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1. Index of terms 
10G-EPON        10 Gigabit Ethernet PON 
2G              2nd Generation 
3G              3rd Generation 
4G              4th Generation 
4G LTE          4th Generation Long Term Evolution 
4.5G             4.5th Generation 
AP              Access Point 
API             Application Programming Interface 
ASIC            Application Specific Integrated Circuit 
ATII             APAC Telecom Innovation Initiative 
ATM             Asynchronous Transfer Mode 
B to B to C      Business to Business to Consumer 
B to C           Business to Consumer 
BBU             Base Band Unit 
BTS            Base Transceiver Station 
BW             Bandwidth 
CAPEX         Capital Expenditure 
CATV           Cable television 
CDN            Content Delivery Network 
CE Router       Customer Edge Router 
CMS            Contents Management System 
CO              Central Office 
CPE            Customer Premises Equipment 
CPU            Central Processing Unit 
CU             Central Unit 
DBA            Dynamic Bandwidth Assignment 
DHCP           Dynamic Host Configuration Protocol 
DNS            Domain Name System 
DSL            Digital Subscriber Line 
DWA            Dynamic Wavelength Assignment 
DWBA          Dynamic Wavelength and Bandwidth Assignment 
EMS            Element Management System 
EOL            End of Life 
EPON           Ethernet Passive Optical Network 
ESN            Extended Sequence Number 
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Eth             Ethernet 
F2F Meeting     Face to Face Meeting 
FASA            Flexible Access System Architecture 
FBA            Fixed Bandwidth Assignment 
FBB            Fixed Broadband 
FEC            Forward Error Correction 
FMC            Fixed and Mobile Convergence 
FTTH           Fiber to the Home 
FTTx            Fiber to the x 
FW             Firewall 
GEM            G-PON Encapsulation Method 
G-PON          Gigabit-capable Passive Optical Network 
GTC             G-PON Transmission Convergence 
HTTP           Hypertext Transfer Protocol 
HW             Hardware 
ICT             Information and Communication Technology 
IDS             Intrusion Detection System 
IEEE           The Institute of Electrical and Electronics Engineers 
IF              Interface 
I/F              Interface 
info             information 
InfP             Infrastructure Provider 
IoT             Internet-of-Things 
IP              Internet Protocol 
IPTV            Internet Protocol TV 
IPv4            Internet Protocol version 4 
ISP             Internet Service Provider 
IT              Information Technology 
ITU-T           International Telecommunication Union Telecommunication 

Standardization Sector 
L2               Layer 2 
L2SW           Layer 2 Switch 
LAN             Local Area Network 
LB              Load Balancer 
LL              Low latency 
LTE             Long Term Evolution 
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M (V) NO        Mobile (Virtual) Network Operator 
MAC            Media Access Control 
MBB            Mobile Broadband 
MBH            Mobile Back Haul 
MFH            Mobile Front Haul 
Middle box      vFW, vIDS, vDNS,... 
MNC            Mobile Network Code 
MUX            Multiplexer 
NAT            Network Address Translation 
NE              Network Element 
NFV            Network Functions Virtualization 
NFVI           Network Functions Virtualization Infrastructure 
NG-PON2       Next Generation Passive Optical Network 2 
NSP            Network Service Provider 
NSR            Non-Status Reporting 
NTE            Network Termination Equipment, e.g. CE Router, L2SW, 

ONU 
NTT            Nippon Telegraph and Telephone Corporation 
OAM            Operation Administration and Maintenance 
ODN            Optical Distribution Network 
OLT             Optical Line Terminal 
OMCI           ONU Management and Control Interface 
ONT            Optical Network Terminal 
ONU            Optical Network Unit 
OPEX           Operating Expense 
OS              Operating system 
OSS            Operators Management System 
PC              Personal Computer 
pFASA           physical FASA 
PHY             Physical Layer 
PLOAM          Physical Layer OAM 
PON            Passive Optical Network 
PoP             Point of Presence 
PPPoE           Point-to-Point Protocol over Ethernet 
PS              Power Splitter 
QoS             Quality of Service 
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RG              Residential Gateway 
RRH            Remote Radio Head 
RU              Remote Unit 
SBI             South Bound Interface 
SDK             Software Development Kit 
SDN             Software Defined Network 
SD-WAN         Software Defined WAN 
SFP             Small Form-factor Pluggable 
SNI              Service Node Interface 
SP               Service Provider 
SP conversion    Serial Parallel conversion 
SR              Status-Reporting 
SSID            Service Set IDentifier 
STB            Set-Top Box 
SW ASIC        Switch ASIC 
T (W) DM-PON  Time (and Wavelength) Division Multiplexing-PON 
TC              Time-critical 
T-CONT         Traffic Container 
TCP            Transmission Control Protocol 
TDD            Time Division Duplexing 
TDM            Time Division Multiplexing 
Telco            Telephone company 
Telecom carrier  Telecommunications carrier 
TI               PT Telekomunikasi Indonesia Tbk 
TRx             Transmitter and Receiver 
UE             User Equipment 
UNI             User Network Interface 
vCDN           Virtual CDN 
vCPE            Virtual CPE 
vDNS           Virtual DNS 
vFASA          Virtual FASA 
vFW             Virtual FW 
vIDS            Virtual IDS 
VLAN           Virtual LAN (Local Area Network) 
VNF            Virtual Network Function 
VNFM            Virtual Network Functions Manager 
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VNPT           Vietnam Posts and Telecommunications Group 
VoIP            Voice over Internet Protocol 
vOLT            Virtual OLT 
vONT           Virtual ONT 
WAN             Wide Area Network 
WDM           Wavelength Division Multiplexing 
WDM/TDM-PON  Wavelength Division Multiplexing and Time Division 

