woO 2007/117120 A1 |00 00O O 0

(19) World Intellectual Property Organization | 11”11

52 IO O 0 O I O

International Bureau

(43) International Publication Date
18 October 2007 (18.10.2007)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2007/117120 A1l

(51)

21

(22)
(25)
(26)
(30)

(1)

(72)

International Patent Classification:
HO4L 12/56 (2006.01) HO4L 12/66 (2006.01)

International Application Number:
PCT/KR2007/001754

11 April 2007 (11.04.2007)
English
English

International Filing Date:
Filing Language:
Publication Language:

Priority Data:
10-2006-0032984
10-2006-0083843

11 April 2006 (11.04.2006) KR
31 August 2006 (31.08.2006) KR

Applicant: SAMSUNG ELECTRONICS CO., LTD.
[KR/KR]; 416, Maetan-dong, Yeongtong-gu, Suwon-si,
Gyeonggi-do 442-742 (KR).

Inventors: KIM, Soeng-Hun; #321-1003,
Cheongmyeongmaeul 3-danji APT., Yeongtong-dong,
Yeongtong-gu, Suwon-si, Gyeonggi-do 443-737 (KR).
JEONG, Kyeong-In; #112-1302, Daewoo Purgio
APT., Gisan-ri, Taean-eup, Hwaseong-si, Gyeonggi-do

(74)

(81)

(34)

445-972 (KR). VAN LIESHOUT, Gert Jan; Samsung
Electronics Research Institute, Communication House
South Street, Staines, Middlesex TW18 4QE (GB). VAN
DER VELDE, Himke; Samsung Electronics Research
Institute, Communication House South Street, Staines,
Middlesex TW18 4QE (GB).

Agent: LEE, Keon-Joo; Mihwa Bldg. 110-2, Myon-
gryun-dong 4-ga, Chongro-gu, Seoul 110-524 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JP, KE, KG, KM, KN, KP, KZ, LA, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR DISCONTINUOUSLY RECEIVING PACKET IN A MOBILE COMMUNICA-

TION SYSTEM

(57) Abstract: A method for receiving a packet by a
terminal in a mobile communication system including
a base station providing a packet, and a terminal that
discontinuously receives a packet from the base sta-
tion in Discontinuous Reception (DRX) cycles each
having an active period and a sleep period. The packet

CONFIGURE DRX SERVICE 505
MONITOR DOWNLINK
CONTROL CHANNEL 510

515

RX PACKET

INITIALIZE TIME DETECTED?

4

—~ 530

RECEIVE PACKET AT
PACKET RX TIME

|~520

526
DRX SERVICE PACKET?

SET PACKET RX TIME TO

STARTING POINT OF DRX CYCLEf— 5335
v

PERFORM DRX L 540

END

reception method includes receiving, from the base
station, configuration information for a DRX service,
comprising a DRX cycle length; setting, as a starting
point of the DRX cycle, a point at which a first packet
is received from the base station; receiving a packet
from the base station for an active period at the begin-

ning of the starting point; and transitioning to a sleep
period and waiting for a next active period.



WO 20077117120 A1 |0 DA 000 0T 000000 0

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, Published:

7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), —  with international search report

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL.,  For two-letter codes and other abbreviations, refer to the "Guid-
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, ance Notes on Codes and Abbreviations" appearing at the begin-
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

35

WO 2007/117120 PCT/KR2007/001754

1-

METHOD AND APPARATUS FOR DISCONTINUOUSLY RECEIVING
PACKET IN A MOBILE COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention ,
The present invention relates generally to a mobile communication system

using a Discontinuous Reception (DRX) mode, and in particular, to a method and
apparatus for discontinuously receiving packets.

2. Description of the Related Art
Long Term Evolution (LTE), being discussed in 3™ Generation Partnership

Project (3GPP) in charge of standardization of Universal Mobile
Telecommunication Service (UMTS) systems, is technology for implementing
high-speed packet based communication at some 100 Mbps. Several schemes
currently under discussion include reducing the number of nodes located in a
communication path by simplifying the network configuration, and maximally
approximating wireless protocols to wireless channels. As a result, it is
expected that the LTE configuration will change from the existing 4-node
configuration to a 2-node or 3-node configuration. For example, as shown in
FIG. 1, the LTE configuration can be simplified to a 2-node configuration of an
Evolved Node B (ENB) and an Evolved Gateway GPRS (General Packet Radio
Service) Serving Node (EGGSN).

