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(57) Abstract: A method (or transmitting and receiving sig-
nals usmg multi-band Radio Frequencies (RFs) is provided.
The method transmits an information unit of a specific layer
above a physical layer through a plurality of trequency allo-
cation bands managed by the specific layer and transmits
control mformation identifying each of the plurality of fre-
quency allocation bands. The control mnformation identify-
mg each of the plurality of frequency allocation bands in-
cludes a second ID into which a first ID has been convert-
ed, the first ID identifying each of the plurality of frequency
allocation bands 1n the physical layer, the second ID identi-
tying each of the plurality of frequency allocation bands
managed by the specific layer in the specific layer, To ac-
complish this, a timing offset is applied to the entirety of a
[tame or 1o a preamble (synchronous channel) so that the
fiming oftset 1s used as the ID. Applying a timing offset to
the entirety of a frame or to a preamble (synchronous chan-
nel) can achieve an advantage ot PAPR reduction.
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[DESCRIPTION]

[Invention Title]l

ING SIGNALS USING

[7]
()
Tl
<

METHOD FOR TRANSMITTING AND K.

MULTI-BAND RADIO FREQUENCIES

5 [Technical Field]

The present invention relates to a method for

transmitting and receiving signals, wherein multi-band IDs

nad

are specified in order to efficiently manage multi-ba

Radio Frequencies (RFs) in a communication system that

10 supports multi-band RFs and ID-related information 1s

signaled to transmit and receive signals.

[Rackground Art]

The following description is given mainly focusing on
a downlink (DL) mode in which a base station transmits

15 signals to one or more terminals. However, 1t will Dbe

easily understood that the principle of the present

invention described below can be directly applied to an
uplink (UL) mode simply by reversing the procedure of the

DL, mode.

20 A technology in which one entity corresponding to a

specific layer above the physical layer manages multiple
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carriers or freguency allocation bands (or simply frequency

allocations (FAs)) has been suggested to efficiently use

multiple bands or multiple carriers.

FIGs. 1A and 1B schematically illustrate a method for

5 transmitting and receiving signals using multi-band RFs.

In FIGs. 1A and 1B, PHYO, PHY1l, .. PHY n-2, and PHY

n-1 represent multiple bands according to this technology

and each of the bands may have a Frequency Allocation (FA)

band size allocated for a specific service according to a

10 predetermined frequency policy. For example, the band PHYO

(RE' carrier 0) may have a band size allocated for a general

FM radio broadcast and the band PHY1l (RF carrier 1) may

have a band size allocated for mobile phone communication.

g,

Although each frequency band may have a different band size

15 depending on the characteristics of the frequency band, it

1s assumed 1n the following description that each Frequency

V)

Allocation band (FA) has a size of A MHz for ease of

explanation. Fach FA can be represented by a carrier

frequency that enables a baseband signal to be used in each

20  frequency band. Thus, 1in the following description, each

frequency allocation band will be referred to as a “carrier

frequency band” or will simply be referred to as a

“carrier” as 1t may represent the carrier frequency band

unless such use causes confusion. As 1n the recent 3GPP
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e

LTE-A, the carrier 1is also referred to as a ‘“component

carrier” for discriminating it from a subcarrier used 1in

the multicarrier system.

From this aspect, the “multi-band” scheme can also be

5 referred to as a “multicarrier” scheme or “carrier

aggregation” scheme.

In order to transmit signals through multiple bands

as shown in FIG. 1A and to receive signals through multiple

bands as shown in FIG. 1B, both the transmitter and the

10 receiver need to include an RF module for transmitting and

receiving signals through multiple bands. n FIGs. 1A and

1B, the method of configuring a “MAC” 1is determined by the

base station, regardless of the DL or UL mode.

Simply stated, the multi-band scheme is a technology

15 in which a specific layer entity (for example, one DMAC

entity), which will simply be referred to as a “"MAC” unless

such use causes confusion, manages and operates a plurality

of RF carriers to transmit and receive signals. RF

carriers managed by one MAC do not need to be contiguous.

20 Accordingly, this technology has an advantage of high

flexibility in management of resources.

For example, frequencies may be used in the following

manner.

"FIG. 2 illustrates an example wherein frequencies are
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allocated in a multi-band-based communication scheme.

bands FAO to FAJ7 can be managed based on

RE' carriers RFO to RF/7. In the example of FIG. 2, 1t 1is

assumed that the bands FAO, FAZ, FA3, FA6, and FA7 have

already been allocated to specific existing communication

services. It is also assumed that RF1 (FAl), RF4 (FA4),

and RF5 (FAS5) can be efficiently managed by one MAC (MAC

5). Here, since the RF carriers managed by the MAC need

not be contiguous as described above, it is possible to

pr—
—

more ei

ficlently me

nage frequency resources.

In the case of downlink, the concept of the multi-

band—-based scheme described above can be exemplified by the

following base station/terminal scenario.

FIG. 3 1llustrates an example scenario 1n which one

base station communicates with a plurality of terminals

(UEs or MSs) 1in a multi-band-based scheme.

In FIG. 3,

it is assumed that terminals 0, 1, and 2

have been multiplexed. The base station 0 transmits

signals through frequency bands managed by carriers RFO and

RF1. It i1s also assumed that the terminal 0 1s capable of

"

receiving only the carrier RFO0, the terminal 1 1s capable

terminal 0 is ca

RF1l, and RF2.

of recelving both the carriers RF0O and RF1l, and the

ble of receiving all the carriers RFO,

Pc
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Here, the terminal 2 receives signals of only the carriers RFO and RF1

since the base station transmits only the carriers RFO and RF1.

