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adaptor and a method for transmitting a frame using the same.
The wired/wireless converged MAC adaptor may include a
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corresponding to a wired or wireless service, or common
public radio interface (CPRI) data, a frame conversion unit to
convert, into an orthogonal frequency division multiplexing
(OFDM) frame, a wired/wireless converged MAC frame hav-
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WIRED/WIRELESS CONVERGED MAC
ADAPTOR AND METHOD OF
TRANSMITTING FRAME USING
WIRED/WIRELESS CONVERGED MAC
ADAPTOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2011-0147676, filed on
Dec. 30, 2011, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a wired/wireless

converged media access control (MAC) adaptor for providing
awired/wireless converged service in a 10 gigabits per second
(Gbps) orthogonal frequency division multiple access-pas-
sive optical network (OFDMA-PON) and a method of trans-
mitting a frame using the same, and more particularly, to a
wired/wireless converged MAC adaptor for enabling packet
transmission and reception between a wired/wireless access
device and an optical OFDMA-PON and a method of trans-
mitting a frame using the same.

[0004] 2. Description of the Related Art

[0005] A second-generation/third generation (2G/3G)-
based wireless access network may provide voice and data
services to subscribers between a mobile station controller
(MSC) and abase station controller (BSC) using a multichan-
nel El (2.048 megabits per second (Mbps)) or 100 Mbps fast
Ethernet (FE) technology. However, a recent spread of tablet
personal computers (PCs) and smart phones, traffic for a data
service in a wireless access network is increasing at a rapid
rate. Accordingly, a need to expand a transmission capacity of
a wireless access section is inevitable.

[0006] To meet this demand, a fourth generation (4G) long-
term evolution (LTE) technology for providing a 1 gigabit per
second (Gbps) transmission band in a wireless access section
has been developed and applied to a wireless access network.
LTE devices are connected on a one-to-one network basis
between an MSC and a BSC through an optical cable. How-
ever, wireless access providers are currently contemplating
transmission of gigabit-rate or higher using a one-to-N pas-
sive optical network (PON) architecture for a wired access
network.

[0007] Also, to provide subscribers with a gigabit-capable
transmission link for a wired access network, an Ethernet-
PON (E-PON) or a gigabit-capable PON (G-PON) based on
time division multiple access (TDMA)-PON is being applied.
Since a TDMA-PON is a type of time division multiplexing,
only a transmission band of 300 Mbps, on average, is guar-
anteed. However, to provide subscribers with an ultra high
definition TV (UHDTYV) service and various high quality
multimedia services, a 10 Gbps TDMA-PON technology has
been recently developed and is being gradually applied to a
wired access network.

[0008] To date, an orthogonal frequency division multiple
(OFDM) technology has been mainly applied to a wired
access section. Recently, the institute of electrical and elec-
tronics engineers (IEEE) 802.11-based wireless fidelity (Wi-
Fi) standard is providing a transmission band of a maximum
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01300 Mbps using an OFDM technology, but is mainly used
in a near field of tens meters due to limitations on a signal
quality and a signal intensity.

[0009] Recently, studies have been conducted on an optical
OFDMA-PON technology to provide a transmission band of
1 Gbps or higher per subscriber by applying an OFDM tech-
nology to a next generation (NG)-PON2. Work on an
OFDMA-PON technology is mainly being done through a
full service access network (FSAN) forum, and it is expected
that the OFDMA-PON technology will be applied to a sub-
scriber network after 2015.

[0010] Standards for an NG-PON?2 have been developed to
provide a 40 Gbps transmission band through one optical
distribution network (ODN), and to guarantee access of 64 to
1,000 optical network units (ONUs) and a transmission band
of'1 Gbps per subscriber. Currently, as a candidate technology
for an NG-PON2, various technologies are under consider-
ation, for example, a wavelength division multiplexing
(WDM)-PON technology, an OFDMA-PON technology, a
10 Gbps hybrid PON technology, a 40 Gbps TDMA-PON
technology, and the like.

[0011] Also, recently a demand for providing a wired/wire-
less converged service via an all Internet protocol (IP)-based
single network is increasing. A wired/wireless converged net-
work provides a seamless service to wired/wireless subscrib-
ers by integrating access network devices. Here, an OFDMA.-
PON technology is a solution suitable for providing a wired/
wireless converged service.

[0012] An OFDMA-PON may allow a high-capacity trans-
mission service using an ODN for a TDMA-PON and may
provide a wired/wireless service for each sub-carrier. That is,
an OFDMA-PON may allow a wireless service and a wired
service using a single access network. For an OFDMA-PON
to allow a wireless service and a wired service using a single
access network, a MAC adaptor for transmission between an
existing wired/wireless access device and the OFDMA-PON
is required.