FI1G. 1 shows a general LTE system . A configuration of Evolved Radio
Access Networks (E-RANs) 110 and 112 is simplified to a 2-node configuration
of Evolved Node Bs (ENBs) 120, 122, 124, 126 and 128, and Evolved Gateway
GPRS Serving Nodes (EGGSNs) 130 and 132. A User Equipment (UE) 101
accesses an Internet Protocol (IP) network 114 via the E-RANs 110 and 112.

The ENBs 120, 122, 124, 126 and 128, nodes corresponding to the
existing Node Bs, are connected to the UE 101 over a wireless channel.
Compared with the existing Node Bs, the ENBs 120, 122, 124, 126 and 128
perform a more complex function. In LTE, all user traffics including real-time
services such as Voice over IP (VoIP) will be serviced over a shared channel.
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This means that there is a need for an apparatus of collecting status information of
UEs 101 and performing scheduling depending thereon, and the scheduling is
managed by the ENBs.

Like High Speed Downlink Packet Access (HSDPA) or Enhanced
Dedicated Channel (EDCH), LTE also performs Hybrid Automatic Repeat
reQuest (HARQ) between the ENBs 120, 122, 124, 126 and 128, and the UE 101.
HARQ is a technique for soft-combining previously received data with
retransmitted data without discarding the previously received data, thereby
increasing reception success rate. However, with use of only the HARQ, the
LTE system cannot meet various Quality of Service (QoS) conditions.
Therefore, separate Automatic Repeat reQuest (ARQ) (i.e. outer-ARQ) can be
performed in an upper layer, and the separate ARQ is also performed between the
UE and the ENB. It is expected that LTE will use Orthogonal Frequency
Division Multiplexing (OFDM) as wireless access technology in a 20-Mhz
bandwidth in order to realize a data rate of a maximum of 100 Mbps. In
addition, an Adaptive Modulation & Coding (AMC) scheme of determining a
modulation scheme and a channel coding rate according to channel status of
terminals will be applied to LTE.

Generally, a DRX mode is used for increasing a waiting time of a terminal
in an idle state. That is, the terminal repeats an operation of waking up from a
sleep mode for paging at a particular time, monitoring a specific channel for a
specific period, and then returning back to the sleep mode. DRX in the general
mobile communication system will now be described with reference to FIG. 2 .

Referring to FIG. 2, a terminal (or UE) and a base station (or Node B)
previously agree on a DRX configuration and repeat a sleep period 240 and an
active period 235 according to the DRX configuration. The sleep period 240
means a period in which the terminal turns off its receiver to minimize power
consumption, and the active period 235 means a period in which the terminal
turns on its receiver to perform a normal reception operation. The active period
235 is also known as a wake-up period, and the terms ‘active period’ and ‘wake-
up period’ are used as a synonym throughout the specification. '
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DRX is possible as a terminal and a base station recognize DRX cycles.
A DRX cycle 245 includes the active period 235 and the sleep period 240. In
one DRX cycle, the active period precedes the sleep period, and the DRX cycle is
prescribed by the following factors.

DRX cycle lengths 210 and 220 mean a distance between consecutive
active periods. Because the DRX cycle 245 starts with the active period 235, the
DRX cycle lengths 210 and 220 mean the distance between the consecutive active
periods. An increase in the DRX cycle lengths 210 and 220 contributes to an
increase in the sleep period 240 and a reduction in power consumption of the
terminal. However, the increase in the DRX cycle length inevitably increases a
paging delay for the terminal. The DRX cycle length is signaled by a network.

A starting point (or starting position) of the DRX cycle is a starting point
of the active period 235, and is generally induced from a unique identifier of a
terminal and a DRX cycle length. For examﬁle, a value obtained by performing
a modular or mod operation on the identifier of the terminal with the DRX cycle
length can be used as the starting point of the DRX cycle. In FIG. 2, the starting
point of the DRX cycle can be the points 205, 215 and 225.

A length of the active period 235 is a length of a period in which the
terminal wakes up for one active period, and a particular value is generally used
as the length of the active period 235. For example, in the UMTS
communication system, the length of the active period is 10 msec.

