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A METHOD FOR HANDLING CORRECTLY RECEIVED BUT HEADER

COMPRESSION FAILED PACKETS

TECHNICAL FIELD

The present invention relates to a mobile

communication system, and more particularly, to a data

processing method in a mobile communication system.

BACKGROUND ART

The mobile communication system is different from a

wired communication system in that terminals constantly

move. Accordingly, mobility of terminals should be taken

into consideration when designing the mobile communication

system and providing services through the system. That is,

the mobile communication system needs to support the

movement of a terminal from one region to another. When a

terminal is moving away from a currently connected base

station while approaching another base station, the network

needs to switch a connection point of the terminal from the

current base station to the other base station.

On the other hand, all user data should be

transmitted within a limited time. In the case of a voice

call, one voice signal needs to be sent from a user who

speaks to another user who listens within a predetermined



time. Otherwise, the call satisfaction of the listening

user is reduced and it is difficult for them to converse

normally. Also, Transmission Control Protocol (TCP) data

needs to arrive at the receiving side within a

predetermined time and the receiving side needs to

acknowledge receipt of the data to the transmitting side

within a predetermined time. Otherwise, the transmitting

side will retransmit the TCP data, thereby wasting network

resources. Accordingly, the mobile communication system

needs to operate so that user data is transmitted within a

predetermined time.

The mobile communication system also needs to reduce

data loss in a radio interface as much as possible. For

example, if one TCP packet is lost due to lower entities

during transfer of the TCP packet, a TCP application

determines that a congestion has occurred in the network

and rapidly reduces the transmission rate of TCP packets .

For example, when a packet loss occurrs during a TCP

application exchanges data at a rate of lOOMbps, the TCP

application may reduce the data transmission rate to almost

OMbps. This will rapidly reduce quality that the user

experiences and make data transmission unstable. In the

mobile communication system, the transmitting side

retransmits data to minimize data loss when an ACK has not



been received within a predetermined time or a NACK has

been received for the data.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

To retransmit a data block that has not been

correctly (or successfully) transmitted upon handover,

conventional methods determine whether or not the data

block has been correctly transmitted based only on a RLC

status report. However, when a data block has been

compressed through header compression, header decompression

of the data block may fail at a PDCP layer above the RLC

layer even if the data block has been correctly transmitted

at the RLC layer. However, a PDCP layer of the

transmitting side determines whether or not the data block

has been received by the PDCP layer of the receiving side

based on a RLC status report of the data block and performs

retransmission after handover. Accordingly, a data block,

header decompression of which has failed although the data

block has been correctly received by the RLC layer, may be

lost during the handover procedure .

An object of the present invention devised to solve

the problem lies in providing a data processing method that

prevents loss of a specific data block in a retransmission



procedure when handover has occurred.

Another object of the present invention devised to

solve the problem lies in providing a data processing

method that prevents loss of the data block even if header

decompression has failed upon handover.

A further object of the present invention devised to

solve the problem lies in providing a data processing

method in which header compression results are taken into

consideration when determining whether or not a data block

has been correctly transmitted upon handover.

A still further object of the present invention

devised to solve the problem lies in providing a data

processing method in which a data block, header

decompression of which has failed upon handover, is

retransmitted after handover.

Objects of the present invention are not limited to

those described above and other objects will be clearly-

understood by those skilled in the art from the following

description.

TECHNICAL SOLUTION

In an aspect of the present invention, provided

herein is a method of processing data by a source base

station in a mobile communication system, the method



including the steps of transmitting a first data block

including a full header and at least one second data block

on which header compression was performed based on the

first data block to a user equipment, and forwarding the

first data block and the at least one second data block to

a target base station during a handover procedure when the

first data block was not correctly received and one or more

of the at least one second data block was correctly-

received by the user equipment.

In another aspect of the present invention, provided

herein is a method of transmitting data by a user equipment

in a mobile communication system, the method including the

steps of transmitting a first data block including a full

header and at least one second data block on which header

compression was performed based on the first data block to

a source base station, and retransmitting the first data

block and the at least one second data block to a target

base station after handover when the first data block was

not correctly received and one or more of the at least one

second data block was correctly received by the source base

station.

In a further aspect of the present invention,

provided herein is a method of transmitting and receiving

data by a user equipment in a mobile communication system,



the method including the steps of receiving a first data

block including a full header and at least one second data

block on which header compression was performed based on

the first data block from a source base station,

transmitting a negative acknowledgement for the first data

block and a positive acknowledgement for the at least one

second data block to the source base station, and re-

receiving the first data block and the at least one second

data block from a target base station after handover.

ADVANTAGEOUS EFFECTS

Embodiments of the present invention have the

following advantages.

First, a terminal or base station can prevent loss of

a specific data block in a retransmission procedure when

handover has occurred.

Second, a terminal or base station can prevent loss

of a data block even if header decompression has failed

upon handover.

Third, a terminal or base station can take into

consideration header compression results when determining

whether or not a data block has been correctly transmitted

upon handover.

Fourth, a terminal or base station can retransmit,



after handover, a data block, header decompression of which

has failed upon handover.

Advantages of the present invention are not limited

to those described above and other advantages will be

clearly understood by those skilled in the art from the

following description.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to

provide a further understanding of the invention,

illustrate embodiments of the invention and together with

the description serve to explain the principle of the

invention.

In the drawings :

FIG. 1 shows a network structure of an E-UMTS.

FIG. 2 illustrates a schematic structure of an

Evolved Universal Terrestrial Radio Access Network (E-

UTRAN) .

FIGs. 3A and 3B illustrate the configurations of a

control plane and a user plane of a radio interface

protocol between a UE and an E-UTRAN.

FIG. 4 illustrates the functional structure of a PDCP

layer.

FIG. 5 illustrates a method for processing data a



PDCP layer and an AM RLC layer of the transmitting side.

FIG. 6 illustrates a method for retransmitting PDCP

SDUs when handover has occurred in downlink transmission.

