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(57) Abstract: A method of verifying availability of a mobile sub-
scriber station that is in an idle-mode includes requesting o a base
station by the mobile subscriber station to enter an idle-mode, whercin
the base station is associated with a paging group comprising a plural-
ity of basc stations, and receiving from the base station an idle-mode
response command to enter the idle-mode. The method also includes
receiving from the base station a paging command comprising an ac-
tion code associated with performing ranging while the mobile sub-
scriber station is in the idle-mode to verify availability of the mobile
subscriber station with respect to the base station, wherein if the rang-
ing is not successfully performed with the base station ducing a pre-
determined period, the base station continues to transimit the paging
command until a paging retrial count reaches a predetermined thresh-

Fiel¢ Size Motes
MOR_PAG-
ADY Message formai(}]
Viimagenent Message 8
lype 7 bits
Num Poging Group Ds 3 Number of Paging Croup
- bits 1ds in this message
Far(:=0; 1
i<Num_Paging_Group [Ds;
D
Paging Group T §
g tneip bits
) old.
. Number of MSS MAC Acdressos
Forfj=rj<Nura_MACs; in message an bo determined
im{ from the leng-h of the message
(found in e generic MAC hdader.)
The hash is obtained by comprting
MSS MAC addzass hesh 2.‘| aCRC24 on the MSS j’ﬁ»anAC
tits | address. Ine polynomial for the
caleulation: 1 h864CEB,
Paging action instruction to MSS
Action Coie 3| 90 No Action Reqired
fmiacs bitg | O1-Perfom Renging to ceiebish
Tocation and ackrow clgo message
10-Enter Network
11=Reserved
Reseree. 6
hits
!
)




WO 2006/001673 A1 |1 IAI0 A0 O

Huropean (AT, BE, BG, CTT, CY, C7, DE, DK, FE, ES, FI,
IR, GB, GR, U, I 1S, T LL LU, MC, NL, PL, PT,RQO,
81, SI, SK,'TR), OAPI (BI{ B), CI; CG. CI, CM, GA, GN,  ning of each regular issue of the PCT Gazette.
GQ, GW, MI,, MR, NE, SN, TD, TG).

Published:

—  with international search report

For iwa-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-




WO 2006/001673 PCT/KR2005/001998

[DESCRIPTION]
VERIFYING AVAILABILITY OF IDLE-MODE MOBILE SUBSCRIBER STATION

IN WIRELESS ACCESS SYSTEM

5 Technical Field
[0001]  The present invention relates generally to a wireless access system and,
more particularly, to verifying availability of an idle-mode mobile subscriber station in a

wireless access system.

10 Background Art

[0002] Broadband wireless access systems typically support an idle-mode to
minimize the power consumption of a mobile subscriber station (MSS). During the idle-
mode, the MSS does not perform a handover procedure when moving between base stations
in the same paging zone. Therefore, the MSS does not need to transmit uplink information

15  for the handover procedure, which reduces corresponding power consumption.

[0003] A paging zone is defined as a zone that is controlled by a plurality of base
stations called a paging group. Each of the base stations in the paging group has the same
paging cycle (Paging_Cycle) and the same paging offset (Paging Offset).

[0004]  The MSS may make a request to a base station to switch to the idle-mode.

20 The base station then provides a paging message including its paging-group ID, a
corresponding paging cycle, and a corresponding paging offset. The corresponding MSS

may thus be switched to the idle-mode. During the idle-mode, the MSS may determine
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whether to continue or terminate the idle-mode based on the paging message provided by
the base station at each paging cycle.

[0005]  If traffic needs to be transmitted by the MSS while in the idle-mode, the
MSS may terminate the idle-mode. For example, the MSS may be enabled to terminate the
idle-mode by the BS. Furthermore, if the MSS moves to another paging zone or loses its
sync while in an idle-mode and is unable to receive a paging at a predefined time, the MSS
may terminate the idle-mode.

[0006]  When the MSS is in the idle-mode, the MSS normally receives a periodic
paging to secure its free move in the same paging zone without performing the handover
procedure as long as there exists no traffic to receive or transmit.

[0007] A procedure of an MSS entering an idle-mode is explained in detail as
follows. The MSS delivers an idle-mode request message to a serving BS to enter the idle-
mode. The serving BS provides a paging group ID, a paging cycle, a paging offset to the
MSS via an idle-mode response message. The serving BS also releases connection
information to the MSS, as well a$ radio resources allocated to the MSS. Furthermore, the
serving BS provides a MAC address of the MSS entering the idle-mode to BSs of its
paging group so that each of the BSs may page the comresponding MSS by the same paging
cycle.

[0008]  The MSS is allowed to enter the idle-mode via the idle-mode response
message after a detcrmination of whether there is downlink raffic that needs to be
delivered to the MSS by evaluating a paging message of a broadcast format delivered from
the BS according to the paging cycle. Determinations are also made of whether to perform

a ranging and whether to maintain the idle-mode.




10

15

20

WO 2006/001673 PCT/KR2005/001998

[0009] FIG. 1 is a diagram showing a format of a paging message received by an
{dle-mode mobile subscriber station (MSS) from a base station (BS).

