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METHOD FOR CONTROLLING
RETRANSMISSION OF INFORMATION
USING STATE VARIABLES IN RADIO
COMMUNICATION SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATIONS

This [application] Application is a reissue application of
U.S. Pat. No. 7,719,998 B2, filed on Jun. 8§, 2007, from U.S.
application Ser. No. 11/760,644, which is a continuation of
U.S. application Ser. No. 10/190,912, filed Jul. 8, 2002, now
U.S. Pat. No. 7,242,670, which pursuant to 35 U.S.C. §119
(a), claims the benefit of Korean Patent Application Nos.
2001-40711, filed on Jul. 7, 2001, and 2001-518635, filed on
Aug. 27,2001, which are hereby incorporated by reference in
their entirety. More than one reissue application has been
filed for the reissue of U.S. Pat. No. 7,719,998 B2, with such

reissue application being U.S. application Ser. No. 13/474,
622, filed on May 17, 2012, currently pending.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for re-transmit-
ting data or control information in the radio link control layer
of an IMT-2000 radio communication system and particu-
larly, to a method for re-transmitting data or control informa-
tion 1n the radio link control layer, capable of preventing
waste of radio resource and errors by checking failure of the
last transmission and performing the next process, when the
number of the transmission of data or control information
reaches a critical value by continuous transmission failure of
data or control information between the radio link control
layers of sender and receiver.

2. Description of the Related Art

A Third Generation Partnership Project (hereinafter,
referred to as 3GPP) was formed by national or international
or regional standardization organizations, such as ETSI of
Europe, ARIB/TTC of Japan, T1 of USA, CWTS of China,
and TTA of Korea in order to make a detailed specification of
a European type third generation mobile communication sys-
tem (IMT-2000 system). This system 1s called as UMTS
(Unmiversal Mobile Telecommunications System). UMTS
adopted WCDMA (Wideband Code Divisional Multiple
Access) technology as a radio access network technology.
UMTS 1s being developed based on the General Packet Radio
Service (GPRS) making its root on a packet-switched net-
work and further based on the Global System for Mobile
Communications (GSM) making its root on a circuit-
switched network. In addition, the third generation mobile
communication systems which are able to provide multime-
dia services, such as voice, video, and data, are under devel-
opment 1n the above partnership.

The International Telecommunication Union (ITU) which
1s a subsidiary organization of the United Nations (UN) has
the authority to establish the standards of international tele-
communication. The 3GPP intends the international stan-
dards and suggests its own IMT-2000 standards to the ITU,
which 1s different from the other organization 3GPP2. Con-
ventionally, the radio access technology of the standards 1s
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2

called as W-CDMA and IMT-2000 technology standard, and
also includes Universal Mobile Telecommunications System
(UMTS).

The 3GPP includes five technical specification groups
(heremaftter, referred to as TSG) in order to operate the project
and to develop the technology rapidly and effectively. And the
respective TSG takes a charge of development, approval, and
management of a reference specification of related area.
Among those groups, a radio access network (hereinatter,
referred to as RAN) group develops a function, requirements
of a user equipment and UMTS terrestrial radio access net-
work (hereinafter, referred to as UTRAN), and the specifica-
tion for an interface under an object of defining a new radio
access network 1n the third generation mobile communication
system.

The TSG-RAN group includes a plenary group and four
Working Groups. The first Working Group (WG1) develops
specification of the physical layer (first layer), the second
working group (WG2) defines functions of the data link layer
(second layer) and network layer (third layer). Also, the third
working group determines specifications of an interface
among a base station 1n the UTRAN, Radio Network Con-
troller (hereinafter, referred as RNC) and a core network and
the fourth working group discuss required conditions about
the radio link capacity and requirements for the radio
resource management.

FIG. 1 shows a structure of a radio interface protocol
according to the 3GPP radio access network.

The radio interface protocol between a user equipment and
UTRAN 1s composed of a physical layer, data link layer and
network layer in parallel. Vertically, 1t includes a control plane
for transmitting a control signal and a user plane for trans-
mitting data information.

Describing FI1G. 1 in more detail, the control plane includes
a Radio Resource Control Layer (hereinaiter, referred to as
RRC), Radio Link Control Layer (hereinafter, referred as
RLC), Medium Access Control Layer (hereinafter, referred as
MAC) and Physical Layer. The user plane includes a Packet
Data Convergence Protocol (hereinafter, referred as PDCP),
RLC layer, MAC layer and physical layer.

The physical layer provides information transmaission ser-
vice to the upper layer using various radio transmission tech-
nologies. It 1s connected with the MAC layer which located at
the upper portion by a transport channel and through the
channel, data are moved between the MAC layer and physical
layer. The transport channel 1s divided 1nto a dedicated trans-
port channel and a common transport channel according to
whether 1t 1s monopolistically used by a user equipment or
can be shared and used by a number of user equipments.

The MAC layer provides a re-allotting service of MAC
parameter for allotting and re-allotting radio resource. The
MAC layer 1s connected with the RLC layer by the logical
channel and various logical channels are provided according
to the kind of transmitted information. Generally, 1n case of
transmitting information of the control plane, a control chan-
nel 1s used and 1n case of transmitting information of the user
plane, a traific channel 1s used.

The RLC layer provides radio link setting and canceling
service and performs segmentation and concatenation of a
RLC Service Data Unit (hereinafter, referred as SDU) which
came from the upper layer of the user plane.