A length of the sleep period 240 is a length of the other period excepting
the active period 235 from the DRX cycle 245.

The terminal calculates a starting point of the DRX cycle using its own
identifier and the DRX cycle length (see 230), and receives a downlink signal at
the DRX cycle starting point for the active period. If there is no desired
information in the received downlink signal, the terminal turns off its receiver and
enters the sleep period.
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In LTE, a scheme of introducing DRX even for a terminal in a connected
state is under discussion, and it would be obvious to those skilled in the art that
DRX for a connected state terminal should be configured taking into account a
characteristic of an ongoing service.

However, a conventional DRX that periodically wakes up and monitors a
certain channel for a specific period is unsuitable for a connected state terminal.
For example, for a VoIP service which is susceptible to delay, a previous
determination of a DRX starting point may cause degradation of a service quality.
The reasons will be described with reference to FIG. 3.

FIG. 3 shows a conventional DRX operation of a terminal, applied in a
LTE system . Specifically, FIG. 3 shows a timing diagram for a packet received
from a Node B, and a timing diagram for a DRX cycle of a terminal. When a
starting point of the DRX cycle is determined based on static information, such as
an identifier of the terminal, in a conventional manner, the starting point of the
DRX cycle is determined regardless of the time that data arrives at the Node B.

Specifically, when a VoIP packet arrives at the Node B at an arbitrary time
305, the VoIP packet cannot be transmitted until the next active period 330 starts.
Therefore, the Node B buffers the VoIP packet until a starting point 310 of the
next active period 330. As a result, the transmission delay increases as much as
the buffering time 315.

Downlink VoIP packets, as they are transmitted over wire/wireless
networks, may arrive at the base station with some jitter. However, according to
a characteristic of the VoIP service, an inter-arrival time of a VoIP packet is
generally 20 msec or 160 msec without great error. Therefore, for a service
which is susceptible to delay and has a constant inter-arrival time, such as a VoIP
service, a conventional DRX reception operation increases in the transmission
delay. Thus, there is a need for a new DRX reception operation.

SUMMARY OF THE INVENTION
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The present invention addresses at least the above-described problems
and/or disadvantages and provides at least the advantages described below.
Accordingly, an aspect of the present invention is to provide a method and
apparatus for efficiently receiving packets in a mobile communication system
supporting a DRX mode.

Another aspect of the present invention is to provide a packet reception
method and apparatus capable of reducing a transmission delay in a mobile
communication system supporting a DRX mode.

Another aspect of the present invention is to provide a packet reception
method and apparatus capable of preventing degradation of the service quality in
a mobile communication system supporting a DRX mode.

According to an aspect of the present invention, there is provided a
method for receiving a packet by a terminal in a mobile communication system
including a base station providing a packet, and a terminal that discontinuously
receives a packet from the base station in DRX cycles each having an active
period and a sleep period. The packet reception method includes receiving,
from the base station, configuration information for a DRX service, comprising a
DRX cycle length; setting, as a starting point of the DRX cycle, a point at which a
first packet is received from the base station; receiving a packet from the base
station for an active period at the beginning of the starting point; and transitioning
to a sleep period that has a starting point defined as an ending point of the active
period and has an ending point which is spaced apart from a starting point of the
active period by the DRX cycle length, and waiting for a next active period.

According to another aspect of the present invention, there is provided a
method for receiving a packet by a terminal in a mobile communication system
including a base station providing a packet, and a terminal that discontinuously
receives a packet from the base station in DRX cycles each having an active
period and a sleep period. The packet reception method includes receiving,
from the base station, configuration information for a DRX service, comprising a
DRX cycle length; determining whether the base station transmits a packet using
a control message on a downlink control channel;setting, as a starting point of the
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DRX cycle, a point at which the first downlink control channel is received from
the base station when it is determined that the base station transmits a packet;
receiving the packet from the base station for an active period at the beginning of
the starting point; and transitioning to a sleep period that has a starting point
defined as an ending point of the active period and has an ending point which is
spaced apart from a starting point of the active period by the DRX cycle length,
and waiting for a next active period.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present
invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a diagram of a general LTE system;

FIG. 2 is a diagram of a DRX operation in a general mobile
communication system,;

FIG. 3 is a diagram of a conventional DRX operation of a terminal ;

