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(57) ABSTRACT 

A method and an apparatus of transmitting data in a multi 
radio frequency (RF) system are provided. The method 
includes transmitting ?rst data through a ?rst physical chan 
nel to a ?rst base station (BS), transmitting second data 
through a second physical channel to a second BS, Wherein 
the ?rst data and the second data are simultaneously trans 
mitted. 
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METHOD AND APPARATUS OF 
TRANSMITTING DATA IN MULTIPLE RF 

SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to Wireless communi 
cations, and more particularly, to a method and an apparatus 
of transmitting data in a multiple radio frequency (multi-RF) 
system. 

BACKGROUND ART 

[0002] 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 com 
munication system is a multiple access system capable of 
supporting communication 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 divi 
sion multiple access (FDMA) system, a time division mul 
tiple access (TDMA) system, an orthogonal frequency divi 
sion multiple access (OFDMA) system, a single carrier 
frequency division multiple access (SC-FDMA) system, etc. 
[0003] 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 (U E) in terms of 
transmission poWer e?iciency, 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 V8.20 (2008-03) “Technical Speci?ca 
tion Group Radio Access Network; Evolved Universal Ter 
restrial Radio Access (E-UTRA); Physical channels and 
modulation (Release 8)”. 
[0004] In a typical Wireless communication system, one 
radio frequency (RF) is considered in general even if a band 
Width 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 terminology, such as carrier fre 
quency, center frequency, component carrier, etc. In the 3GPP 
LTE, the number of RFs constituting the uplink or the doWn 
link 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 dif?cult to allocate frequencies of Wide 
bandWidths. As a technique for effectively using fragmented 
small RFs, a spectrum aggregation (also referred to as band 
Width 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 plu 
rality of physically non-contiguous RFs in 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 
allocating 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 com 
patibility With a legacy system. 

Jun. 9, 2011 

[0005] Accordingly, there is a need for a method of effec 
tively transmitting data in a multi-RF system. 

DISCLOSURE OF INVENTION 

Technical Problem 

[0006] The present invention provides a method and an 
apparatus of transmitting data in a multi-radio frequency (RF) 
system. 

Solution to Problem 

[0007] In an aspect, a method of transmitting data in a 
multi-radio frequency (RF) system, carried in a user equip 
ment (UE), is provided. The method includes transmitting 
?rst data through a ?rst physical channel to a ?rst base station 
(BS) and transmitting second data through a second physical 
channel to a second BS, Wherein the ?rst data and the second 
data are simultaneously transmitted. 

[0008] Preferably, the ?rst data is transmitted on a single 
carrier-frequency division multiple access (SC-FDMA) sig 
nal, and the second data is transmitted on an orthogonal 
frequency division multiple access (OFDMA) signal. 
[0009] Preferably, the ?rst data comprises information 
regarding the second BS, and the second data comprises 
information regarding the ?rst BS. 
[0010] Preferably, the method further includes receiving 
third data through a third physical channel from the ?rst 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. 
[0011] Preferably, the third data is received on an OFDMA 
signal. 
[0012] In another aspect, a method of transmitting data in a 
multi-RF system, carried in a UE, is provided. The method 
includes transmitting ?rst data through a ?rst physical chan 
nel to a ?rst BS and transmitting second data through a second 
physical channel and third data through a third physical chan 
nel to a second BS, Wherein the ?rst data, the second data, and 
the third data are simultaneously transmitted. 

[0013] Preferably, the transmitting of the ?rst data includes 
generating a ?rst frequency-domain symbol by performing 
discrete Fourier transform (DFT) on the ?rst data, generating 
a ?rst SC-FDMA signal by performing inverse fast Fourier 
transform (IFFT) on the ?rst frequency-domain symbol, and 
transmitting the ?rst SC-FDMA signal through the ?rst 
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 transmit 
ting the second SC-FDMA signal through the second physi 
cal channel; and the third physical channel. 
[0014] In still another aspect, a user equipment (UE) is 
provided. The UE includes a radio frequency (RF) unit trans 
mitting and/or receiving a radio signal, and a processor 
coupled With the RF unit and con?gured to transmit ?rst data 
through a ?rst physical channel to a ?rst BS and transmit 
second data through a second physical channel to a second 
BS, Wherein the ?rst data and the second data are simulta 
neously transmitted. 
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Advantageous Effects of Invention 

