RV AV A UK R O
US 20050075148A1
a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2005/0075148 A1l

Park (43) Pub. Date: Apr. 7, 2005
(54) METHOD FOR CONTROLLING SLEEP Jun. 24, 2004 (KR) ccocveeereverevereerercreecnnes 47751/2004
MODE IN WIRELESS ACCESS
COMMUNICATION SYSTEM Publication Classification
(75) Inventor: Je()ng-H()()n Park, Yongin_sj (KR) (51) Int. CL7 oo, H04B 1/00; HO4B 7/00;
HO04M 1/00; HO4B 1/38
Correspondence Address: (52) US. Cl e 455/574; 455/68
DILWORTH & BARRESE, LLP
333 EARLE OVINGTON BLVD. 57 ABSTRACT

UNIONDALE, NY 11553 (US) A method for controlling a sleep mode in a wireless access

(73) Assignee: SAMSUNG ELECTRONICS CO communication system is disclosed. In the method, a base
: .

B station and a subscriber terminal share a predetermined
LTD., GYEONGGI-DO (KR) number of SI for a sleep mode control, and the base station
(21) Appl. No.: 10/911,944 sets a paging position by means of a predetermined BCID
assigned to subscriber terminals and the SI, so that the base
(22) Filed: Aug. 5, 2004 station can easily manage sleep intervals of the subscriber
terminals. Further, since information for a sleep interval
(30) Foreign Application Priority Data scheduling is not transmitted when the subscriber terminal
shifts to a sleep mode, the amount of traffic between the
Sep. 1, 2003 (KR) cveeeecereverecrerrerecneennes 60930/2003 subscriber terminal and the base station can be reduced.
100 200
! !
SUBSCRIBER BASE
TERMINAL - STATION

CONNECTION (5105)

ASSIGN BCID IN
CONSIDERATION ~S110
OF PAGING TIME POINT

BCID (8115)

SLP-REQ (PAGING
PERIOD INFORMATION) (5120)

SLP-RSP (S125)
SLEEP MODE !.,3130 DETERMINE PAGING
POSITION OF SUBSCRIBER
TERMINAL BY MEANS OF BCIDJ ™ 5169
CALCULATE
AWAKE FRAME FS135

L«

AND SLEEP PERIOD INDEX

PAGING POSITIONZ

GENERATE TRF-IND 3175

TRF-IND MESSAGE

5150

Positive traffic
indication?

A

1 GM 1030



Patent Application Publication Apr. 7,2005 Sheet 1 of 10

US 2005/0075148 A1
10 20
!
SUBSCRIBER BASE’
TERMINAL STATION
SLP-REQ MESSAGE (S31)
SLEEP TIME
SCHEDULING F 532
SLP-RSP MESSAGE (S33) |
>
SLEEP MODE i\,s34

/

SLEEP /
INTERVAL

{

|

INCREASE SLEEP \
INTERVAL BY TWICE B~ 539",
\

AWAKE MODE E,\,335

/

/| ¢_TRF-IND MESSAGE (S36)
LISTENING | :
INTERVAL | | TRF-IND MESSAGE
\
\\ < TRF-IND MESSAGE

S37

POSITIVE TRAFFI
INDICATION?

ACTIVE MODE -I—»SBS

FIG.1
(PRIOR ART)

2



Patent Application Publication Apr. 7,2005 Sheet 2 of 10 US 2005/0075148 A1

40
<SLP-REQ MESSAGE FORMAT>
o Bbits i Gbits i 10bits i 8bis
R b 4 A
FIG.2A
(PRIOR ART)
50a
<SLP-RSP MESSAGE FORMAT #1> ; DENIED
» 8 bits >ie 1 bits > 7 bits >
VESSAGe TYoE | -APPROVED | PESERVED

( ( (
51a 52a 53a

FI1G.2B
(PRIOR ART)



US 2005/0075148 A1

Patent Application Publication Apr. 7,2005 Sheet 3 of 10

(LMY ¥OMd)
J¢ Dld

ags s arS S 428 alg
/ ! ! ) ) )
JNBIN - moonm-xvw | moonm-nin | aanmsay | BAGHAdY SOt
< ses C Sgol e s@9 o sz e s.r o s4g
(3NOHdY : <Z# LYANHO JOVSSIN dSt-d18>
- |



US 2005/0075148 A1

Patent Application Publication Apr. 7,2005 Sheet 4 of 10

(LYV JOId)

¢ DId

b9 69 29 19
) ) ) )
JNLSOd- | 3dAL 3DVSSIN
U o aio AN INIWIOYNYI
“sagr >} 0 Mmog € sas o © sas
» S 821 >

