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Description

Title of Invention: SCANNING METHOD AND APPARATUS IN
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WIRELESS ACCESS SYSTEM
Technical Field

The present invention relates to a scanning method and apparatus, and more par-
ticularly, a scanning method and apparatus for assigned secondary carriers belonging

to a base station.

Background Art

Hereinafter, description will be briefly given of carriers.

A user may perform modulation on the amplitude, frequency, and/or phase of a sine
wave or a periodic pulse wave to include information which is desired to be
transmitted. Here, the sine wave or pulse wave serving to convey information is called
a carrier.

Methods for modulating a carrier include a single-carrier modulation (SCM) scheme
and a multi-carrier modulation (MCM) scheme. The SCM scheme performs
modulation such that all information is carried on a single carrier.

The MCM scheme divides an entire bandwidth channel of one carrier into sub-
channels having multiple narrow bandwidths and transmits multiple narrowband sub-
carriers through respective subchannels.

When using the MCM scheme, each subchannel may approximate to a flat channel
due to a narrow bandwidth. A user may compensate for distortion of a channel using a
simple equalizer. The MCM scheme may be implemented at a high speed using Fast
Fourier Transform (FFT). Namely, the MCM scheme is favorable during high-rate data
transmission as compared to the SCM scheme.

As the capabilities of a base station and/or a terminal have been developed, a
frequency bandwidth which can be provided or used by the base station and/or the
terminal has been enlarged. Accordingly, in the embodiments of the present invention,
a multi-carrier system supporting broadband by aggregating one or more carriers is
proposed.

Specifically, the multi-carrier system, which will be described hereafter, uses carriers
by aggregating one or more carriers, unlike the afore-mentioned MCM scheme which
uses carriers by segregating one carrier.

To efficiently use multiple bands or multiple carriers, a technique in which one
medium access control (MAC) entity manages multiple carriers (e.g., multiple
frequency carriers (FCs)) has been proposed.

FIGS. 1(a)and 1 ( b) illustrate methods for transmitting and receiving signals based
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on a multi-band radio frequency (RF) scheme.

In FIG. 1, one MAC layer in each of a transmitting end and a receiving end may
manage multiple carriers to efficiently use the multiple carriers. To effectively transmit
and receive the multiple carriers, it is assumed that both the transmitting end and the
receiving end can transmit and receive the multiple carriers. Since frequency carriers
managed by one MAC layer do not need to be contiguous, the above method enables
flexible resource management. More specifically, the frequency carriers may have
contiguous aggregation or non-contiguous aggregation.

In FIGS. 1(a)and 1 (b)), physical layers (PHY O, PHY 1,...,PHY n-2, and
PHYn-1 ) represent multiple bands and each of the bands may have a frequency carrier
(FC) size allocated for a specific service according to a predetermined frequency
policy. For example, PHY O (RF carrier 0 ) may have a frequency band size allocated
for a general FM radio broadcast and PHY 1 (RF carrier 1 ) may have a frequency
band size allocated for cellular phone communication.

Although each frequency band may have a different FA size depending on the char-
acteristics thereof, it is assumed in the following description that each frequency
carrier (FC) has a size of A MHz for convenience of explanation. Each frequency al-
location (FA) band may be represented by a carrier frequency that enables a baseband
signal to be used in each frequency band. Thus, in the following description, each FA
will be referred to as a “carrier frequency band” or will simply be referred to as a
“carrier” representing each carrier frequency band unless such use causes confusion.

As in the recent 3 rd generation partnership project (3GPP) long term evolution-
advanced (LTE-A), the carrier may also be referred to as a “component carrier” to dis-
criminate it from a subcarrier used in the multi-carrier system.

As such, the “multi-band” scheme may also be referred to as a “multi-carrier”
scheme or a “carrier aggregation” scheme.

FIG. 2 is a view illustrating an example of the use of multiple carriers in a general
wireless communication system.

The multiple carriers of general technology may employ contiguous carrier ag-
gregation as shown in FIG. 2( a ) or non-contiguous carrier aggregation as shown in
FIG. 2( b ). The combination unit of such carriers is a basic bandwidth unit of a general
legacy system (e.g., Long Term Evolution (LTE) in an LTE-advanced system or IEEE
802.16e in an IEEE 802.16m system).

In a multi-carrier environment of general technology, two types of carriers are
defined as follows.

First, a first carrier (also called a primary carrier) is the carrier used by a Base Station
(BS) and a Mobile Station (MS) to exchange traffic and full PHY/MAC control in-

formation. Further, the primary carrier is used for control functions for proper MS
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operation, such as network entry. Each MS shall have only one primary carrier per cell.
A second carrier (also called a secondary carrier) is an additional carrier which the

terminal may use for traffic exchange, only per base station's specific allocation
commands and rules, typically received on the primary carrier. The secondary carrier
may also include control signaling to support multi-carrier operations.

In the general technology, the carriers of a multi-carrier system based on the above-
described primary and secondary carriers may be classified into a fully configured
carrier and a partially configured carrier.

First, the fully configured carrier is a carrier for which all control signaling actions
are configured. Further, information and parameters regarding multi-carrier operations
and the other carriers can also be included in the control channels.

The partially configured carrier is a carrier in which all control channels for
supporting downlink (DL) transmission in a downlink carrier other than an uplink
carrier, present as a pair with the downlink carrier, during Time Division Duplexing
(TDD) DL transmission or in Frequency Division Duplexing (FDD) mode are
configured.

Generally, a terminal may perform initial network entry through a primary carrier,
and may exchange mutual multi-carrier capability information in a registration process
for exchanging an Advanced Air Interface (AAI) registration request response
(AAI_REG-REQ/RSP) message with a base station.

Disclosure of Invention

Solution to Problem

Therefore, an aspect of this specification is to provide a method for obviating a
terminal from performing unnecessary scanning operations for the same assigned
carrier by transmitting an indicator indicating whether or not to scan the assigned
carriers to the terminal, in a multicarrier system.

Another aspect of this specification is to provide definition of a trigger condition for
carrier management (as one example, secondary carrier activation / primary carrier
change), and a method for transmitting the defined trigger conditions.

Another aspect of this specification is to provide a method for obviating failure of in-
struction given by a base station to activate a specific secondary carrier, by performing
scanning for inactive assigned secondary carriers and transmitting the scan results to
the base station.

To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described herein, there is provided a
method for scanning assigned carriers in a multicarrier system including receiving a

multicarrier advertisement message from a base station, the multicarrier advertisement
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message including scan reporting trigger control information of assigned secondary
carriers, performing scanning for the assigned secondary carriers, and reporting the
scan results to the base station when a specific metric measured by the scanning meets
a condition set in the scan reporting trigger control information.

The scan results may be transmitted to the base station via a scan reporting
(SCN-REP) message.

The specific metric may be a carrier to interference and noise ratio (CINR) or a
received signal strength indicator (RSSI).

The assigned secondary carrier may be an inactive or active assigned secondary
carrier.

The scan results may be reported to the base station when a metric measured by
scanning the inactive assigned secondary carrier is greater than a threshold value or a
metric measured by scanning the active assigned secondary carrier is less than a
threshold value.

The scan reporting trigger control information may be a carrier activation (CA)
specific trigger field indicating a trigger condition for reporting the scan results of
inactive secondary carriers among the assigned secondary carriers to the base station.

The method may further include receiving a scan response (SCN-RSP) message from
the base station, the scan response message instructing scanning for the assigned
secondary carriers.

The scan response message may be transmitted from the base station when decided to
activate an inactive secondary carrier is decided.

The method may further include receiving a carrier management command
(CM-CMD) message from the base station, the carrier management command message
instructing activation and/or deactivation of the secondary carriers.

The method may further include receiving a first message from the base station, the
first message including a scanning required indicator indicating whether or not to scan
the assigned secondary carriers.

The scanning required indicator may be 1-bit in size.

The first message may be one of a multicarrier response (MC-RSP) message, a mul-
ticarrier advertisement (MC-ADV) message, or a neighbor advertisement (NBR-ADV)
message.

Whether or not to scan may be decided based upon coverage of the assigned
secondary carrier.

In accordance with an exemplary embodiment, there is provided a terminal for
scanning assigned carriers in a multicarrier system, the terminal including a radio
frequency unit configured to transmit and receive radio signals to and from an exterior,

and a controller configured to control the radio frequency unit to receive a multicarrier
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advertisement message from a base station, the multicarrier advertisement message
including scan reporting trigger control information of assigned secondary carriers, to
perform scanning for the assigned secondary carriers, and to control the radio
frequency unit to report the scan results to the base station when a specific metric
measured by the scanning meets a condition set in the scan reporting trigger control in-

formation.
The controller may control the radio frequency unit to report the scan results to the

base station when a metric measured by scanning the inactive assigned secondary
carrier is greater than a threshold value or a metric measured by scanning the active
assigned secondary carrier is less than a threshold value.

The controller may control the radio frequency unit to receive a scan response
(SCN-RSP) message instructing scanning for an assigned secondary carrier from the

base station.

Advantageous Effects of Invention

This specification has an effect that a terminal may not perform unnecessary
scanning for assigned carriers, which have the same coverage, by transmitting an
indicator indicating whether or not to scan assigned carriers to the terminal in a mul-
ticarrier system.

