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(57) ABSTRACT

A method and apparatus performing carrier management in a
broadband wireless communication system supporting multi-
carrier (MC) are disclosed. A method for a single-carrier
supported mobile station (MS) to perform a carrier change
with a MC supported base station (BS) includes transmitting
a message indicating a support of a basic MC mode in which
the MS is aware of a MC operation of the BS, receiving a
carrier management command message including an action
code and an action time on a serving carrier, transmitting, in
response to the carrier management command message, a
confirmation message indicating readiness of signal trans-
mission/reception through a target carrier on a target carrier,
and receiving a control signal and data from the BS on the
target carrier, wherein the serving carrier and the target carrier
are controlled by a common Medium Access Control (MAC)
of'the BS.
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METHOD FOR PERFORMING CARRIER
MANAGEMENT PROCEDURE IN A
MULTI-CARRIER SUPPORTED WIDEBAND
WIRELESS COMMUNICATION SYSTEM AND
APPARATUS FOR THE SAME

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Nos. 61/229,270, filed on Jul. 28,
2009, 61/232,475, filed on Aug. 10, 2009, 61/237,271, filed
on Aug. 26, 2009, 61/250,883, filed on Oct. 13, 2009, 61/260,
395, filedonNov. 11,2009, 61/265,764, filed on Dec. 2, 2009,
61/286,767, filed on Dec. 15,2009, and Korean Patent Appli-
cation No. 10-2010-0027901, filed on Mar. 29, 2010, which
are hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a broadband mobile
communication system, and more particularly to a method
and apparatus for performing a carrier management proce-
dure in a broadband wireless communication system support-
ing multiple carriers.

[0004] 2. Discussion of the Related Art

[0005] A base station (BS) for use in a conventional wire-
less communication system includes a single PHY (physical
layer) entity capable of supporting a single frequency channel
(or a single carrier), and a single Medium Access Control
(MAC) controller for controlling the single PHY entity may
be provided to the base station (BS). In addition, a plurality of
MAC-PHY entities may be present in a single cell. A mobile
station (MS) that is capable of exchanging data with the base
station (BS) by a single MAC-PHY entity during a certain
transmission time interval (TTI), may be referred to as a
single-carrier supported MS.

[0006] In recent times, a multi-carrier supported wireless
communication system such as a multi-carrier aggregation
has been proposed to allow the MS to exchange data with the
BS through a plurality of carriers.

[0007] Multi-carrier aggregation technology achieves data
communication between a mobile station (MS) and a base
station (BS) through a plurality of aggregations of band-
width-based carriers that are defined in a conventional wire-
less communication system (IEEE 802.16e in an IEEE 802.
16m system or a Long Term Evolution (LTE) in a Long Term
Evolution—Advanced (LTE-A) system). FIGS. 1(a) and 1(6)
illustrate contiguous carrier aggregation and non-contiguous
carrier aggregation, respectively.

[0008] In a multi-carrier supported system, a plurality of
frequency channels may be controlled by a single common
MAC as necessary. If the frequency channels are controlled
by the single common MAC, some MAC messages transmit-
ted via a single carrier can also be applied to other carriers.
[0009] Carriers associated with operations of a multi-car-
rier mode may be classified into a primary carrier and a
secondary carrier. The primary carrier may allow the base
station (BS) to exchange traffic and PHY/MAC control sig-
naling (e.g., MAC control message) with the mobile station
(MS). Although the multi-carrier supported MS is used, it can
be defined that the multi-carrier supported MS has only one
primary carrier as necessary. The secondary carrier is an
additional carrier used by the mobile station (MS) for traffic,
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and may be used according to a specific command by the base
station (BS) and rules that are received through the primary
carrier.

[0010] MAC control messages for carrier management
may be defined. For example, an Advanced Air Interface
Carrier Management Command (AAI_CM-CMD) message
and an Advanced Air Interface Carrier Management Indica-
tion (AAI_CM-IND) message are defined in an IEEE 802.
16m standard specification. By the AAI_CM-CMD message
received from the base station (BS), primary carrier change,
secondary carrier management (secondary carrier activation
and/or deactivation), and carrier switching may be per-
formed. The AAI_CM-IND message is a MAC control mes-
sage used as a response to the AAI_CM-CMD message, and
is transmitted from the mobile station (MS) to the base station
(BS).

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to a
method for performing a carrier management procedure in a
multi-carrier supported broadband wireless communication
system and an apparatus for the same, that substantially obvi-
ate one or more problems due to limitations and disadvan-
tages of the related art.

[0012] Assuming that an unexpected fault occurs in a car-
rier management procedure, such as carrier change or carrier
activation and/or deactivation, for use in a multi-carrier sup-
ported system, the fault may negatively affect communication
between the mobile station (MS) and the base station (BS).
Occasionally, it may be impossible to achieve communica-
tion between the mobile station (MS) and the base station
(BS).

[0013] Therefore, in the carrier management procedure, a
carrier management command and an acknowledgement
response to the carrier management command should be cer-
tainly operated, and carrier activation and/or deactivation
caused by the carrier management command should be
achieved at correct time point(s).

[0014] Inaddition, considering that a plurality of carriers is
controlled by a common MAC in a multi-carrier supported
system, it is necessary to devise a new method for allowing a
single-carrier supported MS to more effectively perform a
carrier change operation.

[0015] An object of the present invention is to provide a
method for effectively transmitting a carrier management
message and a method for effectively performing carrier
management in a carrier management procedure of a multi-
carrier supported wireless communication system.

[0016] Another object of the present invention is to provide
an effective carrier change method of a single-carrier sup-
ported mobile station (MS) for use in a multi-carrier sup-
ported wireless communication system.

[0017] The object of the present invention can be achieved
by providing a method for a single-carrier supported mobile
station to perform a carrier change with a multi-carrier sup-
ported base station, the method comprising transmitting a
message indicating a support of a basic multi-carrier (MC)
mode in which the mobile station is aware of a multi-carrier
operation of the base station, to the base station, receiving a
carrier management command message including an action
code and an action time, on a serving carrier of the base
station, transmitting, in response to the carrier management
command message, a confirmation message indicating readi-
ness of signal transmission/reception through a target carrier
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of'the base station, on a target carrier of the base station, and
receiving a control signal and data from the base station on the
target carrier of the base station, wherein the serving carrier
and the target carrier are controlled by a single common
Medium Access Control (MAC) of the base station.

[0018] The transmitting of the message indicating the sup-
port of the basic MC mode is performed when the mobile
station performs initial network entry to the base station.
[0019] The method further comprises disconnecting a sig-
nal path on the serving carrier at the action time, and switch-
ing to the target carrier.

[0020] The confirmation message is one of a bandwidth
request, a channel quality indicator (CQI) report, and a carrier
management indication message corresponding to the action
code.

[0021] The carrier management command message further
includes a physical carrier indicator as an indicator of the
target carrier.

[0022] The action code indicates a primary carrier change
or a carrier change.

[0023] The carrier management command message further
includes a dedicated CDMA ranging flag and a CDMA rang-
ing code, and the method for performing the carrier change
further includes transmitting the CDMA ranging code on the
target carrier of the base station at the action time.

[0024] The carrier management command message further
includes a disconnection time, and the method for performing
the carrier change further includes disconnecting a signal
path on the serving carrier at the disconnection time.

[0025] The method further comprises disconnecting a sig-
nal path on the serving carrier prior to the action time, wherein
the transmitting of the confirmation message is performed at
the action time.

[0026] In another aspect of the present invention, provided
herein is a method for a multi-carrier supported base station to
support a carrier change of a single-carrier supported mobile
station, the method comprising receiving a message indicat-
ing a support of a basic multi-carrier (MC) mode in which the
mobile station is aware of a multi-carrier operation ofthe base
station, from the mobile station, transmitting a carrier man-
agement command message including an action code and an
action time, to the mobile station on a serving carrier, receiv-
ing, in response to the carrier management command mes-
sage, a confirmation message indicating readiness of signal
transmission/reception through a target carrier from the
mobile station on the target carrier, and transmitting a control
signal and data to the mobile station on the target carrier,
wherein the serving carrier and the target carrier are con-
trolled by a single common Medium Access Control (MAC)
of the base station.

[0027] The receiving of the message indicating the support
of the basic MC mode is performed when the mobile station
performs initial network entry to the base station.

[0028] The method further comprises disconnecting a sig-
nal path on the serving carrier at the action time, and switch-
ing to the target carrier.

[0029] The confirmation message is one of a bandwidth
request, a channel quality indicator (CQI) report, and a carrier
management indication message corresponding to the action
code.

[0030] The carrier management command message further
includes a physical carrier indicator as an indicator of the
target carrier.
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[0031] The action code indicates a primary carrier change
or a carrier change.

[0032] The carrier management command message further
includes a dedicated CDMA ranging flag and a CDMA rang-
ing code, and wherein the CDMA ranging code is received
from the mobile station on the target carrier at the action time.

[0033] The carrier management command message further
includes a disconnection time, and wherein a signal path on
the serving carrier is disconnected at the disconnection time.

[0034] The method further comprises disconnecting a sig-
nal path on the serving carrier prior to the action time, and the
confirmation message is received from the mobile station at
the action time.

[0035] In another aspect of the present invention, provided
herein is a single-carrier supported mobile station for per-
forming a carrier change with a multi-carrier supported base
station, the mobile station comprising a reception module for
receiving a downlink control signal and downlink data from
the base station, a transmission module for transmitting a
uplink control signal and uplink data to the base station, and
a processor connected to the reception module and the trans-
mission module for controlling the mobile station including
the reception module and the transmission module, wherein
the processor is configured to control the transmission mod-
ule to transmit a message indicating a support of a basic
multi-carrier (MC) mode in which the mobile station is aware
of a multi-carrier operation of the base station, to the base
station, control the reception module to receive a carrier man-
agement command message including an action code and an
actiontime, on a serving carrier of the base station, control the
transmission module to transmit, in response to the carrier
management command message, a confirmation message
indicating readiness of signal transmission/reception through
atarget carrier of the base station on a target carrier of the base
station, and control the reception module to receive a control
signal and data from the base station on the target carrier of
the base station, wherein the serving carrier and the target
carrier are controlled by a single common Medium Access
Control (MAC) of the base station.

[0036] Inanother aspect of the present invention, provided
herein is a multi-carrier supported base station for supporting
a carrier change of a single-carrier supported mobile station,
the base station comprising a reception module for receiving
a uplink control signal and uplink data from the mobile sta-
tion, a transmission module for transmitting a downlink con-
trol signal and downlink data to the mobile station, and a
processor connected to the reception module and the trans-
mission module for controlling the mobile station including
the reception module and the transmission module, wherein
the processor is configured to control the reception module to
receive a message indicating a support of a basic multi-carrier
(MC) mode in which the mobile station is aware of a multi-
carrier operation of the base station, from the mobile station,
control the transmission module to transmit a carrier manage-
ment command message including an action code and an
action time, to the mobile station on a serving carrier, control
the reception module to receive, in response to the carrier
management command message, a confirmation message
indicating readiness of signal transmission/reception through
a target carrier from the mobile station on the target carrier,
and control the transmission module to transmit a control
signal and data to the mobile station on the target carrier,
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wherein the serving carrier and the target carrier are con-
trolled by a single common Medium Access Control (MAC)
of the base station.

[0037] The exemplary embodiments of the present inven-
tion have the following effects.

[0038] Inassociation with a carrier management procedure
for use in a multi-carrier supported wireless communication
system, the embodiment of the present invention provides a
method for effectively transmitting a carrier management
message and a method for effectively performing carrier
management.

[0039] In association with a multi-carrier supported wire-
less communication system, the embodiment of the present
invention provides an effective carrier change method of a
single carrier supported MS.

[0040] It will be appreciated by persons skilled in the art
that that the effects that can be achieved with the present
invention are not limited to what has been particularly
described hereinabove and other advantages of the present
invention will be more clearly understood from the following
detailed description taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The accompanying drawings, which are included to
provide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

[0042] FIGS. 1(a) and 1(b) illustrate contiguous carrier
aggregation and non-contiguous carrier aggregation, respec-
tively.

[0043] FIGS. 2(a) and 2(b) illustrate a MAC-PHY entity
structure and a common MAC, respectively.

[0044] FIG. 3 illustrates the relationship among an avail-
able carrier, an assigned carrier, and an active carrier in a
multi-carrier system.

[0045] FIGS. 4(a) and 4(b) are flowcharts illustrating mes-
sage exchange in response to a carrier management proce-
dure.

[0046] FIG. 5 is a flowchart illustrating usages of an
acknowledgement message for use in a secondary carrier
management procedure according to one embodiment of the
present invention.

[0047] FIGS. 6(a) and 6(b) are flowcharts illustrating
usages of an acknowledgement message for use in a primary
carrier change procedure according to one embodiment of the
present invention.

[0048] FIG. 7 is a conceptual diagram illustrating the rela-
tionship between an action time and a retransmission timer
foruse in a primary carrier change procedure according to one
embodiment of the present invention.

[0049] FIG. 8 illustrates a disconnection time for use in a
secondary carrier management procedure according to one
embodiment of the present invention.

[0050] FIGS.9(a), 9(b) and 9(c) illustrate general handover
procedures.
[0051] FIGS. 10(a), 10(5) and 10(c) illustrate common

MAC handover procedures of a single-carrier mobile station
(MS) through a handover procedure according to one
embodiment of the present invention.
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[0052] FIG. 11 is a flowchart illustrating mobile station
(MS) operation during network re-entry from among a com-
mon MAC handover according to one embodiment of the
present invention.

[0053] FIG. 12 is a flowchart illustrating common MAC
handover procedures of a single-carrier MS through a han-
dover procedure according to one embodiment of the present
invention.

[0054] FIG. 13 is a flowchart illustrating common MAC
handover procedures of a single-carrier MS through a multi-
carrier associated MAC control message according to one
embodiment of the present invention.

[0055] FIGS. 14(a), 14(b) and 14(c) illustrate common
MAC handover procedures of a single-carrier MS using a
multi-carrier associated MAC control message according to
another embodiment of the present invention.

[0056] FIG. 15 is a flowchart illustrating an MS initializa-
tion action for use in a network entry process according to one
embodiment of the present invention.

[0057] FIG. 16 is a flowchart illustrating an MS initializa-
tion action for use in a network entry process according to
another embodiment of the present invention.

[0058] FIG. 17 illustrates functional blocks of a mobile
station (MS) according to one embodiment of the present
invention.

[0059] FIG. 18 illustrates functional blocks of a base station
(BS) according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0060] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0061] Exemplary embodiments described hereinbelow are
combinations of elements and features of the present inven-
tion. The elements or features may be considered selective
unless otherwise mentioned. Each element or feature may be
practiced without being combined with other elements or
features. Further, an embodiment of the present invention
may be constructed by combining parts of the elements and/
or features. Operation orders described in embodiments of the
present invention may be rearranged. Some constructions of
any one embodiment may be included in another embodiment
and may be replaced with corresponding constructions of
another embodiment.

[0062] Inexemplary embodiments ofthe present invention,
a description is made of a data transmission and reception
relationship between a Base Station (BS) and a Mobile Sta-
tion (MS). Herein, the term ‘BS’ refers to a terminal node of
a network, which directly communicates with the MS. In
some cases, a specific operation described as performed by
the BS may be performed by an upper node of the BS.
[0063] Namely, it is apparent that, in a network comprised
of'a plurality of network nodes including a BS, various opera-
tions performed for communication with an MS may be per-
formed by the BS, or network nodes other than the BS. The
term ‘BS’ may be replaced with the term ‘fixed station’,
‘Node B’, ‘eNode B (eNB)’, ‘access point’, or ‘Advanced
Base Station (ABS) that is supported by an IEEE 802.6m
system, etc. In addition, the term ‘relay’ may be replaced with
aRelay Node (RN), a Relay Station (RS) or the like. The term
‘MS’ may be replaced with the term ‘User Equipment (UE)’,
Subscriber Station (SS), ‘Mobile Subscriber Station (MSS)’,
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‘mobile terminal’, or ‘Advanced Mobile Station (AMS)’ that
is supported by an IEEE 802.16m system, etc.

[0064] Specific terms used for the exemplary embodiments
of'the present invention are provided to help in understanding
of'the present invention. These specific terms may be replaced
with other terms within the scope and spirit of the present
invention.

[0065] In some cases, in order to prevent ambiguity of the
concepts of the present invention, conventional devices or
apparatuses well known to those skilled in the art will be
omitted and be denoted in the form of a block diagram on the
basis of the important functions of the present invention.
Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0066] Exemplary embodiments of the present invention
are supported by standard documents disclosed for at least
one of wireless access systems including an Institute of Elec-
trical and Electronics Engineers (IEEE) 802 system, a 3"/
Generation Project Partnership (3GPP) system, a 3GPP Long
Term Evolution (LTE) system, and a 3GPP2 system. In par-
ticular, the steps or parts, which are not described to clearly
reveal the technical idea of the present invention, in the
embodiments of the present invention may be supported by
the above documents. All terminology used herein may be
supported by at least one of the above-mentioned documents.
[0067] The following embodiments of the present inven-
tion can be applied to a variety of wireless access technolo-
gies, for example, CDMA (Code Division Multiple Access),
FDMA (Frequency Division Multiple Access), TDMA (Time
Division Multiple Access), OFDMA (Orthogonal Frequency
Division Multiple Access), SC-FDMA (Single Carrier Fre-
quency Division Multiple Access), and the like. The CDMA
may be embodied with wireless (or radio) technology such as
UTRA (Universal Terrestrial Radio Access) or CDMA2000.
The TDMA may be embodied with wireless (or radio) tech-
nology such as GSM (Global System for Mobile communi-
cations)/GPRS (General Packet Radio Service)/EDGE (En-
hanced Data Rates for GSM Evolution). The OFDMA may be
embodied with wireless (or radio) technology such as Insti-
tute of Electrical and Flectronics Engineers (IEEE) 802.11
(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, and
E-UTRA (Evolved UTRA). The UTRA is a part of the UMTS
(Universal Mobile Telecommunications System). The 3GPP
(3rd Generation Partnership Project) LTE (long term evolu-
tion) is a part of the E-UMTS (Evolved UMTS), which uses
E-UTRA. The 3GPP LTE employs the OFDMA in downlink
and employs the SC-FDMA in uplink. The LTE-Advanced
(LTE-A)is an evolved version of the 3GPP LTE. WiMAX can
be explained by an IEEE 802.16e (WirelessMAN-OFDMA
Reference System) and an advanced IEEE 802.16m (Wire-
lessMAN-OFDMA Advanced System). For clarity, the fol-
lowing description focuses on the IEEE 802.16m. However,
technical features of the present invention are not limited
thereto.