[0010] Referring to FIG. 1, if the paging message states that there is downlink
traffic for the MSS, the MSS terminates the idle-mode and re-registers at a network to
receive the downlink traffic. If the MSS is requested to perform ranging via the paging
message, the MSS performs the ranging to allow the BS to update a location of the MSS
and an idle-mode MSS list. If the paging message instructs the MSS to take no action, the
MSS maintains the idle-mode.

[0011]  Thereafter, if uplink or downlink traftic nceds to be communicated or if the
paging group is handed over to another BS to terminate the MSS idle-mode, the BS informs
the other BSs belonging to the same paging group so that the other BSs may remove the
corresponding MSS from the idle-mode MSS list.

[0012] When the MSS is in the idle-mode, the MSS normally does not have uplink
traffic. Thus, in order to provide continuous availability of the MSS, the BS delivers the
paging message to the MSS to enable the corresponding MSS to perform the ranging. The
BS may verify the availability of the MSS only after receiving uplink information via a
ranging request from the MSS.

[0013] However, when the MSS is powered off, or when the MSS lies in a poor
channel environment, the MSS may fail to receive the paging message cven if the BS sets
up the paging message (e.g., an action code is set to ‘0x01 (perform ranging)’ or ‘0x02
(enter network)’) for delivery. Also, in such case, the BS may not receive the ranging
request message from the MSS. Thus, if the MSS is unable to normally operate, the BS

may determine that the MSS is no longer available. Furthermore, the BS may need to
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release all management resources (c.g., MAC address for paging, etc.) for the corresponding
MSS and have other BSs of the same paging group remove the corresponding MSS from their
idle-mode MSS lists.

It is not admitted that any of the information in this specification is common
general knowledge, or that the person skilled in the art could be reasonably expected to have

ascertained, understood, regarded it as relevant or combined it in anyway at the priority date.
Disclosure of Invention

[0014] Accordingly, the present invention is directed to verifying availability of an idle-
mode mobile subscriber station in a wireless access system that substantially obviates one or

more problems of the related art.

[0015] Described herein is a method of updating a list of available idle-mode mobile
subscriber stations (MSSs) by a base station (BS) using a paging message delivered to MSSs.

[0016] Additional advantages, objects, and features of the invention will be set forth in
part in the description which follows and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be learned from practice of the
invention. The objectives and other advantages of the invention may be realized and attained by
the structure particularly pointed out in the written description and claims hereof as well as the

appended drawings.

[0017] To achieve these objects and other advantages and in accordance with the purpose
of the invention, as embodied and broadly described herein, in one embodiment, a method of
verifying availability of a mobile subscriber station that is in an idle-mode includes requesting to
a base station by the mobile subscriber station to enter an idle-mode, wherein the base station is
associated with a paging group comprising a plurality of base stations, and wherein each base
station in the same paging group maintains an idle mode list. The method also includes receiving
from the base station an idle-mode response command to enter the idle-mode, the idle-mode
response command comprising at least one of a paging identifier, a paging cycle and a paging
cycle offset. The method also includes receiving from the base station a paging command

comprising an action code associated with performing ranging, wherein if a ranging request is
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not received by the base station during a predetermined period, the base station continues to
transmit the paging command until a paging retrial count reaches a predetermined threshold and
each idle-mode list of each base station in the same paging group is updated to remove the
mobile subscriber station in response to a backbone message from the base station, the backbone
message being associated with unavailability of the mobile subscriber station in the same paging

group.

[0018] The paging command may preferably be received when there is no downlink data.
When the paging retrial count reaches the predetermined threshold, then the mobile subscriber
station may preferably be removed from an idle-mode list maintained by the base station. The
removal of the mobile subscriber station of the idle-mode list may preferably be performed in

each one of the plurality of base stations in the paging group.

10019] The predetermined period may preferably be the paging cycle. Altematively, the
predetermined period may be based on a time expiration associated with a maximum allotted
time for the mobile subscriber station to send the ranging request in response to the paging

command from the base station.

[0020] When the paging retrial count reaches the predetermined threshold, then the
mobile subscriber station may preferably be removed from an idle-mode list maintained by a
paging controller. The paging command may preferably be received when there is traffic data to

be downlinked to the mobile subscriber station.

[0021] In another embodiment, a method of verifying availability of a mobile subscriber
station that is in an idle-mode includes requesting to a paging controller by the mobile subscriber
station to enter an idle-mode, wherein the paging controller is associated with a paging group
comprising a plurality of base stations, and wherein each base station in the same paging group
maintains an idle mode list. The method further includes receiving from the paging controller an
idle-mode response command to enter the idle-mode, the idle-mode response command
comprising at least one of a paging identifier, a paging cycle and a paging cycle offset. The
method also includes receiving from the paging controller a paging command comprising an

action code associated with performing ranging , wherein if the ranging is not received by the
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paging controller during a predetermined period, the paging controller continues to transmit the
paging command until a paging retrial count reaches a predetermined threshold and each idle-
mode list of each base station in the same paging group is updated to remove the mobile
subscriber station in response to a backbone message from the base station, the backbone

message being associated with unavailability of the mobile subscriber station in the same paging

group.