The header information 1s added to the RLC SDU and
transmitted to the MAC layer 1n the form of the Protocol Data
Unit (heremafter, referred as PDU).

The PDCP layer 1s located at the upper portion of the RLC
layer to transmit data by converting the data transmitted
through internet network protocol, such as IPv4 or IPv6 1to
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data 1n the form which fits the RLC layer. Also, data can be
eificiently transmitted through radio interface by reducing
unnecessary control information which 1s used 1n a wire net-
work. This function 1s called as Header Compression and for
instance, 1t can be used for reducing the amount of header
information for TCP/IP.

The RRC provides an information broadcast service for
broadcasting information to every user equipment located in
a predetermined area. Also, the RRC takes the charge of
control plane signal processing for exchanging control signal
in the third layer and has functions of setting of radio resource
between the user equipment and UTRAN, maintaining and
canceling of the same. Particularly, the RRC has functions of
setting, maintaining and canceling of a radio bearer and allot-
ting, repositioning or canceling of radio resource used for
radio resource access. At this time, the wireless bearer means
a service which 1s provided by the second layer in order to
transmit data between the user equipment and UTRAN.
Namely, setting a radio bearer means that characteristics of
protocol layer and channel which are necessary for providing
a predetermined service are defined and each concrete param-
cter and operation method are set.

Hereinafter, the RLC layer will be described 1n more detail.

The RLC layer performs segmentation and concatenation
of the RLC SDU which comes from the upper layer and
composes the RLC PDU by adding the RLC header to the
RLC payload which 1s composed after the operations of seg-
mentation and concatenation. Since the RLC PDU header can
include serial number, the receiver can detect the RLLC PDU
which 1s damaged when it 1s transmitted by checking the
serial number of the recetved RLC PDU and can ask the
sender for re-transmitting of the corresponding PDU.

The process that the RLC SDU are converted 1into an RLC
PDU by the functions of segmentation and concatenation 1s
shown 1n FIG. 2. As shown 1n FIG. 2, an RLC PDU can
include one or more RLC SDU and an RLC SDU can be
divided 1nto a number of RLC PDU.

The operation of RLC layer includes three types of modes
according to the functions and they are transparent mode,
unacknowledged mode and acknowledged mode.

First, in case of operating the transparent mode, no header
information 1s added to the RLC SDU which came from the
upper layer. Generally, 1n the transparent mode, the RLC
SDU segmentation and concatenation are not used, but excep-
tionally, the operations of segmentation and concatenation
can be applied to the transparent mode according to the set-
ting of the radio bearer

Second, 1n case operating the unacknowledged mode, re-
transmission 1s not supported even 1f the transmission 1s
tailed. Therefore, even if the data are damaged or there occurs
problems 1n transmitting the data and the related data are
discarded. AS services which can use the unacknowledged
mode, there are a cell broadcast service, voice over 1P which
uses the IP network and the like.

Finally, 1f the RLC layer operates 1in the acknowledged
mode, re-transmission 1s supported in case of packet trans-
mission failure. Namely, the sender RLC layer receives the
state information with which success of transmission can be
tudged from the recerver and retransmits the RLC PDU which
requires re-transmission.

The state information including the information of the lost
PDU 1s loaded 1n the Status PDU and transmitted by the
receiver. The Status PDU can be transmitted from the sender
to the receiver, and at this time, the sender sends the MRW
(Move Recerving Window) instruction.

When the RLC layer operates 1n the acknowledged mode,
the RLC PDUs are stored in the RLC bufifer 1in the order
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4

according to the serial information in the header. The stored
RLC PDUs are delivered to the MAC layer as many as the

MAC layer requires, and generally, transmission 1s performed
according to the order of the senal number. Since the RLC
PDU sent from the sender first time are transmitted in the
order of the serial number, the recerver RLC layer can deter-
mine the lost RLC PDU by observing the serial numbers
received.

For example, 11 the serial numbers of the recerved RLC
PDU are #23, #24, #25, #32 and #34, the RLC PDUs having
the serial numbers of #26 to #31 and #33 are presumed to be
lost. The recetver checks the serial numbers of the recerved
RLC PDU and transmits the status PDU including the infor-
mation ol positive acknowledgement or negative acknowl-
edgement to the sender, thus to support the process of re-
transmission of the sender.

Generally, the RLC layers of the sender and recerver,
respectively, have a transmission window and receiving win-
dow. The transmission window means the extent of the RLC
PDU that the sender can send at once, and the receiver can
receive only the PDUs having serial numbers which are 1n the
receiving window and the PDUs having serial number which
deviate from the recerving window. Similarly, the recerver can
receive only the PDUs having the serial numbers which are in
the receiving window, and the PDUs having the serial num-
bers which deviate from the recerving window are discarded
as soon as they are received.

The sender manages the state variables which are related to
the re-transmission function of data. The state variables are,
VT (DAT), VI (MRW) and VT (RST).

In the above, the VT 1s an abbreviation of “Variable for
Transmission”, the DAT 1s “Data”, the MRW 1s “Move
Receiving Window™, and RST 1s “Reset”.

Hereinafter, the state variable will be described with refer-
ence to accompanied drawings.

FIG. 3 15 a flow chart showing the process for re-transmit-
ting the data or control information of the RLC using the
conventional state variable.