[0068] MAC-PHY Entity and Common MAC

[0069] A MAC-PHY entity will hereinafter be described
with reference to FIGS. 2(a) and 2(b). FIGS. 2(a) and 2(b)
illustrate a MAC-PHY entity structure and a common MAC,
respectively.

[0070] FIG. 2(a) shows a MAC-PHY entity for use in a
conventional wireless communication system. A base station
(BS) for use in a conventional wireless communication sys-
tem includes a single PHY entity 220 supporting a single
frequency channel, and a single MAC controller 210 for
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controlling the single PHY entity 220 may be provided to the
base station (BS). A plurality of MAC-PHY entities may be
present in one cell (cell_1 or cell_2). A mobile station (MS)
capable of exchanging data with the base station (BS) through
one MAC-PHY entity during a predetermined transmission
time interval (TTI) may be referred to as a single-carrier
supported mobile station (MS).

[0071] FIG. 2(b) shows a MAC-PHY entity for use in a
multi-carrier supported wireless communication system. The
multi-carrier supported wireless communication system
means a wireless communication system for providing a spe-
cific technology to the mobile station (MS) such that the
mobile station (MS) can exchange data with the base station
(BS) simultaneously using a plurality of carriers during an
arbitrary TTI. The multi-carrier supported system may allow
a plurality of frequency channels to be controlled by a single
common MAC. A single MAC entity 230 is present in one cell
(cell_1 or cell_2), and each frequency channel of the PHY
entity 240 may be controlled by a single common MAC entity
230. That is, the common MAC entity 230 may control the
PHY entity 240 having the range of a plurality of frequency
channels.

[0072] The multi-carrier supported base station (BS) may
include not only the conventional MAC-PHY entity support-
ing a single frequency channel but also a MAC-PHY entity
comprised of the above-mentioned common MAC. In addi-
tion, each of the common MAC and a MAC may include a
single base station identifier (BSID). The operation, in which
an MS that is currently receiving a service from a certain
MAC changes its own frequency channel to that of another
MAC having a different BSID, may be defined as an inter-
frequency handover (HO). The other operation, in which a
frequency channel of the MS that is currently receiving the
service from a certain MAC changes is changed to another
frequency channel within the range of one common MAC,
may be defined as ‘primary carrier change’.

[0073] Under the control of a common MAC, some MAC
messages transmitted through a single carrier may be applied
to other carriers. Some frequency channels may have differ-
ent bandwidths (e.g., S MHz, 10 MHz and 20 MHz), and may
be present in contiguous or non-contiguous frequency bands.
The frequency channels may have different duplex modes,
and each frequency channel may support Frequency Division
Duplexing (FDD), Time Division Duplexing (TDD), or a
combination mode of two-way and broadcast dedicated car-
riers. The MAC entity can support the co-existence of mobile
stations (MSs) having different capabilities, such that it may
be operated by only one channel at one time or may support
capabilities such as contiguous/non-contiguous channel
aggregation. Therefore, multiple frequency channels can be
more easily controlled by the common MAC supporting
multi-carrier aggregation.

[0074] Multiple carriers contained in the same common
MAC can be simultaneously used by a base station (BS) and
a mobile station (MS). In order to allow the mobile station
(MS) to more effectively use the concept of multiple carriers,
the embodiment of the present invention provides a carrier
management method (e.g., secondary carrier management,
primary carrier change, and carrier switching).

[0075] Multi-Carrier Types and Operation Modes

[0076] From the viewpoint of a mobile station (MS), carri-
ers associated with the multi-carrier mode operation may be
classified into a primary carrier and a secondary carrier. The
primary carrier refers to a carrier that is used when a base
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station (BS) exchanges traffic and PHY/MAC control signal-
ing (e.g., MAC control message) with the mobile station
(MS). Although multiple carriers may be used in the base
station (BS), the mobile station (MS) belonging to the BS has
only one primary carrier. In addition, the primary carrier is
also used even when the mobile station (MS) is operated in a
single carrier mode. Meanwhile, the secondary carrier refers
to an additional carrier that is used by the mobile station (MS)
for traffic, and may be used according to a specific command
by the base station (BS) and rules received through the pri-
mary carrier.

[0077] In relation to an FDD mode and a TDD mode, a
carrier may refer to a downlink or uplink physical frequency
channel. The physical carrier indexes may refer to indexes of
an available carrier of the base station (BS), and are arranged
in ascending numerical order from a low frequency to a high
frequency.

[0078] During the multi-carrier operation, the common
MAC can fully control the mobility, status and context of the
MS through the primary carrier, and at the same time can use
radio resources of the primary carrier and at least one second-
ary carrier.

[0079] Based on the usages and services of the primary
carrier and/or the secondary carrier, carriers of the multi-
carrier system can be classified into a fully configured carrier
and a partially configured carrier. The fully configured carrier
is a standalone carrier, and refers to a carrier in which all
control channels including synchronization, broadcast, mul-
ticast and unicast control signaling are configured. The fully
configured carrier can support not only the single carrier
mobile station (MS) but also the multi-carrier mobile station
(MS). Meanwhile, the partially configured carrier refers to
either a carrier for downlink dedicated transmission in TDD
mode or a downlink carrier that is unpaired with an uplink
carrier in FDD mode. The secondary carrier may only be used
in conjunction with the primary carrier, and cannot be inde-
pendently operated to provide an Advanced Air Interface
(AAI) service to the mobile station (MS). Information indi-
cating whether the carrier is a fully configured carrier or a
partially configured carrier is indicated by a preamble of a
carrier (i.e., advanced preamble). The mobile station (MS)
does not attempt to perform a network entry or a handover
(HO) for the partially configured carrier. In the multi-carrier
aggregation, an uplink control channel, that is used as a sec-
ondary carrier and corresponds to the partially configured
carrier, may be located at a control area that is not overlapped
with an uplink of the primary carrier. In order to feed back not
only information about HARQ ACK/NACK corresponding
to transmission through a downlink-dedicated secondary car-
rier but also channel quality measurement, an uplink control
channel on the primary carrier is used.

[0080] The secondary carrier may be a fully configured
carrier or a partially configured carrier according to the usage
plan, whereas the primary carrier is always a the fully con-
figured carrier. Assuming that the secondary carrier for a
certain mobile station (MS) is a fully configured carrier, this
secondary carrier may be used as a primary carrier of another
mobile station (MS) as necessary. Several mobile stations
(MSs) having different primary carriers may share the same
secondary carrier. In relation to the above description, the
multi-carrier operations, such as a multi-carrier aggregation
and a multi-carrier switching, etc. may be independently or
simultaneously supported.

[0081] The multi-carrier aggregation means that the MS
maintains the connection to a physical layer, monitors control
signaling on the primary carrier, and at the same time pro-
cesses data on the secondary carrier. Resource allocation for
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the mobile station (MS) may have the range of the primary
carrier and several secondary carriers. The link adaptation
feedback mechanism may include measurement of both the
primary carrier and the secondary carrier. In a multi-carrier
aggregation mode, according to system load (i.e., static/dy-
namic load balancing), peak data rate, or QoS (Quality of
Service) request, a system may asymmetrically allocate a
secondary carrier to a mobile station (MS) through a down-
link and/or an uplink.

[0082] The multi-carrier switching may refer to a multi-
carrier mode in which a mobile station (MS) switches the
connection to the physical layer from the primary carrier to
the secondary carrier upon receiving an indication message
from the base station (BS). The mobile station (MS) connects
to the secondary carrier during a predetermined time interval,
and returns to the primary carrier. Assuming that the mobile
station (MS) connects to the secondary carrier, the mobile
station (MS) may not maintain transmission/reception
through the primary carrier. The above-mentioned mode may
be used for the switching to either the partially configured
carrier or the fully configured carrier, such that an Enhanced
Multicast Broadcast Service (E-MBS) can be received.
[0083] The following descriptions may be commonly
applied to the multi-carrier mode operations.

[0084] A system may define N independent and fully-con-
figured carriers. In each of the N independent and fully-
configured carriers, synchronization, broadcast, and multi-
cast and unicast control signaling channels needed to support
the single carrier mode MS are configured. Each mobile
station (MS) contained in the cell is connected to only one
fully configured carrier that is set to the primary carrier, and
the status of the mobile station (MS) can be controlled
through the primary carrier. In addition, the system may
define M partially configured carriers (where M=0), and each
carrier may be used only as the secondary carrier instead of
the primary carrier, and may be used to transmit downlink
dedicated data.

[0085] FIG. 3 illustrates the relationship among an avail-
able carrier, an assigned carrier, and an active carrier in a
multi-carrier system. As shown in FIG. 3, the aggregate of all
carriers supported by a base station (BS) may be referred to as
an available carrier (310). A carrier that is allocated as a
partial aggregation of the available carriers to the mobile
station (MS) may be referred to as an assigned carrier (320).
A carrier that is used as a partial aggregation of the assigned
carriers and is ready to be used for multi-carrier allocation
may be referred to as an active carrier (330).

[0086] The available carriers may be located at different
parts of the same spectrum block or at non-contiguous spec-
trum blocks. The base station (BS) may provide not only
information of a primary carrier (i.e., a serving primary car-
rier) but also a few setup information segments of available
carriers through the primary carrier. Through the above-men-
tioned messaging, the base station (BS) indicates the MS’s
existence, bandwidth, duplexing, and spectrum positions of
all available carriers, such that it enables the mobile station
(MS) to prepare for all kinds of multi-carrier operations. In
addition, the primary carrier may further provide the
extended information about the secondary carrier setup as
necessary.

[0087] Network Entry

[0088] Network entry from among MAC actions related to
multi-carrier operations will hereinafter be described in
detail.

[0089] Inthe multi-carrier mode, network entry is basically
identical to that in single carrier mode. During the registration
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process of a base station (BS) and a mobile station (MS), the
base station (BS) and the mobile station (MS) may display
whether or not the multi-carrier mode is supported. The
mobile station (MS) can perform network entry (or network
re-entry) only through the fully configured carrier. In the case
where the mobile station (MS) detects ‘A-PREAMBLE’ on
the fully configured carrier, the mobile station (MS) can read
a super-frame header (SFH), an extended system parameter,
and system setup information.

[0090] During initial network entry, the mobile station
(MS) transmits an Advanced Air Interface Registration
Request (AAI_REG-REQ) message to the base station (BS)
such that the mobile station (MS) informs the base station
(BS) that the mobile station (MS) supports multi-carrier
transmission. The base station (BS) transmits an AAI regis-
tration response (AAI_REQ-RSP) message to the mobile
station (MS) such that it can display whether there is a sup-
ported mode from among multi-carrier modes associated
with the mobile station (MS). The basic multi-carrier capa-
bility exchange may use 2-bit codes of the AAI_REQ-REQ/
AAI_REQ-RSP messages as shown in the following Table 1.

TABLE 1
bl, b2 Multicarrier Capabilities
00 No MC modes
01 Basic MC mode
10 Multicarrier Aggregation
11 Multicarrier Switching

[0091] A basic multi-carrier mode (Basic MC mode)
includes a mobile station (MS) operation in which the mobile
station (MS) is aware of BS’s multi-carrier (MC) operations
which include primary carrier change and a support of MC-
associated optimization scanning. Supporting both the multi-
carrier aggregation and the multi-carrier (MC) switching may
not represent the support of an Enhanced Multicast Broadcast
Service (E-MBS), and may be separately negotiated as nec-
essary.

[0092] The mobile station (MS) initialization procedure for
preparing for the subsequent multi-carrier (MC) action after
network entry will hereinafter be described. The mobile sta-
tion (MS) initialization procedure may include an operation
for acquiring multi-carrier (MC) setup information about
available carriers of the base station (BS) and an operation for
acquiring information about assigned carriers. Acquisition of
the assigned carrier information may provide the base station
(BS) with information about supported carriers of the mobile
station (MS) and information about the combined multi-car-
rier (MC) setup. In the subsequent MC action of the above
mobile station (MS), the base station (BS) can acquire infor-
mation about a partial aggregation (i.e., assigned carrier) of
available carriers of the base station (BS).

[0093] The mobile station (MS) does not perform the MAC
or PHY processing through the assigned carrier before the
assigned carrier is activated by a command received from the
base station (BS).

[0094] Carrier Management

[0095] First, activation or deactivation of the secondary
carrier will hereinafter be described in detail. Activation or
deactivation of the secondary carrier may be determined by a
base station (BS) on the basis of a QoS (Quality of Service),
load condition of a carrier and other factors. The base station
(BS) may activate and/or deactivate the secondary carrier
using an AAI Carrier Management Command (AAI_CM-
CMD) message. The base station (BS) may transmit the AAT_
CM-CMD message through the primary carrier, wherein the
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AAI_CM-CMD message includes downlink/uplink (DL/UL)
indication types (activation and deactivation), list of second-
ary carriers (logical carrier indexes), and information about a
ranging indicator of the activated carrier.

[0096] Thebase station (BS) may set a polling bit of a MAC
Control Extended Header (MCEH) of the AAl_ CM-CMD
message to ‘1°, and transmit the resultant AAI_CM-CMD
message. Upon receiving the AAl_CM-CMD message from
the base station (BS), the mobile station (MS) transmits an
AAI message acknowledgement (AAI_MSG-ACK) message
or a Message ACK Extended Header (MAEH) to the base
station (BS), such that the mobile station (MS) can inform the
base station (BS) of the successful reception of the AAI_CM-
CMD message. A detailed description thereof will hereinafter
be presented.

[0097] The mobile station (MS) transmits the AAI_CM-
IND MAC control message to the base station (BS) through
the primary carrier, such that the base station (BS) can con-
firm that the mobile station (MS) has successfully activated/
deactivated the carriers listed in the AAI_CM-CMD message.
In case of the activation, when DL/UL of a newly activated
carrier is ready to be used for data traffic transmission, the
mobile station (MS) can transmit the AAI_CM-IND mes-
sage.

[0098] In the case where the mobile station (MS) acting as
a single wireless transceiver (also called a single Radio Fre-
quency (RF) transceiver) performs secondary carrier activa-
tion when supporting data transmission through both the pri-
mary carrier and the secondary carrier, the mobile station
(MS) may reset hardware setup (e.g., RF center frequency).
After the completion of hardware reset and synchronization
on a new carrier, the mobile station (MS) transmits the AAI_
CM-IND message to the base station (BS) such that it com-
mands the base station (BS) to prepare for a new carrier and
resumes communication with the base station (BS). After the
base station (BS) receives the AAI_CM-IND MAC message,
the base station (BS) may begin to transmit data on the acti-
vated secondary carrier.

[0099] Next, the primary carrier change will hereinafter be
described in detail. Differently from general inter-FA (inter-
Frequency Area) handover, the primary carrier change may
include the change of a serving carrier of a mobile station
(MS) belonging to the multi-carrier base station (BS) without
changing the MAC layer security and the mobility context.
The mobile station (MS) recognizing the multi-carrier can
support the primary carrier change. For the purpose of load
balancing, variable carrier channel quality or other factors,
the base station (BS) may command the primary carrier
change of the mobile station (MS) through the AAI_CM-
CMD MAC control message on a current primary carrier,
such that the mobile station (MS) primary carrier is changed
to one of the fully configured carriers allocated to the same
base station (BS) by the AAl_CM-CMD MAC control mes-
sage. If the mobile station (MS) receives the AAl_CM-CMD
message in which the polling bit of the MCEH is set to “1°, the
mobile station (MS) may transmit the AAl_ MSG-ACK mes-
sage or the MAEH in response to the AAl_CM-CMD mes-
sage. The mobile station (MS) severs a control signal on the
serving carrier, and then switches to the target fully config-
ured carrier at an action time specified by the base station
(BS). The action time defined by the AAI_CM-CMD mes-
sage may be set to a value that is higher than that of a retrans-
mission timer for the AAI_CM-CMD message. A detailed
description thereof will hereinafter be presented.

[0100] Inthe case where the mobile station (MS) supports
the carrier aggregation mode and a target carrier is one of the
MS’s activated secondary carriers, the mobile station (MS)
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may receive data and control signals on the target carrier
immediately after switching. Otherwise, the mobile station
(MS) may reconfigure its own hardware (e.g., RF center
frequency), and may switch to the target carrier. If the ranging
indicator of the AAl_CM-CMD message is set to 1°, the
mobile station (MS) performs periodic ranging to the target
carrier. Upon successful completion of periodic ranging, the
mobile station (MS) transmits the AAI_CM-IND message to
the base station (BS) so as to inform the base station (BS) of
the readiness of the target carrier. Upon receiving the AAI_
CM-IND message from the mobile station (MS) through the
target primary carrier, the base station (BS) may transmit data
and control signals to the mobile station (MS). In the case
where the common MAC manages both the serving primary
carrier and the target primary carrier, network re-entry is not
requested at the target primary carrier. The base station (BS)
may command the mobile station (MS) to perform primary
carrier change without scanning. In association with the
multi-carrier supported MS, upon completion of the primary
carrier change, a logical carrier index of the serving primary
carrier may be one-to-one exchanged with that of the target
primary carrier.

[0101] The mobile station (MS) may perform scanning of
other assigned carriers that do not serve the mobile station
(MS) according to an unsolicited scheme or a base station’s
indication message. The mobile station (MS) may report the
scanning result to the serving base station, and the base sta-
tion (BS) may use the report result to decide a carrier that is to
be switched by the mobile station (MS). In this case, assum-
ing that the target carrier does not serve the current mobile
station (MS), the mobile station (MS) may establish synchro-
nization with the target carrier.

[0102] The AAI_CM-CMD message for the primary car-
rier change may be transmitted on the primary carrier, and
may include information about a target primary carrier index,
an indication for the next status of the serving primary carrier,
an action time, and a ranging indicator. At this time, if the
mobile station (MS) does not support the carrier aggregation,
a field denoted by “Next Status of Serving Primary Carrier”
may always be set to zero ‘0’. The serving primary carrier
may be activated or deactivated according to the indication
for the next status of the serving primary carrier.

[0103] MAC Control Message for Carrier Management

[0104] The Advanced Air Interface Carrier Management
Command (AAI_CM-CMD) message is transmitted by a
base station (BS), and the carrier management procedure,
such as the carrier activation/deactivation or the primary car-
rier change, starts operation. In response to the AAI_CM-
CMD MAC control message, the mobile station (MS) may
transmit the AAI_CM-IND MAC control message.

