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(54) (TrrLE ofF THE INVENTION) METHOD AND APPARATUS FOR TRANSMITTING AND
RECEIVING PACKET DATA USING A PRESET LENGTH INDICATOR IN A MOBILE
COMMUNICATION SYSTEM

(57) (SCOPE OF THE PATENT CLAIMS)
(CrLamM 1)

A data transmission method for transmitting data in a mobile communication system, comprising:

a step for receiving a service data unit (SDU) from a higher layer and determining whether said SDU
can be contained within one protocol data unit (PDU);

if said SDU can be contained within one PDU. a step for constructing said PDU containing a header
and a data field.:

wherein said header contains a sequence number (SN) field and a one-bit field indicating that said

PDU completely contains said SDU in said data field without segmentation. concatenation. or padding:
if said SDU cannot be contained within one PDU, a step for segmenting said SDU into a plurality of

segments according to the size of a transmittable PDU and constructing a plurality of PDUs in which the
data field of each PDU contains one of said plurality of segments:

wherein the header of each PDU contains an SD field. a one-bit field indicating that at least one length
indicator (LI) field is present. and at least one of said LI field. and if said data field of said PDU contains an
intermediate segment of said SDU. said LI field is set to a predetermined value indicating that said PDU

contains an intermediate segment which is not the first segment or the last segment of said SDU: and
a step for transmitting said PDUs to a receiver.

APLNDC-WH-A0000032289
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(CLaM 2)

The data transmission method of claim 1, wherein said determination step comprises:

a step for determining that said SDU can be contained within one PDU if the PDU size excluding said
SN ficld and said one-bit ficld in the next transmission interval matches the size of said SDU;

wherein the size of said PDU is determined according to the size of said SDU and the radio channel
state.

(CLamM 3)

The data transmission method of claim 1, wherein the LI fields of PDUs which contain said first and
last segments of said SDU in data fields are set to a value indicating that the first segment of said SDU is
contained and a value indicating that the last segment is contained.

(CramM 4)

The data transmission method of claim 1, wherein said SDU contains an Internet Protocol (IP) packet.
(CLaM 5)

A data reception method for receiving data in a mobile communication system, comprising:

a step for receiving a protocol data unit (PDU) containing a header and a data ficld from a transmitter
and detecting from gsaid header of said PDU a sequence number (SN) field and a one-bit field indicating
whether said PDU completely contains one service data unit (SDU):;

a step for acquiring said SDU from said data field if said one-bit field indicates that said PDU

completely contains said SDU in said data field without segmentation, concatenation. or padding:
if said one-bit field indicates that at least one length indicator (LI) field is present, a step for detecting

said at least one LI field from said header and detecting at least one segment of said SDU from said data
field according to said detected LI field:
wherein if said data field of said PDU contains an intermediate segment of said SDU. said LI field is

set to a predetermined value indicating that said PDU contains an intermediate segment which is not the
first segment or the last segment of said SDU: and

a step for constructing said SDU by joining said detected segment to at least one of the previous
segment or the following segment.
(CLAIM 6)

The data reception method of claim 5, further comprising a step in which, if said LI is set to said
predetermined value, said PDU is stored in a reception buffer according to said SN field of said PDU until
said PDU can be assembled with at least one of said previous segment or said following segment.

(CLam 7)

The data reception method of claim 6, wherein said construction step is such that if the first PDU
among said PDUs contains an LI field indicating that the first segment of said SDU is contained, at least
one intermediate PDU among said PDUs contains an LI field having said predetermined value, and the first
LI field of the last PDU among said PDUs indicates the position of the last byte of said SDU, segments
extracted from the data fields of the set of PDUs stored in said reception buffer are joined to construct said
SDU.

(CLAIM 8)
A data transmission apparatus for transmitting data in a mobile communication system, comprising:

APLNDC-WH-A0000032290
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a transmission buffer for receiving a service data unit (SDU) from a higher layer, determining whether
said SDU can be contained within one protocol data unit (PDU), and reconstructing said SDU into at least
one segment according to the size of a transmittable PDU;

a header insertion part for constructing at least one PDU containing a sequence number (SN) field and
a one-bit field in a header and containing said at least one segment in a data field;

a one-bit field setting part which, if said SDU can be contained in one PDU. sets said one-bit field so

as to indicate that said PDU completely contains said SDU in said data field without segmentation,

concatenation. or padding. and if said data ficld of said PDU contains an intermediate segment of said
SDU. sets said one-bit ficld so as to indicate that at least one length indicator (L) ficld is present:

an LI insertion part which, if said SDU cannot be contained in one PDU, inserts and sets an LI field
after said one-bit ficld of said at least one PDU;

wherein if said data field of said PDU contains an intermediate segment of said SDU. said LI field is

set to a predetermined value indicating that said PDU contains an intermediate segment which is not the
first segment or the last segment of said SDU: and

a transmission part for transmitting at least one PDU received from said LI insertion part to a reception
part.
(CLamM 9)

The data transmission apparatus of claim 8, wherein if the PDU size, which is determined according to
the size of said SDU and the radio channel state and excludes said SN field and said one-bit field that can
be used in the next transmission interval, matches the size of said SDU, said transmission buffer determines
that said SDU can be contained within one PDU.

(CLamM 10)

The data transmission apparatus of claim 8, wherein said LI insertion part sets said LI fields of PDUs
which contain the first and last segments of said SDU in data fields to a value indicating that said first
segment is contained and a value indicating that said last segment is contained.

(CramM 11)

The data transmission apparatus of claim 8, wherein said SDU contains an Internet Protocol (IP)
packet.
(CramM 12)

A data reception apparatus for receiving data in a mobile communication system, comprising:

a reception buffer for receiving and storing a protocol data unit (PDU) from a transmission part;

a reassembly controller which detects from the header of said PDU a sequence number (SN) field and
a one-bit field indicating whether said PDU completely contains one service data unit (SDU) and, if said
one-bit field indicates that at least one length indicator (LI) field is present, detects said at least one LI field
from said header and detects at least one segment of said SDU from said data ficld according to said
detected LI field:

wherein said LI field is set to a predetermined value indicating that an intermediate segment is
contained if said PDU contains an intermediate segment which is not the first segment or the last segment
of said SDU:

a header and LI removal part which, if said one-bit field indicates that said PDU completely contains

said SDU in said data field without segmentation. concatenation or padding. extracts said SDU from said
data field. and if said one-bit field indicates that said at least one LI field is present, removes said SN field,

said one-bit field, and said LI ficld and extracts the intermediate segment from the data field of said PDU;
and

a reassembly part for completely receiving said SDU from said header and LI removal part or
receiving

APLNDC-WH-A0000032291
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said intermediate segment and for constructing said SDU by joining said intermediate segment to at least
one previous segment extracted from the data field of at least one previous PDU and to at least one
following segment extracted from the data field of at least one following PDU.

