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Description
METHOD FOR ENHANCING OF CONTROLLING RADIO
RESOURCES AND TRANSMITTING STATUS REPORT IN
MOBILE TELECOMMUNICATIONS SYSTEM AND RECEIVER

OF MOBILE TELECOMMUNICATIONS SYSTEM
Technical Field

[1] The present invention relates to a mobile telecommunications system, and more par-
ticularly, to a method for enhancing of controlling radio resource and transmitting a
status report in an Evolved Universal Mobile Telecommunications System (E-UMTS),

and a receiver of mobile telecommunications system.

Background Art

[2] FIG. 1 is a network structure of an LTE (Long Term Evolution) system, the related
art mobile communication system. For the LTE system, which has evolved from the
existing UMTS system, basic standardizations are ongoing in the 3GPP.

[3] An LTE network can be divided into an E-UTRAN (Evolved UMTS Terrestrial
Radio Access Network) and a CN (Core Network). The E-UTRAN includes a terminal
(or UE (User Equipment)), a base station (eNB (Evolved NodeB), and an access
gateway (aGW). The access gateway may be divided into a part that handles
processing of user traffic and a part that handles control traffic. In this case, the access
gateway part that processes the user traffic and the access gateway part that processes
the control traffic may communicate with a new interface. One or more cells may exist
in a single eNB. An interface may be used for transmitting user traffic or control traffic
between eNBs. The CN may include the access gateway and a node or the like for user
registration of the UE. An interface for discriminating the E-UTRAN and the CN may
be used.

[4] FIG. 2 shows an exemplary structure of a control plane of a radio interface protocol
between the UE and the E-UTRAN based on the 3GPP radio access network standards.
FIG. 3 shows an exemplary structure of a user plane of the radio interface protocol
between the UE and the E-UTRAN based on the 3GPP radio access network standards.

[5] The structure of the radio interface protocol between the UE and the E-UTRAN will
now be described with reference to FIGs. 2 and 3.

[6] The radio interface protocol has horizontal layers comprising a physical layer, a data
link layer, and a network layer, and has vertical planes comprising a user plane
(U-plane) for transmitting user data and a control plane (C-plane) for transmitting

control signals. The protocol layers in FIGs. 2 and 3 can be classified into a first layer
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[7]

[8]

[9]

[10]

[11]

[12]

(L1), a second layer (L2), and a third layer (L3) based on three lower layers of an open
system interconnection (OSI) standard model widely known in the communication
system. The radio protocol layers exist as pairs between the UE and the E-UTRAN and
handle a data transmission in a radio interface.

The layers of the radio protocol control plane of FIG. 2 and those of the radio
protocol user plane of FIG. 3 will be described as follows.

The physical layer, the first layer, provides an information transfer service to an
upper layer by using a physical channel. The physical layer is connected to an upper
layer called a medium access control (MAC) layer via a transport channel. Data is
transferred between the MAC layer and the physical layer via the transport channel.
The transport channel is divided into a dedicated transport channel and a common
channel according to whether or not a channel is shared. Between different physical
layers, namely, between a physical layer of a transmitting side and that of a receiving
side, data is transmitted via the physical channel.

The second layer includes various layers. First, a medium access control (MAC)
layer performs mapping various logical channels to various transport channels and
performs logical channel multiplexing by mapping several logical channels to a single
transport channel. The MAC layer is connected an upper layer called a radio link
control (RLC) layer by a logical channel. The logical channel is divided into a control
channel that transmits information of the control plane and a traffic channel that
transmits information of the user plane according to a type of transmitted information.

An RLC (Radio Resource Control) layer, the second layer, segments and/or con-
catenates data received from an upper layer to adjust the data size so as for a lower
layer to suitably transmit the data to a radio interface. In addition, in order to guarantee
various QoSs (Quality of Services) required by each radio bearer RB, the RLC layer
provides three operational modes: a TM (Transparent Mode); a UM (Unacknowledged
Mode); and an AM (Acknowledged Mode). In particular, the RLC layer (referred to as
an ‘AM RLC layer’, hereinafter) operating in the AM performs a retransmission
function through an automatic repeat and request (ARQ) function for a reliable data
transmission.

