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Description
Title of Invention: METHOD AND APPARATUS OF

TRANSMITTING DATA IN MULTIPLE RF SYSTEM
Technical Field

The present invention relates to wireless communications, and more particularly, to a
method and an apparatus of transmitting data in a multiple radio frequency (multi-RF)

system.

Background Art

Wireless communication systems are widely spread all over the world to provide
various types of communication services such as voice or data. In general, the wireless
communication system is a multiple access system capable of supporting commu-
nication with multiple users by sharing available system resources (e.g., bandwidth,
transmit power, etc.). Examples of the multiple access system include a code division
multiple access (CDMA) system, a frequency division multiple access (FDMA)
system, a time division multiple access (TDMA) system, an orthogonal frequency
division multiple access (OFDMA) system, a single carrier frequency division multiple
access (SC-FDMA) system, etc.

While having almost the same complexity as the OFDMA, SC-FDMA has a lower
peak-to-average power ratio (PAPR) due to a single carrier property. Since the low
PAPR is advantageous for a user equipment (UE) in terms of transmission power ef-
ficiency, the SC-FDMA is adopted for uplink transmission in a 3rd generation
partnership project (3GPP) long term evolution (LTE) as disclosed in section 5 of the
3GPP TS 36.211 V8.2.0 (2008-03) "Technical Specification Group Radio Access
Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels
and modulation (Release 8)".

In a typical wireless communication system, one radio frequency (RF) is considered
in general even if a bandwidth is differently set between an uplink and a downlink. The
RF is used to upconvert a baseband signal. The RF may be referred to as another ter-
minology, such as carrier frequency, center frequency, component carrier, etc. In the
3GPP LTE, the number of RFs constituting the uplink or the downlink is 1, and the
bandwidth of the uplink is symmetrical to the bandwidth of the downlink. However,
except for some areas of the world, it is difficult to allocate frequencies of wide
bandwidths. As a technique for eftectively using fragmented small RFs, a spectrum ag-
gregation (also referred to as bandwidth aggregation or carrier aggregation) technique
is being developed to obtain the same effect as when a frequency band of a logically

wide bandwidth is used by aggregating a plurality of physically non-contiguous RFs in
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a frequency domain. The spectrum aggregation includes a technique for supporting a
system bandwidth of 100 mega Hertz (MHz) by using multiple RFs even through , for
example, the 3GPP LTE supports a bandwidth of up to 20 MHz, and a technique for al-
locating an asymmetric bandwidth between the uplink and the downlink. The multi-RF
system is introduced to support an increasing throughput, to avoid cost increase due to
the introduction of a broadband RF device, and to ensure compatibility with a legacy

system.
Accordingly, there is a need for a method of effectively transmitting data in a multi-

RF system.
Disclosure of Invention
Technical Problem

The present invention provides a method and an apparatus of transmitting data in a

multi-radio frequency (RF) system.

Solution to Problem

In an aspect, a method of transmitting data in a multi-radio frequency (RF) system,
carried in a user equipment (UE), is provided. The method includes transmitting first
data through a first physical channel to a first base station (BS) and transmitting second
data through a second physical channel to a second BS, wherein the first data and the
second data are simultaneously transmitted.

Preferably, the first data is transmitted on a single carrier-frequency division multiple
access (SC-FDMA) signal, and the second data is transmitted on an orthogonal
frequency division multiple access (OFDMA) signal.

Preferably, the first data comprises information regarding the second BS, and the
second data comprises information regarding the first BS.

Preferably, the method further includes receiving third data through a third physical
channel from the first BS and transmitting interference information through the second
physical channel to the second BS, wherein the interference information is information
regarding interference generated for the third physical channel by the second BS.

Preferably, the third data is received on an OFDMA signal.

In another aspect, a method of transmitting data in a multi-RF system, carried in a
UE, is provided. The method includes transmitting first data through a first physical
channel to a first BS and transmitting second data through a second physical channel
and third data through a third physical channel to a second BS, wherein the first data,
the second data, and the third data are simultaneously transmitted.

Preferably, the transmitting of the first data includes generating a first frequency-
domain symbol by performing discrete Fourier transform (DFT) on the first data,

generating a first SC-FDMA signal by performing inverse fast Fourier transform
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(IFFT) on the first frequency-domain symbol, and transmitting the first SC-FDMA
signal through the first physical channel, and the transmitting of the second data and
the third data includes generating a second frequency-domain symbol by performing
DFT on the second data and the third data, generating a second SC-FDMA signal by
performing IFFT on the second frequency-domain symbol, and transmitting the second

SC-FDMA signal through the second physical channel; and the third physical channel.
In still another aspect, a user equipment (UE) is provided. The UE includes a radio

frequency (RF) unit transmitting and/or receiving a radio signal, and a processor
coupled with the RF unit and configured to transmit first data through a first physical
channel to a first BS and transmit second data through a second physical channel to a

second BS, wherein the first data and the second data are simultaneously transmitted.

Advantageous Effects of Invention

A method and an apparatus of effectively transmitting data in a multi-radio frequency
(RF) system can be provided.

Brief Description of Drawings

FIG. 1 is a block diagram showing a wireless communication system.

FIG. 2 is a block diagram showing an apparatus for a wireless communication.

FIG. 3 shows the concept of a wireless communication system using multiple radio
frequencies (RFs).

FIG. 4 shows an example of a transmitter and a receiver in a multi-RF system.

FIG. 5 shows an example of a plurality of physical channels.

FIG. 6 shows an example of a bandwidth used by a physical channel.

FIG. 7 shows an example of a multi-RF system.