SUMMARY

[0013] Anaspect of the present invention provides a wired/
wireless converged media access control (MAC) adaptor for
providing a wired/wireless converged service in a single
access network for a gigabit-capable orthogonal frequency
division multiple access-passive optical network (OFDMA.-
PON), and a method for transmitting a frame using the same.
[0014] Another aspect of the present invention also pro-
vides a wired/wireless converged MAC adaptor for transmit-
ting a single converged MAC frame including wired/wireless
data to an OFDM sub-carrier without a separate additional
overhead by providing an Ethernet interface and a common
public radio interface (CPRI) for matching a wired/wireless
network, and a method for transmitting a frame using the
same.

[0015] Still another aspect of the present invention may
provide, through an OFDM mapper, information about a start
and an end of an OFDM frame, monitor a bit error rate (BER)
of an OFDM link using bit-interleaved parity (BIP), and
monitor and efficiently manage an OFDM link using real-
time alarm information.

[0016] According to an aspect of the present invention,
there is provided a wired/wireless converged MAC adaptor
including a service network interface (SNI) to transmit a
MAC frame corresponding to a wired or wireless service, or
CPRI data, a frame conversion unit to convert, into an OFDM
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frame, a wired/wireless converged MAC frame having a com-
mon frame structure of the MAC frame corresponding to the
wired or wireless service or the CPRI data, and an OFDM
interface to transmit the OFDM frame to an optical OFDM
modem by dynamically allocating sub-carriers based on data
transmission characteristics.

[0017] According to another aspect of the present inven-
tion, there is provided a wired/wireless converged MAC
adaptor including an OFDM interface to receive an OFDM
frame from an optical OFDM modem, a frame conversion
unit to convert the OFDM frame into a MAC frame corre-
sponding to a wired or wireless service, and an SNI to output
the converted MAC frame corresponding to the wired or
wireless service, or CPRI data.

[0018] According to still another aspect of the present
invention, there is provided a method of transmitting a frame
using a wired/wireless converged MAC adaptor, the method
including transmitting a MAC frame corresponding to a
wired or wireless service, or CPRI data, converting, into an
OFDM frame, a wired/wireless converged MAC frame hav-
ing a common frame structure of the MAC frame correspond-
ing to the wired or wireless service or the CPRI data, and
transmitting the OFDM frame to an optical OFDM modem by
dynamically allocating sub-carriers based on data transmis-
sion characteristics.

[0019] According to yet another aspect of the present
invention, there is provided a method of transmitting a frame
using a wired/wireless converged MAC adaptor, the method
including receiving an OFDM frame from an optical OFDM
modem, converting the OFDM frame into a MAC frame
corresponding to a wired or wireless service, and outputting
the converted MAC frame corresponding to the wired or
wireless service.

[0020] According to further another aspect of the present
invention, there is provided a method of allocating sub-carri-
ers using a wired/wireless converged MAC adaptor, the
method including receiving sub-carrier control information
including at least one of a traffic rate associated with data
transmission characteristics and status of a receive queue of
an optical network unit (ONU), and dynamically allocating
sub-carriers for transmitting an OFDM frame using the sub-
carrier control information.

[0021] According to still another aspect of the present
invention, there is provided a recording medium readable by
a computer recording an OFDM frame transmitted and
received by a wired/wireless converged MAC adaptor, the
OFDM frame generated based on a wired/wireless converged
MAC frame converted from a MAC frame corresponding to a
wired or wireless service, by adding, to the wired/wireless
converged MAC frame, an overhead including at least one of
delimiter information indicating a start and an end of a frame,
a BIP field, a sub-carrier number, alarm indicator information
indicating status of an optical line terminal (OLT) and an
ONU, and OFDM status indication information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Theseand/orother aspects, features, and advantages
of the invention will become apparent and more readily
appreciated from the following description of exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

[0023] FIG. 1 is a diagram illustrating an orthogonal fre-
quency division multiple access-passive optical network
access (OFDMA-PON) topology to which a wired/wireless
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converged media access control (MAC) adaptor is applied,
according to an embodiment of the present invention;
[0024] FIG. 2 is a block diagram illustrating a wired/wire-
less converged MAC adaptor according to an embodiment of
the present invention;

[0025] FIG. 3 is a diagram illustrating a detailed configu-
ration of FIG. 2 according to an embodiment of the present
invention;

[0026] FIG. 4 is a diagram illustrating conversion of an
Ethernet MAC frame for a wired service into a wired/wireless
converged MAC frame according to an embodiment of the
present invention;

[0027] FIG. 5is a diagram illustrating conversion of a time
division multiplexing (TDM) or common public radio inter-
face (CPRI) frame into a wired/wireless converged MAC
frame according to an embodiment of the present invention;
[0028] FIG. 6 is a diagram illustrating an example of a
lookup table used for dynamic sub-carrier allocation accord-
ing to an embodiment of the present invention;

[0029] FIG. 7 is a diagram illustrating conversion of a
wired/wireless converged MAC frame into an OFDM frame
according to an embodiment of the present invention;
[0030] FIG. 8 is a diagram illustrating dynamic sub-carrier
allocation according to an embodiment of the present inven-
tion;

[0031] FIG. 9 is a flowchart illustrating a method of trans-
mitting a downstream frame through a wired/wireless con-
verged MAC adaptor according to an embodiment of the
present invention; and

[0032] FIG. 10 is a flowchart illustrating a method of trans-
mitting an upstream frame through a wired/wireless con-
verged MAC adaptor according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0033] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
plary embodiments are described below to explain the present
invention by referring to the figures.