[0022] In yet another embodiment, a method of verifying availability of a mobile
subscriber station that is in an idle-mode includes receiving a request to enter an idle-mode from
the mobile subscriber station, wherein a base station is associated with a paging group
operatively connected to a plurality of base stations and wherein each base station in the same
paging group maintains an idle-mode list. The method further includes transmitting to the mobile
subscriber station an idle-mode response command to enter the idle-mode in response to the
request to enter the idle-mode, the idle-mode response command comprising at least one of a
paging identifier, a paging cycle and a paging cycle offset. The method also includes
transmitting to the mobile subscriber station a paging command comprising an action code
associated with performing ranging , wherein if a ranging request is not received by the base
station during a predetermined period, the base station continues to transmit the paging
command until a paging retrial count reaches a predetermined threshold. The method also
includes determining that the mobile subscriber station is not available in the paging group. The
method also includes transmitting a backbone message to indicate that each idle-mode list of
each base station in the same paging group is to be updated to remove the mobile subscriber

station.

[0022a] In yet another embodiment the present invention provides a mobile subscriber
station for informing availability while in an idle-mode to a base station, the mobile subscriber
station comprising: means for requesting to a base station by the mobile subscriber station to
enter an idle-mode, wherein the base station is associated with a paging group comprising a
plurality of base stations, and wherein each base station in the same paging group maintains an
idle-mode list; means for receiving from the base station an idle-mode response command to
enter the idle-mode, the idle-mode response command comprising at least one of the paging
identifier, a paging cycle and a paging cycle offset; and means for receiving from the base station
a paging command comprising an action code associated with performing ranging, wherein if a

ranging request is not received by the base station during a predetermined period, the base




2137227

19 Jun 2009

2005257642

25

30

station continues to transmit the paging command until a paging retrial count reaches a
predetermined threshold and each idle-mode list of each base station in the same paging group is
updated to remove the mobile subscribe station in response to a backbone message from the base
station, the backbone message being associated with unavailability of the mobile subscriber

station in the same paging group.

[0022b] In yet another embodiment the present invention provides a base station for
verifying availability of a mobile subscriber station that is in an idle-mode, the base station
comprising; means for receiving a request to enter an idle-mode from the mobile subscriber
station, wherein the base station is associated with a paging group operatively connected to a
plurality of base stations, and wherein each base station in the same paging group maintains an
idle-mode list; means for transmitting to the mobile subscriber station an idle-mode response
command to enter the idle-mode in response to the request to enter the idle-mode, the idle-mode
response command comprising at least one of a paging identifier, a paging cycle and a paging
cycle offset; means for transmitting to the mobile subscriber station a paging command
comprising an action code associated with performing ranging, wherein if a ranging request is
not received by the base station during a predetermined period, the base station continues to
transmit the paging command until a paging retrial count reaches a predetermined threshold, and
each idle-mode list of each base station in the same paging group is updated to remove the
mobile subscribe station in response to a backbone message from the base station, the backbone
message being associated with unavailability of the mobile subscriber station in the same paging
group; means for determining that the mobile subscriber station is not available in the paging
group; and means for transmitting a backbone message to indicate that each idle mode list of
each base station in the same paging group is to be updated to remove the mobile subscriber

station.

[0022c¢] In yet another embodiment, the present invention provides a method of verifying
availability of a mobile subscriber station (MSS) that is in an idle mode, the method comprising:
receiving a de-registration request message from the MSS, the de-registration request message
requesting to enter idle mode; transmitting a de-registration command message to the MSS, the
de-registration command message including paging information that further includes information
related to at least one of paging group identification, paging cycle, and paging offset;
transmitting a paging message to the MSS, the paging message including an action code that

instructs the MSS to perform one of ranging operation and network entry; retransmitting the

-10-
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paging message to the MSS if a ranging request message is not received from the MSS until a
next paging listening interval, wherein a predefined paging retry counter is decremented by one
every time the paging message is retransmitted; determining that the MSS is unavailable if the
predefined paging retry counter reaches zero; and transmitting a backbone message over
backbone network to all base stations (BS) in a same paging group to remove the MSS from each
list of MSSs in idle mode.

[0023] It is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are intended to

provide further explanation of the invention as claimed.

[0024] The foregoing and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description of the present
invention when taken in conjunction with the accompanying drawings. It is to be understood that
both the foregoing general description and the following detailed description of the present
invention are exemplary and explanatory and are intended to provide further explanation of the

invention as claimed.

As used herein, except where the context requires otherwise the term “comprise” and
SN 13

variations of the term, such as “comprising”, “comprises” and “comprised”, are not intended to

exclude other additives, components, integers or steps.

Brief Description of Drawings

[0025] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with the description serve to explain the

principles of the invention,

[0026] FIG. 1 is a diagram showing a format of a paging message received by an idle-

mode mobile subscriber station (MSS) from a base station (BS).

[0027] FIG. 2 is a diagram showing verifying of availability of an MSS based on a
paging cycle in a wireless access system, according to one embodiment of the present invention.
[0028] FIG. 3 is a diagram showing verifying of availability of an MSS using a timer in a

wireless access system, according to one embodiment of the present invention.

[0029] FIG. 4 illustrates a signaling operation of the MSS in idle-mode, according

11-
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to one embodiment of the present invention.

Best Mode for Carrying Our the Invention

[0030]  Reference will now be made in detail to the preferred embodiments of the
present invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the drawings to
refer to the same or like parts.

[0031] In one embodiment, the present invention is implemented in a broadband
wireless access system. In another embodiment, the present invention is implemented in a
wireless communication system operating according to a non-broadband standard.