FIG. 8 is a block diagram showing an orthogonal frequency division multiple access
(OFDMA) signal generator in a multi-RF system.

FIG. 9 is a block diagram showing a clustered single carrier-frequency division
multiple access (SC-FDMA) signal generator in a multi-RF system.

FIG. 10 is a block diagram showing an SC-FDMA signal generator for each physical
channel in a multi-RF system.

FIG. 11 shows an example in which uplink/downlink physical channels have an
asymmetric structure when frequency division duplex (FDD) and time division duplex
(TDD) are used in a multi-RF system.

FIG. 12 shows an exemplary structure of a physical downlink control channel
(PDCCH) in a multi-RF system.

FIG. 13 is a block diagram showing an SC-FDMA signal generator having a
structure in which a clustered SC-FDMA and an SC-FDMA for each physical channel

are combined.
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FIG. 14 is a block diagram showing a signal generator in which a specific physical

channel uses OFDMA.
FIG. 15 shows an example in which a user equipment uses 4 physical channels in a

multi-RF system.

FIG. 16 shows a method of configuring a cooperative multi-cell system by allocating
a plurality of physical channels in a multi-cell environment.

FIG. 17 is a flow diagram showing a method of transmitting data according to an em-
bodiment of the present invention.

FIG. 18 is a flow diagram showing a method of transmitting data according to
another embodiment of the present invention.

FIG. 19 is a flow diagram showing a method of transmitting data according to
another embodiment of the present invention.

Mode for the Invention

FIG. 1 is a block diagram showing a wireless communication system.

Referring to FIG. 1, a wireless communication system 100 includes at least one base
station (BS) 110. The BSs 110 provide communication services with respect to specific
geographical regions (generally referred to as cells) 105a, 105b, and 105¢. Each cell
can be divided into a plurality of regions (referred to as sectors). A user equipment
(UE) 120 may be fixed or mobile, and may be referred to as another terminology, such
as a mobile station (MS), a user terminal (UT), a subscriber station (SS), a wireless
device, etc. The BS 110 is generally a fixed station that communicates with the UE 120
and may be referred to as another terminology, such as an evolved node-B (eNB), a
base transceiver system (BTS), an access point, etc.

Hereinafter, downlink means communication from the BS 110 to the UE 120, and
uplink means communication from the UE 120 to the BS 110. In downlink, a
transmitter may be a part of the BS 110 and a receiver may be a part of the UE 120. In
uplink, a transmitter may be a part of the UE 120 and a receiver may be a part of the
BS 110.

The UE belongs to one cell. The cell to which the UE belongs is referred to as a
serving cell. The BS which provides the serving cell with a communication service is
referred to as a serving BS. The wireless communication system is a cellular system in
which another cell is adjacent to the serving cell. The adjacent another cell is referred
to as a neighboring cell.

The wireless communication system may be any one of a multiple-input multiple-
output (MIMO) system, a multiple-input single-output (MISO) system, a single-input
single-output (SISO) system, and a single-input multiple-output (SIMO) system. The

MIMO system uses a plurality of transmit (TX) antennas and a plurality of receive (Rx)
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antennas. The MISO system uses a plurality of Tx antennas and one Rx antenna. The
SISO system uses one Tx antenna and one Rx antenna. The SIMO system uses one Tx
antenna and a plurality of Rx antennas.

Hereinafter, the Tx antenna is a logical or physical antenna used to transmit one
signal or one stream, and the Rx antenna is a logical or physical antenna used to
receive one signal or one stream.

FIG. 2 is a block diagram showing an apparatus for a wireless communication. The
apparatus may be a part of a UE. An apparatus 50 includes a processor 51, a memory
52, aradio frequency (RF) unit 53, a display unit 54, and a user interface unit 55. The
processor 51 may be configured to implement various operations, such as, data
processing, MIMO processing, generation of a time-domain signal, etc. A process of
transmitting/receiving data in a multi-RF system to be described below can be
performed by the processor 51. The processor 51 may be configured to implement
functions, procedures to be proposed below and/or methods described below in this de-
scription. Layers of the radio interface protocol may be implemented in the processor
51. The function of each layer can be implemented in the processor 51. The memory
52 is operatively coupled with the processor 51 and stores a variety of information to
operate the processor 51 (e.g., an operating system, applications, and general files).
The display unit 54 displays a variety of information of the apparatus 50 and may use a
well-known element such as a liquid crystal display (LCD), an organic light emitting
diode (OLED), etc. The user interface unit 55 can be configured with a combination of
well-known user interfaces such as a keypad, a touch screen, etc. The RF unit 53 is op-
eratively coupled with the processor 51 and transmits and/or receives radio signals.

The processor 51 may include application-specific integrated circuit (ASIC), other
chipset, logic circuit and/or data processing device. The memories 52 may include
read-only memory (ROM), random access memory (RAM), flash memory, memory
card, storage medium and/or other storage device. The RF units 53 may include
baseband circuitry to process radio frequency signals. When the embodiments are im-
plemented in software, the techniques described herein can be implemented with
modules (e.g., procedures, functions, and so on) that perform the functions described
herein. The modules can be stored in memories 52 and executed by processor 51. The
memories 52 can be implemented within the processor 51 or external to the processor
51 in which case those can be communicatively coupled to the processor 51 via various
means as is known in the art.

FIG. 3 shows the concept of a wireless communication system using multiple RFs.

Referring to FIG. 3, the wireless communication system using the multiple RFs uses
N RFs (where N is a natural number greater than or equal to 2). In downlink, a BS con-

currently can transmit data to one UE by using one or more RFs. In uplink, the UE can
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also transmit data to the BS by using one or more RFs.