A packet data convergence protocol (PDCP) layer of the second layer performs a
function called header compression that reduces the size of a header of an IP packet,
which is relatively large and includes unnecessary control information, in order to ef-
fectively transmit the IP packet such as an IPv4 or IPv6 in a radio interface having a
narrow bandwidth. The header compression increases a transmission efficiency
between radio interfaces by allowing the head part of the data to transmit only the
essential information.

The RRC layer located at the lowermost portion of the third layer is defined only in
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[17]

the control plane, and controls a logical channel, a transport channel and a physical
channel in relation to configuration, reconfiguration, and the release of radio bearers
(RBs). In this case, the RBs refer to a logical path provided by the first and second
layers of the radio protocol for data transmission between the UE and the UTRAN. In
general, the configuration (or establishment) of the RB refers to the process of
stipulating the characteristics of a radio protocol layer and a channel required for
providing a particular data service, and setting the respective detailed parameters and
operational methods.

Hereinafter, the RLC layer will be explained in more detail. As aforementioned, the
RLC layer operates in three modes, TM, UM, and AM. Since the RLC layer performs
a simple function in the TM, only the UM and AM will be explained.

The UM RLC generates each PDU with a PDU header including a Sequence Number
(SN), thereby allowing a receiving side to know which PDU has been lost while being
transmitted. Accordingly, the UM RLC transmits broadcast/multicast data, or transmits
real-time packet data such as voice (e.g., VoIP) of a Packet Service domain (PS
domain) or streaming on a user plane. Also, on a control plane, the UM RLC transmits,
to a specific terminal or specific terminal group in a cell, an RRC message requiring no
response for reception acknowledgement.

Like the UM RLC, the AM RLC generates each PDU with a PDU header including a
Sequence Number (SN). Differently from the UM RLC, in the AM RLC, a receiving
side performs acknowledgement for PDUs transmitted from a sending side. In the AM
RLC, areceiving side performs a response so that PDUs having not received can be re-
transmitted by a sending side. The re-transmission function is the main characteristic
of the AM RLC. An object of the AM RLC is to guarantee error-free data transmission
using the re-transmission function. To this end, the AM RLC transmits non-real time
packet data such as TCP/IP of PS domain in a User Plane, and transmits RRC
messages requiring response of reception acknowledgement from a terminal in a cell in
a Control Plane.

The UM RLC is used in a uni-directional communications system, whereas the AM
RLC is used in a bi-directional communications system due to feedback from a
receiving side. The UM RLC is different from the AM RLC in the aspect of structure.
The UM RLC has one of a sending side and a receiving side in one RLC entity,
whereas the AM RLC has both a sending side and a receiving side in one RLC entity.

The AM RLC is complicated due to a re-transmission function for data. The AM
RLC is provided with a re-transmission buffer as well as a sending/receiving buffer.
The AM RLC performs many functions, e.g., usage of a sending/receiving window for
flow control, polling to request a Status Report from a receiving side of a peer RLC

entity by a sending side, a receiving side’s Status Report informing its buffer status to a
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sending side of a peer RLC entity, and Status PDUs to transmit status information.
In order to support the above functions, the AM RLC requires various protocol pa-

rameters, status variables, and timers.

In the AM RLC such as Status Report or Status PDUs, PDUs used to control data
transfer is referred to as ‘Control PDUs’, and PDUs used to transfer User Data is
referred to as ‘Data PDUs’.

Data loss may occur on a physical channel in all mobile telecommunications
systems. A data loss rate, indicating that data was not successfully transmitted to a
receiving side from a sending side on a physical layer is lower in an Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) than in the related art systems.
However, the data loss rate in the E-UTRAN is not completely ‘zero’. Especially,
terminals located far from a base station have a high data loss rate. Accordingly,
important signaling data or TCP data required to be transmitted without error have to
be managed with more special care. To this end, the aforementioned Acknowledged
Mode (AM) is used.

In the AM, when a receiving side has failed to receive data, the receiving side has to
rapidly inform the status to a sending side. The less time taken for the receiving side to
recognize errors and to inform the errors to the sending side is, the less time taken to
correct the errors is. Also, time to transmit User Data is shortened, thereby enhancing a
user’s satisfaction degree. Accordingly, on an RLC layer, through an RLC Status
Report, the receiving side informs its buffer status to the sending side, and requests re-
transmission about data having not been received.

However, if the RLC receiving side transmits a Status Report whenever any missing
data is found, radio resource is wasted. The RLC Status Report is transmitted through
an RLC Status PDU. Since the RLC Status PDU is also one type of RLC PDU, the
RLC Status Report to be transmitted requires radio resources, which it would waste
radio resources in a mobile communications system.