<1VINHO4 3DVSSIN aNI-341>



Apr.7,2005 Sheet 5 of 10 US 2005/0075148 A1

Patent Application Publication

(LAV d0Ibd)
€Ol

[} [} 1 {

| ss | ss | ss | ss | ss | ss | S

T ! “ | P T T T B | r T ! ! |
| | | || | | | (ol | | m | o | |
| m ARl | | ! leAssul Pl | [eAsaly| m [BAIB)U| N m m
! ! busisn: | | | des)s P | jBuluaish I deg|3 A _

sa | sa S8 Sg sg S8 S8 S8 sg S8 S8 S9 S8
PGEHU) L (DY) L(E1HU) ) (214U 1 (LE+U) 3 (OF+U) 1 (B+U) 1 (B+U) 1 (L+U) 1 (9+U) | (G+U) 1 (b+U) | (E+U) |
| glWel} | BWel) ! alWeJ) | sWelj | BWEI) | SWeI) | SWel | SwWel) | swelj | dWel) | dWel} | dwely | dwel) |



Patent Application Publication Apr. 7,2005 Sheet 6 of 10 US 2005/0075148 A1
10‘0 200
SUBSCRIBER BASE
TERMINAL STATION
CONNECTION (S105)
ASSIGN BCID IN
CONSIDERATION

OF PAGING TIME POINT

I»SHO

BCID (S115)

SLP-REQ (PAGING

PERIOD INFORMATION) (S120)

SLP-RSP (S125)

SLEEP MODE EV3130

i»s135

>

CALCULATE
AWAKE FRAME

FRAME EQUAL TO
CALCULATED AWAKE
FRAME?

[VES
* AWAKE MODE IV3145

DETERMINE PAGING
POSITION OF SUBSCRIBER

TERMINAL BY MEANS OF BCIDf™ 5169

AND SLEEP PERIOD INDEX

TRF-IND MESSAGE

GENERATE TRF-IND

~S175

S150

Positive traffic
« indication?

YES

ACTIVE MODE E—»S1 60

FIG.4-



Patent Application Publication Apr. 7,2005 Sheet 7 of 10 US 2005/0075148 A1

INITIALIZE PAGING GROUP
BY MEANS OF BCID S205

5210

CONNECTION |
REQUESTED?

YES

ASSIGN BCID IN CONSIDERATION
OF PAGING TIME POINT 215

5220

SLEEP
IS REQUESTED?
YES

DETERMINE PAGING
POSITION OF CORRESPONDING
TERMINAL ON THE BASIS OF BCID OF
SUBSCRIBER TERMINAL REQUESTING | S225
SLEEP AND SLEEP PERIOD INDEX
SELECTED BY SUBSCRIBER TERMINAL

¥

TRANSMIT TRF-IND MESSAGE
TO CORRESPONDING TERMINAL
AT TIME CORRESPONDING ~ 5230
TO PAGING POSITION

NO

IS THERE TERMINAL HAVING
SLEEP STATE?

, IS THERE TERMINAL NEWL
e AEQUESTING SLEEP?

FIG.5



Patent Application Publication Apr. 7,2005 Sheet 8 of 10 US 2005/0075148 A1

CONNECTION IS REQUESTEDE—V 8305

SET BCID E.v3315

SLEEP REQUEST BY SLEEP 3320
PERIOD SELECTED

I S325
SLEEP REQUEST
APPROVED?

SLEEP MODE }vssso

CALCULATE AND 33
STORE AWAKE FRAME S

15 CURRENT FRAM NO

EQUAL TO CALCULATED AWAKE

YES

AWAKE MODE F3345

TRAFFIC INDICATION 3O

ECEIVED?

Y
ACTIVE MODE F3355 SLEEP MODE Iv 3360

> |

END FIG.6




Patent Application Publication Apr. 7,2005 Sheet 9 of 10 US 2005/0075148 A1

FIG.7A

HPi Frame number

10



Patent Application Publication Apr. 7,2005 Sheet 10 of 10 US 2005/0075148 A1

— O N oo |

FIG.7B

HPi Frame number

11



US 2005/0075148 Al

METHOD FOR CONTROLLING SLEEP MODE IN
WIRELESS ACCESS COMMUNICATION SYSTEM

PRIORITY

[0001] This application claims priority to an application
entitled “Method for controlling a sleep mode in wireless
access communication system” filed in the Korean Intellec-
tual Property Office on Sep. 1, 2003 and Jun. 24, 2004 and
assigned Serial Nos. 2003-60930 and 2004-47751, respec-
tively, the contents of each of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a wireless access
communication system, and more particularly to a method
for controlling a sleep mode in a wireless access commu-
nication system.

