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Abstract

This paper addresses the implementation of FTTH system based on Ethernet PON Uechnoldgy. This system consists of

OLT and ONT. OLT supports the maximum 24 Gigabit Ethernet interfaces, and then has the flexibility and the scalability
for supplying digital communication and broadcasting convergence service in the near future. OLT system consists of
switch module, subscriber module, processor module, and E-PON link module, and has the operating system based on
Linux. ONT is installed in customer premise to supply both IP-TV and Intemet service. Also ONT has the dedicated
interface for IP-TV to improve the transmission characteristics of IP-TV signal. We measure the performance of E-PON
MAC through this system, and then QoS control characteristics per traffic in ONT by separating the virtual link for

IP-TV from that for data.

Keywords : E-PON, FTTH, OLT, ONT, TPS

1. Introduction

An Internet service has changed from simple
Internet search service or information provision service
of data transmission type to motion video multimedia
one. Such phenomenon has been occurred in diverse
fields. Broadband convergence Network (BeN) is aimed
at the infrastructure installation to supply  communi—
cation and broadcasting convergence service and then
is installing the infrastructure network and the
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subscriber access network. Triple Play Service (TPS)
of CATV vendor is also to supply video, data, and
voice simultaneously through one broadcasting line and
threatens the communication businessmen in the world.
As Internet Service Providers (ISPs) have not the
proper method to increase the sale volume through the
existing Internet connection service, they seek the
method actively to increase the sale volume by
providing the new service of high value added, such as
VoD. Such paradigm changes require the new
subscriber access network. The new one of many
subscriber access technologies is Fiber To The Home
(FTTH). FTTH is the infrastructure configured to
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install the optic cable up to subscriber and then supply
the diverse services through this network. FTTH is
the subscriber network architecture that can supply the
multimedia services requiring high QoS and bandwidth
guarantee. As technologies, such as xDSL (Digital
Subscriber Line), Cable Network, and LAN, use the
method to share the bandwidth, those is the optimum
solution that can supply QoS suitable for Internet
search. But those technologies are not suitable for
services that must guarantee QoS and bandwidth
absolutely, such as video and voice services based on
IP.

Therefore, the new technology is required to provide -

subscribers with the diverse real-time multimedia
services using one network. This must be low-cost,
simple, and scalable technology. E-PON (Ethernet
Passive Optical Network) technology, that combines
low-cost Ethernet technology and optical fiber infra-
structure, has been appeared as solution of next
generation access network. The transmission speed of
E-PON is 1 Gbps and symmetric in bidirectional. It is
possible to save the cost through simple network
architecture, efficient operation, and low maintenance
cost of optical IP Ethernet network. E-PON uses
instead
topology, and does not use the active components, such

point-to-multipoint  one of point-to—point
as repeater, amplifier, and laser. And E-PON can
overcome the shortcoming of point-to-point optical
solution by reducing the number of laser required in
central office.

This paper addresses the implementation of FTTH
system based on Ethemet PON technology. This
system consists of OLT and ONT. OLT supports the
maximum 24 Gigabit Ethernet interfaces, and then has
the flexibility and the scalability for supplying digital
communication and broadcasting convergence service
in the near future. ONT has the dedicated interface for
IP-TV to improve the transmission characteristics of
IP-TV signal. We measure the performance of E-PON
MAC through this system, and then QoS control
characteristics per traffic in ONT by separating the
virtual link for IP-TV from that for data.

In this paper, chapter 2 addresses E-PON archi-
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tecture and services, chapter 3 includes the implemen-
tation of E-PON system, such as OLT system and
ONT module. Chapter 4 addresses QoS function and
system performance of E-PON system and chapter 5

includes conclusion.

2. E—PON architecture

Figure 1 shows the configuration of access network
consisting of E-PON system. E~PON consists of OLT
(Optical Line Terminal), Passive Optical Splitter/
(Optical Networking
Terminals). Because of its simple architecture, the

Coupler, and many ONTs

access network can be configured efficiently. As
E-PON uses the optic fiber that provides high
bandwidth, it is efficient in transmitting data, video,
and voice traffic. One optic fiber connected to OLT is
branched to many optic fibers (16~64 branches) by
Passive Optical Splitter/Coupler, and ONU or ONT are
connected to the end of branched optic fiber.

