>BU|Id|ng the Moder
leed Network

(,

n

Drasko Maksimovic

Al Serbia

Miroslav Crepulja
November 2025



P




Own design & construction of New Acquisition of Conexio Network B
network (Indefeasible Rights of Use) (Ethernet Bitstream)

1 N ..
conelXio Telekom Srbija Telekom Srbija

>60k Homes Passed >40k Homes Passed Telekom: passive infrastructure Telekom: all infrastructure
st Als active equipment




OSS Fulfillment and Assurance stack
in A1 Serbia for Optical network

26. Novembar 2025
&

Miroslav Crepulja

| Al Serbia



p serves 30 million customers in 7 core markets.
g communications provider in the CEE region, the A1 Group
oducts and services in the areas of voice telephony, broadband
t, mobile and home entertainment as well as smart home, data
solutions, wholesale, payment solutions and digital services.
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Biznih sproblem i koraci

Contents

1. Izgradnja FTTH pasivne i aktivne pristupne mreze (GPON & XGS-PON).

2. Izbor i testiranje terminalne opreme.

3. Funkcionalni dizajn servisa.

4. Dizajniranje BSS/0OSS procesa/servisnih modela/aplikacija/integracije
1. Best practice - konsultacija relevanthim standarda u odgovarajuc¢im domenima.
2. Izbor novih venodra.
3. Integracija sa postojec¢im vendorima.

5. Razvoj i testiranje ,End To End" resenja i deployment produkcionog okruzenja.
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Industrijski best practice i standardi u BSS/0OSS domenu

TeleManagement Forum - frameworx
Biznis procesi

STRATEGY TO READINESS OPERATIONS
CAPABILITY BUSINESS VALUE OPERATIONS READINESS
STRATEGY MANAGEMENT MANAGEMENT DEVELOPMENT & SUPPORT FULFILLMENT ASSURANCE BILLING

STRATEGY TO READINESS OPERATIONS
CAPABILITY BUSINESS VALUE nlnu'.m READINESS - e i

| == == = Svi relevantni biznis
- e | = procesi treba da budu
obuhvaceni resenjem
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Industrijski best practice i standardi u BSS/0OSS domenu

TeleManagement Forum — Aplikacije

SERVICE CATALOG MAMAGEMENT

SERVICE LIFECYCLE MANAGEMENT

RESOURCE LIFECYCLE MAMAGEMENT

+« Resource Commissioning & Configuration Management
+ Implementation Planning

+ Tactical Planning

+ Capability Specification Management

+ Planning Design Automation

+ Spares & Warehouse Inventory Management

+ Resource Catalog Management

+ Strategic Planning

+ RESOURCE CATALOG MANAGEMENT

RESOURCE INWENTORY MAMNAGEMENT

RESOURCE PROCESS MANAGEMENT (WORKFLOW/ INTEGRATIOMN)
» Resource Change Management

+ Jecpardy Management

* Resource Logistics

WORKFORCE MANAGEMENT
Workforce Schedule Management
Work Order Analysis

Work Order AssiEn ment & Dispatch
Work Order Tracking & Management
Workforce Configuration and Setup
Workforce Management Reporting

LOCATION MANMNAGEMENT
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SERVICE INVENTORY MANAGEMENT
= Service-Resource Inve

ntory
= Service Inventory Reconciliation / Synchronization

CUSTOMER ORDER MANAGEMENT
Customer Order Establishment
Channel Guidance and Data Capture
Customer and Product Data Collection
Customer Order Capture

Offer Configuration

Offering Availability

Customer Order Validation

Customer Order Orchestration

Customer Order Tracking & Management

Customer Order Lifecycle Management
Customer Order Enrichment

Customer Order Acceptance

Customer Order Rules Management
Customer Order Workflow Management
Customer Order Item Decompaosition
Customer Order Work Item Decomposition
Customer Order Orchestration Plan Creation