First, the state variable 1s set to 0. Then the state variable
related to the corresponding information 1s increased by 1
after such information concerning the radio link control layer
has been transmitted. If the value of the state variable 1s
smaller than the critical value, by comparing the size of the
state variable and the critical value which was already set, the
information 1s transmitted again. At each time the information
1s transmitted, the state variable 1s increased by one. Finally,
when the state variable becomes same as or larger than the
critical value, the re-transmission process 1s terminated and
the sending and receiving setting 1s converted to perform a
new process (steps 31, 32, 33, 34 and 35).

FIG. 4 1s a flow chart showing the RLC PDU re-transmis-
s10n process particularly using the state variable VT (DAT).

The VT (DAT) indicates the number of transmission of a
specific RLC PDU in the sender RLC layer. Whenever the
RLC PDU 1s sent, the VT 1s incremented by 1. At this time, a
state variable VT (DAT) exists for respective RLC PDU. Ifthe
above value becomes same as or larger than MaxDAT corre-
sponding to the critical value to prevent the specific RLC
PDU from being constantly re-transmitted, all the SDU
related to the corresponding PDU are discarded and instruc-
tion of Move Receiving Window (hereinafter, referred as
MRW) i1s performed. At this time, the MRW 1nstruction 1s
transmitted 1n the form of a super field which comprises the
status PDU sent from the sender and the super field 1s called
as a Move Recewving Window Super Field (steps 41, 42, 43,
44, 45 and 46).
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FIG. 5 1s a flow chart showing a process of re-transmitting,
the MRW instruction particularly using the state variable V1
(MRW) 1n the processes for re-transmitting information 1n
FIG. 3.

The MRW instruction 1s sent when there 1s needed to move
the recerving window 1n case the VT (DAT) value 1s same as
or larger than MaxDAT or for another reasons. At this time,
The recerving window instruction must be set considering all
of data which are affected by discard of the corresponding
PDU. For example, 1n case a RLC SDU 1s composed of a
number of RLC PDU and the VT (DAT) of the first PDU
becomes same as the MaxDAT, 11 the first PDU 1s discarded,
the corresponding SDU no longer have any value as data and
accordingly, all of the RLC PDU including the corresponding
SDU must be discarded. At this time, the MRW 1nstruction
must include mformation of all of the PDU which were dis-
carded.

The VI (MRW) means the number that the MRW 1nstruc-
tion 1s sent and the value 1s increased by one whenever the
MRW 1nstruction 1s sent. The sender drives Timer MRW
which 1s a corresponding timer after the MRW instruction 1s
sent. If MRW_ACK which is a positive response information
of the MRW 1nstruction cannot be recerved until the timer 1s
expired, the MRW instruction loading the same information
1s re-transmitted.

When the value of VI (MRW) becomes same as or larger
than the MaxMRW which corresponds to the critical value,
the RLC layer determines that the MRW 1nstruction can no
longer be performed and resets the operation of the RLC layer
(steps 51, 52, 53. 54 and 55).

FIG. 6 1s a tlow chart showing the process of re-transmit-
ting the RST of the RLC layer using the state variable VT
(RST)1n the processes for re-transmitting information in FIG.
3.

The reset mstruction 1s performed by sending the RESET
PDU to the receiver 1n case the VI (MRW) value 1s the same
as or larger than the MaxMRW, or the operation of the RLC
layer 1s reset by another reasons. The sender drives Tim-
er RST which 1s a related timer when the RESET PDU 1s
transmitted. If the RESET ACK PDU, which 1s positive
response mnformation, 1s not received from the recerver until
the timer 1s expired, an 1dentical RESE'T PDU 1s re-transmit-
ted.

The VT (RST) represents the number that the RS'T 1nstruc-
tion 1s sent and the value 1s increased by one whenever the
sender sends the RESET PDU. When the VT (RST) becomes
the same as or larger than the MaxRST, the RLC layer deter-
mines that further restoration 1s impossible, notifies such
condition to the upper layer and stops the operation (steps 61,
62, 63. 64 and 63).

The RLC layer obtains various information which 1s nec-
essary for re-transmission of the RLC PDU and operation of
the RLC layer without any help from the upper layers, thus to
make a root to be independently operated.

In addition, the above described state variable VT (DAT),
VT (MRW) and VT (RST) 1s increased by one whenever the
corresponding information (respectively, RLC PDU, MRW
instruction and RESET PDU) 1s transmitted as 1n FIGS. 3 to
6. When the value reaches the critical or threshold value
(respectively, MaxDAT, MaxMRW, Max and RST), the cor-
responding process 1s terminated and additional operations
are requested. At this time, problems of the re-transmission
method according to the respective state variables will be
described as follows.

First, the problems 1n the re-transmission method of the
RLC PDU will be described. If the present value of VT (DAT)

1s MaxDAT-1 and negative response 1s recerved from the
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6

receiver, the sender re-transmits the corresponding PDU and
increases the value of the VT (DAT) by 1

At this time, since the value of the VI(DAT) became the

same as the MaxDAT, the sender immediately discards the
corresponding RLC PDU and RLC SDU and sends the MRW
instruction. Since the MRW 1nstruction includes information

on discarding of the RLC PDU which was sent right before,
the receiver must discard i1t even 1t the receiver received the

corresponding RLC PDU successtully. Therefore, the PDU

which was sent right before and information on discarding of
the RLC PDU can be transmitted almost simultaneously and
accordingly, i conclusion, the RLC PDU i1s unnecessarily
transmitted and resource 1s wasted.