[0105] The base station (BS) may start operating the
retransmission timer after transmitting the AAI_CM-CMD
message. If the base station (BS) receives an acknowledge-
ment (ACK) message of the AAL_ CM-CMD message before
the expiration of the retransmission timer, the base station
(BS) may stop operation of the timer and then perform a
procedure corresponding to the action code. Ifthe base station
(BS) does not receive the acknowledgement (ACK) message
before the expiration of the retransmission timer, the base
station (BS) may retransmit the AAl_CM-CMD message.

[0106] In the case where the AAI_ CM-CMD message
newly activates the target secondary carrier or indicates the
primary carrier change to the deactivated target carrier, the
mobile station (MS) transmits the AAI_CM-IND message to
the base station (BS) such that it may inform the base station
(BS) of the readiness of the target carrier. The AAT_CM-IND
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message may include the action code about either the second-
ary carrier management or the primary carrier change.

[0107] Acknowledgement of MAC Control Message in
Carrier Management Procedure

[0108] In a carrier management procedure, a method for
transmitting acknowledgement (ACK) messages related to
AAI_CM-CMD and AAI_CM-IND messages in accordance
with one embodiment of the present invention will hereinafter
be described in detail.

[0109] In a conventional carrier management procedure,
the AAI_CM-CMD message may be used to indicate either
the secondary carrier management or the primary carrier
change. The AAI_CM-IND message may be used to answer
the AAI_CM-IND message. However, the AAI_CM-IND
message may be used in different ways according to indicated
actions.

[0110] Usages of the AAI_CM-IND message will herein-
after be described with reference to FIGS. 4(a) and 4(b).
FIGS. 4(a) and 4(b) are flowcharts illustrating message
exchange in response to a carrier management procedure. The
carrier status can be represented as follows unless there is no
separate description in the annexed drawings of the present
invention. In the following drawings, a carrier denoted by a
solid line may represent an activated carrier, and a carrier
denoted by a bold line may represent a primary carrier, and a
carrier denoted by a dotted line may represent a deactivated
carrier.

[0111] Referring to FIG. 4(a), an Advanced Base Station
(ABS) transmits an AA]_CM-CMD message indicating sec-
ondary carrier management (activation/deactivation) to an
Advanced Mobile Station (AMS) at step S411. The AMS
transmits an AAL_CM-IND message to the ABS, such that it
informs the ABS that a target carrier indicated by the AAI_
CM-CMD message was successfully activated or deacti-
vated. In the case of the secondary carrier activation shown in
FIG. 4(a), the AAI_CM-IND message is transmitted when
DL/UL of the newly activated secondary carrier is ready to
transmit data traffic at step S412. Because of the AAI_CM-
IND message transmission, the ABS and the AMS may com-
municate with each other even through the target secondary
carrier at step S413.

[0112] Referring to FIG. 4(5), the ABS transmits the AAL_
CM-CMD message indicating the primary carrier change to
the AMS at step S421. In order to inform the ABS of the
successful reception of the AAI_CM-CMD message, the
AMS transmits the AAI_CM-IND message to the ABS at step
S422.

[0113] During the action time given by the AAl_CM-CMD
message, the primary carrier change is performed at step
S423. Although the exemplary primary carrier change shown
in FIG. 4(b) illustrates that the serving primary carrier main-
tains an activation status after the completion of the primary
carrier change, the serving primary carrier may enter a deac-
tivation status after the completion of the primary carrier
change. In addition, if the target carrier is kept in the deacti-
vation status, the AMS transmits a bandwidth request (BR) to
the ABS after the target carrier has been activated, such that it
may inform the ABS of the readiness of the target carrier.

[0114] As described above, the AAl_ CM-IND message
may be adapted to inform the ABS of the readiness of the
target carrier when the secondary carrier management is indi-
cated by the AAl_CM-CMD message. If the primary carrier
change is indicated by the AAl_CM-CMD message, the
AAI_CM-IND message may be adapted to inform the ABS
that the AAT_CM-CMD message was successfully received
in the AMS.
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[0115] Inthecaseofthesecondary carrier management, the
ABS is unable to confirm whether the AMS has received the
AAI_CM-CMD message, such that the ABS has to wait
indefinitely for the AAT_CM-IND message until the AMS has
completed the activation of the target carrier. In addition, in
the case of the primary carrier change, the AAI_CM-IND
message may represent only the successful reception of the
AAI_CM-CMD message, and may not be used as a message
that indicates the readiness of the target carrier.

[0116] As described above, the obscurity indicating difter-
ent purposes of the AAT_CM-IND message may be present as
necessary, such that the following factors may be considered
to solve the above obscurity.

[0117] Each of the AAI_CM-CMD message and the AAI_
CM-IND message corresponds to the MAC control message.
The MAC control message may be used when the peer-to-

Feb. 3, 2011

peer protocol of each MAC layer of the ABS and the AMS
performs a control plane function. The MAC control message
may be returned to a MAC Protocol Data Unit (MAC PDU)
that is transmitted through broadcast, unicast, or random
access connection. There is only one unicast control connec-
tion, and Hybrid Automatic Repeat reQuest (HARQ) may be
operated in the MAC control message that is transmitted on
the unicast control connection.

[0118] If the MAC PDU includes a payload from the con-
trol connection, a MAC Control Extended Header (MCEH)
may be utilized. The MCEH format may be defined as shown
in Table 2. As can be seen from Table 2, the polling bit of the
MCEH may be set to ‘0’ when the acknowledgement of the
MAC control message reception is not requested, and may be
set to ‘1’ when the acknowledgement of the MAC control
message reception is requested.

TABLE 2
Size
Syntax (bit) Notes
MCEH () {
EC 1 Encryption Control indicator
0 = Payload is not encrypted
1 = Payload is encrypted
Control Connection Channel 1 Channel ID to identify separate fragmentation/reassembly
ID (CCC ID) state machines

SN Indicator

If (SN Indicator = 0) {

Reserved
else {
Polling

FC
SN
Reserved
}
}

0: channel 1
1: channel 2
1 0 =no FC and sequence number
1 = FC and sequence number are followed

5 For byte alignment

1 0 =no acknowledgement required
1 = acknowledge required upon receiving the MAC message
2 Fragmentation control (see Table 665)
8 Payload sequence number
2 For byte alignment

[0119] The ABS and the AMS may use a MAC Control
Message ACK Extended Header (MAEH) to indicate the
reception of a specific MAC control message that has already
been received. In the case where the ABS or the AMS receives
either the MAC control message or the MAC control message
fragment having an MCEH wherein the polling bit is set to
‘17, the ABS or the AMS transmits an MAEH as an acknowl-
edgment after receiving a full message with the sequence
number of a MAC control message PDU or a sequence num-
ber of the last received fragment if fragmented. The MAEH
format can be represented by the following Table 3.

TABLE 3

Syntax

Size
(bits) Notes

MAEH () {
Type
ACK_SN

Control Connection channel ID (CCC ID) 1

Reserved

}

MAEH type
8 SN retrieved from the MCEH of the MAC PDU
with the Polling bit set to 1
Control Connection Channel ID (CCC ID) that
the MAC management message is received.
Variable For byte alignment
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[0120] Inthe meantime, the ABS and the AMS may use the
AAI message acknowledgement (AAI_MSG-ACK) message
to indicate the reception of the AMC control message. If a
message in which the polling bit of the MCEH is set to ‘1’ is
received through control connection, the ABS and the AMS
may transmit the AAI_ MSG-ACK message as an acknowl-
edgement message indicating MAC control message recep-
tion.

[0121] In association with the above-mentioned operation
in which the AAT_MSG-ACK message or the MAEH is used
as an acknowledgement message when the polling bit of the
MCEH of the MAC control message is set to ‘1°, MAC
management reliability will hereinafter be described in detail.
[0122] All MAC control messages can be fragmented. As
described above, HARQ can be applied to all kinds of unicast
MAC control messages. A retransmission timer may be
defined for a MAC control message that requires reliable
transmission. The retransmission timer starts operation when
a transmitter starts transmitting the MAC control message,
and waits for a response message (e.g., an AAI Ranging
Response (AAI_RNG-RSP) message is a response to an AAI
ranging request (AAl_RNG-REQ) message. The retransmis-
sion timer stops operation upon receiving a response message
from a receiver. In the case where a local NACK for the MAC
control message is operated, and the HARQ process results in
a failure before the expiration of the retransmission timer, the
transmitter may start retransmitting a full control message
transmitted from the failed HARQ burst or a control message
fragment as necessary. During the retransmission of the con-
trol message fragment retransmission started by the local
NACK, the transmitter may retransmit a control message
fragment having the same information (MCEH and payload)
as in an initial transmission operation.

[0123] The transmitter may ask the receiver to transmit the
MAC layer acknowledgement (ACK) message so as to deter-
mine a status of the transmitted control message. If the MAC
layer acknowledgement (ACK) message is used, the trans-
mitter may set the polling bit to ‘1” at the MCEH of the MAC
PDU that includes either a full control message or the last
pending fragment of a control message. Immediately after
transmission of the MAC PDU in which the polling bit is set
to ‘17, the transmitter starts operating an ACK timer and waits
for the AAI_MSG-ACK message or the MAEH. Inthe case of
receiving a local NACK for a MAC PDU that sends back the
MCEH in which the polling bit is set to ‘1°, the transmitter
retransmits the MAC PDU having the last fragment and at the
same time sets the polling bit of the MCEH to ‘1°. Upon
receiving the local NACK, the ACK timer stops operation.
The ACK timer stopped by the local NACK retransmits the
last fragment and at the same time restarts operation. Upon
receiving the AAI_MSG-ACK message or the MAEG, the
ACK timer stops operation. If the ACK timer has expired
before the reception of the ACK message or the expiration of
the retransmission timer, the transmitter may restart retrans-
mission of an overall message. If the retransmission timer has
expired, the transmitter may stop operating the ACK timer. If
the retransmission operation begins after the ACK timer or
the retransmission timer has expired, the transmitter may
reset the retransmission timer.

[0124] If the receiver receives a control message of the
MAC PDU in which the polling bit of the MAEH is set to “1°
or a control message fragment, the receiver may answer the
MAC PDU control message or the control message fragment
using the AAI_MSG-ACK message or the MAEH so as to
indicate the reception of the full control message. In relation
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to the fragmented control message, the receiver receives all
fragments of the control message, and then transmits the
AAI_MSG-ACK message or the MAEH.

[0125] A general transmission scheme for the MAC control
message will hereinafter be described in detail.

[0126] First of all, various types of request/response (REQ/
RSP) messages will hereinafter be described. For example,
AAI ranging request/AAIl ranging response (AAI_RNG-
REQ/AAI_RNG-RSP) messages, AAI Subscriber station
Basic Capability Request/AAI Subscriber station Basic
Capability Response (AAI_SBC-REQ/AAI_SBC-RSP)
messages, AAI registration request/AAl registration
response (AAI_REG-REQ/AAI_REG-RSP) messages, and
AAI Handover Request/AAI Handover Response (AAI_HO-
REQ/AAI_HO-RSP) messages may be defined as REQ/RSP
messages. As described above, in the case where an REQ
MAC control message and its associated RSP message are
defined, a retransmission timer for receiving the RSP mes-
sage when the REQ message is transmitted may be config-
ured as described in the above-mentioned control message
reliability. If the transmitter receives no RSP message from
the receiver, the transmitter determines transmission failure
of the REQ message such that it can retransmit the REQ
message. In other words, assuming that both the REQ mes-
sage and the RSP message are defined, the RSP message
performs a message ACK function for reliable transmission
of'the REQ message.

[0127] On the other hand, the RSP message may also
answer the REQ message using the AAI_MSG-ACK or the
MAEH. For example, an AAl handover command (AAI_HO-
CMD) message or an AAI handover indication (AAI_HO-
IND) message for HO cancellation may be defined. Although
the AAT_HO-CMD or AAI_HO-IND message may trigger or
request a certain procedure or operation, an RSP message
corresponding to the AAT_ HO-CMD or AAI_HO-IND mes-
sage has not yet been defined. Therefore, an RSP message is
needed for reliable transmission of the REQ MAC control
message. [n association with the above-mentioned operation,
assuming that the polling bit of the MCEH of the REQ MAC
control message is set to ‘1’ and the receiver succeeds in
receiving the REQ message, the receiver may transmit the
AAI_MSG-ACK or MAEH.

[0128] In the case of considering the above-mentioned
descriptions, the AAI_CM-CMD message serves as a MAC
control message in a carrier management procedure such that
reliable transmission of the AAI_CM-CMD message is
needed. However, in the currently-defined secondary carrier
management procedure, the AAI_CM-IND message is trans-
mitted to the ABS after the activation of a target carrier, such
that the ABS is unable to recognize whether the AAI_CM-
CMD message was successtully received in the AMS. There-
fore, the embodiment of the present invention proposes an
improved technology in which the AAT_ CM-CMD message
requests a response message (AAl_MSG-ACK message or
MAEH) indicating the successful reception and the AAI_
CM-IND message is adapted to inform the ABS of the readi-
ness of the target carrier.

[0129] In addition, assuming that the target carrier (T-car-
rier) is one of deactivated carriers in a primary carrier change
procedure, according to the currently defined procedure, the
AMS has transmitted a bandwidth request (BR) to the ABS so
as to inform the ABS of the readiness of the target carrier
(T-carrier), and the AAI_CM-IND message has been used
only to acknowledge the successful reception of the AAL_
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CM-CMD message. The above-mentioned AAI_CM-IND
message has an objective different from that of another AAI_
CM-IND message that has been defined in the secondary
carrier management procedure, resulting in the occurrence of
the obscurity. In order to remove the obscurity, not only in the
primary carrier change procedure but also in the secondary
carrier management procedure, it is preferable that the AAI_
CM-IND message be used as a message that informs the ABS
of the readiness of the target carrier (T-carrier).

[0130] Therefore, three-step procedures of the AAI_CM-
CMD message, the acknowledgement (ACK) message of the
AAI_MSG-ACK message or the MAEH, and the AAI_CM-
IND message can be defined as follows.

[0131] The ABS sets a polling bit of the MCEH of the
AAI_CM-CMD message to ‘1°, and transmits the resultant
AAI_CM-CMD message to the ABS. The ABS starts operat-
ing the retransmission timer when transmitting the AAI_CM-
CMD message. If the ABS receives the AAI_MSG-ACK
message or the MAEH before the expiration of the retrans-
mission timer, the ABS stops operating the retransmission
timer and begins to perform a corresponding carrier manage-
ment procedure. If the retransmission timer has expired, the
ABS may retransmit the AAI_CM-CMD message.

[0132] From the viewpoint of the AMS, if the AMS has
successfully received the AAI_CM-CMD message, the AMS
may transmit the AAI_MSG-ACK message or MAEH to
inform the ABS of the successful reception of the AAI_CM-
CMD message.

[0133] The AAI_CM-IND message may be adapted to
inform the ABS of the readiness of the target carrier (T-car-
rier), irrespective of action codes (where, a code ‘0’ means
secondary carrier management and a code ‘1’ means primary
carrier change) of the AAI_CM-CMD message. That is, if a
target carrier (T-carrier) of the AAI_CM-CMD message is
one of the deactivated carriers (wherein the target carrier may
be a deactivated carrier when the AMS is operated in single
carrier mode), the AAI_CM-IND message may be used to
inform the ABS of the readiness of the target carrier (T-car-
rier).

[0134] In association with the above-mentioned descrip-
tion, if the action code of the AAI_CM-CMD message indi-
cates the primary carrier change, the AAl_CM-IND message
may be transmitted on the target carrier (T-carrier) after suc-
cessfully performing the switching to the target carrier (T-car-
rier) at an action time specified by the AAI_CM-CMD mes-
sage. If the AMS fails to perform the switching at the action
time, the AAI_CM-IND message may be transmitted on the
serving primary carrier. If the serving carrier (S-carrier) is
deactivated, the AAI_CM-IND message may also be trans-
mitted to the serving carrier (S-carrier) through a bandwidth
request (BR).

[0135] Secondary carrier management according to one
embodiment of the present invention will hereinafter be
described with reference to FIG. 5. FIG. 5 is a flowchart
illustrating usages of an acknowledgement message for use in
a secondary carrier management procedure according to one
embodiment of the present invention. Referring to FIG. 5, the
AAI_CM-CMD message in which the action code indicates
the secondary carrier management is transmitted from the
ABS to the AMS, the activation of the target carrier (T-carrier)
is indicated by an indication type of the AAl_ CM-CMD
message at step S501. A target carrier (T-carrier) may be
represented by a deactivated carrier denoted by a dotted line.
When the ABS transmits the AAI_CM-CMD message, the
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polling bit of the MCEH may be set to ‘1°, such that the
resultant AAI_CM-CMD message is then transmitted. There-
fore, the AAl_MSG-ACK message or the MAEH in relation
to the AAI_CM-CMD message may be transmitted through
the primary carrier (P-carrier) at step S502. If the ABS
receives the AAl MSG-ACK message orthe MAEH from the
AMS, it waits for the AAL_ CM-IND message. The AMS
represents the target carrier (T-carrier) by an activated carrier
denoted by a solid line, and transmits the AAI_CM-IND
message indicating the readiness of the target carrier (T-car-
rier) through the primary carrier (P-carrier) at step S503.
After the transmission of the AAI_CM-IND message, the
ABS and the AMS may communicate with each other through
the target carrier (T-carrier).

[0136] An exemplary form of primary carrier change
according to one embodiment of the present invention will
hereinafter be described with reference to FIGS. 6(a) and
6(b). FIGS. 6(a) and 6(b) are flowcharts illustrating usages of
an acknowledgement message for use in a primary carrier
change procedure according to one embodiment of the
present invention.

[0137] Anexemplary case in which a target primary carrier
is a deactivated carrier will hereinafter be described with
reference to FIG. 6(a). Referring to FIG. 6(a), the AAI_CM-
CMD message in which the action code indicates primary
carrier change is transmitted from the ABS to the AMS at step
S611. The ABS may set the polling bit of the MCEH of the
AAI_CM-CMD messageto ‘1’ so as to acknowledge success-
ful reception of the AAI_CM-CMD message. The AMS may
transmit the AAl_MSG-ACK message or MAEH for the
AAI_CM-CMD message through the serving carrier (S-car-
rier) at step S612. The AAI MSG-ACK message or the
MAEH may be transmitted to the ABS prior to the action time
specified by the AAI_CM-CMD message. The AMS per-
forms switching to the target carrier (T-carrier) at an action
time by referring to the action time specified by the AAI_CM-
CMD message. If necessary, the synchronization and the
CDMA ranging (or periodic ranging) may be performed
through the target carrier (T-carrier) at step S613. Because the
target carrier (T-carrier) is a deactivated carrier, the AMS may
transmit the AAI_CM-IND message indicating readiness of
the target carrier (T-carrier) to the ABS through the target
carrier (T-carrier) after the lapse of the action time at step
S614. After the execution of the primary carrier change, the
ABS may transmit and receive control signals and data to and
from the AMS through the target primary carrier.