FIG. 4 shows an example of a transmitter and a receiver in a multi-RF system.

Referring to FIG. 4, each of a transmitter 200 and a receiver 300 of the multi-RF
system uses N RFs. A wireless channel is established between the transmitter 200 and
the receiver 300. In downlink, the transmitter 200 may be a part of a BS, and the
receiver 300 may be a part of a UE. In uplink, the transmitter 200 may be a part of the
UE, and the receiver 300 may be a part of the BS.

The transmitter 200 includes a plurality of physical channels (hereinafter, simply
referred to as PHYs) 210-1,...,210-M, a multi-RF multiplexer 220, and a plurality of Tx
antennas 290-1,...,290-Nt. In the transmitter 200, each RF has one or more PHYSs. The
receiver 300 includes a multi-RF demultiplexer 310, a plurality of PHY's
320-1....,320-L, and a plurality of Rx antennas 390-1,...,390-Nr. In the receiver 300,
each RF has one or more PHYs. The number M of PHY's of the transmitter 200 may be
identical to or different from the number L of PHY's of the receiver 300.

Baseband signals are generated based on the M PHYs 210-1,...,210-M. The
baseband signals are converted Tx radio signals based on N RFs. The multi-RF mul-
tiplexer 220 combines the Tx radio signals so that the Tx radio signals can be simul-
taneously transmitted on the M PHYs. The combined Tx radio signals are transmitted
through the Nt Tx antennas 290-1,...,290-Nt. The Tx radio signals are received through
the Nr Rx antennas 390-1,...,390-Nr of the receiver 300 through the wireless channel.
The Rx radio signals are de-multiplexed by the multi-RF demultiplexer 310 so that the
Rx radio signals are separated into the L PHY's 320-1,...,320-L. The PHYs
320-1.,...,320-L recover the baseband signals.

All transmission/reception methods used in a wireless communication system using a
single RF can also be applied to each PHY of the transmitter and the receiver in the
multi-RF system. A plurality of RF communication modules can be configured when
the wireless communication system using multiple RFs is configured. Alternatively,
one RF module can be used to sequentially convert or recover baseband signals of
several PHYSs.

FIG. 5 shows an example of a plurality of PHYs.

Referring to FIG. 5, N multiple RFs may consist of M PHY's having a specific
bandwidth (BW). Among the M PHYSs, an mth PHY (hereinafter, PHY_m) has a
bandwidth of Niggp ' Afy, (Where m=1,...,M). Herein, Nigr, denotes an inverse fast
Fourier transform (IFFT) size of the PHY_m, and Afm denotes a subcarrier spacing of
the PHY_m. The IFFT size and the subcarrier spacing may be different or identical for
each PHY. The PHY_ m has a center frequency f. .. The center frequency is also
referred to as a carrier frequency. Center frequencies of the respective PHY's may be

arranged with a regular interval or an irregular interval.
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For example, if it is assumed that each PHY has a maximum bandwidth of 20 mega
Hertz (MHz), and M is 5, then a full bandwidth of up to 100 MHz can be supported.
However, according to a UE or a cell, each PHY may use a bandwidth narrower than a
maximum bandwidth.

FIG. 6 shows an example of a bandwidth used by a PHY.

Referring to FIG. 6, if it is assumed that a maximum bandwidth of the PHY is 20
MHz, the PHY can use a bandwidth (e.g., 10 MHz, 5 MHz, 2.5 MHz, or 1.25 MHz)
narrower than the maximum bandwidth. Regardless of a bandwidth size used by the
PHY in downlink, a synchronization channel (SCH) exists in the PHY. The SCH is a
channel for cell search. The cell search is a procedure by which a UE acquires time
synchronization and frequency synchronization with a cell. Since the SCH is located in
all downlink PHYs, all UEs can be synchronized with the cell. In addition, if a
plurality of downlink PHYSs are allocated to the UE, cell search may be performed for
each PHY or may be performed only for a specific PHY.

As such, a UE or a BS can transmit and/or receive data based on one or more PHYs
in the multi-RF system. The number of PHYs used by the UE may be different from or
equal to the number of PHYs used by the BS. In general, the BS can use M PHYs, and
the UE can use L. PHYs (M 7L, where M and L are natural numbers). Herein, L. may
differ depending on a type of the UE.

FIG. 7 shows an example of a multi-RF system.

Referring to FIG. 7, a multi-RF system 1000 includes a plurality of BSs 1100a,
1100b, and 1100c, a UE 1200, and a backhaul 1300. The BSs 1100a, 1100b, and 1100c
each have a plurality of PHYs (see FIG. 5). The plurality of PHYs can be used as
uplink or downlink PHYs. A frequency reuse factor of the multi-RF system 1000 is 1,
and the BSs 1100a, 1100b, and 1100c all use the same frequency band and may have
the same number of PHYs. The backhaul 1300 allows the BSs 1100a, 1100b, and
1100c to share information one another. The BS-a 1100a provides a communication
service for a cell-a 1005. The UE 1200 belongs to the cell-a 1005a, and transmits/
receives data to/from the BS-a 1100a. One or several PHY's can be allocated to the UE
1200 for each of uplink and downlink. The cell-a 1005a is a serving cell, and other
adjacent cells 1005b and 1005¢ are neighboring cells. When the UE 1200 moves to the
neighboring cell 1005b or 1005¢, a handover process is performed.

A multiple access method applicable to each of the uplink and the downlink includes
orthogonal frequency division multiple access (OFDMA), single carrier-frequency
division multiple access (SC-FDMA), etc. The SC-FDMA is also referred to as
discrete fourier transform spread-orthogonal frequency division multiplexing
(DFTS-OFDM). According to a channel condition of a UE, the OFDMA and the SC-
FDMA can be both used as the multiple access method.
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[59] FIG. § is a block diagram showing an OFDMA signal generator in a multi-RF
system.