Accordingly, required is a mechanism allowing an RLC Status Report to be rapidly

transmitted, and consuming less radio resources.
Disclosure of Invention

Technical Solution

Therefore, it is an object of the present invention to provide a method for configuring
new L2 protocols in a Long Term Evolution (LTE) system that transmits a newly
defined RLC Status Report.

To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described herein,

there is provided a method for transmitting a Status Report by a receiving side in a
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mobile telecommunications system, comprising: receiving a threshold value related to
a status report from the sending side, wherein the threshold value is decided by a
sending side; (B) receiving data transmitted from the sending side and storing the data
in a reception buffer; and (C) transmitting the status report to the sending side by
checking a total amount of the data stored in the reception buffer, and the threshold
value.

Preferably, the step of (C) includes calculating a ratio of the reception buffer usage
by stored data (i.e., amount of stored data/ total size of the reception buffer); and
comparing the calculated ratio with the threshold value.

Preferably, the status report is transmitted to the sending side when the calculated
ratio is larger than the threshold value.

Preferably, when the total amount of data stored in the reception buffer is larger than
the threshold value, data that has not been received is identified by using sequence
number (SN) of the data stored in the reception buffer, and the status report including
information about the data that has not been received is transmitted.

Preferably, the threshold value is a predetermined value indicating a total byte of data
stored in the reception buffer, or a ratio of a total byte of data stored in the reception
buffer to a total byte (i.e., size) of the reception buffer, or a ratio of the number of
PDUs corresponding to a total amount of data stored in the reception buffer, to a size
of a reception window.

Preferably, the sending side is a network, and the receiving side is an user equipment
(UE). The step of (A) is performed by a Radio Resource Control (RRC) entity of the
terminal, and the steps of (B) and (C) are performed by a Radio Link Control (RLC)
entity of the terminal.

According to another aspect of the present invention, there is provided a method for
transmitting a status report in a mobile telecommunications system, comprising:
storing Radio Link Control Protocol Data Units (RLC PDUs) out of sequence received
from a sending side (eNB RLC) in a reception buffer; identifying RLC PDUs that have
failed to be received when a predetermined ratio of RLC PDUs are stored in the
reception buffer; and transmitting to the sending side (eNB RLC) a status report that
informs the RLC PDUs that have not been received.

Preferably, the method for transmitting a status report in a mobile telecommu-
nications system further comprises: when the RLC PDUs that have not been received
are received from the sending side having received the status report, transferring, to an
upper layer, the received RLC PDUs and the RLC PDUs that are previously received
and stored in the reception buffer.

Preferably, the received RLC PDUs and the RLC PDUs that are previously received

and stored in the reception buffer are in sequence.
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Preferably, the predetermined ratio is a ratio of the reception buffer usage by stored
data (i.e., a total size of the reception buffer), and the predetermined ratio is decided by

the sending side (eNB RRC) and is transmitted to the receiving side.
Preferably, the sending side is a base station, and the receiving side is an user

equipment (UE).

According to still another aspect of the present invention, there is provided a method
for transmitting a status report in a mobile telecommunications system, comprising:
receiving, from a sending side, a threshold value associated with status report
transmission; counting, by a receiving window, the number of missing Protocol Data
Units (PDUs) among PDUs transmitted from the sending side; and transmitting a status
report to the sending side when the number of the counted missing PDUs reaches the
threshold value.

Preferably, the threshold value is decided by the sending side, and indicates an
allowable number of missing PDUs.

To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described herein, there is also provided a
method for transmitting status report in a mobile telecommunications system,
comprising: receiving, from a sending side, a threshold value associated with status
report transmission; receiving PDUs transmitted from the sending side, and storing the
PDUs in a reception buffer; counting the number of PDUs stored in the reception
buffer; and transmitting a status report to the sending side when the number of the
counted PDUs reaches the threshold value.

Preferably, the threshold value is decided by the sending side, and indicates an
allowable number of stored PDUs.