Second, the problems on the method for re-transmitting the

MRW i1nstruction will be described as follows. If the present

value of the VI (MRW) 1s MaxMRW-1 and if the

MRW ACK 1is not received betore the driven Timer MRW 1s
expired, the sender re-transmuits an identical MRW instruction
and the value of the VI (MRW) 1s increased by 1.

At this time, since the value of the VT (MRW) becomes the

same as the MaxMRW, the process of moving the receiving

window 1s immediately ended and the RESET PDU 1s sent to
the receiver. Since the transmitted reset 1nstruction nullifies
the MRW 1nstruction which was sent right before and syn-
chronizes the RLC layer of the receiver, the MRW instruction
can not display the effects even if 1t was successiully recerved
at the recerver, and the RLC layer of the receiver performs the
reset instruction. Therefore, 1n conclusion, the MRW 1nstruc-
tion 1s unnecessarily transmitted and resource 1s wasted.
Third, the problems on the re-transmission method of the

RIC reset instruction will be described as follows. It the
present value of the VT (RST) 1s MaxRST-1 and the RESET

ACK PDU 1s not recerved before the driven Timer RST 1s
expired, the sender re-transmits the RESET PDU and
increases the value of the VT (RST) by 1.

At this time, the RLC layer immediately stops every opera-
tion since the value of the VT (RST) became the same as the
MaxRST, and notifies to the upper layer that the reset process
of the RLC layer has failed. In this case, since the RESET
PDU, which was sent right before, cannot display the effects
even 1f the recerver received it successtiully, the corresponding
RESET PDU 1s unnecessarily transmitted and resource is
wasted.

As 1n the above cases, in the conventional method for
re-transmitting data or control information, the data or control
information may be unnecessarily transmitted. Also, 1f such
re-transmission method 1s used, serious errors 1n operating,
the system can occur. For instance, when the values of the
MaxDAT, MaxMRW and MaxRST (which are critical or
threshold values of the respective state variables) are set as
“17, the value of the VT (DAT) becomes “1” after initially
transmitting a specific PDU and sender sends the MRW
instruction on the PDU which was transmitted immediately.
After inmitially sending the MRW 1nstruction, the value of the
VT (MRW) becomes “1”, and accordingly, the RESET PDU
1s immediately transmitted. Also, the value of the VT (RST)
becomes “1” right after the RESET PDU 1s transmitted and
the sender notifies the upper layer that an error 1s occurred.
Namely, 1n case the critical value of the state variable 1s set as
“17, the system cannot be operated normally.

SUMMARY OF THE INVENTION

Therefore, to solve the above problems related to the
method for re-transmitting the above data and control 1nfor-
mation, an object of the present invention 1s to provide a
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method for retransmitting information, such as packet data or
control information, that obviates the above-described prob-
lems.

Additional features and advantages of the invention will be
set forth 1n the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out 1n the written description and claims
hereot as well as the appended drawings.

To achieve these and other advantages and 1n accordance
with the purpose of the present invention, as embodied and
broadly described, a re-transmission method for the data or
control information of the RLC comprises, setting the state
variable of an mformation unit as O; transmitting said infor-
mation unit to the recerver; confirming success of the trans-
mission; increasing the state variable related to the corre-
sponding information unit by 1; comparing the state variable
with the critical value; changing the state of sending and
receiving, 1f the state variable 1s not smaller than the critical
value or repeating transmission of the information umit, 1 the
state variable 1s smaller than the critical value.

For Example:

1. re-transmission of RLC PDU: when the value of the state
variable VT (DAT) 1s same as or larger than MaxDAT, which
1s the critical value, the sender performs Move Receiving
Window 1nstruction without retransmission of RLC PDU.

2. re-transmission of MRW 1nstruction: when the value of
the state variable VI (MRW) 1s the same as or larger than
MaxMRW, which i1s the critical value, the sender performs
RLC reset instruction without retransmission of MRW
instruction.

3. re-transmission of RLC Reset PDU: when the value of
the state variable VT (RST) 1s same as or larger than MaxRST,
which 1s the critical value, the sender reports the status to
upper layer without retransmission of RLC Reset PDU.
According to one embodiment of the present invention, a
method for re-transmitting packet information 1n a radio link
control layer of a radio communication system comprises
assigning a predetermined value to a reference value; com-
paring a state variable with the reference value; transmitting a
packet information from a transmitting device to a receiving,
device 11 the state variable 1s less than the reference value or
changing the state of sending and recetving without transmiut-
ting a packet information from a transmitting device to a
receiving device, 1f the state variable 1s not smaller than the
reference value; incrementing the state variable by an incre-
mental value 11 said packet information 1s transmitted again.

According to another aspect of the present invention, the
radio communication system comprises communication
between a mobile user equipment and a network apparatus.
Also, the packet information used in such system preferably
comprises at least one of user data or control data used 1n the
radio link control layer. The packet information may com-
prise a Move Recerving Window (MR W) instruction or a reset
instruction of the radio link control layer.

According to another aspect of the present invention, the
state variable 1s associated with transmission of at least one of
data, move recerving window instruction and reset mstruc-
tion. Similarly, the reference value 1s associated with trans-
mission of at least one of data, move receiving window
instruction and reset mnstruction.