[0034] FIG. 1 is a diagram illustrating an orthogonal fre-
quency division multiple access-passive optical network
access (OFDMA-PON) topology to which a wired/wireless
converged media access control (MAC) adaptor 104 is
applied, according to an embodiment of the present invention.
[0035] As shown in FIG. 1, the wired/wireless converged
MAC adaptor 104 may be present in an optical line terminal
(OLT) 103 and an optical network terminal (ONT) 106 of the
OFDMA-PON. In OLT 103, the wired/wireless converged
MAC adaptor 104 may provide a matching function between
a service network including a wired service network 101 and
a wireless service network 102 and an optical OFDM modem
105 for the OFDMA-PON. In the ONT 106, the wired/wire-
less converged MAC adaptor 104 may provide a matching
function between the OFDM modem 105 and a subscriber
interface.

[0036] FIG. 1 illustrates a structure for providing a wired/
wireless converged service using an OFDMA-PON in a case
in which the wired service network 101 and the wireless
service network 102 are present separately. A MAC frame
transmitted via the wired service network 101 or the wireless
service network 102 may be encapsulated through the wired/
wireless converged MAC adaptor 104, and may be transmit-
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ted through the optical OFDM modem 105. The MAC frame
may be separated through an optical OFDM modem and a
wired/wireless converged MAC adaptor in the ONT 106 of
the OFDMA-PON.

[0037] A digital unit (DU) and a radio unit (RU) for a
common public radio interface (CPRI) may be connected
through the wired/wireless converged MAC adaptor 104 and
the optical OFDM modem 105, or may be connected directly
through the OFDMA-PON alone.

[0038] Accordingly, the OFDM-PON topology according
to an embodiment of the present invention may provide a
wired/wireless converged service using an optical distribu-
tion network (ODN) installed in an existing subscriber net-
work.

[0039] FIG. 2 is a block diagram illustrating a wired/wire-
less converged MAC adaptor 201 according to an embodi-
ment of the present invention.

[0040] Referring to FIG. 2, the wired/wireless converged
MAC adaptor 201 may include a service network interface
(SNI) 202, a frame conversion unit 203, and an OFDM inter-
face 204. Here, the SNI1202 may include a wired interface 205
and a wireless interface 206. The frame conversion unit 203
may include a first frame conversion unit 207, an information
extracting unit 208, and a second frame conversion unit 209.
The OFDM interface 204 may include a sub-carrier control
unit 210 and an OFDM frame transmitting unit 211.

[0041] Hereinafter, a description of the wired/wireless con-
verged MAC adaptor 201 for downstream frame transmission
is provided.

[0042] The wired interface 205 may be connected to a
wired service network to transmit a MAC frame correspond-
ing to a wired service to the frame conversion unit 203. The
wireless interface 206 may be connected to a wireless service
network to transmit a MAC frame corresponding to a wireless
service to the frame conversion unit 203.

[0043] The first frame conversion unit 207 may convert a
MAC frame corresponding to a wired or wireless service into
a wired/wireless converged MAC frame. The first frame con-
version unit 207 may convert a MAC frame corresponding to
a wired or wireless service into a wired/wireless converged
MAC frame by adding, to the MAC frame corresponding to
the wired or wireless service, an overhead including payload
length information, sub-carrier information, OFDM interface
port information, type information of a frame inputted, and
error correction information.

[0044] The information extracting unit 208 may extract
sub-carrier information for transmitting an OFDM frame
from a wired/wireless converged MAC frame. In this
instance, the information extracting unit 208 may extract
sub-carrier information and OFDM interface port informa-
tion using a hash value included in an overhead of a wired/
wireless converged MAC frame.

[0045] The second frame conversion unit 208 may convert
awired/wireless converged MAC frame into an OFDM frame
including sub-carrier information. For example, the second
frame conversion unit 208 may convert a wired/wireless con-
verged MAC frame into an OFDM frame by adding, to the
wired/wireless converged MAC frame, an overhead including
at least one of delimiter information indicating a start and an
end of a frame, a bit-interleaved parity (BIP) field, a sub-
carrier number, alarm indicator information indicating a sta-
tus of an optical line terminal (OLT) and an optical network
unit (ONU), and OFDM status indication information.
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[0046] The sub-carrier control unit 210 may generate sub-
carrier control information by monitoring data transmission
characteristics. Here, the data transmission characteristics
may include a traffic rate and status of a receive queue.
[0047] The OFDM frame transmitting unit 211 may trans-
mit an OFDM frame through a dynamically allocated sub-
carrier based on sub-carrier control information.

[0048] Hereinafter, a description of the wired/wireless con-
verged MAC adaptor 201 for upstream frame transmission is
provided.

