 3 in the Figure 31) is based
on the formula of the Capital Asset Pricing Model (CAPM), and requires the
determination of (i) the expected rate of return on the market ry,, (ii) the risk-free rate ry,
and (iii) the beta .
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Figure 34 — Cost of equity calculation formula
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Source: TERA Consultants

6.4.1 Market risk premium (or equity risk premium)

The market risk premium is the additional return an investor expects to receive from
holding a risky market portfolio instead of risk-free assets.
It could be assessed based on three main methods:

1. Based on independent studies led by financial experts namely:
i. the Damodaran method of the New York University;
ii. andthe DMS method (Dimson, Marsh and Staunton).
2. Based on benchmarking of other regulators’ decisions.

The model uses the first method, the Damodaran method, to estimate the market risk
premium.

6.4.2 Risk-freerate

The risk-free rate used for the cost of equity is the one used for the cost of debt.

6.4.3 Beta of the risky asset

The beta of an asset is a measure of its systemic risk compared to the market as a
whole (portfolio representative of the market). Five methods are available for regulators
to calculate it:

1. Historical values: the Beta is measured by the comparison between the
regression of the company returns Rj (including both dividends and
price appreciation) and the market returns Rm (Rj=a+B*Rm where {8 is
the Beta of the stock;

2. Adjusted benchmark of comparable companies: Based on the
benchmark from the B of comparable companies (peer group). This
method is adjusted to take into account different financial leverage
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across companies (unlevered considering companies gearings/taxes
and re-levered considered the calculated gearing and Albanian taxes);
3. Calculation of a target Beta based on the EBITDA of integrated
operators;
4. Benchmark of regulators: Comparison with other regulators.

The model uses the second method. Two sets of data are used to compute unlevered
and re-levered B in the model:

1. Peer group monthly B from Thomson Reuters Eikon.
2. Peer group guarterly B from Thomson Reuters Eikon.

For all previous parameters, the average over different time horizons are
calculated in the model: lyear, 2 years, 3 years and 5 years. The time horizon for
averaging is a model parameter, and for the base case, a time horizon of 3 years
is considered.

6.5 Corporate tax rate

The corporate tax rate could be assessed using two approaches:

1. Statutory corporate tax rate: imposed by law on the company’s taxable income;
2. Effective corporate tax rate: the tax rate actually paid by the company.
It can vary each year depending on capital allowances (Reduction in
the amount of corporation tax payable, offered as an incentive for investment),
the impact of different tax rates for a company operating in several countries,
relief from past losses, loopholes...

The statutory corporate (first approach) tax rate approach is forward looking, transparent
and easy to implement as well as it is independent from the capital structure of the
company and its investments’ decisions. It is the best practice mostly used by regulators.
Therefore, the first approach implemented in the model.

The model uses a table of statutory corporate tax rates around the world provided by
KPMG to determine the Albanian statutory corporate tax rate.

6.6 WACC results

Based on the approach described above, the value of the Weighted Average Cost of
Capital calculated is of 10.05%.

The following table presents the value of each of the parameters calculated:
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Table 35 — WACC calculation details

Parameter Unit Value

1. Cost of Debt = RF + DP

Risk-free rate (RF) % 5,5%
Debt Premium (DP) % 1,0%
Cost of Debt (CD) % 6.6%

2. Cost of Equity = RF + B*ERP

Risk-free rate (RF) % 5,5%
Beta (B) # 0,83
Equity Risk Premium (ERP) % 5,4%
Cost of Equity (CE) % 10.1%
3. Gearing
Gearing (G) % 34,0%
4. Tax rate

Tax rate (t)

Nominal pre-tax WACC
WACC ) 10,05%

Source: TERA Consultants
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7 Price setting

7.1 Mobile voice termination rates

7.1.1 Averaged price for the period 2022-2024

The model is built based on a multi-year time horizon; it takes into consideration the
evolution of costs within a period of time and provides results not only for the current
network situation but for the upcoming years as well.