(CramM 13)

The data reception apparatus of claim 12, wherein said reception buffer stores said PDU according to
said SN field.
(CramM 14)

The data reception apparatus of claim 13, wherein said reassembly part is such that if the first PDU
among said PDUs contains an LI field indicating that the first segment of said SDU is contained, at least
one intermediate PDU among said PDUs contains an LI field set to said value, and the first LI field of the
last PDU among said PDUs indicates the position of the last byte of said SDU, segments extracted from the
data fields of the set of PDUs stored in said reception buffer are joined to construct said SDU.

(DETAILED DESCRIPTION OF THE INVENTION)
(TECHNICAL FIELD)
(0001)

The present invention relates to a mobile communication system which supports packet services. More
particularly, the present invention relates to a method and apparatus which efficiently use radio resources
by reducing the header size of a Protocol Data Unit (called "PDU" hereafter) on a radio link.
(BACKGROUND ART)

(0002)

Current mobile communication systems are developing into high-speed and high-quality wireless data
packet communication systems. These systems are capable of providing not only conventional voice
services, but also data services and multimedia services. The UMTS (Universal Mobile Telecommunication
Service) system, a third-gencration mobile communication system which uses Wideband Code
Segmentation Multiple Access (called "CDMA" hereafter) based on the European mobile communication
system GSM (Global System for Mobile Communications) and GPRS (General Packet Radio Services),
provides a service enabling mobile telephone subscribers or computer users to transmit packet-based text,
digitized voice, video, and multimedia data at high speeds at or above 2 Mbps from anywhere around the
world.

This UMTS system introduces the concept of a packet switching access method using a packet
protocol such as the Internet Protocol (called "IP" hereafter).

Regarding voice services, VoIP (Voice over IP) communication, which supports voice packets using
the Internet Protocol, is under discussion by the 3GPP (3rd Generation Partnership Project), an organization
for the standardization of the UMTS communication system described above. VoIP is a communication
technology for sending a voice frame generated from an audio codec (CODEC) in the form of an IP/UDP
(User Datagram Protocol)/RTP (Real-time Transport Protocol) packet. This VoIP facilitates the provision
of voice services via a packet network.

(0003)

FIG. 1 shows the configuration of an ordinary mobile communication system which supports VoIP.

Referring to FIG. 1, a user equipment (UE) 100 comprises a CODEC 105 for converting a voice signal
to a voice frame, an IP/UDP/RTP layer 104 for converting the voice frame to an IP/UDP/RTP frame, a
PDCP (Packet Date Convergence Protocol) layer 103 for compressing the header of the IP/UDP/RTP
packet, an

APLNDC-WH-A0000032292
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RLC (Radio Link Control) layer 102 for converting the IP/UDP/RTP packet with a compressed header to a
format suitable for transmission over a radio channel, and a MAC (Medium Access Control)/PHY
(Physical) layer 101 for transmitting the output of the RLC layer 102 over the radio channel.

Radio data from the UE 100 is transmitted to a radio network controller (called "RNC" hereafter) 120
via the PHY layer (not shown) of a base station (Node B) 110 over the radio channel. The RNC 120, which
is similar to the UE 100 and comprises a MAC layer 121, an RLC layer 122, and a PDCP layer 123,
converts radio data to the original IP/UDP/RTP packet and transmits it to a core network (CN) 130. This
IP/UDP/RTP packet is transmitted to another party — a UE (not shown) on the reception side, for example —
via an IP network 140. The reception side UE has a layer structure similar to that of the transmission side
UE 100 and restores the original voice signal by processing the IP/UDP/RTP packet in the reverse order.
The RLC layers 102 and 122 serve the following roles.

(0004)

In general, an RLC layer is divided into UM (Unacknowledged Mode), AM (Acknowledged Mode),
and TM (Transparent Mode) according to the operating method. VoIP operates in the RLC UM.

In the transmitter, the RLC UM layer segments, concatenates, or pads RLC Service Data Units (called
"SDUs" hereafter) received from a higher layer to a size suitable for transmission over a radio channel. The
RLC UM layer constructs an RLC PDU (Protocol Data Unit) suitable for transmission over the radio
channel by inserting segmentation/concatenation/padding information and a sequence number (SN) into the
resulting value and transmits the LCP PDU to a lower layer.

In the receiver, the RLC UM layer first restores the data by analyzing the SN and the
segmentation/concatenation/padding information of an RLC PDU received from a lower layer and then
reconstructs an RLC SDU by concatenating or segmenting the data in accordance with the operation of the
transmitter. The reconstructed RLC SDU is provided to a higher layer. Here, the operation of processing an
RLC SDU received from a higher layer to a size suitable for transmission over a radio channel is called
"RLC framing".

(0005)

FIG. 2A shows RLC framing in a transmitter according to conventional technology.

Referring to FIG. 2A, an RLC layer 210 frames data received from a higher layer 205 to a data size
suitable for transmission over a radio channel. A lower layer 215 transmits the data framed to this
appropriate size to a receiver over the radio channel. The higher layer corresponds to a PDCP layer, and the
lower layer corresponds to a MAC layer. The data exchanged between the RLC layer 210 and the higher
layer 205 is an "RLC SDU", and the data exchanged between the RLC layer 210 and the lower layer 215 is
an "RLC PDU".

(0006)

FIG. 2B shows RLC framing in a receiver according to conventional technology.

Referring to FIG. 2B, an RLC layer 212 first restores data received from a lower layer 217 to the
original data and then transmits the restored data to a higher layer 207. The higher layer 207 corresponds to
a PDCP layer, and the lower layer 217 corresponds to a MAC layer. The data exchanged between the RLC
layer 212 and the higher layer 207 is an "RLC SDU", and the data exchanged between the RLC layer 212
and the lower layer 217 is an "RLC PDU".

(0007)

FIG. 2C shows the operation for constructing RLC PDUs by framing RLC SDUs in the RLC layer of a
transmitter according to conventional technology.

Referring to FIG. 2C, the RLC layer of the transmitter receives an RLC SDU 225 of an arbitrary size —
for example, a 100-byte IP packet — from the higher layer. If the size of data transmittable over a radio
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channel is 40 bytes, the RLC layer segments the RLC SDU 225 into three RLC PDUs 230, 235, and 240.
At this time, each RLC PDU has 40 bytes. Each RLC PDU also contains an RLC header 245.