FIG. 4 is a diagram of DRX operation timing according to a first
embodiment of the present invention;

FIG. 5 is a diagram of a DRX reception operation according to the first
embodiment of the present invention;

FIG. 6 is a block diagram of a terminal apparatus for performing a DRX
operation according to the first embodiment of the present invention;

FIG. 7 is a diagram of DRX operation timing according to a second
embodiment of the present invention; and

FIG. 8 is a diagram of a DRX operation according to the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will now be described in
detail with reference to the annexed drawings. In the drawings, the same or
similar elements are denoted by the same reference numerals even though they
are depicted in different drawings. In the following description, a detailed
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description of known functions and configurations incorporated herein has been
omitted for clarity and conciseness.

The present invention provides a method and apparatus for setting a
starting point of an active period to an expected arrival time of a packet and
discontinuously receiving the packet according thereto, for a specific service
which is susceptible to delay and has a constant inter-arrival time for a packet,
such as a VoIP (Voice over Internet Protocol) service, in a mobile communication
system including a base station that provides packets, and a terminal that
discontinuously receives packets from the base station in Discontinuous
Reception (DRX) cycles each including an active period and a sleep period, i.e. in
a mobile communication system supporting DRX.

A description of the present invention will be made herein with reference
to an LTE system, by way of example. However, it should be noted that the
present invention can be applied to any mobile communication system supporting
a specific service which is susceptible to a delay and has a constant inter-arrival
time for a packet, in addition to the LTE system.

According to one example of the present invention, a starting point of a
DRX cycle for an arbitrary service is a point at which a first packet for the
corresponding service is received. If a terminal receives the first packet for the
corresponding service while continuously receiving a downlink channel, the
terminal regards the reception point of the first packet as a starting point of the
DRX cycle. Because the DRX cycle starts with an active period as described
above, a starting point of the DRX cycle is equal to a starting point of the active
period herein. The terminal regards, as a starting point of the next DRX
cycle/active period, a point which is spaced apart from the identified starting
point by a DRX cycle length.

The terminal receives a packet if the active period starts. After
completion of receiving one packet, the terminal switches to and maintains a
sleep mode until the next active period is started, considering that the active
period has ended.
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By defining a starting point of the active period as a reception point of the
first packet, defining an ending point of the active period as a point at which one
packet has been successfully received, and defining a starting point of the next
active period as a point which is spaced apart from the starting point of the
previous active period by the DRX cycle length, the terminal can maximize a
length of a sleep period while minimizing delay added to reception of a packet,
such as a VoIP packet.

FIG. 4 shows an example of timing for a DRX reception operation
according to the present invention. To use DRX proposed in the present
invention, a user plane is set up. The user plane setup is limited to setup for an
arbitrary service which is susceptible to the delay and has a known inter-arrival
time for traffic. Because the user plane setup is not related to the present
invention, a description will be omitted. It is assumed herein that DRX is
configured independently for each service.

Referring to FIG. 4, a terminal and a network (or base station) set up a
user plane at a point 405 to exchange traffic of the service with the terminal.
During the user plane setup, DRX cycle lengths 420 and 430 to be used for a
DRX operation, and a number of packets to be transmitted for one DRX cycle are
signaled to the terminal.

If the user plane is set up, the terminal continuously monitors a downlink
shared control channel at a point 410 to find a starting point of the DRX
cycle/active period for the traffic to be transmitted over the user plane.

A communication system in which a base station schedules transmission
resources, like a Long Term Evolution (LTE) system, first transmits control
information 460 necessary for packet decoding to the terminal before transmitting
the packet to the terminal. The control information 460 is transmitted over a
downlink shared control channel recognized by the terminal.

When the terminal receives the control information 460 at a point 415 and
recognizes that there is a packet transmitted thereto over the downlink shared
control channel, the terminal receives the packet over a downlink traffic channel.
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The packet reception is performed through a specific Hybrid Automatic Repeat
reQuest (HARQ) process. In other words, upon receipt of a downlink initial
transmission packet 440, the terminal checks presence/absence of an error in the
packet, and sends a retransmission request to the base station in the presence of an
error.  The terminal soft-combines a packet 445 retransmitted by the base station
with the previously received packet 440, checks whether there is any remaining
error, and sends a retransmission request to the base station when there is a
remaining error. The terminal repeats the foregoing process until there is no
error in the packet.