[0004] 2. Description of the Related Art

[0005] In a conventional cellular network [e.g. a Code
Division Multiplex Access (hereinafter, referred to as a
CDMA) network, a Global System for Mobile Communi-
cation (hereinafter, referred to as a GSM) network, etc.], a
slotted paging method is used for achieving a sleep mode.
That is, when terminals operating in the conventional cel-
lular network are not in an active mode, the terminals
operate in a sleep mode, in which power consumption is
reduced. The terminals periodically awake from the sleep
mode to determine if messages have been received. The
terminals are shifted to the active mode only when messages
have arrived; otherwise, the terminals re-enter the sleep
mode.

[0006] In the slotted paging method, since a paging slot,
which in monitored by the terminal itself, is predefined
between a base station and the terminal, each terminal has
only to awake at the appointed paging slot in order to check
its own paging message. For instance, a paging slot is
defined for each terminal in a CDMA system, and a paging
group is defined for each group of terminals in a GSM
system. Accordingly, CDMA and GSM terminals have only
to awake during the predetermined time periods. The pre-
determined time periods are fixed values specified by a
system, and thus are easily realized and managed in the
system.

[0007] However, in a wireless access communication sys-
tem (also known as a 4™ generation communication system)
the supports high speed services, it is difficult to control a
sleep mode. The reason for the difficulty in control is that in
an IEEE 802.16e communication system, which additionally
considers mobility of a subscriber terminal as compared
with an IEEE 802.16a communication system, a sleep mode
has a sleep interval that is increased according to an expo-
nential power of 2 of an initial sleep interval (or twice as
large as a previous sleep interval). It is not simple process to
manage a sleep mode starting point of time, a sleep interval,
and an awaking point of time for each of a plurality of
subscriber terminals, and therefore it is difficult to control
the sleep mode in the IEEE 802.16e communication system.

[0008] FIG. 1 is a flowchart illustrating a conventional
sleep mode controlling method proposed by the IEEE
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802.16e communication system. Typically, controlling a
sleep mode of the IEEE 802.16e communication system
begins with either a subscriber terminal request or by control
of a base station. Herein, FIG. 1 illustrates a sleep mode
controlling method which is started by a subscriber terminal
request.

[0009] Referring to FIG. 1, a subscriber terminal 10,
which desires to enter a sleep mode, sends a sleep request
message (hereinafter, referred to as an SLP-REQ message)
to a base station 20 (S31). The subscriber terminal 10 sends
a minimum size value (e.g. a min-window) and a maximum
size value (e.g. a max-window) of a sleep interval window
according to its configuration, and a value of a listening
interval, that is, a time interval during which the correspond-
ing terminal awakes and determines if a message has
become received. The unit of these values is a frame.

[0010] Next, the base station 20 having received the
SLP-REQ message performs a sleep time scheduling with
reference to preset sleep control information (e.g. the min-
window, the max-window, and the listening interval which
are allowable) (S32), and then sends a sleep response
message (hereinafter, referred to as an SLP-RSP message) to
the subscriber terminal 10 (S33). This SLP-RSP message
includes the number of frames (hereinafter, referred to as a
start-time) which remain until the subscriber terminal 10
enters the sleep mode, and a min-window value, a max-
window value and a listening interval value which are
approved by the base station 20. The unit of these values is
a frame.

[0011] The subscriber terminal 10 having received the
SLP-RSP message enters the sleep mode at the start-time
included in the SLP-RSP message (S34). The subscriber
terminal 10 awakes from the sleep mode after the sleep
interval passes, and checks whether or not there exist PDU
data which it should receive from the base station 20. That
is, if the sleep interval passes, the subscriber terminal 10
enters an awake mode (S35) and checks a traffic-indication
message (hereinafter, referred to as a TRF-IND message)
which is broadcast by the base station 20 during the listening
interval (S36). The TRF-IND message is information which
the base station 20 broadcasts to the subscriber terminal 10,
and includes basic connection identification (CIDs) of a
terminal to which PDU data should be transmitted.

[0012] The subscriber terminal 10 determines whether or
not its own basic CIDs (BCIDs) are included in the TRF-
IND message and then determines whether or not to awake
form the sleep mode. That is, when the terminal’s own
BCIDs are included in the received TRF-IND message, the
subscriber terminal 10 recognizes that there are PDU data to
be received, and thus awakes from the sleep mode. If the
TRF-IND message having been received by the subscriber
terminal 10 is a positive traffic indication (S37), the sub-
scriber terminal 10 is shifted to an active mode (S38).