The following graphic presents the yearly costs calculated, both for national and
international MTR:

Figure 36 — Model yearly results
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Source: Mobile cost model

New MTR is proposed to be implemented starting from the year 2022. The targeted rate
is calculated as the average of yearly rates over a period of 3 years, which extends from
2022 to 20241,

Based on yearly calculated results, the model calculates the pure LRIC averaged costs
(in Sheet “Results”) for price setting.

The averaged price for the period 2022-2024 is calculated considering the Net Present
Value of the annually calculated pure LRIC costs for the services: yearly pure LRIC costs
are weighted by the annual traffic of the considered service on which the WACC is
applied.

The formula used in the calculations is presented hereafter:

16 The final year of the time horizon should not exceed the near future
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Figure 37 — Averaged prices
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Source: TERA Consultants
Where:

- purelLRIC;: annually calculated pure LRIC cost for service in year i
- TrafficVolume;: annual volume traffic of service in the year i
- PLRIC_Price_service: Pure LRIC price of the service for the period 2022-2024

The averaged costs calculated considering the formula above are presented in the
following table:

Table 38 — MTR results (target tariff)

Service Averaged price

MTR for voice calls 0.751 Lek/min

MTR for international voice calls 0.762 Lek/min

Source: TERA Consultants

Mobile termination rates (national) calculated by the mobile cost model are 31%/32%
lower than those currently in force in Albania (of about 1.11Lek/min).

MTR for both services (national and international voice calls) are of the same order of
magnitude.

Compared to mobile termination rates calculated specifically in the different European
countries, new rates calculated by the cost model are among the third of the countries
with a cheaper price.

The following graphic compares the calculated MTR with those reported to BEREC for
the different countries of the EU in 2020:
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Figure 39 — Model yearly results Voice Mobile Termination Rate in Europe as of January, 2020 - Lek / min -
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Source: Mobile cost model

7.1.2 Glide path

A glide path refers to a regulated tool used when NRAs require operators to reduce
prices over time rather than mandate an immediate move to the cost-oriented calculated
level. Glide paths to setting cost-oriented charges have been considered common in the
regulatory practice, the most common reasons underlying their use being associated
with the need to provide operators with time to gradually adjust their business plans to
avoid too abrupt disruptions in the market, especially when the difference between the
existing MTR and the cost-orientated MTR is high.

AKEP consider the glide path also as a relevant tool for implementing the new cost
oriented mobile voice termination rate in Albania in cases where current average
termination rates are significantly higher than the estimated efficient cost level.

In this regards two main parameters ensures a smooth implementation of new cost
oriented tariffs:

» The gap between termination rates currently in force in Albania and that is
calculated by the cost model;

» The duration of the implementation of the glide path.

Gap between current termination rates and calculated rates

Current termination rates in Albania are of about 1.11LEK/min whereas the model
assesses voice termination rates of 0.751LEK for national incoming calls and
0.762LEK/min for international incoming calls, which represents a decrease of about
31%/32%. AKEP considers that this gap is important and requires the implementation
of a glide path, especially in the short-term where the impacts of the COVID19 crisis
may be most important for operators (and for the all-national economy) and also given
the uncertainties about post COVID19 recovery.
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Duration of the implementation of the glide path

The glide path’s length (duration) is a key parameter conditioning the smoothness of the
application of calculated cost oriented tariffs: given the gap of 31%/32%. a very short
glide path of for example 6 months, would ensure a very quick application of the cost
efficient voice termination rate, but potentially will not be sufficient to ensure a smooth
decrease. Consequently, it would not allow meeting the objective of providing an
appropriate period for operators to adjust their business plans especially during this
period of COVID19 crisis.

On the other hand, the longer the glide path duration, the more significant the risk of
prolonging an inefficient higher rate, to the detriment of consumers and of operators with
negative termination balance. A long glide path contributes also to smoothen the
application of the new calculated tariffs.

Glide paths for MTR setting have been widely used in the different European countries
mainly when they started to switch from old methods of calculating MTR to pure LRIC
according to the 2009 EC recommendation (mainly in the period between 2009 and
2013 or even 2015).