Brief Description of the Drawings

FIG. 1 shows a network structure of a Long Term Evolution (LTE) in a mobile
telecommunications system in accordance with the related art;

FIG. 2 shows a control plane architecture of a radio interface protocol between a
terminal and an Evolved-UMTS Terrestrial Radio Access Network (UTRAN) based on
3GPP radio access network standards;

FIG. 3 shows a user plane architecture of the radio interface protocol between a
terminal and an Evolved-UMTS Terrestrial Radio Access Network (UTRAN) based on
3GPP radio access network standards;

FIG. 4 is a block diagram showing a method for transmitting a Status Report when
the number of ‘Missing PDUs’ is more than a predetermined number according to a
first embodiment of the present invention;

FIG. 5 is a block diagram showing a method for transmitting a Status Report when
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the number of ‘RLC PDUs’ stored in a reception buffer is more than a predetermined

number according to a second embodiment of the present invention; and
FIG. 6 is a block diagram showing a method for transmitting a Status Report when a

ratio of the reception buffer usage by stored ‘RLC PDUs’ is more than a predetermined
ratio according to a third embodiment of the present invention.
Mode for the Invention

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

The present invention is applied to a mobile telecommunications system, and more
particularly, to an Evolved Universal Mobile Telecommunications System (E-UMTS)
that has evolved from UMTS. However, the present invention may be applied to all
mobile telecommunications systems and communication protocols to which technical
features of the present invention are broadly applied.

An object of the present invention is to reduce an amount of radio resource, by
transmitting a Status Report by a receiving RLC only when ‘missing PDUs’ is more
than a predetermined number, rather than by immediately transmitting a Status Report
when any missing PDU occurs.

To achieve the object, many methods may be considered.

FIG. 4 is a block diagram showing a method for transmitting a Status Report when
the number of ‘missing PDUs’ is more than a predetermined number according to a
first embodiment of the present invention.

FIG. 5 is a block diagram showing a method for transmitting a Status Report when
the number of ‘RLC PDUs’ stored in a reception buffer is more than a predetermined
number according to a second embodiment of the present invention.

FIG. 6 is a block diagram showing a method for transmitting a Status Report when a
ratio of the reception buffer usage by stored ‘RLC PDUs’ is more than a predetermined
ratio according to a third embodiment of the present invention.

The first embodiment of the present invention will be explained with reference to
FIG. 4.

In the first embodiment of the present invention, when a total number of ‘missing
PDUs’ counted by a receiving side whenever any missing PDU occurs is more than a
predetermined value such as ‘N’ (may be referred to as threshold value, default value,
set value, count value, etc.), the receiving side transmits a Status Report. When a
Sequence Number (SN) of a PDU being currently received is non-continuous with the
previously received PDU, PDUs between the PDU being currently received and the
previously received PDU are determined as ‘missing PDUs’. The concept of the first

embodiment shown in FIG. 4 may be somewhat different according to application
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methods, and may be implemented in various manners.

Operation between a network and a terminal (UE) for implementing the first em-
bodiment of FIG. 4 will be explained as follows.

eNB RRC decides the value N, and informs it to UE RRC. Here, the value N
(corresponding to a predetermined threshold value or reference value) is a total number
of ‘missing PDUs’ used by a receiving side (corresponding to a UE, and will be
referred to as ‘Receiving RLC entity’). The eNB refers to as an entity of a network, a
base station. The eNB RRC is an RRC layer of the base station, and the UE RRC is an
RRC layer of the UE.

The UE RRC configures UE RLC with “Detection of N missing PDUs” trigger for
Status Reporting, and informs the UE RLC of the value N.

Upon reception of an RLC PDU, the Receiving RLC entity shall operate as follows.

(1) It the RLC PDU is received in sequence, the RLC PDU is delivered to an upper
layer, and then all the following in-sequence RLC PDUs are delivered to an upper
layer. If there is any remaining PDU in the reception buffer, a lower edge of the
reception window is set to the first missing PDU in the reception buffer. Otherwise, if
there is no remaining PDU in the reception buffer, the lower edge of the reception
window is set to the next PDU expected to be received.

(2) Otherwise, if the RLC PDU is received out of sequence, the RLC PDU is stored
in the reception buffer with the position indicated by its RLC sequence number (SN).
If the sequence number of the received RLC PDU has the highest sequence number in
the reception window, the number of missing PDUS from the lower edge of the
reception window up to the received RLC PDU is counted. If the number of missing
PDUs reaches N, a Status Report is transmitted to the Sending RLC entity.