Neophodne
aplikcije

SERVICE ORDER MANAGEMENT

. Brothict/Service Order Decomposition
- P rvice er Decom i

= Service Order Tracking & Management
= Service Design/Assign

* Design Solution

= Assign/Procure Network Resources

SERVICE ORDER ESTABLISHMENT
* Service Data Collection

= Service Order Validation

= Service Availability

= Service Address Validation

= Service Availability Validation

RESOURCE ORDER MANAGEMENT

= Resource Order Orchestration

= Resource Order Tracking & Management
* Resource Service Order Validation

= Resource Order Data Collection

Procure Access

Procure CPE

Service Configuration Management
Service Activation Management
Service Order Publication

= Service Termination Points Determination
= Determine Access Provider
= Determine Delivery Interval

Resource Design / Assign
Resource Availability

Resource Order Configuration Management
Resource Order Publication



Industrijski best practice i standardi u BSS/0OSS domenu

TeleManagement Forum - Interfejsi + Informacioni model

Product / Service /Resource

Resource model

How we sell it (packaging rules,
— prices, alterations, commitment...)

What we sell, as perceived by the
customer or the product user and based

on what we are able to build or buy. Can

e‘o'\arkei'mg ' Prod e
view
ProdSpecMadeAvailableAs
Functional 0.1
view  ProductSpecification

ProdSpecRealizedAsCFServiceSpec

CustomerFacingServiceSpec -{——L

be material or non tangible goods.

J/

Our Know-Hows. Corresponds to non tangible goods. A

" ProdJctﬂJecReiizedAs
RequiresResourceFacingServiceSpec

H . 3 S /;r:;el\&lmm;p /_/,;-
I Technical solution. B 7.4 s

Note: suppliers solutions not presented here
—\ J

_|  Corresponds to material goods

r

Technical 1.*
view ResourceFacingServiceSpec
RFServiceSpecHasResourceSpecs V:
1.*
‘ ResourceSpecification i .
9 A1l Srbija|Miroslav Crepulja

Information
framework — primer
osnovne hijerarhije

Proizvod-Servis-
Resurs

—l Our technical solutions are distributed on resources

How we provision (build or buy), test, ... it

Integration
framwrork — primer

TMF641 Service
Order Management
API-ja

LN St S
"serviceOrderHref": "http://serverlocation:port/serviceOrdering/v4/serviceOrder/42",
"serviceOrderld": "42"

}
l
"@type": "ServiceOrderJeopardyAlert"

}

"milestone": [
{
"id": "143",
"description”: "Port Allocation”,
"message": "Port Allocation”,
"milestoneDate": "2020-08-27723:17:45.4502",
"name": "Port Allocation”,
"status": "Completed",
"serviceOrderitem": [
{
"itemid": "2",
"serviceOrderHref": "http://serverlocation:port/serviceOrdering/v4/serviceOrder/42",
"serviceOrderld": "42"
}
I
"@type": "ServiceOrderMilestone"
}

]J
"serviceOrderltem": [
{
"id": "1",
"action": "add",
"state": "InProgress"”,
"service": {
"@type": "Service",
"state": "active",
"serviceType": "CFS",
"serviceCharacteristic": [
{
"id": "452-gh6",
"name": "vCPE",
"valueType": "object",
"value": {

"@Rbamals oene!
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High level arhitektura

CRM === ————m——m——m Billing

! I service Order Management
= = = _.I'L ____________ EE - —

{preporuka TMFB4L] |
1 I

[preporuka: TMFE33) -

|
I
I
| |
ELnrice Eatalugllne b anagement B5S Stack [C ustom ErfF'mduct E|Dj}
I
I
I
I