[0032] In yet another embodiment, when a mobile subsctiber station (MSS) is in
idle-mode, it checks for a perform ranging conmmand from a serving base station (serving
BS) at every paging cycle. In other words, the serving BS periodically send a perform
ranging command to the MSS to check whether the MSS is “alive”. If a perform ranging
command is present, then the MSS may send a ranging request to the serving BS. If the
serving BS does not receive a ranging request from the MSS, then the serving BS may
repeatedly sends the perform ranging command until a paging refrial threshold is met.
Once the paging retrial threshold is met, the serving BS removes the MSS from the idle-
mode MSS list.

[0033] In still another embodiment, a MSS enters an idle-mode and a serving BS is
enabled to verify availability of the MSS using various parameters, including a Paging
Retrial Count, and an Uplink Information Reception Standby Time (Ranging Request

Message Reception Standby Time). A mobile subscriber station is referred to as a MSS,

-12-
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regardless of whether or not it is in the idle-mode.

[0034]  The availability of the MSS may be verified using the Paging Retrial Count,
and the Uplink Information Reception Standby Time. Alternatively, the availability of the
MSS may be verified using the Paging Retrial Count only. Altemnatively, the availability of
the MSS may be verified using the Uplink Information Reception Standby Time only. The
Uplink Information Reception Standby Time may preferably be set equal to a paging cycle.
Alternatively, the Uplink Information Reception Standby Time may preferably bo
determined by a timer.

[0035]  The MSS may lose synchronization of the paging messages periodically
delivered from the serving BS, causing the MSS to fail to receive the paging messages from
the serving BS. If the MSS fails to receive the paging messages from the serving BS, the
MSS may perform a re-registration procedure to the network. On the other hand, if the
serving BS fails to receive uplink information from the MSS, despite requiring the MSS to
send the uplink information via the paging message, the serving BS may preferably decide
that the MSS is unavailable.

[0036]  The paging message is set up to deliver a ranging request to the serving BS
from the MSS. The MSS may deliver the ranging request to the serving BS via a
competition-based uplink ranging channel. If the serving BS requests a ranging execution
from the MSS, but fails to receive the ranging request message from the MSS for a
specified duration of a Ranging Request Message Reception Standby Time, the serving BS
may preferably determine that the ranging has failed.

[0037]  FIG. 2 is a diagram showing verifying of availability of an MSS based on a

paging cycle in a wireless access system, according to one embodiment of the present

13-
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invention.

[0038] Referring to FIG. 2, the MSS 210 enters the idle-mode by delivering a
registration release request (DREG-REQ) message to the serving BS 220. The serving BS
220 tesponds to the DREG-REQ message by delivering a paging group ID (PG-ID), a
paging cycle (PG-CYC), and a paging offset (PG-OFFSET) to the MSS 210. The serving
BS 220 also may release connection information to the MSS 210, and radio resources
allocated to the MSS 210,

[0039]  The serving BS 220 then provides a MAC address of the MSS 210 entering
the idle-mode to' BSs of the serving BS 220 paging group to enable each of the BSs to page
the MSS 210 by the same paging cycle. For example, each of the BSs may preferably
transmit a paging message (MOB-PAG-ADV) to instruct the MéS 210 to request a ranging,

[0040] The MSS 210 may be allowed to enter the idle-mode via the registration
release command (DREG-PAG-ADV), and may determine whether downlink traffic has
been delivered to the MSS 210 via the broadcast-formatted paging message delivered from
the serving BS 220 according to the paging cycle. The MSS 210 also may determine
whether to execute the ranging and/or whether to maintain the idle-mode. In verifying the
availability of the MSS 210 in FIG. 2, the paging cycle and the paging retrial count may be
utilized,

[0041]  After transmilting the paging message (MOB-PAG-ADV) (Action Code =
perform ranging or network eniry) to the MSS 210, the serving BS 220 stands by for the
paging cycle uniil a ranging request message is received from the MSS 210. If the serving
BS 220 does not receive uplink information from the MSS 210 before the time for

delivering the next paging message, e.g. after expiration of the paging cycle, the serving BS

-14-
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220 may preferably determine that the ranging has failed (ranging failure). In such case, the
availability of the MSS 210 may be verified using Uplink Information Reception Standby
Time. The serving BS 220 may determine that the MSS 210 is not available and remove the
MSS 210 from an idle-mode MSS list. Alternatively, a paging controller that is connected
1o a plurality of BSs may determine that the MSS 210 is not available and remove the MSS
210 from an idle-mode MSS list.

[0042] The paging retrial count indicates a count of retrials made by the serving BS
220 failing in receiving the ranging request from the MSS 210. The serving BS 220 may
deliver the paging message ((MOB-PAG-ADV) (Action Code = perform ranging or
network entry)) including a predefined paging retrial count to the MSS 210. If the serving
BS 220 fails to receive the ranging request from the MSS 210 despite delivery of the paging
message, the serving BS 220 may preferably determine that the MSS 210 is not available
and remove the MSS 210 from an idle-mode MSS list. Thus, the availability of the MSS
210 may be verified using two parameters, paging cycle and paging retrial count.