[0049] The wired/wireless converged MAC adaptor 201
may include the OFDM interface 204, the frame conversion
unit 203, and the SNI 202.

[0050] The OFDM interface 204 may receive an OFDM
frame from the optical OFDM modem.

[0051] The frame conversion unit 203 may convert an
OFDM frame into a MAC frame corresponding to a wired or
wireless service. The frame conversion unit 203 may include
the first frame conversion unit 207 and the second frame
conversion unit 209.

[0052] The first frame conversion unit 207 may convert an
OFDM frame into a wired/wireless converged MAC frame
having a common frame structure of a MAC frame corre-
sponding to a wired or wireless service.

[0053] The second frame conversion unit 209 may convert
a wired/wireless converged MAC frame into a MAC frame
corresponding to a wired or wireless service using overhead
information of the wired/wireless converged MAC frame.
[0054] The SNI 202 may output a converted MAC frame
corresponding to a wired or wireless service. In this instance,
the SNI 202 may output a MAC frame corresponding to a
wired or wireless service using sub-carrier information,
source address (SA) information, and input port information
of an OFDM frame.

[0055] FIG. 3 is a diagram illustrating a detailed configu-
ration of FIG. 2 according to an embodiment of the present
invention.

[0056] As shown in FIG. 3, a wired/wireless converged
MAC adaptor 302 may include an SNI1301, a converged MAC
converter 302 corresponding to the frame conversion unit of
FIG. 2, and an optical OFDM interface 303.

[0057] The SNI 301 may include a 10 gigabits per second
(Gbps) wired interface for matching a wired service network,
and a 1 Gbps wired interface or a circuit emulation service
(CES) block for matching a wireless service network. Also,
the SNI 301 may include a wireless interface for matching a
DU of a CPRI. Here, the wireless interface may use a CES for
matching a second generation/third generation (2G)/(3G)
network and may use a gigabit Ethernet (GE) for matching a
fourth generation (4G) network. Accordingly, the wired/wire-
less converged MAC adaptor 302 according to an embodi-
ment of the present invention may be easily applied to a
network for a wired/wireless converged service since the
adaptor 302 provides both a wired service and a wireless
service.

[0058] The converged MAC converter 302 may include a
converged MAC encapsulation block, a sub-carrier allocation
engine, and an OFDM mapper/de-mapper.

[0059] The converged MAC encapsulation block may con-
vert a wired MAC frame transmitted through a wired inter-
face, a wireless MAC frame transmitted through a wireless
interface, and a baseband signal of a CPRI into a wired/
wireless converged MAC frame having a common frame
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structure. In FIG. 3, an encapsulated MAC frame may corre-
spond to a wired/wireless converged MAC frame.

[0060] The sub-carrier allocation engine may output
lookup data including sub-carrier information and OFDM
interface information using a hash value of a wired/wireless
converged MAC frame generated by the converged MAC
encapsulation block. Here, the hash value may be calculated
using a destination address (DA) or virtual local area network
(VLAN) information of an Ethernet MAC frame.

[0061] The OFDM mapper/de-mapper may convert a
wired/wireless converged MAC frame into an OFDM MAC
frame. In this instance, the OFDM mapper may add, to a
header of an OFDM MAC frame, at least one of delimiter
information, BIP information, alarm information, OFDM
link management information, and the like.

[0062] The optical OFDM interface 303 may provide a
function for matching an optical OFDM modem, and may
form a number of transmit and receive queues equal to a
number of ONTs. Through transmit and receive queues, traf-
fic of a plurality of sub-carriers may be transmitted. A
dynamic sub-carrier controller may control usage of the sub-
carriers based on a traffic status of transmit and receive
queues and sub-carrier control information transmitted from
the ONUs.

[0063] FIG. 4 is a diagram illustrating conversion of an
Ethernet MAC frame 401 for a wired service into a wired/
wireless converged MAC frame 402 according to an embodi-
ment of the present invention.

[0064] Referring to FIG. 4, the wired/wireless converged
MAC frame 402 may largely include a 5 bytes header and a
4,096 bytes payload, similar to a gigabit-capable PON encap-
sulation method (GEM) frame.

[0065] Each time the Ethernet MAC frame 401 transmits
one frame, the Ethernet MAC frame 401 may use a 12 byte
inter frame gap (IFG), a 7 bytes preamble, and a 1 byte
starting frame delimiter (SFD), as an overhead. The wired/
wireless converged MAC adaptor may remove an overhead of
20 bytes from the Ethernet MAC frame 401, and may load
DA, SA, length/type, data, a frame check sequence (FCS)
used in the Ethernet MAC frame 401 into the payload of the
wired/wireless converged MAC frame 402. Also, the wired/
wireless converged MAC adaptor may add another overhead
of 5 bytes to the Ethernet MAC frame 401.