Multiplexing Passive Optical Network 
WLAN           Wireless LAN 
WP#3           Work Project 3, Flexible Access Network Virtualization 

Project 
xDSL           x Digital Subscriber Line 
XGEM          XG-PON Encapsulation Method 
XG-PON         10 Gigabit Capable Passive Optical Network 
XGS-PON        10-Gigabit-capable symmetric passive optical network 
XGTC           XG-PON Transmission Convergence 
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2. Motivation and scope of the project 
The penetration rate of the broadband service provided by Fiber-To-The-Home (FTTH) 

is growing on a global scale year by year. The FTTH system is expected to grow further 
in areas that have much higher population and gross domestic product (GDP) than 
other areas, namely, Asia Pacific (APAC) region, as shown in Figures 1 and 2. 
 

 
Fig. 1. Total population projections as of 2017 [1]. 

 

 
Fig. 2. Gross domestic product (GDP) projections as of 2017 [2].  

“ASEAN-5” is composed of Indonesia, Malaysia, Philippines, Thailand, and Vietnam. 

“Emerging/Developing Asia” is composed of 30 countries (ASEAN-5, China, India, and others). 
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Future optical access networks are now expected to accommodate various services such 
as mobile, 4K/8K high definition video distribution, and Internet-of-Things (IoT) unlike 
the conventional FTTH system which has been providing only broadband service for 
residential users. Furthermore, a couple of telecom carriers have initiated wholesale 
FTTH service so that various business partners can flexibly/quickly provide their own 
FTTH service without installing their own infrastructure (B to B to C model) [3, 4]. 
Therefore, future optical access networks should be required to flexibly/quickly meet 
various demands from new business partners (middle “B”). 
Given the aforementioned background, WP#3 of ATII, which is composed of NTT, TI, 

and VNPT, has been working to establish common technologies among APAC telecom 
carriers, that adopt the SDN/NFV approach in order to address future flexible/agile 
optical access networks. 

 
2.1. Current status and issues in access networks 
2.1.1. NTT  
Overview Broadband Service in Japan 

 

 
Fig. 3. Number of broadband service subscribers in Japan. 

 
Fiber-to-the-Home (FTTH) service has already been widely deployed in Japan, and the 

number of FTTH subscribers reached 29 million in 2017 [6], as shown in Fig. 3. 
In 2014, NTT launched the new business model of “Hikari Collaboration” based on 

wholesale FTTH service [4]. In addition to existing FTTH services (“Flet’s Hikari”) 
provided by NTT EAST and WEST (B to C model), they initiated access to their FTTH 
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system to business partners so that various partners can flexibly provide their own 
FTTH service without installing their own infrastructure (B to B to C model). 

 

 
Fig. 4. Number of FTTH service subscribers in NTT [5] 

 
Fig. 4 shows the number of FTTH service subscribers in NTT. As shown, the total 

number of FTTH subscribers reached 20 million in 2017. Remarkably, the number of 
business partner and subscribers of Hikari Collaboration are rapidly increasing, and 
reached 813 and 8.7 million in 2017, respectively. The business partners are from 
various business categories (e.g. M(V)NOs, ISPs, local CATV operators, video 
distribution SPs, local gas/electric power providers, retailers, manufacturers, and 
others), and are successfully leading the rapid development of ICT business 
opportunities in Japan. To meet the new requirements from these various partners, 
future optical access systems should be much more flexible and agile to better support 
emerging new services [7]. 
 

2.1.2. TI 
Overview Broadband Service in Indonesia 
Indonesia is moving toward the digital economy driven by a tech savvy workforce and 

an active start-up community. Still, the low fixed broadband penetration indicates a lag 
relative to other countries in the region in terms of ICT infrastructure development. 
However, this can be seen as an opportunity for growth. The fixed penetration was 7.2% 
in 2016 and the government and private sector are starting to invest heavily in this 
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technology with activities such as the Indonesia National Broadband plan and Palapa 
ring project; it is expected that the fixed broadband penetration will increase to 13.4 % 
by 2020. 

 

Fig. 5. Number of broadband service subscribers in Indonesia [8] 
 

Fiber Internet is gaining traction and has become a strategic approach for operators to 
expand their subscriber base. Telkom has been the largest investor in FTTx, and 
covered 10 million homes by the end of 2015. Subscriptions to Telkom’s IndiHome – a 
triple-play fiber service – reached 1.6 million at the end of -2016, just two years after 
launch. 
 
Indonesian Fixed Broadband Subscribers (in thousands) 

· While fixed broadband penetration remains below the regional average, the 
market has faced a positive revolution. Indonesia total broadband 
subscriber number was around 5.61 million households in 2016 and is 
expected to increase to 9.33 million households by 2020 

· The household penetration rate of 7.2% in 2016 is still below the regional 
average of 33%. The geography of Indonesia makes it difficult for the 
operators to expand their networks 

· The fixed broadband market is driven mainly by an incumbent, Telkom 
Indonesia, together with alternative players such as First Media, MNC, 
MyReplublic and Biznet 

· FTTx will continue to dominate the fixed broadband market at the expense 
of DSL technology 

· Telkom dominates the fixed broadband market and holds more than 87% 
market share 
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Fig. 6. Number of FBB service subscribers in Indonesia [9] 

 

Indonesian Mobile Broadband Subscribers (in millions) 
· Mobile subscribers are migrating progressively toward 4G services, 

cheaper smartphones are one of the key contributions to this movement. 
Half of the mobile broadband users will be 4G by 2020 