[0015] A method and an apparatus of effectively transmit 
ting data in a multi-radio frequency (RF) system can be pro 
vided. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 is a block diagram showing a Wireless com 
munication system. 
[0017] FIG. 2 is a block diagram showing an apparatus for 
a Wireless communication. 
[0018] FIG. 3 shoWs the concept ofa Wireless communica 
tion system using multiple radio frequencies (RFs). 
[0019] FIG. 4 shoWs an example of a transmitter and a 
receiver in a multi-RF system. 
[0020] FIG. 5 shoWs an example of a plurality of physical 
channels. 
[0021] FIG. 6 shoWs an example of a bandWidth used by a 
physical channel. 
[0022] FIG. 7 shoWs an example ofa multi-RF system. 
[0023] FIG. 8 is a block diagram shoWing an orthogonal 
frequency division multiple access (OFDMA) signal genera 
tor in a multi-RF system. 
[0024] FIG. 9 is a block diagram shoWing a clustered single 
carrier-frequency division multiple access (SC-FDMA) sig 
nal generator in a multi-RF system. 
[0025] FIG. 10 is a block diagram shoWing an SC-FDMA 
signal generator for each physical channel in a multi-RF 
system. 
[0026] FIG. 11 shoWs an example in Which uplink/doWn 
link physical channels have an asymmetric structure When 
frequency division duplex (FDD) and time division duplex 
(TDD) are used in a multi-RF system. 
[0027] FIG. 12 shoWs an exemplary structure of a physical 
doWnlink control channel (PDCCH) in a multi-RF system. 
[0028] 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 com 
bined. 
[0029] FIG. 14 is a block diagram shoWing a signal genera 
tor in Which a speci?c physical channel uses OFDMA. 
[0030] FIG. 15 shoWs an example in Which a user equip 
ment uses 4 physical channels in a multi-RF system. 
[0031] FIG. 16 shoWs a method of con?guring a coopera 
tive multi-cell system by allocating a plurality of physical 
channels in a multi-cell environment. 
[0032] FIG. 17 is a How diagram shoWing a method of 
transmitting data according to an embodiment of the present 
invention. 
[0033] FIG. 18 is a How diagram shoWing a method of 
transmitting data according to another embodiment of the 
present invention. 
[0034] FIG. 19 is a How diagram shoWing a method of 
transmitting data according to another embodiment of the 
present invention. 

MODE FOR THE INVENTION 

[0035] FIG. 1 is a block diagram shoWing a Wireless com 
munication system. 
[0036] Referring to FIG. 1, a Wireless communication sys 
tem 100 includes at least one base station (BS) 110. The BSs 
110 provide communication services With respect to speci?c 
geographical regions (generally referred to as cells) 105a, 
105b, and 1050. Each cell can be divided into a plurality of 
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regions (referred to as sectors). A user equipment (UE) 120 
may be ?xed 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 ?xed 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. 
[0037] 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 ofthe BS 110 and a receiver may be a part ofthe 
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. 

[0038] 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 cellu 
lar system in Which another cell is adjacent to the serving cell. 
The adjacent another cell is referred to as a neighboring cell. 
[0039] 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) anten 
nas. 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. 
[0040] 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. 

[0041] 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, a 
radio frequency (RF) unit 53, a display unit 54, and a user 
interface unit 55. The processor 51 may be con?gured 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 con?gured to implement functions, 
procedures to be proposed beloW and/or methods described 
beloW in this description. Layers of the radio interface proto 
col 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 ?les). 
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 con?gured 
With a combination of Well-known user interfaces such as a 

keypad, a touch screen, etc. The RF unit 53 is operatively 
coupled With the processor 51 and transmits and/or receives 
radio signals. 
[0042] The processor 51 may include application-speci?c 
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), ?ash 
memory, memory card, storage medium and/ or other storage 
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device. The RF units 53 may include baseband circuitry to 
process radio frequency signals. When the embodiments are 
implemented 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 pro 
cessor 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. 