[0066] Accordingly, the present invention may provide the
wired/wireless converged MAC frame 402 without an over-
head causing an increase in size of a frame inputted. A frame
length (FL) included in the overhead of the wired/wireless
converged MAC frame 402 may refer to a payload length in
byte transmitted through the wired/wireless converged MAC
frame 402. Using the FL, an end of the wired/wireless con-
verged MAC frame 402 may be found. A hash value may be
generated through a hash function using the DA of the Eth-
ernet MAC frame 401, or may be calculated through VLAN
information. The hash value may be used in finding sub-
carrier information. In a case of a 12 bits hash value, a total of
4,096 lookup tables may be managed.

[0067] A frame type (FT) may refer to a type of a frame
inputted. That is, the FT may be used to determine whether
the wired/wireless converged MAC frame 402 is a MAC
frame corresponding to a wired or wireless service or CPRI
data. Also, the FT may be used to determine a port of an SNI.
Header error correction (HEC) may provide a 2-bit error
correction function for header information. The overhead of 5
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bytes included in the wired/wireless converged MAC frame
402 may be further expanded within a range of 20 bytes.
[0068] FIG. 5is a diagram illustrating conversion of a time
division multiplexing (TDM) or common public radio inter-
face (CPRI) frame 501 into a wired/wireless converged MAC
frame 502 according to an embodiment of the present inven-
tion.

[0069] Referring to FIG. 5, a payload of the wired/wireless
converged MAC frame 502 may include a TDM packet and a
baseband signal of a CPRI. In this instance, a FT included in
an overhead of the wired/wireless converged MAC frame 502
may indicate whether a payload type of the wired/wireless
converged MAC frame 502 is TDM or CPRI. The baseband
signal of the CPRI may be transmitted directly through an
allocated sub-carrier without passing through a wired/wire-
less converged MAC adaptor.

[0070] Theoverhead ofthe wired/wireless converged MAC
frame 502 of FIG. 5 is similar to that of FIG. 4, and thus a
detailed description is omitted for conciseness.

[0071] FIG. 6 is a diagram illustrating an example of a
lookup table used for dynamic sub-carrier allocation accord-
ing to an embodiment of the present invention.

[0072] As shown in FIG. 6, a wired/wireless converged
MAC adaptor may find sub-carrier information and OFDM
interface port information based on an address of a wired/
wireless converged MAC frame. For example, the wired/
wireless converged MAC adaptor may extract parameters
stored in an address of the wired/wireless converged MAC
frame using a hash value included in an overhead of the
wired/wireless converged MAC frame. A size of a lookup
table used in dynamically allocating a sub-carrier may be
determined based on the hash value.

[0073] Referring to FIG. 6, the wired/wireless converged
MAC adaptor may store, in a hash value address generated
using an SA, a MAC address as an SA included in a header of
an OFDM frame transmitted from an OFDM interface, a
sub-carrier number as sub-carrier information stored in the
overhead, and an OFDM interface port number as OFDM
interface port information. One piece of OFDM interface port
information may be used for a plurality of sub-carriers.
[0074] FIG. 7 is a diagram illustrating conversion of a
wired/wireless converged MAC frame 701 into an OFDM
frame 702 according to an embodiment of the present inven-
tion.

[0075] Referring to FIG. 7, a wired/wireless converged
MAC adaptor may convert a wired/wireless converged MAC
frame 701 into the OFDM frame 702 by adding a 10 byte
overhead to the wired/wireless converged MAC frame 701.
The overhead may include a start delimiter, an end delimiter,
BIP, a sub-carrier number, alarm indication, OFDM status
indication, and cyclic redundancy check (CRC).

[0076] For example, the wired/wireless converged MAC
adaptor may add a 2 byte start delimiter and a 2 byte end
delimiter to a start and an end of the OFDM frame 702,
respectively. An optical OFDM modem may find the OFDM
frame 702 using the delimiter. Here, the delimiter may have
an arbitrary value.

[0077] The BIP may store a value calculated by exclusive-
ORing (XORing) a sub-carrier number, alarm indication,
OFDM status indication, CRC, and a payload in a previous
OFDM frame. The BIP may be used in measuring a BER ofan
OFDM link. The sub-carrier number may be used for the
optical OFDM modem to transmit an OFDM frame for each
sub-carrier.
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[0078] The alarm indication may display alarm informa-
tion of various links in a bitmap format. Through the alarm
indication, an OLT and an ONU of an OFDMA-PON may
obtain status information of one another. The alarm indication
may include a loss of signal (LOS), a bit error rate (BER),
remote defect indication (RDI), transmitter failure (TF), and
the like.

[0079] The OFDM status indication may refer to informa-
tion for control and setting between OFDM modems. The
OFDM status indication may correspond to a parameter
between modems of an OLT and an ONU. For example, the
OFDM status indication may include management informa-
tion used inan OFDM modem, for example, an OFDM modu-
lation method, an FEC mode, a sub-carrier request/response
mode, status of a receive queue, and the like.

[0080] FIG. 8 is a diagram illustrating dynamic sub-carrier
allocation according to an embodiment of the present inven-
tion.