I
|
| | (ERP)SAP |
. ] . »
Feasibility check l i lintegracione l
I "
I Service Catalogue F-——--=-=-==-=—— | : WFM : tacke za |
| | | | | diskusiju): |
| | ' WFM, CRM
: Service Inventory == —————- Sarvioe | b
. Orchestration | _ _ _ _ _ | L —| ERP (SAP)
Resource [~~~ 77777 |
AAA Catalogue + || LM+ Address :
[Authentication/ ln“E"mw\ Model |
Authorization/Acounti ng) - .
- brzina _ - . L.
05 F===77 ~. Service Activation
-DNS parametri | Mo
-username/pass I \ I
IP/subnet I 0SS Fulfilment stack (Service/Resource Sloj) '
U sluéaju flat rate-a slanje 3 " :
accounting rekorda ka | k“\_ "
billing-u nipe potrenda | Active Resource Inventory sinhronizaciia o
I . “ OLT/OMNT proviskonig
T g i . )
L h_ — — padivs/Dlametere — — — — — — — N (T CDNT:::EEM-EI:-S-EM;WLAN]HJGS]
CPE configuration |
| 1
DHCP -,
Internet
——"4"— —:""LJsluf.aju IPOE- — — 7 BNG/BRAS |
ACS | : P = I
{Auto Configuration ——h s " ) I
I r . LS |
Server) i 7 - . I
1 - e 1 ‘\\ 3
Alokacija CPE management IP adrese # il
Iposeban management VLAN) = —_— ] GPON EMS
| . = :
| PPPFOE
L_._____...--""' | Cu b indesmn ot Trallic =
CPE Configuration {Frjmed route - i potretine osim 12 business karisnke| - -
+ -
Statistika : e -
r -
L _GRON(DLT/ONT)

-

I

I

! |

i }l"" GPON OMC — setovanje ACS URL-a (minimalno)
-

1 ——

-

CPE

10 A1l Srbija|Miroslav Crepulja B Tty |




High level arhitektura

Servisni i mrezni elementi

BSS 0SS
() !
wim WL

_— g L - 'cmm s = o
Veliki broj novih 1 & o | SLOZT L Ay : L)

platformi sa razlicitim GPON/XGS-PON

H - TV Platform Services
TR-143 Speed Test Server ACS (Auto Cerl:zf-ig:;ation Server) AAA (RADIUS) Server Management System o

G
DQ}\
f e RC

_

integracionim tackama
u okruzenju sa vise
vendora

Internet Cloud

Access IP/MPLS

o lioner
A\ A\ e
Optical Fiber ﬁ ﬁ /ﬁ\( onuoNT
fa
s
Optical Splitter
f’T‘;ﬁ 6606 o -
. 96000000
3>°:“%...?..",’
CA
ONU/ONT (Home)
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High level arhitektura

Modelovanje i izvrsavanje biznis procesa

BPMN: Business Process Model and Notation Biznis procesi su komplikovani i

skloni izmenama sto zahteva
upotrebu odgovarajucih alata |

platformi za modelovanje i
izvrSavanje procesa.

BPMN
platforma:
CAMUNDA

Proces primer O] oerria _,@_,@ catrzza —()

Pizza received Pizza
wanted L / / eafen

r )

@ Complain to
Delivery Sernvice
30 minutes L y.

vy

Razlic¢ita stanja i signali za Cancel Order 4-0
svaki proces aktiviraju 20 minutes | ) order

odredene akturatore u
fulfilment stack-u.
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High level arhitektura

Modelovanje i izvrsavanje biznis procesa — primer 01

BPMN: Business Process Model and Notation

B it Tasks rocesses
B All open tasks =l Wait for Comment
Moj_Test_Pr 01
v Wait for C: t
! al DF' ommen Task Process
Moj_Test_Praces_01
a Me ol Medium Variables
9 3 minutes ago
Name Value
orderld "12010"
isCompleted false
commentText "Test komentar 01"

axllent/mailp

CREATED

hours (healthy)

14 hours a

" /mailpit”

PS F:\CAMUNDA\DEMO\server_process_trigger> node .\trigger process.js
1. Requesting access token from: http://localhost:1888@/auth/realms/camunda-platform/protocol/openid-connect/token
B Successfully retrieved access token.
2. Publishing message to: http://localhost:8888/v2/messages/publication
B Successfully published message 'StartOrderProcess’.
Camunda API Response Status: 2@
Check Camunda Operate UI to confirm process instance start.