According to another embodiment of the present invention,
a terminal equipment used 1n a radio communication system
for re-transmitting packet information to a network system
comprises a plurality of control layers, each layer capable of
communicating with a corresponding layer of the network

10

15

20

25

30

35

40

45

50

55

60

65

8

system; a radio link control layer of the plurality of control
layers of the terminal equipment assigning a predetermined
value to a reference value, comparing a state variable with the
reference value; and the radio link control layer transmitting
a packet information from a transmitting device to a receiving
device 1f the state variable 1s less than the reference value, or
changing the state of sending and receiving without transmiut-
ting a packet information from a transmitting device to a
receiving device, 1f the state variable 1s not smaller than the
reference value, incrementing the state variable by an incre-
mental value 11 said packet information 1s transmitted again.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken 1n conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the ivention and are incor-
porated 1n and constitute a part of this specification, illustrate
embodiments of the mnvention and together with the descrip-
tion serve to explain the principles of the invention.

In the Drawings:

FIG. 1 shows a structure of a radio interface protocol
according to the 3GPP radio access network;

FIG. 2 1s a view showing a process that the RLC SDU are
converted mnto a RLC PDU by the functions of segmentation
and concatenation;

FIG. 3 15 a flow chart showing the conventional process for
re-transmitting the data or control imformation of the RLC
using the state variable;

FIG. 4 1s a flow chart showing the conventional re-trans-
mission process of RLC PDU particularly using the state
variable VT (DAT);

FIG. 5 15 a flow chart showing the conventional process of
re-transmitting the MRW 1nstruction particularly using the
state variable VI (MRW);

FIG. 6 1s a flow chart showing the conventional process of
re-transmitting the RST of the RLC layer using the conven-
tional state variable VI (RST);

FIG. 7 1s a flow chart 1llustrating a process for re-transmit-
ting data or information among RLC layers, using the state
variable 1 accordance with a preferred embodiment of the
present invention;

FIG. 8 15 a flow chart 1llustrating the process of re-trans-
mission of RLC PDU using the state variable VT (DAT) in
accordance with the preferred embodiment of the present
invention;

FIG. 9 1s a flow chart 1llustrating the process of re-trans-
mission of the MRW 1nstruction using the state variable V1
(MRW) 1n accordance with the preferred embodiment of the
present invention;

FIG. 10 1s a flow chart illustrating the process of re-trans-
mission of the reset mstruction of the RLC layer using the
state variable VT (RST) in accordance with the preferred
embodiment of the present invention;

FIG. 11 1s a flow chart illustrating another embodiment of
the process of re-transmission of information among RLC
layers using the state variable in accordance with the present
invention; and

FI1G. 12 1s a flow chart 1llustrating still another embodiment
ol the process of re-transmission of information among RLC
layers using the state variable in accordance with the present
ivention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made i detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

According to a preferred embodiment of the present inven-
tion, the method for re-transmitting data or control informa-
tion of a radio link control layer 1n the radio mobile commu-
nication system relates to a re-transmission process of
information by repeating operations of transmission and
checking as predetermined times in case a series of processes
of transmitting imformation, such as data and control infor-
mation, and recetving checking from the recerver, are failed
continuously. When the number of transmission 1s the same as
or larger than a predetermined number as sending of specific
information has successively failed, the sender gives up re-
transmission and performs the corresponding error process-
ing process after confirming the last transmaission of the imnfor-
mation has failed.

Particularly, the present invention relates to a re-transmis-
s10n process by comparing the number of transmission with
the critical value (also known as threshold or reference value)
when transmission of data or control information has succes-
stvely failed. When the number of transmission 1s the same as
or larger than a predetermined number (critical value) as the
sending of specific data (RLC PDU) has successively failed,
and the transmission of the data transmitted right before has
turned out to have failed, the sender sends an MRW 1nstruc-
tion to the recerver.

In addition, when the number of transmission of the MRW
instruction 1s the same as or larger than MaxMRW, which 1s
the critical or threshold value as sending of the MRW 1nstruc-
tion (which 1s control information) has successively failed,
and the MRW 1nstruction which was sent right before has
turned out to have failed, the sender sends a reset instruction
for commanding reset of the radio link control layer to the
receiver.

Also, when the number of transmission of the reset instruc-
tion 1s the same as or larger than the critical value (MaxRST)
as sending of the reset instruction (which 1s control informa-
tion) has successively failed and transmission of the reset
instruction transmitted right before has turned out to have
failed, the sender reports this to the upper laver.

Also, the processes are successively processed and accord-
ingly, when the transmission of data or control information
has successively failed, the number of transmission 1s re-
transmitted by comparing it with the critical value. The
method 1n accordance with the present invention, includes a
step 1n which the sender sends an MRW 1nstruction to the
recerver, when the number of transmission 1s the same as or
larger than a predetermined number as sending of the specific
data (RLC PDU) has successively failed, and the transmis-
s10n of the data transmitted right before has turned out to have
failed; a step 1n which the sender sends a reset instruction for
instructing reset of the radio link control layer to the receiver,
when the number of transmission of the MRW 1nstruction 1s
the same as or larger than MaxMRW which 1s the critical
value as sending of the MRW instruction which 1s control
information 1s successively failed, and the MRW instruction
which was sent right before 1s turned out to have failed; and a
step 1n which the sender reports this to the upper layer, 1n case
the number of transmission of the reset instruction 1s same as
or larger than the critical value (MaxRST) as sending of the
reset istruction which 1s control information is successively
falled and transmission of the reset instruction transmitted
right before 1s turned out to have failed.
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The process of retransmission of data and control informa-
tion by the suggested method 1s described.

FIG. 7 1s a flow chart 1llustrating the general process for
re-transmitting data or information between RLC layers of a
sender and a recerver, preferably using the state variable.