However, the above multi-band-based communication scheme has only
been conceptually defined and an ID specification method, which enables more
efficient management of each frequency allocation band, and a method for signaling

ID-related information have not been defined in detail.
[Summary]

Some embodiments of the present invention may provide a method for
transmitting and receiving signals, wherein ID information of multiple frequency bands
IS specified in a multi-band-based communication system and a method for efficiently
signaling ID-related information to achieve improved signal transmission and

reception.

Some embodiments of the present invention may provide a method for
transmitting ID information of multiple frequency bands while overcoming the
Peak-to-Average Ratio (PAPR) problem.

In accordance with an embodiment of the present invention, there is
provided a method for transmitting signals, the method including transmitting an
information unit of a specific layer above a physical layer through a plurality of
frequency allocation bands managed by an entity corresponding to the specific layer,
and transmitting control information identifying each of the plurality of frequency
allocation bands, wherein each of the plurality of frequency allocation bands
managed by the entity has a band size for allocation for a specific service according
to a predetermined frequency policy and the control information identifying each of

the plurality of frequency allocation bands includes a second ID into which a first 1D
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been converted, the first ID identifying each of the plurality of frequency allocation
bands in the physical layer, the second ID identifying each of the plurality of

frequency allocation bands managed by the entity in the physical layer.

Here, the control information may include the first ID and the second ID
5 for each of the plurality of frequency allocation bands managed by the entity and may

be transmitted through at least one of a preamble or a
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control signal.

When the control information is transmitted through

the preamble, the control information may be identified

F

through a different preamble code or a different preamble

o timing offset. Here, the preamble timing offset may be

r— ] g—
g,

applied as a timing offset of the entirety of a frame

including the preamble.

B

gr—
S

In addition, the control information of each of the

plurality of frequency allocation bands managed by the

10 entity may be individually specified for each of the
plurality of frequency allocation bands. Alternatively,
the plurality of frequency allocation bands managed by

the entity may be divided into at 1least one primary

carrier frequency band and at least one subsidiary

15 carrier frequency band, and the at least one primary

_

carrier frequency band may be set to include control

information of a predetermined number of subsidiary

carrier frequency bands.

Here, the at 1least one primary carrier frequency

20 band may include a plurality of primary carrier frequency

bands. In thilis case, each of the plurality of primary

carrier frequency bands may be used to transmit

information of a predetermined number of subsidiary

carrler frequency bands.
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In accordance with another embodiment of the present invention, there
Is provided a method for receiving signals, the method including receliving an
information unit of a specific layer above a physical layer through a plurality of
frequency allocation bands managed by an entity corresponding to the specific layer,
and receiving control information identifying each of the plurality of frequency
allocation bands, wherein each of the plurality of frequency allocation bands
managed by the entity has a band size for allocation for a specific service according
to a predetermined frequency policy and the control information identifying each of
the plurality of frequency allocation bands includes information of a second 1D Into
which a first ID has been converted, the first |D identifying each of the plurality of
frequency allocation bands in the physical layer, the second ID identifying each of the

plurality of frequency allocation bands managed by the entity in the physical layer.

In accordance with a further embodiment of the present invention, there
is provided a method for transmitting, by a base station, signals to a mobile station In
a communication system, comprising: transmitting, to the mobile station via a primary
carrier frequency band of the mobile station, control information for one or more
subsidiary carrier frequency bands allocated to the mobile station; and transmitting
data to the mobile station on at least one of a plurality of carrier frequency bands
allocated to the mobile station, wherein the plurality of carrier frequency bands
allocated to the mobile station includes the primary carrier frequency band and the
one or more subsidiary carrier frequency bands, wherein only one of the plurality of
carrier frequency bands allocated to the mobile station is used as the primary carrier
frequency band for the mobile station, wherein the primary carrier frequency band is
a carrier frequency band which the mobile station initially attempts to access or via
which information indicating a carrier aggregation configuration is transmitted,
wherein the control information includes one or more logical indexes assigned to the
one or more subsidiary carrier frequency bands for the mobile station, respectively,

and one or more physical indexes of one or more carrier frequency bands used as

the one or more subsidiary carrier frequency bands, and wherein each of the one or
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more logical indexes has an integer value between “zero” to “a maximum number of

carrier frequency bands managed by a specific layer above a physical layer — 1".

In accordance with a still further embodiment of the present invention,
there is provided a method for receiving, by a mobile station, signals from a base
5 station in a communication system, comprising: receiving, from the base station via a
primary carrier frequency band of the mobile station, control information for one or
more subsidiary carrier frequency bands allocated to the mobile station; and receiving
data from the base station on at least one of a plurality of carrier frequency bands
allocated to the mobile station, wherein the plurality of carrier frequency bands
10 allocated to the mobile station includes the primary carrier frequency band and the
one or more subsidiary carrier frequency bands, wherein only one of the plurality of
carrier frequency bands allocated to the mobile station is used as the primary carrier
frequency band for the mobile station, wherein the primary carrier frequency band Is
a carrier frequency band which the mobile station initially attempts to access or via
15  which information indicating a carrier aggregation configuration is transmitted,
wherein the control information includes one or more logical indexes assigned to the
one or more subsidiary carrier frequency bands for the mobile station, respectively,
and one or more physical indexes of one or more carrier frequency bands used as
the one or more subsidiary carrier frequency bands, and wherein each of the one or
20 more logical indexes has an integer value between “zero” to “a maximum number of

carrier frequency bands managed by a specific layer above a physical layer — 1".