[0138] In this case, the AAI_CM-IND message may be
transmitted through the changed target primary carrier after
the completion of the successful primary carrier change. In
contrast, if the primary carrier change results in a failure, the
AAI_CM-IND message may be transmitted through the serv-
ing primary carrier. Although FIG. 6(a) shows that the serving
carrier (S-carrier) is activated after the completion of the
primary carrier change, the ‘Next State of Serving Primary
Carrier’ field of the serving primary carrier contained in the
AAI_CM-CMD message may determine whether the serving
primary carrier is to be maintained in an activated or deacti-
vated state after the completion of the primary carrier change.
If the AMS is a single carrier AMS that does not support
carrier aggregation, the above-mentioned field may always be
set to ‘0’ (where the serving carrier (S-carrier) is deactivated
after the completion of the primary carrier change). If the
serving primary carrier is deactivated after the completion of
the primary carrier change and then the primary carrier
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change results in a failure, the AAI_CM-IND message may
be transmitted through a bandwidth request (BR) on the serv-
ing carrier (S-carrier).

[0139] Next, an exemplary case in which the target primary
carrier is an activated carrier will hereinafter be described
with reference to FIG. 6(6). The transmission of the AAI_
CM-CMD message transmission (S621) and the transmission
of'the AAI_MSG-ACK message or MAEH (S622) shown in
FIG. 6(b) are similar to those of FIG. 6(a). In FIG. 6(b),
because the target carrier (T-carrier) is a pre-activated carrier,
the AAI_CM-IND message that informs the ABS of the readi-
ness of the target carrier (T-carrier) may be omitted. In other
words, the AMS does not transmit the AAI_CM-IND mes-
sage, and may transmit and receive control signals and data to
and from the ABS through the target primary carrier at an
action time specified by the AAI_CM-CMD message. The
serving primary carrier may also be deactivated after the
completion of the carrier change.

[0140] Action Time and Disconnection Time in Carrier
Management Procedure

[0141] One embodiment in which an action time specified
by the AAT_CM-CMD message is defined in the carrier man-
agement procedure and a disconnection time of a deactivated
carrier is defined will hereinafter be described in detail.
[0142] The primary carrier change for use in the carrier
management procedure starts operation by the AAI_CM-
CMD message. The AAl_CM-CMD message is a MAC con-
trol message that requests reliable transmission, and the ABS
transmits the AAI_CM-CMD message and starts operating
the retransmission timer. In addition, the action time field is
defined in the AAI_CM-CMD message, and the AMS per-
forms switching to the target fully configured carrier at an
action time specified by the AAI_CM-CMD message. The
action time may be defined as a Least Significant Bit (LSB) of
a super frame number (SFN) at a time that switches to the
target carrier (T-carrier).

[0143] By the currently defined action time, the action time
may expire while the AMS receives the AAl_CM-CMD mes-
sage and prepares for the operation of T-carrier activation. In
other words, although the AMS is normally operated, the
target carrier (T-carrier) may not yet be prepared for at an
action time where the primary carrier change is to be carried
out. In other words, when the action time specified by the
AAI_CM-CMD message is set to a specific time before the
AAI_CM-IND message is received by in the ABS, the ABS
may misunderstand that the AAT_CM-CMD message has not
been successfully received in the AMS and the AMS has
rejected the request of the ABS. This misunderstanding may
cause primary carrier change to fail.

[0144] Therefore, if necessary, the action time may be
established at a specific time after the lapse of the retransmis-
sion timer expiration time of the AAl_CM-CMD message. In
other words, the action time may be denoted by (Action
TimezZAAI CM-CMD Transmission Timing Point+Re-
transmission Timer Value). By the newly defined action time,
the ABS may determine that the AMS has not received the
AAI_CM-CMD message at the expiration time of the retrans-
mission timer such that it can retransmit a new AAI_CM-
CMD message in which the action time is newly specified.
Accordingly, although the primary carrier change action time
is properly established, and the AMS normally receives the
message and is operated as described above, the misunder-
standing of the ABS that decides that the primary carrier
change procedure has failed can be prevented.
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[0145] The action time field of the above-mentioned AAT_
CM-CMD message may be defined as shown in the following
Table 4.

TABLE 4

Action Time 3 LSB bits of Superframe number at the time to
switch to the target carrier
This value shall be set to the value more than
the retransmission timer for AAl CM-CMD

message

[0146] In addition, it is necessary to concretely define the
disconnection time in the primary carrier change procedure.
The serving primary carrier may be deactivated after the
completion of the primary carrier change according to indi-
cation information of the AAI_CM-CMD message. Informa-
tion about when the serving primary carrier is to be deacti-
vated is not defined in a conventional carrier change
procedure. Therefore, one example in which the AMS trans-
mits the AAI_CM-IND message and at the same time discon-
nects a control path from the serving carrier (S-carrier) is not
excluded. In this case, since a current time does not yet reach
the action time and the target carrier (T-carrier) is not set to the
primary carrier, a control message may be lost in the range
from the disconnection time of the serving carrier (S-carrier)
to the action time. In the primary carrier change, the discon-
nection time of the serving carrier (S-carrier) is defined to be
identical to the action time defined by the AAl_ CM-CMD
message, such that control message loss is prevented.

[0147] FIG. 7 is a conceptual diagram illustrating the rela-
tionship between an action time and a retransmission timer
forusein a primary carrier change procedure according to one
embodiment of the present invention. Referring to FIG. 7, the
ABS transmits the AAI_CM-CMD message to the AMS and
at the same time starts operating the retransmission timer at
step S701. The action code of the AAI_CM-CMD message
may represent the primary carrier change, and the action time
of'the primary carrier change may be specified by the ‘Action
Time’ field. In addition, the ‘Next State of Serving Primary
Carrier’ field of the AAI_CM-CMD message may indicate
that the serving primary carrier (S-PC) is deactivated after the
primary carrier change. The AMS receives the AAI_CM-
CMD message from the ABS. In response to the AAI_CM-
CMD message, the AMS may transmit the AAI_CM-IND
message indicating the readiness (activation) of the target
carrier (T-carrier) to the ABS at step S702. After the target
carrier (T-carrier) is activated in response to the AAI_CM-
IND message, until a current time reaches the action time at
which the switching to the target carrier (T-carrier) is per-
formed, a control message can still be transmitted and
received through the serving primary carrier (S-PC), and data
other than the control message can be communicated through
the target carrier (T-carrier). Therefore, the control message
may not be lost until the serving primary carrier is severed. As
described above, the action time (S704) specified by the AAL_
CM-CMD message may be set to a time later than the retrans-
mission timer expiration time (S703). The AMS may transmit
and receive data and control messages to and from the ABS
through a target primary carrier at the action time (S704). The
disconnection of control signal communication through the
serving primary carrier (S-PC) at a disconnection time, and
the disconnection time may be defined to be identical to the
action time. Since the next status of the primary carrier (P-car-
rier) is indicated as a deactivation status, the serving primary

IPR2024-00607

Petitioners' Ex. 1005

Ex.1005.00030



US 2011/0026495 Al

carrier (S-PC) can be deactivated after the action time (dis-
connection time). In the meantime, in the case where the next
status of the serving primary carrier (S-PC) is commanded to
be kept in an activation status after the completion of the
primary carrier change, only control signal communication
through the serving primary carrier (S-PC) is interrupted and
the serving primary carrier (S-PC) can be kept in an activation
status.

[0148] On the other hand, in the secondary carrier manage-
ment (activation/deactivation), the ABS receives the AAI_
CM-IND MAC control message from the AMS through the
primary carrier (P-carrier), such that the ABS can confirm that
carriers listed in the AAT_CM-CMD message were success-
fully activated or deactivated. In the case of activating the
carriers listed in the AAI_CM-CMD message, the AMS can
transmit the AAI_CM-IND message when downlink/uplink
(DL/UL) of the newly activated carrier is ready to be used for
data traffic transmission.

[0149] Inrelation to the above description, the AMS can be
operated in a carrier aggregation mode in which the AMS can
simultaneously transmit and receive data to and from the ABS
through one or more carriers. Although the AMS supporting
the carrier aggregation mode receives n assigned carriers
from the ABS, the AMS having only the capability capable of
aggregating only m carriers (1<m<n, m=integer) from among
the n assigned carriers may be present. In the case where all
the m carriers are used as activated carriers by the AMS, a
certain activated secondary carrier (Carrier_1) may be deac-
tivated due to a channel quality, load balancing, or the like,
and the activation of another one (Carrier_2) from among the
n assigned carriers may be needed.

[0150] In the above-mentioned case, a secondary carrier
management action corresponding to the action code ‘0’ may
be specified in the currently defined AAI_CM-CMD mes-
sage, such that a first target carrier (Target Carrier_1) can be
deactivated and at the same time a second target carrier (Tar-
get Carrier_2) can be activated.

[0151] The AMS may transmit the AAT_CM-IND message
in response to one AAI_CM-CMD message. The AAI_CM-
IND message has the following meanings according to
actions indicated by the AAI_CM-CMD message. If the
actionindicated by the AAI_CM-CMD message is activation,
the AAI_CM-IND message is transmitted from the AMS to
the ABS so as to indicate that the target carrier (T-carrier) was
activated and the readiness of data communication was com-
pleted. Otherwise, if the action indicated by the AAI_CM-
CMD message is deactivation, the AMS transmits the AAI_
CM-IND message to the ABS and at the same time data
communication with the target carrier is severed.

[0152] Therefore, if one target carrier (Target Carrier_2)
indicated to be activated and the other target carrier (Target
Carrier_1) indicated to be deactivated cannot be simulta-
neously activated due to the restriction of the above-men-
tioned AMS capability, the AMS is unable to transmit the
AAI_CM-IND message indicating the readiness of the newly
activated target carrier (Target Carrier_2) to the ABS. In other
words, the AMS can activate the target carrier (Target Car-
rier_2) after the completion of deactivation of the other target
carrier (Target Carrier_1), and no method capable of inform-
ing the ABS of the activation of the target carrier (Target
Carrier_2) using the AAI_CM-IND message is defined in the
currently defined AAI_CM-IND message.
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[0153] In order to solve the above-mentioned problem, a
carrier disconnection time may be defined in relation to sec-
ondary carrier management (activation/deactivation). When
the ABS transmits the AAI_CM-CMD message to command
the deactivation of the target carrier, a disconnection time of
the target carrier can be defined in relation to the AAI_CM-
CMD message. A variety of methods (a), (b), (¢) and (d) for
defining the carrier disconnection time will hereinafter be
described.

[0154] (a) In the case where the action code of the AAT_
CM-CMD message is set to ‘0’ (secondary carrier man-
agement) and the indication type #1 is set to ‘1’ (deac-
tivation), a disconnection time is defined.

[0155] (b) Only when the action code of the AAl_CM-
CMD message is set to ‘0’ (secondary carrier manage-
ment), the indication type #01is setto 1’ (activation), and
the indication type #1 is also set to ‘1’ (deactivation), a
disconnection time is defined.

[0156] (c) Only when a disconnection time flag is
defined and the disconnection time flag is set to “1°, a
disconnection time is defined.

[0157] (d) No disconnection time is defined in the AAT_
CM-CMD message, and a reception time of the AAI_
CM-CMD message is implicitly defined as a disconnec-
tion time of the target carrier.

[0158] Inthe case where the number of target carriers to be
deactivated in the above-mentioned cases (a) and (b) is set to
‘n’, n disconnection times for individual carriers may be
defined, and the same one disconnection time may be defined
for all the n target carriers. In the above-mentioned method
(c), the disconnection time flag may be set to ‘1’ only when an
unexpected problem caused by the above-mentioned AMS
capability occurs (i.e., only when the first target carrier (Tar-
get Carrier_1) and the second target carrier (Target Carrier_2)
cannot be simultaneously activated).

[0159] FIG. 8 illustrates a disconnection time for use in a
secondary carrier management procedure according to one
embodiment of the present invention. A secondary carrier
management procedure to be used when a disconnection time
is defined will hereinafter be described with reference to FIG.
8. Referring to FIG. 8, the AMS transmits and receives a
control message and data to and from the ABS through a
primary carrier (PC) at step S801. The AMS transmits and
receives data to and from the ABS through a secondary carrier
(T-SC_1) at step S802. The AAI_CM-CMD message trans-
mitted from the AMS to the AMS includes parameters that are
needed to deactivate the first target secondary carrier (T-SC_
1) and activate the second target secondary carrier (T-SC_2).
In addition, the AAT_CM-CMD message includes a discon-
nection time for the first target secondary carrier (I-SC_1) at
step S803. As described above, the first target secondary
carrier (T-SC_1) and the second target secondary carrier
(T-SC_2) cannot be simultaneously activated due to the
restriction of the AMS capability, such that the AMS firstly
deactivates the first target secondary carrier (T-SC_1) at the
disconnection time indicated by the AAl_CM-CMD message
atstep S804. As can be seen from FIG. 8, the representation of
the first target secondary carrier (T-SC_1) is changed from a
solid line (activation) to a dotted line (deactivation) at the
disconnection time. By the deactivation of the first target
secondary carrier (T-SC_1), the AMS can activate the second
target secondary carrier (T-SC_2). The AMS deactivates the
deactivated second target secondary carrier (1-SC_2) on the
basis of the AAI_CM-CMD message. If data is ready to be
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transmitted or received through the newly activated second
target carrier (I-SC_2), the AMS informs the ABS of the
readiness of data at step S805. If the ABS receives the AAI_
CM-IND message from the AMS, data can be transmitted
and/or received between the ABS and the AMS through the
second target secondary carrier (T-SC_2) at step S806. Dur-
ing the above-mentioned secondary carrier management pro-
cedure, the AMS can continuously transmit and receive a
control signal and data to and from the ABS through the
primary carrier (PC).

[0160] As described above, in reference to the AAI_CM-
CMD message for indicating secondary carrier activation and
deactivation, as to the deactivation of the first target second-
ary carrier, the ABS can recognize the deactivation of the
target carrier at a defined disconnection time without receiv-
ing a message for indicating the first target secondary carrier
deactivation from the AMS through the AAT_CM-IND mes-
sage and others. As to the activation of the second target
secondary carrier, the ABS receives the AAl_CM-IND mes-
sage, such that it can recognize that the second target second-
ary carrier (T-SC_2) is ready or prepared.

Feb. 3, 2011

[0161] On the other hand, each inventive embodiment for
defining the disconnection time in the secondary carrier man-
agement procedure is not limited only to a specific case in
which several target secondary carriers are unable to be
simultaneously activated owing to the restriction of AMS
capability, and may also be applied to other exemplary cases
as necessary. Since the disconnection time is defined in an
arbitrary case in which the deactivation of the target second-
ary carrier (T-SC) is indicated in the secondary carrier man-
agement procedure, those skilled in the art can easily appre-
ciate that the error encountered in the secondary carrier
management procedure is prevented and the accuracy of
operation is increased.

[0162] A variety of associated embodiments in which the
disconnection time of the target secondary carrier is defined
by defining a parameter of the AAI_CM-CMD message will
hereinafter be described. First of all, basic parameters of the
AAI_CM-CMD message can be configured as represented by
the following Table 5.

TABLE 5
Size
Field (bit) Description
AAI Carrier Management Command message
format( ){
Management Message Type 8 AAI CM-CMD

Action code
If (Action code == 0){
Indication Type

If (Indication Type #0 == 1)
Num of target carrier

1 0: Secondary Carrier Management
1: Primary carrier change
This message is for secondary carrier activation and/or
deactivation
2 For Activation and/or Deactivation
Bit #0: “0’: No action, ‘1’: Activation
Bit #1: “0’: No action, ‘1’: Deactivation

[TBD] The number of newly activated carrier(s)

For(i=0; i< Num of target carrier; i++){

Target carrier index
Activation of DL/UL

Ranging indicator

)

If (Indication Type #1 == 1){
Num of target carrier

[TBD] Target carrier index for activation
1 ‘0’ Both DL/UL are activated
“1’: DL is activated but UL is not activated
1 Ranging indicator for target carrier
‘0”: No ranging is required for the target carrier
‘1°: Periodic ranging is required for the target carrier

[TBD] The number of deactivated carrier(s)

For(i=0; i< Num of target carrier; i++){

Target carrier index
Deactivation of DL/UL

¥
)

If (Action code == 1){

[TBD] Target carrier index for deactivation
1 ‘0’: Both DL/UL are deactivated
1°: UL is deactivated but DL is kept active

This message is for primary carrier change.

Target carrier index [TBD] Target carrier index for primary carrier change

Action Time [TBD] LSB bits of Superframe number at the time to switch to
the target carrier
This value shall be set to the value more than the
retransmission time for AAI CM-CMD message

Next state of serving primary carrier 1 0°: Serving carrier will be deactivated after primary

carrier change
1°: Serving carrier is kept active after primary carrier
change
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[0163] (1) In relation to an indication for target secondary
carrier (T-SC) deactivation, a disconnection time can be
defined. One disconnection time may be defined for N target
secondary carriers (N T-SCs). Therefore, some parameters of
the AAI_CM-CMD message can be defined as in the follow-
ing Table 6.
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TABLE 6
Size
Field (bit) Description
If (Indication Type #1 == 1){
Num of target carrier [TBD] The number of deactivated carrier(s)

Disconnection time [TBD]

For(i=0; i< Num of target carrier; i++){

LSB bits of Superframe number at the time to
disconnect the connection with the target carrier(s)

Target carrier index [TBD] Target carrier index for deactivation
Deactivation of DL/UL 1 ‘0’: Both DL/UL are deactivated
‘1’: UL is deactivated but DL is kept active
¥
¥
[0164] (2) In relation to an indication for target secondary

carrier (T-SC) deactivation, a disconnection time can be
defined only when a disconnection time flag is setto ‘1°. One
disconnection time may be defined for N target secondary
carriers (N T-SCs). Therefore, some parameters of the AAI_
CM-CMD message can be defined as in the following Table 7.