[0013] In contrast, when the terminal’s own BCIDs are not
included in the received TRF-IND message, the subscriber
terminal 10 determines that no PDU data exists to be
transmitted to the subscriber terminal 10, and enters the
sleep mode again. If the TRF-IND message having been
received by the subscriber terminal 10 is a negative traffic
indication, the subscriber terminal 10 is shifted to the sleep
mode (S34) and then maintains the sleep mode during the
sleep interval.
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[0014] When the TRF-IND message is not the positive
traffic indication in step S37, the subscriber terminal 10
increases the sleep interval by twice as long as the prior
sleep interval (S39) and then maintains the sleep mode
during the increased sleep interval. The subscriber terminal
10 repeats the sleep mode and the awake mode until it is
shifted to the active mode, and increases the sleep interval
by twice as long as the prior sleep interval every repetition
period until the sleep interval comes into the max-window
which the base station 20 permits. In this way, the IEEE
802.16e communication system drives the sleep mode while
increasing the sleep interval by twice as long as the prior
sleep interval by means of the above-mentioned sleep update
algorithm. Accordingly, in the IEEE 802.16e communica-
tion system, a sleep interval becomes increased according to
an exponential power of 2, which makes it difficult for a base
station to manage each sleep interval of a plurality of
subscriber terminals.

[0015] In the IEEE 802.16¢ communication system, three
messages, that is, a SLP-REQ message, a SLP-RSP mes-
sage, and a TRF-IND message, are defined between a
subscriber terminal and a base station in order for the
subscriber terminal to enter a sleep mode.

[0016] FIGS. 2a to 2d are views showing conventional
message formats transceived between a base station and a
subscriber terminal in order to control the sleep mode as
described above. That is, FIG. 22 shows a format of a
SLP-REQ message 40, FIG. 2b shows a format of a SLP-
RSP message 50a used in denying a sleep mode, FIG. 2¢
shows a format of a SLP-RSP message 50b used in approv-
ing a sleep mode, and FIG. 2d shows a format of a TRF-IND
message 60.

[0017] Referring to FIG. 24, the SLP-REQ message 40
includes a management message type (8 bits) 41, a min-
window (6 bits) 42, a max-window (10 bits) 43, and a
listening interval (8 bits) 44. The SLP-REQ message 40 is a
dedicated message transmitted on the basis of a connection
ID (CID) of a subscriber terminal, representing a request of
a sleep mode by the subscriber terminal.

[0018] Herein, the management message type 41 is infor-
mation representing the message types that are currently
being transmitted. For instance, when the management mes-
sage type is ‘45°, it means that the corresponding message
is an SLP-REQ message. The management message type 41
consists of 8 bits.

[0019] The min-window 42 represents a start value
requested for the sleep interval (measured in frames), and
the max-window 43 represents a stop value requested for the
sleep interval (measured in frames). That is, the sleep
interval is updated while being increased according to an
exponential power of 2 of the min-window value within a
range from the min-window value to the max-window value.

[0020] The listening interval 44 represents a requested
listening interval (measured in frames).

[0021] Herein, all of the min-window 42, the max-window
43, and the listening interval 44 are set in the unit of a frame.

[0022] Referring to FIG. 2b, the SLP-RSP message 50a
used in denying a sleep mode request includes a manage-
ment message type (8 bits) 51a, a sleep-approved area (1 bit)
52a, and a reserved area (7 bits) 53a. This SLP-RSP message
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50a is a dedicated message transmitted on the basis of the
connection ID (CID) of the subscriber terminal, and is a
message setting a sleep timing of a the subscriber terminal
after scheduling of a sleep time of the subscriber terminal in
a base station.

[0023] Herein, the management message type 51a is infor-
mation representing the message types that are currently
being transmitted. For instance, when the management mes-
sage type is ‘46°, it means that the corresponding message
is an SLP-RSP message.

[0024] The sleep-approved area 52a is expressed in 1 bit.
When the sleep-approved area 52a is zero, the subscriber
terminal cannot be shifted to the sleep mode. The reserved
area 53a is an preparatory area.

[0025] Referring to FIG. 2¢, the SLP-RSP message 505,
which is transmitted to a subscriber terminal when a base
station approves a sleep request, includes a management
message type (8 bits) 51b, a sleep-approved area (1 bit) 52b,
a start-time (7 bits) 53b, a min-window 54b, a max-window
55b and a listening interval 56b.

[0026] The management message type 51b is information
representing the message types that are currently being
transmitted. For instance, when the management message
type is ‘46°, it means that the corresponding message is an
SLP-RSP message.

[0027] The sleep-approved area 52b is expressed in 1 bit.
When the sleep-approved 52b is ‘1°, the sleep-mode request
is approved.

[0028] The start-time 53b represents values of frames
required until the subscriber terminal enters a first sleep
interval, from which a frame having received the SLP-RSP
message is excluded. The subscriber terminal is state-tran-
sited into the sleep mode after passing through frames from
a frame positioned next to a frame receiving the sleep mode
response message to frames corresponding to the start time.