According to embodiments of the present invention described above, it

is possible to more efficiently manage a plurality of carrier frequency bands
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managed by one entity and the receiving side can more

easlly set a procedure for receiving signals through a

plurality of carriers.

In addition, according to the embodiment wherein a

timing offset is applied to the entirety of a frame or to a

preamble (synchronous channel) transmitted in the frame, it

is possible to distribute the time of signal transmission,

thereby reducing the PAPR.

[Description of Drawings)

The accompanying drawings, which are included to

i

the invention,

provide a further understanding o:

gy

illustrate embodiments of the invention and together with

the description serve to explain the principle of the

invention.

In the drawings:

FIGs. 1A and 1B schematically illustrate a method for

transmitting and receiving signals using multi-band RFs.

FIG. 2 i1llustrates an example wherein frequencies are

allocated i1n a multi-band-based communication scheme.

FIG. 3 illustrates an example scenario in which one

base station communicates with a plurality of terminals

(UEs or MSs) in a multi-band-based scheme.

FIG. 4 illustrates an example method for identifying
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| T——

a carrier ID using a preamble timing offset according to

this embodiment.

_

FIG. 5 illustrates another embodiment of the method

for identifying a carrier ID using a preamble timing offset.

5 FIG. ©6 1llustrates another embodiment of the method

]

fset.

for identifying a carrier ID using a preamble timing o:

—

FIGs. 7 and 8 i1llustrate another embodiment of the

method for identifying a carrier ID using a preamble timing

pr—

offset.

10 FIG. 9 illustrates the concept that all carrier-

related control information is transmitted using a primary

carrlier according to an embodiment of the present invention.
FIG. 10 illustrates the concept that one primary
carrier 1s specified and the primary carrier controls

15 remaining subsidiary carriers.

FIG. 11 illustrates the concept that two primary

carriers are specified and each of the two primary carriers

controls a predetermined number of subsidlary carriers.

FIG. 12 illustrates a method in which a plurality of

20 primary carriers supports each group including a plurality

of terminals according to an embodiment of the present

invention.

[Best Mode]
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Reference will now be made i1n detail to the preferred

embodiments of the present invention with reference to the

ccompanyling drawings. The detailed description, which

Q)

will be given below with reference to the accompanying

1)

5 drawings, 1s intended to explain exemplary embodiments o:

the present invention, rather than to show the only

embodiments that c¢an be implemented according to the

invention.

The following detailed description includes specific

10 details 1in order to provide a thorough understanding of the

present invention. However, it will be apparent to those

skilled in the art that the present invention may be

practiced without such specific details. In some instances,

known structures and devices are omitted or are shown in

15 Dblock diagram form, focusing on important features of the

structures and devices, so as not to obscure the concept of

the present invention. The same reference numbers will be

used throughout this specification to refer to the same or

like parts.

20 The present invention suggests an ID specification

method, which allows one MAC to efficiently manage a

plurality of RF carriers, and a method for signaling ID-

related information. In the following description, the

term "“Media Access Control (MAC) layer” 1is used as a
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general term describing a layer (for example, a network

layer) above the Physical (PHY) layer (Layer 1) among the 7

OSI layers, which 1s not necessarily limited to the MAC

layer. Although the following description has been given

o with reference to an example where multi-band RFs are

contiguous, the multiple bands according to the present

invention do not necessarily include physically contiguous

RF carriers as described above with reference to FIG. 2.

)

In addition, although the bandwidth of each RF carrier is

10 described below as being equal for ease of explanation, the

‘present invention may also be applied to the case where the

'

bandwidths of frequency bands managed based on each RF

ferent. For example, an RF frequency band

carrier are dj

(REO) of OMHz and an RF freguency band (RF1l) of 10MHz may

15 be managed by one MAC entity.

In addition, although RF carriers 1in the present

invention may be those of the same system, the RF carriers

may also be those to which different Radio Access

Technologies (RATs) are applied. For example, we can

J

. technology 1s

e 8

20 consider an example wherein the 3GPP LT!

EE 802.16m technology 1is

L]

applied to RF0O and RFl, the I

pplied to RF2, and the GSM technology is applied to RF3.

)

An embodiment of the present invention suggests that

the position of each frequency band in an actual physilical
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layer managed by one MAC be managed by conversion into a

logical index. In addition,

P

it 1s assumed that the maximum

number of RE carriers managed by one MAC in one system 1is

limited to M.

The following 1s

reference to the example of FIG. 2 wherein the MAC #5

manages RF carriers.

In the example of F

—

maximum number of RF carriers managed by one MAC is 3. It

a detailed description with

IG. 2, 1t 1s assumed that the

1s also assumed that the 3 RF carriers are named RF1l, RFY4,

and RF5 which are absolute

frequency band index values. In

this case, the physical freguency indices RF1l, RF4, and RF5

can be managed by conversion into logical indices 0, 1, and

2 according to this embodiment.

Accordingly, there is a need to provide a method for

signaling carrier-ID-related information to the receiving

side according to this

embodiment. Signaling of the

maximum number of carriers managed by one MAC may be needed

in some cases.