[0081] The elements of FIG. 8 may be included in a wired/
wireless converged MAC adaptor. As shown in FIG. 8, a
dynamic sub-carrier controller block 801 may receive sub-
carrier control information including a traffic rate, a queue
threshold, a flow control, and status of a receive queue of an
ONU, from a traffic monitoring block 802.

[0082] The traffic rate may correspond to an amount of
traffic transmitted per port. The dynamic sub-carrier control-
ler block 801 may dynamically use a sub-carrier using the
traffic rate. For example, when the traffic rate is increased, the
dynamic sub-carrier controller block 801 may increase a
number of sub-carriers to be used, and when the traffic rate is
reduced, the dynamic sub-carrier controller block 801 may
reduce a number of sub-carriers to be used.

[0083] The queue threshold may correspond to a traffic
occupying state of a queue for each output port. When a status
of the queue exceeds the queue threshold, the dynamic sub-
carrier controller block 801 may transmit a packet through
another sub-carrier, and when the status of the queue fails to
exceed the queue threshold, the dynamic sub-carrier control-
ler block 801 may transmit a packet through an original
sub-carrier.

[0084] Also, the dynamic sub-carrier controller block 801
may dynamically use a sub-carrier in accordance with sub-
carrier flow control or ONU flow control transmitted based on
status of a queue 804 for each sub-carrier within an OFDM
modem. The dynamic sub-carrier controller block 801 may
transmit sub-carrier information not used in each port to an
OFDM mapper 803 using sub-carrier flow control or ONU
flow control.

[0085] The OFDM mapper 803 may transmit an OFDM
frame using newly allocated sub-carrier information in lieu of
original sub-carrier information. The dynamic sub-carrier
controller block 801 may manage an active sub-carrier and an
idle sub-carrier. That is, the dynamic sub-carrier controller
block 801 may provide a high transmission performance by
dynamically managing a sub-carrier allocated to each port
based on transmission characteristics.

[0086] FIG. 9 is a flowchart illustrating a method of trans-
mitting a downstream frame through a wired/wireless con-
verged MAC adaptor according to an embodiment of the
present invention.

[0087] Inoperation 901, an SNI of the wired/wireless con-
verged MAC adaptor may receive and transmit a MAC frame
corresponding to a wired or wireless service. For example, the
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wired/wireless MAC frame and CPRI data may be inputted in
the SNI of the wired/wireless converged MAC adaptor.
[0088] In operation 902, the wired/wireless converged
MAC adaptor may convert the MAC frame corresponding to
the wired or wireless service into a wired/wireless converged
MAC frame having a common frame structure. For example,
the wired/wireless converged MAC adaptor may convert the
MAC frame corresponding to the wired or wireless service
into the wired/wireless converged MAC frame by adding, to
the MAC frame corresponding to the wired or wireless ser-
vice, an overhead of 5 bytes including payload length infor-
mation, sub-carrier information, OFDM interface port infor-
mation, type information of a frame inputted, and error
correction information.

[0089] In operation 903, the wired/wireless converged
MAC adaptor may extract the sub-carrier information and the
output port information using a hash value of the wired/
wireless converged MAC frame.

[0090] In operation 904, the wired/wireless converged
MAC adaptor may convert the wired/wireless converged
MAC frame into an OFDM frame using the sub-carrier infor-
mation. For example, the wired/wireless converged MAC
adaptor may convert the wired/wireless converged MAC
frame into the OFDM frame by adding, to the wired/wireless
converged MAC frame, an overhead of 10 bytes including
delimiter information indicating a start and an end of a frame,
a BIP field, a sub-carrier number, alarm indicator information
indicating a status of an OLT and an ONU, and OFDM status
indication information.

[0091] In operation 905, the wired/wireless converged
MAC adaptor may dynamically allocate sub-carriers to trans-
mit the OFDM frame. For example, the wired/wireless con-
verged MAC adaptor may generate sub-carrier control infor-
mation by monitoring data transmission characteristics, and
may dynamically allocate sub-carriers based on the sub-car-
rier control information.

[0092] In operation 906, an OFDM interface of the wired/
wireless converged MAC adaptor may transmit the OFDM
frame to an optical OFDM modem. For example, the OFDM
interface of the wired/wireless converged MAC adaptor may
output the OFDM frame based on a priority determined using
a quality of service (QoS) parameter through a queue for each
output port.

[0093] FIG. 10 is a flowchart illustrating a method of trans-
mitting an upstream frame through a wired/wireless con-
verged MAC adaptor according to an embodiment of the
present invention.

[0094] Inoperation 1001, an OFDM interface of the wired/
wireless converged MAC adaptor may receive an OFDM
frame from an optical OFDM modem.

[0095] In operation 1002, the wired/wireless converged
MAC adaptor may extract sub-carrier information and source
address information from the OFDM frame. Also, the wired/
wireless converged MAC adaptor may control an OFDM link
using alarm information and OFDM status information
included in header information of the OFDM frame.