FIG. 7 illustrates a method for retransmitting PDCP

SDUs when handover has occurred in uplink transmission.

FIG. 8 illustrates change of the header size of a

packet through ROHC header compression in a PDCP layer.

FIG. 9 illustrates a method for retransmitting PDCP

SDUs when handover has occurred in downlink transmission

according to an embodiment of the present invention.

FIG. 10 illustrates a method for retransmitting PDCP

SDUs when handover has occurred in uplink transmission

according to another embodiment of the present invention.

BEST MODE

MODE FOR INVENTION

The above and other configurations, operations, and

features of the present invention will be easily understood

from the embodiments of the invention described below with

reference to the accompanying drawings . The embodiments

described below are examples wherein technical features of

the invention are applied to an Evolved Universal Mobile

Telecommunications System (E-UMTS) .

FIG. 1 shows a network structure of the E-UMTS to



which an embodiment of the present invention is applied.

The E-UMTS system is an evolved version of the conventional

WCDMA UMTS system and basic standardization thereof is in

progress under the 3rd Generation Partnership Project

(3GPP) . The E-UMTS is also referred to as a Long Term

Evolution (LTE) system. For details of the technical

specifications of the UMTS and E-UMTS, refer to Release 7

and Release 8 of "3rd Generation Partnership Project;

Technical Specification Group Radio Access Network" .

As shown in FIG. 1 , the E-UMTS mainly includes a User

Equipment (UE) , a base station (or eNB or eNode B ) , and an

Access Gateway (AG) which is located at an end of a network

(E-UTRAN) and which is connected to an external network.

Generally, an eNB can simultaneously transmit multiple data

streams for a broadcast service, a multicast service and/or

a unicast service. The AG can be divided into a part that

handles processing of user traffic and a part that handles

control traffic. Here, the AG part for processing new user

traffic and the AG part for processing control traffic can

communicate with each other using a new interface. One or

more cells may exist for one eNB. An interface for

transmitting user traffic or control traffic can be used

between eNBs . A Core Network (CN) may include the AG and a

network node or the like for user registration of the UE.



An interface for discriminating between the E-UTRAN and the

CN can be used. The AG manages mobility of a UE on a

Tracking Area (TA) basis. One TA includes a plurality of

cells. When the UE has moved from a specific TA to another

TA, the UE notifies the AG that the TA where the UE is

located has been changed.

FIG. 2 illustrates a network structure of an Evolved

Universal Terrestrial Radio Access Network (E-UTRAN) system

which is a mobile communication system to which the

embodiment of the present invention is applied. The E -

UTRAN system is an evolved version of the conventional

UTRAN system. The E-UTRAN includes a base station that

will also be referred to as "eNode B" or "eNB" . The eNBs

are connected through an X2 interface. Each eNB is

connected to the User Equipment (UE) through a radio

interface and is connected to an Evolved Packet Core (EPC)

through a Sl interface.

FIGs. 3A and 3B illustrate the configurations of a

control plane and a user plane of a radio interface

protocol between a UE and a UMTS Terrestrial Radio Access

Network (UTRAN) based on the 3GPP radio access network

standard. The radio interface protocol is divided

horizontally into a physical layer, a data link layer and a

network layer, and vertically into a user plane for data



transmission and a control plane for signaling. The

protocol layers of FIGs . 3A and 3B can be divided into a Ll

layer (first layer) , a L2 layer (second layer) and a L3

layer (third layer) based on the lower three layers of the

Open System Interconnection (OSI) reference model widely

known in communication systems.

The control plane is a passage through which control

messages that a UE and a network use in order to manage

calls are transmitted. The user plane is a passage through

which data (e.g., voice data or Internet packet data)

generated at an application layer is transmitted. The

following is a detailed description of the layers of the

control and user planes in a radio interface protocol .

The physical layer, which is the first layer,

provides an information transfer service to an upper layer

using a physical channel. The physical layer is connected

to a Media Access Control (MAC) layer, located above the

physical layer, through a transport channel. Data is

transferred between the MAC layer and the physical layer

through the transport channel. Data transfer between

different physical layers, specifically between the

respective physical layers of transmitting and receiving

sides, is performed through the physical channel. The

physical channel is modulated according to the Orthogonal



Frequency Division Multiplexing (OFDM) method, using time

and frequencies as radio resources.

The MAC layer of the second layer provides a service

to a Radio Link Control (RLC) layer, located above the MAC

layer, through a logical channel. The RLC layer of the

second layer supports data transmission with reliability.

The functions of the RLC layer may also be implemented

through internal functional blocks of the MAC layer. In

this case, the RLC layer need not be existed. A PDCP layer

of the second layer performs a header compression function

to reduce unnecessary control information in order to

efficiently transmit IP packets such as IPv4 or IPv6

packets in a radio interface with a relatively narrow

bandwidth .

A Radio Resource Control (RRC) layer located at the

lowermost of the third layer is defined only in the control

plane and is responsible for control of logical, transport,

and physical channels in association with configuration,

re-configuration and release of Radio Bearers (RBs) . The

RB is a service that the second layer provides for data

communication between the UE and the UTRAN. To accomplish

this, the RRC layer of the UE and the RRC layer of the

network exchange RRC messages . The UE is in RRC connected

mode if RRC connection has been established between the RRC



layer of the radio network and the RRC layer of the UE.

Otherwise, the UE is in RRC idle mode.

A Non- Access Stratum (NAS) layer located above the

RRC layer performs functions such as session management and

mobility management.

One cell of the eNB is set to use a bandwidth such as

1.25, 2.5, 5 , 10 or 20MHz to provide a downlink or uplink

transmission service to UEs. Here, different cells may be

set to use different bandwidths .

Downlink transport channels for transmission of data

from the network to the UE include a Broadcast Channel

(BCH) for transmission of system information, a Paging

Channel (PCH) for transmission of paging messages and a

downlink Shared Channel (SCH) for transmission of user

traffic or control messages. User traffic or control

messages of a downlink multicast or broadcast service may

be transmitted through a downlink SCH and may also be

transmitted through a downlink multicast channel (MCH) .