TABLE 7
Size
Field (bit) Description
If (Indication Type #1 == 1){
Num of target carrier [TBD] The number of deactivated carrier(s)
Disconnection time Flag 1 Flag for the disconnection time
If (Disconnection time Flag==1){
Disconnection time [TBD] LSB bits of Superframe number at the time to

For(i=0; i< Num of target carrier; i++){

disconnect the connection with the target carrier(s)

Target carrier index [TBD] Target carrier index for deactivation
Deactivation of DL/UL 1 ‘0’: Both DL/UL are deactivated
‘1’: UL is deactivated but DL is kept active
¥
¥
[0165] (3) In relation to an indication for target secondary secondary carriers (N T-SCs). Therefore, some parameters of
carrier (T-SC) deactivation, a disconnection time can be the AAI_CM-CMD message can be defined as in the follow-
defined. N disconnection times may be defined for N target ing Table 8.
TABLE 8
Size
Field (bit) Description

If (Indication Type #1 == 1){
Num of target carrier [TBD]
For(i=0; i< Num of target carrier; i++){
Target carrier index [TBD]
Deactivation of DL/UL 1

The number of deactivated carrier(s)

Target carrier index for deactivation
‘0’: Both DL/UL are deactivated
1°: UL is deactivated but DL is kept active
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TABLE 8-continued
Size
Field (bit) Description
Disconnection time [TBD] LSB bits of Superframe number at the time to

disconnect the connection with the target carrier(s)

[0166] (4) In relation to an indication for target secondary
carrier (T-SC) deactivation, a disconnection time can be indi-
cated only when a disconnection time flag is setto “1°. One or
more disconnection times may be defined for N target sec-
ondary carriers (N T-SCs). Therefore, some parameters of the
AAI_CM-CMD message can be defined as in the following

Table 9.
TABLE 9
Size
Field (bit) Description
If (Indication Type #1 == 1){
Num of target carrier [TBD] The number of deactivated carrier(s)
For(i=0; i< Num of target carrier; i++){
Target carrier index [TBD] Target carrier index for deactivation
Deactivation of DL/UL 1 ‘0”: Both DL/UL are deactivated
‘1’: UL is deactivated but DL is kept active
Disconnection time Flag 1 Flag for the disconnection time
If (Disconnection time Flag==1){ -
Disconnection time [TBD] LSB bits of Superframe number at the time to
disconnect the connection with the target carrier(s)
¥
¥

[0167] (5) In the case where activation and deactivation of may be defined for N target secondary carriers (N T-SCs).

a target secondary carrier are simultaneously indicated, a Therefore, some parameters of the AAI_CM-CMD message
disconnection time can be defined. One disconnection time can be defined as in the following Table 10.
TABLE 10
Size
Field (bit) Description

If (Indication Type #1 == 1){

Num of target carrier [TBD] The number of deactivated carrier(s)
If (Indication Type #0 == 1){
Disconnection time [TBD] LSB bits of Superframe number at the time to

disconnect the connection with the target carrier(s)

¥

For(i=0; i< Num of target carrier; i++){
Target carrier index [TBD] Target carrier index for deactivation
Deactivation of DL/UL 1 ‘0’: Both DL/UL are deactivated

1°: UL is deactivated but DL is kept active
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[0168] (6) In the case where activation and deactivation of
a target secondary carrier are simultaneously indicated, a
disconnection time can be defined only when a disconnection
time flag is setto “1°. One disconnection time may be defined
for N target secondary carriers (N T-SCs). Therefore, some
parameters of the AAl_CM-CMD message can be defined as
in the following Table 11.

TABLE 11
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[0171] Common MAC Handover (HO) and Carrier Change
Procedure
[0172] As previously stated in FIG. 2(a), in the ABS

capable of supporting a single carrier, one PHY is controlled
by one MAC controller, and a plurality of MAC-PHY entities
may be present in one cell. One base station identifier (BSID)
is assigned to each MAC-PHY entity. While the single carrier

Size

Field (bit) Description

If (Indication Type #1 == 1){
Num of target carrier
Disconnection time Flag 1
If (Indication Type #0 == 1 && Disconnection
time Flag ==1){
Disconnection time

For(i=0; i< Num of target carrier; i++){
Target carrier index

[TBD] The number of deactivated carrier(s)
Flag for the disconnection time

[TBD] LSB bits of Superframe number at the time to
disconnect the connection with the target carrier(s)

[TBD] Target carrier index for deactivation

Deactivation of DL/UL 1 ‘0’: Both DL/UL are deactivated
1°: UL is deactivated but DL is kept active
¥
¥
[0169] (7) In the case where activation and deactivation of

a target secondary carrier are simultaneously indicated, a
disconnection time can be defined only when a disconnection
time flagis setto ‘1°. One or more disconnection times may be
defined for N target secondary carriers (N T-SCs). Therefore,
some parameters of the AAI_CM-CMD message can be
defined as in the following Table 12.

TABLE 12

supported AMS transmits and receives data by a single MAC-
PHY entity, it may perform inter-frequency handover to
another MAC-PHY entity having a different BSID in the
same cell according to a channel status or other conditions.

[0173] Inorder to perform effective handover, the ABS may
periodically broadcast a neighbor advertisement (MOB_
NBR-ADV) message. The MOB_NBR-ADV message is

Size

Field (bit) Description

If (Indication Type #1 == 1){
Num of target carrier
For(i=0; i< Num of target carrier; i++){
Target carrier index

[TBD] The number of deactivated carrier(s)

[TBD] Target carrier index for deactivation

Deactivation of DL/UL 1 ‘0’: Both DL/UL are deactivated
‘1’: UL is deactivated but DL is kept active
Disconnection time Flag 1 Flag for the disconnection time

If (Indication Type #0 == 1 &&
Disconnection time Flag ==1){
Disconnection time

[TBD] LSB bits of Superframe number at the time to

disconnect the connection with the target carrier(s)

[0170] Since the disconnection time of the secondary car-
rier deactivation is established as described in the above
embodiments, although a multi-carrier AMS receives indica-
tion information of secondary carrier activation/deactivation
through one AAI_CM-CMD message, the confusion of the
usage of the AAI_CM-IND message is removed, such that the
carrier management procedure can be effectively and cor-
rectly carried out.

configured to transmit only values of differences in system
information (SI) and physical channel information between a
current serving ABS and each neighbor ABS. In the case of
co-located Frequency Assignment (FA), a preamble index,
handover process optimization, Downlink Channel Descrip-
tor (DCD)/Uplink Channel Descriptor (UCD) configuration
change count, Type-Length-Value (TLV) coded neighbor
information, and the like may be omitted as necessary.
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[0174] A general handover procedure will hereinafter be
described. In the case of a handover (HO) initiated by an ABS,
an unsolicited Advanced Air Interface (AAI) handover com-
mand (AAI_HO-CMD) message may be transmitted without
transmission of an AAI handover request (AAI_HO-REQ)
message. The AMS may perform network re-entry to a target
ABS at an action time defined by the AAI_HO-CMD mes-
sage. If possible, an AAI handover indication (AAI_HO-
IND) message may be transmitted prior to the disconnection
time in response to the AAl_HO-CMD message, however it
should be noted that the transmission of the AAI_HO-IND
message is optional.

[0175] General handover (HO) procedures will hereinafter
be described with reference to FIGS. 9(a) to 9(c).

[0176] FIG. 9(a) shows a hard handover (HO) procedure.
Referring to FIG. 9(a), according to either a handover request
(AAI_MSHO-REQ) message (S911) received from the AMS
or an unsolicited scheme, the serving ABS (S-ABS) transmits
a handover command (AAI_BSHO-CMD) message to the
AMS at step S912. In response to the AAl_BSHO-CMD
message, the AMS may transmit the AAI_HO-IND message
to the serving ABS (S-ABS) at step S913. The AMS performs
a network re-entry procedure to a target ABS (T-ABS) at an
action time specified by the AAI_ BSHO-CMD message at
step S915. In the hard handover (HO) procedure, the AMS
may sever the connection to the serving ABS (S-ABS) before
performing the network re-entry procedure (S915) to the
target ABS (T-ABS) at step S914. After the completion of the
network re-entry procedure, the AMS may exchange data
traffic with the target ABS (T-ABS) at step S916.

[0177] FIG. 9(b) shows a seamless handover (HO) proce-
dure. The seamless handover (HO) means a specific handover
in which a Quality of Service (QoS) provided before the
execution of handover (HO) is maintained without any
change and at the same time that a necessary handover (HO)
is performed. According to either a handover request (AAI_
MSHO-REQ) message (S921) received from the AMS or the
unsolicited scheme, the serving ABS (S-ABS) may transmit a
handover command (AAI_BSHO-CMD) message to the
AMS at step S922. In response to the AAl_BSHO-CMD
message, the AMS may transmit the AAI_HO-IND message
to the serving ABS (S-ABS) at step S923. The AMS may
sever the connection to the serving ABS (S-ABS) at a discon-
nection time at step S924. The AMS may exchange ranging
request (RNG-REQ)/ranging response (RNG-RSP) mes-
sages with the target ABS (T-ABS) at an action time specified
by the AAI-BSHO-CMD message at step S925, and may
exchange traffic with the target ABS (T-ABS) at step S926.

[0178] FIG. 9(c) shows an Establish Before Break (EBB)
handover (HO) procedure. According to either a handover
request (AAI_MSHO-REQ) message (S931) received from
the AMS or an unsolicited scheme, the serving ABS (S-ABS)
transmits a handover command (AAI_BSHO-CMD) mes-
sage to the AMS at step S932. In response to the AAl_ BSHO-
CMD message, the AMS may transmit a handover indication
(AAI_HO-IND) message to the serving ABS (S-ABS) at step
S933. The AMS performs network re-entry to the target ABS
(T-ABS) at an action time defined by the AAl_ BSHO-CMD
message, and at the same time continuously communicates
with the serving ABS (S-ABS) at step S934. Upon comple-
tion of the network re-entry to the target ABS (T-ABS), the
AMS may be disconnected from the serving ABS (S-ABS) at
adisconnection time at step S935. After the completion of the
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network re-entry procedure, the AMS may exchange data
traffic with the target ABS (T-ABS) at step S936.

[0179] On the other hand, if the AMS supports multiple
carriers as previously stated in FIG. 2(b), a plurality of FAs
(carriers) may be controlled by a single common MAC. If the
plurality of FAs (carriers) is controlled by a single common
MAC, a single Base Station Identifier (BSID) may be
assigned to a plurality of frequency channels. In relation to
the above description, there may be considered an exemplary
case in which a single carrier supported AMS (i.e., an AMS
capable of exchanging data with an ABS by a single MAC-
PHY entity during an arbitrary TTI) receives a necessary
service through one of carriers controlled by a common MAC
such that it may be necessary for the single carrier supported
AMS to perform handover (HO) to another carrier controlled
by the common MAC due to variation in load balancing or
channel quality. The handover (HO) of the single carrier
supported AMS may also be carried out through the same
procedure as in the above-mentioned inter-frequency han-
dover (HO). However, one embodiment of the present inven-
tion proposes a simpler handover scheme on the basis of the
fact that handover (HO) of the single carrier supported AMS
is an inter-carrier handover (HO) controlled by a common
MAC, such that the exchange of unnecessary information
(e.g., a network re-entry procedure) is omitted in a similar
manner to a primary carrier change performed by the multi-
carrier supported AMS.

[0180] In a single carrier supported AMS operated in the
conventional multi-carrier system, a handover (HO) proce-
dure in which network re-entry is omitted is not yet defined.
Therefore, when all the single carrier supported AMSs per-
form handover (HO), the single carrier supported AMSs must
perform a minimum number of network re-entry procedures
(e.g., the exchange of RNG-REQ/RSP messages) at an action
time indicated by the AAI_HO-CMD message. However, as
defined in the primary carrier change of the multi-carrier
(MC) operation, a process such as a network re-entry process
may be omitted from handover (HO) between common MAC
carriers of the single carrier supported AMS. All the carriers
controlled by the common MAC are controlled by a single
ABS, such that a value such as a station identifier (STID) need
not be allocated during the inter-carrier handover (HO), and
other procedures such as authentication and the like may be
omitted. Therefore, efficient handover (HO) that is easier than
the conventional inter-frequency handover (HO) can be car-
ried out.

[0181] Common MAC Handover (HO) of Single Carrier
Supported AMS according to Handover (HO) Procedure

[0182] FIGS. 10(a), 10(b) and 10(c) illustrate common
MAC handover (HO) procedures of a single carrier AMS
through a handover (HO) procedure according to one
embodiment of the present invention. Various embodiments
illustrating that a single carrier supported AMS performs
inter-carrier handover (HO) controlled by a common MAC
will hereinafter be described with reference to FIGS. 10(a),
10(b) and 10(c).

[0183] Theterm ‘common MAC handover’described in the
present invention means a carrier change in which one carrier
(i.e., a serving carrier) controlled by a common MAC is
changed to another carrier (i.e., a target carrier) controlled by
the same MAC as the common MAC, and briefly represents
handover (HO) between carriers controlled by a single com-
mon MAC entity.
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[0184] Common MAC handover having no network re-
entry will hereinafter be described with reference to FIG.
10(a). Referring to FIG. 10(a), according to either a handover
request (AAl_ MSHO-REQ) message (S1011) from a single
carrier supported AMS or an unsolicited scheme, the ABS can
transmit a handover command (AAl_BSHO-CMD) message
to the AMS through a serving carrier (S-carrier) at step
S1012. In response to the AAI_ BSHO-CMD message, the
single carrier supported AMS may transmit a handover indi-
cation (AAI_HO-IND) message to the serving ABS (S-ABS)
at step S1013. The single carrier supported AMS may be
disconnected from the ABS through the serving carrier
(S-carrier) at a disconnection time defined by the AAI_
BSHO-CMD message at step S1014.

[0185] The target carrier (T-carrier) is arranged along with
the serving carrier (S-carrier) and the T-carrier and the S-car-
rier are controlled by the same common MAC, such that the
ABS is able to pre-recognize all of MAC-associated informa-
tion of the AMS managed through the single MAC. There-
fore, transmission and reception of MAC-level ranging
request/response (RNG-REQ/RSP) messages that need to be
minimally carried out between a target ABS (T-ABS) and the
AMS may be omitted from the network re-entry procedure.
Accordingly, according to this embodiment of the present
invention, the single carrier supported AMS having received
the AAI_BSHO-CMD message can directly perform han-
dover (HO) at an action time defined by AAl_ BSHO-CMD
message and can exchange data with the ABS at step S1015.
In association with the above description, it is necessary for
the single carrier supported AMS to recognize the fact that a
target carrier (T-carrier) is a carrier contained in the same
common MAC as that of the serving carrier (S-carrier) prior
to the beginning of the action time, and such recognition
information may be transmitted to the AMS through either the
AAI_BSHO-CMD message or the neighbor advertisement
(AAI_NBR-ADV) message.

[0186] One embodiment that uses the AAI_HO-IND mes-
sage as a confirmation message (also called a ‘confirm mes-
sage’) will hereinafter be described with reference to FIG.
10(b). Referring to FIG. 10(5), according to either a handover
request (AAl_MSHO-REQ) message (S1021) received from
the single carrier supported AMS or an unsolicited scheme, an
ABS can transmit a handover command (AAI_BSHO-CMD)
message to the AMS through a serving carrier (S-carrier) at
step S1022. After receiving the AAI_ BSHO-CMD message
from the ABS, the AMS may be disconnected from the ABS
through the serving carrier (S-carrier) at a disconnection time
at step S1023.

[0187] As previously stated above, the AAT_HO-IND mes-
sage for use in the conventional handover procedure is
optional, such that it may not be transmitted from the AMS to
the ABS. In this case, assuming that no ranging request
(RNG-REQ) message is received from the AMS as described
in the above-mentioned embodiment, the AMS may immedi-
ately be handed over to the target carrier (T-carrier) without
transmitting a MAC-level confirmation message associated
with the AAT_BSHO-CMD message to the ABS. In this case,
assuming that the handover command (AAI_BSHO-CMD)
message is damaged or lost, the loss of data may unavoidably
occur.

[0188] Thus, in order to allow the ABS to confirm the
completion of AMS handover, a confirmation message may
be transmitted from the AMS to the ABS. For the confirma-
tion message, in the case where the single carrier supported
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AMS performs the common MAC handover (HO), the AMS
may transmit the AAT_HO-IND message as a response to the
AAI_BSHO-CMD message to the ABS through the T-carrier
(instead of the S-carrier) after the lapse of the action time at
step S1024. In association with the above description, in order
to allow the AMS to transmit the AAI_HO-IND message to
the ABS through the target carrier (T-carrier), an uplink (UL)
grant from the ABS must be present at an action time. The
ABS having received the AAI_HO-IND message through the
target carrier (T-carrier) assumes that the single carrier sup-
ported AMS has successfully performed the common MAC
handover (HO), such that the ABS can transmit and receive
data to and from the ABS through the target carrier (T-carrier)
at step S1025.

[0189] A handover (HO) procedure that uses a Bandwidth
Request (BR) or a CQI allocation/report will hereinafter be
described with reference to FIG. 10(c). Referring to FIG.
10(c), according to either an AAI_ MSHO-REQ message
(S1031) received from the single carrier supported AMS or an
unsolicited scheme, the ABS can transmit a handover com-
mand (AAI_BSHO-CMD) message to the AMS through the
serving carrier (S-carrier) at step S1032. In response to the
AAI_BSHO-CMD message, the single carrier supported
AMS may transmit the AAT_HO-IND message to the serving
ABS (S-ABS) at step S1033. The single carrier supported
AMS may be disconnected from the ABS through the serving
carrier (S-carrier) at a disconnection time defined by the
AAI_BSHO-CMD message at step S1034.

[0190] In accordance with the embodiment of the present
invention, the AMS may optionally transmit the AAI_HO-
IND message in the same manner as in the conventional
handover (HO) procedure at step S1033. On the other hand, in
order to confirm no loss of the AAl_ HO-CMD message, the
AMS for use in the embodiment of the present invention
transmits a Bandwidth Request (BR) through the target car-
rier (T-carrier) at an action time at step S1035, whereas the
AMS for use in the conventional handover (HO) procedure
transmits a ranging request (RNG-REQ) message instead of
the BR through the target carrier (T-carrier) at such an action
time.

[0191] Otherwise, in the case where the CQI report is used
as a confirmation message, so as to allow the AMS to transmit
the CQI report to the ABS, the ABS can allocate a CQI
channel (CQICH) to the AMS through the target carrier
(T-carrier) at the action time. The AMS can transmit the CQI
report through the CQICH allocated by the ABS at step
S1035. The ABS receives the CQI report through the target
carrier (T-carrier), such that it can recognize that the AMS has
successfully performed handover (HO).

[0192] If the ABS receives the BR or the CQI report from
the AMS through the target carrier (T-carrier), the ABS can
recognize that the AMS was successfully handed over to the
target carrier (T-carrier), and can transmit and receive data to
and from the AMS through the target carrier (T-carrier) at step
S1036.