· Mobile networks are in transition from supporting voice-only (2G) services 
to supporting both voice and data (3G and 4G) services. Data services, 
particularly those supported over 4G LTE networks will dramatically 
increase the bandwidth requirement of the backhaul 

· 4G LTE in particular requires 10x the bandwidth of 3G, so Telkom must 
upgrade their mobile backhaul networks to provide more bandwidth in 
order to maximize the benefit from building out the 4G/4.5G network, the 
transport network should be ready first 

· Controlled evolution is critical, and the backhaul network should be able to 
scale to meet the growing demands for capacity and coverage 
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Fig. 7. Number of Mobile service subscribers in Indonesia [10] 

 
2.1.3. VNPT 
Overview of Broadband service in Viet Nam 
The development trends of the broadband services through 2013-2017, presented in 

Figure 1, are similar to the development trends of Japan Broadband services. In Viet 
Nam, the number of 3G/4G subscribers is growing very rapidly at an average of 
21%/year. The growth rate was especially high in the 2014-2015 period, 41%. The 
number of xDSL subscribers is in decline as they are converting into FTTH users. The 
rate of conversion was particularly high from 2015. The number of leased-line 
subscribers is low compared to other services (xDSL, FTTH) but it is a premium service 
so the revenue from each subscriber is high. The number of CATV subscribers is 
increasing slowly. Thus, besides 3G/4G, FTTH is the most important broadband service. 
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 Fig. 8. Number of subscribers of Viet Nam Broadband service [11] 
 

The overlay business model (Multilayer FASA) 
In the past, a Telco built the transmission system and setup subsidiaries to build 

networks (Internet, X25, Frame Relay, ATM, Mobile…) that overlaid the Telco’s 
transmission system to provide services to their own customers. Nowadays, with the 
evolution of the Internet and multilayer networks, the overlay model can be extended to 
organizations other than the Telco’s subsidiaries. For example, CDN, IPTV, Game 
Providers (Service Providers) can overlay their networks on the Telco’s infrastructure 
(Infrastructure Providers) to provide services to their own customers. With this 
business model, the Multilayer FASA system is critical to help the Infrastructure 
Provider to offer service to their Service Provider as well as for the Service Provider to 
provide services to their own customers. 
 

The current state of PayTV in Viet Nam (vCDN) 
Basically, IPTV has 17% market share for all kinds of PayTV services in Viet Nam. 

This IPTV market is shared among 4 main Service Providers: VNPT, FPT, Viettel and 
VTVCab. VNPT is dominant with 65% of the IPTV market. 
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Fig. 9. Market Share of Pay TV and IPTV in Viet Nam [12] 

 
To distribute the content throughout the country, VNPT MyTV service has set physical 

CDN systems in regional servers as well as PoPs in every province of Viet Nam. The 
physical CDN system can provide good services to customers but it is inflexible in terms 
of using resources. For example, when a CDN server in a PoP is overloaded, it is not 
easy to install a new CDN server to share the load. VNPT is changing from physical 
CDN to virtual CDN to exploit the advantages of allowing the operators to dynamically 
deploy on demand virtual cache nodes to deal with the massive growth in video traffic. 
 

 
Fig. 10. CDN system 
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3. Use cases 
3.1. Typical Use Cases  
We will explain some typical use cases, analyze them, and extract the requirements. 
Use case 1 [13] shows a schematic view of modularization based on Flexible Access 

Network Virtualization; we call it FASA (Flexible Access System Architecture) [7]. As 
shown, an access network element based on FASA consists of FASA Applications and a 
FASA Platform. FASA Applications realize the functions that differ from service to 
service and/or among telecom carriers as software modules with common interfaces 
(FASA Application APIs). As FASA Applications can be simply added and/or replaced 
depending on services, services with various requirements can be provided quickly and 
easily. The FASA Platform is a basic component of the access network element that 
provides the FASA Applications with the FASA Application APIs and, in addition, 
provides the functions that do not need to be changed with the service or requirement. 
The FASA Platform realizes each function that forms the FASA Platform by using 
hardware or software depending on the processing performance and other requirements. 
Of course, common interfaces are essential. 
Use cases 4 [14] and 5 [15] show how the PON accommodates mobile traffic. Based on 

mobile broadband penetration trends, one big challenge is how to provide an effective 
mobile backhaul. PON is one alternative for mobile backhaul, as virtualization on the 
access network offers more flexibility in implementing the PON as a backhaul mobile 
broadband infrastructure. The solution in this use case is Access Network 
Virtualization for Mobile Backhaul & Mobile Fronthaul FMC. 

· Current PONs can’t support MBH/MFH for mobile broadband because of excessive 

delay/latency values. 

· By fine tuning mapping & DBA algorithm, PON can reduce delay/latency values 

allowing the realization of FMC-based MBH/MFH. 