When the maximum number of carriers managed by one

MAC is M, this embodiment suggests two ID signaling

methods: 1) a method in which ID information is transmitted

through a preamble and 2)

-

i

method in which ID information

is transmitted through a common control signal, a broadcast
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channel, or the like. Possible methods for signaling ID

information using a preamble include a method in which a

different signature 1is included 1n a preamble to be

transmitted and a method in which an offset 1s applied to

N

1

the timing of transmission of a preamble. Applying an

e
ju—

O

fset to the preamble transmission timing may be construed

1

as applying the offset not only to the timing of

transmission of the preamble but also to the timing of

transmission of the entirety of a frame including the

preamble.

Although it 1s assumed 1n the above example that one

carrier 1includes one carrier ID, it is also possible to

define one logical carrier ID into which one or more

r~-

physical carrier IDs are grouped. Here, the preamble 1s =

signal that is transmitted through a synchronous channel.

Accordingly, the preamble will be used as a concept

identical to or including the synchronous channel.

First, reference will be made to a method for

selectively signaling i1nformation regarding the number of

carriers managed by one MAC together with each carrier ID

as described above through a preamble.

As an example of the carrier ID signaling method

described above, an embodiment of the present invention

)

suggests a method in which a different signature 1is
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allocated to each carrier ID. As a specific method for

providing a different signature for each carrier ID, this

embodiment suggests a method in which a different code is

allocated to each carrier ID and a method in which each

carrier ID 1s indicated by a preamble transmission timing

—

offset or a frame transmission timing offset.

Although this embodiment has been described such that

_

one preamble 1s transmitted per carrier for ease o:

)|

explanation, a plurality of preambles may also Dbe

transmitted per carrier.

*t 1S possible to apply the same concept as described

above 1f synchronous channel configurations such as a P-SCH

and an S-SCH which will be used in the 3GPP LTE evolution

are grouped and the group i1is regarded as a preamble in this

embodiment.

Reference will now be made to a method for allocating

Q)

different code to each carrier ID as a more specific

embodiment of the present invention.

First, this embodiment suggests a method for

‘)

ferent code.

indicating a different carrier ID through a di:

Generally, a preamble i1is used to detect a cell ID. For

example, when there is a need to identify a total of 114

cell IDs, 1t is required that they be identified using at

least 114 different codes and, when there 1s a need to
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1dentify 4 additional carrier IDs according to this

embodiment, it is

requlred that a total of 456 (=114%*4)

different codes be allocated. Here, the term Y“different

codes” refers to codes that can be discriminated from each

other and may be a

set of codes which are correlated with

cach other at a predetermined correlation level or less, a

_

set of circular shift sequences, a set of sequences covered

by orthogonal sequences, or the like and need not be

limited to any specific code types.

In addition,

another embodiment of the present

invention using the above concept suggests that carriers

representing respective frequency allocation bands be

discriminated and

carrilers.

Specifically,

g

used according to the usages of the

this embodiment suggests that at least

one of a plurality of carriers be defined as a primary

carrier. This primary carrier is a carrier, for which the

terminal 1initially

attempts to search when 1i1initial cell

search or 1initial neighbor cell search 1s performed.

Generally, the primary carrier can be used to transmit a

system configure

configuration or

signal, or broadc

tion indicating a multi-carrier

a system bandwidth, a common control

ast information. In this case, the

terminal only needs to determine whether the corresponding
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carrier 1is a primary carrier or a different carrier which

1s referred to as a “subsidiary carrier” in the following

description.

In this case, 1t 1s preferable that two codes be

1)

additionally allocated 1in order to identify the usage of

ecach carrier. Here, 1t 1is to be noted that the purpose of

the two additionally allocated codes 1s not to identify

carrier IDs 1n the above example. In this example, when

the number of carrier IDs 1is 114, the total number of

needed codes 1s 228 (= 114*2).

Reference will] NOW be made to a method for

P

identifying a carrier ID using a preamble timing offset as

—

another embodiment of the present invention.

FIG. 4 illustrates an example method for identifying

- =
adil . anud

a carrier ID using a preamble timing offset according to

this embodiment.

In this example, a primary carrier and a subsidiary

carrier are discriminated (i.e., identified) using two

types of ©preamble signatures. More specifically, a

signature 0 1s used for the primary carrier and a signature

1 1s used for the subsidiary carrier in the example of FIG.

—

In this example, a timing offset value of one carrier

unit is set to “d” as shown in FIG. 4. The “d” value may
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be set to various values as described below.

First, i1n an embodiment of the present invention, the

“d” wvalue <can be set to be less than a preamble

transmission period or a synchronous channel transmission

O perlod. For example, in the case of the 3GPP LTE system,

P-SCH and S5-SCH signals included in a synchronous channel

ted every 5ms which is the length of a subframe

(1

are transmi-

(where the P-SCH signal will hereinafter be referred to as

a “Primary Synchronization Signal (PSS)” and the S-SCH

100 signal will hereinafter be referred to as a “Secondary

Synchronization Signal (SSS)”) and two pairs of PSSs and

SSSs  are transmitted 1n a 10ms frame including two

subframes.

TwWO SSSs transmitted in 1.0ms have different

15 signatures (for example, two short swapped sequences) soO

that the receiving side can determine  whether a

r—

corresponding subframe in a 10ms frame is a subframe 0 or a

subframe 1. Under this assumption, the “d” value can be

set to bms.