The RLC header 245 comprises a Sequence Number (called "SN" hereafter) 250, an E field 255, and at
least a plurality of pairs of a Length Indicator (LI) field 260 and an E field 265. The LI field 260 is included
by means of segmentation. The SN field 250 indicates a 7-bit SN which increases monotonously by 1 for
every RLC PDU. The SN indicates the order of the RLC PDUs 230, 235, and 240. The E field 255
indicates whether the following field is a data field or a pair of an LI field and an E field and has a one-bit
size.

The LI field 260 has a 7-bit or 15-bit size depending on the RLC framing and indicates that the
segment of the RLC SDU 225 contained in the RLC PDU is positioned in a data field 270 of the RLC
PDU. That is, the LI field 260 indicates the start and end of the RLC SDU 225 within the data field 270 of
the RLC PDU. The LI field 260 may also indicate whether padding is used. The value indicated by the LI
field 260 is set in units of bytes, which refers to the number of bytes from an RLC header to the point
where the RLC SDU ends. For the sake of convenience, the LI ficld 260 is assumed to be 7 bits.

In the first byte of the first RLC PDU 230, the SN field is set to a prescribed value "x", and the first E
field is set to "1", indicating that the following byte consists of a pair of an LI field and an E field. In the
second byte of the RLC PDU 230, the LI field indicates that the RLC SDU 225 starts from the first byte of
the data field of the RLC PDU 230. This must be used as a meaning other than to indicate the last byte
position of the RLC SDU. This L1 is called a "predefined LI" and will be described below.

(0008)

"1111 100": The first byte of the data field of the RLC PDU is the first byte of the RLC SDU.

"0000 000": The last byte of the RLC SDU is contained in the previous RLC PDU, but an LI indicating this
is not contained in the previous RLC PDU.

"1111 111": The remainder of the data field of the RLC PDU consists of padding bits.

(0009)

Accordingly, in the RLC PDU 230, the first LI field is set to the predetermined LI "1111 100" and to
the "0" inserted in the second E field to indicate that the following byte is the data field. Therefore, the first
38 bytes of the RLC SDU 225 are inserted into the remaining 38-byte data ficld of the 40-byte first RLC
PDU 230 excluding the first two bytes.

In the first byte of the second RLC PDU 235, the SN field is set to "x+1", and the E field is set to "0"
indicating that the following byte is data. This is because it is unnecessary to separately prepare an LI field
since the RLC PDU 235 does not contain the first byte or the last byte of the RLC SDU 225. Therefore, the
39 bytes of the RLC SDU 225 from byte 39 to byte 77 are inserted into the remaining 39 bytes of the data
field.

In the first byte of the third RLC PDU 240, the SN is set to "x+2" and the E field is set to "1"
indicating that the following byte is a pair of an LI field and an E field. In the second byte, the LI field is
set to "0010 111 (=23)" indicating that the last byte of the RLC SDU 225 corresponds to the 23rd ("100"-
77" byte of the
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data field, and the E field is set to "1". The data field of the RLC PDU 240 has remaining room into which
data may be inserted after the last segment of the RLC SDU 225 with a total of 100 bytes is loaded.
Therefore, the second E field is set to "1" and the following second LI field is set to "1111 111", which is a
value notifying that bits following the position indicated by the first LI field are padded. The third E field is
then set to "0". Therefore, the data field of the third RLC PDU 240 is filled with the last 23 bytes of the
RLC SDU 225, and the remaining 14 bytes are padded.

(0010)

The operation of the RLC layer of the receiver corresponding to the operation of the RLC layer of the
transmitter is as follows.

The RLC layer of the receiver receives the RLC PDUs 230, 235, and 240 and sequentially arranges
them based on the SNs of the RLC PDUs 230, 235, and 240. That is, the RLC layer of the receiver
determines that the data field of the first RLC PDU 230 corresponds to the first segment of the RLC SDU
225 via the LI field of the first RLC PDU 230 and that the data field of the second RLC PDU 235
corresponds to the second segment of the RLC SDU 225 via the LI field of the second RLC PDU 235 and
thereby recognizes that the reconstruction of this RLC SDU 225 is not yet complete. The RLC layer of the
receiver then determines that 23 bytes of the data field of the third RLC PDU 240 constitute the last
segment of the RLC SDU 225 via the third RLC PDU 240 and completes the reconstruction of the RLC
SDU 225 by combining the segments extracted from the three RLC PDUs 230, 235, and 240. At this time,
the RLC layer of the receiver recognizes via the second LI field of the third RLC PDU 240 that the
remainder of the data ficld of the third RLC PDU 240 is padded.

(0011)

As described above, the conventional method of indicating the last byte of an RLC SDU using an LI
field is efficient in cases in which one RLC DU is segmented into a plurality of RLD PDUs or a plurality of
RLC SDUs are concatenated into one RLC PDU. However, in light of the characteristics of VoIP packets,
one complete RLC SDU ordinarily corresponds to only one RLC PDU and occurs frequently without
segmentation/concatenation/padding,

In cases in which a 12.2 kbps AMR (Adaptive Multi-Rate) CODEC is widely used in 3GPP, this AMR
CODEC generates a 7-byte or a 32-byte voice frame every 20 msec. After the voice frame is encapsulated
with an IP/UDP/RTP header, it is transmitted to the RLC layer via the compression of the header in the
PDCP layer. The compressed header is ordinarily 3 bytes, but it occasionally has a size of 4-12 bytes.

Accordingly, an RLC SDU has a size of 10-19 bytes or 35-44 bytes. This RLC SDU is transmitted to
the RLC layer of the transmitter in units of 20 msec. The RLC layer reconstructs one complete RLC SDU
into one RLC PDU and transmits it over a radio channel. As described above, since the compressed header
is ordinarily 3 bytes, most RLC SDUs are 10 bytes or 35 bytes. Therefore, it is desirable for the size of an
RLC PDU to be determined so that the most frequently occurring RLC SDUs can be processed efficiently.

In this way, if the size of an RLC PDU is defined based on the size of the most frequently occurring
RLC SDUs, most RLC SDUs are framed to RLC PDUs without undergoing
segmentation/concatenation/padding. In this case, the conventional framing method is inefficient.

(0012)

FIG. 3 shows a problem of the framing method according to conventional technology.