In step 71, the state variable 1s set to 0. The information that
needs to be transmitted 1s transmitted 1n step 72. In step 73,
the transmission 1s confirmed by the receiver. If the RLC of
the sender receives the confirmation from the receiver the
re-transmission process 1s terminated. If the RLC of the
sender does not receive the confirmation from the receiver,
the state variable 1s increased by 1, as shown 1n step 74. In step
75, 1if the value of the state variable 1s smaller than the critical
or threshold value by comparing the state variable with the
critical value set 1n advance, the information 1s re-transmaitted,
as shown in step 72. Whenever the information 1s transmitted,
the state variable 1s increased by 1. Finally, when the state
variable becomes same as or larger than the critical value, the
retransmission process 1s terminated, and the sending and
receiving setting 1s converted to perform a new process.

In FIG. 7, the state vaniable 1s increased by 1 if the trans-
mission was not successiul after checking the transmission
status. However, 1n an alternative embodiment, the step of
checking of the transmission status and the step of increasing
the state variable may be changed without deviating from the
g1st of the present invention. The order of the steps should be
the cycle of transmitting information, checking the transmis-
s1on failure with exit, and counting the transmission number
with exit. IT the exemplary embodiment sets the cycle as
transmitting information, counting the transmission number
with exit, and checking the transmission failure with exit, the
exemplary embodiment could not check the failure of the
transmission before the escape through the exit of transmis-
s10n number counting.

FIG. 8 1s a tlow chart 1llustrating the process of re-trans-
mission of RLC PDU using the state variable VT (DAT) using
the re-transmission process generally 1llustrated 1n FIG. 7.

As shown 1n the drawing, when the PDU 1s generated 1n the
RLC layer, the value of the state variable VT (DAT) indicating
the number of transmission of the corresponding PDU 1s set
as O (step 81).

Then, the corresponding PDU 1s transmitted and whether
the transmitted PDU 1s successiully received 1s checked in
step 83. If the transmission 1s successiul, the re-transmission
process terminates. If the successiul transmission cannot be
verified or checked, the state variable VI (DAT) correspond-
ing to the information 1s icreased by 1 1n step 84. The state
variable 1s then compared with the critical value MaxDAT in
step 85. When the value of the VT (DAT) 1s smaller than the
critical value (MaxDAT)), the corresponding PDU 1s re-trans-
mitted, then the re-transmission 1s checked and the value of
the VT (DAT) 1s increased by 1, 1f the successiul transmission
cannot be verified or checked. (steps 82, 83, 84 and 85).

When the value of the VT (DAT) 1s the same as or larger
than the critical value MaxDAT, the sender stops the retrans-
mission process ol the corresponding PDU and performs the
MRW 1nstruction 1n step 86.

With the above method, the number of the RLC PDU
transmitted until the value of the VT (DAT) becomes Max-
DAT, 1s the same as in the conventional method. However,
because the successiul transmission of the PDU 1s checked
prior to the checking of the state variable, the last RLC PDU
transmitted 1s not wasted. In other words, the number of
re-transmission 1s the same but whether the transmission of
the last PDU was successtul is first checked, thus preventing
the last PDU from being transmitted unnecessarily. Also,
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even through the value of the MaxDAT 1s set to “17, the
problem presented in conventional method no longer occurs.

FIG. 9 1s a flow chart 1llustrating the process of re-trans-
mission of the MRW instruction using the state variable V'
(MRW) 1n the re-transmission process.

As shown 1n the drawing, the transmission process 1s ter-
minated when a positive response about the corresponding,
MRW instruction until the Timer MRW 1s expired after send-
ing the MRW 1nstruction, as successively shown 1n steps 91,
92 and 93. When the positive response about the correspond-
ing MRW 1nstruction is not received within a predetermined
period, the value of the state variable VI (MRW) 1s increased
by 1 1n step 94, Then, the value 1s compared with the critical
value MaxMRW 1n step 95. When the value ofthe VI (MRW)
1s smaller than the critical value, the same MRW 1nstruction 1s
re-transmitted to the receiver 1n step 92. If the value of VT
(MRW) becomes the same as or larger than the critical value,
the error processing process, such as reset ol the RLC layer, 1s
performed 1n step 96.

According to the above method, the number of the MRW
instructions which were transmitted to a receiver until the
RESET PDU was transmitted as the value of the VI (MRW)
reaches MaxMRW, 1s the same as 1n the conventional method.
As a result, the last transmitted MRW instruction 1s not
wasted. Also, even i1f the value of MaxMRW 1s set as “1,” the
processing error associated with conventional method as
described above does not occur.

FIG. 10 1s a flow chart showing the re-transmission process
of the reset instruction of the RLC layer using the state vari-
able VT (RST).

As shown 1n the drawing, when a positive response about
the corresponding RESET PDU 1s recetved until the Tim-
er_RST 1s expired after sending the RESET PDU, the process
of re-transmission 1s terminated (steps 101, 102, 103). When
the positive response about the corresponding RESET PDU 1s
not recerved, the value of the VI (RST) 1s increased by 1 in
step 104. The value 1s then compared with the critical value
(MaxRST) 1in step 105. When the value of the VT (RST) 1s
smaller than the critical value, the same RESET PDU 1s
re-transmitted to the receiver 1n step 102. If the value of VT
(RST) becomes the same as or larger than the critical value,
this 1s reported to the upper layer 1n step 106.