Uplink transport channels for transmission of data from the

UE to the network include a Random Access Channel (RACH)

for transmission of initial control messages and an uplink

SCH for transmission of user traffic or control messages.

Logical channels, which are located above the

transport channels and are mapped to the transport channels,



include a Broadcast Control Channel (BCCH) , a Paging

Control Channel (PCCH) , a Common Control Channel (CCCH) , a

Multicast Control Channel (MCCH) and a Multicast Traffic

Channel (MTCH) .

FIG. 4 illustrates the functions of PDCP layers of

transmitting and receiving sides. The structure of the

transmitting side located at the left side in FIG. 4 shows

processes applied to a PDCP SDU when the PDCP layer has

received the PDCP SDU from an upper entity. The structure

of the receiving side located at the right side in FIG. 4

shows processes applied to a PDCP PDU when the PDCP layer

has received the PDCP PDU from a lower entity.

The PDCP entity is used for both the user plane and

the control plane and some functions of the PDCP entity are

selectively applied depending on which plane is used. That

is, a header compression function is applied only to user

plane data and an integrity protection function is applied

only to control plane data.

The PDCP layer of the transmitting side performs data

processing in the following procedure.

1 . The PDCP layer of the transmitting side receives

and stores PDCP SDUs in a transmission buffer and allocates

a sequence number to each PDCP SDU.

2 . The PDCP layer performs header compression on the



PDCP SDU if a user plane Radio Bearer (RB) has been

established (or configured) .

3 . The PDCP layer performs integrity protection on

the PDCP SDU if a control plane Radio Bearer (RB) has been

established.

4 . The PDCP layer ciphers a data block generated

through the above processes 2 and 3 .

5 . The PDCP layer attaches an appropriate header to

the ciphered data block to construct a PDCP PDU and

transfers the PDCP PDU to the RLC layer.

The PDCP layer of the receiving side performs data

processing in the following procedure.

1 . The PDCP layer of the receiving side removes a

header from a received PDCP PDU.

2 . The PDCP layer deciphers the PDCP PDU from which

the header has been removed.

3 . The PDCP layer performs header decompression on

the deciphered PDCP PDU if a user plane RB has been

established.

4 . The PDCP layer performs integrity verification on

the deciphered PDCP PDU if a control plane RB has been

established.

5 . The PDCP layer transfers each data block (i.e.,

PDCP SDU) that has subjected to the above processes 3 and 4



to an upper layer. If a user plane RB has been established,

the PDCP layer transfers each data block to the upper layer

after storing and reordering the data block in a reception

buffer as needed.

FIG. 5 illustrates a data processing method for a

PDCP layer and an AM RLC layer of the transmitting side.

An AM RLC layer of the LTE receives data from an

upper PDCP layer. The data processing method for the PDCP

layer is the same as described above with reference to FIG.

4 . The data processing method for the AM RLC layer is as

follows .

1 . The AM RLC layer receives an RLC SDU (i.e., a PDCP

PDU) from the PDCP layer above the AM RLC layer and stores

the received RLC SDU in a RLC SDU buffer. This supports

flexible RLC PDU size.

2 . The AM RLC layer have stored RLC SDUs in the RLC

SDU buffer. And the AM RLC segments or concatenates a

necessary amount of RLC SDUs according to the requested

size when a MAC layer below the AM RLC layer requests a

transmission every transmission time interval.

3 . The AM RLC layer sequentially attaches a RLC

Sequence Number (SN) to the segmented or concatenated data

blocks to construct a RLC PDU.

4 . The AM RLC layer then stores the constructed RLC



PDU in an RLC PDU buffer for retransmission that may be

needed in the future.

The AM RLC layer of the transmitting side performs

retransmission according to a RLC status report received

from the receiving side. Through the RLC status report,

the receiving AM RLC layer (i.e., the AM RLC layer of the

receiving side) notifies the transmitting AM RLC layer

(i.e., the AM RLC layer of the transmitting side) of a

reception state of each RLC PDU. The RLC status report

provides Acknowledgement (ACK) information for a correctly

(or successfully) received RLC PDU and provides Negative

Acknowledgement (NACK) information for an uncorrectly

received RLC PDU. Upon receiving the RLC status report,

the transmitting AM RLC layer retransmits a negatively

acknowledged RLC PDU. The AM RLC layer also finds a

correctly transmitted RLC SDU based on positively

acknowledged RLC PDU information and notifies the upper

PDCP layer of the found RLC SDU. When the transmitting

PDCP layer receives the information of the correctly

transmitted RLC SDU (i.e., PDCP PDU) from the RLC layer,

the PDCP layer can remove the corresponding PDCP SDU from

the transmission buffer.

Retransmission of PDCP SDU upon Handover

Reference will now be made to a procedure in which a



transmitting PDCP layer retransmits a PDCP SDU that has

been uncorrectly transmitted upon handover.

The transmitting PDCP layer stores PDCP SDUs in a

transmission buffer received from the upper layer. Then,

when handover has occurred, the transmitting PDCP layer

retransmits a PDCP SDU that has not been received by the

receiving PDCP layer after the handover. Here, the

transmitting PDCP layer determines a PDCP SDU which the

receiving PDCP layer has not received based on a status

report from the RLC layer below the PDCP layer. When the

transmitting RLC layer receives a RLC status report from

the receiving RLC layer for each RLC PDU that the

transmitting RLC layer has transmitted, the transmitting

RLC layer finds a correctly transmitted RLC SDU based on

positively acknowledged RLC PDU information and notifies

the upper PDCP layer of the found RLC SDU. Therefore, the

transmitting PDCP layer can determine whether each PDCP SDU

has been correctly transmitted based on the notification

information provided by the transmitting RLC layer.