Table 1 shows the services that E-PON can support.
TDM service can be supported through TDM service
module of E-PON system. Theses services are LL
(Leased Line) service and POTS service.

OLT and ONU/ONT are located at both end point of
optical splitter, and they both are connected to optical
splitter through optic fiber. E-PON system concentrates
many signals into one signal or distributes one signal
to many signals through optical splitter based on the
transmission direction of optical signal. As OLT and
ONUs/ONTs are connected in point-to-multipoint type,
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Fig. 1. E-PON network configuration
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Table 1. Services of E-PON system. -
Category | Service Contents &)
~Interworking with 1P premium
network B
Video ~2Mbps/call BN
Telephony phone -End-to-end delay time: 80ms OPS : Ontleal Paseive Solltter \@El
-]ltter 30ms A) Downstream w3
~Loss ratio: 10-3
~CDN interworking
Video P-TV ~Video (mmilticast) on the level of
HDTV
-VoD on the level of HDTV
(20Mbps)
VoD/BoD | ph on the level of SDTV .
(6Mbps) OPS.MI;I':':‘:::nn:r I
RF (Option) |-CATV and Satellite broadcasting o3 2. E-PONOIM EzE 58
Web/ Fig. 2. Traffic flow in E-PON.
Data interactive -Interworking with services
-IEEES802.3 Ethemnet
game . . . .
ont EL for and C sub- sm'lﬂar to pomt—t? point architecture. But cont.rary to
LL/POTS | scribers strict point-to-point, the data frames from different
(Option) . . .
-POTS for FTTH ONTs in E-PON can be conflicted. So in upstream,

the installation cost of optic fiber is chapter than one
of point-to—point type.

E-PON consists of OLT, optical splitter, and many
ONUs/ONTs, and is configured in efficient method
because of the simple architecture. As E-PON uses the
optic fiber of high bandwidth, it is efficient to transmit
data, video, and voice traffic. The data stream of
E-PON system consists of upstrearn and downstream
data as shown in figure 2. -

TEEER02.3 standard defines two basic configurations
of Ethernet network. One is the method that be con-
figured on shared medium using CSMA/CD protocol,
another is the one that stations can be connected to
using switch using full duplex point-to~point link.
E-PON is the combination of above two methods. In
downstream, the frame transmitted by OLT is
delivered to ONT through passive splitter. OLT broad-
casts a packet to multiple ONTs, and then the
destination ONT extracts the packet based on MAC
address. In upstream, because of the direction in
splitter, a data frame from any ONT is arrived at OLT
and not ONT. Therefore the operation of E-PON is

(224)

ONTs must have the arbitration mechanism to avert
the collision and share the optic channel capacity fairly.
Figure 2 shows the time-shared data flow of upstream
in E-PON. In this figure, all ONTs synchronize the
common standard time, and then the time slot is
éssigned to each ONT. Each time slot can delivery
many Ethernet frames. ONT will buffer the frames
received from subscribers until its own time slot is
arrived at. When its own frame is arrived at, the ONT
bursts all frames at full channel speed. When there are
no frames in buffer to fill the entire time slots, the
ONT transmits 10bits idle characteristics. There are
static assigning method (TDMA)
adaptive method based on the instantaneous queue
length of all ONTs (statistics multiplexing) in time slot
assigning methods.

and dynamic

3. The implementation of E—PON system

Subscriber interface of ultra high-speed optical
subscriber network consists of ONU/ONT, splitter, and
E-PON, that subscriber commects to Internet through
OLT as shown in figure 3. E-PON shelf supports the
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a3 3. E-PON AlA"E FHE
Fig. 3. E-PON system configuration.

standard that can accommodate both broadcasting and
data service. This shelf can accommodate up to 12 line
cards, and each card can support 2 optic ports of AFC
type. Therefore this shelf can support maximum 24
optic ports, and then each port can accommodate up to
32 ONTs. Main switch and controller card in this shelf
supports maximum 4 1000Base-Tx ports and two
1000Base-Fx ports of APC type for uplink.