[60] Referring to FIG. 8, an OFDMA signal generator 400 includes a serial to parallel
(S/P) converter 410, a subcarrier mapper 420, an IFFT unit 430, and a cyclic prefix
(CP) insertion unit 440. Coded symbols can be generated by performing channel
coding and/or modulation on information bits. The coded symbols are serially inputted
to the S/P converter 410. The S/P converter 410 output the coded symbols parallel. The
subcarrier mapper 420 maps the coded symbols to respective subcarriers, and properly
inserts ‘0’ to the subcarriers. The IFFT unit 430 performs IFFT on input symbols to
output a time-domain OFDMA signal. The CP insertion unit 440 copies an end portion
of the OFDMA signal and inserts the copied portion into a front portion of the
OFDMA signal. Inter symbols interference (ISI) and inter carrier interference (ICI) are
avoided by the CP insertion, and thus orthogonality can be maintained in a multi-path
channel. The OFDMA signal is transmitted on each of PHYs (i.e., PHY_1....,.PHY_U).
Instead of allocating resources to consecutive frequency bands, the OFDMA signal
generator 400 can allocate the resources to only a specific frequency band having a
good channel condition. Therefore, optimal channel-adaptive resource allocation can
be achieved in a frequency selective channel.

[61] However, an OFDMA scheme having a high peak-to-average power ratio (PAPR) is
not suitable for a UE having limited power. In particular, the OFDMA scheme is not
suitable for an UE located in a cell edge since maximum Rx power is limited.

[62] FIG. 9 is a block diagram showing a clustered SC-FDMA signal generator in a multi-
RF system.

[63] Referring to FIG. 9, a clustered SC-FDMA signal generator 500 includes a code
block segmentation unit 510, a channel coding unit 520, a modulator 530, a discrete
Fourier transform (DFT) unit 540, a subcarrier mapper 550, a plurality of filter &
cyclic extension units 560-1,...,560-U, an IFFT unit 570, and a CP insertion unit 580.
The code block segmentation unit 510 segments a bit stream into a code block. The bit
stream may correspond to information bits. The channel coding unit 520 performs
channel coding on the code block to generate coded bits. The modulator 530 maps the
coded bits to a symbol that represents a location on a signal constellation. The DFT
unit 540 performs DFT on an input symbol to output a frequency-domain symbol. The
subcarrier mapper 550 maps the frequency-domain symbol to each subcarrier, and
properly inserts ‘0’ to each subcarrier. The filter & cyclic extension units
560-1.,...,560-U perform filtering and cyclic extension on symbols mapped to the sub-
carriers according to respective PHYs (i.e., PHY_1,...,PHY_U),. The IFFT unit 570
performs IFFT on an input symbol to output a time-domain SC-FDMA signal. The CP
insertion unit 580 copies an end portion of the SC-FDMA signal and inserts the copied
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portion into a front portion of the SC-FDMA signal. The SC-FDMA signal is
transmitted on each of PHYs (i.e., PHY_1,...,PHY_U). Since IFFT is performed after
DFT spreading, the SC-FDMA signal has a single carrier property and has a low PAPR
in comparison with OFDM.

In the clustered SC-FDMA signal generator 500, a DFT size and an IFFT size are
increased to fit an extended bandwidth size in a multi-RF system supporting the
extended bandwidth. The DFT unit 540 performs DFT having a size corresponding to a
full bandwidth. When using the clustered SC-FDMA signal generator 500, the PAPR
can be decreased, but complexity of a transmitter may be significantly increased since
the DFT size and the IFFT size are significantly increased.

FIG. 10 is a block diagram showing an SC-FDMA signal generator for each PHY in
a multi-RF system.

Referring to FIG. 10, an SC-FDMA signal generator 600 includes a code block seg-
mentation unit 610, a chunk segmentation unit 620, a plurality of channel coding units
630-1....,630-U, a plurality of modulators 640-1,...,640-U, a plurality of DFT units
650-1....,650-U, a plurality of subcarrier mappers 660-1....,660-U, a plurality of IFFT
units 670-1....,670-U, and a CP insertion unit 680. Herein, U denotes the number of
PHYs allocated to a transmitter.

The SC-FDMA signal generator 600 generates U SC-FDMA signals by performing
channel coding, DFT, subcarrier mapping, and IFFT for each of PHYs
(PHY_1....,PHY_U). Each of the SC-FDMA signals subjected to IFFT for each PHY is
multiplied by a center frequency of each PHY, and thereafter the resultant SC-FDMA
signals are added and then are inserted with a CP. The SC-FDMA signal generator 600
can allocate data independently for each PHY. Further, the SC-FDMA signal generator
600 can properly regulate complexity of the transmitter since a maximum DFT size is
limited for one PHY. The SC-FDMA for each PHY is also referred to as chunk
specific SC-FDMA or NxSC-FDMA.

The multi-RF system can have several types of uplink and downlink configurations.
A frequency division duplex (FDD) system or a time division duplex (TDD) system
may have an asymmetric structure in which an uplink bandwidth and a downlink
bandwidth are different from each other. FDD implies that uplink transmission and
downlink transmission are achieved at different frequency bands. TDD implies that
uplink transmission and downlink transmission are achieved at different times.