[0043] FIG. 3 shoWs the concept ofa Wireless communica 
tion system using multiple RFs. 
[0044] 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 
concurrently can transmit data to one UE by using one or 
more RFs. In uplink, the UE can also transmit data to the BS 
by using one or more RFs. 
[0045] FIG. 4 shoWs an example of a transmitter and a 
receiver in a multi-RF system. 
[0046] 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 3 00. In doWnlink, the transmitter 200 may be a part of 
a BS, and the receiver 300 may be a part ofa UE. In uplink, the 
transmitter 200 may be a part of the UE, and the receiver 300 
may be a part ofthe BS. 
[0047] 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 PHYs. The receiver 300 includes a multi-RF 

demultiplexer 310, a plurality ofPHYs 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 PHYs 
of the transmitter 200 may be identical to or different from the 
number L of PHYs of the receiver 300. 
[0048] 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 multiplexer 
220 combines the Tx radio signals so that the Tx radio signals 
can be simultaneously transmitted on the M PHYs. The com 
bined 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 PHYs 320-1, . . . , 

320-L. The PHYs 320-1, . . . , 320-L recover the baseband 

signals. 
[0049] All transmission/reception methods used in a Wire 
less 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 con?gured When the Wireless communication system 
using multiple RFs is con?gured. Alternatively, one RF mod 
ule can be used to sequentially convert or recover baseband 
signals of several PHYs. 
[0050] FIG. 5 shoWs an example ofa plurality of PHYs. 
[0051] Referring to FIG. 5, N multiple RFs may consist of 
M PHYs having a speci?c bandWidth (BW). Among the M 
PHYs, an mth PHY (hereinafter, PHY_m) has a bandWidth of 
NIFFTJHAfM (Where m:1, . . . , M). Herein, NIFFT’M denotes an 
inverse fast Fourier transform (IFFT) siZe of the PHY_m, and 
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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 fcm. The 
center frequency is also referred to as a carrier frequency. 
Center frequencies of the respective PHYs may be arranged 
With a regular interval or an irregular interval. 
[0052] 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. 

[0053] FIG. 6 shoWs an example of a bandWidth used by a 
PHY. 
[0054] Referring to FIG. 6, if it is assumed that a maximum 
bandWidth of the PHY is 20 MHZ, the PHY can use a band 
Width (e.g., 10 MHZ, 5 MHZ, 2.5 MHZ, or 1.25 MHZ) nar 
roWer than the maximum bandWidth. Regardless of a band 
Width 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 synchroniZa 
tion 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 PHYs are allocated to the UE, cell 
search may be performed for each PHY or may be performed 
only for a speci?c PHY. 
[0055] 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?L, 
Where M and L are natural numbers). Herein, L may differ 
depending on a type of the UE. 
[0056] FIG. 7 shoWs an example of a multi-RF system. 
[0057] Referring to FIG. 7, a multi-RF system 1000 
includes a plurality of BSs 1100a, 1100b, and 11000, a UE 
1200, and a backhaul 1300. The BSs 1100a, 1100b, and 
11000 each have a plurality of PHYs (see FIG. 5). The plu 
rality 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 11000 all use the same frequency 
band and may have the same number of PHYs. The backhaul 
1300 alloWs the BSs 1100a, 1100b, and 11000 to share infor 
mation one another. The BS-a 1100a provides a communica 
tion 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 PHYs 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 10050 are neighbor 
ing cells. When the UE 1200 moves to the neighboring cell 
1005b or 10050, a handover process is performed. 
[0058] A multiple access method applicable to each of the 
uplink and the doWnlink includes orthogonal frequency divi 
sion multiple access (OFDMA), single carrier-frequency 
division multiple access (SC-FDMA), etc. The SC-FDMA is 
also referred to as discrete fourier transform spread-orthogo 
nal 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. 
[0059] FIG. 8 is a block diagram shoWing an OFDMA 
signal generator in a multi-RF system. 
[0060] Referring to FIG. 8, an OFDMA signal generator 
400 includes a serial to parallel (S/P) converter 410, a sub 
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carrier mapper 420, an IFFT unit 430, and a cyclic pre?x (CP) 
insertion unit 440. Coded symbols can be generated by per 
forming channel coding and/or modulation on information 
bits. The coded symbols are serially inputted to the S/P con 
verter 410. The 8/1’ converter 410 output the coded symbols 
parallel. The subcarrier mapper 420 maps the coded symbols 
to respective subcarriers, and properly inserts ‘0’ to the sub 
carriers. 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 inter 
ference (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 allo 
cate the resources to only a speci?c frequency band having a 
good channel condition. Therefore, optimal channel-adaptive 
resource allocation can be achieved in a frequency selective 
channel. 

[0061] 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 suit 
able for an UE located in a cell edge since maximum Rx 
poWer is limited. 

[0062] FIG. 9 is a block diagram shoWing a clustered SC 
FDMA signal generator in a multi-RF system. 
[0063] 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 plural 
ity of ?lter & 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 sub 
carrier, and properly inserts ‘0’ to each subcarrier. The ?lter & 
cyclic extension units 560-1, . . . , 560-U perform ?ltering 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 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 car 
rier property and has a loW PAPR in comparison With OFDM. 