E-PON shelf perfoorms OLT operation, and
terminating function for ONU or ONT. GESM (Gigabit
Ethernet Switching Module) card performs uplink and
control function. It has 1000Base-Tx and 1000Base-Fx
interfaces for uplink. And it supports link aggregation
function to supply the function for increasing band-
width. GESM card includes Gigabit Ethernet switch
that supports L2/L.3 switching function for 28 ports. It
has 4 Gigabit Ethernet ports for uplink port, and all 4
ports can be used for 1000Base-Tx. For Fx interface,
this card needs a separate Fx interface. So this card
has the configuration that two of four Tx ports can be
used for Fx interface instead.

ELIM card supports two E-PON interfaces, and is
connected to GESM card using 1000Base-Tx signal in
backplane. Processor built-in in E-PON chip of ELIM
card is assigned to the private IP address for the
appropriate slot location, and communicates with main
processor in UDP message. And processor built-in in
E-PON chip is connected to main processor through
100Mbps Ethemnet interface for management, and then
exchanges the control message with that processor.

ELIM card supports the control path for control and
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Fig. 4. OLT system block diagram.
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Table 2. ELIM card function.

Remark

Supports 4K MAC
address table

Function

MAC bridging function between
Ethernet Port and E-PON port

Supports VLAN

Supports up to 256 LLIDs mapping per LLID

DBA (Dynamic Bandwidth
Allocation) function based on
hardware

Automatic perception and link
setting function for ONT

Set up SLA function for virtual
link configured with ONT

Set up classification, filtering

and monitoring function for
ONT

Bandwidth, delay
characteristics

Setup VLAN mode and
IEEE802.1p Cos mapping
function for OLT

Function gathering traffic  |Static MAC setting, MAC
statistics per OLT port, per |learning monitoring, MAC
ONT, and per LLID address limitation function

MAC management function per
ONT and per LLID

Management function for OLT,
ONT

Enable/disable function

statue/statistics information monitoring of all ONTs
connected to link. Each E-PON chip provides RS-232C
interface for parameter setting and status monitoring.
And this card supports 100Mbps Ethernet port for local
management to test card itself. Main functions of
ELIM cars are shown in table 2.




70

ONT board has all functions defined in IEEE802.3ah
standard through E-PON MAC chip. This board
operates as multi-port bridge between IEEE802.3ah
E-PON MAC and two 10/100Base-T MACs. Each
10/100Base-T MAC has unique LLID based on its own
MAC address. Each ONT port appears as separate
point-to—point link through E-PON emulation layer in
ELIM (OLT). E-PON MAC chip of ELIM card also
supports DBA, traffic shaping, QoS, VLAN tagging,
and encapsulation function. ONT subscriber
equipment of E-PON network (CPE : Customer Premise
Device), and ONT converts the incoming optical PON
traffics into phone, T1/El, and 10/100Mbps Ethernet
service for end user. The main functions of ONT are
shown in table 3.

is

RF
Demodutator

|

CATV/Satellite 4 X
ONT A&
ONT configuration.

a8 5.
Fig. 5.

I
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Table 3.

ONT BE Z|&
ONT board function.

Function Remark

MAC bridging function
between E-PON and
Ethernet

64 MAC addresses learning
for IP-TV and data port

MAC management function

Set up independent virtual
link to IP-TV dedicated port
and data port

Video service is separated
from Internet data

Supports classification and
filtering function by
L2/1.3/14

Set up the priority queues of
four levels using 128kbytes
buffer to support QoS

Supports queue assigning
function by IP ToS or
IEEE802.1p CoS

olc{4 PON 7|& 7|8 FTTH AAH 38
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4. The performance of E—PON system

To supports IP-TV service for broadcasting and
VoD service based on IP, voice transmission service b
ased on VoIP, and Internet service simultaneously in
home, we use the technologies that OLT and ONT can
be configured in optimum. First, ONT has the dedi-
cated port for IP-TV and the data one for VoIP/
Internet. Second, IP-TV traffic can be separated from
data one to prevent deteriorating the quality of IP-TV
by installing the separated virtual link for IP-TV port
and data one between OLT and ONT. Third, for the
traffics on data port, we assign four priority queues to
transmit VoIP traffic and stream one based on data
preferentially, and then perform the priority queuing for
them by ToS/IEEE802.1p. Therefore, we also can
assign the link suitable for triple play services through
technologies showed in figure 9.