· In the 5G mobile system, CAPEX of physical infrastructure can be reduced by 

applying PON for the MBH/MFH needed in dense small cells. 
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Fig. 11. Support MBH/MFH 

 
Here DBA is the process that assigns the upstream bandwidth of each ONU (assigned 

time slot), and ordinary DBA can be classified as SR-DBA, which dynamically assigns 
the bandwidth to each ONU based on the report (the request for bandwidth assignment) 
from the ONU. SR-DBA can perform assignment with high bandwidth efficiency 
according to the report from the ONU. However, the control signal exchange, which 
makes a round trip between the OLT and the ONU, takes time. Therefore, it is difficult 
to satisfy MFH latency requirements. For the PON to accommodate mobile traffic, it 
needs a low Latency DBA algorithm with TC IFs (interfaces for time critical functions) 
that need fast message exchange with ONU or Central Unit of Mobile system. The 
exchanges should be completed within one hundred microseconds, which is difficult 
achieve if the processing is done by a cloud server located far from the access network. 
Therefore, the function must be realized on NEs. In order to flexibly add and replace NE 
functions flexibly regardless of the vendor and NE approach, it is necessary to construct 
a function interface for the NE.  
The challenge in implementing FBB (fixed broadband) speed up is how to successfully 

implement open access and fully managed devices at the customer; this challenge can be 
satisfied by virtualization of the access network. Some use cases for this propose are as 
follows: 

1. Generic/Universal Box for OLT & ONT 
2. Virtual OLT & ONT (vOLT & vONT on Cloud) 
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3. Virtual CPE (vCPE on Cloud for Retail & Enterprise Customer) 
4. SDN on Access (SD-WAN for Enterprise Customer) 

 

 

Fig. 12 Universal/Generic OLT/ONT Box 
 

Use cases 8 [16] and 9 [14] address hardware modularization. Implementation of 
modular vOLT makes it simpler to combine GPON/XGPON/XGSPON/TWDMPON 
functions for multi segment customers. 
Use case 12 [13] shows examples of the configurations likely with progress in software 

modularization. In configuration 1, the FASA Applications are the targets of software 
modularization, while the modularization of each function forming the FASA Platform 
is out of scope. In configuration 2, each function that composes the FASA Platform is 
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also modularized. Namely, FASA Platform is also included in the scope of software 
modularization. Use cases 13 [14] and 14 [16] show the next step in configuration after 
use case 12, network function modules are placed on the cloud. However, expansion of 
processing with software logic or reduction in processing overhead by hardware logic is 
suitable for realization of highly general-purpose network system and NE configuration; 
some functions are not good for software modularization and some are 
system-dependent functions. Such functions are outsourced to add-on modules as shown 
in use case 15 [13]. 
Use case 16 [17] reduces CAPEX as the same NE accommodates multiple services at 

the same time. Service Providers (SP) such as: CDN, Video Conference Service 
Providers are finding how to rent network services from Infrastructure Providers (InfP) 
and bundle them with their own unique services for sale to their end customers. 
Example: Video Conference SP rents basic middle box services (vFW, vIDS,...) from 
InfPs and bundles them with their own services: decoder, tcp accelerator for sale to their 
own end customers. The Infrastructure Provider can leverage the FASA system to 
provide Service Provider virtual FASA from which a Service Provider can create a 
virtual middlebox for their own customers. The pFASA is physical FASA platform in 
InfP Network; vFASA is the virtual FASA platform provided to Service Provider 
Network. InfPs should provide services that help SPs to host FASA on their virtual 
networks and create virtual middle box from vFASA as well as bundling with the SP’s 
own services. The solution leverages the FASA system to help SPs who rent vFASA from 
InfP to provide VNF services to their own customer as well as to help InfP in providing 
vFASA as wholesale service to SPs. To help InfP to provide vFASA to SPs, the following 
technologies are required: 
- Create virtual middle box (vFW, vIDS, vDNS,...) inside vFASA Platform and bundle 

them with SP’s own services  
- Create vFASA from physical FASA (pFASA) 
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Fig. 13. Multilayer FASA 
 

Use cases 19 [14] and 20 [16] show simplification of operation procedures, so-called 
Zero-touch Provisioning and NE controlled and set by customers, respectively. 
Use cases 21 [17] and 22 [17] show flexible utilization of resources, addition at the time 

of resource shortage, and utilization of surplus resources by additional services 
When providing service using the Multilayer FASA model, when VNF1 is overloaded, 

vFASA will spin up VNF2 to share loads with VNF1. Problem: VNF2 does not have 
states (flow state: countconn, src, dst, tcp,...) to control the traffic so the traffic will be 
lost when it is migrated to VNF2. Solution: Before migrating traffic, the system should 
copy parts of states from VNF1 to VNF2. The solution will help the Service Provider to 
spin up the second VNF using vFASA states copied from VNF1. 
 

 

 Fig. 14. Race condition in Multilayer FASA 
 

Video traffic is highly variable. Physical CDN alone is not flexible enough to deal with 
the significant variations in video traffic. vCDN with the ability of scaling in/out easily 
can help SPs to deal with the highly fluctuating video traffic. There are 3 requirements 
in implementing vCDN: Create vFASA from pFASA, create vCDN from vFASA, and 
create more vCDN from vFASA when first vCDN is overload and reroute part of traffic 
to the new vCDN. The advantage of this solution is that SPs can use vFASA to 
dynamically deploy vCDNs to deal with the massive growth in the amount of video 
traffic. 
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Fig. 15. vCDN on Multilayer FASA 
 
3.2. Use case Analysis  
All use cases were analyzed in the same way in section 3.1. Table 1 shows use cases 

and their requirements and required technologies. 
 

Table 1 

Item 

No. 
Use case Description Requirement Required Technologies 

1 Common 

Interfaces 

 

Network element (NE) 

consists of FASA 

Applications and FASA 

Platform. FASA 

Applications realize the 

functions as software 

modules with common 

interfaces (IFs). FASA 

Platform is a basic 

component of NE that 

provides the FASA 

Applications with the 

IFs. 

1.1.1.1) Common IFs 

to communicate via 

hardware 

abstraction layer 

1.1.2.1) Time-critical 

(TC) modules with 

TC IFs 

1) Modularization of functions 
2) Additional TC IFs modularized 

inside NE. 