This specification also has an effect of obviating failure of instruction given by a
base station to activate a specific secondary carrier by performing scanning for inactive
assigned secondary carriers and transmitting the scan results to the base station.

Brief Description of Drawings

FIG. 1 (a) and (b) illustrate a method for transmitting and receiving a signal based on
a multi-band radio frequency (RF) scheme;

FIG. 2 (a) and (b) are a view illustrating an example of the use of multiple carriers in
a general wireless communication system;

FIG. 3 is a view illustrating an exemplary procedure for allowing a base station to
allocate (assign) one or more carriers to a terminal via a carrier management message
(AAI_CM-CMD) in a broadband wireless access system;

FIG. 4(a) illustrates that multiple carriers belonging to an arbitrary base station have
the same coverage, and FIG.4(b) illustrates that multiple carriers belonging to an
arbitrary base station have different coverage from each other;

FIG. 5 is flowchart illustrating a scanning method using a scanning required indicator
in accordance with a first exemplary embodiment;

FIG. 6 is a flowchart illustrating a scanning method using a scanning required
indicator and a carrier activation (CA) specific trigger condition in accordance with

another exemplary embodiment;
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FIG. 7 illustrates trigger values for scanning and scan reporting when a terminal
moves toward a center of a cell according to a trigger condition 1 of the second

exemplary embodiment;
FIG. 8 illustrates trigger values for scanning and scan reporting when a terminal

moves away from a center of a cell according to a trigger condition 2 of the second
exemplary embodiment;

FIG. 9 is a flowchart illustrating a method for reporting scan results of assigned
secondary carriers according to a multicarrier (MC)-specific trigger conditions in ac-
cordance with a third exemplary embodiment; and

FIG. 10 is a block diagram of a wireless communication system in accordance with

one exemplary embodiment.

Mode for the Invention

Reference will now be made in detail to the preferred embodiments of this speci-
fication, examples of which are illustrated in the accompanying drawings. It should be
understood that the description herein will be given of essential parts required to un-
derstand operations according to this specification and description of the other parts
will be omitted to obviate obscurity of the point of the invention.

Exemplary embodiments described hereinbelow are combinations of elements and
features of the present invention. 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 re-
arranged. Some constructions or features of any one embodiment may be included in
another embodiment and may be replaced with corresponding constructions of another
embodiment.

In exemplary embodiments of the present invention, description is made of a data
transmission and reception relationship between a base station (BS) and a Mobile
Station (MS). Herein, the term ‘BS’ refers to a terminal node of a network, which com-
municates directly 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.

Namely, it is apparent that, in a network comprised of a plurality of network nodes
including a BS, various operations performed for communication with an MS may be
performed 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’,
‘advanced base station (ABS),” etc. 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’, ‘advanced mobile station (AMS),’ etc.

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

In a hardware configuration, the methods according to exemplary embodiments of
the present invention may be achieved by one or more Application Specific Integrated
Circuits (ASICs), Digital Signal Processors (DSPs), Digital Signal Processing Devices
(DSPDs), Programmable Logic Devices (PLDs), Field Programmable Gate Arrays
(FPGAs), processors, controllers, microcontrollers, microprocessors, etc.

In a firmware or software configuration, the methods according to the exemplary em-
bodiments 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 various known means.

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.

Multicarrier Operation Mode

1. Multicarrier aggregation

Multicarrier aggregation is a multicarrier mode in which a physical layer connection
of an AMS is maintained while the AMS executes data transmission via a secondary
carrier, and control signaling is monitored via a primary carrier.

2. Multicarrier Switching

Multicarrier switching is a multicarrier mode in which a physical layer connection of
an AMS is switched from a primary carrier to a fully configured or partially configured
secondary carrier by a base station (ABS)’s instruction to receive E-MBS service via
the secondary carrier.

3. Basic MC mode

Basic Multicarrier (MC) mode is a mode in which a terminal operates with only a
single carrier although it supports a primary carrier switching procedure as well as an
optimized scanning of carriers related to a multicarrier operation.

Hereinafter, terms to be used in the multicarrier operation will be defined.

1. Available Carrier: The available carrier refers to all carriers belonging to the base
station (ABS). The terminal may acquire information of the available carrier through
an advanced air interface global carrier configuration (AAI_Global-config) message or
a multicarrier advertisement (AAI_MC-ADV) message.

2. Assigned Carrier: The assigned carrier refers to a subset of an available carrier that
is assigned to the AMS by the ABS. That is, the ABS may assign at least one of its
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own available carriers as an assigned secondary carrier of the AMS in consideration of
the AMS capability.

3. Active Carrier: The active carrier refers to a carrier that is ready to perform data
exchange between the AMS and the ABS, and may be a subset of the assigned carrier.
Activation/deactivation of the assigned secondary carrier may be dependent upon the
decision of the ABS based on a Quality of Service (QoS) request. The ABS may
inform the AMS of information of whether to activate or deactivate a specific
secondary carrier through a carrier management command (AAI_CM-CMD) message.

Hereinafter, based on the above mentioned description, a procedure for allowing the
base station to assign a carrier to the terminal with reference to FIG. 3.

FIG. 3 is a view illustrating an exemplary procedure for allowing a base station
(advanced base station; ABS) to assign at least one carrier to a terminal (advanced
mobile station; AMS) via a carrier management command (AAI_CM-CMD) message
in a broadband wireless access system.

As illustrated in FIG. 3, the AMS may perform an initial network entry including
processes, such as scanning, ranging and the like, with the ABS (S301).

The AMS and the ABS may exchange information related to multicarrier capabilities
with each other via registration request/response (AAl__ REG-REQ/RSP) messages
(S302 and S303).

The ABS may transmit the AAI_REG-RSP message and transmit a global carrier
configuration (AAI_Global-config) message (S304). The AAI_Global-config message
may include information related to all the available carriers supported in a network.

Also, the AMS may acquire information related to multicarrier configuration of the
ABS by receiving a multicarrier advertisement (AAI_ MC-ADV) message, which is pe-
riodically broadcast from the ABS (S305).

Afterwards, the AMS may inform the ABS of information about the AMS's sup-
portable carriers through a multicarrier request (AAI_ MC-REQ) message according to
multicarrier configurations of the ABS's available carriers using the acquired in-
formation, such that it can request the list of assigned carriers from the ABS.

The ABS may then decide a subset, which will be assigned as the AMS's secondary
carrier, from among the ABS's available carriers on the basis of information received
from the AMS, decide the list of assigned carriers, and inform the AMS of the decided
list of assigned carriers through a multicarrier response (AAl_ MC-RSP) message
(S307).

Thereafter, the ABS may transmit a carrier management command (AAI_CM-CMD)
message to the AMS according to the decision based on the QoS request, such that it
determines whether to activate or deactivate the assigned carrier given to the AMS.

Hereinafter, this specification proposes a method for obviating an unnecessary
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scanning operation of an AMS, which performs communication with an ABS using
multiple carriers, and obviating failure of a carrier activation instruction of the ABS
through a channel state measurement for inactive carriers among secondary carriers
assigned from the ABS.

First Exemplary Embodiment

The first exemplary embodiment illustrates a method for transmitting a scanning
required indicator to an AMS to indicate whether or not to scan a secondary carrier(s)
assigned from an ABS (i.e., assigned secondary carrier(s)) to obviate the AMS from
executing an unnecessary scanning.

First, in the related art multicarrier operation, scanning for an assigned carrier from a
serving ABS is performed by the ABS’s instruction (AAI_SCN-RSP) or voluntarily by
the AMS. Here, when the AMS voluntarily performs the scanning for the assigned
carrier, reporting for the scan results, may be performed only when the ABS’s in-
struction is received.

However, for the following cells in which multiple carriers are arranged, the AMS
may unnecessarily perform scanning:

1. when multiple carriers belonging to an arbitrary ABS have the same coverage

2. when multiple carriers belonging to an arbitrary ABS have different coverage.

FIG.4(a) illustrates that multiple carriers belonging to an arbitrary ABS have the
same coverage, and FIG. 4(b) illustrates that multiple carriers belonging to an arbitrary
ABS have different coverage.

First, as illustrated in FIG. 4(a), when all the carriers belonging to an arbitrary ABS
have the same coverage, the AMS does not have to perform scanning for measuring
channel state information related to an assigned carrier. However, the related art
method allows the AMS to voluntarily perform scanning for a certain carrier, ac-
cordingly, unnecessary scanning for carriers with the same coverage is performed.

As illustrated in FIG. 4(b), when assigned secondary carriers assigned from the ABS
have different coverage when the AMS performs a network (re)entry, the ABS may not
recognize where the AMS is exactly located and fail to know a channel state(s) of an
inactive carrier(s), which causes the ABS to instruct activation of a certain inactive
carrier. In this case, if the corresponding carrier has smaller coverage than the existing
active carriers and the AMS is in the outside of the carrier whose activation is in-
structed by the ABS, the ABS’s activation for the corresponding carrier may be failed.

Therefore, downlink (DL) carrier channel state information, such as carrier to in-
terference and noise ratio (CINR) for a secondary carrier may be measured for inactive
carriers as well as active carriers, and the measurement results needs to be transmitted
to the ABS.