[0043]  If the serving BS 220 receives the ranging request from the MSS 210, the
serving BS 220 (or paging controller) may update the availability of the MSS 210 via the
idle-mode MSS list and notify the BSs belonging to the same paging group to enable the
BSs helonging to the same paging group to update their idle-mode lists, via a backbone
message.

[0044]  On the other hand, if the serving BS 220 fails to receive the ranging request
from the MSS 210 within a predetermined time via a setup of the paging cycle and paging
retrial, the serving BS may preferably remove the MSS 210 from an available idle-mode

MSS list and release management resources and information associated with the MSS 210,

-15-
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The serving BS 220 may also preferably usc a backbonc message to notify the BSs

belonging to the same paging group to remove the MSS 210 from their idle-mode MSS lists.
[0045]  FIG. 3 is a diagram showing verifying of availability of an MSS using a

timer in a wireless access system, according to one embodiment of the present invention.

[0046]  Referring to FIG. 3, the availability of the MSS 210 may be verified using a
timer and a paging retrial count,

[0047]  After transmitting the paging message (MOB-PAG-ADV) (Action Code =
perform ranging or network entry), the serving BS 220 may stand by for an operational
time of the timer until a ranging request message is received from the MSS 210, If the
serving BS 220 does not receive uplink information from the MSS 210 before the time for
delivering the next paging message (based on expiration of the timer), the serving BS 220
may preferably determine that the ranging has failed. When verifying the availability of the
MSS 210 through uplink information reception standby time only, the serving BS 220 may
preferably determine that the MSS 210 is not available and remove the MSS 210 from an
idle-mode MSS list.

[0048]  The serving BS 220 may deliver the paging messages (MOB-PAG-ADV)
(Action Code = perform ranging or nctwork entry)) including a predefined paging retrial
count to the MSS 210. If the serving BS 220 fails to receive the ranging request from the
MSS 210 despite the delivery of the paging messages, the BS may decide that the MSS 210
is not available and remove the MSS 210 from an idle-mode MSS list.

[0049]  The availability of the MSS 210 may be verified via two parameters, paging
cycle and paging retrial count. The availability of the MSS 210 may be determined

according to a setup of each parameter.
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[0050] In one embodiment, if an operational cycle of the timer is lower than the
paging cycle, the serving BS 220 may determine the availability of the MSS 210 via the
paging retrial count. In updating the availability of the MSS 210 via the paging retrial count,
it may be unnccessary to use the timer. For example, if the serving BS 220 fails to receive
the uplink information from the MSS 210 before a next paging time begins (after the
delivery of the paging message (MOB-PAG-ADV)), the serving BS 220 may determine
that a ranging failure has occutred and perform a paging retrial. In another embodiment,
when the paging retrial count is set to zero, if the timer expires after the paging message is
delivered to make the MSS 210 request an initial ranging, the serving BS 220 may
determine that the MSS 210 is not available.

[0051] In yet another embodiment, a ranging request of the MSS 210 is performed
via a competition-based ranging channel. That is, the paging command may not be based
on the paging cycle. Instcad, the retry of perform ranging is based on expiration of the
timer. The timer expiration may be based on the maximum allotted time for the MSS 210
to send a ranging request. Tn this embodiment, a similar procedure to that of the initial
ranging may be used. The MSS 210 may preferably stand by for a maximum 200ms
waiting for a ranging response message after the delivery of the ranging request message to
the serving BS 220. After receiving the ranging response message from the serving BS 220,
the MSS 210 may stand by for a maximum of two seconds to deliver the next ranging
request message. The standby time of a maximum of two seconds may be applied to re-
transmitting a next ranging request message due to failure to receive the ranging response
message. In still another embodiment, the ranging requcst retrial count of the MSS 210 is at

least sixteen. Thus, by utilizing the two standby times and the ranging request retrial, the
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ranging request standby time of the serving BS 220 may be determined according to the
timer. In yet another embodiment, the corresponding standby time is at least thirty-three
seconds.

" [0052] In still another embodiment, when the serving BS 220 has previously
assigned an uplink channel for the ranging to the MSS 210 via the paging message (MOB-
PAG-ADV), it is unnecessary that all BSs belonging to the paging group assign the uplink
ranging channel to the MSS 210 for an extended duration. Thus, in this embodiment, the
availability verification of the MSS 210 via the timer may be mandatory. In the case of
mandatory availability verification, the timer may be set up by a frame unit. If there is no
ranging request from the MSS 210 within the set frame unit, the serving BS 220 may
release the uplink channel assigned to the MSS 210 and remove the MSS 210 from the idle-
mode MSS list.

[0053]  In one embodiment, if the serving BS 220 receives ﬁe ranging request from
the MSS 210, the serving BS 220 may update the availability of the MSS 210 via the idle-
mode MSS list and send a backbone message to enable other BSs belonging to the same
paging group to update their idle-mode MSS lists.

10054]  In another embodiment, if the serving BS 220 fails to receive the ranging
request from the MSS 210 within the time predefined via the timer and the paging retrial
setup, the serving BS 220 may romove the MSS 210 from the idle-mode MSS list and
release management resources and information associated with the MSS 210, The serving
BS 220 may also use the backbonc message to notify the BSs belonging to the same paging
group to remove the MSS 210 from their idle-mode MSS lists.