The total number of missing PDUs is counted whenever any missing PDU is
received. However, as aforementioned, the total number of missing PDUs can be also
obtained by performing counting only when a received RLC PDU has the highest
sequence number. The number of missing PDUs is counted within the reception
window. Here, PDUs subsequent to a PDU having the highest SN may be PDUs being
currently transmitted, thereby not being counted as missing PDUs. That is, the number
of missing PDUs is counted among PDUs between a PDU corresponding to a starting
point of the reception window, and a PDU having the highest SN.

Hereinafter, the first embodiment of the present invention will be explained in more
detail with reference to FIG. 4. In the first embodiment of FIG. 4, the value of N is 4.
That is, the Receiving RLC entity transmits a Status Report to the Sending RLC entity
when the number of missing PDU is more than 4, rather than transmits whenever any
missing PDU occurs.

Referring to FIG. 4, the reception window is set to have a size of 12, and an initial
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position of 0~12. The Receiving RLC entity normally receives the Oth PDU
(hereinafter, will be referred to as ‘PDU 0°) and 1st PDU (hereinafter, will be referred
to as ‘PDU 17) from the Sending RLC entity, and then delivers them to a Receiving
upper layer (S1). Here, no missing PDU occurred. Since the Receiving RLC entity
didn’t count any missing PDU, the value N is ‘0’.

Since the ‘PDU 0’ and the ‘PDU 1’ have been already delivered to an upper layer, no
RLC PDU remains in the reception buffer. Therefore, the reception window is set to a
sequence number (i.e., 2) of next ‘PDU 2’ expected to be received (i.e., Rx Window
2~14).

Then, as shown in the reception window, the ‘PDU 2’ is a missing PDU, and ‘PDU
3’ and ‘PDU 4’ are successfully received to be stored in the reception buffer (S2).
Here, since the Receiving RLC entity counts the missing PDUs, the number of
‘missing PDUs’ is ‘1’. Even if any missing PDU (i.e., ‘PDU 2’) occurs in the preferred
embodiment, a Status Report is not immediately transmitted to the Sending RLC
entity.

‘PDU 5° and ‘PDU 6’ fail to be received (that is, they are ‘missing PDUs’), and
‘PDU 7’ is successfully received (S3). Here, the Receiving RLC entity (i.e., receiving
side) counts the total number of missing PDUs. As a result of an accumulated counting
of missing PDUs, the number of ‘missing PDUs’ is ‘3’.

Then, PDUs are sequentially received (PDU 8~ 10 in FIG. 4). ‘PDU 8’ is a missing
PDU, and ‘PDU 9’ and ‘PDU 10’ are successfully received. Here, the Receiving RLC
entity counts the number of missing PDUs among PDUs received up to now. As a
result of an accumulated counting of missing PDUs by the Receiving RLC entity, the
number of ‘missing PDUSs’ is ‘4’. At this time, the Receiving RLC entity transmits a
Status Report to the Sending RLC entity, thereby reporting that ‘PDUs 2, 5, 6 and 8’
are missing PDUs (S4). As aforementioned, in the first embodiment, a Status Report is
not immediately transmitted to the Sending RLC entity whenever any missing PDU
occurs, but a Status Report including information about missing PDUs is transmitted to
the Sending RLC entity when the number of missing PDUs reaches 4 that is equal to
N. Accordingly, an amount of radio resource required when a Status Report is
transmitted can be saved.

FIG. 5 is a block diagram showing a method for transmitting a Status Report when
the number of ‘RLC PDUs’ stored in the reception buffer is more than a predetermined
number according to a second embodiment of the present invention.

Once receiving PDUs, the Receiving RLC entity re-assemblies Service Data Units
(SDUs) included in the received PDUs thus to deliver them to an upper layer. Here, the
PDUs are delivered to the upper layer in sequence occurring no missing PDU. When

any missing PDUs occur, even if PDUs subsequent to the missing PDUs are suc-
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cessfully received, the missing PDUs have to be received so that SDUs included
therein can be firstly delivered to an upper layer. Then, PDUs successfully received
after the missing PDUs are delivered to an upper layer. More concretely, if any missing
PDU occurs, PDUs after the missing PDU are stored in the reception buffer.