However, since the RLC status report is not always

transmitted upon handover, latest information may not be

provided to the transmitting PDCP layer. That is, for each

RLC SDU that has been correctly transmitted after handover,

the transmitting PDCP layer determines that the RLC SDU has



been uncorrectly transmitted since it determines whether or

not each RLC SDU has been correctly transmitted based on

the last RLC status report before handover.

The transmitting PDCP layer retransmits each PDCP SDU

that is determined to have been uncorrectly transmitted

after handover to the receiving PDCP layer. However, upon

handover, there would be a change of eNBs in charge of data

transmission in the network (specifically, from a source

eNB to a target eNB) . Accordingly, in downlink

transmission, the source eNB forwards each uncorrectly

transmitted PDCP SDU to the target eNB so that the target

eNB retransmits the PDCP SDU. On the other hand, in uplink

transmission, the source eNB forwards each PDCP SDU, which

is not in sequence although it was correctly received, to

the target eNB so that the target eNB reorders the PDCP SDU.

Methods for retransmitting a PDCP SDU upon handover

are different in downlink and uplink transmission as

described above, and thus they are individually described

below in detail.

FIG. 6 illustrates an example method in which PDCP

SDUs that were uncorrectly transmitted upon handover are

forwarded and retransmitted in downlink transmission. The

following is a detailed procedure for retransmitting PDCP

SDUs.



As shown in FIG. 6 , the source eNB sequentially

performs header compression and ciphering on PDCP SDUs 1 to

5 before handover and transmits the PDCP SDUs to a UE (S611

to S613) . Here, the PDCP SDUs 1 , 2 and 4 among the PDCP

SDUs 1 to 5 are not correctly transmitted. Since the

correctly transmitted PDCP SDUs 3 and 5 have not been

sequentially received, the PDCP SDUs 3 and 5 are stored in

a reception buffer of an AM RLC layer of the UE.

Before handover, the RLC layer of the UE transmits a

RLC status report to the source eNB. The RLC layer of the

source eNB notifies the PDCP layer that the SDUs 3 and 5

have been correctly transmitted (S620) .

When handover has occurred, the receiving UE RLC

layer transfers RLC SDUs to the PDCP layer even if the RLC

SDUs are not sequential if they have been correctly

received. The PDCP layer performs deciphering and header

decompression on the RLC SDUs and then stores them in a

reception buffer and prepares them for reordering (S631 and

S632) . PDCP SDUs stored in the reception buffer of the

PDCP layer are transferred to the upper layer only when

they are sequential and keep remaining in the reception

buffer if they are not sequential.

When handover has occurred, the transmitting source

eNB forwards PDCP SDUs, which have not been correctly



transmitted, to the target eNB. In the example of FIG. 6 ,

the SDUs 1 , 2 and 4 are forwarded to the target eNB since

they have not been correctly transmitted. The target eNB

stores the SDUs forwarded from the source eNB and is then

ready to transmit them (S64 0 ) .

When handover has been completed, the target eNB

starts transmitting SDUs again, beginning with the SDUs

forwarded from the source eNB. New SDUs received from the

upper layer are transmitted after the transmission of the

SDUs forwarded from the source eNB is completed (S651 to

S653) .

After handover, the UE receives PDCP SDUs, which were

not correctly received from the source eNB, from the target

eNB. In the example of FIG. 6 , when the UE receives the

SDUs 1 , 2 , and 4 from the target eNB, the UE reorders the

SDUs in the reception buffer and then sequentially

transfers the SDUs 1 to 5 to the upper layer (S661 and

S662) .

FIG. 7 illustrates an example method in which a UE

retransmits PDCP SDUs that were uncorrectly transmitted

upon handover in uplink transmission. The following is a

detailed procedure for retransmitting PDCP SDUs.

As shown in FIG. 7 , the UE sequentially performs

header compression and ciphering on PDCP SDUs 1 to 5 before



handover and transmits the PDCP SDUs to the source eNB

(S711 to S713) . Here, the PDCP SDUs 1 , 2 and 4 among the

PDCP SDUs 1 to 5 are not correctly transmitted. Since the

correctly transmitted PDCP SDUs 3 and 5 have not been

sequentially received, the PDCP SDUs 3 and 5 are stored in

a reception buffer of an AM RLC layer of the source eNB.

Before handover, the RLC layer of the source eNB

transmits a RLC status report to the UE. The RLC layer of

the UE notifies the PDCP layer that the SDUs 3 and 5 have

been correctly transmitted (S720) .

When handover has occurred, the RLC layer of source

eNB which is a receiving side transfers RLC SDUs to the

PDCP layer even if the RLC SDUs are not sequential if they

have been correctly received. The PDCP layer performs

deciphering and header decompression on the RLC SDUs and

then stores them in a reception buffer (S731 and S732) .

The source eNB forwards the PDCP PDUs 3 and 5 which

have been stored in the reception buffer to the target eNB.

When PDCP SDUs that were not sequentially received are

forwarded from the source eNB to the target eNB, the target

eNB stores the PDCP SDUs in the reception buffer and is

then ready to reorder them. PDCP SDUs stored in the

reception buffer of the PDCP layer are transferred to the

upper layer only when they are sequential and keep



remaining in the reception buffer if they are not

sequential (740) .

When handover has occurred, the UE which is a

transmitting side is ready to retransmit PDCP SDUs, which

have not been correctly transmitted to the source eNB, to

the target eNB. In the example of FIG. 7 , the UE which is

a transmitting side is ready to retransmit the SDUs 1 , 2

and 4 since they were not correctly transmitted.

When handover has been completed, the UE which is a

transmitting side retransmits PDCP SDUs, which were not

correctly transmitted to the source eNB, to the target eNB.

In the example of FIG. 7 , the UE which is a transmitting

side retransmits the SDUs 1 , 2 , and 4 since they were not

correctly transmitted. New SDUs received from the upper

layer are transmitted after the retransmission of the SDUs

is completed (S751 to S753) .