[0096] In operation 1003, the wired/wireless converged
MAC adaptor may convert the OFDM frame into a wired/
wireless converged MAC frame. For example, the wired/
wireless converged MAC adaptor may convert the OFDM
frame into the wired/wireless converged MAC frame by
removing an overhead from the OFDM frame.

[0097] In operation 1004, the wired/wireless converged
MAC adaptor may convert the overhead of the wired/wireless
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converged MAC frame into a MAC frame corresponding to a
wired or wireless service, or CPRI data, by removing the
overhead of the wired/wireless converged MAC frame.

[0098] In operation 1005, an SNI of the wired/wireless
converged MAC adaptor may output the MAC frame corre-
sponding to the wired or wireless service, or the CPRI data.

[0099] The above-described exemplary embodiments of
the present invention may be recorded in computer-readable
media including program instructions to implement various
operations embodied by a computer. The media may also
include, alone or in combination with the program instruc-
tions, data files, data structures, and the like. Examples of
computer-readable media include magnetic media such as
hard discs, floppy discs, and magnetic tape; optical media
such as CD ROM discs and DVDs; magneto-optical media
such as floptical discs; and hardware devices that are specially
configured to store and perform program instructions, such as
read-only memory (ROM), random access memory (RAM),
flash memory, and the like. Examples of program instructions
include both machine code, such as produced by a compiler,
and files containing higher level code that may be executed by
the computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments of the present invention,
or vice versa.

[0100] According to the embodiments of the present inven-
tion, application to a subscriber network using an OFDMA-
PON may allow transmission of a wired/wireless frame via an
OFDM link without an additional overhead.

[0101] According to the embodiments of the present inven-
tion, transmission efficiency may be improved by dynami-
cally allocating a sub-carrier based on various control status.

[0102] According to the embodiments of the present inven-
tion, an OFDM link between an OLT and an ONU may be
efficiently managed by adding alarm information and OFDM
information to an OFDM frame.

[0103] A method of transmitting a frame using a wired/
wireless converged media access control (MAC) adaptor, the
method comprising: receiving an orthogonal frequency divi-
sion multiplexing (OFDM) frame from an optical OFDM
modem; converting the OFDM frame into a MAC frame
corresponding to a wired or wireless service, or common
public radio interface (CPRI) data; and outputting the con-
verted MAC frame corresponding to the wired or wireless
service.

[0104] The converting of the OFDM frame into the MAC
frame corresponding to the wired or wireless service, or the
CPRI data comprises: converting the OFDM frame into a
wired/wireless converged MAC frame comprising a common
frame structure of the MAC frame corresponding to the wired
or wireless service or the CPRI data; and converting the
wired/wireless converged MAC frame into the MAC frame
corresponding to the wired or wireless service, or the CPRI
data using overhead information of the wired/wireless con-
verged MAC frame.

[0105] A method of allocating sub-carriers using a wired/
wireless converged media access control (MAC) adaptor, the
method comprising: receiving sub-carrier control informa-
tion including at least one of a traffic rate associated with data
transmission characteristics and status of a receive queue of
an optical network unit (ONU); and dynamically allocating
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sub-carriers for transmitting an orthogonal frequency divi-
sion multiplexing (OFDM) frame using the sub-carrier con-
trol information.

[0106] Although a few exemplary embodiments of the
present invention have been shown and described, the present
invention is not limited to the described exemplary embodi-
ments. Instead, it would be appreciated by those skilled in the
art that changes may be made to these exemplary embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined by the claims and
their equivalents.

What is claimed is:

1. A wired/wireless converged media access control
(MAC) adaptor comprising:

a service network interface (SNI) to transmit a MAC frame
corresponding to a wired or wireless service, or common
public radio interface (CPRI) data;

a frame conversion unit to convert, into an orthogonal
frequency division multiplexing (OFDM) frame, a
wired/wireless converged MAC frame comprising a
common frame structure of the MAC frame correspond-
ing to the wired or wireless service or the CPRI data; and

an OFDM interface to transmit the OFDM frame to an
optical OFDM modem by dynamically allocating sub-
carriers based on data transmission characteristics.

2. The adaptor of claim 1, wherein the SNI comprises:

a wired interface to connect to a wired service network to
transmit the MAC frame corresponding to the wired
service to the frame conversion unit; and

a wireless interface to connect to a wireless service net-
work to transmit the MAC frame corresponding to the
wireless service, or the CPRI data to the frame conver-
sion unit.

3. The adaptor of claim 1, wherein the frame conversion

unit comprises:

a first frame conversion unit to convert the MAC frame
corresponding to the wired or wireless service, or the
CPRI data into the wired/wireless converged MAC
frame;

an information extracting unit to extract sub-carrier infor-
mation for transmitting the OFDM frame from the
wired/wireless converged MAC frame; and

a second frame conversion unit to convert the wired/wire-
less converged MAC frame into the OFDM frame
including the sub-carrier information.