[0029] The min-window 54b represents a start value for
the sleep interval (measured in frames), the max-window
55b represents a stop value for the sleep interval (measured
in frames), and the listening interval 56b represents a value
for a listening interval (measured in frames).

[0030] Referring to FIG. 2d, the TRF-IND message 60
includes a management message type (8 bits) 61, the number
of positive subscribers (NUM-POSITIVE) (8 bits) 62 and
connection Ids CIDs of the respective positive subscribers
(16 bits) 63 and 64. Differently from the SLP-REQ message
and the SLP-RSP message, the TRF-IND message 60 is
transmitted in a broadcasting method.

[0031] First, the management message type 61 is infor-
mation representing the message types that are currently
being transmitted. For instance, when the management mes-
sage type 61 is ‘47°, it means that the corresponding
message is a TRF-IND message.

[0032] The number of positive subscribers 62 represents
the number of subscriber terminals to which packet data will
be transmitted, and the connection IDs of the respective
positive subscriber 63 and 64 include connection identifi-
cation information the number of which corresponds to the
number of the positive subscribers.
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[0033] FIG. 3 is a diagram for explaining a conventional
sleep interval update algorithm proposed by the IEEE
802.16e communication system. In FIG. 3, a reference mark
‘SS’ represents a subscriber terminal, a reference mark ‘BS’
represents a base station, and a box in which the ‘SS’ and
‘BS’ are written represents a frame.

[0034] FIG. 3 shows that the subscriber terminal SS
requests a sleep mode to the base station BS at Nth frame
(S71), and repeats a sleep interval and a listening interval
when the base station BS responds to the sleep request by
designating a sleep mode start time as (N+3)th frame at
(N+Dth frame (S72). The initial sleep interval consists of
two frames, but the second sleep interval consists of four
frames corresponding to twice as many as the initial sleep
interval.

[0035] Inthe typical IEEE 802.16e communication system
as described above, since subscriber terminals request a
sleep mode at different time points and sleep intervals of the
subscriber terminals become increased according to an
exponential power of 2, it is difficult for a base station to
manage the sleep intervals of the subscriber terminals.
Further, it is difficult to manage the subscriber terminals in
a group unit.

SUMMARY OF THE INVENTION

[0036] Accordingly, the present invention has been made
to solve the above-mentioned problems occurring in the
prior art, and a first object of the present invention is to
provide a method for controlling a sleep mode in a wireless
access communication system, which enables a base station
to easily manage sleep intervals of subscriber terminals.

[0037] A second object of the present invention is to
provide a method for controlling a sleep mode, which can
reduce the amount of traffic for a broadcasting message
transmission by grouping subscriber terminals and manag-
ing in a base station the grouped the subscriber terminals of
a wireless access communication system.

[0038] A third object of the present invention is to provide
a method for controlling a sleep mode, which can reduce the
amount of traffic between a subscriber terminal and a base
station by not transmitting information for a sleep interval
scheduling when a subscriber terminal is state-transited into
a sleep mode.

[0039] In order to accomplish the aforementioned objects,
according to one aspect of the present, there is provided a
method for controlling a sleep mode in a wireless access
communication system including a base station and sub-
scriber terminals, the method including the steps of assign-
ing to the subscriber terminals connected to the base station
a group identifier for grouping subscriber terminals assign-
ing a preset index value from a plurality of preset index
values for a sleep period control to the subscriber terminal
through a negotiation between the base station and the
subscriber terminal having requested a state-transition into
the sleep mode; and determining a listening position using
the group identifier of the subscriber terminal having
requested the state-transition into the sleep mode and an
index value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
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following detailed description taken in conjunction with the
accompanying drawings, in which:

[0041] FIG. 1 is a flowchart illustrating a conventional
sleep mode controlling method;

[0042] FIGS. 2a to 2d are views showing conventional
message formats transceived between a base station and a
subscriber terminal in order to control a sleep mode;

[0043] FIG. 3 is a diagram illustrating a conventional
sleep interval update algorithm;

[0044] FIG. 4 is a flowchart illustrating processing pro-
cedures between a base station and a subscriber terminal for
controlling a sleep mode according to one embodiment of
the present invention;

[0045] FIG. 5 is a flowchart illustrating steps performed
by the base station in order to control a sleep mode accord-
ing to one embodiment of the present invention;

[0046] FIG. 6 is a flowchart illustrating steps performed
by the subscriber terminal in order to control a sleep mode
according to one embodiment of the present invention; and

[0047] FIGS. 7a to 7b are views illustrating an example in
which a sleep mode is controlled by a sleep mode control
method according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0048] Hereinafter, a preferred embodiment according to
the present invention will be described with reference to the
accompanying drawings. In the following description of the
present invention, a detailed description of known functions
and configuration incorporated herein will be omitted when
it may obscure the subject matter of the present invention.