[0055] In one embodiment, a method of verifying availability of a mobile
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subscriber station that is in an idle-mode includes requesting to a base station by the mobile
subscriber station to enter an idle-mode, wherein the base station is associated with a
paging group comprising a plurality of base stations, and receiving from the base station an
idle-mode response command to enter the idle-mode, the idle-mode response command
comprising at least one of the paging identifier, a paging cycle and a paging cycle offset.
The method also includes receiving from the base station a paging command comprising an
action code associated with performing rapging while the mobile subscriber station is in the
idle-mode to verify availability of the mobile subscriber station with respect to the base
station, wherein if the ranging is not successfully performed with the base station during a
predetermined pcriod, the base station continues to transmit the paging command until a
paging retrial count reaches a predetermined threshold.

[0056] The paging command may preferably be received when there is mo
downlink data._When the paging retrial count reaches the predetermined threshold, then the
mobile subscriber station may preferably be removed from an idle-mode list maintained by
the base station. The removal of the mobile subscriber station of the idle-modc list may
preferably be performed in each one of the plurality of base stations in the paging group.

[0057] The predetermined period may preferably be the paging cycle.
Alternatively, the predetermined period may be based on a time expiration associated with a
maximum allotted time for the mobile subscriber station to send a ranging request in
response to the paging command from the base station.

[0058]  When the paging retrial count reaches the predetermined threshold, then the
mobile subscriber station may preferably be removed from an idle-mode list maintained by

a paging controller. The paging command may preferably be received when there is traffic
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data to be downlinked to the mobile subscriber station.

[0059] In another embodiment, a method of verifying availability of a mobile
subscriber station that is in an idle-mode includes requesting to a paging controller by the
mobile subscriber station to enter an idle-mode, wherein the paging controller is associated
with a paging group comprising a plurality of base stations, and receiving from the paging
controller an idle-mode response command to enter the idle-mode, the idle-mode response
command comprising at least one of the paging identifier, a paging cycle and a paging
cycle offset. The method also includes receiving from the paging controller a paging
command comprising an action code associated with performing ranging while the mobile
subscriber station is in the idle-mode to verify availability of the mobile subscriber station
with respect to the paging controller, wherein if the ranging is not successfully performed
with the paging controller during a predetermined period, the paging controller continues to
transmit the paging command until a paging reirial count reaches a predetermined threshold.

[0060] In yet another embodiment, a method of verifying availability of a mobile
subscriber station that is in an idle-mode includes receiving from the mobile subscriber
station a request to enter an idle-mode, wherein a base station is associated with a paging
group operatively connected to a plurality of base stations, and transmitting to the mobile
subscriber station an idle-mode response command to enter the idle-mode in response to the
request to enter the idle-mode, the idle-mode response command comprising at least one of
the paging identifier, a paging cycle and a paging cycle offset. The method also includes
transmitting to the mobile subscriber station a paging command comprising an action code
associated with performing ranging while the mobile subscriber station is in the idle-mode

to verify availability of the mobile subscriber station with respect to the base station,
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wherein if the ranging is not successfully performed with the base station during a
predetermined period, the base station continues to transmit the paging command until a
paging retrial count reaches a predetermined threshold.

[0061]  Accordingly, the present invention enables a serving BS to check the
availability of an MSS. By checking the availability of the MSS, the serving BS prevents
the MSS from failing to receive periodic paging messages, such as in cases where the
power of the MSS is turned off or the channel status is degraded.

[0062] The serving BS may deliver the availability update information pertaining
to the MSS to other Bés belonging to the same paging group via the backbone message,
thereby preventing the BSs belonging to the same paging group from delivering the paging
message to an unavailable MSS.

[0063]  TFurthermore, when the uplink ranging channel is reserved or assigned to the
MSS, the serving BS may release the uplink channel assigned to the MSS and the
management resources associated with the MSS. In so doing, power consumption of the
MSS may be minimized and the idle-mode MSS list may be efficiently updated.

[0064] In another embodiment of the present invention, the MSS may choose to
power down (or turn off power) during idle-mode. By notifying the base s’tation of its
decision to power down, the corresponding information pertaining to the MSS retained by
the network (the last base station which granted the MSS to enter into idle-mode or the
paging controller) can be erased.

[0065] In the embodiment of the present application, a ranging request message
and a ranging response message is used to accomplish powering off by the MSS. In

operation, if the MSS attempts to power down while in the idle mode, a request to power
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down is transmitted via the ranging request message to the network (the last base station,
which granted the MSS to enter into idle-mode, or the paging controller). Subsequently, the
network receiving the power down request via the ranging request message transmits
various information to the MSS via the ranging response message.

[0066] Figure 4 illustrates a signaling operation of the MSS in idle-mode is
described according to an embodiment of the present invention. Referring to Figure 4, the
MSS transmits to a first network entity a request message to request to enter idle-mode via
a de-registration request (DREG-REQ) message (S10). The first ﬁetwork entity can be a
base station or a paging controller. Included in the request message is a MSS preferred
session information which the MSS prefers that the first network entity retain for expedited
future re-entry to a network. This MSS preferred session information includes information
such as verification information, internet protocol (IP) address information, the MSS
capability, management connection identification, and information essential to maintaining
network service.

[0067]  After receiving the request message, the first network entity broadcasts via
backbone channel(s) a notification to at least one or all ather network entities having the
same paging identifications in the paging group so that the comresponding MSS can be
added to each network entity of the paging group (S20).