4. The adaptor of claim 3, wherein the first frame conver-
sion unit converts the MAC frame corresponding to the wired
or wireless service, or the CPRI data into the wired/wireless
converged MAC frame by adding, to the MAC frame corre-
sponding to the wired or wireless service, or the CPRI data, an
overhead including payload length information, sub-carrier
information, OFDM interface port information, type infor-
mation of a frame inputted, and error correction information.

5. The adaptor of claim 3, wherein the information extract-
ing unit extracts the sub-carrier information and the OFDM
interface port information using a hash value included in the
overhead of the wired/wireless converged MAC frame.

6. The adaptor of claim 3, wherein the second frame con-
version unit converts the wired/wireless converged MAC
frame into the OFDM frame by adding, to the wired/wireless
converged MAC frame, an overhead including delimiter
information indicating a start and an end of a frame, a bit-
interleaved parity (BIP) field, a sub-carrier number, alarm
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indicator information indicating status of an optical line ter-
minal (OLT) and an optical network unit (ONU), and OFDM
status indication information.

7. The adaptor of claim 1, wherein the OFDM interface
comprises:

a sub-carrier control unit to generate sub-carrier control
information by monitoring the data transmission char-
acteristics; and

an OFDM frame transmitting unit to transmit the OFDM
frame through a dynamically allocated sub-carrier based
on the sub-carrier control information.

8. A wired/wireless converged media access control

(MAC) adaptor comprising:

an orthogonal frequency division multiplexing (OFDM)
interface to receive an OFDM frame from an optical
OFDM modem:;

a frame conversion unit to convert the OFDM frame into a
MAC frame corresponding to a wired or wireless ser-
vice; and

a service network interface (SNI) to output the converted
MAC frame corresponding to the wired or wireless ser-
vice, or common public radio interface (CPRI) data.

9. The adaptor of claim 8, wherein the SNI comprises:

a wired interface to connect to a wired service network to
transmit the MAC frame corresponding to the wired
service to the frame conversion unit; and

a wireless interface to connect to a wireless service net-
work to transmit the MAC frame corresponding to the
wireless service, or the CPRI data to the frame conver-
sion unit.

10. The adaptor of claim 8, wherein the frame conversion

unit comprises:

a first frame conversion unit to convert the OFDM frame
into a wired/wireless converged MAC frame comprising
a common frame structure of the MAC frame corre-
sponding to the wired or wireless service or the CPRI
data; and

a second frame conversion unit to convert the wired/wire-
less converged MAC frame into the MAC frame corre-
sponding to the wired or wireless service, or the CPRI
data using overhead information of the wired/wireless
converged MAC frame.

11. The adaptor of claim 8, wherein the SNI outputs the
MAC frame corresponding to the wired or wireless service, or
the CPRI data using sub-carrier information, source address
information, and input port information of the OFDM frame.

12. A method of transmitting a frame using a wired/wire-
less converged media access control (MAC) adaptor, the
method comprising:

transmitting a MAC frame corresponding to a wired or
wireless service, or common public radio interface
(CPRI) data;
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converting, into an orthogonal frequency division multi-
plexing (OFDM) frame, a wired/wireless converged
MAC frame comprising a common frame structure of
the MAC frame corresponding to the wired or wireless
service or the CPRI data; and

transmitting the OFDM frame to an optical OFDM modem
by dynamically allocating sub-carriers based on data
transmission characteristics.

13. The method of claim 12, wherein the converting of the
wired/wireless converged MAC frame into the OFDM frame
comprises:

converting the MAC frame corresponding to the wired or
wireless service, or the CPRI data into the wired/wire-
less converged MAC frame;

extracting sub-carrier information for transmitting the
OFDM frame from the wired/wireless converged MAC
frame; and

converting the wired/wireless converged MAC frame into
the OFDM frame including the sub-carrier information.

14. The method of claim 12, wherein the converting of the
MAC frame corresponding to the wired or wireless service, or
the CPRI data into the wired/wireless converged MAC frame
comprises converting the MAC frame corresponding to the
wired or wireless service, or the CPRI data into the wired/
wireless converged MAC frame by adding, to the MAC frame
corresponding to the wired or wireless service, or the CPRI
data, an overhead including payload length information, sub-
carrier information, OFDM interface port information, type
information of a frame inputted, and error correction infor-
mation.

15. The method of claim 12, wherein the converting of the
wired/wireless converged MAC frame into the OFDM frame
including the sub-carrier information comprises converting
the wired/wireless converged MAC frame into the OFDM
frame by adding, to the wired/wireless converged MAC
frame, an overhead including at least one of delimiter infor-
mation indicating a start and an end of a frame, a bit-inter-
leaved parity (BIP) field, a sub-carrier number, alarm indica-
tor information indicating status of an optical line terminal
(OLT) and an optical network unit (ONU), and OFDM status
indication information.

16. The method of claim 12, wherein the transmitting of the
OFDM frame to the optical OFDM modem comprises:
generating sub-carrier control information by monitoring
the data transmission characteristics; and
transmitting the OFDM frame through a dynamically allo-

cated sub-carrier based on the sub-carrier control infor-
mation.