After handover, the target eNB receives PDCP SDUs,

which were not correctly received by the source eNB, from

the UE. In the example of FIG. 7 , when the target eNB

receives the SDUs 1 , 2 , and 4 from the UE, the target eNB

reorders the SDUs in the reception buffer and then

sequentially transfers the SDUs 1 to 5 to the upper layer

(S761 and S762) .

Header Compression



Reference will now be made to header compression used

in the PDCP layer. Header compression is a method for

reducing a header size utilizing the fact that most parts

of IP headers in IP packets belonging to the same packet

stream are invariant. In this method, invariant fields are

stored in a context format in a compressor of a

transmitting side and a decompressor of a receiving side

and only changed fields are transmitted after the context

is created to reduce the overhead of an IP header. At an

initial stage of header compression, there is no benefit

from header compression since the compressor transmits full

header packets to create a context for a corresponding

packet stream in the decompressor. However, after the

context is created in the decompressor, benefits of header

compression are significant since only compressed headers

are transmitted.

Robust Header Compression (ROHC) , which is a typical

header compression technique used in the LTE system, is

used to reduce header information of a real-time packet

such as a Real-time Transport Protocol (RTP) /User Datagram

Protocol (UDP) /Internet Protocol (IP) packet. The

RTP/UDP/IP packet is a data packet received from an upper

layer to which RTP/UDP/IP-related headers are attached. A

header of a RTP/UDP/IP packet includes a lot of various



information required to transfer data to a destination

through the Internet and then to reconstruct the data.

Generally, the size of a header of a RTP/UDP/IP packet is

40 bytes in the case of IP version 4 (IPv4) and is 60 bytes

in the case of IP version 6 (IPv6) . When a header of a

RTP/UDP/IP packet is compressed using ROHC, benefits of the

header compression are significant since 40 or 60-byte

header is reduced to 1 to 3-byte header.

FIG. 8 illustrates a change of header size in a

RTP/UDP/IP packet through ROHC header compression in the

PDCP layer .

As shown in FIG. 8 , when a packet stream is initially

transmitted, a full header is transmitted to create a

context since a context has not yet been created in both

the compressor and the decompressor. When a certain amount

of full header has been transmitted so that a context is

created, a compressed header can be transmitted. However,

it is necessary to transmit a full header at appropriate

intervals since the context may be corrupted due to packet

loss during transmission of the packet stream. Generally,

the full header is a little greater than a normal header

since the full header includes additional information

associated with context creation.

Data Processing Method according to Embodiment of the



Invention

According to an embodiment of the present invention,

success or failure of header decompression can be taken

into consideration during a procedure for retransmitting a

data block that has not been correctly transmitted upon

handover. This enables retransmission of even a data block,

the header of which has failed to be decompressed, although

the data block has been correctly transmitted.

To accomplish this, an embodiment of the present

invention divides data blocks (compressed packets) , which

are generated by performing header compression on upper

layer data blocks, into two types and handles the two types

of data blocks in a different manner. Preferably, header

compression is performed in a Packet Data Convergence

Protocol (PDCP) layer of a UE or a base station depending

on the direction of data transmission. In this case, the

upper layer data block is a PDCP Service Data Unit (SDU)

and a data block generated through header compression is a

PDCP Protocol Data Unit (PDU) . The upper layer data block

may be any type of data block to which header compression

can be applied. For example, header compression can be

used when the header type of the upper layer data block is

RTP/UDP/IP, UDP/ IP, ESP/ IP or IP. The PDCP layer can be

connected to a user application.



The first type of data block among data blocks

generated by performing header compression on the upper

layer data block is a first data block including a full

header. For example, the first data block may be a Packet

Data Convergence Protocol (PDCP) Protocol Data Unit (PDU)

generated from a PDU Service Data Unit (SDU) . The second

type of data block is a second data block which is

compressed based on the first data block. For example, the

second data block is a PDCP PDU generated from a PDCP SDU

with a compressed header. Performaing header compression

based on the first data block means that header compression

has been performed with reference to or using a specific

information or parameter included in the first data block.

The full header has information required for header

decompression as described above with reference to header

compression (see FIG. 8 ) . The full header included in the

first data block includes information required for the

receiving side to decompress the header of the second data

block. The information required for header decompression

is used to create or update a context and is essential for

decompressing the compressed header. Accordingly, when the

receiving side has not correctly received the first data

block (i.e., when the receiving side does not contain

information required for header decompression) , the



receiving side cannot decompress the header of the second

data block. Specifically, a compressed header of an upper

layer data block included in the second data block cannot

be decompressed. In this case, a data block, the header of

which has failed to be decompressed, is deleted.

One example of the case where header decompression

has failed although transmission has been correctly

performed upon handover is when the transmission of the

first data block has failed although the transmission of

the second data block has succeeded. In normal cases, for

in- sequence delivery of PDCP PDUs, the second data block is

stored in a RLC buffer until the first data block is

correctly received by the receiving side. However, when

handover has occurred, the second data block stored in the

RLC buffer is transferred to the PDCP layer without waiting

for the first data block. Thus, the header decompression

of the second data block fails and the second data block is

discarded during this process. In this case, the PDCP

layer of the transmitting side omits transmission of the

second data block during retransmission after handover

since the RLC layer has notified the PDCP layer that the

second data block has been correctly received by the

receiving side.

The transmission of the first data block fails, for



example, in the following cases. The first case is when

the first data block fails to arrive at the receiving side.

In this case, the transmitting side will not receive any

information associated with transmission of the first data

block. If the system supports Hybrid ARQ (HARQ) , the

transmitting side will attempt to retransmit the first data

block within a predetermined number of times or less.