The traffic is processed in OLT to support QoS. In
OLT, VLAN having the virtual link for data is
separated from VLAN having the virtual one for
IT-TV, and then VLAN attribute is set up according
to traffic characteristics. OLT can transmit the video
traffic preferentially by assigning highest priority to
VLAN having link for IP-TV sensitive to delay. In
VLAN having the traffic for data, OLT can perform
priority scheduling of four steps by performing
classification according to traffics (to guarantee trans-
mitting VoIP traffic preferentially).

Figure 10 shows the location of congestion
generation in the existing E-PON system. Therefore,

1490nm
PR -

Optical
Splitter

P T —
1310nm

® 24E-PON
N Interfaces

Link for Data

Link for IP-TV

a2 9. Triple Play ServiceS 9I8t 213 &&
Fig. 9. Link assignment for Triple play service.
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QoS control technologies between OLT and ONT can
improve the quality characteristics of traffics sensitive
to delay and loss by preventing or dealing with the
congestion generation deteriorating the quality of
downstream traffic.

The problems of existing E-PON system and its
solutions are following: When the traffics received
from multiple uplinks are concentrated on the specific
E-PON port, it can deteriorate the traffic quality by
momentary congestion. In this case, there is no method
to prevent the congestion ultimately, but the function is
required that can delivery the traffics sensitive to delay
and loss preferentially by the priority queuing or/and
scheduling. When a packet is dropped by the conges-
tion, the function is required that have RED applied.

In case of having the customer connection port of
100Mbps, the downstream traffics are concentrated on
ONT. So it can deteriorate the characteristics of traffic
quality. In this case, if a shaping function is not
supported per virtual link in OLT MAC, the possibility
that can deteriorate the traffic quality by the momen-
tary congestion is very high. Therefore, ONT must be
configured to delivery the traffics sensitive to delay
and loss preferentially by priority queuing or/and
scheduling function.

L2/L3
Switch

Congestipn
Limited traffic
Control function
per Class
100Mbps :F

a8 10. 712 E-PONolA el ZF gty 9| x|
Fig. 10. The location of congestion in existing E-PON.

And the more elaborate traffic control technologies
are required to support triple play service. If a shaping
function is supported per virtual link in OL'T MAC, a
possibility that congestion in ONT can be generated
will decrease. If a separate virtual link is applied to for
video service, it is advantageous for the guarantee of
traffic quality and the billing according to the amount
used.

QoS control technologies are applied to OLT and
ONT to solve same problems as figure 10. For the
traffics received from service network, QoS control
technology is applied to that can maintain the quality
characteristics required in end-to-end. So it performs
the proper QoS control at each congestion point that
can be generated during passing through OLT, RN and
ONT. Figure 11 shows QoS control functions in OLT
and ONT to solve the problems in figure 10.

First, The independent VLLANs are set up for both
data and IP-TV. Therefore, separating and then
treating the traffic having different quality require-
ments can support the more upgraded QoS control.
Second, the different priority control can be done
according to different data traffics by applying
IEEE802.1p CoS in OLT. Third, the characteristics of
traffic jitter and the utilization of network resource can
be upgraded by applying RED in congestion. Fourth,
Also for virtual link for downstream traffic,. the
interference by traffics on same path through MAC
chip having a bandwidth setup and a shaping function

1Gbps
L2/L3
Switch

per Class H

Apply RED

«3P0Q or WRAR

M eckec=Scheduling

iGbps

oLT ;

Link Assignm ent
Mac @ by MAC Address
Bandwidth Assignment
and Shaping per LINK

Link 1 Link 2

1Gbps

) _Oueue Assignment
by ToS/CosS

| __ Strict Priority
Scheduling

P-TV intarnet/ValP

a3 11, OLT/ONTOlA QoS Ao 7|=
Fig. 11. QoS control function in OLT and ONT.
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can be minimized. Fifth, by separating the virtual link
for IP-TV from the virtual link for data, QoS control
characteristics per traffic can be upgraded. Sixth, by
applying the queuing and the scheduling function
through ToS and CoS in ONT, the transmission quality
of traffics sensitive to delay can be maintained.

Figure 12 shows E-PON system configuration for
test, the test will be performed for QoS function and
system performance. We measure the performance of
E-PON MAC through this configuration, and then QoS
control characteristics per traffic in ONT by separating
the virtual link for IP-TV from that for data.