2 FASA Platform FASA Platform includes 

the hardware 

abstraction layer for 

common IFs. The 

hardware abstraction 

layer for the IFs absorbs 

1.1.1.1) Common IFs 

to communicate via 

hardware 

abstraction layer 

1.1.2.1) TC modules 

with TC IFs 

1) Modularization of functions 
2) Additional common IFs absorb the 

differences among vendors and types 

of hardware and software forming the 

FASA Platform. 
3) FASA Applications communicate 
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Item 

No. 
Use case Description Requirement Required Technologies 

the differences among 

vendors and types of 

hardware and software 

forming the FASA 

Platform. 

Communications among 

the FASA Applications 

and communications 

between FASA 

Applications and outside 

NE are executed by way 

of the hardware 

abstraction layer for the 

IFs. 

 the others via the IFs. 

3 Protection 

application 

replacement 

The provision of NEs 

equipped with a desired 

function by replacing 

FASA Applications as 

necessary to support 

functions whose usage is 

specific to different 

Service Providers (SPs). 

The satisfaction of the 

requirements specific to 

SPs about reliability is 

performed by FASA 

Application 

replacement. 

1.1.1) Replaceable 

software 

modularization with 

common IFs 

1.1.2.1) TC modules 

with TC IFs 

1) Modularization of functions 
2) Functions that are service or 

operator dependent need not be 

implemented in advance. 
3) TC IFs that needs fast message 

exchange with ONU and cross connect  

4 FMC (Fixed 

Access 

Virtualization 

-MBH/MFH) 

This use case resolves 

delay requirement of 

4G/5G MBH/MFH if 

using PON as a last mile 

technology for mobile 

operator customer. 

Agility for new 

services adaptation 

by software 

replacement (with 

SDN/NFV integrate 

all network/ IT 

Update DBA mechanism, add 

interface for time-critical between 

ONT and other device/NE. Modular 

function for many kind DBA & PON 

to serve multi customer 

segmentation. 
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Item 

No. 
Use case Description Requirement Required Technologies 

solution) 
1.1.2.1.1) TC IFs for 

exchanging 

operation behaviors 
5 4G/5G MFH over 

T(W)DM-PON 
Replacing the DBA 

software from 

status-reporting 

(SR)-DBA to low-latency 

(LL)-DBA 

1.1.2.1.1) TC IFs for 

exchanging operation 

behaviors 

1) Modularization of DBA 
2) LL DBA algorithm 
3) Additional IFs between OLT and 

central unit (CU) 
4) IFs absorb the differences among 

services. 
5) TC IFs that need fast message 

exchange with ONU. 
6 Optical-mobile 

cooperative DBA 

for MFH 

In the optical-mobile 

cooperative DBA for 

mobile front haul 

(MFH), the OLT 

cooperates with the 

broadband unit (BBU) to 

assign bandwidth while 

satisfying the delay 

required for MFH. 

1.1.2.1.1) TC IFs for 

exchanging 

operation behaviors 

1) Modularization of functions 
2) TC IFs that need fast message 

exchange with ONU and BBU 

(outside NE). 

7 DBA for 

residential users 
SR-DBA for residential 

use based on the request 

information collected 

from each ONU. 

1.1.2.1.1) TC IFs for 

exchanging operation 

behaviors 

1) Modularization of functions 
2) TC IFs that need fast message 

exchange with ONU 

8 Universal/Generic 

OLT Box 
This use case 

demonstrates open OLT 

platform with generalize 

PON interface with 

universal SFP 

Agility for new 

services adaptation 

by hardware 

replacement (from 

integrated PON to 

open universal SFP 

PON) 

2.1.1) NE having 

New HW card type with universal 

SFP cage & universal SFP for 

GPON/XGPON/XGSPON/TWDMPON 
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Item 

No. 
Use case Description Requirement Required Technologies 

replaceable 

hardware 

components 
9 Universal/Generic 

ONT Box 
This use case 

demonstrates open ONT 

platform with generalize 

PON IF with universal 

SFP PON 

Agility for new 

services adaptation 

by hardware 

replacement(propose 

using universal SFP 

PON on Generic 

ONT or any kind 

NTE device) 

2.1.1) NE having 

replaceable 

hardware 

components 

New HW NTE type with universal 

SFP cage & universal SFP for 

GPON/XGPON/ 

XGSPON/TWDMPON 

10 Configuration 

consisting of pizza 

box OLT and 

WBS 

FASA Platform consists 

of a pizza box OLT and a 

white box switch (WBS). 

They are connected 

using a standard 

protocol. The addition 

and/or replacement of 

functions is performed 

by adding and/or 

replacing FASA 

Applications on the 

FASA Platform. 

1.1.2) 

Modularization 

including TC 

functions 

2.1.1.1) Hardware 

components with 

common IFs 

1) Modularization of functions 
2) Additional IFs inside NE 
3) Hardware can be composed of a 

pizza box OLT and a WBS. 

11 Configuration 

consisting of SFP 

OLT and WBS 

FASA Platform consists 

of a SFP OLT and a 

WBS. The SFP OLT 

inserted into the WBS. 

The addition and/or 

replacement of functions 

is performed by adding 

1.1.2) Modularization 

including TC 

functions 

2.1.1.1) Hardware 

components with 

common IFs 

1) Modularization of functions 
2) Additional IFs inside NE 
3) Hardware can be composed of a 

SFP OLT and a WBS. 
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Item 

No. 
Use case Description Requirement Required Technologies 

and/or replacing FASA 

Applications on the 

components of FASA 

Platform, especially on 

the WBS or a server 
12 Configurations Functions to be replaced 

to satisfy service / 

carrier-specific 

requirements are 

modularized as software. 