[0064] In the clustered SC-FDMA signal generator 500, a 
DFT siZe and an IFFT siZe are increased to ?t 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 signi?cantly increased 
since the DFT siZe and the IFFT siZe are signi?cantly 
increased. 
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[0065] FIG. 10 is a block diagram shoWing an SC-FDMA 
signal generator for each PHY in a multi-RF system. 
[0066] Referring to FIG. 10, an SC-FDMA signal generator 
600 includes a code block segmentation 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. 
[0067] The SC-FDMA signal generator 600 generates U 
SC-FDMA signals by performing channel coding, DFT, sub 
carrier 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 speci?c SC-FDMA or NxSC 
FDMA. 
[0068] The multi-RF system can have several types of 
uplink and doWnlink con?gurations. A frequency division 
duplex (FDD) system or a time division duplex (TDD) system 
may have an asymmetric structure in Which an uplink band 
Width 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. 

[0069] 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 con?gured 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 num 
ber of PHY differs betWeen uplink and doWnlink transmis 
sions. In case of the asymmetric structure, a speci?c link may 
have a higher data throughput. If the uplink/doWnlink PHYs 
have the asymmetric structure in the multi-RF system, system 
optimiZation can be achieved in a ?exible manner. 

[0070] FIG. 11 shoWs an example in Which uplink/doWn 
link 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. 
[0071] 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 information transmitted on the 
PDSCH by decoding doWnlink control information transmit 
ted on the PDCCH. 

[0072] FIG. 12 shoWs an exemplary structure of a PDCCH 
in a multi-RF system. 

[0073] Referring to FIG. 12, several doWnlink PHYs are 
allocated to a UE. In a type 1, a control region to Which the 
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PDCCH is allocated is distributed throughout several PHYs. 
The UE can read doWnlink data information transmitted 
through the several PHYs 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 speci?c PHY has 
a bad channel condition, the PDCCH transmitted through the 
speci?c PHY may be undetectable. In this case, the doWnlink 
data information cannot be received. 
[0074] A type 2 uses a control region to Which only a 
speci?c PHY is allocated among the several PHYs. The UE 
can read not only doWnlink data information transmitted 
through the speci?c PHY but also doWnlink data information 
transmitted through another PHY by decoding control infor 
mation transmitted through the PDCCH. The type 2 can mini 
miZe an amount of the doWnlink control information. HoW 
ever, When the speci?c PHY has a bad channel condition, data 
information existing in another PHY may also be undetect 
able. 
[0075] A type 3 uses an independent control region for each 
of a plurality of PHYs. A PDCCH that carries control infor 
mation for data information transmitted through each PHY is 
allocated to each control region. That is, the UE can read 
doWnlink data information 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 speci?c PHY has a bad channel 
condition. Accordingly, a system has a robust characteristic. 
HoWever, When the same control information is repeated in 
every PHY, an unnecessary overhead may be generated. 
[0076] When one or more uplink/doWnlink PHYs are allo 
cated to one UE in the multi-RF system, all PHYs 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 PHYs since it disables optimal resource allocation. 
Further, When the UE uses multi-cell cooperative system 
optimiZation in Which data is transmitted/received simulta 
neously With respect to a plurality of BSs, an overhead of 
control information for inter-cell cooperation is signi?cantly 
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. 
[0077] A method of transmitting/receiving data by a UE 
simultaneously With respect to a plurality of BSs through a 
plurality of PHYs When one or more uplink/doWnlink PHYs 
are allocated to the UE in a multi-cell environment Will be 
described. In addition, a method of transmitting/receiving 
control information effective for con?guration 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 differenti 
ated in accordance With a type of sector While the cells or the 
BSs are located in the same position. 

(1)A Method of Con?guring an Uplink System forAllocating 
a Plurality of Phys in a Multi-Cell Environment 

[0078] 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 
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channel condition. A handover can be easily performed since 
the UE can access the plurality of BSs. 

[0079] 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 con 
structed 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. 
[0080] 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. 

[0081] Referring to FIG. 13, an SC-FDMA signal generator 
700 includes a code block segmentation 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. 

[0082] A PHY_l and a PHY_2 have a format of clustered 
SC-FDMA With a 1st DFT unit 750-1. A PHY_3 and a 
PHY_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_l and 
the PHY_2 are PHYs that transmit/receive data to/ from the 
same BS. The remaining PHYs having independent DFT 
units may be PHYs that transmit/receive data to/from differ 
ent BSs. Alternatively, the remaining PHYs having indepen 
dent DFT units may be PHYs 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. 

[0083] FIG. 14 is a block diagram shoWing a signal genera 
tor in Which a speci?c 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. 

[0084] Referring to FIG. 14, a PHY_l 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. 

[0085] Although FIG. 14 shoWs a signal generatorbased on 
the clustered SC-FDMA, the SC-FDMA for each PHY, and 
the OFDMA, the signal generator may be constructed With 
only a speci?c 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 genera 
tor 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 con 
?gured if the signal generator is constructed as shoWn in FIG. 
14, and one of the combinationA, B, or C is used at a speci?c 
time. 

(2) A Method of Obtaining Macro Diversity by Allocating a 
Plurality of Phys in a Multi-Cell Environment 

[0086] FIG. 15 shoWs an example in Which a UE uses 4 
PHYs in a multi-RF system. 
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[0087] Referring to FIG. 15, a UE 2200 uses 4 PHYs (i.e., 
PHY_1, PHY_2, PHY_3, PHYA) {PHY_X, PHY_Y} are 
PHYs 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. 
[0088] When using an FDD system, {PHY_X, PHY_Y} 
may be both doWnlink PHYs or uplink PHYs. Alternatively, 
one of them may be a doWnlink PHY, and the other may be an 
uplink PHY. More speci?cally, 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 

Multiple Single No 
ULiPHY ULiPHY ULiPHY 

Multiple DLiPHY Case 1 Case 2 Case 3 
Single DLiPHY Case 4 Case 5 Case 6 
No DLiPHY Case 7 Case 8 Case 9 

[0089] For example, if each ofa BS-a and a BS-b allocates 
uplink/doWnlink PHYs to a UE in Case 5, the UE can trans 
mit/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. 
[0090] The multi-RF system can additionally con?gure 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 con 

trol information (e.g., {BS-a: PHYil, PHYi2}) indicating 
that the PHYil and the PHYi2 are allocated to the UE. The 
BS-b transmits control information (e.g., {BS-b: PHYiZ, 
PHYi3}) indicating that the PHYi2 and the PHYi3 are 
allocated to the UE. In this case, the PHYi2 is a common 
PHY. The BS-a and the BS-b can transmit data simulta 
neously to the UE through the PHYiz. 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 trans 
mitted/received through a PHY_3. The common PHY can be 
used for retransmission based on hybrid automatic repeat 
request (HARQ). In addition, the common PHY can also be 
used for a voice over Internet protocol (VoIP) requiring high 
reliability. 
[0091] 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. 

(3) A Method of Cancelling Multi-Cell Interference by Allo 
cating a Plurality of Phys in a Multi-Cell Environment 

[0092] When a plurality of BSs allocate a plurality of PHYs 
to one UE, the UE can transmit/receive data to/from the 
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plurality of BSs at the same time. Information regarding 
interference generated betWeen the BSs may be reported to 
each BS to effectively decrease an amount of inter-cell inter 
ference. 
[0093] For example, it is assumed that the Wireless com 
munication system of FIG. 15 is an 
[0094] 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 2100b allocates the PHYi3 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 PHYil 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 interference generated 
for the PHY_1 by the BS-b 2100b. The feedback channel can 
use the PHYM 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. 
[0095] 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 information regarding interference, and then can feed 
back the combined information. 

(4) A Method of Con?guring a Cooperative Multi-Cell Sys 
tem by Allocating a Plurality of Phys in a Multi-Cell Envi 
ronment 

[0096] FIG. 16 shoWs a method of con?guring a coopera 
tive multi-cell system by allocating a plurality of PHYs in a 
multi-cell environment. 
[0097] Referring to FIG. 16, BSs 3100a and 3100b each 
can share information betWeen the BSs 3100a and 3100b via 
a backhaul 3300. The BSs 3100a and 3100b each can share 
information indicating a speci?c 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 speci?c channel internally constructed in the cells or the 
BSs. In addition, the BSs 3100a and 3100b each can share 
informationbetWeen 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 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 con 
?guring the X2 interface by means of the UE. In addition, the 
UE 3200 can alloW the BSs 3100a and 3100b to share infor 
mation betWeen the BSs 3100a and 3100b through respective 
uplink channels. 
[0098] The UE 3200 can be replaced With a relay station, a 
repeater, a femtocell, etc. The part of the femtocell can per 
form the role of a BS. 