[0049] FIG. 4 is a flowchart illustrating processing pro-
cedures between a base station and a subscriber terminal for
controlling a sleep mode according to an embodiment of the
present invention.

[0050] Referring to FIG. 4, in order to control a sleep
mode according to one embodiment of the present invention,
a base station and a subscriber terminal in a wireless access
communication system must perform a step of sharing
multiple preset index values (SI: sleep period indexes)
(hereinafter, referred to as an index value) for controlling a
sleep period. Herein, the index value has multiple values of
a preset sleep unit time [e.g. frame (256 frame)]“F”. It is
preferable that the SI is set as four numerals (i.e. 00, 01, 10,
11) expressed in a 2 bit value. That is, the base station and
the subscriber terminal must already know that the four
numerals are used as the index value.

[0051] A relation between this index value and a sleep
period (hereinafter, referred to as a_P) is expressed by the
following equation 1.

P=F*(SI+1) ™

[0052] where P represents a sleep period set in the
subscriber terminal, F represents a preset sleep unit
time, and SI represents sleep period setting informa-
tion such as the index value. For example, in the case
in which F is 256 frames, when SI such as the index
value is ‘00(0;,)’, the base station transmits a broad-
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casting message to the subscriber terminal, and P, in
which the subscriber terminal awakes to check the
messages, is 256 frames [equal to 256 frames*(0+
1)]. Further, when SI is ‘01(1,,)’, P is 512 frames
[equal to 256 frames*(1+1)]. When ST is ‘10(2,,)’, P
is 768 frames [equal to 256 frames*(2+1)]. When SI
is ‘11(3,0)’, the ‘P’ is 1024 frames [equal to 256
frames*(3+1)].

[0053] Referring now to FIG. 1 in the case in which the
base station 200 and the subscriber terminal 100 share SI,
when the subscriber terminal 100 is connected to the base
station 200 (S105), the base station 200 assigns predeter-
mined a basic connection ID (hereinafter, referred to as a
BCID) to the subscriber terminal 100 (S110 and S115).
When all initial terminals are initialized as a same SI, the
base station 200 assigns the same predetermined number of
ciphers of the BCID to terminals which will be formed into
a group having the same sleep start time. For example, the
base station typically selects low-ranked 8 bits from 16 bits
forming a BCID of the subscriber terminal as a value (e.g.,
group identifier) achieving a group having the same sleep
start time. Accordingly, subscriber terminals, which receive
the BCID having the same value of low-ranked 8 bits from
the base station, start an operation of a sleep mode at the
same time point. Also, a separate bit value for achieving the
group having the same sleep start time may be generated and
added. Further, the base station 200 waits for a sleep request
by the subscriber terminal 100. In this case, the maximum
number of the groups having the same sleep start time is
1024 (28+4, the number of SI).

[0054] Also, in order to state-transit into a sleep mode, the
subscriber terminal 100 selects one from among the index
values (e.g. 00, 01, 10, 11), and transmits a sleep request
message (hereinafter, referred to as an SLP-REQ message)
including the selected index value to the base station 200
(S120). Herein, the index value is the same as description
described above.

[0055] Next, the base station 200 receiving the SLP-REQ
message transmits to the subscriber terminal 100 a response
message SLP-RSP, which responds to the sleep request,
(S125). Herein, the response message includes whether or
not the index value selected by the subscriber terminal 100
can be approved.

[0056] For instance, when the index value selected by the
subscriber terminal 100 can be approved, the base station
200 transmits the response message containing the index
value. Otherwise, the base station 200 transmits a response
message containing another index value which can be
approved.

[0057] Further, the subscriber terminal 100 receiving the
response message determines a sleep start time by the BCID
received from the base station 200 in step S115, and calcu-
lates an awake frame (i.e. a listening position) of the
subscriber terminal 100 by means of the BCID and the index
value contained in the received response message in step
S125 (S135).

[0058] When the awake frame period of the subscriber
terminal 100 is calculated in step S135, the subscriber
terminal 100 determines whether or not a current frame is
equal to the awake frame calculated in step S135 (S140).
When the current frame is equal to the awake frame calcu-
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lated in step S135, the subscriber terminal 100 operates in an
awake mode (S145). That is, the subscriber terminal 100
awakes and checks a broadcasting message (hereinafter,
referred to as a TRF-IND message) transmitted to itself.