However, if the transmission of the first data block would

fail even though the retransmission, the first data block

has failed to arrive at the receiving side. The second

case is when an error has occurred in the first data block

although the first data block has arrived at the receiving

side. In this case, the receiving side will transmit a

negative acknowledgement (NACK) to the receiving side. If

the first data block is a PDCP PDU, the RLC layer of the

transmitting side may reconstruct the PDCP PDU into one or

more RLC PDUs and transmit the RLC PDUs to the receiving

side (see FIG. 5 ) . Accordingly, even if a part of the

reconstructed RLC PDUs has not been correctly transmitted

to the receiving side, it is determined that the relevant

PDCP PDU have not been correctly received by the receiving

side.

An embodiment of the present invention prevents the

above-mentioned at least one second data block from being



lost during a handover procedure when the first data block

has not been correctly received by the receiving side. To

accomplish this, the transmitting side can determine

whether or not the at least one second data block is to be

retransmitted according to whether or not the first data

block has been correctly received by the receiving side.

For example, when the first data block has not been

correctly received by the receiving side, the transmitting

side may perform a procedure for retransmitting both the

first data block and the at least one second data block,

regardless of whether or not the at least one second data

block has been correctly received by the receiving side.

Alternatively, when one or more of the second data

blocks has been correctly received by the receiving side

although the first data block has not been correctly

received by the receiving side, the transmitting side may

perform a procedure for retransmitting both the first data

block and the at least one second data block, regardless of

whether or not the at least one second data block has been

correctly received by the receiving side.

Alternatively, when a NACK has been received for the

first data block, the transmitting side may perform a

procedure for retransmitting both the first data block and

the at least one second data block, regardless of whether



or not an ACK has been received for the at least one second

data block.

Alternatively, when a NACK has been received for the

first data block and an ACK has been received for one or

more of the second data blocks, the transmitting side may

perform a procedure for retransmitting both the first data

block and the at least one second data block.

The ACK or NACK for the first data block and the at

least one second data block may be received from the

receiving side or may be indicated by a specific layer.

This will be described later in more detail.

The procedure for retransmitting the first data block

and the at least one second data block in association with

handover varies depending on whether the direction of data

transmission is uplink or downlink. Specifically, when

handover has occurred during downlink transmission, the

source eNB forwards both the first data block and the at

least one second data block to the target eNB during the

handover procedure. Thereafter, the target eNB retransmits

the received data blocks to the UE. When handover has

occurred during uplink transmission, the UE retransmits

both the first data block and the at least one second data

block to the target eNB after the handover. In this case,

if one or more of the second data blocks have been



correctly received by the receiving side, it does not

matter whether the remaining data blocks have been

correctly received by the receiving side.

If the first data block has been correctly received

by the receiving side, only a data block(s), which has not

been correctly received by the receiving side among the at

least one second data block, is forwarded during the

handover procedure or is transmitted after the handover.

Alternatively, when an ACK has been received for the

first data block from the receiving side, only a data

block (s), for which a NACK has been received from the

receiving side among the at least one second data block, is

forwarded during the handover procedure or is transmitted

after the handover.

Whether the first data block and the at least one

second data block is forwarded during the handover

procedure or is transmitted after the handover is

preferably determined by a specific protocol layer having

information associated with header compression. For

example, the specific protocol layer is a PDCP layer.

Since the PDCP layer of the transmitting side performs

header compression, the PDCP layer of the transmitting side

can determine which data block fails in header

decompression procedure by using information associated



with the status of data block reception by the receiving

side. Specifically, whether or not the first data block

and the at least one second data block are forwarded to the

target eNB during the handover procedure in association

with downlink transmission can be determined by the PDCP

layer of the source eNB. Whether or not the first data

block and the at least one second data block are

retransmitted to the target eNB after the handover

procedure in association with uplink transmission can be

determined by the PDCP layer of the UE.

Preferably, the status of data block reception by the

receiving side is provided to the PDCP layer, which is

indicated by a lower layer. Preferably, whether or not the

first data block and the at least one second data block

have been correctly received by the receiving side or

whether a specific PDCP PDU has been positively

acknowledged or negatively acknowledged is indicated by the

RLC layer. In this case, a RLC status report may be used

for the indication.

Reference will now be made to a more specific method

for implementing the procedure described above in the

system. The data processing method according to the

embodiments of the present invention can be implemented in

various manners and is not limited to the following example



implementations .

When the first data block has not been correctly

received by the receiving side, the PDCP layer of the

transmitting side may consider that a second data block,

which was transmitted in association with the first data

block, has not been correctly received by the receiving

side as well. In this case, it does not matter whether or

not the second data block has been actually correctly

received by the receiving side. That is, both the first

data block and the relevant second data block are

considered as not correctly received by the receiving side,

regardless of the reception status of the second data block.

In this regard, the first data block and the second

data block are associated only in a header compression

method performed at the PDCP layer. Accordingly, even if

the first data block has not been correctly received by the

receiving side, this does not affect another kind of second

data block whose header has been compressed in a different

manner from that of the first block. That is, a first data

block affects only the reception state of a second data

block which refers to the first block.

On the other hand, when the first data block has been

correctly received by the receiving side, the first data

block does not affect the reception status of the second



data block. For example, if a plurality of second data

blocks is present and only a part of the plurality of data

blocks has not been correctly received by the receiving

side, only the part is retransmitted after handover. In

this case, it is not necessary to retransmit the second

data block that has been correctly received by the

receiving side since a header thereof can be decompressed

by the PDCP layer of the receiving side.

More specifically, when handover has occurred, a

status report received from the receiving side can be used.

The status report may be a RLC status report message which

is a lower layer message below the PDCP layer. When

handover has occurred, the RLC layer of the transmitting

side receives a status report for each RLC PDU, which the

transmitting side has transmitted, from the RLC layer of

the receiving side. The RLC layer of the transmitting side

finds a correctly transmitted RLC SDU (i.e., PDCP PDU)

based on positively acknowledged RLC PDU information and

notifies the PDCP layer of the found RLC SDU. In this case,

the PDCP layer can determine whether the PDCP PDU, which

has been positively acknowledged by the RLC layer, is a

first data block or a second data block using information

associated with header compression. Accordingly, if there

is no first data block among the PDCP PDU, which has been



positively acknowledged by the RLC layer or if a PDCP PDU

corresponding to the first data block has been negatively-

acknowledged, the PDCP layer can set a PDCP PDU

corresponding to a relevant second data block to be

negatively acknoweledged. In this manner, both a lost

first data block and a relevant second data block can be

retransmitted after handover.