The terminal, after successfully receiving the packet, checks whether the
packet is a packet of a DRX service, and when the packet is a DRX service packet,
the terminal recognizes a point 465 at which the control information 460 for the
packet was first transmitted, as a starting point of an active period for the DRX
service.

The base station and the terminal previously agree on a number of packets
to be exchanged for one DRX cycles 420 and 430. For a common VoIP service,
one packet is exchanged for one DRX cycle. Therefore, for a DRX-based VoIP
service, the number of packets to be exchanged for one DRX cycle is 1. When
the terminal successfully receives one packet for an active period 435, the
terminal switches to and maintains the sleep mode until the next active period
starts after the active period ends. A starting point of the next active period is a
point 425 which is spaced apart from a starting point of the previous active period
by the DRX cycle.

FIG. 5 shows an example of a DRX reception operation according to the
present invention. A terminal receives, in step 505, DRX configuration
information for an arbitrary service, signaled from a base station. The DRX
configuration information includes a DRX cycle length, a number of packets to be
received per DRX cycle, and the like. The terminal monitors in step 510 a
downlink shared control channel until a packet transmitted thereto occurs.

The terminal determines in step 515 whether there is any packet
transmitted thereto in the course of monitoring control information on the
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downlink shared control channel. Upon detecting a packet transmitted thereto
by checking the control information, the terminal stores in step 520 a reception
time of the downlink shared control channel, and then receives a packet at a
packet reception time allocated thereto by performing a specific HARQ operation.
However, when it is determined in step 515 that there is no packet allocated
thereto, the terminal returns to step 510 where it continues to monitor the
downlink shared control channel.

The terminal determines in step 525 whether the received packet is a DRX
service packet. When the received packet is not a DRX service packet, the
terminal initializes in step 530 the stored reception time of the downlink shared
control channel, and then returns to step 510 where it continues to monitor the
downlink shared control channel.

However, when the received packet is a DRX service packet, the terminal
recognizes in step 535 the stored reception time of the downlink shared control
channel as a starting point of the DRX cycle, and then proceeds to step 540 where
it performs a DRX operation. That is, the terminal starts an active period based
on the starting point of the DRX cycle, recognized in step 535, transitions to the
sleep mode after receiving as many packets as the agreed upon number of packets
to be received per DRX cycle for the active period, and waits until the next active
period starts. The starting point of the next active period is a point which is
spaced apart from a starting point of the previous active period (or a starting point
of the DRX cycle) by the DRX cycle length.

FIG. 6 shows an example of a terminal apparatus for performing a DRX
reception operation according to the present invention. The DRX reception
apparatus can also be applied to the DRX reception operations shown in FIGs. 7
and 8. A terminal 600 includes a demultiplexer (DE-MUX) 605, an HARQ
processor 615, a receiver 630, a DRX controller 625, and a control channel
processor 620.

The receiver 630 receives a control packet and a data packet from a base
station over downlink shared control channel and traffic channel, and sends them
to the control channel processor 620 and the HARQ processor 615, respectively.



10

15

20

25

30

35

WO 2007/117120 PCT/KR2007/001754

-11-

The receiver 630, under the control of the DRX controller 625, is turned on/off
according to present/absence of a packet transmitted thereto.

The control channel processor 620 processes control information received
over the downlink shared control channel. Further, the control channel
processor 620 sends to the DRX controller 625, reception time information of the
control information being delivered to the terminal.

The HARQ processor 615 processes an HARQ packet that the receiver
630 receives using a specific HARQ operation, and delivers an error-free HARQ
packet to the demultiplexer 605.

The demultiplexer 605 reports demultiplexing information of the received
HARQ packet to the DRX controller 625. The demultiplexing information is an
identifier for an upper layer to which the packet will be delivered, and because
one identifier is allocated per service, the DRX controller 625 can identify a
service to which the corresponding packet belongs, using the demultiplexing
information.

The DRX controller 625 turns off the receiver 630 in a sleep period, and
turns on the receiver 630 in an active period. The DRX controller 625
recognizes a starting point of the DRX cycle using the demultiplexing
information of the packet, received from the demultiplexer 605, and reception
time information of the control information for the packet, received from the
control channel processor 620. That is, the DRX controller 625 counts the
number of packets received for the active period using the demultiplexing
information delivered by the demultiplexer 605, and controls on/off of the
receiver 630 upon recognizing an ending point of the active period.