[0059] In contrast, from the result of the determination
(S140), when the current frame is not equal to the awake
frame calculated in step S135, the subscriber terminal 100
operates in the sleep mode (S155).

[0060] Also, when the subscriber terminal 100 operating
in the awake mode in step S145 receives the TRF-IND
message from the base station 200, the subscriber terminal
100 checks whether or not a BCID of the subscriber terminal
100 is included in the received TRF-IND message (S150).
The subscriber terminal 100 checks whether or not the
received TRF-IND message is a positive traffic indication.
From the result of the check (S150), when the received
TRF-IND message is a positive traffic indication, the sub-
scriber terminal 100 state-transits into an active mode
(S160). In contrast, when the received TRF-IND message is
not the positive traffic indication, the subscriber terminal 100
re-shifts to the sleep mode (S155).

[0061] The base station 200 transmitting a SLP-RSP mes-
sage to the subscriber terminal 100 in step S125 determines
a listening position of the subscriber terminal 100 by means
of the BCID of the corresponding subscriber terminal 100
and an index value included in the SLP-RSP message
(S165). Herein, it is preferred that the base station 200
determines a listening position based on Equation 2.

Sb*(SI+1)=FN mod(F*(SI+1)) @

[0062] where Sb represents a BCID set in a corre-
sponding subscriber terminal, F represents a preset
sleep unit time, SI represents an index value, and FN
(24 bits) represents a frame number corresponding to
a listening position. It is preferred that Equation 2 is
used in step 125.

[0063] When the current frame comes into the determined
listening position (S170), the base station 200 generates the
TRF-IND message which includes the BCID of the sub-
scriber terminal 100 (S175), and then transmits the gener-
ated TRF-IND message to the subscriber terminal 100.

[0064] FIGS. 5 and 6 are flowcharts illustrating steps for
processing the above mentioned process in the base station
and the subscriber terminal, respectively.

[0065] FIG. 5 is a flowchart illustrating steps performed
by the base station in order to control the sleep mode
according to an embodiment of the present invention. Refer-
ring to FIG. 5, in order to control the sleep mode according
to the embodiment of the present invention, the base station
initializes a listening group by the BCID of the subscriber
terminal connected to the a corresponding base station
(S205). Initializing a listening group signifies that the base
station sets a sleep start time according to the BCID of the
subscriber terminal.

[0066] Next, when the subscriber terminal requests a con-
nection (8210), the base station assigns the BCID to the
subscriber terminal (S215). When a SLP-REQ message is
received from the subscriber terminal (S220), the base
station determines a listening position of the corresponding
subscriber terminal on the basis of the BCID of the sub-
scriber terminal requesting a sleep mode and the index value
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selected by the subscriber terminal (S225). When the index
value selected by the subscriber terminal is improper, the
base station assigns another index value to the subscriber
terminal and determines a listening position of a correspond-
ing subscriber terminal by means of the index value.

[0067] Next, the base station transmits the TRF-IND mes-
sage to the corresponding subscriber terminal at a time
corresponding to the determined listening position (S230).
This step (S230) repeats while terminals having a sleep state
exist. Further, when there are no terminals having the sleep
state (S235), the base station understands whether or not
there are terminals newly requesting a sleep mode from
among subscriber terminals connected in advance (S240).
From the result of the understanding, when there are termi-
nals newly requesting the sleep, the base station repeats the
steps (S225 to S235).

[0068] FIG. 6 is a flowchart illustrating steps performed
by the subscriber terminal in order to control a sleep mode
according to one embodiment of the present invention.
Referring to FIG. 6, the steps performed by the subscriber
terminal in order to control the sleep mode according to one
embodiment of the present invention is as follows.

[0069] The subscriber terminal requests a connection to a
random base station (S305), receives a BCID from the base
station (S310), and sets a BCID of the subscriber terminal
(S315). The subscriber terminal selects a preset index value
to request the sleep mode in order to control a sleep period
(S320). The subscriber terminal selects a random one from
among the preset predetermined number of index values and
then requests the sleep mode.

[0070] When the sleep mode request is approved by the
base station (S325), the subscriber terminal state-transits to
the sleep mode (S330). The subscriber terminal calculates
and stores an awake frame (i.e., listening position) of the
subscriber terminal by means of the BCID of the corre-
sponding subscriber terminal and the index value (the value
designated by the subscriber terminal or the value desig-
nated by the base station) approved by the base station
(S335). The awake frame of the subscriber terminal is
calculated by equation 2.

[0071] When a current frame is equal to the calculated
awake frame, the subscriber terminal 100 changes the sleep
mode into the awake mode (S345). Since the next steps
S350, S355, and S360 correspond to steps S150, S160, and
S155 in FIG. 4, a description for steps S350, S355, and S360
is omitted.