[0193] The AMS operation during the network re-entry
from among the common MAC handover (HO) procedure
will hereinafter be described with reference to FIG. 11. FIG.
11 illustrates additional AMS operations for use in a common
MAC handover that is applied to previous AMS operations
for use in the conventional handover (HO) network re-entry
procedure. As described above, a simpler handover in which
a network re-entry process is omitted is applied to the com-
mon MAC handover (HO) process, and CQICH allocation
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performed by the target ABS (T-ABS) and a CQI report of the
AMS are used such that no loss of the AAI HO-CMD mes-
sage can be confirmed. As shown in FIG. 11, if the inter-
frequency handover (HO) occurs in the common MAC at step
S1101, the target ABS (T-ABS) allocates a CQICH for the
AMS through the target carrier (T-carrier) at an action time
defined by the AAI_HO-CMD message, and the AMS can
report a CQI for the target carrier (T-carrier) at step S1102.
During the common MAC handover (HO), transmission and
reception of the AAI_RNG-REQ/RSP messages may be
omitted at step S1103. If the target ABS (T-ABS) receives the
CQIl report, the handover (HO) procedure can be completed at
step S1104.

[0194] Hereinafter, one embodiment in which the single
carrier supported AMS performs common MAC handover
(HO) using the handover command (AAI_HO-CMD) mes-
sage will be described in detail.

[0195] A conventional AAI_HO-CMD message can be
defined as the following three modes 0b00, 0bO1 and Ob11.

[0196] 0b0O: Handover (HO) Command

[0197] 0bO1: Zone Switch Command from MZone to
LZone

[0198] Obl11l: AMS HO request rejected (AMS in list
unavailable)

[0199] Mode 00O

[0200] In the case of the first mode Ob00, the AAI_HO-
CMD message includes one or more target ABSs (T-ABSs)
and the following parameters. These parameters are as fol-
lows.

[0201] Handover Re-entry Mode (HO_Reentry_Mode),
Disconnect Time Offset, and Resource Retain Time (Re-
source_Retain_Time)

[0202] The following parameters are contained in each tar-
get ABS (T-ABS), and a detailed description thereof is as
follows.

[0203] Target ABS ID, Action Time, CDMA ranging flag
(CDMA_RNG_FLAG), HO Process Optimization,
Ranging Initiation Deadline, and Service Level Predic-
tion

[0204] The following parameter is contained in each ABS
serving as a multi-carrier supported ABS, and a detailed
description thereof is as follows.

[0205] Physical Carrier Index (Physical_Carrier_Index)
[0206] The following parameter is contained in an AMS
having the multi-carrier capability.

[0207] Multi-Carrier Handover Indication (MCHO_In-

dication)

[0208] Mode Ob01

[0209] In the case of the second mode 0b01, the AAI_HO-
CMD message that is used as a zone switch command from an
MZone (i.e., a zone for supporting a new MS according to the
IEEE 802.16m standard) to an L.Zone (i.e., a zone for sup-
porting alegacy MS according to the IEEE 802.16¢ standard)
includes the following parameters. These parameters are as
follows.

[0210] HO Re-entry Mode (HO_Reentry_Mode),
Action Time, Resource Retain Time (Resource_Retain_
Time), CDMA Ranging Flag (CDMA_RNG_FLAG),
and LZone information

[0211] Mode Ob11

[0212] In the case of the third mode Ob11, the AAI_HO-
CMD message does not include information on any target
ABS:s.
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[0213] In accordance with one embodiment of the present
invention, the common MAC handover (HO) may be indi-
cated through the HO process optimization field defined in
the AAI_HO-CMD message of the first mode 0b0O.
[0214] In association with the above description, the HO
process optimization field for use in the conventional AAI_
HO-CMD message can be defined as follows.
[0215] For each bit location, a value of ‘0’ indicates that
a related re-entry management message is required, and
a value of ‘1’ indicates that a re-entry MAC control
message may be omitted.
[0216] Bit #0: Omission of AAI_SBC-REQ/RSP MAC
control messages during re-entry processing
[0217] Bit#1: Omission of a PKM authentication phase
except a TEK phase during current re-entry processing

[0218] Bit #2: Seamless HO
[0219] Bit #3: To Be Determined (TBD)
[0220] Inthis embodiment of the present invention, Bit #3,

undefined in the HO processing optimization field, can be
defined as follows.

[0221] Bit #3: Omission of AAI_RNG-REQ/RSP mes-
sages during common MAC handover (HO) or re-entry
processing

[0222] The AMS that receives the AAl_HO-CMD message
including the HO processing optimization field in which Bit
#3 is set to ‘1°, can recognize that a commanded handover
(HO) is a common MAC handover (HO).

[0223] On the other hand, since all the frequency channels
controlled by the common MAC use the same BSID, the AMS
confirms that a target carrier (T-carrier) has the same BSID as
that of a serving carrier (S-carrier), such that it can recognize
the presence or absence of the common MAC handover (HO).
In association with the above description, the AMS may pre-
recognize a BSID of the corresponding carrier through a
multi-carrier advertisement (AAI_MC-ADV) message
broadcast from the ABS or a neighbor advertisement (AAI_
NBR-ADV) message. Therefore, if the target carrier (T-car-
rier) specified by the handover command (AAI_HO-CMD)
message received in the AMS has the same BSID as that of the
serving carrier (S-carrier), the AMS can implicitly recognize
that the handover (HO) commanded by the AAI_HO-CMD
message is a common MAC handover.

[0224] In accordance with another embodiment of the
present invention, a carrier change command mode may be
additionally defined in the above-mentioned AAI_HO-CMD
message. In other words, the AAT_HO-CMD message may be
defined to have the following four modes 0b00, 0b01, Ob10,
and Ob11.

[0225]

[0226]
LZone

[0227] Ob10: Carrier Change Command

[0228] Obl1l: AMS HO request rejected (AMS in list
unavailable)

[0229] Mode 0b10

[0230] In the case of the third mode 0b10, the AAI_HO-
CMD message may have the following parameters. These
parameters are as follows.

[0231] Physical_Carrier_Index of target carrier

[0232] Disconnection Time (e.g., this parameter may be
set to a specific time at which connection to a serving
carrier (S-carrier) may be severed)

0b00: HO Command
0b01: Zone Switch Command from MZone to
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[0233] Action time (e.g., this parameter may be set to a
transmission time of a confirmation message indicating
successful carrier change to a target carrier (T-carrier))

[0234] CDMA_RNG_FLAG

[0235] Dedicated CDMA ranging code/opportunity (this
parameter may be used when a CDMA_RNG_FLAG
field is set to ‘1)

[0236] A method for allowing a single carrier supported
AMS to perform common MAC handover (HO) using the
above-mentioned handover command (AAI_HO-CMD)
message according to one embodiment of the present inven-
tion will hereinafter be described with reference to FIG. 12.
[0237] Referring to FIG. 12, the AMS can receive the AAL_
HO-CMD message having the mode of 0b01 from the ABS at
step S1201. The AMS may transmit the AAI_HO-IND mes-
sage to the ABS through the serving carrier (S-carrier) upon
receiving the AAI_HO-CMD message from the ABS at step
S1202. On the other hand, in the case where a handover
indication (AAI_HO-IND) message serving as a confirma-
tion message for indicating successful handover (HO) to a
target carrier (T-carrier) is transmitted through the target car-
rier (T-carrier), the transmission of the AAI_HO-IND mes-
sage through the serving carrier (S-carrier) may be omitted as
necessary.

[0238] The AMS is disconnected from the serving carrier
(S-carrier) at a disconnection time defined by the AAI_HO-
CMD message. [f necessary, the AMS may perform synchro-
nization and ranging (CDMA ranging or periodic ranging)
through the target carrier (T-carrier) at step S1203. Assuming
that the disconnection time is not defined, the connection to
the serving carrier (S-carrier) may be severed at an action
time, and the confirmation message may be transmitted
through the T-carrier.

[0239] The AMS may transmit a confirmation message
(AAI_HO-IND, BR or CQI report) through the target carrier
(T-carrier) at the action time defined by the AAI_HO-CMD
message at step S1204. Through the confirmation message,
the ABS can confirm the successful carrier change of the
AMS. After the completion of transmission/reception of the
confirmation message, the AMS can transmit and receive data
to and from the ABS through the target carrier (T-carrier) at
step S1205.

[0240] Common MAC Handover (HO) of Single Carrier
AMS According to Carrier Management Procedure

[0241] FIG. 13 is a flowchart illustrating common MAC
handover (HO) procedures of a single carrier AMS through a
multi-carrier associated MAC control message according to
one embodiment of the present invention. One embodiment
wherein a single carrier AMS performs a carrier change pro-
cedure by interpreting a multi-carrier associated MAC con-
trol message will hereinafter be described with reference to
FIG. 13.

[0242] The common MAC handover (HO) procedures
described in FIG. 10 illustrate various embodiments to be
used when a single carrier AMS does not receive/interpret a
multi-carrier associated MAC message, such that the inter-
frequency handover (HO) among carriers controlled by the
common MAC can be more easily performed than the con-
ventional HO procedure using the AAI_ HO-CMD/IND mes-
sages.

[0243] On the other hand, the single carrier AMS may also
have the capability to receive and interpret a multi-carrier
associated MAC control message. As previously described in
Table 1, in the case where the single carrier AMS has a
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multi-carrier capability of a basic multi-carrier (MC) mode,
this means that the AMS can be aware of the ABS multi-
carrier (MC) operation (that includes primary carrier change
and the support of MC operation associated optimization
scanning). Such AMS capability may be transferred to the
ABS through the AAI_REG-REQ message that is transmitted
from the AMS to the ABS during the initial network entry
procedure.

[0244] Inthe case of the single carrier AMS, a carrier of the
AMS can be easily changed (or handed over) to one of the
fully configured carriers controlled by the common MAC
through the multi-carrier associated MAC control message
(e.g., AAI_CM-CMD message). However, the single carrier
AMS is simultaneously unable to employ a plurality of car-
riers differently from the multi-carrier AMS, such that one
embodiment of the present invention proposes a new proce-
dure different from the primary carrier change procedure of
the multi-carrier (MC) operation.

[0245] As described above, the carrier management com-
mand (AAI_CM-CMD) message is a MAC control message
that is used by the multi-carrier supported AMS so as to
achieve not only secondary carrier management (activation/
deactivation) but also primary carrier change. In the mean-
time, in the case of a single carrier AMS having the multi-
carrier capability serving as a basic multi-carrier (MC) mode,
the AMS can receive physical indexes and setup information
of all the available carriers supported by the ABS through a
multi-carrier advertisement (AAI_MC-ADV) message
broadcast from the ABS supporting multiple carriers. That is,
the single carrier AMS supporting the basic MC mode can be
aware of information about all the carriers belonging to a cell
that is currently receiving the service. As previously stated in
the definition of ‘Basic MC mode’, the single carrier AMS
can receive the AAl_CM-CMD message from the ABS, and
can recognize an exemplary case in which the action code of
the AAT_CM-CMD message is set to ‘1’ (That is, the case of
primary carrier change). Therefore, the single carrier AMS
supporting the basic MC mode can perform the carrier change
procedure among carriers controlled by the common MAC
through the AAI_CM-CMD message.

[0246] Although the single carrier AMS supports the basic
MC mode, it is configured to monitor only one carrier at an
arbitrary time point, such that it is impossible for the carrier
change procedure, that is performed after the T-carrier acti-
vation in the same manner as in the primary carrier change
procedure of the multi-carrier AMS, to be applied to the
single carrier AMS.

[0247] In accordance with the embodiment of the present
invention, the serving ABS (S-ABS) can transmit the AAL_
CM-CMD control message to the AMS through a current
serving carrier (S-carrier) such that the AMS performs carrier
change to one of the available fully configured carriers
belonging to the serving ABS (S-ABS) in response to the
AAI_CM-CMD control message. The assigned carrier can-
not be assigned to the single carrier AMS, such that the target
carrier (T-carrier) must be indicated as one of the available
fully configured carriers. If the single carrier AMS receives
the AAT_CM-CMD message, it severs the control connection
through the serving carrier (S-carrier) and may perform car-
rier change to a target fully configured carrier at an action
time specified by the ABS. The single carrier AMS can com-
municate with the ABS through only one carrier at an arbi-
trary time, such that it is necessary for the connection on the
S-carrier to first be severed, such that the single carrier AMS
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can communicate with the ABS through the target carrier
(T-carrier). In addition, in the case where the ranging indica-
tor or the dedicated CDMA ranging flag is established in the
AAI_CM-CMD message, the AMS can perform periodic
ranging or dedicated ranging through the target carrier (T-car-
rier).

[0248] A method for controlling the single carrier AMS to
perform a carrier change procedure using the AAI_CM-
CMDV/IND messages according to one embodiment of the
present invention will hereinafter be described with reference
to FIG. 13. Referring to FIG. 13, the single carrier AMS can
receive the AAl_ CM-CMD message corresponding to the
primary carrier change having the action code of 1 from the
ABS at step S1301. In reference to the single carrier AMS, a
target carrier (T-carrier) specified by the AAI_CM-CMD
message may be defined to be a physical carrier index. The
single carrier AMS does not receive the assigned carrier from
the ABS differently from the multi-carrier AMS, such that the
logical carrier index indicating the assigned carrier is unable
to be used for the single carrier AMS. Otherwise, in order to
indicate the target carrier (T-carrier) for all the AMSs, a
physical carrier index may be used. In the meantime, a T-car-
rier indicator for use in the multi-carrier supported AMS may
be one of the assigned fully configured carriers, and a logical
carrier index may be used.

[0249] The AMS may transmit the AAT_CM-IND message
in response to the AAl_ CM-CMD message at step S1302.
However, in the case where the AAI_CM-IND message is
used as a confirmation message for carrier change confirma-
tion, the transmission of the AAI_CM-IND message through
the S-carrier may be omitted as necessary.

[0250] The AMS is disconnected from the serving carrier
(S-carrier) at an action time specified by the AAl_CM-CMD
message, and may perform synchronization and ranging
(CDMA dedicated ranging or periodic ranging) through the
target carrier (T-carrier) as necessary, such that it can estab-
lish the connection to the ABS through the target carrier
(T-carrier) at step S1303. In this case, a disconnection time
from the serving carrier (S-carrier) is not additionally estab-
lished and the AMS decides the action time to be the discon-
nection time, such that the AMS may sever the connection to
the serving carrier (S-carrier). Upon successful completion of
synchronization and ranging, the AMS transmits the AAI_
CM-IND message through the target carrier (T-carrier) or
transmits a Bandwidth Request (BW Request) or a CQl report
through the target carrier (T-carrier), such that it can inform
the ABS of the successful carrier change at step S1304.
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[0251] In reference to the above description, a ‘Next State
of Serving Primary Carrier’ field of a serving primary carrier
(S-PC) from among fields contained in the AAl_CM-CMD
message represents that an activation status of a serving car-
rier (S-carrier) is changed to a deactivation status (i.e., value:
0) after the primary carrier change or the serving carrier
(S-carrier) activation status is maintained (i.e., value: 1) after
the primary carrier change. In reference to the single carrier
AMS, the ‘Next State of Serving Primary Carrier’ field may
be used as a ranging indicator field. If the ranging indicator
field is set to ‘0, this means that the ranging for the target
carrier (T-carrier) is no longer required. In addition, if the
ranging indicator field is set to ‘1°, this means that the peri-
odic ranging of the target carrier (T-carrier) is required.
[0252] In contrast, the single carrier AMS not supporting
carrier aggregation can communicate with the ABS through
only one carrier, such that the serving carrier (S-carrier)
should always be deactivated upon completion of carrier
change. Therefore, in accordance with one embodiment of
the present invention, the ‘Next State of Serving Primary
Carrier’ field may always be set to zero 0’ indicating a deac-
tivation status. In this case, the ranging indicator field may be
defined as an additional field.

[0253] Instead of performing the periodic ranging through
the ranging indicator, a field for performing the dedicated
ranging through CDMA code/opportunity may be addition-
ally defined in the AAI_CM-CMD message. In this case, a
CDMA ranging flag (CDMA_RNG_FLAG) field may also
be defined in the AAI_CM-CMD message. If the CDMA_
RNG_FLAG field for the target carrier (T-carrier) is set to ‘0’
this means that ranging is not required. If the CDMA_RNG_
FLAG field for the target carrier (T-carrier) is set to “1°, this
means that the dedicated ranging for the target carrier (T-car-
rier) is required. If the CDMA_RNG_FLAG fieldis setto ‘1°,
the dedicated CDMA ranging code/opportunity field may be
contained in the AAI_CM-CMD message.

[0254] In accordance with this embodiment of the present
invention, the common MAC handover (HO) of the single
carrier AMS can be carried out through the field contained in
the currently defined AAI_CM-CMD message. Otherwise, in
the case where the multi-carrier supported AMS has a limi-
tation in simultaneously employing the serving carrier (S-car-
rier) and the target carrier (T-carrier) for the primary carrier
change, the primary carrier change may be carried out
through the same procedures as those of the present invention.
[0255] Some parameters of the AAl_ CM-CMD message
according to this embodiment of the present invention may be
defined by the following Table 13.

TABLE 13

Field

Size
(bit) Description

If (Action code == 1){
Target carrier index

Action Time

This message is for primary carrier change.

[TBD] Target carrier index for primary carrier change
If AMS only supports single carrier, this shall refer to
the physical carrier index

[TBD] LSB bits of Superframe number at the time to switch to
the target carrier
This value shall be set to the value more than the
retransmission time for AAI CM-CMD message
AMS disconnects connection with serving carrier and
performs synchronization and/or CDMA ranging
procedure with target carrier at this time.
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TABLE 13-continued
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Size

Field (bit) Description

If (AMS == multicarrier supported AMS){ 1 ‘0’: Serving carrier will be deactivated after primary
Next state of serving primary carrier carrier change

} 1’: Serving carrier is kept active after primary carrier

change

If (AMS == single carrier supported AMS){ If AMS only supports single carrier, this field is used as

Ranging indicator ‘ranging indicator’

Ranging indicator for target carrier
0’: No ranging is required for the target carrier
“1’: Periodic ranging is required for the target carrier

[0256] Assuming that the T-carrier for the primary carrier
change is always indicated by a physical carrier index and the
ranging indicator field is separately defined, some parameters
of the AAI_CM-CMD message may be defined by the fol-
lowing Table 14.