20 In another embodiment of the present invention, the

"d” wvalue can be set to be equal to or greater than the

preamble transmission period or the synchronous channel

transmission period. For example, in the case of the 3GPP

LTE system, it may be difficult to derive, from only the
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synchronous channel, the Y“d” value set to be equal to or

greater than the synchronous channel transmission period

since the same SSS is repeated every 10ms in the 3GPP LTE

system. In this case, this embodiment suggests that the

“d” value be derived through a System Frame Number (SFN).

In the 3GPP LT

L]

system, the SFN is transmitted

through a P-BCH included in a subframe 0 (0-4905). When it

1s assumed that the “d” value has been set to 10ms, the SFN

of the carrier 0 is 10 and the SFN of the carrier 1 is 11

and therefore it 1s possible to derive the “d” wvalue. The

SEN 1s incremented by one every 1l0ms.

A different “d” wvalue may be set for each RF carrier.

Here, the v“d” wvalue may have a circular shift form on an

OFDM symbol basis or may be a delay value on a smaller unit

basis.

When the delay wvalue 1s controlled in a circular

shift form, this can be directly applied to the time domain

or can be applied to the fregquency domain. A circular

F

shift may be set to be equally applied to every signal (for

example, a Reference Signal (RS) and data) transmitted

through each carrier band or a circular shift may be set to

L.

be applied to only the reference signal or the preamble.

That 1s, while transmission data is left unchanged, only

the reference signal or the preamble can be transmitted so
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as to have an offset according to the Y“d” wvalue. In

another method, while transmission data is left unchanged,

only the SEFN transmitted in the P-BCH can be incremented.

This can replace the above method ~1n which  the

preamble/synchronous channel or reference signal is

]

transmitted with an offset applied thereto according to the

“d” wvalue. A method 1n which transmission data elements

are also transmitted with an offset applied thereto and the

SEN 1s set to be incremented accordingly may also be

pplied.

)

For reference, +the SFN 1in the 3GPP LTE system

i

consists of 12 bits. The more significant 10 bits among 12

bits are explicitly transmitted through a P-BCH

corresponding to 40ms and may have a value of 0-1023 during

40ms. The less significant 2 bits among the 12 SFN bits

can be derived through blind decoding based on a unique

F
—

fer.

start position (RV) of a circular bu:

Ffset 1s applied to a signal

When a timing O

transmitted through each carrier band as in the above

I

embodliment, 1t 1s possible to achieve an advantage of

reduction in the PAPR of the transmission signal. Here,

let us assume that four carriers are transmitted using one

RF module in the 3GPP LTE system. In this case, a problem

may occur 1in the PAPR since four carriers are all
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-
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D . However,

it is possible to achieve an advantage of reduction in the

PAPR by setting a different transmission timing for each

carrier band as described above. Accordingly,

the above embodiment, the method 1n which

i)

timing offset is applied to each carrier can

)

to reduce the PAPR. Here, to apply a dit

O

according to

F
—

ferent

a di:

also be used
ferent timing

fset to each carrier, the circular shift may be applied

both in the time domain and in the frequency domain as

described above.

g

ITn addition, 1n another embodiment of

the present

invention, it is possible to set the “d” wvalue in various

manners so that the receiving side can determine the %“d”

—
iy

value through combination of the preamble/synchronous

channel and the SFN described above.

For example, although the “d” wvalue 1is set on the

basis of a P~BCH (10ms) to apply an offset 1in the above

description, it 1s also possible to set the

)

the basis o:

n offset.

Q)

“a” wvalue on

four P-BCHs (i.e., on a 40ms basis) to apply

The embodiment as shown in FIG. 4 has an advantage in

that a corresponding carrier ID can be e

through a small amount of calculation. The embodiment as

e

shown in FIG. 4 also has an advantage in tha:

gt

"icliently detected

there 1s no
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need to perform additional control signaling for carrying

the carrier ID. For example, the terminal (Mobile Station

(MS) or User Equipment (UE)) may perform initial processes

for signal processing in the followlng order.

O 1. The terminal searches for a primary carrier

through a preamble signature “0” (i.e., carrier ID=0)

and

achieves time synchronization.

2. The terminal achieves time synchronization through

a preamble of a signature “1” for a specific carrier.

10 3. The terminal detects a current carrier ID using &

i

time offset from the primary carrier.

FIG. 5 illustrates another embodiment of the method

for identifying a carrier ID using a preamble timing offset.

In the example of FIG. 5, all carriers use the same

15 preamble signature (code) and the carrier ID is represented

()

by a timing of:

“set. Here, it 1s preferable that an

indicator representing the carrier ID be transmitted at =

- |

position adjacent to the preamble of the primary carrier in

order to provide a reference for timing offset comparison.

20 In FIG. 5, this indicator is shown by “Primary carrier 1ID

indicator”.

According to this embodiment, for example, the

terminal may perform i1nitial processes for signal

processing in the followling order.
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1. The terminal searches for a primary carrler

through a preamble signature “0” and a primary carriler

indicator (1.e., carrier ID=0) and achieves time
synchronization.
5 2. The terminal achieves time synchronization through

a preamble of a signature “0” for a specific carriler.

3. The terminal detects a current carrier ID using a

time offset from the primary carriler.

The following is a description of another example of

10 transmission of carrier ID information for each carrier,

similar to the embodiment of FIG. 5.