To measure the performance of E-PON MAC, the
test network is configured as shown in figure 13. In
this configuration, one E-PON interface is connected to

ten ONTs, and then the maximum traffic transmission
bandwidth of bi-directional is measured. In this test
environment, Ten ONTs are connected to one E-PON

12. MEE 98t E-PON A|AE AT
12. E-PON system configuration for test.
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13. Network configuration for performance test.
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interface, Optical splitter has 24 branches, and SMF of
5m lengths is used as optical line. And we set up the
traffic parameters for virtual link between OLT and
ONT: Maximum allowed bandwidth is 100Mbps,
Maximum guaranteed bandwidth is 100Mbps, and
Maximum burst size is 10kbyte. We measure the
traffic transmission performance for bi-directional
through this test environment.

In doyvnstream performance, Gigabit Ethernet port
generates 100Mbps traffic to each ONT, and then
Ethernet frame received in ONT is counted. We can

Parameter Parameter set A|Parameter set B
SchedulerMin-Tokens 2 Kbyte 4 Kbyte
Scheduler Max-Tokens 2 Kbyte 4 Kbyte
a3 —o— Parameter Set A|
a82 -//H = —&— Parameter Set B
o TS Q P

© W
=50 ;
@

Trensmission Perform encef %]

64 1500

Frame Size[bytes]

2% 14, downstreamoilA A" Z 3}

Fig. 14. Test result for downstream.
Parameter Parameter | Parameter | Parameter
set A set B set C
DBA tokens 4 Kbyte 8 Kbyte 10 Kbyte
Scheduler '
Min-Tokens 2 Kbyte 4 Kbyte 6 Kbyte
Scheduler
Max-Tokens 2 Kbyte 4 Kbyte 6 Kbyte
9
Tw — - —
® —e— Parameter Set A
7 ~8- Parameter Set B
-§86 —a— Parameter Set C
§ " > ‘
:g 2 \\
kil
.
7
64 256 512 1500
Frame Size{bytes]

a3 15 upstreamollA Al Zx}
Fig. 15. Test result for upstream.
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Table 4. the scenario for QoS test. o P
Conn. 1 Conn. 2 Broadcasting Load 100000 | —¥—Conn.2 Qo8
BE %Qos BE | QoS BE QoS | %] o aes /
I Pardwidh 200 E L) 29%9&? 70
“TxlMbps! | 18518 T 5018 | 25a.78 T 25678 1500815616 Mt /
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FxIMbps] 390 | 160.18 | 238.78 | 286.76 | 169.18 | 159.18 ] / /
Rx[Mbps 350 | 159.18 | 298.78 | 23878 | 159.18 | 150.18 - /
Bandwidts. %ﬁﬁ Bﬁ T 1% / /
Tx{Mbps] | 636.73 | 636.73 | 296.78 | 238.78 | 150.16 T 15038 | o /
Rx[Mbps] | 430,04 | 44561 | 16127 | 14707 | 1075 | 150.18 & . 5 4 -
[ Tandwiat; ﬁo%ﬁ T e T 160
TxIMups] | 636.73 | 636.73 | 47765 | 477.65 § 150.18 | 150.18 ! - - - - - - "
Rx[Mbps] | 349.42 | 320.83 | 262.07 | 271.86 87.36 | 159.18 | Load[%)
wd T 7 CUE I Ty - o o A
TxlMbps] | 766,12 75612 | 50604 T £06.61 | 15618~ i59°15 38 16 E-PON Al2Be] X1 &4
RxIMbps] | 349.14 | 32488 || 275.86 | 27669 | 7356 | 150.18 Fig. 16. Delay characteristics in E-PON system.

verify the performance variation according to the
parameter values of downstream scheduler in OLT.
Figure 14 show that the performance downstream
traffic is closed to line speed.

In upstream performance, 100Mbps traffic is generated
to each ONT, and then Ethemet frame received in
Gigabit Ethernet poet of OLT is counted. We also
verify the performance variation according to the
parameter values of upstream scheduler in OLT.

Figure 15 shows that the transmission performance
in upstream is 81%792% according to the parameter
values.