1.1.2) 

Modularization 

including TC 

functions 

2.1.2) Hardware logic 

reduction 

1) Modularization of functions 
2) Additional IFs inside NE 

13 Virtual OLT 

(vOLT on Cloud) 
This use case is for 

separate on OLT 

between interface/ 

forwarding plane with 

control & management. 

Agility for new 

services adaptation 

by software 

replacement (from 

HW based move to 

cloud) 

2.1.2) Hardware logic 

reduction 

SDN & NFV 

Generic Box for OLT forwarding & 

interface 

Cloud (centralized or distributed) for 

vOLT 

14 Virtual ONT 

(vONT on Cloud) 
This use case is concept 

vCPE on PON for 

separate on ONT 

between interface/ 

forwarding plane with 

control & management, 

using cloud for vONT& 

generic box for interface 

PON & LAN/WLAN. 

Agility for new 

services adaptation 

by software 

replacement (from 

HW based move to 

cloud, vONT on cloud 

& generic box for 

interface PON & 

LAN/WLAN) 

2.1.2) Hardware logic 

reduction 

SDN & NFV 

Generic Box for OLT forwarding & 

interface 

Cloud (centralized or distributed) for 

vONT 

15 Network function 

module 

replacement 

FASA Platform is 

divided into 

general-purpose 

1.1.2.1) TC modules 

with TC IF 

2.1.2) Hardware 

1) Modularization of functions 
2) Additional IFs inside NE 
3) Add-on module provides functions 
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Item 

No. 
Use case Description Requirement Required Technologies 

hardware and add-on 

modules. The 

general-purpose 

hardware has 

general-purpose network 

functions and avoids the 

frequent development of 

NEs from scratch with 

changes in service 

requirements. 

logic reduction 

2.1.3) Outsourcing 

system-dependent 

functions to add-on 

modules 

2.2) Multiple 

services 

accommodation 

hard to be implemented as Software 

modules. 

16 Multilayer FASA Help Service Providers 

(SPs) who rent vFASA 

from Infrastructure 

Providers (InfPs) to 

provide VNF services to 

their own customers 

Create virtual 

middle box (vFW, 

vIDS, vDNS,...) 

inside vFASA 

Platform and 

bundle them with 

SP’s own services 

2.2) Multiple 

services 

accommodation 

Create virtual middle box (vFW, 

vIDS, vDNS,...) inside vFASA 

Platform and bundle them with SP’s 

own services; Create vFASA from 

physical FASA (pFASA) 

17 Activation Multi 

Play Services 

(Residential 

Customer) 

This use case resolves 

complexity of deliver 

multi-play & enhances 

customer experience 

with full manage service 

for residential customer. 

Agility for new 

services adaptation 

by software 

replacement (with 

SDN/NFV integrate 

all network/IT 

solution) 

2.2) Multiple services 

accommodation 

SDN & NFV 

Generic Box for OLT & ONT 

forwarding & interface 

Cloud (centralized or distributed) for 

vOLT/vONT 

VNF, Orchestrator & Customer 

Portal 

18 NSR-DBA for 

MFH 
Non-status-reporting 

(NSR) - DBA assigns 

bandwidth using the 

statistical data and 

1.1.2.1.1) TC IFs for 

exchanging 

operation behaviors 

2.2) Multiple services 

1) Modularization of functions 
2) IFs that use the statistical traffic 

and exchange fast messages with 

ONU. 
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Item 

No. 
Use case Description Requirement Required Technologies 

accommodates both 

mobile and residential 

traffic. 

accommodation 

19 SD-WAN Services 

(Enterprise 

Customer) 

This use case to explore 

supported SDN 

capability on NE Access 

Agility for new 

services adaptation 

by software 

replacement 

3.1) Zero-touch 

Provisioning 

SDN & NFV 

Cloud (centralized or distributed) for 

SD-WAN Controller, virtual WAN 

fabric, VNF, Orchestrator & 

management Portal 

20 VPN Connection 

Services 

(Enterprise 

Customer) 

This use case is to 

enhance flexibility & 

customer experience for 

enterprise customer. 

Agility for new 

services adaptation 

by software 

replacement (with 

SDN/NFV integrate 

all network/IT 

solution) 

4) Virtual network 

controllers open to 

customer 

SDN & NFV 

Generic Box for OLT & ONT 

forwarding & interface 

Cloud (centralized or distributed) for 

vOLT/vONT VNF, Orchestrator & 

Customer Portal 

21 Race condition in 

Multilayer FASA 
Help Service Provider 

(SP) spins up the 

second VNF on vFASA 

and reroutes a part of 

traffic to 2nd VNF 

when the first VNF is 

overloaded. 

Traffic is not lost 

when migrated from 

VNF1 to VNF2 
5) Flexible resource 

utilization 

The race condition problem 

22 vCDN on 

Multilayer FASA 
SPs can use vFASA to 

dynamically deploy 

vCDN to deal with the 

massive growing 

amount of video traffic. 

Create vCDN in 

from vFASA (case 1) 
Race condition (case 

2) 

Optimization the 

vCDN placement 

5) Flexible resource 

Create vCDN in from vFASA (case 

1);  

Race condition (case 2); 

Optimization the vCDN placement 
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Item 

No. 
Use case Description Requirement Required Technologies 

utilization 
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4. Requirements 
4.1. Classification of Requirements 
Use cases are categorized by their requirements and a summary is provided below. 