FIG. © 1llustrates another embodiment of the method

for identifying a carrier ID using a preamble timing o

In the method of the embodiment shown in FIG. 6, a

15 control signal indicating the carrier ID 1s transmitted 1in

each carrier. In this case, once a carrier ID 1s detected,

the terminal can detect all remalning carrier IDs at the

preamble detection step without decoding corresponding

control signal information.

20 FIGs. 7 and 8 1llustrate another embodiment of the

method for identifying a carrier ID using a preamble timing

offset.

I

Specifically, although the method of FIG. 7 1is

similar to that of FIG. 6, an ID indicator for the primary
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tor for the subsidiary carrier are

iy

in the method of FIG. 7. Although

1s similar to that of FIG. 6, a

different preamble code 1s used for each carrier ID and

different carrier indication information 1is also defined

for each carrier ID in

While the main feature of the above embodiments o:

the method of FIG. 8.

it
—

'

the present invention 1is that information regarding a

carrier ID is transmitted using a timing offset, carrier

information may be transmitted using various other methods.

=

fset to

Applying an o:

the preamble transmission timing in

the embodiments described above with reference to FIGs. 4

to 8 can be considered

—
p—

to the entirety of a

fset

identical to applying a time o:

frame including the corresponding

preamble to transmit information regarding the carrier ID.

An embodiment wherein carrier-related i1nformation

according to the present invention is transmitted through a

common control channel (broadcast channel) can also be

provided. A carriler

ID defined according to the present

invention can be transmitted through a broadcast channel or

a control signal for

each carrilier. For example, 1in the

case of the IEEE 802.1l6ém supporting the legacy mode, a

carrier ID can be sig

DLLFP bits of a broadce

naled using a reserved bit among S

st channel used 1n the conventional
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IEEE 802.16e and can also be signaled through a DL-MAP.

b=

Alternatively, a new DLFP/DL-MAP format may be defined to

=

transmit the carrier ID. In the case of 3GPP LTE, a

ID can be transmitted through a broadcast channel

carrler

O (BCH) .

0

More specifically, in the case of 3GPP LTE,

information indicating whether the corresponding carrier is

primary carrier or a subsidiary carrier —can | be

0

transmitted wusing 1-bit signaling through a Physical

10 Broadcast Channel (P-BCH). That is, the primary carrier

may Pbe signaled through a bit value “0” and the subsidiary

carrlier may be signaled through a bit value “1” in the P-

BCH. Alternatively, the primary carrier may be signaled

through a bit wvalue “1” and the subsidiary carrier may be

15 signaled through a bit wvalue “0” in the P-BCH. Here, the

primary carrier 1s a carrier that the terminal initially

attempts to access as described above.

Reference will Nnow pe  made to a method for

transmitting a control signal (a carrier-related control

20 signal such as a carrier ID) through a primary carrier as

another embodiment of the present invention.

This embodiment suggests that all carrier IDs or

control signals managed by a MAC be transmitted using a

primary carrier defined according to an embodiment of the
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present invention. When all carrier-ID-related information

is transmitted using the primary carrier, carrier indices

y

that can be managed by one MAC, 1logical 1i1ndices oO:

)

vailable frequency bands, or physical indices occuplied by

the subsidiary carrier can be set to be transmitted using

the primary carrier. In the description of the present

invention, the MAC 1s only an example of a specific layer

which is located above the physical layer and which can

P
—

manage a plurality of carriers as described above. The

but

L4
L]

b

“MAC” includes not only the concept defined in I

1so the concept of a MAC present for each carrier band in

Q)

the 3GPP systemn.

=

The following 1s a description of the example

illustrated in FIG. 2. Here, let us assume that the bands

FAl, FA4, and FA5 are frequency allocation bands availlable

in the multi-carrier-based system while the band FAl 1s a

primary carrier frequency band. In this case, multi-

carrilier-related control 1nformation can be transmitted

through the primary carrier frequency band FAl according to

this embodiment. Since the bands FAO to FA7 can be used 1in

the system 1n this embodiment, carrier indices 1, 4, and 5

covered by the corresponding MAC can be transmitted as a

control signal of the primary carrier. 1In .an alternative

method, when the indices 1, 4, and 5 of the physical
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channels FAl, FA4, and FA5 are converted to logical indices,

1t is possible to signal a logical index 0 located at the

physical channel FAl, a logi

cal

index 1 Jlocated at the

physical channel FA4, and a logical index 2 located at the

physical channel FA5 in the primary carrier. It is also

possible to transmit all the

above.

FIG. 9 i1llustrates the

control signals described

concept that all carrier-

related control information is transmitted using a primary

carrler according to an embodiment of the present invention.

Here, the control signals transmitted in the primary

carrier include all types o

f control signals described

above such as a carrier-related control signal, a general

control signal, and a carrier ID as conceptually

illustrated in FIG. 9.

In the above embodiments,

the preamble of each

carrier in the case where a control signal is transmitted

using the primary carrier may or may not be identical. The

method 1n which all carrier—-related information 1S

transmitted wusing the primary carrier according to the

embodiments can be used in combination with the embodiment

wherein carrier i1information

preamble.

In the above description,

18

Ca

transmitted wusing the

rriers managed by one MAC
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include only one primary carrier. However, carrlers

managed by one MAC may 1nclude a plura

carriers and the following description

included in carriers managed by one MAC.