Another example of the present invention will now be described that
relates to a DRX reception operation performed in a terminal when persistent
transmission resources or persistent resources are used for the VoIP service. A
persistent transmission resource, as used herein, refers to a specific transmission
resource that can be used for a terminal at stated periods. When a persistent
transmission resource is allocated to a terminal, a base station has an advantage of
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not having to continuously transmit transmission resource information over a
downlink shared control channel. This example of the present invention
provides a method of defining, as a starting point of the DRX cycle, a point at
which a persistent transmission resource is first allocated.

FIG. 7 shows a timing diagram for a DRX reception operation according
to the second embodiment of the present invention. A persistent transmission
resource is allocated to a terminal over a downlink control channel 705. For
example, when an arbitrary transmission resource R1 is persistently allocated to
the terminal at a point 715, the terminal transmits one packet every transmission
resource allocation period through a specific HARQ process using the
transmission resource R1.  There is a time difference t1 720 between a point 715
at which a transmission resource allocation signal is received, and a point 725 at
which the terminal uses the transmission resource, to allow the terminal to
analyze the transmission resource allocation signal. The t1 720, a fixed value, is
previously recognized by the terminal.

When the VoIP service is provided using the persistent transmission
resource, the terminal monitors the downlink control channel 705 for a period 740
until the persistent transmission resource is allocated, and starts an active period
of the DRX cycle at a point 745 at which the persistent transmission resource is
allocated. The next active period starts at a point 755 after a DRX cycle length
750 has elapsed from the starting point 745 of the active period.

The terminal monitors the downlink control channel 705 at the starting
points 745 and 755 of the active period to check whether there is any change in
the persistent transmission resource. If there is no change in the persistent
transmission resource, the terminal processes a VoIP packet using the existing
persistent transmission resource.  After completion of the VoIP packet
processing, the terminal transitions to and maintains the sleep mode until a
starting point of the next active period. However, when there is a change in the
persistent transmission resource, the terminal processes the VoIP packet using a
new persistent transmission resource. After completion of the VoIP packet
processing, the terminal transitions to and maintains the sleep mode until the
starting point of the next active period.
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For the downlink, the completion of VoIP packet processing means that
the terminal successfully receives the VoIP packet through a specific HARQ
process, or fails to receive the VoIP packet due to a limited maximum number of
retransmissions. For the uplink, the completion of VoIP packet processing
means that the terminal successfully transmits the VoIP packet through a specific
HARQ process, or fails to transmit the VoIP packet due to the limited maximum
number of retransmissions.

FIG. 8 shows another example of a DRX reception operation of a terminal
according to the present invention. A terminal receives, in step 805, DRX
configuration information for an arbitrary service, signaled from a base station.
The service can be a VoIP service, and the DRX configuration information can
include a DRX cycle length. When a persistent transmission resource is used for
the service, length information of a transmission resource allocation period for the
persistent transmission resource is also signaled together.

The terminal monitors in step 810 a downlink shared control channel until
a persistent transmission resource is allocated thereto. When it is determined in
step 815 that a persistent transmission resource is allocated thereto, the terminal
proceeds to step 820 where it recognizes, as a starting point of a DRX cycle, the
time at which the terminal has received a control message including the persistent
transmission resource allocation information. That is, when the time at which
the terminal has received a control message including the persistent transmission
resource allocation information is defined as ‘t’, the starting point of the DRX
cycle is calculated using Equation (1).

DRX cycle starting point =t + n x DRX cycle length (for n = 0 or integer
greater than 0)

In step 825, the terminal processes the packet using the allocated
persistent transmission resource. When the persistent transmission resource is
an uplink transmission resource, the terminal transmits the packet over the uplink
using the persistent transmission resource. When the persistent transmission
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resource is a downlink transmission resource, the terminal receives the packet
over the downlink using the persistent transmission resource.

Thereafter, the terminal determines in step 830 whether the packet
processing is completed. When the packet processing using the persistent
transmission resource is completed, the terminal proceeds to step 835 where the
terminal transitions to and maintains a sleep mode until the next DRX cycle
starting point.