Referring to FIG. 3, a 35-byte RLC SDU 305 is generated, and the size of an RLC PDU 310 is 38
bytes. The RLC SDU 305 is framed to one RLC PDU 310. In the RLC PDU 310, a first LI field 315 is set
to "1111
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100" indicating that the first byte of the RLC SDU 305 corresponds to the first bye of a data field 325 of the
RLC PDU 310, and a second LI field 320 is set to "0100 011" indicating that the last byte of the RLC SDU
305 corresponds to the 35th byte of the data field 325. The data field 325 containing the entire 35-byte RLC
SDU 305 is then inserted.

That is, a 3-byte overhead is added in order to transmit 35-byte data, and two bytes of the overhead are
used for the LI fields.

As described above, in contrast to typical packet communication, packet data should be processed in
real time in VoIP communication, and one RLC SDU is generated for every predetermined time interval. In
other words, in VoIP communication, most RLC SDUs are not segmented or concatenated, and one RLC
SDU consists of one RLC PDU. Nonetheless, the existing RLC framing operation always requires at least
two LI fields — that is, an LI field indicating the start of an RLC SDU and another LI field indicating the
end of the RLC SDU — for an RLC PDU. If necessary, an LI field indicating the advisability of the padding
of the data field is additionally inserted.

Therefore, the use of the RLC framing method in VoIP communication according to conventional
technology leads to the problem that limited radio resources are used inefficiently due to the user of
unnecessary LI fields.

(DISCLOSURE OF THE INVENTION)
(PROBLEM TO BE SOLVED BY THE INVENTION)
(0013)

Accordingly, in order to solve the problem of the conventional technology described above, the
purpose of the present invention is to provide a method and apparatus for efficiently using radio resources
by reducing the header size of a protocol data unit (RLC PDU) of the radio link control layer in a mobile
communication system which supports packet services.

Another purpose of the present invention is to provide a method and apparatus for segmenting an
higher layer packet into a plurality of RLC PDUs.

(MEANS FOR SOLVING THE PROBLEM)
(0014)

In order to achieve the objectives described above, the present invention is a method for transmitting
data using a predetermined length indicator (LI) in a mobile communication system, the method having: a
step for receiving a service data unit (SDU) from a higher layer and determining whether the SDU can be
contained within one protocol data unit (PDU); if the SDU cannot be contained within one PDU, a step for
segmenting the SDU into a plurality of segments according to the size of a transmittable PDU; a step for
constructing a plurality of PDUs having a sequence number (SN) field, at least one-bit field indicating that
an LI field is present, and the LI field in the header and having the segments in a data field, wherein the LI
field of each PDU containing an intermediate segment of the SDU in the data field is set to a value
indicating that the intermediate segment is present; and a step for transmitting the PDUSs to a receiver.
(00153)

In addition, the present invention is a method for receiving data using a predetermined length indicator
(LI) in a mobile communication system, the method having: a step for receiving a protocol data unit (PDU)
from a transmitter and detecting from a header of the PDU an SN field and a one-bit field indicating
whether the following LI field is present; if the one-bit field indicates that the LI field is present, a step for
detecting the following LI field from the header of the PDU and determining whether the LI field has been
set to a value indicating that an intermediate segment of a service data unit (SDU) is contained in the data
field of the
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PDU; if the LI field is set to this value, a step for storing the PDU until the previous segment and the
following segment can be combined; and a step for constructing the SDU by joining the intermediate
segment from the data field of the PDU with at least one previous segment extracted from the data field of
at least one previous PDU and at least one following segment extracted from the data field of at least one
following PDU.

(0016)

The present invention is also an apparatus for transmitting data using a predetermined length indicator
(LI) in a mobile communication system, the apparatus comprising: a transmission buffer for receiving a
service data unit (SDU) from a higher layer, determining whether the SDU can be contained within one
protocol data unit (PDU), and reconstructing the SDU into at least one segment according to the size of a
transmittable PDU; a header insertion part for constructing at least one PDU containing an SN ficld and a
one-bit field in a header and having the at least one segment in a data field; a one-bit field setting part
which sets the one-bit field of the at least one PDU to a value indicating at least one of cither the presence
or absence of a following LI field; an LI insertion part which, if the SDU cannot be contained in one PDU,
inserts an L1 field after the one-bit field of the at least one PDU and sets the LI field of the PDU containing
an intermediate segment of the SDU in the data field to a value indicating that the intermediate segment is
contained; and a transmission part for transmitting at least one PDU received from the LI insertion part to a
reception part.

(0017)

The present invention is further an apparatus for receiving data using a predetermined length indicator
(LI) in a mobile communication system, the apparatus comprising: a reception buffer for receiving and
storing a protocol data unit (PDU) from a transmission part; a reassembly controller which detects from the
header of the received PDU an SN field at a one-bit field indicating at least one of whether the following LI
field is present or absent and analyzes the LI field if the one-bit field indicates that the LI field is present
and controls the reception buffer so that the PDU is stored until it can be assembled with the previous
segment and the following segment if the LI field is set to a value indicating that an intermediate segment
of a service data unit (SDU) is contained within the data field of the PDU; a header and LI removal part
which, if the one-bit field indicates that the LI field is present, removes the SN field, the one-bit field, and
the LI field; and a reassembly part for receiving the intermediate segment from the header and LI removal
part and for constructing the SDU by joining the intermediate segment to at least one previous segment
extracted from the data field of at least one previous PDU and at least one following segment extracted
from the data field of at least one following PDU.

(EFFECT OF THE INVENTION)
(0018)

The present invention has the effect of efficiently using limited radio transmission resources by
utilizing the information of one bit indicating that a complete RLC SDU is present in the data field of an
RLC PDU to eliminate the need for the insertion of additional information for indicating the
start/end/padding of the RLC SDU. The present invention also has the effect of enabling the segmentation
operation of an RLC SDU by including an LI field set to a new value of a predetermined LI in an RLC
PDU containing only an intermediate segment of the RLC SDU, as described above.

(BEST MODE FOR CARRYING OUT THE INVENTION)
(0019)

Preferred embodiments of the present invention will be described in detail hereinafter with reference to
the attached drawings.

It will be self-evident from the following descriptions that various modifications can be made to the
embodiments of the present invention in this technical field without deviating from the technical idea of the
invention. Also, when it is assessed that detailed descriptions of known functions or configurations related
to the present invention make the gist of the present invention unclear, the detailed descriptions will be
omitted.
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The main gist of the present invention is to provide framing for the efficient use of radio resources in a
mobile communication system which provides packet services.
(0020)

For the sake of explanatory convenience below, the operation in a radio resource control (RLC) layer —
in particular, the operation of an RLC UM — will be described in a UMTS system, but the embodiments of
the present invention are not limited thereto. For the sake of convenience, an RLC header is defined to
contain an SN field, a first E ficld, and a pair of at least one LI field and an E field in an RLC PDU
containing a packet data from a higher layer. That is, the remainder of one RLC PDU excluding the data
field is an RLC header.