When handover has occurred, the manner in which data

to be retransmitted is handled partially varies depending

on whether the data is retransmitted in uplink or downlink.

For example, in the case of downlink retransmission, the

data to be retransmitted should be forwarded from the

source eNB to the target eNB. For the same reason as

described above, if the first data block has not been

correctly received by the receiving side (i.e., UE), it is

considered that the relevant second data block has also not

been correctly received by the receiving side. Thereafter,

upper layer data blocks (i.e., PDCP SDUs) corresponding to

the first data block and the second data block are

forwarded from the source eNB to the target eNB.

Thereafter, the target eNB starts downlink retransmission.

The embodiments of the present invention will now be

described in more detail with reference to the drawings.

FIG. 9 illustrates a method for retransmitting PDCP



SDUs when handover has occurred in downlink transmission

according to an embodiment of the present invention. In

FIG. 9 , it is assumed that up to a PDCP SDU 0 has been

correctly received and positively acknowledged by the UE.

Although each PDCP SDU illustrated in FIG. 9 is in fact

sequentially converted into a PDCP PDU, an RLC SDU and one

or more RLC PDUs as the PDCP SDU passes through each

protocol layer, these will all be referred to as a "SDU"

unless otherwise stated for ease of explanation.

As shown in FIG. 9 , the source eNB performs header

compression and ciphering on SDUs 1 to 5 and transmits them

to the UE. Here, the SDUs 1 and 4 are context update

packets (i.e., IR packets) and the SDUs 2 , 3 , and 5 are

compressed packets (S911 to S913) .

All SDUs other than the SDU 1 among the SDUs 1 to 5

are correctly received by the UE. The correctly received

SDUs are stored in the RLC buffer since the RLC layer

supports in-sequence transfer of PDCP PDUs. The RLC layer

of the UE transmits a status report to the RLC layer of the

source eNB to notify the RLC layer that the SDU 1 has been

lost and the SDUs 2 to 5 have been correctly received

(S920) .

Handover occurs during retransmission of the SDU 1 .

The RLC layer of the UE transfers all the correctly



received PDCP PDUs (i.e., SDUs 2 to 5 ) to the PDCP layer of

the UE. A header decompressor in the PDCP layer fails to

decompress headers of the SDUs 2 and 3 due to the missing

context reference (i.e., SDU 1). On the other hand,

headers of the SDUs 4 and 5 are successfully decompressed

and the SDUs 4 and 5 are then stored in a reception buffer

of the PDCP layer (S931 and S932) .

The PDCP layer of the source eNB checks whether or

not a header of each correctly received SDU can be

successfully decompressed in the PDCP layer of the UE. The

source eNB regards the SDUs 2 and 3 as having been

negatively acknowledged since the context reference (SDU 1 )

has been lost. On the other hand, the source eNB regards

the SDUs 4 and 5 as having been positively acknowledged

since the context reference is present in the SDU 4 .

The source eNB forwards all PDCP SDUs that have not

been positively acknowledged to the target eNB. In the

example of FIG. 9 , the source eNB forwards the SDUs 2 and 3

together with the SDU 1 although the source eNB has been

notified that the SDUs 2 and 3 have been correctly received

by the UE (S940) .

After handover, the target eNB retransmits the SDUs 1

to 3 to the UE (S951 to S953) . Headers of the

retransmitted SDUs 1 to 3 are decompressed by the UE and



the SDUs are then reordered in the PDCP reception buffer

and the reordered SDUs are then transferred to the upper

layer (S961 and S962) . Here, it should be noted that the

target eNB retransmits the SDUs 2 and 3 although it has

been notified that the SDUs 2 and 3 have been correctly-

received by the UE.

FIG. 10 illustrates a method for retransmitting PDCP

SDUs when handover has occurred in uplink transmission

according to another embodiment of the present invention.

Situations and assumptions applied to the method of FIG. 10

are similar to those of the method of FIG. 9 applied to

downlink transmission, with the only difference being the

RB direction. The following are detailed processes of the

method of FIG. 10.

In FIG. 10, it is assumed that up to a PDCP SDU 0 has

been correctly received and positively acknowledged by the

source eNB. The UE transmits SDUs 1 to 5 to the source eNB.

Here, the SDUs 1 and 4 are context update packets (i.e., IR

packets) and the SDUs 2 , 3 , and 5 are compressed packets

(SlOIl to S1013) .

All SDUs other than the SDU 1 among the SDUs 1 to 5

are correctly received by the source eNB. The correctly

received SDUs are stored in the RLC buffer since the RLC

layer supports in-sequence transfer of PDCP PDUs. The RLC



layer of the source eNB transmits a status report to the

RLC layer of the UE to notify the RLC layer that the SDU 1

has been lost and the SDUs 2 to 5 have been correctly

received (S1020) .

Handover occurs during retransmission of the SDU 1 .

The RLC layer of the source eNB transfers all the correctly

received PDCP PDUs (i.e., SDUs 2 to 5 ) to the PDCP layer of

the source eNB. A header decompressor in the PDCP layer

fails to decompress headers of the SDUs 2 and 3 due to the

missing context reference (i.e., SDU 1 ) . On the other hand,

headers of the SDUs 4 and 5 are successfully decompressed

and the SDUs 4 and 5 are then stored in a reception buffer

of the PDCP layer (S1031 and S1032) .

The source eNB forwards all PDCP SDUs in the

reception buffer to the target eNB. In the example of FIG.

10, the source eNB forwards the SDUs 4 and 5 to the target

eNB (S1040) .