By the above method, the number of the RESET PDU
transmitted until the VT (RST) becomes MaxR ST, 1s the same
as 1n the conventional method. However, the final RESET
PDU transmitted to a receiver 1s not wasted. Also, even 1f the
value of the MaxRST 1s set as “1”, the error associated with
the conventional method does not occur.

FI1G. 11 1s a flow chart 1llustrating another embodiment of
the process of re-transmission of information between RLC
layers of a sender and a recerver using the state variables. In
this embodiment, the step of increasing the state variable
precedes the step of checking the transmission success in
comparison with the steps depicted in FIG. 7. Although the
state variable 1s increased before checking the transmission
success, this does not increase the processing burden of either
the network system or mobile equipment. When the transmis-
s10n 1s successiul and verified, this means that unnecessary
calculation 1s performed only once more. So, processes of
transmitting of information and changing the state variable
may be performed successively or simultaneously.

FI1G. 12 15 a flow chart 1llustrating yet another embodiment
of the process of re-transmission of mmformation between
RLC layers of a sender and a receiver using the state variables.

The cycle of the main steps in FIGS. 7 and 11 1s transmut-
ting information, checking the transmission failure with exit,
and counting the transmission number with exit. If processing
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steps are performed differently, then the preferred embodi-
ment of the present invention cannot check the failure of the
transmission before the escape through the exit of transmis-
sion number counting. FIG. 12 shows another flow maintain-
ing the main cycle of the steps of present invention method.

In the embodiment illustrated 1n FI1G. 12, the comparison
between the state variable and the critical value 1s performed
betore the 1nitial transmission of information. The number of
transmission ol information in the above process 1s the same
as in the other embodiments. The method shown 1n FIGS. 11
and 12 may be applied 1n the re-transmission process of the
RLC PDU or the MRW instruction, or in the process of
retransmission of the reset instruction of the RLC layer.

Referring to FIG. 12, a state variable 1s mnitialized 1n step
121. The state vaniable 1s then compared with a critical value
in step 122. If the state variable 1s less than the critical value,
then the information, such as PDU or MRW or Reset, 1s
transmitted to a recerving device 1n step 123. The state vari-
able 1s then increased by an incremental value, such as one, 1n
step 124. If the transmission 1s successiul then the retrans-
mission 1s not needed. Otherwise, the retransmission process
as described above needs to be repeated. The determination of
the successtul transmission 1s determined, for example, by
checking whether the successiul receipt (or negative
acknowledgment) has been acknowledged within a fixed time
period using a timer. If the timer expires before the success
acknowledgement 1s recerved, then the re-transmission pro-
cess has to be repeated. If the state variable 1s the same or
larger than the critical value, then the retransmission cycle 1s
ended and the sending and receiving setting 1s converted to
perform a new process as shown 1n step 126.

Using FIG. 12 and using one of state variable, namely,
MRW as an example (the variables are used i FIG. 9 to
describe one embodiment of the present invention),
VT(MRW) 1s mitialized in step 121. The VI(MRW) 1s then
compared with a critical value 1n step 122. In this case, the
critical value 1s MaxMRW. However, MaxMRW may be
increased or decreased as system requirement dictates. If
VT(MRW) 1s less than MaxMRW, then the MRW informa-
tion 1s transmitted to a recerving device in step 123.
VT(MRW) 1s then increased by an incremental value, such as
one, 1n step 124. If the transmission 1s successiul, then the
retransmission 1s not needed. Otherwise, the retransmission
process as described above needs to be repeated. The deter-
mination of the successful transmission 1s determined, for
example, by checking whether MRW-ACK 1s received prior
to the expiration of Timer MRW (shown in FIG. 9). If suc-
cessful, then the RLC starts transmission of RLLC PDU under
a new receiving window.

If VI(MRW) 1s the same or larger than, for example,
MaxMRW, then RLC reset procedure 1s performed as shown
in step 96.

In the above described inventions, the method for re-trans-
mitting data or control information by the state variable has
been described.

As described above, with the method for re-transmitting
data or control information using the state variable 1n accor-
dance with the present invention, unnecessary transmission
ol data or control information can be reduced and errors are
climinated which can occur 1n a system designed to transmit
the respective information just once. As a result, an efficient
and stable system 1s rendered.

As the present invention may be embodied 1n several forms
without departing from the spirit or essential characteristics
thereof, 1t should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather




US RE45,119 E

13

should be construed broadly within 1ts spirit and scope as
defined 1n the appended claims, and therefore all changes and
modifications that fall within the metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

What 1s claimed 1s:

[1. A method for transmitting information of a radio link
control (RLC) layer in a radio communication system, the
method comprising:

transmitting, from a user equipment (UE) to a receiving

device, data or control information of the RLC layer;
determining, at the UE, whether the transmission of the
data or control information was unsuccessiul;

only if the transmission was determined as being unsuc-

cessiul, comparing a number of transmissions of the data
or control information with a value associated with a
maximum number of transmissions:

only 11 the number of transmissions of the data or control

information 1s less than the value associated with the
maximum number of transmissions, repeating the trans-
mitting, the determining, and the comparing operations;
and

if the number of transmissions of the data or control infor-

mation 1s equal to the value associated with the maxi-
mum number of transmission, providing an indication to
an upper layer.]

[2. The method of claim 1, wherein the transmission of the
data or control information 1s determined as being unsuccess-
ful 1f a response comprising a negatively acknowledge
(NACK) signal 1s received at the UE from the receiving
device.]