[0072] FIGS. 7a to 7b are views illustrating an example in
which a sleep mode is controlled by a sleep mode control
method according to an embodiment of the present inven-
tion.

[0073] FIG. 7a shows an example in which the BCID of
the subscriber terminal is 0x0001 and the SI has a value of
‘010
[0074] If the values are putted into equation 2, the fol-
lowing equation 3 is obtained.

1=FN mod(256*(0+1)) ©)

[0075] where the start time is 1, and listening position
is a set of numerals having a remainder of 1 if
divided by 256, [i.e. numerals of (multiples of 256)+
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1]. listening position is identical to the listening
position shown in FIG. 7a.

[0076] FIG. 7b shows an example in which the BCID of
the subscriber terminal is 0x1002 and the SI has a value of
‘1o

[0077] 1If the values are input into equation 2, the follow-
ing equation 4 is obtained.

4=FN mod(256*(1+1)) ®

[0078] where the start time is ‘4’, and listening posi-
tion is a set of numerals having a remainder is ‘4" if
divided by 512. listening position is identical to the
listening position shown in FIG. 7b.

[0079] As a result, since subscriber terminals having the
same index values from among the subscriber terminals
having the same group identifiers have the same sleep start
times and the same listening periods, the subscriber termi-
nals have the same listening positions.

[0080] In a method for controlling a sleep mode in a
wireless access communication system, the base station and
the subscriber terminal share the predetermined number of
SI for the sleep mode control, and the base station sets the
paging position by means of the predetermined BCID
assigned to subscriber terminals and the SI, so that the base
station can easily manage sleep intervals of the subscriber
terminals. Further, since information for a sleep interval
scheduling is not transmitted when the subscriber terminal
state-transits to the sleep mode, traffic amount between the
subscriber terminal and the base station can be reduced.

[0081] 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.

What is claimed is:

1. A method for controlling a sleep mode in a wireless
access communication system including a base station and
subscriber terminals, the method comprising the steps of:

a) assigning to subscriber terminals connected to the base
station a group identifier for grouping the subscriber
terminals;

b) assigning an index value from among a plurality of
index values for a sleep period control to a subscriber
terminal through a negotiation between the base station
and the subscriber terminal having requested a state-
transition into the sleep mode; and

¢) determining a listening position based on the group
identifier of the subscriber terminal having requested
the state-transition into the sleep mode and an index
value.
2. The method as claimed in claim 1, wherein the group
identifier is used to determine a start time of a sleep mode.
3. The method as claimed in claim 2, wherein the group
identifier uses an inherent basic connection identification.
4. The method as claimed in claim 1, wherein the index
value is determined by a response of the base station when
the subscriber terminal selects and requires an index values.



US 2005/0075148 Al

5. The method as claimed in claim 1, wherein the index
value has multiple values of a preset sleep period unit time
and determines the listening position.

6. The method as claimed in claim 1, wherein step c) is
performed simultaneously and independently by the sub-
scriber terminal and the base station.

7. The method as claimed in claim 6, wherein the listening
position is determined by

Sb*(SI+1)=FN mod {F*(SI+1)}

where Sb represents a group identifier, SI represents an
index value, F represents a preset sleep unit time, and
FN represents a frame number corresponding to a
listening position.

8. The method as claimed in one of claim 1, further
including a step of generating and transmitting a traffic-
indication message, which contains a basic connection ID of
a corresponding subscriber terminal, at a time corresponding
to the listening position.

9. The method as claimed in one of claim 2, further
including a step of generating and transmitting a traffic-
indication message, which contains a basic connection ID of
a corresponding subscriber terminal, at a time corresponding
to the listening position.

10. The method as claimed in one of claim 3, further
including a step of generating and transmitting a traffic-

17

Apr. 7, 2005

indication message, which contains a basic connection ID of
a corresponding subscriber terminal, at a time corresponding
to the listening position.

11. The method as claimed in one of claim 4, further
including a step of generating and transmitting a traffic-
indication message, which contains a basic connection ID of
a corresponding subscriber terminal, at a time corresponding
to the listening position.

12. The method as claimed in one of claim 5, further
including a step of generating and transmitting a traffic-
indication message, which contains a basic connection ID of
a corresponding subscriber terminal, at a time corresponding
to the listening position.

13. The method as claimed in one of claim 6, further
including a step of generating and transmitting a traffic-
indication message, which contains a basic connection ID of
a corresponding subscriber terminal, at a time corresponding
to the listening position.

14. The method as claimed in one of claim 7, further
including a step of generating and transmitting a traffic-
indication message, which contains a basic connection ID of
a corresponding subscriber terminal, at a time corresponding
to the listening position.