Table 2 shows the correspondence between the requirements and use cases in Section 3. 
Here requirements are classified using the requirements of FASA White paper 
[7]. ”V“ mark indicates the requirement is extracted from the use case. In particular, a 
bold red “V” mark means that the requirement is significant for the use case. 
The extracted requirements are roughly grouped into upper five ones and some of them 

are subdivided into lower requirements for realizing the upper requirement as follows. 
1) Agile service adaptation 
1.1) Highly flexible network system 
1.1.1) Replaceable software modularization with common interfaces 
1.1.1.1) Common interfaces to communicate via hardware abstraction layer 
1.1.2) Modularization including time-critical functions 
1.1.2.1) Time-critical modules with time-critical interfaces 
1.1.2.1.1) Time-critical interfaces for exchanging operation behaviors 
 
2) On demand scaling 
2.1) Highly general-purpose network system 
2.1.1) Network element having replaceable hardware components 
2.1.1.1) hardware components with common interfaces 
2.1.2) Hardware logic reduction 
2.1.3) Outsourcing system-dependent functions to add-on modules 
2.2) Multiple services accommodation 
 
3) Simple operation 
3.1) Zero-touch Provisioning 
 
4) Virtual network controllers open to customer 
 
5) Flexible resource utilization 
 

The requirements are described below. 
1) Agile service adaptation 
This requires agility for new service adaptations by software replacement, or to add-on 

and to replace functions promptly and to accommodate various service levels. This is for 
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realization of the future optical access network that can flexibly/quickly meet various 
demands from new business partners as shown in Section 1. 
1.1) Highly flexible network system 
This is needed to satisfy the diversifying requirements and to provide services flexibly 

and quickly unlike existing network elements. The conventional network elements have 
been developed as network elements specific to each service and are unable to flexibly 
meet requirements. 
An example of an alternative to requirement 1.1) as a lower requirement for satisfying 

upper requirement 1) is "an all-inclusive system preliminarily equipped with various 
service." It is also partially able to satisfy the upper requirement 1). However, it is 
unable to realize anything other than the service assumed in advance at the time of 
designing the system, which imposes severe restrictions on realization of the upper 
requirement 1). It is contrary to the simple and general-purpose configuration that can 
further reduce the CAPEX of the higher requirement 2). Therefore, this alternative is 
unsuitable. 
1.1.1) Replaceable software modularization with common interfaces 
This requirement states that the functions that differ from service to service and/or 

among telecom carriers, must be implemented as replaceable software modules with 
common interfaces. By providing modules with common interfaces, modules can be 
reused when porting services between different types of NEs, enabling agile service 
adaptation. Conversely, modules with non-common interfaces require wasteful 
redevelopment even in the case of service porting, and it is difficult to provide the 
desired service quickly. 
1.1.1.1) Common interfaces to communicate via hardware abstraction layer 
This requires an interface to exchange via hardware abstraction layer, instead of 

interfacing the software modules directly. Software modules run on a kind of hardware 
abstraction layer in a platform that provides common interfaces.  
The hardware abstraction layer for the software modules provides the means for 

inter-function communication among software modules. The hardware abstraction layer 
also provides the means for inter-function communication of software modules and the 
others. The middleware absorbs any differences among the hardware. This 
configuration enables the functions of access network elements to be added or replaced 
flexibly in order to satisfy the diversifying requirements quickly and flexibly. This 
simplifies communication between function modules and that between function modules 
and the others parts, e.g. hardware of NE, hardware components, controller, Cloud BBU 
and so on. If modules directly communicate without going through hardware 
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abstraction layer, it is necessary to rework existing modules each time a new module is 
added, and the number of interfaces increases in the order of the square of the number 
of modules. The dependency among the software modules is minimized and the 
replaceable software modules run on hardware abstraction layer in platform; therefore, 
while service quality is maintained, necessary functions are realized flexibly and 
economically to satisfy the service requirements. 
1.1.2) Modularization including time-critical functions 
This requires software modularization of time-critical functions of NE and their 

replacements. Here time-critical functions require high-speed processing or/and 
high-speed information exchanging, such as DBA, DWA, ONT sleep, and Protection. 
The time-critical applications having algorithm-dependent functions can be 
disaggregated to the common behavior part as an engine component, and the different 
part as an algorithm. 
An example of an alternative to requirement 1.1.2) as a lower requirement for 

satisfying upper requirement 1.1) is "only the non-time-critical functions are 
modularized”. It is partially able to satisfy the upper requirement. However, the 
alternative restricts feasible services, and imposes restrictions on the realization of 
upper requirement 1.1). Therefore, this alternative is unsuitable. 
1.1.2.1) Time-critical modules with common time-critical interfaces 
This requires a common time-critical interface for time-critical functions of NE. This is 

as the same as requirement 1.1.2) 
Examples of alternatives to requirement 1.1.2.1) as a lower requirement for satisfying 

upper requirement 1.1.2) are "A wide variety of all interfaces (per service level / per 
function / hardware / vendor)" and "Added interface at any time by hardware / basic 
software update as each software module is added". They are also partially able to 
satisfy the upper requirement. However, the former makes it impossible to realize 
anything other than the service assumed in advance at the time of designing the system 
and the latter requires frequent hardware / basic software update. Thus, neither the 
match general purpose NE of higher requirement 2.1). Therefore, these alternatives are 
unsuitable. 
1.1.2.1.1) Time-critical interfaces for exchanging operation behaviors 
This requires time-critical interfaces for exchanging operation behaviors (e.g. grant 

messages) between modules and the others, in addition to parameter settings. 
An example of an alternative to requirement 1.1.2.1.1) as a lower requirement for 

satisfying upper requirement 1.1.2.1) is "Operation is left to the hardware and interface 
of only hardware parameter setting". It is also partially able to satisfy the upper 
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requirement. However, the alternative makes it impossible to realize anything other 
than the service assumed in advance at the time of designing the system, and imposes 
restrictions on the realization of upper requirement 1). Therefore, this alternative is 
unsuitable. 
 