[3. The method of claim 1, further comprising receiving, at
the UE, a response from the recerving device, the response
comprising a status Protocol Data Unit (PDU).]

[4. The method of claim 1, wherein the data or control
information relates to an Acknowledged mode data (AMD).}

[S. The method of claim 4, wherein the data or control
information of the RLC layer comprises at least one of user
data unit, a Move Receiving Window (MRW ) command or a
reset command.]

[6. The method of claim 5, wherein the user data unit is an
Acknowledged Mode Data (AMD) Protocol Data Unit

(PDU).J

[7. The method of claim 6, wherein the number of trans-
missions of the data or the control information 1s associated
with transmission of a sequence number of the user data unit. ]

[8. The method of claim 1, wherein the data or control
information of the RLC layer is retransmitted only once.]

[9. The method of claim 1, further comprising terminating
the method if the transmission was determined as being suc-
cesstul.]

[10. The method according to claim 1, wherein the upper
layer is a protocol layer that is above the RLC layer.}

[11. The method according to claim 1, wherein the indica-
tion comprises a report relating to transmission failure of the
data or control information.]

[12. A method for transmitting information of a radio link
control (RLC) layer 1n a radio communication system, the
method comprising:

comparing a number of transmissions of data or control

information of the RLC layer with a value associated
with a maximum number of transmissions;

only 1f the number of transmissions of the data or control

information 1s less than the value associated with the
maximum number of transmissions, transmitting, from
a user equipment (UE) to a recerving device, the data or
control information of the RLC layer and determining, at

10

15

20

25

30

35

40

45

50

55

60

65

14

the UE, whether the transmission of the data or control
information was unsuccessful;

only 11 the transmission was determined as being unsuc-
cessiul, repeating the comparing, the transmitting, and
the determining operations; and

11 the number of transmissions of the data or control infor-

mation 1s equal to the value associated with the maxi-
mum number of transmaission, providing an indication to
an upper layer.]

[13. The method of claim 12, further comprising:

imitializing the number of transmissions of data or control

information to a value of zero before comparing the
number of transmissions of data or control information. ]

[14. The method of claim 12, further comprising:

incrementing the number of transmissions of data or con-

trol information after transmitting the data or control
information and before determiming whether the trans-
mission was unsuccessful.]

[15. The method of claim 12, further comprising: incre-
menting the number of transmissions of data or control infor-
mation after comparing the number of transmissions of data
or control mformation and before transmitting the data or
control information. ]

[16. The method of claim 12, further comprising:

only 1f the number of transmissions of the data or control

information 1s equal to or greater than the value associ-
ated with the maximum number of transmissions,
changing a setting for sending and receiving the data or
control information of the RLC layer.]

[17. The method of claim 12, further comprising:

terminating the method upon determining that the trans-

mission was successiul or when the number of transmis-
stons ol the data or control information 1s equal to or
greater than the value associated with the maximum
number of transmissions.]

[18. The method of claim 12, wherein the data or control
information of the RLC layer comprises at least one of a user
data unit, a Move Receiving Window (MRW) command or a
reset command.]

[19. The method of claim 12, wherein the number of trans-
missions of the data or control information 1s associated with
transmission of at least one of a user data unit, a Move Rece1v-
ing Window (MRW) command or a reset command.]

[20. The method of claim 12, wherein the value associated
with the maximum number of transmissions 1s associated
with transmission of at least one of a user data unit, a Move
Receiving Window (MRW) command or a reset command.]

[21. The method according to claim 12, wherein the upper
layer is a protocol layer that is above the RLC layer.}

[22. The method according to claim 12, wherein the indi-
cation comprises a report relating to transmission failure of
the data or control information.]

[23. A user equipment (UE) for transmitting information in
a radio communication system, the UE comprising:

a radio link control (RLC) layer; and

a processor configured to:

transmit data or control information of the RLC layer to
a recerving device;

determine whether the transmission of the data or con-
trol information was unsuccesstul;

compare, only if the transmission was determined as
being unsuccessiul, a number of transmissions of the
data or control information with a value associated
with a maximum number of transmissions;

repeat, only 1f the number of transmissions of the data or
control information 1s less than the value associated
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with the maximum number of transmissions, the
transmit, the determine, and the compare operations;
and

if the number of transmission of the data or control
information 1s equal to the value associated with the
maximum number of transmission, provide an 1ndi-
cation to an upper layer.}

[24. The UE according to claim 23, wherein the upper layer
is a protocol layer that is above the RLC layer.}

[25. The UE according to claim 23, wherein the indication
comprises a report relating to transmission failure of the data
or control information.]

26. A method for transmitting information in a radio com-
munication system, the method comprising:

transmitting, from a user equipment (UE) to a receiving

device, data, wherein the data is a data type protocol
data unit (PDU);

determining, at the UE, whether the transmission of the

data was unsuccessful before a timer is expired;

10
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if the transmission of the data was unsuccessful before the
timer is expired, increasing a state variable velated to a
number of transmissions of the data by 1, wherein the
increasing the state variable occurs after the determin-
Ing,

only if the transmission of the data was unsuccessful before
the timer is expived, comparing the state variable with a
value associated with a maximum number of transmis-
SIons;

only if the state variable is less than the value associated
with the maximum number of transmissions, vepeating
the transmitting, the determining, the increasing, and
the comparing operations; and

if the state variable is equal to the value associated with the

maximum number of transmissions, transmitting control
information related to a Move Receiving Window
(MRW) instruction to move a rveceiving window.
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