The DRX reception operation according to this example of the present
invention, shown in FIGs. 7 and 8, can be performed in the packet reception
apparatus of the terminal shown in FIG. 6. Operations performed in the packet
reception apparatus of the terminal shown in FIG. 6 will be summarized herein
below.

For example, the receiver 630 receives, from a base station, configuration
information for a DRX service, comprising a DRX cycle length. The DRX
controller 625 sets, as a starting point of the DRX cycle, the point at which a first
packet is received from the base station. In addition, the DRX controller 625
controls the receiver 630 to receive a packet from the base station for an active
period at the beginning of the starting point. On the contrary, the DRX
controller 625 controls the receiver 630 to wait for a next active period for a sleep
period that has a starting point defined as an ending point of the active period and
has an ending point which is spaced apart from a starting point of the active
period by the DRX cycle length.

As another example, the receiver 630 receives, from the base station,
configuration information for a DRX service, comprising a DRX cycle length .
The control channel processor 620 determines whether the base stationtransmits a
packet using a control message on the downlink control channel received by the
receiver 630. When it is determined that the base station transmits a packet, the
control channel processor 620 provides information on the time at which the first
downlink control channel is received from the base station . The DRX controller
625 sets a starting point of the DRX cycle using the provided time information.
In addition, the DRX controller 625 controls the receiver 630 so it receives a
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packet from the base station for an active period at the beginning of the starting
point. On the contrary, the DRX controller 625 controls the receiver 630 to wait
for a next active period for a sleep period that has a starting point defined as an
ending point of the active period and has an ending point which is spaced apart
from a starting point of the active period by the DRX cycle length.

In the foregoing examples, the configuration information for a DRX
service can comprise a number of packets to be received per DRX cycle further.
The DRX controller 625 can control transition from the active period to the sleep
period at the ending point of the active period, which is determined when as many
packets as a previously agreed to number of packets to be received per DRX
cycle are received. The DRX controller 625 can set a starting point of the DRX
cycle when the first packet received from the base station is a packet for the DRX
service. The packet for the DRX service can be a packet for the VoIP service. The
control message of the downlink control channel can comprise a persistent
transmission resource allocation information. Further, the control message of the
downlink control channel can comprise information of a transmission resource
allocation period for the persistent transmission resource.

" As can be understood from the foregoing description, a mobile
communication system supporting the DRX mode according to the present
invention sets an active period at a point at which a DRX packet is received,
thereby preventing a delay due to the DRX cycle.

While the invention has been shown and described with reference to
certain preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims. For example, although the present invention has been described herein
with reference to the LTE system, the present invention can be applied to all
mobile communication systems using a DRX reception operation without
separate modification.
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WHAT IS CLAIMED IS:

1. A method for receiving a packet by a terminal in a mobile
communication system including a base station providing a packet, and a terminal
that discontinuously receives a packet from the base station in Discontinuous
Reception (DRX) cycles each having an active period and a sleep period, the
method comprising:

receiving, from the base station, configuration information for a DRX
service, comprising a DRX cycle length;

setting, as a starting point of the DRX cycle, a point at which a first
packet is received from the base station;

receiving a packet from the base station for an active period at the
beginning of the starting point; and

transitioning to a sleep period that has a starting point defined as an
ending point of the active period and has an ending point which is spaced apart
from a starting point of the active period by the DRX cycle length, and waiting
for a next active period.

2. The method of claim 1, wherein the configuration information for
a DRX service further comprises a number of packets to be received per DRX
cycle.

3. The method of claim 2, wherein the transitioning to a sleep
period is performed at an ending point of the active period, which is determined
when the number of packets to be received per DRX cycle are received.

4. The method of claim 1, wherein the setting of a starting point of
the DRX cycle is performed when the first packet received from the base station
is a packet for the DRX service.

5. The method of claim 1, wherein the packet is a packet for a Voice
over Internet Protocol (VoIP) service.

6. An apparatus for receiving a packet by a terminal in a mobile
communication system including a base station providing a packet, and a terminal
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that discontinuously receives a packet from the base station in Discontinuous
Reception (DRX) cycles each having an active period and a sleep period, the
apparatus comprising:

a receiver for receiving, from the base station, configuration information
for a DRX service, comprising a DRX cycle length; and

a controller configured for:

setting, as a starting point of the DRX cycle, a point at which a first packet
is received from the base station;

controlling the receiver to receive a packet from the base station for an
active period at the beginning of the starting point; and

controlling the receiver to wait for a next active period for a sleep period
that has a starting point defined as an ending point of the active period and has an
ending point which is spaced apart from a starting point of the active period by
the DRX cycle length.