2) On demand scaling 
This requires the process of enlarging or reducing NE capacity to accommodate 

increase or decrease in services or customers and improving or lowering the 
performance. This is for reducing CAPEX by constructing NE on demand, OPEX by 
minimizing maintenance supplies and influences of EOL (End of Life) of NE. 
2.1) Highly general-purpose network system 
This requires a highly general-purpose network system and highly general-purpose 

NE configuration. The simple and general-purpose configuration can further reduce the 
CAPEX and OPEX. Here general-purpose hardware has general-purpose network 
functions for not only access network elements but also other network elements, which 
are implemented as general-purpose modules. By using general-purpose hardware, it is 
possible to avoid the frequent redevelopment of network elements from scratch with 
changes in service requirements. In addition, by using general-purpose modules, it is 
expected that network element cost will be cut and that maintenance operations will be 
simplified through the commonality of spare equipment and the like. General-purpose 
hardware is, for example, hardware not dedicated to the access network system such as 
general-purpose servers and white box switches. As for the maintenance and operation, 
spare equipment and maintenance skills specific to each network element will be 
minimalized by using the general -purpose network system. Examples of alternatives to 
requirement 2.1) as a lower requirement for satisfying upper requirement 2) are 
"Shorten the delivery date (forcing Just In Time)", "Reducing the number of items used / 
Expansion of software modules", and "Reduction in processing different for each service 
/ vendor (expansion of common part)". They are also partially able to satisfy the upper 
requirement. However, they impose restrictions on the realization of upper requirement 
1). Therefore, these alternatives are unsuitable. 
2.1.1) Network element having replaceable hardware components 
This requires hardware modularization or combination of NE and hardware 

components with few functions. 
2.1.1.1) hardware components with common interfaces 
This requires connection between NE and hardware components via common 

interfaces, especially general specified interfaces (e.g. Ethernet). 
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2.1.2) Hardware logic reduction 
This requires reduction of processing by hardware logic or expansion of processing 

with software logic. Reducing hardware logic or hardware-dependent areas allows 
relaxation of the hardware requirement. As a result, the usable hardware types are 
expanded. 
2.1.3) Outsourcing system-dependent functions to add-on modules 
This requires outsourcing of system dependent functions to add-on module or external 

modules. The module that implements these functions is difficult to implement on 
general-purpose hardware. By placing system-dependent functions on add-on modules, 
the others can be easily shared regardless of the system. Here Add-on module 
implements an optical transceiver and other functions as these are hard to implement 
as software modules or to implement on general-purpose hardware. It is possible to 
realize an access network with the optimal transmission capacity and the optimal 
transmission technology by replacing add-on modules and corresponding software 
according to the service requirements while using the same general-purpose hardware. 
2.2) Multiple services accommodation 
This reduces CAPEX by accommodating multiple services on the same NE at the same 

time  
 
3) Simple operation 
This requires to simplification of operation procedure. 
3.1) Zero-touch Provisioning 
An example of an alternative to requirement 3-1) as a lower requirement for satisfying 

upper requirement 3) is "Development of common maintenance procedures not 
depending on maintenance components / services / systems / vendors / carriers". It is 
also partially able to satisfy the upper requirement. However, this alternative is 
difficult to realize. Therefore, this alternative is unsuitable. 
 
4) Virtual network controllers open to customer 
This requires releasing NE controls / settings to customer. 
 
5) Flexible resource utilization 
This requires Flexible utilization of resources, addition at the time of resource shortage 

and utilization of surplus resources by additional services. 
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4.2. Common Requirement 
We discussed within the WP#3 whether the extracted requirements are common or not, 

and we reached the conclusion that it is appropriate that all the requirements are 
common. 
Therefore, all requirements listed in Table 2 can be regarded as forming the common 

requirement for WP#3 of ATII members, which is composed of NTT, TI, and VNPT. 
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5. Conclusion 
Access networks are strongly expected to demonstrate further growth in the APAC 

region. For cost reduction and improvement of system availability, ATII WP#3 members 
discussed the use cases of virtualization technology for the access networks. By 
analyzing use cases from the telecom carriers’ point of view, WP#3 extracted common 
requirements for flexible virtualized access and agreed that all are common. Telecom 
carriers’ common requirements were specified as follows. 
 

1) Agile service adaptation 
1.1) Highly flexible network system 
1.1.1) Replaceable software modularization with common interfaces 
1.1.1.1) Common interfaces to communicate via hardware abstraction layer 
1.1.2) Modularization including time-critical functions 
1.1.2.1) Time-critical modules with time-critical interfaces 
1.1.2.1.1) Time-critical interfaces for exchanging operation behaviors 
 
2) On demand scaling 
2.1) Highly general-purpose network system 
2.1.1) Network element having replaceable hardware components 
2.1.1.1) Hardware components with common interfaces 
2.1.2) Hardware logic reduction 
2.1.3) Outsourcing system-dependent functions to add-on modules 
2.2) Multiple services accommodation 
 
3) Simple operation 
3.1) Zero-touch Provisioning 
 
4) Virtual network controllers open to customer 
 
5) Flexible resource utilization 
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