Definition of Scanning Required Indicator
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[96] Scanning required indicator or scanning required indication field is transmitted from
ABS to AMS to indicate whether to scan a carrier (voluntarily by the AMS) or not
when the corresponding carrier is used as a secondary carrier and the corresponding
carrier is inactive. Also, the scanning required indicator may be 1-bit in size for each
carrier.

[97] Also, the scanning required indicator may be transmitted when the ABS assigns
assigned secondary carriers to the AMS. As one example, the scanning required
indicator may be transmitted to the AMS via the AAI_ MC-RSP message.

[98] Here, the base station may decide whether to scan the assigned secondary carrier or
not on the basis of the coverage of each carrier. The coverage of each carrier is in-
formation that the ABS already knows, so the ABS can inform the AMS of the
scanning or non-scanning with reference to the coverage value.

[99] The ABS may select a carrier, which has been informed via the scanning required
indicator as a carrier for which scanning is not required, as a target carrier of a carrier
management without request for scan reporting from the AMS. Here, the carrier
management may be a carrier activation, a carrier deactivation, a primary carrier
change or the like.

[100] The base station may recognize channel state (carrier to interference and noise ratio
(CINR), received signal strength indicator (RSSI), round trip delay (RTD), etc.) in-
formation related to the assigned secondary carrier, which has been informed via the
scanning required indicator as a carrier for which scanning is not required, based on
channel state information related to a primary carrier. That is, the ABS may consider
the channel state information related to an assigned secondary carrier, informed as a
scanning-unnecessary carrier, as the same as the channel state information related to
the primary carrier.

[101] Transmission of Scanning Required Indicator

[102] Hereinafter, description will be made to an exemplary format of MC-RSP message,
MC-ADYV message or NBR-ADV message each including the scanning required
indicator defined in the first exemplary embodiment.

[103] (1) Transmission via AAI_MC-RSP message

[104] The following Table 1 shows an example that the scanning required indicator is
included in AAI_MC-RSP message.

[105]
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Ficld

Size(hit)

Description

Control Message Type

8

AAI_MC-RSP message

Global_Assign

Indicates whether the ABS assigns all the carriers requested by AMS through AAT_MC-
REQ

0b0: The ABS assigns a subset of the carriers requested by AMS

Obl: The ABS assigns all the carriers requested by AMS

IftGlobal_Assign == 0){

Nuinber of Assigned Carriers{N) +
For (i=0; i<N; i++}{
Physical Carrier Index 6 The carricrs AMS can simultancously support

Scanning required indicator

[

Indicates whether the assigned carrier needs to perform the scanning for
carrier management when the carrier is inactive.

0b0: The AMS may perform scanning for the corresponding carrier.
Obl: The AMS shall not ( or deesn't need to) perform scanning for the
corresponding carrier without any direction from ABS.

Support of data transmission over guard
sub=carricr

(= not support
1= support

Referring to Table 1, the scanning required indicator field indicates whether to

perform scanning for carrier management when a corresponding carrier is inactive. As

one example, when the scanning required indicator field is set to ‘Ob0,” the AMS

performs scanning for the corresponding carrier. When set to ‘Ob1’, the AMS shall not

perform scanning for the corresponding carrier without any direction from the ABS.

The following Table 2 shows an example that a carrier activation-specific

(CA-specific) trigger condition field is included in MC-RSP message when the

scanning required indicator is set to ‘Ob1l.’
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[Table 2]

Field Size (bit) | Note

Global_Assign 1 Indicates whether the ABS assigns all the carriers
requested by AMS through AAI_MC-REQ
0b0: The ABS assigns a subset of the carriers requested
by AMS
0Ob1: The ABS assigns all the carriers requested by AMS

If(Global_Assign ==

0){

Number of 3 Number of assigned secondary carriers.

Assigned  Carriers

(N)

For (i=0; i<N; i++){

Physical carrier 6 The index refers to a physical carrier index in

index AAI_MC-ADV message. Logical carrier index is assigned
implicitly in the order of assigned physical carrier index.

Scanning required 1 0: The AMS does not need to perform scanning when

indicator the carrier is inactive.
1: The AMS may perform scanning without any
direction from ABS when the carrier is inactive.

If (scanning

required indicator

==1){

CM-specific Variables | CM-specific triggers with encoding defined in Table

Trigger TLVs 9-12 Trigger description for assigned carriers.

}

}

}

Support  of data 1 0 = not support

transmission  over 1 = support

guard sub-carrier

12

[109] The following Table 3 shows an example that CA-specific trigger condition field is
included in MC-RSP message when the scanning required indicator is set to ‘Ob1.’

[110]
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[Table 3]
M/O | Attributes/Array | Size (bit) | Value/Note Conditions
of attributes
M | Global Assign 1 Indicates whether the ABS assigns
all the carriers requested by AMS
through AAI_MC-REQ
0b0: The ABS assigns a subset of
the carriers requested by AMS
Ob1: The ABS assigns all the carriers
requested by AMS
0 Number of 3 Indicates the number of carriers to | Shall be present
assigned be assigned to the MS when the Global
carriers Assign is zero
0 Physical carrier 6 Indicates the carriers to be assigned | Shall be present
index to the MS. Logical carrier index is | when the Global
assigned implicitly in the order of | Assign is zero
assigned physical carrier index
0 Scanning 1 Indicates whether the AMS needs | Shall be
required to perform the scanning the | present when
indicator scanning procedure for the | the Global
assigned carrier when the carrier | Assign is zero
is inactive.
0: the AMS doesn’t need to
perform scanning.
1: The AMS may perform scanning
without any direction from ABS.
0 CM-specific Variables | CM-specific triggers with | Shall be
Trigger TLVs encoding defined in Table 9-12 | present when
Trigger description for assigned | the scanning
carriers required
indicator is set
to 1.
M | Support of data 1 Indicates the support of guard carrier

transmission
over guard
sub-carrier

for data
0b0: not supported
0b1: supported

o

[111]
[112]

(2) Transmission via AAI_MC-ADV message
The following Table 4 shows an example that the scanning required indicator is

included in AAI_MC-ADV message.

[113]
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Ficld Size(bit) Description

MAC control Message Type 8

xﬂ:—carner configuration change 4 Incremented by 1 upon each update

Scrving BS Carmier Number 3

. . . 0 All i 3 ring AB e th Pri | Version, SFH_Inf

Serving BS Uniformily Flag | Ca@em supported by serving ABS have the same Protocol Version, SFH_Info
I: otherwise

Physical Carricr Index of current P The carrier that ABS broadcast this message; the physical carrier index refers to AAI_Global-

carrier Caonfig message

MAC Protocol version 8 Cansistent with REV.2 definition, with new MAC protocol version 9 defined for 1Gm

For(i=1:i<=Serving BS Carrier

Number-1; i++){

Physical carrier index

Paging carricr indication

SA-Preamble Index
Indicates whether the assigned carrier needs fo perform the scanning for carrier
management when the carrier is inactive,

Scanning required indicator 1 0b0: The AMS may perform scanning for the corresponding carrier,

0b1: The AMS shall not ( OF _doesn't need to) perform scanning for the carresponding
carrierwithout any direction from ABS.

if (Serving BS Uniformity Flag==1) {

omitted Protacol version, SFH information for neighbor ABS
}

[114]
[115]

(3) Transmission via Neighbor Advertisement (AAI_NBR-ADV) message
The following Table 5 shows an example that the scanning required indicator is
included in AAI_NBR-ADYV message.

[116]

[117]

[Table 5]

M/O Attri hutt:sl Array of Size(bir} Value/Note Conditions
attributes
M Change Count 3 NBR-ADV Change Coutn NA
Cell type in this message
M Cell Type 3 0bUOO: macro, 0bUO1: micto, 06U 10: macre hotzone, Ub011: femto, NA.
Obl100: relay, Ob101 - 0b111: reserved
‘Total Number of
M AAI_NBR-ADY 4 Total numbcr of segments of AAT_NBR-ADV for this cell type. N.A.
Scgments
QM—NBR'AD v 4 Indicates current segment index of this message in the specific cell type. | N.A.
egment Index
BS number M 8 Total number of BSs to be included in this AAI_NBR-ADV segment N.A.
...omitted...
Dclta encoding. w.r.1. the reference carrier the cuerent carrier E:?]]llgir]g?:ged for each
[¢] Delwa information Var. transmitting this message if SFH_encoding format = 01, the preceding SFI'?I cncoding,_format is
carrier if SFH_encoding_format=11) sel 10 0b0L or D11
o Neighbor-specific Var Optional neighbor-specific triggers with encoding May be included for cach
trigger ‘ defined in Trigger description neighbor BS
Indicates whether the carrier needs to perform the scanning for
carrier management when the carrieris inactive.
o Scanping required 1 UbU; The AMS may perform seanning for the corresponding May be included for each
- indicator = carrier. neighbor BS
0b1: The AMS shall not { OI doesn’t need to) perform scanning for
the corresponding carrier without any dircction from ABS.
...following fields omitted...

FIG. 5 is flowchart illustrating a method for performing a scanning operation using a

scanning required indicator in accordance with a first exemplary embodiment.
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[129]

As illustrated in FIG. 5, an ABS may transmit a message including a scanning
required indicator indicating whether to scan a specific carrier or not to an AMS
(S501).

Here, the message, as aforementioned, may be MC-RSP message, MC-ADV
message or NBR-ADV message.