[0068] In response to the request message, the first network enlity (ransmits a
selected session information to the corresponding MSS via a de-registration response
command (DREG-CMD) (S30). The selected session information includes certain MSS
service and operational information useful for expediting a future MSS network re-entry

from jdle-mode. The selected session information can be same, different, or combination

22-




10

15

20

WO 2006/001673 PCT/KR2005/001998
12

thereof as the preferred session information requested by the MSS. Moreover, in the
transmission of the DREQ-CMD, other information such as paging cycle, paging offset,
and paging identification can be included. The DREG-CMD is a command or a message
granting the MSS to enter idle-mode as requested.

[0069] Upon receipt of the DREG-CMD from a second network entity, the MSS
enters idle-mode. During idle-mode, the MSS can receive a paging message(s) at specificd
time slots or intervals from the first network entity (840). The paging message includes
various information such as whether there is any downlink traffic or when to terminate idle-
mode.

[0070] If the MSS moves to the second network entity within the same paging
group which has the same paging identification (S50), the MSS may receive paging
message(s) from the second network entity at same paging cycle and paging offset as
received from the first network entity (S60).

[0071) During titlis period (idle-mode), the MSS can experience power depletion or
simply choose to power down. The corresponding MSS transmits to the second network
entity a message indicating power off/down (e.g., power down indicator) via a ranging
request message (S70). The second network entity then notifies the first network entity that
the MSS has powered down and requests the first network entity to de-register or delete the
MSS information from the list of MSS in idle-mode (S80). In addition, the second network
entity can transmit to a network entity which retains information on the MSS via a message
indicating the idle-mode status of the MSS, for example.

[0072] At the same time, the MSS may attempt to complete a location update once

as part of its orderly power down procedure. This mechanism enables the second network
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entity to update the exact status of the MSS and to delete all information for the MSS.
Moreover, this mechanism enables the second network entity to discontinue idle-mode
paging control for the MSS at the time of power down.

[0073]  After the second network entity notifies the corresponding MSS that the
power down location update has been successfully executed, the second network entity may
release all idle-mode retaining information related to the MSS (S90). It is possible for the
second network entity to fail to updated power down information. In such case, the second
network entity (e.g., paging controller) may perform availability check using location
update polling. Unavailability of the MSS may be determined and the second network
entity shall delete all idle-mode retaining information if the.MSS does not answer for the
second network entity’s location update polling up to ‘paging retry count.’

{0074]  The application of the embodiment of the present invention is not limited to
requesting for power down in a coverage area of a different base station. Rather, it is
possible to power down in the in the base station which granted idle-mode without ever
leaving its coverage area or returning to its coverage area. The notification of powering
down by the MSS provides effective and efficient management of the resources in the
coverage are of the BS. Instead of BS determining the status of the MSS, by MSS notifying
the BS of its intent to power down, the BS can efficiently manage the MSS and the
resources associated with the BS.

[0075] It will be apparent to those skilled in the art that various modifications and
variations may be made in the present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present invention covers the modifications

and variations of this invention provided they come within the scope of the appended
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The claims defining the invention are as follows:

1. A method of verifying availability of a mobile subscriber station that is in an idle-mode,

the methed comprising:

requesting to a base station by the mobile subscriber station to enter an idle-mode,
wherein the base station is associated with a paging group comprising a plurality of base stations,

and wherein each base station in'the same paging group maintains an idle mode list;

receiving from the base station an idle-mode response command to enter the idle-mode,
the idle-mode response command comprising at least one of a paging identifier, a paging cycle

and a paging cycle offset; and

receiving from the base station a paging command comprising an action code associated
with performing ranging, wherein if a ranging request is not received by the base station during a
predetermined period, the base station continues to transmit the paging command until a paging
retrial count reaches a predetermined threshold and each idle-mode list of each base station in the
same paging group is updated to remove the mobile subscriber station in response to a backbone
message from the base station, the backbone message being associated with unavailability of the

mobile subscriber station in the same paging group.
2. The method of claim 1, wherein the predetermined period is the paging cycle.

3. The method of claim 1, wherein the predetermined period is based on a time expiration
associated with a maximum allotted time for the mobile subscriber station to send the ranging

request in response to the paging command from the base station.

4. The method of claim 1, wherein the paging command is received when there is traffic

data to be downlinked to the mobile subscriber station.

5. A method of verifying availability of a mobile subscriber station that is in an idle-mode,

the method comprising:
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requesting to a paging controller by the mobile subscriber station to enter an idle-mode,
wherein the paging controller is associated with a paging group comprising a plurality of base

stations, and wherein each base station in the same paging group maintains an idle-mode list;

receiving from the paging controller an idle-mode response command to enter the idle-
mode, the idle-mode response command comprising at least one of a paging identifier, a paging

cycle and a paging cycle offset; and

receiving from the paging controller a paging command comprising an action code
associated with performing ranging, wherein if a ranging request is not received by the paging
controller during a predetermined period, the paging controller continues to transmit the paging
command until a paging retrial count reaches a predetermined threshold and each idle-mode list
of each base station in the same paging group is updated to remove the mobile subscriber station
in response to a backbone message from the base station, the backbone message being associated

with unavailability of the mobile subscriber station in the same paging group.