TABLE 14
Size
Field (bit) Description
If (Action code == 1){ This message is for primary carrier change.
Physical carrier index of Target carrier 6  Physical carrier index of target carrier index for primary
index " carrier change

If the AMS supports multicarrier operation, the carrier
shall be one of the assigned carriers.
Action Time 3 LSB bits of Superframe number at the time to switch to

the target carrier

This value shall be set to the value more than the
retransmission time for AAT CM-CMD message
AMS disconnects connection with serving carrier and
performs synchronization and/or CDMA ranging
procedure with target carrier at this time.

Next state of serving primary carrier 1 “0’: Serving carrier will be deactivated after primary
carrier change; If the AMS does not support carrier
aggregation, this field shall be always set to 0’
1°: Serving carrier is kept active after primary carrier

change

Ranging indicator 1 Ranging indicator for target carrier
0’: No ranging is required for the target carrier
1°: Periodic ranging is required for the target carrier

[0257] Otherwise, instead of performing the periodic rang-
ing through the ranging indicator, a field for performing the
dedicated ranging through CDMA code/opportunity may be
additionally defined in the AAI_CM-CMD message. In this
case, a CDMA ranging flag (CDMA_RNG_FLAG) field may
also be defined in the AAI_CM-CMD message. If the
CDMA_RNG_FLAG field for the target carrier (T-carrier) is
set to ‘0°, this means that ranging is not required. If the

CDMA_RNG_FLAG field for the target carrier (T-carrier) is
set to ‘1°, this means that the dedicated ranging for the target
carrier (T-carrier) is required. If the CDMA_RNG_FLAG
field is set to “1°, the dedicated CDMA ranging code/oppor-
tunity field may be contained in the AAl_CM-CMD message.
In this case, some parameters of the AAl_ CM-CMD message
may be defined by the following Table 15.

TABLE 15

Field

Size
(bit) Description

If (Action code == 1){

This message is for primary carrier change.

Physical carrier index of Target carrier 6 Physical carrier index of target carrier index for primary

index

carrier change
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Size

Field (bit) Description

If the AMS supports multicarrier operation, the carrier
shall be one of the assigned carriers.

Action Time 3
the target carrier

LSB bits of Superframe number at the time to switch to

This value shall be set to the value more than the
retransmission time for AAT_ CM-CMD message
AMS disconnects connection with serving carrier and
performs synchronization and/or CDMA ranging
procedure with target carrier at this time.

Next state of serving primary carrier 1

‘0’: Serving carrier will be deactivated after primary

carrier change; If the AMS does not support carrier
aggregation, this field shall be always set to 0’
1’: Serving carrier is kept active after primary carrier

change
CDMA__RNG_FLAG 1

CDMA Ranging flag for target carrier

0’: No ranging is required for the target carrier
1’: Dedicated ranging is required for the target carrier

If (CDMA_RNG_FLAG == 1){

[TBD] These parameters may be included when

Dedicated CDMA ranging CDMA_RNG_FLAG=1
code/opportunity

¥

[0258] Procedures for controlling the single carrier AMS to

perform a common MAC handover (HO) using the carrier
management control message according to one embodiment
of the present invention will hereinafter be described with
reference to FIG. 14.

[0259] In the procedure shown in FIG. 14(a), if the AAL_
CM-CMD message is adapted to perform a carrier change of
the single carrier AMS, an action code indicating the carrier
change from among action codes of the AAI_CM-CMD mes-
sage may be newly defined as, for example ‘11°. In response
to such an action code, the single carrier AMS can be aware of
a carrier change and can perform a necessary action associ-
ated with the recognized carrier change.

[0260] Referring to FIG. 14(a), the single carrier AMS can
receive the AAl_ CM-CMD message corresponding to the
carrier change having an action code ‘11” from the ABS at
step S1411. In the case of the action code ‘11°, the AAI_CM-
CMD message may include a target carrier index, a discon-
nection time, an action time, and a ranging indicator.

[0261] In reference to the single carrier AMS, the target
carrier (T-carrier) specified by the AAI_CM-CMD message
may represent a physical carrier index. The AMS may trans-
mit the AAl_CM-IND message in response to the AAI_CM-

CMD message at step S1412. However, in the case where the
AAI_CM-IND message is used as a confirmation message for
carrier change confirmation, the transmission of the AAI_
CM-IND message through the serving carrier (S-carrier) may
be omitted as necessary.

[0262] The AMS severs the connection to the serving car-
rier (S-carrier) at a disconnection time specified by the AAI_
CM-CMD message, and may perform synchronization and
ranging through the target carrier (T-carrier) as necessary at
step S1413. Ifthe disconnection time is not defined, similar to
the above-mentioned embodiment, the AMS severs the con-
nection to the serving carrier (S-carrier) at an action time
specified by the AAI_CM-CMD message, and may perform
synchronization and ranging through the target carrier (T-car-
rier).

[0263] The AMS may transmit the AAT_CM-IND message
through the target carrier (T-carrier) at an action time speci-
fied by the AAI_CM-CMD message, or may transmit a BR or
a CQI report through the target carrier (T-carrier), such that it
can inform the ABS of successful carrier change at step
S1414.

[0264] Some parameters of the AAl_ CM-CMD message
according to this embodiment of the present invention may be
defined by the following Table 16.

TABLE 16

Field

Size

(bit) Description

AAI_ Carrier Management Command

message format( ){
Management Message Type
Action code

If (Action code == 11){

8  AAI CM-CMD

2 00: Secondary Carrier Management
01: Primary carrier change
10: Carrier Switching
11: Carrier Change

This message is for carrier change of single carrier
supported AMS
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TABLE 16-continued
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Size
Field (bit) Description

Target carrier index [TBD] Target carrier index for carrier change (refer to physical
carrier index)

Disconnection Time [TBD] LSB bits of Superframe number at the time to switch to
the target carrier.
AMS shall disconnect connection with serving carrier at
this time.

Action Time [TBD] LSB bits of Superframe number at the time to switch to

the target carrier.

AMS shall transmit any confirm message to target

carrier for successful carrier change at this time.
Ranging indicator 1 Ranging indicator for target carrier

0’: No ranging is required for the target carrier

1’: Periodic ranging is required for the target carrier

[0265] In accordance with one embodiment in which dedi-
cated ranging is used when the action code of the AAI_CM-
CMD message is defined as ‘11°, the CDMA_RNG_FLAG
field is contained in the AAT_CM-CMD message. In addition,
if the CDMA_RNG_FLAG field is set to ‘1°, the AAI_CM-
CMD message may further include a dedicated CDMA rang-
ing code/opportunity field. Some parameters of the AAI_
CM-CMD message may be defined by the following Table
17.

[0266] Procedures depending on values of the above-men-
tioned CDMA_RNG_FLAG field according to one embodi-
ment of the present invention will hereinafter be described
with reference to FIGS. 14(b) and 14(c).

[0267] An exemplary carrier change procedure to be used
when the CDMA_RNG-FLAG field is set to ‘0’ according to
one embodiment of the present invention will hereinafter be
described with reference to FIG. 14(b). Referring to FIG.
14(b), the single carrier AMS can receive the AAl_CM-CMD
message corresponding to the carrier change having an action

TABLE 17
Size
Field (bit) Description
AAI_ Carrier Management Command
message format( ){
Management Message Type 8 AAI__CM-CMD
Action code 2 00: Secondary Carrier Management
" 01: Primary carrier change
10: Carrier Switching
11: Carrier Change
If (Action code == 11){ This message is for carrier change of single carrier
supported AMS
Target carrier index [TBD] Target carrier index for carrier change (refer to physical
carrier index)
Disconnection Time [TBD] LSB bits of Superframe number at the time to switch to
the target carrier.
AMS shall disconnect connection with serving carrier at
this time.
Action Time [TBD] LSB bits of Superframe number at the time to switch to
the target carrier.
AMS shall transmit any confirm message to target
carrier for successful carrier change at this time.
CDMA_RNG_FLAG 1 CDMA Ranging flag for target carrier
B 0’: No ranging is required for the target carrier
“1’: Dedicated ranging is required for the target carrier
If (CDMA_RNG_FLAG == 1){ [TBD] These parameters may be included when
Dedicated CDMA ranging CDMA_RNG_FLAG =1
code/opportunity

¥
¥
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code ‘11’ from the ABS at step S1421. In the case of the action
code ‘11°, the AAI_CM-CMD message may include a target
carrier index, a disconnection time, an action time, and a
ranging indicator.

[0268] In reference to the single carrier AMS, the target
carrier (T-carrier) specified by the AAI_CM-CMD message
may represent a physical carrier index. The AMS may trans-
mit the AAl_CM-IND message in response to the AAI_CM-
CMD message at step S1422. However, in the case where the
AAI_CM-IND message is used as a confirmation message for
carrier change confirmation, the transmission of the AAI_
CM-IND message through the serving carrier (S-carrier) may
be omitted as necessary.

[0269] The disconnection time specified by the AAI_CM-
CMD message may be set to any time after the sum of one
time consumed for the AMS to decode the AAI_CM-CMD
message and the other time consumed for transmission of the
AAI_CM-IND message. At the disconnection time, the AMS
severs the connection to the serving carrier (S-carrier) and
may perform carrier change from the serving carrier (S-car-
rier) to the target carrier (T-carrier) at step S1423.

[0270] An action time specified by the AAl_CM-CMD
message when the CDMA_RNG_FLAG fieldis setto ‘0’ may
be set to a predetermined period of time in which the carrier
change to the target carrier (T-carrier) is successtully per-
formed and then the AMS transmits a confirmation message
(AAI_CM-IND, BR or CQI report) through the target carrier
(T-carrier) at step S1424.

[0271] An exemplary carrier change procedure to be used
when the CDMA_RNG-FLAG field is set to 1’ according to
one embodiment of the present invention will hereinafter be
described with reference to FIG. 14(c). Steps S1431 and
S1432 in FIG. 14(c) are substantially identical to steps S1421
and S1422 to the exclusion of the CDMA_RNG_FLAG value
in FIG. 14(b).

[0272] The disconnection time specified by the AAI_CM-
CMD message may be set to any time after the sum of one
time consumed for the AMS to decode the AAI_CM-CMD
message and the other time consumed for transmission of the
AAI_CM-IND message. At the disconnection time, the AMS
severs the connection to the serving carrier (S-carrier) and
may perform synchronization and ranging through the target
carrier (T-carrier) at step S1433.

[0273] An action time specified by the AAl_CM-CMD
message when the CDMA_RNG_FLAG value is set to ‘1’
may be set to a predetermined period of time in which the
AMS transmits a CDMA ranging code through the target
carrier (T-carrier) such that CDMA ranging can be performed
through the target carrier (T-carrier) at step S1434. In this
case, in order to establish synchronization with the target
carrier (T-carrier) during the carrier change procedure after
the disconnection time, ranging can be performed using the
dedicated CDMA ranging code/opportunity field received
from the AAI_CM-CMD message.

[0274] Inthis case, a field of a predetermined deadline (i.e.,
target carrier activation) to prepare for carrier change may be
defined in the AAI_CM-CMD message. The carrier change
readiness deadline may be set to a predetermined period of
time from the beginning of the disconnection time to the end
of'T-carrier activation as necessary. Assuming that the CDMA
ranging is successfully performed prior to the carrier change
deadline, the AMS may transmit a confirmation message
(AAI_CM-IND, BR or CQI report) through the target carrier
(T-carrier) at step S1435. In the meantime, assuming that the

Feb. 3, 2011

CDMA ranging results in a failure prior to the carrier change
deadline, the AMS and the ABS may restart the service
through the serving carrier (S-carrier).

[0275] Hereinafter, a variety of embodiments illustrating
carrier change of a single carrier supported AMS by means of
a carrier management procedure will be described in detail.

[0276] The carrier change procedure of the single carrier
supported AMS can be separately defined as follows.

[0277] For the purpose of load balancing, variable carrier
channel quality or other factors, the ABS may command the
AMS to change a current serving carrier (S-carrier) to one of
the available fully configured carriers belonging to the ABS
through the AAI_CM-CMD MAC control message of the
current S-carrier. [fthe single carrier supported AMS receives
the AAT_CM-CMD MAC control message in which an action
code is set to ‘1°, the AMS may transmit the AAI_CM-IND
MAC control message prior to the action time.

[0278] After the lapse of the action time, the AMS may
perform a hardware reset (e.g., RF center frequency), and
may switch to the target carrier (T-carrier). If the CDMA_
RNG-FLAG field ofthe AAI_CM-CMD message is setto ‘1°,
the AMS may perform dedicated ranging to the target carrier
(T-carrier). Upon successtul completion of dedicated rang-
ing, the AMS transmits a bandwidth request (BR) indicating
successful switching to the target carrier (T-carrier) to the
ABS. If the AMS receives uplink data to be transmitted, a
general bandwidth request (BR) procedure is performed. If
the AMS does not have uplink data to be transmitted, a BR
having the BR size of ‘0’ may be transmitted. Upon receiving
the BR from the AMS, the ABS may transmit a control signal
and data through the target carrier (T-carrier). In the case
where the common MAC manages both the serving carrier
(S-carrier) and the target carrier (T-carrier), the network re-
entry is not requested at the target carrier (T-carrier). Through
the serving carrier (S-carrier), the ABS may provide system
information of the target carrier (T-carrier) different from the
serving carrier (S-carrier). The ABS may command the AMS
to perform the primary carrier change without scanning.

[0279] The AAI_CM-CMD MAC control message for car-
rier change may include a T-carrier index (indicating a physi-
cal carrier index), an action time, CDMA_RNG-FLAG, and a
dedicated CDMA ranging code/opportunity. In the case
where the CDMA_RNG-FLAG field is set to “1°, the dedi-
cated CDMA ranging code/opportunity may be contained in
the AAI_CM-CMD MAC control message.

[0280] Inthe meantime, a method for defining a new action
code and controlling a single carrier AMS to perform a com-
mon MAC carrier change (handover) using the AAI_CM-
CMD message according to an embodiment of the present
invention will hereinafter be described. In the AAI_CM-
CMD message, an action code that indicates a carrier change
of the single carrier supported AMS may be set to ‘10°. In
association with the action code ‘10°, the AAI_CM-CMD
message may further include a physical carrier index of a
target carrier (T-carrier), an action time field, a CDMA_
RNG-FLAG field, and a dedicated CDMA ranging code/
opportunity field. Some parameters of the AAl_ CM-CMD
message can be defined by the following Table 18.
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TABLE 18
Size
Field (bit) Description
AAI_ Carrier Management Command
message format( ){
Control Message Type 8  AAI_CM-CMD
Action code 2 00: Secondary carrier management
~  01: Primary carrier change
10: Carrier change for single carrier supported AMS
11: reserved
If (Action code == 10){ This message is for carrier change for single carrier
supported AMS.
Physical carrier index of target carrier ~ [TBD] Physical carrier index of target carrier
Action Time [TBD] LSB bits of Superframe number at the time to switch to
the target carrier.
AMS shall disconnect connection with serving carrier at
this time.
CDMA_RNG_FLAG 1 CDMA Ranging flag for target carrier
- 0’: No ranging is required for the target carrier
1’: Dedicated HO ranging is required for the target
carrier
If (CDMA_RNG_FLAG == 1){
Dedicated CDMA ranging  [TBD]

code/opportunity

}

[0281] Next, one embodiment for supporting the carrier
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Change’ fields depending on the AMS types (multi-carrier

change ofthe single carrier AMS by defining a new indication
type field in the AAT_CM-CMD message will hereinafter be
described in detail.

[0282] In accordance with this embodiment of the present
invention, an action code ‘1’ indicating the primary carrier
(P-carrier) change from among action codes of the AAT_CM-
CMD message may be defined to represent ‘carrier change’.
Therefore, an indication type field for indicating the action
code of 1 may be defined and ‘P-Carrier Change/Carrier

supported AMS: 0 and single carrier supported AMS: 1) may
be respectively defined. For example, one case in which the
AMS type is a single carrier supported AMS is set to an
indication type ‘1°, such that a physical carrier index of a
target carrier (T-carrier), an action time field, a CDMA_
RNG_FLAG field, and a dedicated CDMA ranging code/
opportunity field can be newly defined. In this case, some
parameters of the AAI_CM-CMD message can be defined by
the following Table 19.

TABLE 19
Size
Field (bit) Description
AAI_ Carrier Management Command
message format( ){
Control Message Type 8  AAI_CM-CMD

Action code

If (Action code == 1){
Indication Type

If(Indication Type == 0){

Target carrier index
Action Time

Next state of serving primary carrier

}

If(Indication Type == 1){

—

[TBD
[TBD

—

0: Secondary carrier management
1: Primary cCarrier change

This message is for primary carrier change.

For AMS type

0: Primary carrier change for multi-carrier supported
AMS

1: Carrier change for single carrier supported AMS
This message is for primary carrier change for multi-
carrier supported AMS.

Target carrier index for primary carrier change

LSB bits of Superframe number at the time to switch to
the target carrier.

‘0’: Serving carrier will be deactivated after primary
carrier change

1°: Serving carrier is kept active after primary carrier
change

This message is for carrier change for single carrier
supported AMS.
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TABLE 19-continued
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Size
Field (bit) Description

Physical carrier index of target carrier ~ [TBD] Physical carrier index of target carrier
Action Time [TBD] LSB bits of Superframe number at the time to switch to

the target carrier.

AMS shall disconnect connection with serving carrier at

this time.
CDMA_ RNG_FLAG 1

CDMA Ranging flag for target carrier

0’: No ranging is required for the target carrier
1’: Dedicated HO ranging is required for the target

carrier
If (CDMA_RNG_FLAG == 1){
Dedicated CDMA ranging  [TBD]
code/opportunity

}

[0283] Inreferencetothe indicationtypes ‘0’and ‘1’ foruse
in the above-mentioned case of the action code ‘1°, a target
carrier index field and an action time field are shared. In
reference to the indication type ‘0’ (indicating a multi-carrier
supported AMS), the next status field (Next State of Serving
Primary Carrier) is defined. In reference to the indication type
1’ (indicating a single carrier supported AMS), the CDMA_
RNG_FLAG field and the dedicated CDMA ranging code/
opportunity field may be defined. In this case, some param-
eters of the AAl_CM-CMD message can be defined by the
following Table 20.

[0284] In the above-mentioned embodiments, the periodic
ranging instead of the dedicated CDMA ranging may be
carried out, and the action time may be set to a value higher
than that of a retransmission time of the AAI_CM-CMD
message.

[0285] Next, a network entry procedure for use in a multi-
carrier operation according to one embodiment of the present
invention will hereinafter be described in detail.