The RLC layer according to the preferred embodiments of present invention use two framing methods.
The first method is one in which an RLC SDU having the most frequently used size is framed to an RLC
PDU without using any LI field. The second method is one in which an RLC SDU of another size is framed
to an RLC PDU using an LI field.

The first framing method does not use any LI field. This method is used in cases in which the size of
an RLC SDU matches the size of the data field of an RLC PDU and there is no need to execute
segmentation/concatenation/padding,

The second framing method uses an LI field. This method is used in cases in which the size of an RLC
SDU does not match the size of the data ficld of an RLC PDU and segmentation/concatenation/padding is
necessary.

Accordingly, a different framing method may be applied to each higher-layer packet. At this time, a
transmitter notifies a receiver of the framing method used for each packet.

In the preferred embodiments of the present invention, the framing method applied to the RLC PDU in
question is indicated using one bit of an RLC header — specifically, one bit of the first E field. The first E
field is called an "F field" so that it is distinguished from other E fields.

(0021)

FIG. 4 shows the structure of an RLC PDU according to a preferred embodiment of the present
invention.

Referring to FIG. 4, the RLC PDU comprises an SN field 405, an F field 410, an LI field 415, an E
ficld 420, a data field 425, and a padding 430. The LI field 415, the E field 420, and the padding 430 may
or may not be included depending on the situation, but the SN field 405, the F field 410, and the data field
425 are always present. The SN field 405, the LI field 415, the E field 420, the data field 425, and the
padding 430 are the same as those of a conventional RLC PDU, and explanations thereof will be omitted
here.

The F field 410 indicates the presence or absence of the LI field 415 — that is, the framing method of
the RLC PDU. The F field 410 also indicates whether an RLC SDU has been framed to the RLC PDU
without undergoing segmentation/concatenation/padding. For example, if the F field 410 is set to "0", the
LI field 415 is not present in the RLC PDU in question, and the data field 425 matches one complete RLC
SDU. If the F field 410 is set to "1", the LI field 415 is present in the RLC PDU in question, and the size of
the data field 425 does not match that of one RLC SDU. Accordingly, the LI field 415 indicates the start or
end of the RLC SDU in which it is contained.

(0022)

FIG. 5A shows the configuration of an RLC PDU in a case in which an RLC SDU corresponds to an
RLC PDU without undergoing segmentation/concatenation/padding in accordance with a preferred
embodiment of the present invention.

Referring to FIG. 5A, when a transmitter (that is, an RLC layer of the transmitter) can frame one
complete RLC SDU to one RLC PDU without segmentation/concatenation/padding, it sets the F field to
IIOII

APLNDC-WH-A0000032298



_ Plaintiff's Exhibit No. 188.30
Caseb:11-cv-01846-LHK Document1973-12 Filed09/18/12 Page30 of 40

a1y JP 4642898 B2 3.2.2011

and inserts the complete RLC SDU into the data field of the RLC PDU.

If the F field of a received RLC PDU is "0", a receiver (that is, an RLC layer of the receiver)
recognizes the field as a data field following the F field, extracts the data field from the RLC PDU, and
transmits it to the higher layer as one RLC SDU.

(0023)

FIG. 5B shows the structure of an RLC PDU in a case in which an RLC is framed to an RLC PDU via
segmentation/concatenation/padding in accordance with a preferred embodiment of the present invention.

Referring to FIG. 5B, when it is necessary to perform segmentation/concatenation/padding in order to
frame an RLC, the transmitter constructs an RLC PDU by setting the F field to "1" and including an LI
field and padding required for segmentation/concatenation/padding.

If the F field of a received RLC PDU is "1", the receiver determines that the bytes following the F field
are an LI field and an E field and reconstructs the data field of the RLC PDU into one or more RLC SDUs
according to the value of the LI field.

In order to use an existing first E field as an F field, it is necessary to solve the following such
problem.

Ordinarily, if an RLC PDU is a segment of an RLC SDU and neither the start nor end of the RLC SDU
is included in the RLC PDU, there is no LI field in the RLC PDU.

In FIG. 5A, if an RLC SDU is framed to one RLC PDU without undergoing
segmentation/concatenation/padding, it is necessary to indicate that the RLC PDU does not contain one
complete RLC SDU and does not include the start or end of the RLC SDU.

(0024)

FIG. 6A shows a state in which one RLC SDU is segmented into a plurality of RLC PDUs in
accordance with conventional RLC framing technology.

Referring to FIG. 6A, an RLC SDU 605 is segmented into three RLC PDUs 610, 615, and 620 with
SNs of "x", "x+1", and "x+2", respectively. A predetermined LI value of "1111 100" is inserted into the
first RLC PDU 610, indicating that the first byte of the data field of the RLC PDU 610 corresponds to the
first byte of the RLC SDU 605.

Since the start and end of the RLC SDU 605 are not included in the second RLC PDU 6135, the first E
field is set to "0", and an LI field is not inserted. An LI value of "0100 010", for example, is inserted into
the third RLC PDU 620 in order to indicate that the end of the RLC SDU 605 corresponds to the 34th byte
of the data field of the RLC PDU 620.

If an LI field is not inserted into the RLC PDU 615 which does not include the start or end of the RLC
SDU, the receiver cannot determine whether the segment contained in the data field of the RLC PDU 615
constitutes one complete RLC SDU or forms one RLC SDU by joining with the segments of the previous
and following RLC PDUs. Therefore, in a preferred embodiment of the present invention described below,
a new predetermined LI value is defined in order to indicate an RLC PDU which does not include the start
or end of an RLC SDU (called an "intermediate PDU" hereafter). For example, "1111 110" can be defined
as a new predetermined LI value. An RLC PDU into which the new predetermined LI value is inserted is
recognized as an intermediate RLC PDU. Here, the data field of the intermediate RLC PDU contains an
RLC SDU segment between the start and end of the RLC SDU.