The PDCP layer of the UE checks whether or not a

header of each correctly received SDU can be successfully

decompressed in the PDCP layer of the source eNB. The UE

regards the SDUs 2 and 3 as having been negatively

acknowledged since the context reference (SDU 1 ) has been

lost. Accordingly, the UE does not delete both the SDU 1

and the SDUs 2 and 3 from the transmission buffer. However,



the UE regards the SDUs 4 and 5 as having been positively-

acknowledged since the context reference is present in the

SDU 4 . Thus, the UE can delete the SDUs 4 and 5 from the

transmission buffer.

After handover, the UE retransmits the SDUs 1 to 3 to

the target eNB (S1051 to S1053) . Headers of the

retransmitted SDUs 1 to 3 are decompressed by the target

eNB and the SDUs are then reordered in the PDCP reception

buffer and the reordered SDUs are then transferred to the

upper layer (S1061 and S1062) . Here, it should be noted

that the UE retransmits the SDUs 2 and 3 to the target eNB

although it has been notified that the SDUs 2 and 3 have

been correctly received by the source eNB.

The above embodiments are provided by combining

components and features of the present invention in

specific forms. The components or features of the present

invention should be considered optional if not explicitly

stated otherwise . The components or features may be

implemented without being combined with other components or

features. The embodiments of the present invention may

also be provided by combining some of the components and/or

features. The order of the operations described above in

the embodiments of the present invention may be changed.

Some components or features of one embodiment may be



included in another embodiment or may be replaced with

corresponding components or features of another embodiment.

It will be apparent that claims which are not explicitly

dependent on each other can be combined to provide an

embodiment or new claims can be added through amendment

after this application is filed.

The above embodiments of the present invention have

been described focusing mainly on the data communication

relationship between a UE (or terminal) and a Base Station

(BS) . Specific operations which have been described as

being performed by the BS may also be performed by upper

nodes as needed. That is, it will be apparent to those

skilled in the art that the BS or any other network node

may perform various operations for communication with

terminals in a network including a number of network nodes

including BSs. The term "base station (BS)" may be

replaced with another term such as "fixed station", "Node

B", "eNode B (eNB) ", or "access point". The term

"terminal" may also be replaced with another term such as

"user equipment (UE)", "mobile station (MS)", "mobile

station (MS)", or "mobile subscriber station (MSS)".

The embodiments of the present invention can be

implemented by hardware, firmware, software, or any

combination thereof. In the case where the present



invention is implemented by hardware, an embodiment of the

present invention may be implemented by one or more

application specific integrated circuits (ASICs) , digital

signal processors (DSPs) , digital signal processing devices

(DSPDs) , programmable logic devices (PLDs) , field

programmable gate arrays (FPGAs) , processors, controllers,

microcontrollers, microprocessors, or the like.

In the case where the present invention is

implemented by firmware or software, the embodiments of the

present invention may be implemented in the form of modules,

processes, functions, or the like which perform the

features or operations described above. Software code can

be stored in a memory unit so that it can be executed by a

processor. The memory unit may be located inside or

outside the processor and can communicate data with the

processor through a variety of known means .

INDUSTRIAL APPLICABILITY

Those skilled in the art will appreciate that the

present invention may be embodied in other specific forms

than those set forth herein without departing from the

spirit and essential characteristics of the present

invention. The above description is therefore to be

construed in all aspects as illustrative and not



restrictive. The scope of the invention should be

determined by reasonable interpretation of the appended

claims and all changes coming within the equivalency range

of the invention are intended to be embraced in the scope

of the invention.



What is claimed is:

1 . A method of processing data by a source base

station in a mobile communication system, the method

comprising the steps of:

transmitting a first data block including a full

header and at least one second data block on which header

compression was performed based on the first data block to

a user equipment; and

forwarding the first data block and the at least one

second data block to a target base station during a

handover procedure when the first data block was not

correctly received and one or more of the at least one

second data block was correctly received by the user

equipment .

2 . The method of claim 1 , further comprising the

step of retransmitting, by the target base station, the

first data block and the at least one second data block

forwarded from the source base station, to the user

equipment .

3 . The method of claim 1 , wherein the full header

comprises information required for header decompression of



the at least one second block.

4 . The method of claim 3 , wherein the information

required for header decompression is information for

creating or updating a context.

5 . The method of claim 1 , wherein the forwarding

of the first data block and the at least one second data

block to the target base station is determined by a Packet

Data Convergence Protocol (PDCP) layer.

6 . The method of claim 5, wherein a lower layer

indicates to the PDCP layer whether or not the first data

block and the at least one second data block were correctly

received by the user equipment.

7 . A method of transmitting data by a user

equipment in a mobile communication system, the method

comprising the steps of:

transmitting a first data block including a full

header and at least one second data block on which header

compression was performed based on the first data block to

a source base station; and

retransmitting the first data block and the at least



one second data block to a target base station after

handover when the first data block was not correctly-

received and one or more of the at least one second data

block was correctly received by the source base station.

8 . The method of claim 7 , wherein the full header

comprises information required for header decompression of

the at least one second block.

9 . The method of claim 8 , wherein the information

required for header decompression is information for

creating or updating a context.

10. The method of claim 7 , wherein the

retransmission of the first data block and the at least one

second data block to the target base station is determined

by a PDCP layer.

11. The method of claim 10, wherein a lower layer

indicates to the PDCP layer whether or not the first data

block and the at least one second data block were correctly

received by the user equipment.

12 . A method of transmitting and receiving data by



a user equipment in a mobile communication system, the

method comprising the steps of:

receiving a first data block including a full header

and at least one second data block on which header

compression was performed based on the first data block

from a source base station;

transmitting a negative acknowledgement for the first

data block and a positive acknowledgement for one or more

of the at least one second data block to the source base

station; and

re-receiving the first data block and the at least

one second data block from a target base station after

handover .

13. The method of claim 12, wherein the full header

comprises information required for header decompression of

the at least one second block.

14. The method of claim 13, wherein the information

required for header decompression is information for

creating or updating a context.
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