In the FDD system or the TDD system, the uplink bandwidth and the downlink
bandwidth can be designed to be identical to each other. In this case, the uplink and
downlink may be configured to have a symmetric structure in which the same number
of PHYs exist in both uplink and downlink transmissions or an asymmetric structure in

which the number of PHY differs between uplink and downlink transmissions. In case
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of the asymmetric structure, a specific link may have a higher data throughput. If the
uplink/downlink PHY's have the asymmetric structure in the multi-RF system, system
optimization can be achieved in a flexible manner.

FIG. 11 shows an example in which uplink/downlink PHYs have an asymmetric
structure when FDD and TDD are used in a multi-RF system. A transmission time
interval ('TTI) is a scheduling unit for data transmission. Each of the FDD and the TDD
has an asymmetric structure in which a downlink bandwidth is wider than an uplink
bandwidth.

In a long term evolution (LTE) system using only one PHY, a subframe transmitted
during a TTI consists of a plurality of OFDM symbols and a plurality of subcarriers. A
maximum of three OFDM symbols located in a front portion of a subframe correspond
to a control region to be assigned with a physical downlink control channel (PDCCH).
The remaining OFDM symbols correspond to a data region to be assigned with a
physical downlink shared channel (PDSCH). A UE can read downlink data in-
formation transmitted on the PDSCH by decoding downlink control information
transmitted on the PDCCH.

FIG. 12 shows an exemplary structure of a PDCCH in a multi-RF system.

Referring to FIG. 12, several downlink PHY's are allocated to a UE. Inatype 1, a
control region to which the PDCCH is allocated is distributed throughout several
PHYs. The UE can read downlink data information transmitted through the several
PHYSs by decoding downlink control information transmitted through the PDCCH. The
type 1 can obtain a diversity gain since the PDCCH is distributed throughout the
several PHYs. However, if a specific PHY has a bad channel condition, the PDCCH
transmitted through the specific PHY may be undetectable. In this case, the downlink
data information cannot be received.

A type 2 uses a control region to which only a specific PHY is allocated among the
several PHYs. The UE can read not only downlink data information transmitted
through the specific PHY but also downlink data information transmitted through
another PHY by decoding control information transmitted through the PDCCH. The
type 2 can minimize an amount of the downlink control information. However, when
the specific PHY has a bad channel condition, data information existing in another
PHY may also be undetectable.

A type 3 uses an independent control region for each of a plurality of PHYs. A
PDCCH that carries control information for data information transmitted through each
PHY is allocated to each control region. That is, the UE can read downlink data in-
formation transmitted through a PHY_L by decoding control information transmitted
through a PDCCH that is transmitted through the PHY_L. The type 3 can receive data
of another PHY even if a specific PHY has a bad channel condition. Accordingly, a



WO 2010/016670 PCT/KR2009/004135

[76]

[77]

[78]

[79]

[80]

[81]

[82]

11

system has a robust characteristic. However, when the same control information is
repeated in every PHY, an unnecessary overhead may be generated.

When one or more uplink/downlink PHY's are allocated to one UE in the multi-RF
system, all PHY's may be controlled by one cell to transmit/receive data. Each PHY has
an almost independent channel environment in a multi-cell environment, and thus it is
ineffective to allow one cell to control all PHY's since it disables optimal resource al-
location. Further, when the UE uses multi-cell cooperative system optimization in
which data is transmitted/received simultaneously with respect to a plurality of BSs, an
overhead of control information for inter-cell cooperation is significantly increased.
Furthermore, a great delay may occur since data fed back from the UE is transmitted to
a corresponding BS via other BSs. The occurrence of the great delay may result in a
problem in that a channel change cannot be handled.

A method of transmitting/receiving data by a UE simultaneously with respect to a
plurality of BSs through a plurality of PHY's when one or more uplink/downlink PHY's
are allocated to the UE in a multi-cell environment will be described. In addition, a
method of transmitting/receiving control information effective for configuration of a
multi-cell cooperative system will be described. In the following description, cells or
BSs may be differentiated in accordance with location. Alternatively, cells or BSs may
be differentiated in accordance with a type of sector while the cells or the BSs are
located in the same position.

(1) A method of configuring an uplink system for allocating a plurality of PHYs in a
multi-cell environment

In this method, one or more BSs allocate a plurality of downlink PHYs and/or uplink
PHYs to a UE so that the UE transmits/receives data to/from the one or more BSs at
the same time. Since an SCH is located in each downlink PHY, the UE can perform
cell search for each PHY. The UE can access the plurality of BSs for each PHY having
a good channel condition. A handover can be easily performed since the UE can access
the plurality of BSs.

To apply this method, it is required that the UE can be constructed of both an SC-
FDMA signal generator and an OFDMA signal generator in accordance with each
uplink PHY. In addition, it is also required that the UE can be constructed of an SC-
FDMA signal generator having a combined structure of a clustered SC-FDMA signal
generator (see FIG. 9) and an SC-FDMA signal generator for each PHY (see FIG. 10)
in accordance with each BS.

FIG. 13 is a block diagram showing an SC-FDMA signal generator having a
structure in which a clustered SC-FDMA and an SC-FDMA for each PHY are
combined.

Referring to FIG. 13, an SC-FDMA signal generator 700 includes a code block seg-
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mentation unit 710, a chunk segmentation unit 720, a plurality of channel coding units
730-1,...,730-N, a plurality of modulators 740-1....,740-N, a plurality of DFT units
750-1.,...,750-N, a plurality of subcarrier mappers 760-1....,760-N, a plurality of IFFT
units 770-1,...,770-N, and a CP insertion unit 780.