In the second embodiment of the present invention, a Status Report is transmitted
when the number of PDUs successfully received to be stored in the reception buffer is
more than a predetermined number (e.g., a predetermined threshold value or reference
value), rather than when any missing PDU occurs. That is, in the second embodiment,
a Status Report is transmitted by counting the number of PDUs stored in the reception
buffer, which is different from the first embodiment. The second embodiment will be
explained in more detail as follows.

eNB RRC decides the value N, and informs it to UE RRC. Here, the value N
indicates a total number of ‘stored PDUs’ used by a Receiving RLC
entity(corresponding to a UE) whenever any stored PDU occurs. The eNB refers to as
an entity of a network, a base station. The eNB RRC is an RRC layer of the base
station, and the UE RRC is an RRC layer of the UE.

The UE RRC configures UE RLC with “Detection of N stored PDUs” trigger for
Status Reporting, and informs the UE RLC of the value N.

Upon reception of an RLC PDU, the Receiving RLC entity shall operate as follows.

(1) It the RLC PDU is received in sequence, the RLC PDU is delivered to an upper
layer, and then all the following in-sequence RLC PDUs are delivered to an upper
layer. If there is any remaining PDU in the reception buffer, a lower edge of the
reception window is set to the first missing PDU in the reception buffer. Otherwise, if
there is no remaining PDU in the reception buffer, the lower edge of the reception
window is set to the next PDU expected to be received.

(2) Otherwise, if the RLC PDU is received out of sequence, the RLC PDU is stored
in the reception buffer with the position indicated by its RLC sequence number (SN).
Then, the number of stored PDUs from the lower edge of the reception window up to
the received RLC PDU in the reception buffer is counted. Here, the number of stored
PDUs in the reception widow is not counted, but the number of RLC PDUs stored in
the reception buffer is counted. If the number of stored PDUs reaches N, a Status
Report is transmitted to the Sending RLC entity.

In the second embodiment of FIG. 5, the number of PDUs stored in the reception
buffer is counted whenever any PDU is received to be stored in the reception buffer.

In the second embodiment of FIG. 5, the number of PDUs stored in the reception
buffer is counted, so that a Status Report can be transmitted to the Sending RLC entity
more efficiently than in the first embodiment of FIG. 4.

FIG. 6 is a block diagram showing a method for transmitting a Status Report when a
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ratio of the reception buffer usage by stored ‘RLC PDUs’ is more than a predetermined
ratio according to a third embodiment of the present invention.

A size of an RLC PDU may be varied in a Long Term Evolution (LTE). Since the
RLC PDU has a variable size, transmitting a Status Report to the Sending RLC entity
by counting the number of PDUs may not be effective in the aspect of managing the
reception buffer. In the third embodiment of the present invention, when a ratio of the
reception buffer usage by stored PDUs due to missing PDUs is more than N%, a Status
Report is transmitted to the Sending RLC entity. Here, the N% may be decided with
consideration of situation and condition of a network, a capability of the Receiving
RLC entity, etc.

Hereinafter, the third embodiment of FIG. 6 will be explained.

eNB RRC decides the value N, and informs it to UE RRC. Here, the value
N(corresponding to a predetermined threshold value or reference value) may indicate a
ratio (%) of the reception buffer usage by PDUs stored after being received by the
Receiving RLC entity. The value N may indicate a size of PDUs stored in the reception
buffer (e.g., variable-sized reception buffer or fixed-sized buffer), for example, a total
byte of PDUs stored therein. The value N may indicate a ratio (e.g., %) of a size of the
reception window to the reception buffer usage by stored PDUs.

The eNB refers to as an entity of a network, a base station. The eNB RRC is an RRC
layer of the base station, and the UE RRC is an RRC layer of the UE.

The UE RRC configures UE RLC with “Stored PDUs reach N% of reception buffer”
trigger for Status Reporting, and informs the UE RLC of the value N.

Upon reception of an RLC PDU, the Receiving RLC entity shall operate as follows.

(1) It the RLC PDU is received in sequence, the RLC PDU is delivered to an upper
layer, and then all the following in-sequence RLC PDUs are delivered to an upper
layer. If there is any remaining PDU in the reception buffer, a lower edge of the
reception window is set to the first missing PDU in the reception buffer. Otherwise, if
there is no remaining PDU in the reception buffer, the lower edge of the reception
window is set to the next PDU expected to be received.

(2) Otherwise, if the RLC PDU is received out of sequence, the RLC PDU is stored
in the reception buffer with the position indicated by its RLC sequence number (SN).
Then, a ratio of the reception buffer usage by stored RLC PDUs (i.e., amount of stored
RLC PDUs/ total size of the reception buffer) is checked. If the ratio reaches N%, a
Status Report is transmitted to the Sending RLC entity.