(00253)

FIG. 6B shows a state in which one RLC SDU is segmented into a plurality of RLC PDUs using a

predetermined LI in accordance with a preferred embodiment of the present invention.
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Referring to FIG. 6B, one RLC SDU 625 is segmented into three RLC PDUs 630, 635, and 640 with
SNs of "x", "x+1", and "x+2", respectively. As a result, the F field of the first RLC PDU 630 is set to "1"
and a predetermined LI value of "1111 100" is inserted into the first RLC PDU 630, indicating that the first
byte of the data field of the RLC PDU 630 corresponds to the first byte of the RLC SDU 625. Since neither
the start nor the end of the RLC SDU 625 is included in the second RLC PDU 635, the F field is set to "0",
and a predetermined value of "1111 110" is inserted into the second RLC PDU 635, indicating that the
RLC PDU 635 is an intermediate RLC PDU.

The third RLC PDU 640 contains an LI value of "0100 011" indicating that the end of the RLC SDU
625 is, for example, the 35th byte of the data field.

(0026)

The operation and apparatus configuration according to a preferred embodiment of the present
invention will be described hereinafter. In the following description, concatenation of the
segmentation/concatenation/padding that can be performed for the RLC layer departs from the main gist of
the present invention, so description of the operation and configuration thereof will be omitted here. It is
self-evident that in the event that concatenation is used, if the first E field (that is, the F field) is "1", at least
one LI field is present.

(0027)

FIG. 7 shows the RLC operation of the transmitter according to a preferred embodiment of the present
invention.

Referring to FIG. 7, when at least one RLC SDU is received from the higher layer in step S705, the
RLC layer of the transmitter notifies the lower layer of the size and number of the at least one received
RLC SDU in step S710. The lower layer may be a MAC layer. If LI="0000 000" is to be transmitted when
transmitting the RLC SDU, the RLC layer of the transmitter notifies the lower layer of the value obtained
by adding 1 byte to the size of the RLC SDU.

In step S715, the RLC layer waits until the lower layer reports the size and number of RLC PDUs to be
transmitted in the next transmission interval. The lower layer determines the most efficient RLC PDU size
based on the received RLC SDU information and the radio channel state of the next transmission interval.
This is reported to the RLC layer on the transmission side.

(0028)

In step S720, the RLC layer determines whether the size of the RLC PDU reported by the lower layer
matches the size of the RLC SDU or whether it is necessary to transmit LI="0000 000" via the present RLC
PDU according to whether an LI field indicating the last byte of the previous RLC SDU is contained in the
previous RLC PDU. As a result, if the size of the RLC PDU matches the size of the RLC SDU, it is
unnecessary to transmit LI="0000 000", and the RLC layer proceeds to step S725. Here, this means that the
size of the RLC PDU matches the size of the RLC SDU or that the value obtained by adding the smallest
size of the RLC header to the size of the RLC SDU matches the size of the RLC PDU or is not larger than
and is very similar to the size of the RLC PDU. In other words, when the first E field (that is, the F field) of
the RLC PDU is set to "0" and LI fields indicating the start and end of the RLC SDU are not used, the
complete RLC SDU can be inserted and transmitted to the data field of the RLC PDU.

As a reference, LI="00000 000" is used in cases in which, when the end of the previous RLC PDU
accurately matches the end of the previous RLC SDU, the LI field indicating the end is not contained in the
previous RLC PDU.

The RLC layer of the transmitter sets the F field of the present RLC PDU to "0" in step S725, inserts
the complete RLC SDU into the data field of the RLC PDU without including any LI field in step S730,
and then transmits the RLC PDU to the lower layer and to the RLC layer of the receiver in step S735.
(0029)
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On the other hand, as a result of step S720, if the size of the RLC PDU does not match the size of the
RLC SDU or the transmission of LI="0000 000" is necessary, the RLC layer of the transmitter sets the F bit
of the present RLC PDU to "1" in step S740. In step S745, the RLC layer determines whether there is an
intermediate RLC PDU generated from the RLC SDU. If an intermediate RLC PDU is present, only the LI
field of the intermediate RLC PDU is set to the new predetermined LI value of "1111 110", The new
predetermined LI value is set by the system or the designer. In step S750, the RLC layer of the transmitter
transmits the RLC PDU to the lower layer so that it is transmitted to the RLC layer of the receiver.

(0030)

FIG. 8 is a flowchart showing the RLC operation of the receiver according to a preferred embodiment
of the present invention.

Referring to FIG. 8, the RLC layer of the receiver receives an RLC PDU from the lower layer in step
S805. In step S810, the RLC layer checks the first E field (that is, the F field) of the RLC PDU. The RLC
layer proceeds to step S820 if the F field is "1" and proceeds to step S815 if the F field is "0".

If the F field is "0", this means that segmentation/concatenation/padding is not applied to the RLC
PDU. Accordingly, in step S815, the RLC layer of the receiver removes the RLC header (that is, the SN
ficld and the F field) from the RLC PDU and reconstructs the remaining data field with the complete RLC
SDU. That is, the data field of the RLC PDU consists of one complete RLC SDU. In step S850, the RLC
layer transmits the RLC SDU to the higher layer.

(0031)

If the F field is "1", this means that segmentation/concatenation/padding is applied to the RLC PDU
and that at least one LI field is present. In step S820, the RLC layer of the receiver stores the RLC PDU in a
reception buffer according to the SN in question.

In step S825, the RLC layer of the receiver determines whether the first LI field of the RLC PDU is the
newly defined LI value of "1111 110", If LI="1111 110", the RLC layer proceeds to step S830. If not, the
RLC layer proceeds to step S835. In step S830, the RLC layer of the receiver determines that the RLC PDU
contains an intermediate segment of the RLC SDU and then proceeds to step S835. In step S835, the RLC
layer of the receiver checks the SNs and the LIs of RLC PDUs stored in the reception buffer and
determines whether the reassembly — that is, the restoration — of the RLC SDU is possible. If n RLC PDUs
(n is an integer larger than 1) among the stored RLC PDUs having consecutive SN satisfying the following
conditions, the reassembly of the RLC SDU is possible.

(0032)

Condition 1: The last LI field of the first RLC PDU of the n RLC PDUs indicates the start of a new
RLC SDU.

Condition 2: Each (n-1)th RLC PDU from the second RLC PDU includes one LI field, and each LI
fieldis setto "1111 110",

Condition 3: The first LI field of the nth from the last RLC PDU indicates the position of the last byte
of the RLC SCU.

(0033)

If there are n RLC PDUs satisfying these conditions among the stored RLC PDUs, the RLC layer of
the receiver proceeds to step S840. Otherwise, the RLC layer of the receiver proceeds to step S845 and
waits until a new RLC PDU is received.