A PHY 1andaPHY 2 have aformat of clustered SC-FDMA with a 1st DFT unit
750-1. APHY 3 and aPHY U each have a format of an SC-FDMA for each PHY,
and in this format, one PHY has an independent DFT unit. DFT is performed for each
BS. For example, the PHY_1 and the PHY_2 are PHY's that transmit/receive data to/
from the same BS. The remaining PHY's having independent DFT units may be PHY's
that transmit/receive data to/from different BSs. Alternatively, the remaining PHY's
having independent DFT units may be PHY's that transmit/receive data to/from one or
more BSs which use an SC-FDMA for each PHY. As such, the SC-FDMA signal
generator 700 allows one UE to be able to transmit data simultaneously to a BS using a
clustered SC-FDMA and a BS using an SC-FDMA for each PHY.

FIG. 14 is a block diagram showing a signal generator in which a specific PHY uses
OFDMA. A signal generator 800 of FIG. 14 has a structure in which the SC-FDMA
signal generator of FIG. 13 is combined with the OFDMA signal generator 400 of FIG.
8.

Referring to FIG. 14, a PHY_1 and a PHY_2 may be PHYs that transmit data to a BS
using a clustered SC-FDMA scheme. A PHY 3 may a PHY that transmits data to a BS
using an OFDMA scheme. A PHY_U may be a PHY that transmits data to a BS using
an SC-FDMA scheme for each PHY.

Although FIG. 14 shows a signal generator based on the clustered SC-FDMA, the
SC-FDMA for each PHY, and the OFDMA, the signal generator may be constructed
with only a specific combination. Examples of the combination include: A) a signal
generator based on the clustered SC-FDMA and the SC-FDMA for each PHY; B) a
signal generator based on the clustered SC-FDMA and the OFDMA; and C) a signal
generator based on the SC-FDMA for each PHY and the OFDMA. The combination
A, B, or C may be configured if the signal generator is constructed as shown in FIG.
14, and one of the combination A, B, or C is used at a specific time.

(2) A method of obtaining macro diversity by allocating a plurality of PHYs in a
multi-cell environment

FIG. 15 shows an example in which a UE uses 4 PHYs in a multi-RF system.

Referring to FIG. 15, a UE 2200 uses 4 PHYs (i.e., PHY 1, PHY 2, PHY 3,
PHY_4). {PHY_X, PHY_Y} are PHYSs allocated to the UE by a BS. A BS-a 2100a
allocates the PHY 1 and the PHY 2 to the UE. A BS-b 2100b allocates the PHY 3
and the PHY_4 to the UE. The UE can transmit/receive data to/from the two BSs
2100a and 2100b at the same time.
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When using an FDD system, {PHY_X, PHY_Y} may be both downlink PHYs or
uplink PHYSs. Alternatively, one of them may be a downlink PHY, and the other may

be an uplink PHY. More specifically, a method of allocating an uplink PHY
(UL_PHY) and a downlink PHY (DL_PHY) by a BS to a UE in a multi-RF system

may be used in 9 cases as shown in the following table.

Table 1
[Table 1]

Multiple UL_PHY

Single UL_PHY

No UL_PHY

Multiple DL_PHY

Case 1

Case 2

Case 3

Single DL_PHY

Case 4

Case 5

Case 6

NoDL_PHY

Case 7

Case 8

Case 9

[92] For example, if each of a BS-a and a BS-b allocates uplink/downlink PHY's to a UE
in Case 5, the UE can transmit/receive data to/from the BS-a and the BS-b at the same
time. In another example, if the BS-a allocates an uplink/downlink PHY to the UE in
Case 1 and the BS-b allocates an uplink/downlink PHY to the UE in Case 9, the BS-a
allocates all uplink/downlink PHYs. In this case, the UE can transmit/receive data to/
from only the BS-a. A PHY used by the UE may be determined by the UE or the BS.

(93] The multi-RF system can additionally configure a common PHY. The common PHY
is a PHY used by one or more BSs for one UE at the same time. For example, it is
assumed that one UE uses 3 PHYs. The BS-a transmits control information (e.g.,
{BS-a: PHY_1, PHY_2}) indicating that the PHY_1 and the PHY_2 are allocated to
the UE. The BS-b transmits control information (e.g., {BS-b: PHY_2, PHY_3}) in-
dicating that the PHY_2 and the PHY_3 are allocated to the UE. In this case, the
PHY_2 is acommon PHY. The BS-a and the BS-b can transmit data simultaneously to
the UE through the PHY 2. If one UE transmits/receives data to/from a plurality BSs
at the same time, a macro diversity gain based on the plurality of BSs can be easily
obtained. For example, if a channel condition of the PHY_1 and the PHY_2 which are
used to transmit/receive data to/from the BS-a is rapidly decreased, the data can be
transmitted/received through a PHY_3. The common PHY can be used for re-
transmission based on hybrid automatic repeat request (HARQ). In addition, the
common PHY can also be used for a voice over Internet protocol (VolP) requiring high
reliability.

[94] The UE can receive the same data simultaneously from two BSs through different
PHYs. In addition, the two BSs can simultaneously transmit data through a common
PHY. The two BSs can simultaneously transmit the same data by using identical or

different resources. In this case, RF combining or soft combining can be used.
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(3) A method of cancelling multi-cell interference by allocating a plurality of PHYs
in a multi-cell environment

When a plurality of BSs allocate a plurality of PHYs to one UE, the UE can transmit/
receive data to/from the plurality of BSs at the same time. Information regarding in-
terference generated between the BSs may be reported to each BS to effectively
decrease an amount of inter-cell interference.