(R]

Notify Success

steklo 5 minuta

Wait for
Comment

StartOrderProces
=

(Outbound)

Check Timeout

®

Notify Timeout

(D)
® 1

Da Ii je bio
NotifySuccess

(Outbound)
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Max Timeout

End Event

isCompleted =

End Timeout

), 0.8.8.8

A EVENT RECEIVED at: 2025-11-25T10:34:48.0627

Path: /notify-timeout

Payload received from Camunda:

{
"message": "Comment not entered within 6@ seconds."”,
"orderId": "12e1e",
“timestamp": "2025-11-25T10:34:48.031Z[GMT]"

A EVENT RECEIVED at: 2025-11-25T10:35:37.729Z
Path: /notify-success
Payload received from Camunda:
{
"orderId": "12e1e",
“commentText"”: "Novi komentar 02",
"status": "COMPLETED"




High level arhitektura

Modelovanije i izvrSavanije biznis procesa

BPMN: Business Process Model and Notation

"

Activity Instance Statistics: on @

Deployed

Process Definitions Decision Definitions Case Definitions Deployments

63 2 0 141

Primer procesa dodavanja
statiCcke IP adrese, gde
postoje koraci koji imaju
interakciju sa BSS, IPAM, SI i
servisnim aktivatorom na
elementima
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Broj deployed procesa je
uglavnom veliki kao i njihovih
verzija koje se javljaju u toku

zivotnog veka




High level arhitektura

Primena standarnih resenja za upravljanje CPE-ovima

BPMN: Business Process Model and Notation

Service Provider

0SS/BSS/Policy

Call Center

15

Datacenter

Figure 1 — Positioning in the End-to-End Architecture

Auto-Configuration!
Server

ACS
North Bound
Interface
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I TR-069

Broadband
Network

TR-069
CPE WAN Management Protocol

u R

- o8

r‘ o

- Lad

== BN
I
I Managed
| Broadband
I
I

%\

anaged Devices

CPE methods
GetRPCMethods

Responding
REQUIRED

Calling
OPTIONAL

SetParameterValues REQUIRED REQUIRED

GetParameterValues REQUIRED REQUIRED InSIStI ra nJe na prl menl TR_069
GetParameterNames REQUIRED REQUIRED

SetParameterAttributes REQUIRED OPTIONAL ( kasn |J e TR-369 ) standarda uz
GetParameterAttributes REQUIRED OPTIONAL . W . .
Addobject REQUIRED OPTIONAL fokus na |mp|ementaC|]e novihih
DeleteCbject REQUIRED OPTIONAL

Reboot REQUIRED OPTIONAL d a ta m Od e I a TR- 1 8 1 L]

Download REQUIRED’ REQUIRED’

ScheduleDownload OPTIONAL OPTIONAL

Upload OPTIONAL OPTIONAL

FactoryReset OPTIONAL OPTIONAL

GetQueuedTransfers (DEPRECATED) OPTIONAL® OPTIONAL

GetAllQueuedTransfers OPTIONAL OPTIONAL

CancelTransfer OPTIONAL OPTIONAL

ScheduleInform OPTIONAL OPTIONAL

ChangeDUState OPTIONAL OPTIONAL

SetVouchers (DEPRECATED) OPTIONAL® OPTIONAL

GetOptions (DEPRECATED) OPTIONAL® OPTIONAL

ACS methods Calling Responding

GetRPCMethods OPTIONAL REQUIRED

Inform REQUIRED REQUIRED

TransferComplete REQUIRED REQUIRED"

AutonomousTransferComplete OPTIONAL REQUIRED

DUStateChangeComplete OPTIONAL 2 OPTIONAL TR_ 1 4 3 fu n kc | ona | n Ostl ka o) | na
AutonomousDUStateChangeComplete OPTIONAL OPTIONAL . iy )
RequestDownload OPTIONAL OPTIONAL CPE-ovima kOJ I mogu da po drze
Kicked (DEPRECATED) OPTIONAL OPTIONAL'

cesc¢u i kvalitetniju kolekciju
podataka.




High level arhitektura

Modelovanije i izvrSavanije biznis procesa

Assurance proces — Dosupni najbitniji podaci za brze provere statusa
- m

A1 Srbija FTTH Status servisa Vreme zadnje provere: 2025-11-25 13:06:11 . . \"4 " an .
OL:::;EFGH 'IR-143,5N: = ktivna sesija, SN: ADCDEFGH RX Level, SN: [CICRCRLE = KO I e kC IJ a n aJ Va Z n IJ I h K P I -J eva

Serial Number:

I & _W_\M/W T kroz TR-069 i GPON

1419
400.00
Pokreni Upit
607.66
200.00
301.68
0.00

SpeedTest DL [Mbps] SpeedTest UL [Mbps] AAADL [MB] AAA UL [MB] 2000.00

nl.sn ROANH A=

plarforme

6000.00

[Mbps]

Status FTTH veze

Administrativni Status Operativni Status Last Offline Time Last Offline Reson CPU Usage [%] Memory Usage [%]

3 ’ , Adhoc WAN speedtest-ovi na

- GPON/XGS-PON podaci
£ B = B bazi TR-143 specifikacije

RxPower [dBm] RxPowerR TxPower [dBm] TxPowerR CurrTxBias CurrTxBiasR Temperature Voltage VoltageR

26576 2506 14.350 40492 3260 m e re n O n a S a m O m C P E = u

High Speed Internet Servis - podaci

Servis NAS Port Framed AAA Session Last Update AAA Session Start Trajanje aktivne sesije Sesija Preneti Podaci DL Sesija Preneti Podaci UL
Realm P Time Time [sati] MB] [MB]
‘ ABCDEFGH | ’%f SH P0/0/0:0.01-195 ABCDEFGH | 2025-11-25 13:04:21 2025-11-24 21:0423  16.00 18216123 80510.95
TR-143 Poslednji Speed Test - podaci
Parametar Download Upload O 0 0 0
v Statistika kOJa se odnosi na
Vreme TR-143 Testa 2025-11-12 143852 2025-11-12 143921

- - WiFi performanse, kvalitet
Customer Profile/ACS Tagovi - podaci

= = prijema signala za brze

oul ABCDEFGH

} . resavanje korisnickih zalbi

SQerial Niimhar
ABCDEFGH
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management system, servisne




Kljucne poruke

17

L

Realizacija OSS stack-a za aktivaciju servisa za 9 meseci (slicha kompleksnost Cesto je 18+ meseci)

Dobra priprema HL/LL arhitekture koja pokriva sve relevantne domene -> efikasnija komunkacija sa ostalim

. . P Vg . Brzina razmene informacija govorom

vendorima i razlicitim stakeholder-ima izmedu ljudi je u proseku ekvivalentn
40bit/s

Grupisanje funkcionalnosti i mapiranje na jednog vendora gde postoji veliki broj integracijonih tacaka koje se mogu

pokriti jednim resenjem.

Primena standarda gde god je moguce (TMForum, Broadband forum)
Prioritizacija procesa i servisa

Priprema i testiranje CPE opreme kao i celog End To End resSenja.
Pozitivha atmosfera i timski duh!

Izgradnja timova i kompetencija. Penny Universities ©




you

Miroslav Crepulja

E m.crepulja@al.rs
M +381 60 000 4122
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