Table 4 shows the scenario to test QoS control
function applied to OLT and ONT. This scenario is
applied to the configuration that consists of two links
for Internet connection and one link for broadcasting.
BE (Best Effort) service or QoS control function is
applied to each link, and then Wé measure the packet
loss ration and the delay time for each link. We
increase the total load from 70% to 190% in 3096 unit.
And the total loads are distributed to three links, and
the link for broadcasting has the fixed 20 % of total
loads because of the guarantee of bandwidth.

Figure 16 shows the delay characteristics for each
link measured according to the test scenario. This
figure shows the bandwidth guarantee in even
congestion state if QoS control function is applied to
link for broadcasting. Otherwise, if QoS control
function is not applied to link for broadcasting, it
shows deteriorating the delay characteristics seriously.

(229)

And if QoS control function is not applied to two links
for Internet connection. It also shows deteriorating the
delay characteristics seriously. But if QoS control
function is applied to those links, the delay charac-
teristics are improved as far as it goes but is not
guaranteed certainly like the link for broadcasting.

Figure 17 is packet loss measured according to the
test scenario of table 4. In the case of applying QoS
control function to the link for broadcasting, this figure
shows that the bandwidth is guaranteed and then there
is no packet loss in congestion status. But in the case
of applying BE (Best Effort) service to the link for
broadcasting, this figure shows that the characteristic
of packet loss is weakened seriously. Therefore this
figure shows that the link for broadcasting sensitive to
packet loss must have the guaranteed bandwidth. In
this figure, until the load of system reaches 100%, there
are no packet losses in all three links, which have BE
service or QoS control function. But if system load
pass over 100%, there are packet losses in all links
except of the link for broadcasting having QoS control
function.

The integrated service technology to converge
communication and broadcasting in FTTH networks
provides communication and broadcasting convergence
services through a single fiber by multiplexing data
communication signals and broadcasting signals
(satellite and CATV) on the light signal level. The
subscriber can have a simplified access method of only

one optical fiber through the integration of the services
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Fig. 17. Packet loss of E-PON system.

each of which has currently its own separate access
network.

This convergence technology in FTTH networks
consists of an optical RF transmit module to transform
the broadcasting signal to the optical signal, a link
distribution module to transmit the optical signal, and
an optical RF receive module to transform the optical
signal to the broadcasting signal. Theses technologies
make the subscriber network simple, and no major
access module or device change is required. Theses
will be used to build a single network having all
Internet service network and the broadcasting network,
and then provide satellite and CATV broadcasting
simultaneously through the public sharing in the
MDUs, such as apartment complexes. And Theses can
also provide FTTH-type convergence of communi-
cations and broadcasting using PON distribution
network, and FTTH-type convergence of communi-
cations and broadcasting in non-apartment residential
area.

5. Conclusion

This paper addresses the implementation of FTTH
system based on Ethermnet technology. This system
consists of OLT and ONT. OLT supports maximum 24
Gigabit Ethernet E-PON interfaces per OLT system,
and has two OLT systems per shelf. In near future,
this system has flexibility and scalability for
comrmunication and broadcasting convergence services,

O[{A PON 7|& 7l FTTH A28 78
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and then can provide operation and maintenance,
system technology.

For this, OLT system consists of switch module,
subscriber module, processor module, and E-PON link
module. We install Linux operating system in OLT
system that includes API performing Layer 2 and
Layer3 switching function, so these functions can be
used for commercial layer? and layer3 system, and can
accommodate diverse supplementary services that
multicasting function and switch chip based on Linux
provides. And by connecting multiple ONTs to one
OLT, this system can provide cheaper services than
other technologies that provide the service of similar
quality. ONT is installed in customer premise, and then
can provide IP-TV and Internet service, and has the
interface of dedicated IP-TV to modify the trans—
mission characteristics of IP-TV signal. In home, the
most suitable technologies are used in OLT and ONT
to support IP-TV for broadcasting and VoD services
based on IP, voice service based on VoIP, and Internet
service simultaneously. And'by performing the proper
QoS control in each domain, which can occur the
congestion between OLT and ONT, this system can
maintain the requested characteristics of quality
between end users.

In near future, we will complete the FTTH system
that can provide triple play services by adding
TDMoIP (Time Division Multiplexing over IP) function
to this system.
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