[0286] As previously stated above, the network entry in a
multi-carrier mode is basically identical to that of the single-
carrier mode, and the support of the multi-carrier mode can be

TABLE 20
Size
Field (bit) Description
AAI_ Carrier Management Command
message format( ){
Control Message Type 8  AAI_CM-CMD
Action code 1 0: Secondary carrier management
1: Primary cCarrier change
If (Action code == 1){ This message is for primary carrier change.
Target carrier index [TBD] Target carrier index for primary carrier change
Action Time [TBD] LSB bits of Superframe number at the time to switch to
the target carrier.
Indication Type 1 For AMS type
~  0:Primary carrier change for multi-carrier supported
AMS
1: Carrier change for single carrier supported AMS
If(Indication Type == 0){ This message is for primary carrier change for multi-
carrier supported AMS.
Next state of serving primary carrier 1 ‘0’: Serving carrier will be deactivated after primary
carrier change
1°: Serving carrier is kept active after primary carrier
change
If(Indication Type == 1){ This message is for carrier change for single carrier
supported AMS.
CDMA_RNG__FLAG 1 CDMA Ranging flag for target carrier
- 0’: No ranging is required for the target carrier
1’: Dedicated HO ranging is required for the target
carrier
If (CDMA_RNG_FLAG == 1){ [TBD]

Dedicated CDMA ranging
code/opportunity

}
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displayed during the registration procedure of the ABS and
the AMS. During the initial network entry, the AMS transmits
an advanced air interface registration request (AAI_REG-
REQ) message to the ABS such that the AMS can inform the
ABS that the AMS supports multi-carrier transmission. The
ABS can indicate whether there is a supported one among
multi-carrier modes of the AMS through an advanced air
interface registration response (AAI_REG-RSP) message. In
reference to multi-carrier capability of the ABS and the AMS,
it is assumed that the ABS and the AMS do not support the
multi-carrier (MC) mode (i.e., the ABS and the AMS have no
MC modes). This assumption may correspond to an exem-
plary case in which a 2-bit code of the advanced air interface
registration request/response (AAI_REG REQ/RSP) mes-
sage is set to ‘00’. In this case, the AMS initialization opera-
tion for use in the network entry procedure will hereinafter be
described with reference to FIG. 15.

[0287] Referring to FIG. 15, the embodiment of the present
invention can determine whether the ABS has the capability
of no MC mode at step S1504 after performing the network
entry step S1501, the provisioned connection establishment
step S1502, and the operation step S1503, whereas the con-
ventional AMS initialization operation determines whether
the ABS and the AMS support the common MC mode after
performing the network entry step S1501, the provisioned
connection establishment step S1502, and the operation step
S1503. If the ABS has the capability of no MC mode, the
AMS initialization may be performed according to the pro-
cedure defined in a single carrier at step S1505. If the ABS has
multi-carrier (MC) capability (e.g., multi-carrier (MC) aggre-
gation mode, multi-carrier (MC) switching mode, etc.) other
than no MC mode, it is determined whether the AMS receives
a multi-carrier advertisement (AAI_MC-ADV) message
from the ABS at step S1506. If the AMS has received the
AAI_MC-ADV message from the ABS at step S1506, it is
determined whether the multi-carrier capability of the AMS is
‘no MC mode’ at step S1507.

[0288] Although the AMS has no MC mode, the AMS
receives and interprets the multi-carrier MAC control mes-
sage as previously described in the embodiment of the present
invention, such that it can carry out the common

[0289] MAC handover (HO) procedure. In other words, the
AMS of no MC mode receives the AAI_MC-ADV message,
such that it is ready to update MC information provided from
the ABS or receive the carrier management command (AAI_
CM-CMD) message at step S1508. On the other hand, in the
case where the AMS has MC capability (e.g., multi-carrier
(MC) aggregation mode, multi-carrier (MC) switching mode,
etc.) other than no MC mode, the AMS and the ABS are ready
for a multi-carrier (MC) operation through transmission/re-
ception of the AAl_MC-REQ/RSP messages at steps S1509
to S1511.

[0290] Otherwise, as previously described in Table 1, a
basic MC mode from among the MC capability is defined and
the single carrier AMS receives and interprets the MC MAC
message, such that the single carrier AMS is able to perform
the common MAC handover (HO). The basic MC mode
means that the AMS is able to be aware of the MC operation
(including the primary carrier change and the support of MC
operation associated optimization scanning) of the ABS. In
this case, the AMS initialization operation will hereinafter be
described with reference to FIG. 16.

[0291] Steps S1601 to S1606 of FIG. 16 are identical to
steps S1501 to A1506 of FIG. 15, and as such identical parts
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will herein be omitted for convenience of description. Upon
receiving the AAI_ MC-ADV message from the ABS, it can
be determined whether the AMS supports the basic MC mode
at step S1607. If the AMS supports the basic MC mode, the
AMS can be aware of the MC operation of the ABS, such that
the AMS and the ABS are ready for the MC operation without
additional operations at step S1610. If the AMS receives MC
capability other than the basic MC mode, the AMS and the
ABS are ready for the MC operation through transmission/
reception of the AAI_ MC-REQ/RSP message at steps S1608
to S1610.

[0292] Next, one embodiment associated with the primary
carrier change in the case of using the AMS that is operated in
the carrier aggregation mode will hereinafter be described in
detail.

[0293] Inaccordance with the conventional primary carrier
change procedure, if a target carrier (T-carrier) is one of
deactivated carriers, the AMS of the carrier aggregation mode
has to perform the primary carrier change after severing the
connection to the serving carrier (S-carrier), and has to inform
the ABS of T-carrier readiness by transmitting a BR or the like
to the ABS.

[0294] However, as previously stated in the above descrip-
tion, the currently defined carrier aggregation means an MC
mode in which the AMS maintains the connection to a physi-
cal layer, monitors control signaling on a primary carrier, and
at the same time processes data on the secondary carrier. The
range of allocating resources to the AMS may cover a primary
carrier and a plurality of secondary carriers. A link adaptation
feedback mechanism includes measurement related to both
the primary carrier and the secondary carrier. In the MC
aggregation mode, according to system load (i.e., static/dy-
namic load balancing), peak data rate, or a QoS request, the
system may asymmetrically allocate secondary carriers to the
AMS via downlink and/or uplink.

[0295] In this way, the carrier aggregation mode AMS can
maintain the physical layer connection through one or more
carriers. Therefore, although the target carrier (T-carrier) is
one of the deactivated carriers, the AMS need not sever the
connection to the serving primary carrier (S-PC) at an action
time in order to achieve the primary carrier change. The ABS
may first activate a deactivated target carrier (T-carrier) prior
to the execution of the primary carrier change.

[0296] Therefore, in reference to the primary carrier
change, the following procedures may also be used. If the
AMS is in the carrier aggregation mode, the target carrier
(T-carrier) may be one of the fully configured carriers, and the
AMS may receive data and a control signal through the target
carrier (T-carrier) immediately after performing the switch-
ing at an action time specified by the ABS. If the target carrier
(T-carrier) is one of the deactivated secondary carriers, the
ABS may transmit the AAI_CM-CMD message associated
with the primary carrier change to the AMS after activating
the target carrier (T-carrier).

[0297] FIG. 17 is a block diagram illustrating an Advanced
Mobile Station (AMS) according to an embodiment of the
present invention.

[0298] Referring to FIG. 17, the AMS may include a recep-
tion (Rx) module 1710, a transmission (Tx) module 1720, a
processor 1730, and a memory 1740. The reception (Rx)
module 1710 may receive various signals, data, information,
etc. from an external part such as an Advanced Base Station
(ABS). The transmission (Tx) module 1720 may transmit
various signals, data, information, etc. to the ABS or the like.
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[0299] The processor 1730 may transmit a message indi-
cating the support of a basic MC mode in which the AMS is
aware of a multi-carrier (MC) operation of the ABS, to the
base station through the transmission (Tx) module 1720.
Through the reception (Rx) module 1720, the processor 1730
may receive an advanced air interface carrier management
command (AAI_CM-CMD) message that includes an action
code and an action time through a serving carrier of the ABS.
Through the transmission (Tx) module 1720, the processor
1730 may transmit a confirmation message indicating the
readiness of signal transmission/reception through a target
carrier of the ABS in response to the carrier management
command (AAl_CM-CMD) message, to a target carrier of
the ABS. Because the confirmation message is received by the
ABS, the processor 1730 can exchange a control signal and
data with the ABS through a target carrier of the ABS. In this
case, the serving carrier and the target carrier can be con-
trolled by a single common Medium Access Control (MAC)
of the ABS.

[0300] The processor 1730 may arithmetically perform
processing of information received in the AMS, information
to be transmitted externally, and the like. The memory 1740
may store arithmetically-processed information for a prede-
termined time, and be replaced with any other constituent
element such as a buffer (not shown).

[0301] FIG. 18 is a block diagram illustrating an ABS
according to an embodiment of the present invention.

[0302] Referring to FIG. 18, the ABS may include a recep-
tion (Rx) module 1810, a transmission (Tx) module 1820, a
processor 1830, and a memory 1840. The Rx module 1810
may receive various signals, data, information, etc. from an
external part such as an AMS. The Tx module 1820 may
transmit various signals, data, information, etc. to the AMS or
the like.

[0303] The processor 1830 may receive a message indicat-
ing the support of a basic MC mode in which the AMS is
aware of a multi-carrier (MC) operation of the ABS, from the
mobile station through the reception (Rx) module 1810.
Through the transmission (Tx) module 1830, the processor
1830 may transmit an advanced air interface carrier manage-
ment command (AAI_CM-CMD) message that includes an
action code and an action time to the AMS through a serving
carrier. Through the reception (Rx) module 1820, the proces-
sor 1830 may receive a confirmation message indicating the
readiness of signal transmission/reception through a target
carrier in response to the carrier management command
(AAI_CM-CMD) message, from the AMS through a target
carrier. Upon the reception of the confirmation message, the
processor 1830 can exchange a control signal and data with
the AMS through a target carrier. In this case, the serving
carrier and the target carrier can be controlled by a single
common Medium Access Control (MAC) of the ABS.
[0304] The processor 1830 may arithmetically perform
processing of information received in the ABS, information
to be transmitted externally, and the like. The memory 1840
may store arithmetically-processed information for a prede-
termined time, and be replaced with any other constituent
element such as a buffer (not shown).

[0305] Exemplary embodiments of the present invention
may be achieved by various means, for example, hardware,
firmware, software, or a combination thereof.

[0306] Inahardware configuration, the methods according
to exemplary embodiments of the present invention may be
achieved by one or more Application Specific Integrated Cir-
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cuits (ASICs), Digital Signal Processors (DSPs), Digital Sig-
nal Processing Devices (DSPDs), Programmable Logic
Devices (PLDs), Field Programmable Gate Arrays (FPGAs),
processors, controllers, microcontrollers, microprocessors,
etc.

[0307] In a firmware or software configuration, the meth-
ods according to the exemplary embodiments of the present
invention may be implemented in the form of a module, a
procedure, a function, etc. performing the above-described
functions or operations. Software code may be stored in a
memory unit and executed by a processor. The memory unit is
located at the interior or exterior of the processor and may
transmit and receive data to and from the processor via vari-
ous known means.

[0308] The detailed description of the exemplary embodi-
ments of the present invention has been given to enable those
skilled in the art to implement and practice the invention.
Although the invention has been described with reference to
the exemplary embodiments, those skilled in the art will
appreciate that various modifications and variations can be
made in the present invention without departing from the
spirit or scope of the invention described in the appended
claims. For example, those skilled in the art may use each
construction described in the above embodiments in combi-
nation with each other. Accordingly, the invention should not
be limited to the specific embodiments described herein, but
should be accorded the broadest scope consistent with the
principles and novel features disclosed herein.

[0309] Those skilled in the art will appreciate that the
present invention may be carried out in other specific ways
than those set forth herein without departing from the spirit
and essential characteristics of the present invention. The
above exemplary embodiments are therefore to be construed
in all aspects as illustrative and not restrictive. The scope of
the invention should be determined by the appended claims
and their legal equivalents, not by the above description, and
all changes coming within the meaning and equivalency
range of the appended claims are intended to be embraced
therein. Also, it will be obvious to those skilled in the art that
claims that are not explicitly cited in the appended claims may
be presented in combination as an exemplary embodiment of
the present invention or included as a new claim by subse-
quent amendment after the application is filed.

[0310] The exemplary embodiments of the present inven-
tion are applicable to various wireless access systems. The
exemplary embodiments of the present invention have the
following effects. In association with a carrier management
procedure for use in a multi-carrier supported wireless com-
munication system, the embodiment of the present invention
provides a method for effectively transmitting a carrier man-
agement message and a method for effectively performing
carrier management. In association with a multi-carrier sup-
ported wireless communication system, the embodiment of
the present invention provides an effective carrier change
method of a single-carrier supported MS.

[0311] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.
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What is claimed is:

1. A method for a single-carrier supported mobile station to
perform a carrier change with a multi-carrier supported base
station, the method comprising:

transmitting a message indicating a support of a basic

multi-carrier (MC) mode in which the mobile station is
aware of a multi-carrier operation of the base station, to
the base station;

receiving a carrier management command message includ-

ing an action code and an action time, on a serving
carrier of the base station;

transmitting, in response to the carrier management com-

mand message, a confirmation message indicating
readiness of signal transmission/reception through a tar-
get carrier of the base station, on a target carrier of the
base station; and

receiving a control signal and data from the base station on

the target carrier of the base station,
wherein the serving carrier and the target carrier are con-
trolled by a single common Medium Access Control
(MAC) of the base station.

2. The method according to claim 1,

wherein the transmitting of the message indicating the
support of the basic MC mode is performed when the
mobile station performs initial network entry to the base
station.

3. The method according to claim 1, further comprising:

disconnecting a signal path on the serving carrier at the

action time, and switching to the target carrier.

4. The method according to claim 3,

wherein the confirmation message is one of a bandwidth

request, a channel quality indicator (CQI) report, and a
carrier management indication message corresponding
to the action code.

5. The method according to claim 1,

wherein the carrier management command message fur-

ther includes a physical carrier indicator as an indicator
of the target carrier.

6. The method according to claim 1,

wherein the action code indicates a primary carrier change

or a carrier change.
7. The method according to claim 1,
wherein the carrier management command message fur-
ther includes a dedicated CDMA ranging flag and a
CDMA ranging code, and

the method for performing the carrier change further
includes transmitting the CDMA ranging code on the
target carrier of the base station at the action time.

8. The method according to claim 1,

wherein the carrier management command message fur-

ther includes a disconnection time, and

the method for performing the carrier change further

includes disconnecting a signal path on the serving car-
rier at the disconnection time.

9. The method according to claim 1, further comprising:

disconnecting a signal path on the serving carrier prior to

the action time, wherein the transmitting of the confir-
mation message is performed at the action time.

10. A method for a multi-carrier supported base station to
support a carrier change of a single-carrier supported mobile
station, the method comprising:
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receiving a message indicating a support of a basic multi-
carrier (MC) mode in which the mobile station is aware
of a multi-carrier operation of the base station, from the
mobile station;

transmitting a carrier management command message

including an action code and an action time, to the
mobile station on a serving carrier;
receiving, in response to the carrier management command
message, a confirmation message indicating readiness
of signal transmission/reception through a target carrier
from the mobile station on the target carrier; and

transmitting a control signal and data to the mobile station
on the target carrier,
wherein the serving carrier and the target carrier are con-
trolled by a single common Medium Access Control
(MAC) of the base station.

11. The method according to claim 10,

wherein the receiving of the message indicating the support
of the basic MC mode is performed when the mobile
station performs initial network entry to the base station.

12. The method according to claim 10, further comprising:

disconnecting a signal path on the serving carrier at the

action time, and switching to the target carrier.

13. The method according to claim 10,

wherein the confirmation message is one of a bandwidth

request, a channel quality indicator (CQI) report, and a
carrier management indication message corresponding
to the action code.

14. The method according to claim 10,

wherein the carrier management command message fur-

ther includes a physical carrier indicator as an indicator
of the target carrier.

15. The method according to claim 10,

wherein the action code indicates a primary carrier change

or a carrier change.

16. The method according to claim 10,

wherein the carrier management command message fur-

ther includes a dedicated CDMA ranging flag and a
CDMA ranging code, and

wherein the CDMA ranging code is received from the

mobile station on the target carrier at the action time.

17. The method according to claim 10,

wherein the carrier management command message fur-

ther includes a disconnection time, and

wherein a signal path on the serving carrier is disconnected

at the disconnection time.

18. The method according to claim 10, further comprising:

disconnecting a signal path on the serving carrier prior to

the action time, and the confirmation message is
received from the mobile station at the action time.

19. A single-carrier supported mobile station for perform-
ing a carrier change with a multi-carrier supported base sta-
tion, the mobile station comprising:

a reception module for receiving a downlink control signal

and downlink data from the base station;

a transmission module for transmitting a uplink control

signal and uplink data to the base station; and

a processor connected to the reception module and the

transmission module for controlling the mobile station
including the reception module and the transmission
module,

wherein the processor is configured to:

control the transmission module to transmit a message

indicating a support of a basic multi-carrier (MC) mode
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in which the mobile station is aware of a multi-carrier
operation of the base station, to the base station,

control the reception module to receive a carrier manage-
ment command message including an action code and an
action time, on a serving carrier of the base station,

control the transmission module to transmit, in response to
the carrier management command message, a confirma-
tion message indicating readiness of signal transmis-
sion/reception through a target carrier of the base station
on a target carrier of the base station, and

control the reception module to receive a control signal and

data from the base station on the target carrier of the base
station,

wherein the serving carrier and the target carrier are con-

trolled by a single common Medium Access Control
(MAC) of the base station.

20. A multi-carrier supported base station for supporting a
carrier change of a single-carrier supported mobile station,
the base station comprising:

a reception module for receiving a uplink control signal

and uplink data from the mobile station;

atransmission module for transmitting a downlink control

signal and downlink data to the mobile station; and

Feb. 3, 2011

a processor connected to the reception module and the
transmission module for controlling the mobile station
including the reception module and the transmission
module,

wherein the processor is configured to:

control the reception module to receive a message indicat-
ing a support of a basic multi-carrier (MC) mode in
which the mobile station is aware of a multi-carrier
operation of the base station, from the mobile station;

control the transmission module to transmit a carrier man-
agement command message including an action code
and an action time, to the mobile station on a serving
carrier,

control the reception module to receive, in response to the
carrier management command message, a confirmation
message indicating readiness of signal transmission/re-
ception through a target carrier from the mobile station
on the target carrier, and

control the transmission module to transmit a control sig-
nal and data to the mobile station on the target carrier,

wherein the serving carrier and the target carrier are con-
trolled by a single common Medium Access Control
(MAC) of the base station.
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