A method in which carrier-related

separately defined and transmitted using a preamble, a

~

i}

lity of primary

will Dbe given

focusing on the case where two or more primary carrlers are

information is

timing offset, or the 1like and a method in which all

carrier-related information 1s transmitted

carrier can both be applied according

using a primary

to the present

invention. However, the following description will be

given focusing on the case where all

information is transmitted using a primary

-

of explanation.

carrier-related

carrier for ease

FIG. 10 illustrates the concept that one primary

carrier 1is specified and the primary carrier controls

remaining subsidiary carriers.

FIG. 11 4illustrates the concept that two primary

carriers are specified and each of the two

controls a predetermined number of subsidia

primary carrlers

ry carriers.

In the method illustrated in FIG.

10, one primary

carrier signals and manages all carrier-related 1lnformation

F s

method i1llustrated in FIG. 11 according to

of the n-1 remaining carriers. On the other hand, 1in the

this embodiment,
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two primary carriers transmit carrier-related information

of two groups of subsidiary carriers, 1into which all

remaining subsidiary carriers are divided, respectively.

gr—
Biad

When a plurality of primary carriers 1s specified

according to this embodiment as shown in FIG. 11, there 1is

an advantage 1in that it i1s possible to support more

flexible configurations when a number of terminals are

multiplexed. For example, let us assume that one MAC
manages 6 carriers, the number of terminals belongling to

the MAC 1s 6, and the 6 terminals are divided 1nto two

groups, each including 3 terminals. In this case, it 1is

possible to support terminals corresponding to each group

in the following manner.

FIG. 12 illustrates a method in which a plurality of

primary carriers supports each group including a plurality

= pr—

of terminals according to an embodiment of the present

invention.

In this method, an RF carrier 0 and an RF carrier 3,

which are ©primary carriers, can manage information

—

regarding remaining carriers and 2 groups of terminals

(MSs) into which 6 terminals are divided can be allocated

—

respectively to 2 carrier groups managed by the respective

primary carriers to provide services.

Although 6 terminals are divided into 2 groups to
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perform communication in the example of FIG. 12, the

terminals may be divided into n groups (other than 2

groups) according to the number of primary carriers to

recelve services.

5 The detailed description of the preferred embodiments

of the present invention has been given to enable those

skilled in the art to implement and practice the invention.

Although the 1nvention has been described with reference to

the preferred embodiments, those skilled in the art will

10 appreciate that various modifications and variations can be

made 1n the present invention without departing from the

spirit or scope of the invention described in the appended

claims. Accordingly, the invention should not be limited

to the speclfic embodiments described herein, but should be

15 accorded the broadest scope consistent with the principles

and novel features disclosed herein.

[Tndustrial Applicability]

The signal transmission/reception method according :to

each of the above embodiments of the present invention can

20 be widely used for a multi-carrier system in which one MAC

entity manages a pl:urali‘:y of carrier frequency bands as

is, the signal

{ )

described above. Tha:

transmission/reception method according to each of the
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above embodiments of the present invention can be applied

to any system, regardless of whether it 1s a 3GPP LTE

E 802.1om system, provided that the system

L+

system or an IE.

is applied as a multi-carrier system as described above.

It will be apparent to those skilled i1n the art that

B

various modifications and wvariations can be made 1n the

present invention without departing from the spirit or

scope of the invention. Thus, it 1is 1intended that the

r—
—rd

present invention cover the modifications and varilations of

this invention provided they come within the scope of the

appended claims and thelr eguivalents.
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CLAIMS:
1. A method for transmitting, by a base station, signals to a mobile station

In a communication system, comprising:

transmitting, to the mobile station via a primary carrier frequency band
of the mobile station, control information for one or more subsidiary carrier frequency

bands allocated to the mobile station: and

transmitting data to the mobile station on at least one of a plurality of

carrier frequency bands allocated to the mobile station,

wherein the plurality of carrier frequency bands allocated to the mobile
station includes the primary carrier frequency band and the one or more subsidiary

carrier frequency bands,

wherein only one of the plurality of carrier frequency bands allocated to
the mobile station is used as the primary carrier frequency band for the mobile

station,

wherein the primary carrier frequency band is a carrier frequency band
which the mobile station initially attempts to access or via which information indicating

a carrier aggregation configuration is transmitted,

wherein the control information includes one or more logical indexes
assigned to the one or more subsidiary carrier frequency bands for the mobile station,
respectively, and one or more physical indexes of one or more carrier frequency

bands used as the one or more subsidiary carrier frequency bands, and

wherein each of the one or more logical indexes has an integer value
between “zero” to “a maximum number of carrier frequency bands managed by a

specific layer above a physical layer — 1.
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2. The method of claim 1, wherein each of the one or more physical
indexes corresponds to one of absolute frequency band indexes assigned to carrier

frequency bands available in the communication system.

3. The method of claim 1 or 2, wherein each of the one or more logical
iIndexes is used for identifying a corresponding subsidiary carrier frequency band In
the specific layer and each of the one or more physical indexes is used for identifying

the corresponding subsidiary carrier frequency band in the physical layer.
4 The method of claim 3, further comprising:

transmitting information indicating which carrier frequency band is the

primary carrier frequency band for the mobile station.