Moreover, more recently the European Commission has resorted to the use of a glide
path within the framework of the EU-wide voice-call termination rates.

The following table shows the glide path durations used in each country when switching
to the pure LRIC target tariffs as well as the gap between the initial and the target price
to be reached by the glide path:
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Table 29 - Glide path parameters benchmark

Country

Gide path duration

Glide path gap (%)

(years)

AT 2,9 65%
BE 2,4 79%
FR 2,0 75%
GR 2,0 37%
IT 3,0 78%
LU 2,0 30%
NL 2,2 62%
NO 2,0 64%
PT 1,3 42%
ES 1,8 41%
EC-2020 3,0 71%
SE 4,0 67%
DK 3,7 71%
DE 4,1 64%

Source: Cullen®’, EC*8 — analysis Tera Consultants

The table above presents for each country, the gap between the initial tariff (that was in
force for MTR) and the targeted tariff set based on a pure LRIC cost standard as well as
the glide path duration considered in each country to smoothen the impact of new tariffs.

It can be observed that the more the gap is high, the more the duration of the glide path

is longer, so as it can absorb the gap and smoothen the impact of new prices.

The following graphic plots the length of the glide path according to the gap:

17 Mobile termination rates — Glide paths,

https://www.hakom.hr/userDocsIimages/javnarasprava/lgor/901/Prilog%202_MTR_Glide_paths_WE_October2011

.pdf

18 European Commission, https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=72433
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Figure 40 — Glide path duration function of the gap
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Based on the calculated gap between former termination rates and rates calculated by
the cost model, of about 31%/32%, glide path duration could be estimated at 1.7 years
for national and international incoming calls.

Considering the COVID19 current crisis, AKEP is of the view to consider 2 years for the
glide path to implement the targeted rates.

AKEP suggests the following glide path for new MTR implementation:

Figure 41 — Glide path (eg. National incoming calls)
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Source: Tera Consultants

Based on the above, AKEP is of the view to consider 2 years for the implementation of the
targeted rates and intends, through this public consultation, to collect stakeholders’ views on the
glide path implementation.
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7.2 Other costs calculated by the model

As stated in the MRP document, the mobile cost model calculates the cost of all services
modelled, considering the LRAIC+ cost standard.

The following tables present unit costs calculated in the model, either considering
LRAIC+ cost standard (for all modelled services) or pure LRIC for termination services.

» Voice termination costs LRAIC+ and Pure LRIC (for termination services)

Table 30 — Voice termination costs

LRAIC+ Pure LRIC (Termination)

Voice blended termination Service unit
On-net A LEK/min 1,534
Voice LEK/min 1,476 0,751
International voice LEK/min 2,152 0,762
Inbound roaming N LEK/min 1,848
Outbound roaming” LEK/min 1,639

Source: Mobile cost model

» Voice origination costs LRAIC+ and Pure LRIC (for termination services)

Table 31 - Voice origination costs

LRAIC+ Pure LRIC (Termination)

Senice unit
Outgoing off-net N LEK/min 1,695
Inbound roaming N LEK/min 1,533
Outbound roaming” LEK/min 1,816
Other services
Voice - Outgoing - To national landlines LEK/min 1,700
Voice - Outgoing - International LEK/min 2,391
Voice - Other Outgoing Calls LEK/min 0,933
Voice - Value Added Service LEK/min 0,544

Source: Mobile cost model

» SMS costs LRAIC+ and Pure LRIC (for termination services)

Table 32 — SMS costs

On-net LEK/SMS 0,083
Outgoing off-net LEK/SMS 0,082
Incoming LEK/SMS 0,082 0,005
Other services
SMS - Outgoing - International LEK/SMS 0,082
SMS - Outgoing - Roaming LEK/SMS 0,081
SMS - Incoming - Roaming LEK/SMS -
SMS - Value Added Service LEK/SMS