The RLC layer reconstructs an RLC SDU while referring to the SNs and the LI fields of the RLC
PDUs satisfying the conditions described above in step S840 and transmits the reconstructed RLC SDU to
the higher
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layer in step S850.
(0034)

FIG. 9 is a schematic block diagram showing a transmitter operating as an RLC layer of a transmitter
according to a preferred embodiment of the present invention.

Referring to FIG. 9, the transmitter comprises a transmission buffer 905, an RLC header insertion part
910, an LI insertion part 915, a transmission part 920, an F setting part 925, and a PDU size controller 930.

The transmission buffer 905 stores at least one RLC SDU received from the higher level and notifies
the PDU size controller 930 of the size and number of the at least one stored RLC SDU. The PDU size
controller 930 references the reported information and additional information to determine an RLC PDU
size that ensures maximum transmission efficiency and notifies the transmission buffer 905.

The transmission buffer 905 reconstructs the at least one stored RLC SDU in accordance with the RLC
PDU size and provides it to the RLC header insertion part 910. If the size of any one RLC SDU is equal to
that of the data ficld of an RLC PDU, the transmission buffer 905 transmits the RLC SDU to the RLC
header insertion part 910 as it is without any processing. The F setting part 925 controls the RLC header
insertion part 910 so as to set the F field of the RLC PDU to "0" if the size of the RLC SDU is equal to that
of the data field of the RLC PDU. The RLC header insertion part 910 inserts the F field and an SN based on
the control of the F setting part 925 into the data received from the transmission buffer 905. If the F field is
set to "0", the LI insertion part 915 does not insert an LI field into the data received from the RLC header
insertion part 910, whereas if the F field is set to "1", the LI insertion part 915 inserts an LI field. The
transmission part 920 transmits the RLC PDUs produced by the procedure described above over a radio
channel.

(0035)

FIG. 10 is a schematic block diagram showing a receiver operating as an RLC layer of a receiver
according to a preferred embodiment of the present invention.

Referring to FIG. 10, the receiver comprises a reception part 1020, a reception buffer 1015, an RLC
header and LI removal part 1010, a reassembly part 1005, and a reassembly controller 1025.

The reception part 1020 provides an RLC PDU received from the lower layer to the reception buffer
1015. The reception buffer 1015 stores the RLC PDU until it is to be reassembled. The reassembly
controller 1025 determines whether reassembly is possible by analyzing the F fields and LIs of RLC PDUs
stored in the reception buffer 1015 and controls the reception buffer 1015 so that at least one RLC PDU
that can be reassembled is provided to the RLC header and LI removal part 1010.

The RLC header and LI removal part 1010 removes the RLC header and the LI field from the RLC
PDU. At this time, an RLC PDU in which the F field is set to "0" does not have an LI field to be removed,
so only the RLC header is removed.

The reassembly part 1005 reassembles an RLC SDU using the one RLC PDU from which the RLC
header and LI field are removed and transmits it to the higher layer. At this time, the reassembly part 1005
constructs one complete RLC SDU with data extracted from the data field of an RLC PDU in which the F
field is set to "0". In addition, the reassembly part 1005 constructs one RLC SDU by joining an
intermediate SDU segment extracted from the data field of the RLC PDU in which the F field is set to "1"
and having the only LI field set to the predetermined value of "1111 110" to segments extracted from the
previous and following RLC PDUs.

(0036)
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A detailed description of the present invention was given above with regard to concrete embodiments,
but it will be clear to a people having ordinary knowledge in this technical field that various modifications
may be made to the form or details as long as they do not deviate from the Scope of the Patent Claims.
Therefore, the scope of the present invention is not limited to the aforementioned embodiments and should
be determined based on the descriptions of the Scope of the Patent Claims and equivalent descriptions
thereto.

(BRIEF DESCRIPTION OF THE DRAWINGS)

(0037)

FIG. 1 is a drawing showing the configuration of a conventional mobile communication system supporting
VolIP.

FIG. 2A is a drawing showing the operation of a transmitter according to conventional technology.

FIG. 2B is a drawing showing the operation of a receiver according to conventional technology.

FIG. 2C is a drawing showing the operation for constructing RLC PDUs with an RLC SDU by means of
RLC framing with a transmitter according to conventional technology.

FIG. 3 is a drawing showing a problem of an RLC framing method using conventional technology.

FIG. 4 is a drawing showing the configuration of an RLC PDU according to a preferred embodiment of the
present invention.

FIG. 5A is a drawing showing the configuration of an RLC PDU according to a preferred embodiment of
the present invention when an RLC SDU corresponds to an RLC PDU without undergoing
segmentation/concatenation/padding,

FIG. 5B is a drawing showing the configuration of an RLC PDU according to a preferred embodiment of
the present invention when an RLC SDU is framed to an RLC PDU wvia
segmentation/concatenation/padding,

FIG. 6A is a drawing showing a case in which one RLC SDU is segmented into a plurality of RLC PDUs
by conventional RLC framing

FIG. 6B is a drawing showing a case in which one RLC SDU is segmented into a plurality of RLC PDUs
using a predetermined LI in accordance with a preferred embodiment of the present invention.

FIG. 7 is a flowchart showing an operation for transmitting an RLC PDU with an RLC layer in accordance
with a preferred embodiment of the present invention.

FIG. 8 is a flowchart showing an operation for receiving an RLC PDU with an RLC layer in accordance
with a preferred embodiment of the present invention.

FIG. 9 is a schematic block diagram showing a transmitter according to a preferred embodiment of the
present invention.

FIG. 10 is a schematic block diagram showing a receiver according to a preferred embodiment of the
present invention.