The check for the ratio of the reception buffer usage by stored RLC PDUs is
performed whenever any RLC PDU is received to be stored in the reception buffer.

In the third embodiment of FIG. 6, the value N is set to be 50(%). Accordingly, when

a total amount of PDUs stored in the reception buffer (i.e., received PDUs) reach more
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than 50% of the size of the reception buffer, a Status Report is transmitted to the
Sending RLC entity.

Referring to a time axis in FIG. 6, the first ‘PDU 1’ is successfully received to be
stored in the reception buffer. Then, the ‘PDU 1’ is transmitted to an upper layer.

When PDUs are sequentially received up to ‘PDU 3’, only the ‘PDU 3’ is suc-
cessfully received whereas ‘PDU 2’ is a missing PDU (which corresponds to @ on the
time axis in FIG. 6) (S10). Here, since the amount of PDUs stored in the reception
buffer does not exceed ‘50%’ (N=50), the Receiving RLC entity does not transmit a
Status Report to the Sending RLC entity.

When time corresponds to @ in FIG. 6, the Receiving RLC entity receives PDUs up
to ‘PDU 6’ to store them in the reception buffer (S11). Here, the amount of PDUs
stored in the reception buffer does not exceed ‘50%’, either.

When time corresponds to @ in FIG. 6, the Receiving RLC entity receives PDUs up
to ‘PDU 10’ to store them in the reception buffer (S12). Up to @, ‘PDU 2’ and ‘PDU
9’ are missing PDUs. Here, the amount of PDUs stored in the reception buffer exceeds
*50%’ (N=50). Accordingly, the Receiving RLC entity transmits a Status Report to the
Sending RLC entity, thereby requesting the missing ‘PDU 2” and ‘PDU 9’ to be re-
transmitted (S12). At time point @ in FIG. 6, when only ‘PDU 2’ is received from the
Sending RLC entity, the Receiving RLC entity transmits PDUs ‘2~8’ stored in the
reception buffer to an upper layer (S13). Then, at time point when ‘PDU 11° was
received, ‘PDU 10° and ‘PDU 11’ rather than the missing ‘PDU 9’ are stored in the
reception buffer.

In the third embodiment of FIG. 6, when an amount of PDUs stored in the reception
buffer is more than a predetermined amount (e.g., N=50%), a Status Report including
information about missing PDUs is transmitted. Accordingly, when a size of PDUs or
a size of the reception buffer is variable, radio resources can be more efficiently
managed by using the third embodiment.

Hereinafter, a receiver of mobile telecommunications system according to the present
invention will be explained.

The receiver is an apparatus composed of hardware, software, a module including
software, etc. to implement preferred embodiments of FIGS. 4 to 6.

The receiver of the present invention may be referred to as an ‘entity’, or a ‘server’,
or a ‘terminal’ (UE).

The receiver of the present invention includes a reception buffer configured to store
PDUs transmitted from a Sending RLC entity; and a processor configured to check
whether PDUs transmitted from the Sending RLC entity are missing PDUs by using
sequential numbers (SN), configured to check whether PDUs stored in the reception

buffer have reached a threshold value (e.g., the value N in FIG. 6), and configured to
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decide the threshold value.

When an amount of PDUs stored in the reception buffer reaches a threshold value,
the processor checks (detects) missing PDUs by using SN of PDUs stored in the
reception buffer. Then, the processor transmits a Status Report including information
about the missing PDUs to the Sending RLC entity (i.e., network).

The receiver of the present invention may be differently implemented according to
functions of the processor.

In order to implement the preferred embodiments of FIGS. 4 and 5, the receiver
comprises a reception buffer configured to store PDUs transmitted from a Sending
RLC entity; a counter configured to count the number of missing PDUs in the
reception window, or the number of PDUs stored in the reception buffer; and a
processor configured to check whether the number of missing PDUs (or stored PDUs)
counted by the counter reaches a threshold value (e.g., the value N in FIG. 4 or FIG.
5), and configured to decide the threshold value.

When the number of missing PDUs (or stored PDUs) counted by the counter reaches
the threshold value, the processor transmits a Status Report including information
about the missing PDUs to the Sending RLC entity.

The processor may be referred to as a controller or a module. The counter may be im-
plemented as a component of the processor, or may be implemented independently.