Source: Mobile cost model
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» Data services costs, LRAIC+ and Pure LRIC (for termination services)

Table 33 — Data services costs

LRAIC+ Pure LRIC (Termination)

Service unit
Data - national LEK/MB 0,065 0,012
Data - Inbound Roaming LEK/MB 2,555
Data - Outbound roaming LEK/MB 2,528

Source: Mobile cost model
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8 Appendix

8.1 Model implementation and usage

8.1.1 Model implementation

8.1.1.1Model architecture

Figure 42 — Mobile cost model architecture
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Source: Tera Consultants
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8.1.1.2Sheets description

Table 34 — Sheets description

Source: Tera Consultants

8.1.1.3Description of implemented Macros
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8.1.2 Model usage

8.1.2.1How to obtain the results
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8.1.2.1The different parameters
Figure 43 — Mobile cost model parameters

Source: Tera Consultants

8.1.2.2Parameters description

Table 35 — Parameters description

Parameters Base case value Description

Economic parameters

WACC 10.05% Value of the WACC

Depreciation method Tilted Annuity Method to depreciate capex (either tilted annuities or straight line)

Number of working capital months to include when computing depreciated costs or NA to not take working

Working capital NA o . .
SR capital into account in the calculations

Way of allocating license costs: either allocate the sum of “ALL” licenses costs to 2G, 3G and 4G services
License cost allocation “ALL” according to BH traffic or allocate license costs “per techno”:2G license costs to 2G services (and
allocation according to traffic among services) and so on. Have a very limited impact on results.

Price trend -5% Yearly increase of the unit capex, applied mainly to equipment costs for which price trend is not provided.

Modelling parameters

Level of modelling National level Some assets can be modelled either at the geotype level or directly at the national level
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HEO frequency bands in multiple
of 57

FAUX

Frequency bands required for the HEO are calculated based on the HEO market share. This parameters
intends to define either rounded bands (in multiple of 5) or not rounded (multiple of 1).

Source for cell radii

Avg relevant radii

Parameter that defines the sources of the considered cell radii.

Parameter to use 100Mpbs links for transmission or not. Based on data collection, 100Mbps links are not

Use of 100Mbps Fibre links No . .
& used. This parameter is set only to 100Mbps.
. Parameter to include the rebalancing in the calculation or not. The rebalancing consists in calculating the
Include rebalancing VRAI .
un-recovered share of the pure LRIC costs in the other costs calculated by the model.
Include un-attributable costs in FALX Parameter to include or not a share of un-attributable costs in the pure LRIC costs or not. This parameter
the pure LRIC is set to False in the base case.
This parameter intends to add a mark-up to traffic to include technical traffic. Since the BH traffic is
Traffic mark-up FAUX provided by operators and not calculated in the model based on commercial traffic, this parameter is set to
False.
Site rental/ownership Rented Parameter to define sites ownership. For the base case, the HEO sites are considered rented.
: ” . Parameter defining the source of equipment capacities, either based on Albanian operators data or
Equipment capacities Albanian ops . . . .
generic data. This parameter is set to Albanian data.
I . Parameter defining the source of equipment utilization rates, either based on Albanian operators data or a
Utilization rate Albanian ops

unique value to be chosen for all equipment from the list. This parameter is set to Albanian data.

Source: Tera Consultants
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8.2 Sensitivity analysis of MTR to WACC change

Calculated MTR are not highly sensitive to WACC variation. The following table presents
how MTR reacts according to WACC change:

Table 44 — Sensitivity of MTR to WACC changes

MTR for international voice calls

WACC MTR for voice calls (Lek/min) R
5% 0,74 0,75
6% 0,74 0,75
7% 0,74 0,75
8% 0,75 0,76
9% 0,75 0,76

10,05% 0,75 0,76
11% 0,75 0,76
12% 0,76 0,77
13% 0,76 0,77
14% 0,76 0,77
15% 0,77 0,78
16% 0,77 0,78
17% 0,77 0,78
18% 0,77 0,79

Source: TERA Consultants
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