(EXPLANATION OF SYMBOLS)

(0038)

905 transmission buffer

910 RLC header insertion part

915 LI insertion part

920 transmission part

925 F setting part

930 PDU size controller

1005  reassembly part

1010  RLC header and LI removal part

1015  reception buffer

1020 reception part

1025  reassembly controller
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_ Plaintiff's Exhibit No. 188.35
Caseb:11-cv-01846-LHK Document1973-12 Filed09/18/12 Page35 of 40

(16) JP 4642898 B2 3.2.2011

APLNDC-WH-A0000032304



_ Plaintiff's Exhibit No. 188.36
Caseb:11-cv-01846-LHK Document1973-12 Filed09/18/12 Page36 of 40

17 JP 4642898 B2 3.2.2011
(FIG. 1) (FIG. 2A)
i
N
:
c TRANSMITTER
=
= i HIGHER LAYER [_ 905
v
K
=
- RLCLAYER L 910
v

g M LOWER LAYER 215

= y
Bl2E 7 %ﬂ RADIO CHANNEL
, g \ =
588 = Oty
gl ]|
A EE
|§ it
I it
gx883
(FIG. 2B) (FIG. 2C)
55
RECEIVER g .
HIGHER LAYER | 207 1|
7 2
o . AN
g &
RLC LAYER 219 T | =
& &
s SF N |8
LOWER LAYER  |_o17 Vi )
' 3 5 "
RADIO CHANNEL gl g wer =
=]

APLNDC-WH-A0000032305



_ Plaintiff's Exhibit No. 188.37
Case5:11-cv-01846-LHK Document1973-12 Filed09/18/12 Page37 of 40

(18) JP 4642898 B2 3.2.2011
(FIG. 3) (FIG. 5A)
310 ] S 1
315 —F, T 0277019 V
320 7720100 011 0 SN 0:/
—_—
. -1 DATAFIELD =
305 RLC SDU = 36 byte —— QR[-C‘SDU‘
DATA PART
(FIG. 4) =RLC SDU
V7
Vi

DATA FIELD

(FIG. 5B) (FIG. 6B)
o2
|‘ aLc s ]
ity i i v
1% = - A A B S | W B
LI A W=« P17 ERECINAY: CESCINAY
: T1= 0000 000 | |LISNEW SET VALUE U= e.g. 0100 011
1%
FIRST SEGMENT | | INTERMEDIATE | | LAST SEGMENT
SEGMENT
DATA PART |
b 4
/.. PADDNG 7777

(FIG. éA)

aga

| RLC SOU |
j‘ |J i\ \
: ! il |
! 810 f 816 I 620 |
i | /. I Tl |

si=x Pi SN=xtl  P0A N=x2 FE1

1T = 1111100 L1 = o.g. 0100 010

FIRST SEGMENT INTERMEDIATE LAST SEGMENT
SEGMENT

] _

APLNDC-WH-A0000032306



_ Plaintiff's Exhibit No. 188.38
Caseb5:11-cv-01846-LHK Documentl973-12 Filed09/18/12 Page38 of 40

(19) JP 4642898 B2 3.2.2011

(FIG. 7) (FIG. 8)

START

—845

RECEIVE RLC SDU
8705

~ INFORM LOWER
LAYER OF SIZEAND | o0
NUMBER OF RLC §DUs

,STI6
SIZE ANDNUMBER OF o
< RLC PDUs RECEIVED?

YES

‘|~_34n WAIT FOR NEXT RLC PDU

PDU SIZE MATCHES SDU
< SIZE AND NO NEED FOR ND
TRANSMISSION OF LI=0000
0007

826
~B35

}-320
No

T I\-SBO
N0

YES

| SET F=0 l_sm | SET F=1 I_SM

TO SN

REASSEMBLE?

RLC PDU CONTAINS
INTERMEDIATE SEGMEN’
REASSEMBLE RLC SDU
BASED ON LI AND SN

OF RLC PDU WITHOUT LI 5748

STORE RLC PDU ACCORDING

o= NEW SET LI

INSERT SDU INTO FIELD I &5 [ INSERT PREDFINED LI I_

=

axi Ees L ]
TRANSMIT RLC PDU TO _ TRANSMIT RLC PDU TO
LOWER LAYER 3735 LOWER LAYER - 5750

=

RECEIVE RLC PDU
DATA FIELD — RLC SDU
TRANSFER RLC SDU TO

HIGHER LAYER

(FIG. 9)

s 505 330
[ TRANSMISSION PDU SIZE
l BUFFER CONTROLLER|

INSERTION PART

F SETTING
| PART

L920 Vs

TRANSMISSION LI INSERTION
PART PART

(Fig. 10)
1005

[ REASSEMBLY
PART
1010

RLC HEADER
AND LIREMOVAL
PART

— 1026 NEa
REASSEMBLY RECEPTION
CONTROLLER BUFFER

T 1020

RECEPTION
PART

APLNDC-WH-A0000032307



_ Plaintiff's Exhibit No. 188.39
Caseb:11-cv-01846-LHK Document1973-12 Filed09/18/12 Page39 of 40

(20) JP 4642898 B2 3.2.2011

Continued from the front page:

(72) Inventor ~ Soeng-Hun Kimv
#321-1003, 3-Dong-ji Apartment, Chun Myong-mal, Yongdeng-don (no street address), Yongdeng-
gu, Suwon-shi, 443-737, Gyeonggi-do, Korea

(72) Inventor  Gert-Jan VAN LIESHOUT
Communications House, Samsung Electronics Research Institute, TW18-4QE South Street (no street
address), Middlesex, Staines, England

(72) Inventor ~ Himke VAN DER VELDE
Communications House, Samsung Electronics Research Institute, TW18-4QE South Street (no street
address), Middlesex, Staines, England

Examine Akira KUwAE
(56) References PCT Application Japanese Translation Publication 2002-527945 (JP, A)

Japanese Unexamined Patent Application Publication 2002-125004 (JP, A)
International Publication No. 2005/017641 (WO, A1)

(58) Searched fields (Int. C1., DB name)

HO4W 4/00-99/00
HO04B 7/26

APLNDC-WH-A0000032308



_ Plaintiff's Exhibit No. 188.40
Caseb5:11-cv-01846-LHK Documentl973-12 Filed09/18/12 Page40 of 40

O

TRANSPERFECT

CERTIFICATION OF TRANSLATION

I, Kayoko Imori, hereby certify that the attached Japanese to English translation has been
translated by a qualified translator competent in both languages, and verified to be an
accurate and complete rendering of the content of the original document to the best of

our ability.

The linguistic team is accredited through the TransPerfect Linguist Certification program,
which requires:

College degree in translation and 5 years of experience, or college degree and 7 years of
professional experience in translation.

Must pass subject-specific tests that measure language proficiency and subject matter
expertise. Current pass rate is less than 10% for technical documents.

Ongoing evaluation of translation quality on a per project basis to remain active.

The following document is included in this certification:

“APLNDC-WH-A0000032213"

Signature

Sworn to before me this
29" day of June, 2012

f KEVINM EY.

1 Notary Public - State of New York |
No. 01-KE-6229268
Qualified in Queens County
1Commission Expsres October 4 2

THREE PARK AVENUE, 39TH FLOOR, NEW YORK, NY 10016 | T 212.689.5555 | F 212.689.1059 | WWW .TRANSPERFECT.COM
OFFICES IN 75 CITIES WORLDWIDE

APLNDC-WH-A0000032309