D. A method for receiving, by a mobile station, signals from a base station

iIn a communication system, comprising:

receiving, from the base station via a primary carrier frequency band of
the mobile station, control information for one or more subsidiary carrier frequency

bands allocated to the mobile station: and

receiving data from the base station on at least one of a plurality of

carrier frequency bands allocated to the mobile station,

wherein the plurality of carrier frequency bands allocated to the mobile

station includes the primary carrier frequency band and the one or more subsidiary

carrier frequency bands,

wherein only one of the plurality of carrier frequency bands allocated to
the mobile station is used as the primary carrier frequency band for the mobile

station,
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wherein the primary carrier frequency band is a carrier frequency band
which the mobile station initially attempts to access or via which information indicating

a carrier aggregation configuration is transmitted,

wherein the control information includes one or more logical indexes
assigned to the one or more subsidiary carrier frequency bands for the mobile station,
respectively, and one or more physical indexes of one or more carrier frequency

bands used as the one or more subsidiary carrier frequency bands, and

wherein each of the one or more logical indexes has an integer value
between “zero” to “a maximum number of carrier frequency bands managed by a

specific layer above a physical layer — 1".

6. The method of claim 5, wherein each of the one or more physical
indexes corresponds to one of absolute frequency band indexes assigned to carrier

frequency bands available in the communication system.

7. The method of claim 5 or 6, wherein each of the one or more logical
indexes is used for identifying a corresponding subsidiary carrier frequency band In
the specific layer and each of the one or more physical indexes is used for identifying

the corresponding subsidiary carrier frequency band in the physical layer.
8. The method of claim 7, further comprising:

transmitting information indicating which carrier frequency band is the

primary carrier frequency band for the mobile station.
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FIG. 3

MAC #5 (@ BS/NodeB |
AAAAAAAAAAA . Base Station {

(BSO/NodeB0)

~ RFO Mobile Station 0 (MSO/UEQ)

REO | | RF1 | Mobile Station | (MS1/UE!)

~ RFU _‘ | RFI RF2 Mobile Station 2 (MS2/UE2)

44444444

MAC #5 @ MS/UE




CA 02705499 2010-05-11

WO 2009/082173 PCT/KR2008/007672
4/11

FIG. 4

Preamble signature {
[for Primary carrict]

..... e ey v g
= onlli? e a el ol P r-Callilin - aall-X"
Cartier ID=0
. afticr 1. . A { o9 |
[Primary carrier] 777 | ‘
/ - o e —
00950404 TOCSPPVPPVIVEII FEPPEELS B T PP e anaa s [Pttty 500044 -Omimimdninguimimimidg-3-r %
C . ﬁ | >N
arrier |D=1
] ___________J
» 3
Time offset 2%d
Iw‘. S T TO T P T PV VYT TR R T U YT T T e T T T Y VYV YT Y T T T T M
' 4
- o 0
Carnier 1D=2
- 2%
. -
Time offset 3%d
v : W
P — e — =
s ‘
i walelele t
Carri =3 RIS vae
arrier 1PD=
| 5 NSRS
i *O‘Q‘i‘«i-’o :
§ 00 eoosnessssree ermmerressessseelbssssstrrsss B o700 2o SO o eessrsssessssesssrsesepreeprortessestrss R
&%
»
»
+ Wi . « 5",
Time offset{Ncarrier-1)*d _
» sl TR — — R— sassadis sntasas : antabaa andadndbtns
 aummbamans bl Aphvindy e oy e ARAAL “L SAMARLAAARSAAARARFTAA E——— '; - ; ;
(e X
R
L e : . oo aseteret
Carrier ID=Ncarrier-1; S
5 KRS
i RRR AN

Preamble signature 1
[for non-Primary carrier]



CA 02705499 2010-05-11

WO 2009/082173 PCT/KR2008/007672
5/11
Preamble carrier ID indicator |
lme
:
o — _ — ]

AAAAA

Carmer D=1}
Time offset 8%d
Carner ID=2
Time offsct 3*d
Carnier 1D=31
Time offset{Ncarrier-1)*d )
sferiesorsrasas ' TPV VUV OTUUUIUIIVIPTPTPUIPsoses ST soovitse :-- W P -; ............................

Carrier ID=Ncarfier-1

Preamble signature O
[for all cartier]




CA 02705499 2010-05-11

WO 2009/082173 PCT/KR2008/007672
6/11

FIG. 6

Carrier ID indicator for carrier ID 0 Time

Carrier [D=0 | /&5
¢ ¢ ;J"‘ ,: L
[anar}' Camer] N |

o
' I"f‘e‘

AAAAAAA

AAAAAA Said e T4

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Tin Offset(gzrrkr ID indicator for carrier [D 1
atas -

/

» il s

| /’{ .
Carrier [D=1 X

L
4
“
r
3 9
4
4

AAAAAAAAAAAAAAAAAAA

.-L.A.L.

Time offset ¥’

Carricr IDmZL ,\( ‘e
- A . T
Time offset 3% \ Carrier ID indicator for carrier ID 3

/ar'.a M.-’.e"n._' Q-_-
N 4
;e N TR S M
5 .'a‘-l../ ~ '*' *
» *3 ’.‘ }r‘."o o ‘ . .
» -~
arrier | )
~ :I" (.' 4
7
“““““““““““““““““““““““ SAAS 0000000000004 4440000001 y ITEVVVVEE YPSSEPVI PN s ittt bt

Time offset(Ncarrier-1)*d
i A N

-

Carrier [D=Nearrier-1

R P TN T T T TPV YT T VY YY

Prcamble sipnature 0
Hor all carrier]



WO 2009/082173

CA 02705499 2010-05-11

7/11

FIG. 7
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FIG. 9
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