7. The apparatus of claim 6, wherein the configuration information
for a DRX service further comprises a number of packets to be received per DRX
cycle.

8. The apparatus of claim 7, wherein the controller controls

transition from the active period to the sleep period at an ending point of the
active period, which is determined when as many packets as the number of
packets to be received per DRX cycle are received.

9. The apparatus of claim 6, wherein the controller sets a starting
point of the DRX cycle when the first packet received from the base station is a
packet for the DRX service.

10. The apparatus of claim 6, wherein the packet is a packet for a
Voice over Internet Protocol (VoIP) service.

11. A method for receiving a packet by a terminal in a mobile
communication system including a base station providing a packet, and a terminal
that discontinuously receives a packet from the base station in Discontinuous
Reception (DRX) cycles each having an active period and a sleep period, the
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method comprising:

receiving, from the base station, configuration information for a DRX
service, comprising a DRX cycle length;

determining whether the base station transmits a packet using a control
message on a downlink control channel;

setting, as a starting point of the DRX cycle, a point at which the first
downlink control channel is received from the base station when it is determined
that the base station transmits a packet;

receiving the packet from the base station for an active period at the
beginning of the starting point; and

transitioning to a sleep period that has a starting point defined as an
ending point of the active period and has an ending point which is spaced apart
from a starting point of the active period by the DRX cycle length, and waiting
for a next active period.

12. The method of claim 11, wherein the configuration information
for a DRX service further comprises a number of packets to be received per DRX
cycle.

13. The method of claim 12, wherein the transitioning to a sleep
period is performed at an ending point of the active period, which is determined
when as many packets as the number of packets to be received per DRX cycle are
received.

14. The method of claim 11, wherein the setting of a starting point of
the DRX cycle is performed when a packet transmitted by the base station is a

packet for the DRX service.

15. The method of claim 14, wherein the packet for the DRX service
is a packet for a Voice over Internet Protocol (VoIP) service.

16. The method of claim 11, the control message of the downlink
control channel comprises a persistent resource allocation information.

17. The method of claim 16, the control message of the downlink
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control channel further comprises information of a resource allocation period for
the persistent resource.

18. An apparatus for receiving a packet by a terminal in a mobile
communication system including a base station providing a packet, and a terminal
that discontinuously receives a packet from the base station in Discontinuous
Reception (DRX) cycles each having an active period and a sleep period, the
apparatus comprising;:

a receiver for receiving, from the base station, configuration information
for a DRX service, comprising a DRX cycle length;

a control channel processor for determining whether the base station
transmits a packet using a control message on a downlink control channel
received by the receiver, and providing information on a time at which the first
downlink control channel is received from the base station when it is determined
that the base station transmits a packet ; and

a controller configured for:

setting a starting point of the DRX cycle using the provided time
information;

controlling the receiver to receive a packet from the base station for an
active period at the beginning of the starting point; and

controlling the receiver to wait for a next active period for a sleep period
that has a starting point defined as an ending point of the active period and has an
ending point which is spaced apart from a starting point of the active period by
the DRX cycle length.

19. The apparatus of claim 18, wherein the configuration information
for a DRX service further comprises a number of packets to be received per DRX
cycle.

20. The apparatus of claim 19, wherein the controller controls

transition from the active period to the sleep period at an ending point of the
active period, which is determined when as many packets as the number of
packets to be received per DRX cycle are received.

21. The apparatus of claim 18, wherein the controller sets a starting
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point of the DRX cycle when a packet transmitted by the base station is a packet
for the DRX service.

22. The apparatus of claim 21, wherein the packet for the DRX
service is a packet for a Voice over Internet Protocol (VoIP) service.

23. The apparatus of claim 18, the control message of the downlink
control channel comprises a persistent transmission resource allocation
information.

24. The apparatus of claim 23, the control message of the downlink

control channel further comprises information of a transmission resource
allocation period for the persistent transmission resource.
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