6. A method of verifying availability of a mobile subscriber station that is in an idle-mode,

the method comprising:

receiving a request to enter an idle-mode from the mobile subscriber station, wherein a
base station is associated with a paging group operatively connected to a plurality of base

stations, and wherein each base station in the same paging group maintains an idle-mode list;

transmitting to the mobile subscriber station an idle-mode response command to enter the
idle-mode in response to the request to enter the idle-mode, the idle-mode response command

comprising at least one of a paging identifier, a paging cycle and a paging cycle offset;

transmitting to the mobile subscriber station a paging command comprising an action
code associated with performing ranging, wherein if a ranging request is not received by the base
station during a predetermined period, the base station continues to transmit the paging

command until a paging retrial count reaches a predetermined threshold;
determining that the mobile subscriber station is not available in the paging group; and

transmitting a backbone message to indicate that each idle mode list of each base station
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in the same paging group is to be updated to remove the mobile subscriber station.

7. The method of claim 6, wherein the predetermined period is the paging cycle.

8. The method of claim 6, wherein the predetermined period is based on a time expiration
associated with a maximum allotted time for the mobile subscriber station to send the ranging

request in response to the paging command from the base station,

9. The method of claim 6, wherein the paging command is received when there is traffic

data to be downlinked to the mobile subscriber station.

10. A mobile subscriber station for informing availability while in an idle-mode to a base

station, the mobile subscriber station comprising:

means for requesting to a base station by the mobile subscriber station to enter an idle-
mode, wherein the base station is associated with a paging group comprising a plurality of base

stations, and wherein each base station in the same paging group maintains an idle-mode list;

means for receiving from the base station an idle-mode response command to enter the
idle-mode, the idle-mode response command comprising at least one of the paging identifier, a

paging cycle and a paging cycle offset; and

means for receiving from the base station a paging command comprising an action code
associated with performing ranging, wherein if a ranging request is not received by the base
station during a predetermined period, the base station continues to transmit the paging
command until a paging retrial count reaches a predetermined threshold and each idle-mode list
of each base station in the same paging group is updated to remove the mobile subscribe station
in response to a backbone message from the base station, the backbone message being associated

with unavailability of the mobile subscriber station in the same paging group.

11.  The mobile subscriber station of claim 10, wherein the predetermined period is the

paging cycle.

12, The mobile subscriber station of claim 10, wherein the predetermined period is based on

a time expiration associated with a maximum allotted time for the mobile subscriber station to
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send the ranging request in response to the paging command from the base station.

13.  The mobile subscriber station of claim 10, wherein the paging command is received when

there is traffic data to be downlinked to the mobile subscriber station.

14. A base station for verifying availability of a mobile subscriber station that is in an idle-

mode, the base station comprising:

means for receiving a request to enter an idle-mode from the mobile subscriber station,
wherein the base station is associated with a paging group operatively connected to a plurality of
base stations, and wherein each base station in the same paging group maintains an idle-mode

list;

means for transmitting to the mobile subscriber station an idle-mode response command
to enter the idle-mode in response to the request to enter the idle-mode, the idle-mode response

command comprising at least one of a paging identifier, a paging cycle and a paging cycle offset;

means for transmitting to the mobile subscriber station a paging command comprising an
action code associated with performing ranging, wherein if a ranging request is not received by
the base station during a predetermined period, the base station continues to transmit the paging
command until a paging retrial count reaches a predetermined threshold, and each idle-mode list
of each base station in the same paging group is updated to remove the mobile subscribe station
in response to a backbone message from the base station, the backbone message being associated

with unavailability of the mobile subscriber station in the same paging group;

means for determining that the mobile subscriber station is not available in the paging

group; and

means for transmitting a backbone message to indicate that each idle mode list of each

base station in the same paging group is to be updated to remove the mobile subscriber station.
15.  The base station of claim 14, wherein the predetermined period is the paging cycle.

16.  The base station of claim 14, wherein the predetermined period is based on a time

expiration associated with a maximum allotted time for the mobile subscriber station to send the
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ranging request in response to the paging command from the base station.

17. The base station of claim 14, wherein the paging command is received when there is

traffic data to be downlinked to the mobile subscriber station.

18. A method of verifying availability of a mobile subscriber station (MSS) that is in an idle

mode, the method comprising:

receiving a de-registration request message from the MSS, the de-registration request

message requesting to enter idle mode;

transmitting a de-registration command message to the MSS, the de-registration
command message including paging information that further includes information related to at

least one of paging group identification, paging cycle, and paging offset;

transmitting a paging message to the MSS, the paging message including an action code

that instructs the MSS to perform one of ranging operation and network entry;

retransmitting the paging message to the MSS if a ranging request message is not
received from the MSS until a next paging listening interval, wherein a predefined paging retry

counter is decremented by one every time the paging message is retransmitted;

determining that the MSS is unavailable if the predefined paging retry counter reaches

zero; and

transmitting a backbone message over backbone network to all base stations (BS) in a

same paging group to remove the MSS from each list of MSSs in idle mode.

19.  The method of claim 18, wherein the paging message includes information related to the

present of downlink traffic when to terminate idle mode.

20.  The method of claim 18, wherein the paging message is received periodically and is

broadcast paging message.
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FIG. 3
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