The method for enhancing of controlling radio resource and transmitting a Status
Report in a mobile telecommunications system can be implemented by software,
hardware, or combination thereof. For instance, the method of the present invention
may be stored in a storage medium (e.g., memory inside a terminal, flash memory,
hard disc, etc.), or may be implemented as codes or commands inside a software
program that can be executed by a processor (e.g., microprocessor inside a terminal).

The present invention has the following effects.

When any data is not received, request for re-transmission is not immediately
performed. Rather, when a predetermined amount of data having not been received
occurs, request for re-transmission is performed at one time. Accordingly, an amount
of radio resources required to request re-transmission is reduced.

It will also be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present invention cover modi-
fications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
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Claims

A method for transmitting a status report by a receiving side in a mobile telecom-
munications system, comprising:

(A) receiving a threshold value related to a status report from the sending side,
wherein the threshold value is decided by a sending side;

(B) receiving data transmitted from the sending side and storing the data in a
reception buffer; and

(C) transmitting the status report to the sending side by checking a total amount
of the data stored in the reception buffer, and the threshold value.

The method of claim 1, wherein the step of (C) includes:

calculating a ratio of the reception buffer usage by stored data; and

comparing the calculated ratio with the threshold value;

The method of claim 2, wherein the status report is transmitted to the sending
side when the calculated ratio is larger than the threshold value.

The method of claim 1, wherein when the total amount of data stored in the
reception buffer is larger than the threshold value, data that has not been received
is identified by using sequence number (SN) of the data stored in the reception
buffer, and the status report including information about the data that has not
been received is transmitted.

The method of claim 1, wherein the threshold value is a predetermined value in-
dicating a total byte of data stored in the reception buffer, or

a ratio of a total byte of data stored in the reception buffer to a total byte of the
reception buffer, or

a ratio of the number of PDUs corresponding to a total amount of data stored in
the reception buffer, to a size of a reception window.

The method of claim 1, wherein the sending side is a network, and the receiving
side is an user equipment (UE),

wherein the step of (A) is performed by a Radio Resource Control (RRC) entity
of the UE, and

wherein the steps of (B) and (C) are performed by a Radio Link Control (RLC)
entity of the UE.

A method for transmitting a status report in a mobile telecommunications
system, comprising:

storing Radio Link Control Protocol Data Units (RLC PDUs) out of sequence
received from a sending side in a reception buffer;

identifying RLC PDUs that have not been received when a predetermined ratio
of RLC PDUs are stored in the reception buffer; and



15

WO 2008/156300 PCT/KR2008/003454

transmitting a status report that informs the sending side of the RLC PDUs that
have not been received.

[8] The method of claim 7, further comprising:
when the RLC PDUs that have not been received are received from the sending
side having received the status report, transferring, to an upper layer, the received
RLC PDUs and the RLC PDUs that are previously received and stored in the
reception buffer.

[9] The method of claim 8, wherein the received RLC PDUs and the RLC PDUs that
are previously received and stored in the reception buffer are in sequence.

[10] The method of claim 7, wherein the predetermined ratio is a ratio of the reception
buffer usage by stored data, and the predetermined ratio is decided by the
sending side and is transmitted to the receiving side.

[11] The method of claim 10, wherein the sending side is a base station, and the
receiving side is an user equipment (UE).

[12] A method for transmitting a status report in a mobile telecommunications
system, comprising:
receiving, from a sending side, a threshold value associated with status report
transmission;
counting the number of missing Protocol Data Units (PDUs) in a receiving
window among PDUs transmitted from the sending side; and
transmitting a status report to the sending side when the number of the counted
missing PDUs reaches the threshold value.

[13] The method of claim 12, wherein the threshold value is decided by the sending
side, and indicates an allowable number of missing PDUs.

[14] A method for transmitting a status report in a mobile telecommunications
system, comprising:
receiving, from a sending side, a threshold value associated with status report
transmission;
receiving PDUs transmitted from the sending side, and storing the PDUs in a
reception buffer;
counting the number of PDUs stored in the reception buffer; and
transmitting a status report to the sending side when the number of the counted
PDUs reaches the threshold value.

[15] The method of claim 14, wherein the threshold value is decided by the sending
side, and indicates an allowable number of PDUs stored in the reception buffer.

[16] The method of claim 14, wherein the status report includes information about

missing PDUs.
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