For example, it is assumed that the wireless communication system of FIG. 15 is an
FDD system. It is also assumed that the BS-a 2100a allocates the PHY 1 as a
downlink channel to the UE 2200 and allocates the PHY 2 as an uplink channel to the
UE 2200, and the BS-b 21000b allocates the PHY 3 as a downlink channel to the UE
2200 and allocates the PHY_4 as an uplink channel to the UE 2200. The UE 2200 uses
uplink/downlink channels for both of the two adjacent BSs. In this case, if a full
frequency band used by the BS-a 2100a is identical to that used by the BS-b 2100b, the
PHY_1 used by the BS-b 2100b may generate interference to downlink data received
by the UE 2200 from the BS-a 2100a. The UE 2200 can feed back information to the
BS-b 2100b by using a feedback channel, wherein the information is in regard to in-
terference generated for the PHY _1 by the BS-b 2100b. The feedback channel can use
the PHY_4 that is an uplink PHY allocated by the BS-b 2100b. The BS-b 2100b can
control interference by using feedback information transmitted from the UE 2200.

Examples of the information regarding interference and fed back from the UE
include information regarding precoding that generates great interference, a location of
resources allocated to the UE, spatial location information of the UE, information
regarding power control that can regulate an amount of interference, a transmission
scheme used by the UE, etc. The UE can combine one or a plurality of pieces of the in-
formation regarding interference, and then can feed back the combined information.

(4) A method of configuring a cooperative multi-cell system by allocating a plurality
of PHYs in a multi-cell environment

FIG. 16 shows a method of configuring a cooperative multi-cell system by allocating
a plurality of PHY's in a multi-cell environment.

Referring to FIG. 16, BSs 3100a and 3100b each can share information between the
BSs 3100a and 31000b via a backhaul 3300. The BSs 3100a and 3100b each can share
information indicating a specific BS to which each PHY used by a UE 3200 is
allocated via the backhaul 3300. If multiple cells or multiple BSs are constructed of
different sectors or different forms while the multiple cells or the multiple BSs are
located in the same position, the backhaul may consist of a specific channel internally
constructed in the cells or the BSs. In addition, the BSs 3100a and 3100b each can
share information between the BSs 3100a and 3100b through an X2 interface. The BSs
3100a and 3100b can be interconnected through the X2 interface. In this case, the BSs
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3100a and 3100b can be connected through the X2 interface by means of the UE 3200.
The X2 interface coupled with the BSs 3100a and 3100b and the UE 3200 can be
equipped as a channel for controlling a cluster constructed between neighboring cells.
A delay problem of the X2 interface can be solved by configuring the X2 interface by
means of the UE. In addition, the UE 3200 can allow the BSs 3100a and 3100b to
share information between the BSs 3100a and 3100b through respective uplink
channels.

The UE 3200 can be replaced with a relay station, a repeater, a femtocell, etc. The
part of the femtocell can perform the role of a BS.

As such, reliability of wireless communication can be increased by sharing in-
formation between BSs. For example, if errors occur continuously in an uplink channel
of a specific BS, another BS transmits data to a UE to configure a highly reliable
uplink system.

(5) Soft handover by allocating a plurality of PHYs in a multi-cell environment

In general, if a UE is moved to a BS-b while receiving a packet A from a BS-a, the
BS-a cannot transmit the packet A to the UE. Therefore, the BS-b retransmits the
packet A to the UE after a handover process. There is a need for a method capable of
maintaining data communication if a UE is moved to a neighboring cell in case of
which a plurality of BSs allocate a plurality of PHY's to the UE.

For example, it is assumed that the BS-a allocates a PHY 1 as a downlink channel to
the UE, the BS-b allocates a PHY_3 as a downlink channel to the UE, and the UE
transmits/receives data to/from the BSs at the same time, In addition, it is also assumed
that the UE receives the packet A from the BS-a through the PHY 1. If the UE is
moved to the BS-b during the packet A is received, the BS-b can transmit the packet A
through the PHY_3. In this case, the BS-b can transmit the packet A through the
PHY_3 by using the following methods.

First, a piggyback method can be used. If the BS-b transmits a packet A, the BS-b
can convert the packet A into a format of a packet B which is generally used as the
format of a transmitted packet in the PHY_3. Alternatively, the packet A can be
transmitted by being included in the packet B. The packet A may be entirely or
partially included in data transmission part of the packet B. If the packet A is
transmitted by being entirely or partially included in the packet B, it is possible to
maintain a format of the packet A. If the BS-b transmits the packet A by using the
piggyback method, the UE has to recognize that the packet A is transmitted through
the PHY 3.

Second, a method of sharing a UE identifier (ID) can be used. In this method, a
packet A to which the UE ID used by the BS-a is directly applied is transmitted
through the PHY_3. If the packet A to which the UE ID used only by the BS-a is
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applied is received from the BS-b, the UE recognizes that the packet A is transmitted
via the BS-b. In this case, the UE ID used by the BS-a must not be used by the BS-b.
For this, specific BSs can constitute a cluster, and a UE ID cannot be reused in the
cluster.

Third, a method of sharing a cell ID and a UE ID can be used. In this method, a
packet A to which the cell ID and the UE ID used by the BS-a are directly applied is
transmitted through the PHY 3. Accordingly, the UE can recognize that the packet A
is transmitted from the BS-b through the PHY _3.

FIG. 17 is a flow diagram showing a method of transmitting data according to an em-
bodiment of the present invention.

Referring to FIG. 17, a UE transmits first data through a first physical channel to a
first BS (step S110). The UE transmits second data through a second physical channel
to a second BS (step S120). The first data and the second data are simultaneously
transmitted.

Each of the first data and the second data may be transmitted using a different
multiple access scheme. For example, the first data may be transmitted on a SC-FDMA
signal, and the second data may be transmitted on an OFDMA signal.

The first data may comprise information regarding the second BS, and the second
data may comprise information regarding the first BS.