When the scanning required indicator is transmitted via the MC-RSP message, it is
included in the MC-RSP message together with an assigned secondary carrier to be
sent to the AMS when the ABS assigns the corresponding assigned secondary carrier
to the AMS.

The scanning required indicator or scanning required indication field may be
transmitted by being included in the message when the specific carrier is used as a
secondary carrier and the corresponding carrier is inactive. Also, the scanning required
indicator may be 1-bit in size for each carrier.

Afterwards, the AMS may perform scanning only for a carrier whose scanning
required indicator is set to ‘0Ob1’ (S502).

The AMS may then report the scan results to the ABS (S503). Here, the scan results
may be transmitted to the ABS via a scan report message.

FIG. 6 is a flowchart illustrating a method for performing scanning using a scanning
required indicator and carrier activation-specific (CA-specific) trigger condition as
another example according to the first exemplary embodiment.

As illustrated in FIG. 6, an ABS may transmit to an AMS a scanning required
indicator indicating whether to scan a specific carrier or not and a CA-specific trigger
condition (S601).

Here, the CA-specific trigger condition may be transmitted to the AMS by being
included in the message when the scanning required indicator is set to ‘Ob1.” Here, the
message, as aforementioned, may be MC-RSP message, MC-ADV message or NBR-
ADYV message.

When a metric of channel state information (CINR, RSSI, RTD) measured from the
carrier having the scanning required indicator set to ‘Ob1’ satisfies a scanning initiation
condition of the CA-specific trigger condition (S602), then the AMS may perform
scanning for the corresponding carrier (S603).

Afterwards, when the scan results satisfy a scan reporting condition of a multicarrier-
specific (MC-specific) trigger condition and accordingly the AMS triggers the scan
reporting to the ABS (S604), the AMS may transmit a scan reporting (SCN-REP)
message to the ABS by including carrier to interference and noise ratio (CINR),
received signal strength indicator (RSSI), round trip delay (RTD) and the like, which

are measured through the scanning (i.e., the scan results) (S605).

Second Exemplary Embodiment
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The second exemplary embodiment illustrates a method for informing whether to
scan a corresponding carrier according to presence or non-presence of the same value
as a newly defined multicarrier-specific (MC-specific) trigger when a trigger condition
(e.g., the MC-specific trigger) for carrier management is newly defined.

That is, in the second exemplary embodiment, in case where a trigger condition for
carrier management is newly defined (e.g., MC-specific trigger or CA-specific trigger)
and the defined value is transmitted via a broadcast message, such as AAI_MC-ADV
or AAI_NBR-ADYV, for a carrier for which scanning can be skipped due to having the
same coverage as a reference carrier (or with other various reasons), whether to scan
the corresponding carrier or not may be informed according to presence or non-
presence of the same value as the MC-specific trigger to be transmitted via the
broadcast message.

Here, the reference carrier may be the first carrier in AAI_ MC-ADV message or
AAI_NBR-ADV message.

Hereinafter, trigger conditions defined for the carrier management (secondary carrier
activation) will be described.

1. Scanning Trigger Condition for Secondary Carrier Activation

A scanning trigger condition proposed in this specification is whether or not a corre-
sponding inactive carrier is receivable from the current perspective of an AMS.

That is, such trigger condition is required only for a carrier having smaller coverage
than a primary carrier because a zone of a carrier having larger coverage generally
includes a zone of a carrier having smaller coverage.

(1) Trigger Condition 1

As described above, availability of a carrier having small coverage increases as an
AMS moves toward the center of a cell. That is, a case where a value, such as power,
SINR (or CINR), RSSI or the like, of a primary carrier is more than a specific value
may be considered as the most easily useable trigger condition.

The ABS already knows coverage information about each of the two carriers, so it
may inform the AMS to initiate scanning when a specific value is more than a preset
value based on the primary carrier. Since this value should be decided from the per-
spective of the ABS irrespective of a receiver capability, values such as signal power
or RSSI may be used for trigger.

When a corresponding trigger value meets a trigger condition of a specific secondary
carrier as the AMS enters the center of the cell, scanning for the corresponding
secondary carrier may be initiated.

(2) Trigger Condition 2

On the contrary, even when the AMS moves from an available zone into a non-

available zone, if the corresponding trigger value becomes less than a specific value,
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[155]

scanning may be initiated.

2. Scan Reporting Trigger Condition for Secondary Carrier Activation

When scanning is initiated according to the trigger condition 1, when the scanned
value is greater than a specific value, the AMS may report this information to the ABS
so as to inform the ABS of whether or not the current carrier is available.

On the contrary, when scanning is initiated according to the trigger condition 2, if the
scanned value is less than the specific value, the AMS may report the information to
the ABS so as to inform the ABS of whether the current carrier is available. The AMS
may report the scan results to the ABS periodically or one time under a satisfactory
situation.

Whether to be available/non-available may be decided based on a common value
(e.g., RSSI, signal power) or the like, or be affected by the number of reception
antennas of the AMS, receiver capability or the like due to being a value related to
actual transmission and reception. Here, whether to be available/non-available may
thusly be decided based upon an actual reception capability by using a value of SINR,
CINR or the like.

If decided based on the reception capability, the same trigger condition value may be
used for every carrier in a whole cell. In this case, overhead due to a trigger condition
transmission may be reduced.

Hence, the ABS may check whether or not a specific secondary carrier can be
activated based upon the AMS’s reporting.

Also, in a deactivation of a specific secondary carrier, whether to be available may be
checked based on feedback such as CQI of an active carrier or the like.

When the AMS reports the scan results to the ABS one time, the reporting of the
scan results may be a scanning release condition.

Consequently, each carrier may require two trigger conditions and also two report
conditions. The report condition may be defined by two for each network, or instead of
defining two report conditions, a center value may be defined and then two report
conditions may be inferred by increasing (+) or decreasing (-) a predetermined margin.

FIG. 7 illustrates trigger values for scanning and scan reporting according to power
of a primary carrier and SINR of a secondary carrier when an AMS moves toward the
center of a cell under the trigger condition 2 of the second exemplary embodiment.

FIG. 8 illustrates trigger values for scanning and reporting according to power of a
primary carrier and SINR of a secondary carrier when an AMS moves away from the
center of a cell under the trigger condition 1 of the second exemplary embodiment.

The following Table 6 shows an example that a multicarrier-specific (MC-specific)

trigger field for carrier management is included in AAI_ NBR-ADV message.
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[156]

[157]

[158]

[159]

[Table 6]

Attributes/ Array of "
wo airibuges Size(hit) Value/Note Conditions
M Change Count 3 NBR-ADV Change Coutn N.A.
Cellivpe T this message
M Cell Type 3 UB0O: macro, 0600 | micro, DBOL(: macro hotzene, (9011 femto, Db10; N.A.
: relav, 0b10f - Gb111: reserved
Total Number of - . . N
AJQ)V S:l:“:1:1:|:' AALNBR. 4 Total number of segments of AAI NBR-ADV for this cell type. N.A.
ﬂ;“NBR'ADV Segment 4 Indicates current segment index of this message in the specific celf tvpe N.A.
M BS number M 1 Total number of BSs o be included in this AAI_NHR-ADV segment N.A.
..omitted...
. Dlta encoding, w.r.t. the reference carrier the current carrier transmitting this Sl ul}lﬂt’)c u&%qd_cd for cuch
o] Delto information Var. message if SFH_enceding format = 01, the preceding carrier if heighbor B if f
SFH_encoding, Tormui=11) 8FH_encoding_format is set
¢ - 1o ObU] or Ob] ]
a Neighbor-specific rigger Var. 0ptwna! ne‘lg'hbor-spcc:lﬁc_lnggers with euceding May be included for cach
defined in Trigger description neighbor BS
MC-specific triggers with encoding defined in Table 9-12
Trigger description for assigned carriers
) ) I MC-specific frigger is transmitted for a carrier, the AMS May be included for
O | MC-specific trigger Var. | shall perform any action triggered by the eacoding, Else,the | available carriers of
AMS doesn’t need to perform any action for this carrier and | ¢2ch neighbor BS.
refers to the measurement results of the reference carrier ti.e.,
previous carrier).
..following ficlds omitied...

Referring to Table 6, the MC-specific trigger field refers to an MC-specific trigger
with encoding defined in Tables 9-12 showing trigger conditions for assigned carriers.
If the MC-specific trigger is transmitted to the AMS for a specific carrier, the AMS
may perform a certain action triggered by the encoding. Else, the AMS does not need
to perform a specific action for the carrier and may refer to the measurement results of
the reference carrier (e.g., previous carrier).

The following Table 7 shows an example that an MC-specific trigger field for carrier

management is included in AAI MC-ADYV message.
[Table 7]

Field Size(bit) Description
MAC control Message Type 3
Eﬁ{gﬁ -catier eonfiguration chang 4 Incremented by | upon cach update
Serving BS Carrier Number 3
Serving BS Uniformity Flug 1 ll): :&:ﬂ(r: rlr:n supported by serving ABS have the same Protocol Version, SFH_Infe
Tr\r:;d Carrier e of curment 6 The carricr that ABS broadeast this message; the physical cartier index refers to AAL Global-Config message
MAC Protocol version ) Consistent with REV.2 definition, with new MAC protocol version ¥ defined for 16m
For(i=1,i<=8erving BS Carrier

Number-1: 1+
Phisical carrier index

Paging carricr indication
SA-Preamble Index

I (Same coverage as
reference carrier!)

I MC-specitic trigger is transmitted for a carrier, the AMS shall perform the action triggered b
his encoding, Else, the AM n't o rform any action for this carrier and j

the measurement results of the reference carrier (i.e., previous carter)

MC-specific Trigger TLV yariables

{Serving BS Unifomty
Flag==1) |
omitted Protacol version, SFH information for neighbor ABS




19

WO 2011/129574 PCT/KR2011/002549

[160]
[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]
[170]

[171]

[172]

Third Exemplary Embodiment
The third exemplary embodiment illustrates a method for defining a trigger condition

for carrier management (e.g., secondary carrier activation or primary carrier change)
and transmitting a message including the defined trigger condition.

First, prior to the method proposed in the third exemplary embodiment, it is allowed
to define a trigger condition for measuring a channel state of a specific carrier of a
neighbor ABS for performing handover (HO) via AAI_SCD message.

However, the previous method defines scanning for a carrier belonging to a serving
ABS (serving cell) to be performable through SCN-REQ/RSP/REP message processes
according to the ABS’s direction, but does not separately define a trigger condition for
scanning for multiple secondary carriers.

That is, regarding the related scanning operation, even if the AMS recognizes based
on a specific metric that a channel state of a target carrier becomes better, a channel
state measurement for the corresponding carrier may not be performed.

Furthermore, even if scanning is performed, the AMS reports the scan results (i.e.,
transmits SCN-REP) to the ABS only when receiving SCN-RSP from the ABS. That
is, the channel state information related to any carrier within a cell is transmitted by the
AMS only in response to the ABS’s request.

Here, when a carrier management with respect to the AMS is required, the ABS
requests scanning from the AMS, receives the scan result from the AMS, and performs
the carrier management. This causes a delay of a carrier management related
procedure, which may be performed for a multicarrier operation.

Also, as described above, if the ABS voluntarily instructs a carrier management (e.g.,
activation of assigned secondary carrier) with respect to the AMS without requesting
scanning from the AMS, a target carrier is randomly selected in a state of a channel
state of the target carrier being unknown. Accordingly, when the channel state of the
target carrier is bad, a carrier management failure or inefficient carrier management
may be caused.

Hereinafter, description will be made in detail to the method of defining a trigger
condition for carrier management (e.g., secondary carrier activation) and transmitting
the defined trigger condition in accordance with the third exemplary embodiment.

1. Scanning for Assigned Carriers by AMS

A scanning operation may provide the AMS with an opportunity of measuring
assigned carriers for carrier management (e.g., secondary carrier activation or primary
carrier change) and acquiring necessary system configuration information.

When the AMS has a multicarrier aggregation capability, the AMS may perform
measurement for assigned carriers without a time interval specific for scanning.

The ABS may clarify trigger parameter values based on target carriers within a SCD
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message (or MC-ADV message, NBR-ADV message, SFH or MC-RSP message).
Also, the ABS may clarify a (fully configured or partially configured) form of a target
carrier, which the AMS is to scan, and/or averaging parameters, which are obtained by
overriding values defined in the SCD message.

Here, a trigger condition used for carrier management, unlike a trigger condition used
for handover (HO), may be information, which the AMS should receive as soon as
possible after a network reentry. Therefore, the trigger condition used for the carrier
management may preferably be transmitted via a different message or a superframe
header (SFH), other than transmitted via AAI_SCD message.

If a trigger condition defined for carrier management is transmitted via AAI_SCD (or
SHF, AAI_MC-ADV) message and information related to AAI_SCD message of a
neighbor ABS is different from AAI_SCD information of a serving ABS, the
AAI_SCD information of the neighbor ABS may preferably be transmitted via
AAI _NBR-ADV.

If assigned secondary carriers assigned from the base station cannot be simul-
taneously scanned due to the limitation to the AMS capability, the AMS should receive
a time interval assigned from the base station. In this case, the scanning procedure for
the assigned carriers may be performed by the AMS as follows.

When the ABS is unable to simultaneously perform a channel state measurement for
an assigned carrier and an active carrier due to the limitation to the AMS capability,
the ABS may assign a time interval to the AMS such that the AMS monitors other
carriers.

2. Definition of Trigger Condition for Assigned Carrier

(1) Conditions defined when AMS starts scanning

(2) Conditions defined when AMS reports scan results to serving ABS

(3) Conditions defined when AMS attempts to initiate a primary carrier change by
transmitting a carrier management request message

- Upon defined such that the AMS initiates a carrier management (e.g., a secondary
carrier management or a primary carrier change), the AMS may transmit a carrier
management request (AAl_ CM-REQ) message for a carrier management process
request to the ABS, and the carrier management request message may allow the ABS
to transmit a carrier management command (AAI_CM-CMD) message.

(4) Conditions defined when a target carrier is unreachable

(5) Conditions defined when AMS is unable to maintain communication with the

current active carrier

(6) Conditions for carrier management cancellation

A handover (HO)-related trigger condition for performing the HO is transmitted from
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the ABS to the AMS via a system configuration descript (SCD) message.

Here, when the ABS transmits an MC-specific trigger condition or CA-specific
trigger condition to the AMS via AAI_SCD message, such trigger condition may be
defined as a different condition from the HO-related trigger condition.

To distinguish the MC-specific trigger condition from the HO-related trigger
condition, the MC-specific trigger condition may be transmitted via AAI_ MC-ADV
message, AAl NBR-ADV message, AAl_ MC-RSP message or SFH, as well as via the
SCD message.

The MC-specific trigger condition may be defined to be ABS-specific, carrier-
specific or network-specific.

First, the following Table 8 shows an example of items included in MC-specific

trigger control information (condition).

[Table 8]
Name Length (bits) | Value
Number of 2 The number of conditions that are included in
conditions this trigger (see loop definition below). When

more than one condition is included, this trigger
is referred to as a complex trigger and is the
logical AND combination of all the included

conditions.

For(i=0; i<=Number

of conditions; i++){

Type/Function/Action 5 See following Table 9-12 for description

Trigger value 8 Trigger value is the value used in comparing
measured metric for determining a trigger
condition.

Trigger averaging 4 The averaging parameter used for averaging

parameter this trigger metric according to equation (1) for

target ABS (which is defined in ABS type). If not
present, the default trigger averaging parameter
in AAl_SCD is used.

0x0: 1

0x1: 1/2

0x2: 1/4

0x3: 1/8

0x4: 116

0x5: 1/32

0x6: 1/64

0x7: 1/128

0x8: 1/256

0x9: 1/512

0xA to OxF: reserved

}

The following Table 9 shows an example of Type/Function/Action item of the items

included in the MC-specific trigger control information of Table 8.
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[Table 9]
Name Size (bits) | Value Description
Type 2(MSB) Trigger metric type:

0x0: CINR metric

0x1: RSSI metric

0x2: RTD metric

0x3: reserved

Function 2 Computation defining scanning
and reporting trigger condition:
0x0: Metric of primary carrier is
greater than absolute value

0x1: Metric of primary carrier is
less than absolute value

0x2: Metric of secondary carrier is
greater than absolute value

0x3: Metric of secondary carrier is
less than absolute value

Action 1(LSB}) Action performed upon reaching | Action 0b0 applies to
trigger condition: only Function 0x0 and
0b0: Initiate the scanning 0x1, and action 0b1
O0b1: Respond on trigger with | applies to only
AAI_SCN-REP Function 0x2 and 0x3.

[194] The following Table 10 shows another example of Type/Function/Action item of the

items included in the MC-specific trigger control information of Table 8.

[195] [Table 10]

Name Size(bit) Value
TBD Trigger melric type: ] ‘
Type (MSB) 0x0): CINR memc,Ll)xl . RSSI metric, 0x2: RTD motric. _
0x3; Metire = of consecutive P-SFHs missed. Ox4: RD metric, 0x5~0x7: reserved
Computation defining trigger condition:
0x0: Reserved
Ox1: Metric of assigned carrier is greater than absolute value
0x2: Metric ol assigned carrier is less than absolute value
Ox3: Metric of assigned carrier is greater than primary carrier metric by relative value
0Ox4: Metric of assigned carrier is less than primary carrier metric by relative value
0x35: Melric of active (or primary) carrier greater than absolute valug

Function TBD 0x6: Melric of active (or primary) carrier less than absolute value

OxT: Reserved
NOTE: 0x1~0x4 not applicable for RTD trigger metric

NOTE: when type Ox1 is used together with function 0x3 or Ox4. the threshold value shall range from 32dB (0x80) to
+31.75dB(0x7F). When type 0x1 is used together with function 0x1, 0x2, 0x5 or 0x6, the threshold value shall be
interpreted as an unsigned byte with units of 0.253dB. such that 000 is interpreted as -103.75dBm and OXFF is interpreted
as -40dBm

NOTE: Type (x3 can oniy be used together with function 0x3 or function (0X6.

Action performed upon reaching trigger condition:
0x0; Reserved
Ox1; Respond on trigger with AAI_SCN-REP
0x2: Respond on trigger with AAI CM-RE
TBD 0x3; Respond on irigger with AAT SCN-RE
(MSB) (x4 Declare the carrier unreachable, If the carricr is a target carrier. the AMS needs not take immediate action when this
trigger condition is met. The AMS shall act only when this condition is met for all assigned carriers of (he AMS.
0x3: Cancel Carrier Management
0x6: Initiate Scanning
0x7. Reserved

Action

[196] Referring to Table 10, the MC-specific trigger condition information may include a
type field indicating a trigger metric type. The type field, as one example, indicates
CINR metric when set to ‘0x0,” RSSI metric when set to ‘Ox1,” RTD metric when set

to ‘0x2,” the number of times that P-SFHs are not consecutively received (number of
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[197]

[198]

[199]

[200]

[201]

[202]

consecutive P-SFHs missed) when set to ‘0x3,” and RD metric when set to ‘0x4.’

Also, the MC-specific trigger condition information may include a function field in-
dicating computation defining a trigger condition. As one example, upon the function
field being set to ‘Ox1,” the trigger condition is met when a metric of an assigned
carrier is greater than an absolute value (or threshold value). Upon set to ‘0x2,” the
trigger condition is met when a metric of an assigned carrier is less than an absolute
value. Upon set to ‘0x3,’ the trigger condition is met when a metric of an assigned
carrier is greater than a metric of a primary carrier by a relative value. Upon set to
‘0Ox4,” the trigger condition is met when a metric of an assigned carrier is les than a
metric of a primary carrier by a relative value. Upon set to ‘0x5,’ the trigger condition
is met when a metric of an active (or primary) carrier is greater than an absolute value.
Upon set to ‘0x6,” the trigger condition is met when a metric of an active (or primary)
carrier is less than an absolute value.

The MC-specific trigger control information may further include an action field,
which is performed when reaching a trigger condition.

As one example, if the action field is set to ‘Ox1,” the AMS transmits a scan reporting
(SCN-REP) message with respect to the scan results to the ABS when a trigger
condition is met. If set to ‘0x2,” the AMS transmits a carrier management request
(CM-REQ) message to the ABS when the trigger condition is met. If set to ‘0x3,’ the
AMS transmits a scan request (SCN-REQ) message to the ABS when the trigger
condition is met. If set to ‘Ox4,” it indicates that the corresponding carrier is un-
reachable. If set to ‘0Ox35,” it indicates a carrier management cancellation. If set to ‘0x6,
scanning for an assigned carrier is initiated when the trigger condition is met.

The following Table 11 shows another example of Type/Function/Action item of the
items included in the MC-specific trigger control information of Table 8.

Especially, Table 11 shows an example of merely defining values required for MC-
specific trigger condition for carrier management. That is, function and action fields, as
shown in Table 11, may be defined by merely including values required for carrier

management.
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{Table 11]

Name Size(hit) Value

Trigger metric type:
0x0): CINR metric
v TBD Ox!: RSSI metric
M (MSB) | Ox2:RTD metric.
0x3: Metirc = number of consecutive P-SFHs missed
Ox4: RD metric, 0x3~0x7; reserved

Computation defining trigger condition:
0x0: Reserved
Ox1}: Metric of assigned carrier is greater than absolute value

TBD Ox4 -0x7: Reserved
NOTE.: 0x1~0x2 not applicable for RTD wrigger inelric

NOTE: when type 0x1 is used together with function 0x3 or 0x4. the threshold value shall range from 32dB (0x80) to
+31.75dB(0x7F). When type Ox1 is used together with function Ox1, Dx2, 0x3 or 0x6. the threshold value shall be
interpreted as an unsigned byte with units of 0.23dB, such that Ox00 is inferpreted as -103.75dBm and OxFF is interpreted
as -40dBm

NOTE: Type 0x2 can only be used together with function 0x3.

Function

Action perforined upon reaching trigger condition:
0x0: Reserved

TBD Ox1.Respond on trigger with AAIl SCN-REP
(MSB} 0x2: Respond on trigger wilh AAT SCN-REQ
0x3: Initiate Scanning
0x4 - 0x7: Resenved

Action

[203] If the trigger condition proposed in this specification is transmitted via a message
different from AAI_SCD message for transmitting the HO-related trigger condition, it
may be allowed that the trigger condition is used the same as the HO-related trigger
condition but interpreted as different meaning.

[204] The following Table 12 shows another example of Type/Function/Action item of the
items included in the MC-specific trigger control information of Table 8.

[205]
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[206]

[207]

[208]
[209]

[210]
[211]
[212]

[213]

[Table 12]

Name Size(bit) VYalue
TED Trigger metric type:
Type (MSB) 0x0: CINR metric. 0x1; RSSI metric, 0x2: RTD metric,
0x3: Metirc = number of consecutive P-SFHs missed. Ox4: RD melric, 0x35—)x7: rescrved
Computation defining trigger condition:

Ox0: Reser\ ed

Eligu\ e \alu
H f

reiame value
Function TBD

0x6: Metric of serving ABS (active or primary carrier) less than absolute value

0x7: Reserved

NOTE: 0x1~0x4 not applicable for RTD trigger metric

NOTE: when type Ox1 is used together with function 0x3 or Ox+. the threshold value shall range from

32dB (0x80) to +31.75dB(0x7F). When type Ox1 is used together with function 0x1. 0x2. 0x3 or 0x6. the

threshold value shall be interpreted as an unsigned byte with uaits of 0.25dB. such that Ox00 is interpreted

as -103.75dBm and OxFF is interpreted as -40dBm

NOTE: Type 0x3 can only be used together with function UxS or function 0x6.

Action performed upon reaching trigger condition:

0x0: Reserved

0x1: Respond on trigger with AAl SCN-REP

0x2: Respond on trigger with AAl HO-REQ (AAI_ CM-REQ)

0x3; Respond on trigger with AAI_ SCN-RE

_ TBD Oxd: Declare tty: ;g‘rrier unre;fc_hab}c. If the carrier is a target carrier. the AMS nceds not take immediate

Action (MSB) action when this trigger condition is mct. The AMS shall act only when this condition is met for all
assigned carriers of the AMS.

0x5: Cancel HO (Carrier Management)

0x6: Initiate Scanning

0x7: Reserved

NOTE: (3 is not applicable when neighbor ABS metrics are defined (i.c.. only Function valued 0x5 or
Ox6 are applicable)

As shown in Tables 8 to 12, when metrics of channel state information (CINR, RSSI,
RTD), which the AMS measures from assigned secondary carriers, meet a scan
initiating condition of the MC-specific trigger control information, the AMS initiates
scanning for the assigned secondary carriers. Here, the AMS may perform scanning for
the assigned secondary carriers (including inactive secondary carriers) when the scan
trigger condition is met even without a scan response message transmitted from the
ABS if necessary.

Also, when the scan results meet the scan reporting condition of the MC-specific
trigger control information so as to trigger a scan reporting to the ABS, the AMS may
transmit to the ABS CINR, RSSI, RTD and the like measured through the scanning
(i.e., scan results) via the SCN-REP message.

Method for Transmitting MC-specific Trigger Condition

Hereinafter, description will be made to each exemplary embodiment of transmitting
the aforesaid MC-specific trigger control information (condition) from ABS to AMS
via a particular message.

1. Transmission of MC-specific Trigger Condition via AAI_ MC-ADV message

(1) When MC-specific trigger condition is ABC-specific

The following Table 13 shows an example that the MC-specific trigger condition is
transmitted via MC-ADV message and is ABS-specific.
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[Table 13}

Field Size Description
MAC control Message Type

8
Multicarrier configuration | 4 Incremented by 1 upon each update
change count
Service BS Carrier Number 3
1

Serving BS Uniformity Flag

0: All carriers supported by serving ABS have
the same Protocol Version, SFH_Info

1: otherwise
Physical Carrier Index of |8 The carrier that ABS broadcast this message;
current carrier the physical carrier index refers to
AAl_Global-Config message.
MAC Protocol version 8 Consistent with REV.2 definition, with new
MAC protocol version 9 defined for 16m
MC-specific Trigger TLV variables | MC-specific triggers with encoding defined

in Table 9-12 Trigger description for
assigned carriers

[214] (2) When MC-specific trigger condition is carrier-specific
[215] The following Table 14 shows an example that the MC-specific trigger condition is

transmitted via MC-ADV message and is carrier-specific.

[216] [Table 14]

Field Size Description

MAC control Message Type 8

Multicarrier configuration | 4 Incremented by 1 upon each update

change count

Service BS Carrier Number 3

Serving BS Uniformity Flag 1 0: All carriers supported by serving ABS have
the same Protocol Version, SFH_Info
1: otherwise

Physical Carrier Index of |6 The carrier that ABS broadcast this message;

current carrier the physical carrier index refers to
AAIl_Global-Config message.

MAC Protocol version 8 Consistent with REV.2 definition, with new

MAC protocol version 9 defined for 16m

For(i=1;i<=Serving BS Carrier
Number-1; i++){

Physical carrier index

Paging carrier indication

SA-Preamble Index

MC-specific Trigger TLV variables | MC-specific triggers with encoding defined
in Table 9-12 Trigger description for
assigned carriers

[217] (3) When MC-specific trigger condition is network-specific

[218] The following Table 15 shows an example that MC-specific trigger condition is
transmitted via MC-ADV message and is network-specific. In this case, the same
trigger condition may be used in every cell and a trigger metric type used may be
CINR.
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[219] [Table 15]

Field Size Description

MAC control Message Type 8

Multicarrier configuration | 4 Incremented by 1 upon each update

change count

Service BS Carrier Number 3

Serving BS Uniformity Flag 1 0: All carriers supported by serving ABS
have the same Protocol Version,
SFH_Info
1: otherwise

Physical Carrier Index of |6 The carrier that ABS broadcast this

current carrier message; the physical carrier index
refers to AAl_Global-Config message.

MAC Protocol version 8 Consistent with REV.2 definition, with
new MAC protocol version 9 defined for
16m

For(i=1;i<=Serving BS Carrier

Number-1; i++){

Physical carrier index

Paging carrier indication

SA-Preamble Index

MC-specific Trigger TLV variables MC-specific triggers with encoding
defined in Table 9-12 Trigger
description for assigned carriers

[220] 2. Transmission of MC-specific Trigger Condition via AAI_NBR-ADV message

[221] (1) When MC-specific trigger condition is ABS-specific

[222] The following Table 16 shows an example that MC-specific trigger condition is
transmitted via NBR-ADV message and is ABS-specific.

[223] [Table 16]
mo | AtributedArrayof | o, Value/Note Conditions
attributes
M Change Count 3 NBR-ADV Change Couln NA.
Cell type in this message
M Cell Type 3 (0b0DY: macra, ObUO1: micro, Ub010: macro hetzone. Vb |: femta, NA.
0bt00: relay, 0b101 - 0bl111: reserved
Total Number of
M AAI_NBR-ADV 4 Total number of segments of AAI_ NBR-ADV for thiscefl type. N.A.
Segmenis
M chaﬁiﬁv 4 Indicales current segment index of this message in the specific cell type. | N.A.
M BS nutnber M H Total number of BSs to be included in this AAINBR-ADV scgment NA.
...omitted...

Shall be included for each
ncighbor BS if
SFH_cncoding_format is
set to UbL or Obl!

Delta encoding, w.r.t. (he reference carrier Uhe current carrier
o} Deita information Var. transmitting this message if SFH_encoding format = 01, the preceding
carricr if SFH_cncoding_format=11)

0 Neighbor-specific Var Optional neighbor-specific triggers with encoding May be included for each
trigger " | defined in Trigger description neighbor BS

0 Neighbor MC-specific Var ional neighbor MC-specific triggers with eneodin May be included for each

= trigger - fined in Table 9-12 Trigger description neighbor BS

..following fields omitted. ..

[224] (2) When MC-specific trigger condition is carrier-specific
[225] The following Table 17 shows an example that the trigger condition is transmitted
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via NBR-ADV message and is carrier-specific.

[226] [Table 17]

Attributes/ Array of

wo attributes Size(hit) Value/Note Conditions
M Change Count 3 NBR-ADV Change Coutn NA.
Cell type in this message
M Colt Type 3 #b000: macro, (15001 micro. 0b010: macro hotzone. 0b01 1: femto, NA.
0b100: relay, Ub101 - 0b1 11 reserved
Total Number of
M AAI_NBR-ADV 4 Total number of segments of AA[_NBR-ADV for this cell type, N.A.
Segments
AAI_NBR-ADV ) . .
M Seerment Index ) Indicates current segment index of this message in the specific cell type | N.A
M BS number M 8 Total number of BSs to be included in this AAI_NBR-ADV segment N.A.
...omitted...

Shallbe included for cach
neighbor BS if
SFH_encoding _format is
set to Ob0 or Ob] 1

) ) Delta encoding, w.r.t. the reference carrier the urrent carrier
o] Delta information Var. transmitting this message if SFH_encoding format = 01, the preceding
carrierif SFH_gncoding_fonmat=11)

o Ngighboruspeciﬁc Var. Optiona.l neigjhbor-specivl'lc‘lriggcrs with encoding May be included for cach
mgger defincd in Trigger description necighbor BS

0 Npighbor MC-specific Var tional neighbor MC-specific (riggers with encodin, Mav.be included for each

= (rigger — | defined in Tablg 912 Trigger description carrier of neighbor BS

.following fields omitted. ..

[227] 3. Transmission of MC-specific Trigger Condition via MC-RSP message

[228] (1) When MC-specific trigger condition is ABS-specific

[229] The following Table 18 shows an example that the trigger condition is transmitted
via MC-RSP message and is ABS-specific.

[230] [Table 18]
Field Size(bit) Description
Tndicales whetler the ABS assigns all the carriers requested by AMS through AAl_ MC-REQ
Global_Assign ) Ob{): The ABS assigns a subset of the carricrs

requested by AMS
Obl: The ABS assigns all the carriers requested by AMS

If (Global_Assign == 0) {

Number of Assigned Carriers (N) 3 Number of Assigned Secondary Carriers.

For (i=0; i<N.i++} {

The index refers to a Physical carrier index in AAI MC-ADV message. Logical carricr index is

Physical carricr index 6 assigned implicitly in the order of assigned physical carrier index
}
)
MC-specific Trigger TLV variables | MC-specific triggers with encoding defined in Table 9-12 Trigger description for assigned carriers
Support of data transiission over (= not support
guard sub-carricr = support

[231] (2) When MC-specific trigger condition is carrier-specific

[232] The following Table 19 shows an example that the trigger condition is transmitted
via MC-RSP message and is carrier-specific.

[233]
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[234]

[235]

[236]

[237]

[238]

[239]

[240]

[Table 19]

Ficld Size(hit) Description

Indicates whether the ABS assigns ali the carriers requested by AMS through AAT MC-REQ
0b0: The ABS assigns a subsct of the carriers

toquested by AMS

Obl: The ABS assigns all the carviers requestcd by AMS

Global_Assign I

if (Global_Assign == 0} {

Number of Assigned Carricrs (N) Kl Number of Assigned Secondary Carricrs,

For (i=0, i<N: i++) {

The index refers 1o a Physical carrier index in AAI_MC-ADV message. Logical carrier index is

Physical carvier index 6 assigned implicitly in the order of assigned physical carricr index

MC-specific Trigger TLV variables | MC-specific triggers with encoding defined in Table 9-12 Tri ription for assigned carrigrs
H

}

Support of data transmission over U= not support

guard sub-carrier 1= support

FIG. 9 illustrates a method for reporting scan results of assigned secondary carriers
via MC-ADYV message including specific trigger conditions in accordance with a third
exemplary embodiment.

As illustrated in FIG. 9, it is assumed that an ABS uses three carriers C 0to C_2 as
available carriers, the carrier C_0 of the three carriers is set to a primary carrier, and
the others are set to assigned secondary carriers (i.e., a completed state of
AAI _MC-REQ/RSP message exchange between ABS and AMS). Here, it is also
assumed that the other assigned carriers C_1 and C_2 are inactive assigned secondary
carriers. So, hereinafter, description will be made to a carrier scanning related
operation for activating the carriers C_1 and C_2.

First, the AMS may exchange control information and data with the ABS via the
primary carrier C_0 (S901).

The ABS may transmit a multicarrier advertisement (AAl_ MC-ADV) message
including trigger control information related to carrier management (e.g., secondary
carrier activation or primary carrier change) to the AMS (S902).

Here, the carrier management related trigger control information may include trigger
conditions, such as an assigned secondary carrier scanning trigger condition and a scan
reporting trigger condition. Also, the carrier management related trigger control in-
formation may alternatively be transmitted via AAI_SCD message, AAI_ MC-ADV
message, AAl NBR-ADV message, SFH or the like.

Here, when the carrier management related trigger control information includes the
assigned secondary carrier scanning trigger condition, the AMS may perform scanning
for the assigned secondary carriers if the scanning trigger condition set in the carrier
management related trigger control information is met even without receiving a scan
response (SCN-RSP) message from the ABS.

The base station, if necessary, may also instruct the AMS to perform scanning for the
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[241]

[242]

[243]
[244]

[245]

[246
[247
[248
[249
[250

—_— e e e

[251]

[252]

[253]

assigned secondary carriers by transmitting the SCN-RSP message to the AMS.

Accordingly, the AMS performs scanning for the carriers C_1 and C_2 (S903).
When the scan results meet the condition set in the carrier management related trigger
control information (S904), then the AMS reports the scan results to the ABS. Here,
the AMS may transmit the scan results to the ABS via SCN-REP message (S905).

Afterwards, the ABS may refer to the scan results transmitted from the AMS to
transmit a carrier management command (AAI_ CM-CMD) message to the AMS so as
to instruct activation of the assigned secondary carrier(s) C_1 and/or C_2 (S906).

Fourth Exemplary Embodiment

The fourth exemplary embodiment illustrates that an ABS transmits a trigger
condition to an AMS via a unicast message when the ABS wants to receive SCN-REP
message from the AMS in case where another trigger condition other than a predefined
trigger condition has been satisfied.

At present, IEEE 802.16 defines the following three methods for transmitting to an
ABS scan results of inactive carriers for secondary carrier activation or scan results of
a neighbor ABS for HO.

(1) Ob00: No report

(2) 0b01: Periodic report

(3) Ob10: Event-triggered report

(4) Ob11: One-time scan report

That is, the ABS may inform the AMS of which one of the three methods is used to
transmit SCN-REP, by a report mode of SCN-RSP message.

Also, IEEE 802.16 currently describes that an ABS transmits the trigger condition for
each neighbor ABS or secondary/neighbor carrier to an AMS through broadcasting, as
one example, via AAI_SCD, AAI_MC-ADV or AAI_NBR-ADV message. That is, the
ABS may not transmit the trigger condition for a target to be scanned to the AMS
through unicasting.

The following Table 20 shows an example of including trigger conditions when a

report mode of SCN-RSP message is set to ‘Ob10’ (Event-triggered report).
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[Table 20]
Field [ Size Description Condition
Recommended_Carrier | 6 Recommended physical
_Index carrier index for scan at each

[254]

[255]

[256]

[257]

neighbor ABS. As defined in
AAl_Global-CFG message

Neighbor ABS index 8 ABS index corresponds to the
position of ABS to be scanned
in AAl_NBR-ADV message

Neighbor-specific variabl Neighbor-specific triggers | Present when

Trigger e with encoding defined in | Report mode-0b10
Table 9-12 Trigger | and the
description corresponding

carrier is required
to apply different
trigger condition
from definitions of
AAI_SCD message.

Recommended Carrier | 6 Recommended physical
Index carrier index for scan at each
neighbor ABS. As defined in
AAIl-Global-CFG message

Neighbor-specific Variabl | Neighbor-specific triggers | Present when

trigger e with encoding defined in | Report mode=0b10
Table 9-12 Trigger | and the
description corresponding

carrier is required
to apply different
trigger condition
from definitions of
AAIl_SCD message.

Referring to Table 20, when the report mode is the event-trigger report (as one
example, ‘0b10’) and scanning for OH is requested, the trigger condition for
transmitting the scan results of each neighbor ABS or a carrier(s) of neighbor ABSs
may be informed to the AMS via SCN-RSP message.

Therefore, upon reception of the AAI_SCN-RSP message including the above trigger
condition, the AMS may perform scanning for the corresponding ABS or carrier(s),
and transmit a scan reporting message to the ABS when the corresponding trigger
condition is met.

The following Table 21 shows another example of including trigger conditions when
the report mode of SCN-RSP message is set to ‘Ob10’ (Event-triggered report).
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[Table 211
Field | Size | Description Condition
Recommended_Carrier | 6 Recommended physical carrier | Present if AMS
_Index at S-ABS index of the S-ABS the AMS | decides to scan other
plans to scan. carriers of the
S-ABS.
PCC-specific Trigger Primary Carrier | Present when
definitions Change-specific triggers with | Report mode=0b10
encoding defined in Table 9-12 | and the
Trigger description corresponding

[258]

[259]

[260]

[261]

[262]

[263]

[264]

carrier is required
to apply different
trigger condition
from definitions of
AAI-SCD message.
CA Trigger definitions Carrier Activation-specific | Present when
triggers with encoding defined | Report mode-0b10
in Table 9-12 CA-specific | and the
Trigger description. corresponding
carrier is required
to be scanned for
carrier activation.

Referring to Table 21, when the report mode is the event-triggered report (as one
example, ‘0Ob10’) and scanning is requested from the AMS for secondary carrier ac-
tivation, a carrier activation-specific (CA-specific) trigger definitions for transmitting
the scan results of each secondary carrier to the ABS may be informed via SCN-RSP
message.

Also, when the report mode is the event-triggered report and the scanning is
requested for primary carrier change, PCC-specific trigger definitions for transmitting
scan results of each target inactive carrier may be informed via SCN-RSP message.

Consequently, upon reception of AAI_SCN-RSP message including the trigger
condition from the ABS, the AMS may perform scanning for the corresponding carrier
and then transmit a scan reporting message to the ABS when the corresponding trigger
condition is met.

FIG. 10 is a block diagram of a wireless communication system in accordance with
one exemplary embodiment.

An ABS 1010 may include a controller 1011, a memory 1012 and a radio frequency
(RF) unit 1013.

The controller 1011 may be configured to implement proposed functions, processes
and/or methods. Radio interface protocol layers may be implemented by the controller
1011.

The controller 1011 may control a message (as one example, MC-ADV), which
includes scan reporting trigger conditions for inactive secondary carriers, to the AMS

when decided to activate inactive secondary carriers.
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[265]

[266]

[267]

[268]

[269]

The memory 1012 may store protocols or parameters for scan reporting trigger
conditions of inactive secondary carriers. The RF unit 1013 may be connected to the
controller 1011 to transmit and/or receive radio signals.

An AMS 1020 may include a controller 1021, a memory 1022 and an RF unit 1023.
The controller 1021 may be configured to implement proposed functions, processes
and/or methods. Radio interface protocol layers may be implemented by the controller
1021. The controller 1021 may control the scan results to be transmitted to the ABS via
a scan reporting message when a scan reporting trigger condition of inactive secondary

carriers is met according to the scan results of the inactive secondary carriers.

The memory 1022 may be connected to the controller 1021 to store protocols or pa-
rameters for scan reporting of the inactive secondary carriers. The RF unit 1023 may
be connected to the controller 1021 to transmit and/or receive radio signals.

The controller 1011, 1021 may include application-specific integrated circuit (ASIC),
other chipset, a logical circuit and/or data processor. The memory 1012, 1022 may
include a read-only memory (ROM), a random access memory (RAM), a flash
memory, a memory card, a storage medium and/or other storage device. The RF unit
1013, 1023 may include a baseband circuit for processing radio signals. In a software
implementation of the embodiment, the aforesaid schemes may be implemented by a
module (process, function, etc.) for performing the aforesaid functions. The module
may be stored in the memory 1012, 1022, and performed by the controller 1011, 1021.
The memory 1012, 1022 may be present inside or outside the controller 1011, 1021, or

connected to the controller 1011, 1021 via various well-know elements.
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Claims

A method for scanning assigned carriers in a multicarrier system, the
method comprising:

receiving, from a base station, a multicarrier advertisement message
including trigger control information, wherein the trigger control in-
formation includes a trigger condition for scan reporting of inactive
assigned secondary carrier;

performing scanning for the inactive assigned secondary carrier; and
reporting the performed scan result to the base station when the trigger
condition is met.

The method of claim 1, wherein the performed scan result is
transmitted to the base station via a scan report (SCN-REP) message.
The method of claim 1, wherein the trigger control information is a
carrier activation specific trigger field.

The method of claim 1, wherein the trigger control information further
includes a trigger type field defined as carrier to interference and noise
ratio (CINR) or a received signal strength indicator (RSSI).

The method of claim 1, wherein the trigger control information further
includes a trigger function field which is a computation method
defining the scan reporting trigger condition.

The method of claim 4, wherein the trigger condition is when a metric
measured by scanning the inactive assigned secondary carrier is greater
than a threshold value or a metric measured by scanning the active
assigned secondary carrier is less than a threshold value.

The method of claim 1, further comprising receiving, from the base
station, a scan response (SCN-RSP) message for instructing scanning
of the inactive assigned secondary carrier.

The method of claim 7, wherein the scan response message is
transmitted from the base station when decided to activate an inactive
secondary carrier is decided.

The method of claim 1, further comprising receiving a carrier
management command (CM-CMD) message from the base station, the
carrier management command message instructing activation and/or
deactivation of the secondary carrier.

The method of claim 1, further comprising receiving a first message
from the base station, the first message including a scanning required

indicator indicating whether or not to scan the assigned secondary
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carriers.

The method of claim 10, wherein the scanning required indicator is
1-bit in size.

The method of claim 10, wherein the first message is one of a mul-
ticarrier response (MC-RSP) message, a multicarrier advertisement
(MC-ADV) message, or a neighbor advertisement (NBR-ADV)
message.

The method of claim 10, wherein whether or not to scan is decided
based upon coverage of the assigned secondary carrier.

A terminal for scanning assigned carriers in a multicarrier system, the
terminal comprising:

a radio frequency unit configured to transmit and receive radio signals
to and from an exterior; and a controller configured to control the radio
frequency unit to receive, from a base station, a multicarrier adver-
tisement message including trigger control information, wherein the
trigger control information includes a trigger condition for scan
reporting of inactive assigned secondary carrier, to perform scanning
for the inactive assigned secondary carrier, and to control the radio
frequency unit to report the performed scan result to the base station
when the trigger condition is met.

The terminal of claim 14, wherein the scan result is transmitted to the
base station via a scan report (SCN-REP) message.

The terminal of claim 14, wherein the trigger control information
further includes a trigger type field defined as carrier to interference
and noise ratio (CINR) or a received signal strength indicator (RSSI).
The terminal of claim 14, wherein the trigger control information
further includes a trigger function field which is a computation method
defining the scan reporting trigger condition.

The terminal of claim 16, wherein the controller controls the radio
frequency unit to report the scan result to the base station when a metric
measured by scanning the inactive assigned secondary carrier is greater
than a threshold value or a metric measured by scanning the active
assigned secondary carrier is less than a threshold value.

The terminal of claim 14, wherein the controller controls the radio
frequency unit to receive, from the base station, a scan response
(SCN-RSP) message for instructing scanning of the inactive assigned
secondary carrier.

The terminal of claim 19, wherein the scan response message is
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transmitted to the base station when decided to activate an inactive

secondary carrier.
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