FIG. 18 is a flow diagram showing a method of transmitting data according to
another embodiment of the present invention.

Referring to FIG. 18, a UE transmits first data through a first physical channel to a
first BS (step S210). The UE transmits second data through a second physical channel
to a second BS (step S220). The first data and the second data are simultaneously
transmitted. The UE receives third data through a third physical channel from the first
BS (step S230). The UE transmits interference information through the second
physical channel to the second BS (step S240). The interference information is in-
formation regarding interference generated for the third physical channel by the second
BS. The third data may be received on an OFDMA signal.

FIG. 19 is a flow diagram showing a method of transmitting data according to
another embodiment of the present invention.

Referring to FIG. 19, a UE transmits first data through a first physical channel to a
first BS (step S310). The UE transmits second data through a second physical channel
and third data through a third physical channel to a second BS (step S320). The first
data, the second data, and the third data are simultaneously transmitted. The second
data and the third data may be transmitted using a clustered SC-FDMA scheme.

The aforementioned multi-RF system based on a plurality of PHY's can also apply to

a relay station, a repeater or a femtocell which are used to increase a cell coverage in a
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multi-cell environment. The aforementioned BS may be a system (or a transmitter/
receiver) which is used to transmit/receive radio data with a specific coverage. For
example, the BS may be the relay station, the repeater, or the femtocell. Therefore, a
plurality of BSs may be different types of transmitters/receivers. For example, the BS-a
may be a general BS, the BS-b may be the relay station, the repeater, the femtocell, or
the like.

As such, in a multi-RF system of a multi-cell environment, a plurality of PHY's can
be simultaneously allocated to one UE by a plurality of BSs so that data can be
transmitted to and received from the plurality of BSs. Accordingly, performance of a
UE located in a cell edge can be improved. Further, information regarding inter-cell in-
terference can be transmitted to a neighboring cell without a great delay, and thus a
multi-cell system can be optimized. Furthermore, if the UE moves from one BS to
another BS, data can be shared between the BSs to enable a handover satisfying quality
of service (QoS).

In view of the exemplary systems described herein, methodologies that may be im-
plemented in accordance with the disclosed subject matter have been described with
reference to several flow diagrams. While for purposed of simplicity, the
methodologies are shown and described as a series of steps or blocks, it is to be un-
derstood and appreciated that the claimed subject matter is not limited by the order of
the steps or blocks, as some steps may occur in different orders or concurrently with
other steps from what is depicted and described herein. Moreover, one skilled in the art
would understand that the steps illustrated in the flow diagram are not exclusive and
other steps may be included or one or more of the steps in the example flow diagram
may be deleted without affecting the scope and spirit of the present disclosure.

What has been described above includes examples of the various aspects. It is, of
course, not possible to describe every conceivable combination of components or
methodologies for purposes of describing the various aspects, but one of ordinary skill
in the art may recognize that many further combinations and permutations are possible.
Accordingly, the subject specification is intended to embrace all such alternations,
modifications and variations that fall within the spirit and scope of the appended

claims.
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Claims

A method of transmitting data in a multi-radio frequency (RF) system,
carried in a user equipment (UE), the method comprising:

transmitting first data through a first physical channel to a first base
station (BS); and

transmitting second data through a second physical channel to a second
BS,

wherein the first data and the second data are simultaneously
transmitted.

The method of claim 1, wherein the first data is transmitted on a single
carrier-frequency division multiple access (SC-FDMA) signal, and the
second data is transmitted on an orthogonal frequency division multiple
access (OFDMA) signal.

The method of claim 1, wherein the first data comprises information
regarding the second BS, and the second data comprises information
regarding the first BS.

The method of claim 1, further comprising:

receiving third data through a third physical channel from the first BS;
and

transmitting interference information through the second physical
channel to the second BS,

wherein the interference information is information regarding in-
terference generated for the third physical channel by the second BS.
The method of claim 3, wherein the third data is received on an
OFDMA signal.

A method of transmitting data in a multi-RF system, carried in a UE,
the method comprising:

transmitting first data through a first physical channel to a first BS; and
transmitting second data through a second physical channel and third
data through a third physical channel to a second BS,

wherein the first data, the second data, and the third data are simul-
taneously transmitted.

The method of claim 6, wherein the transmitting of the first data
comprises:

generating a first frequency-domain symbol by performing discrete
Fourier transform (DFT) on the first data;

generating a first SC-FDMA signal by performing inverse fast Fourier
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transform (IFFT) on the first frequency-domain symbol; and
transmitting the first SC-FDMA signal through the first physical
channel, and

wherein the transmitting of the second data and the third data
comprises:

generating a second frequency-domain symbol by performing DFT on
the second data and the third data;

generating a second SC-FDMA signal by performing IFFT on the
second frequency-domain symbol; and

transmitting the second SC-FDMA signal through the second physical
channel; and the third physical channel.

A user equipment comprising:

a radio frequency (RF) unit transmitting and/or receiving a radio signal;
and

a processor coupled with the RF unit and configured to:

transmit first data through a first physical channel to a first BS; and
transmit second data through a second physical channel to a second BS,
wherein the first data and the second data are simultaneously

transmitted.
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[Fig. 16]
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[Fig. 18]

1st BS | UE |2nd BS

1st data through 1st PHY |2nd data through 2nd PHY
S2101—~ ~S220

3rd data through 3rd PHY
S23017

Interference information
through 2nd PHY

~5240

[Fig. 19]

1st BS UE 2nd BS

2nd data through 2nd PHY
1st data through 1st PHY |and 3rd data through 3rd PHY
S3101~ ~

~5320




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings

