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CONTROL CHANNEL TRANSMISSION METHOD AND
APPARATUS FOR TRANSMITTING DEDICATED REFERENCE
SIGNAL IN WIRELESS COMMUNICATION SYSTEM

Field

[1] The present invention relates generally to a wireless communication system and,
more particularly, to a Dedicated Control CHannel (DCCH) transmission method and

apparatus for transmitting Dedicated Reference Signal (DRS) in a wireless communication

system.

Background

|2]  Mobile communication systems have been developed in order to provide
subscribers with voice communication services while they are on the move. Mobile
communication systems have evolved to support high-speed data communication services
as well as standard voice communication services. However, limited resource and user
requirements for higher speed services in current mobile communication systems have

spurred the evolution of more advanced mobile communication systems.

[3] The next generation mobile communication systems of the 3rd Generation
Partnership Project (3GPP), Long Term Evolution (LTE) and LTE-Advanced (LTE-A), are
currently being standardized. LTE-A 1s a technology for realizing high speed packet-based
communication at about up to 1 Gigabit per second (Gbps). In order to achieve this speed,
several schemes, such as network multiplexing, are being developed for deploying multiple

overlapped evolved Node Bs (eNBs) in a specific area and increasing frequency bands

supported by an eNB.

[4] In LTE, the control channel 1s designed based on the distributed transmission
concept. This concept aims to minimize and distribute inter-cell interference and
max1imize {requency diversity gain. LTE-A is designed in consideration of an environment
having high inter-cell interference probability due to the very closely deployed cells.
Accordingly, the control channel designed based on the distributed transmission scheme

inevitably has inter-cell interference. Particularly, in LTE-A supporting Multi-User-
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Multiple Input Multiple Output (MU-MIMO) transmission, it is difficult to fulfill the

performance requirement with the control channel designed for LTE.

Summary of the Invention

[5] Accordingly, a new control channel 1s being developed for transmission on a specific
frequency region. Since this specific frequency region is received by a specific User
Equipment (UE), the transmission 1s made based on a dedicated reference signal. A new

dedicated control channel region is defined for the UE.

6] The present invention has been made to address at least the above problems and/or
disadvantages and to provide the advantages described below. Accordingly, an aspect of the
present invention provides a control channel transmission method and apparatus that is capable
of efficiently managing the ratio between the a control channel region carrying a common
reference signal and a dedicated control channel region carrying a dedicated reference signal,
while maintaining the control channel reception efficiency without an extra demodulation

attempt of the UE.

[7] In accordance with an aspect of the present invention, a control channel reception
method of a terminal for receiving a first control channel and a second control channel in a
wireless communication system 1s provided. Control information for receiving the second
control channel from a base station is received through higher layer signaling. A second

control channel resource is determined from an entire control channel resource based on the

control information. A first control channel resource is determined from the entire control

channel resource according to the second control channel resource.

[8] In accordance with another aspect of the present invention, a terminal for receiving a

first control channel and a second control channel in a wireless communication system is
provided. The terminal includes a communication unit that receives control information for
recetving the second control channel through higher layer signaling. The terminal also
includes a controller that determines a second control channel resource from an entire control

channel resource based on the control information, and determines a first control channel

CA 2828150 2018-07-03
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resource from the entire control channel resource according to the second control channel

reSource.

[9] In accordance with another aspect of the present invention, a control channel
transmission method of a base station is provided for transmitting a first control channel and a
second control channel in a wireless communication system. Control information necessary for a
UE to receive the second control channel 1s generated. The control information is transmitted to
the UE through higher layer signaling. At least one of the first control channel and the second
control channel 1s transmitted to the UE. The UE determines a second control channel resource
from an entire control channel resource based on the control information, and determines a first
control channel resource from the entire control channel resource according to the second control

channel resource.

[10] In accordance with still another aspect of the present invention, a base station is
provided for transmitting a first control channel and a second control channel in a wireless
communication system. The base station includes a controller that generates control
information necessary for a terminal to receive the second control channel. The base station
also includes a communication unit that transmits the control information to the terminal
through higher layer signaling, and transmits at least one of the first control channel and
the second control channel. The UE determines a second control channel resource from an
entire control channel resource based on the control information, and determines a first

control channel resource from the entire control channel resource according to the second

control channel resource.

[10a] In accordance with still another aspect of the present invention, a control
channel reception method of a terminal in a wireless communication system, the method

comprising the steps of: receiving control information for receiving an enhanced Physical
Downlink Control CHannel “ePDCCH” from a base station through higher layer signaling,
the control information including information indicative of a physical resource block
“PRB” of the ePDCCH and information indicative of a scrambling of a dedicated reference
signal; identitying a second resource for monitoring the ePDCCH based on the information

indicative of the PRB; receiving the ePDCCH associated with the dedicated reference

CA 2828150 2018-07-03
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signal on the second resource; and receiving a Physical Downlink Control CHannel
“PDCCH” associated with a common reference signal on a first resource,wherein the first
resource is defined by a downlink bandwidth and a first set of orthogonal frequency division
multiplex “OFDM” symbols in a subframe, and the second resource 1s defined by at least one
PRB indicated by the information indicative of the PRB and a second set of OFDM symbols

in the subframe.

[10b] In accordance with still another aspect of the present invention, a terminal in
a wireless communication system, comprising: a communication unit; and a controller
configured to control to: receive control information for receiving an enhanced Physical
Downlink Control CHannel “ePDCCH” from a base station through higher layer signaling,
the control information including information indicative of a physical resource block
“PRB” of the ePDCCH and information indicative of a scrambling of a dedicated reference
signal, 1dentify a second resource for monitoring the ePDCCH based on the information
indicative of the PRB, receive the ePDCCH associated with the dedicated reference signal
on the second resource, and receive a Physical Downlink Control CHannel “PDCCH”
associated with a common reference signal on a first resource, wherein the first resource is
defined by a downlink bandwidth and a first set of orthogonal frequency division multiplex
“OFDM?” symbols in a subframe, and the second resource is defined by at least one PRB
indicated by the information indicative of the PRB and a second set of OFDM symbols in

the subframe.

[10c] In accordance with still another aspect of the present invention, a control
channel transmission method of a base station in a wireless communication system, the
method comprising the steps of: generating control information for a terminal, the control
information including information indicative of a physical resource block “PRB” of an
enhanced Physical Downlink Control CHannel “ePDCCH” and information indicative of a
scrambling of a dedicated reference signal; transmitting the control information to the
terminal through higher layer signaling; and transmitting at least one of a Physical
Downlink Control CHannel “PDCCH” and the ePDCCH to the terminal, wherein the
ePDCCH associated with the dedicated reference signal is transmitted on a second

resource, and the PDCCH associated with a common reference signal is transmitted on a
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first resource, and wherein the first resource is defined by a downlink bandwidth and a first
set of orthogonal frequency division multiplex on reference signal subframe, and the
second resource 1s defined by at least one PRB indicated by the information indicative of

the PRB and a second set of OFDM symbols in the subframe.

[10d] In accordance with still another aspect of the present invention, a base
station 1n a wireless communication system, the base station comprising: a communication
unit; and a controller configured to control to: generate control information for a terminal,
the control information including information indicative of a physical resource block
“PRB” of an enhanced Physical Downlink Control CHannel “ePDCCH” and information
indicative of a scrambling of a dedicated reference signal, transmit the control information
to the terminal through higher layer signaling, and transmit at least one of a Physical
Downlink Control CHannel “PDCCH” and the ePDCCH to the terminal, wherein the
ePDCCH associated with the dedicated reference signal is transmitted on a second
resource, and the PDCCH associated with a common reference signal is transmitted on a
first resource, and wherein the first resource is defined by a downlink bandwidth and a first
set of orthogonal frequency division multiplex “OFDM” symbols in a subframe, and the
second resource is defined by at least one PRB indicated by the information indicative of

the PRB and a second set of OFDM symbols in the subframe.

Advantageous Effects of Invention

|11] The method and apparatus for transmitting the dedicated control channel for the
dedicated reference signal, according to embodiments of the present invention, enables the
UE to receive a control channel having an increased amount of the dedicated control
channel with the DRS, as compared to the conventional method, efficiently without an

Increase in the number of blind demodulation operations. Also, the method and apparatus
for transmitting the dedicated control signal for the dedicated reference signal, according to
embodiments of the present invention, 1s capable of managing the resources for the
dedicated control channel region with the CRS and the dedicated control channel region
with the DRS by efficiently using the signaling information on the dedicated control

channel transmitted by the eNB. Furthermore, the method and apparatus for transmitting
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the dedicated control channel for the dedicated reference signal is advantageous in
managing the resources of the control channel regions efficiently, according to the UE

condition and the data channel transmission scheme.
Brief Description of Drawings

[12]  The above and other aspects, features and advantages of the present invention will be
more apparent from the following detailed description when taken in conjunction with the

accompanying drawings, in which:

[13]  FIG. 1 1s a diagram illustrating a control channel structure of a subframe for use in an

LTE system to which embodiments of the present invention are applied;

|14] FIG. 2 1s a diagram illustrating a configuration of control channels for use in the LTE

system, according to an embodiment of the present invention;

[15]  FIG. 3 1s a diagram 1illustrating a control channel structure of a subframe designed to

carry the dedicated reference signal, according to an embodiment of the present invention;

[16] FIG. 4 1s a diagram illustrating the control channel region with a dedicated control

CA 2828150 2018-07-03
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[23]
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channel carrying a dedicated reterence signal for use in the system, according to an
embodiment of the present invention;

FIG. 5 1s a diagram 1llustrating a control channel structure, according to an em-
bodiment of the present invention;

FIG. 6 1s a diagram 1illustrating a method for configuring a control channel, according
to an embodiment of the present invention;

FIG. 7 1s a diagram 1llustrating a method for configuring the control channel for a
Common Reterence Signal (CRS) and the control channel for a DRS at an asymmetric
ratio by applying a weight to the control channel for DRS depending on the UE charac-
teristics, according to an embodiment of the present invention;

FIG. 8 1s a flowchart 1llustrating a transmission procedure of the eNB, according to
an embodiment of the present invention;

FIG. 9 1s a flowchart illustrating a reception procedure of the UE, according to an
embodiment of the present invention;

FIG. 10 a block diagram 1llustrating a contiguration of a transmitter ot the eNB,
according to an embodiment of the present invention; and

FIG. 11 1s a block diagram illustrating a configuration of a receiver ot the UE,

according to an embodiment of the present invention.

Mode for the Invention

Embodiments ot the present invention are described in detail with reference to the ac-
companying drawings. The same or similar components may be designated by the
same or similar reference numerals although they are illustrated in different drawings.
Detailed descriptions of constructions or processes known in the art may be omitted to
avold obscuring the subject matter of the present invention.

The terms and words used 1n this description and the appended claims are not to be
interpreted by common or lexical meaning but instead, based on the principle that an
inventor can adequately define the meanings of terms to best describe the invention, to
be interpreted 1n the meaning and concept conforming to the technical concept of the
present invention.

Although the embodiments of the present invention are directed to the Advanced
Evolved Universal Terrestrial Radio Access (E-UTRA) (or LTE-A) system, 1t will be
understood by those skilled 1n the art that the subject matter ot the present invention
can be applied to other mobile communication systems supporting base station
scheduling with a slight modification, without departing from the sprit and scope of the
present invention.

Orthogonal Frequency Division Multiplexing (OFDM) 1s a transmission technique

for transmitting data using multiple carriers. Specitically, OFDM 1s a multicarrier data
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[32]

transmission technique that parallelizes the serial input stream into parallel data
streams and modulates the data streams onto the orthogonal multiple carriers, 1.e., sub-
carrier channels.

The origin of the multicarrier modulation scheme started in the late 1950°s with the
microwave radio for military communication purposes. OFDM using orthogonal
overlapping multiple subcarriers was developed 1n the 1970°s but was limited in 1ts ap-
plication to real systems due to the difticulty in implementing orthogonal modulations
between multiple carriers. With the introduction ot the use ot a Discrete Fourier
Transtorm (DFT) for implementation of the generation and reception of OFDM
signals, by Weinstein, in 1971, OFDM technology has developed rapidly. Addi-
tionally, the introduction of a guard interval at the start of each symbol, and use of a
Cyclic Pretfix (CP) help to overcome negative eftects caused by multipath signals and
delay spread.

Owing to such technical advances, OFDM technology 1s applied in various digital
communications fields such as Digital Audio Broadcasting (DAB), Digital Video
Broadcasting (DVB), Wireless Local Area Network (WLAN), and Wireless Asyn-
chronous Transfer Mode (WATM). Specitically, the implementation of OFDM was ac-
complished by reducing implementation complexity with the introduction of various
digital signal processing technologies, such as, Fast Fourier Transtorm (FFT) and
Inverse Fast Fourier Transform (IFFT).

OFDM 1s similar to Frequency Division Multiplexing (FDM), but much more
spectrally etficient in achieving high-speed data transmission, by overlapping multiple
subcarriers orthogonally. Due to the spectral efficiency and robustness to the multipath
fading, OFDM has been considered a prominent solution for broadband data commu-
nication systems.

OFDM 1s advantageous 1n that it 1s able to control Inter-symbol Interterence (ISI)
using the guard interval and reduce the complexity ot equalizer 1n view ot hardware as
well as spectral efficiency and robustness to the trequency selective tading and
multipath tading. OFDM also maintains a robustness against impulse noise so as to be
employed 1n various communication systems.

In wireless communications, high-speed, high-quality data services are generally
hindered by channel environments. In wireless communications, the channel envi-
ronments sufter from frequent changes not only due to Additive White Gaussian Noise
(AWGN), but also power variation ot received signals, caused by a fading
phenomenon, i.e., shadowing, which 1s a Doppler ettect brought about by movement of
a UE and a frequent change 1n a velocity of the UE, and interterence by other users or
multipath signals. Theretore, in order to support high-speed, high-quality data services

in wireless communication, there 1s a need to etficiently overcome the above channel

CA 02828150 2013-08-22
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[36]
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[39]

quality degradation factors.

In OFDM, modulation signals are located in the two-dimensional time-frequency
resources. Resources on the time domain are divided into ditterent OFDM symbols,
and are orthogonal with each other. Resources on the frequency domain are divided
into ditferent tones, and are also orthogonal with each other. Specifically, the OFDM
scheme defines one minimum unit resource by designating a particular OFDM symbol
on the time domain and a particular tone on the frequency domain. The unit resource 1s
reterred to as a Resource Element (RE). Since ditterent REs are orthogonal with each
other, signals transmitted on different REs can be received without causing 1n-
terference to each other.

A physical channel 1s a channel defined on the physical layer for transmitting
modulation symbols obtained by modulating one or more coded bit sequences. In an
Orthogonal Frequency Division Multiple Access (OFDMA) system, a plurality of
physical channels can be transmitted depending on the usage of the information
sequence or the receiver. The transmitter and the receiver determine REs on which a
physical channel 1s transmitted, which 1s a process referred to as mapping.

The LTE and LTE-A systems are the representative systems, which adopt OFDM i1n
downlink and Single Carrier-Frequency Division Multiple Access (SC-FDMA) in
uplink.

FIG. 1 1s a diagram 1llustrating a control channel structure of a subframe for use 1n
the LTE system, and to which the present invention is applied.

The subframe 1s configured to support backward compatibility in the LTE system.
Reterring to FIG. 1, an entire downlink bandwidth 101 1s divided into a plurality of
Physical Resource Blocks (PRBs) 102 and, as a basic unit of resource allocation, each
PRB 102 consists of 12 tones in frequency domain and 14 or 12 OFDM symbols 1n

time domain. Each subframe 103 spans 1ms and consists of a first slot 104 and a
second slot 103.

A Reterence signal (RS) 1s a signal transmitted by the eNB for the UE’s channel es-
timation, and 1s categorized into one of a CRS and a DRS. A CRS 107 1s transmitted
through antenna ports O and 1 of the eNB having two transmit antennas and antenna
ports O, 1, 2, and 3 of the eNB having four transmit antennas. If the number of antenna
ports 18 more than 1, this means that multi-antenna scheme 1s adopted. In frequency
domain, the absolute position of the PRB 1s configured differently depending on the
cell while maintaining a relative distance between PRBs. Specitically, the RS 1s
transmitted at an interval ot 6 PRBs per antenna port. The absolute position of the PRB
1s configured differently for the cells to avoid RS collision among cells. The number of
RSs differs according to the antenna port. For the antenna ports O and 1, a total of 8

RSs exist in a single PRB or subframe, while tor the antenna ports 2 and 3, a total of 4

CA 02828150 2013-08-22
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receive the CRS and thus the same pattern 1s applied to all of the PRBs across entire
downlink bandwidth 101.

The DRS 1s transmitted through multiple ports like the CRS. However, although it
depends on the contiguration scheme, the LTE system uses two ports and two
scrambling codes. In LTE-A system, 1t 1s possible to use four ports and two scrambling
codes. The DRS is transmitted in data regions 108 and 109 of a specific PRB to a
specitic UE, but not across the entire downlink bandwidth 101.

The control channel signal of LTE 1s arranged at the beginning of a subframe 1n time
domain. In FIG. 1, control region 110 1s the region in which the control channel signal
1s transmitted. The control channel signal may be transmitted on L consecutive OFDM
symbols at the beginning of the subframe. L. can be set to 1, 2, or 3. FIG. 1 is directed
to an embodiment in which L 1s equal to 3. If the necessary control channel amount 1s
small, 1t 1s possible to use the first 1 OFDM symbol to transmit the control channel
signal (L=1), while using the remaining 13 OFDM symbols for data channel signal
transmission. L. can be used as the basic information for allocated control channel
resource demapping in a control channel reception operation such that, if L 1s received,
1t 1s impossible to recover the control channel. The control channel signal 1s located at
the beginning of the subframe so that the UE may determine whether to perform a data
channel reception operation depending on the presence of the data channel signal
addressed to the current UE. If there 1s no data channel signal addressed to the UE, it 1s
not necessary tor the UE to attempt data channel decoding, thereby saving power con-
sumption required for data channel reception. Also, by receiving the control channel at
the beginning of the subframe prior to the data channel, it 1s possible to reduce
scheduling delay.

A Physical Downlink Control CHannel (PDCCH) 1s a physical channel for
transmitting a common control channel and a dedicated control channel including, tor
example, data channel allocation information, allocation information for system 1n-
formation transmission or power control information. The PDCCH can be configured
with different channel coding rates, depending on the channel state of the UE. Since
the Quadrature Phase Shift Keying (QPSK) is fixedly used tor PDCCH transmission, it
1s necessary to change the resource amount 1n order to change the channel coding rate.
A UE operating in a good channel condition uses a high channel coding rate to reduce
the resource amount. A UE operating in a bad channel condition uses a low channel
coding rate although it requires a greater resource amount. The resource amount for
each PDCCH 1s determined depending on the unit of a Control Channel Element
(CCE). A CCE consists of a plurality of Resource Element Groups (REGs) 111. The
REG 1035 of the PDCCH 1s interleaved to guarantee diversity and distribute inter-cell
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[43]

[44]

[45]

[46]

interterence. The REG 105 1s allocated 1n the control channel region ot the PRBs 102
across the entire bandwidth as denoted by reference numbers 105 and 106 in FIG. 1.

Interleaving is performed to all of the REGs of the subframe that are determined by
L. The output of the control channel interleaving 1s designed to space the REGs of the
control channel, allocated across one or more symbols, far enough to acquire diversity
gain while avoiding inter-cell interference caused by the use of the same interleaver for
the cells. Also, it guarantees uniform distribution ot the REGs constituting the same
channel across the per-channel symbols.

In an advanced environment provided 1n a recent LTE-A system, however, 1t 18
assumed that a large number of eNBs, which are ditferent in size, are deployed within
an area. This deployment increases interference per unit square such that the PDCCH
designed for preventing inter-cell intertace fail to mitigate interference and 1s 1n-
fluenced by more interterence from neighbor cells, resulting in a reduction of UE
coverage. Furthermore, an eNB adopting the MU-MIMO technique for scheduling
more UEs and maximizing the system throughout, lacks the control channel amount
while having an adequate data channel amount, resulting in a scheduling failure. In
order to overcome this problem, a control channel 1s transmitted using a dedicated
reference signal on the legacy data channel. When transmitting a control channel on
the data channel, it is possible to avoid inter-cell interterence and utilize the dedicated
reference signal. As a consequence, multiple antennas can be used to transmit the
control channel tor multiple UEs on the same resource, resulting in maximization of
control channel capacity.

FIG. 2 1s a diagram 1llustrating a configuration ot control channels tor use in the LTE
system, according to an embodiment of the present invention.

The LL'TE control channel 1s divided into a common control channel region 201 and a
dedicated control channel region 207. The common control region 201 is the region in
which control channel demodulation 1s always attempted. The dedicated control
channel region 207 18 divided into UE-specific parts in which control channel de-
modulation 1s attempted by respective UEs. A CCE 202 1s a unit for transmitting the
control channel. The common control channel region 201 1s composed of 16 CCEs,
while the remaining CCEs are used for the dedicated control channel region 207. In the
LTE system, the control channel 1s not fixed in code rate, and its information amount
to the resource 1s determined using a unit referred to as an aggregation level. The
available aggregation levels are 4 and 8 for the common reterence signal and 1, 2, 4,
and 8 tor the dedicated reference signal. The unit ot aggregation 1s the CCE 202. A
blind demodulation zone 203 in provided in the common control channel region 201
according to the aggregation level. For available aggregation level 4 205, 4 blind de-

modulation zones 203 can be transmitted. For available aggregation level 8 206, 2

CA 02828150 2013-08-22



WO 2012/161540 PCT/KR2012/004137

blind demodulation zones 204 can be transmitted. Accordingly, the eNB can transmit
the common control channel using 6 blind demodulation zones. For the UE-specitic
control channel, the number of decoding iterations ditters according to the aggregation
level. For levels 1 and 2, 6 blind demodulation zones are possible, as denoted by
reterence numbers 208 and 209, respectively. For levels 4 and 8, 2 blind demodulation
zones are possible, as denoted by reference numbers 210 and 211, respectively. Blind
demodulation can be pertormed to the same or difterent CCEs, according to the ag-

gregation level, as shown 1n Table 1 below.
[47] Table 1

[ Table 1]

Search space S:” Number of PDCCH

Type Aggregation | Size [in CCEs] | candidates /%
level L

UE-specific | 1 6 6
2 12 O
4 8 2
O 16 2

Common 4 16 4
8 16 Wi

145 The CCEs to be used are determined according to Equation (1), in which L. denotes

an aggregation level and Nqc ¢ denotes the total number of CCEs of k subframe. A
CCE index tor blind demodulation 1s derived trom Equation (1). Y denotes a random
variable for distributing user-specific control channels across the entire control channel
region to avoid collision among the control channels, and changes at every subtrame
by Equation (2). However, for common control channel, Y, 1s set to O in order for all

of the UEs to receive the signals in the same regions. The start of the Y, 1s a UE ID, A

1s 39827, and D 1s 65537.
[49] .
L {(Y,C +m)mod Neces/ L,_} +1
" -
m:O')”'aM()Ml 1“09...9[’_1 (1)
Ve =(A-Y,_,)mod D
(2)

[50] FIG. 3 1s a diagram 1illustrating a control channel structure of a subtrame designed to
carry the dedicated reterence signal, according to an embodiment of the present
invention.

[51] A downlink bandwidth 1s shown in FIG. 3, having a first PRB 301, a second PRB
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[52]

[53]

[54)

[55]

[56]

302, and a third PRB 303. A first subframe 306 1s divided into a first slot 307 and a
second slot 308. A control region 304 includes the first three REs of the first slot 307
in the first PRB 301.

A dedicated reference signal 309 1s transmitted 1n the data channel region, as shown
in FIG. 3, where only the first slot 307 1s depicted with the dedicated signal. The
dedicated control channel can be transmitted as some symbols 1n the time domain, or
some slots or entire PRBs. The dedicated reterence signal should be transmitted at
specific PRBs 1n the trequency domain. F1G. 3 1s depicted under the assumption that
the dedicated control channel 1s transmitted at the first slot 307 of the first PRB 301.
Since, in the legacy LTE system, the control channel reception 1s configured only in
the PDCCH region, it 1s impossible to receive the control channel using the dedicated
reference signal as shown in FIG. 3. Accordingly, there is a need to configure a control
channel region for supporting control channel receipt using the dedicated reterence
signal.

FIG. 4 1s a diagram 1llustrating the control channel region with a dedicated control
channel carrying a dedicated reference signal for used 1n the system, according to an
embodiment of the present invention.

Reterring to FIG. 4, the control channel includes a common control channel region
401, a dedicated control channel region 402 with a CRS, and a dedicated control
channel region with a DRS 403. In the tollowing description, the dedicated control
channel with the CRS 1s referred to as the first control channel, and the dedicated
control channel with DRS 1s reterred to as the second control channel. In the following
description, the terms ‘control channel region’ and ‘control channel resource’ are used
interchangeably

The legacy UE uses the resources denoted by reference numbers 404 and 405 as the
control channel region with the CRS, which relates to the use of the common control
channel and the dedicated control channel with the CRS. The UE that 1s capable ot
using the dedicated control channel with the DRS uses the control channel region
including the resources denoted by reterence numbers 404, 406, and 407, which relates
to the use of the common control channel, the dedicated control channel with the CRS,
and dedicated control channel with the DRS.

According to Table 1, the control channel region that 1s actually to be used 1s de-
termined by L*M®), In this case, the regions 404 and 405 use the conventional value.
Although the configuration of the control channel region 404 1n embodiments of the
present invention 18 the same as the conventional one, the dedicated control channel
region with the CRS 1s reduced as much as L(M®)-N@) because the dedicated control
channel region with DRS increases as much as L*NW, Specifically, the system 1s

capable of adjusting the dedicated control channel region using the control channel

CA 02828150 2013-08-22



11

WO 2012/161540 PCT/KR2012/004137

[57]

[58]

[59]

[60]

[61]

[62]

region N with the DRS. Embodiments of the present invention incorporate a method
for determining N® and a method tor indicating N@),

The method for determining and indicating N®), according to an embodiment of the
present invention, determines N® based on information such as control channelPRB
resource region for DRS transmission, a maximum number of DRS ports, a Scrambling
Code IDentifier (SCID) used by the DRS, and an available control channel size
(number of bits). Specifically, the size of the dedicated control channel region with the

DRS 1s determined according to the number of PRBs used for the dedicated control

channel available 1n blind demodulation. According to an embodiment of the present
invention, the eNB may transmit, to the UE, the control information as described
above, through higher layer signaling, such as Radio Resource Control (RRC)
signaling.

In more detail, when the eNB provides the UE with the information on all of the
control channel PRB resource region tor DRS transmission, the maximum number of
available DRS ports, the CSID used for DRS, and the number of bits of the control
channel; 1t 1s possible to match the decrease of the control channel region with the CRS
to the increase of the control channel region with the DRS.

When the eNB notifies the UE of some of the aforementioned information, the
control channel region with the CRS and the control channel region with the DRS
increase/decrease at ditferent ratios.

FIG. 5 1s a diagram 1llustrating a control channel structure, according to an em-
bodiment of the present invention. A description i1s made of the control channel
structure according to an embodiment of the present invention in view of the physical
resource.

First, a brief description 1s made of FIG. 5. Reference number 501 denotes a logical
region on which the common control channel 1s transmitted 1n the logical transmission
region of the control channel transmitted with CRS. Reference number 502 denotes
division of control channel region 1n unit of CCE. The common control channel 1s
composed of total 16 CCEs, and the rest CCEs are used as dedicated control channel
region. In the LTE system, the control channel has no specitic code rate, and the rate of
information amount to resource 1s determined 1n unit of aggregation level (hereinatter,
the same 1s applied). The common reterence signal 1S available with the aggregation
levels 4 and & while the dedicated control channel 1s available with the aggregation
levels 1, 2, 4, and 8. The unit of aggregation is CCE.

Reterence number 503 denotes a blind demodulation region according to the ag-
gregation level in the common dedicated control channel region. For the available ag-

gregation level 4, total 4 regions can be used as denoted by reference number 503
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[63]

[64]
[65]

[66]
[67]

[63]

[69]

[70]

(505), while total 2 regions can be used tor the available & as denoted by reterence
number 504 (506). Accordingly, the eNB can transmit the common control channel
across total 6 regions.

Reterence number 507 denotes the logical region carrying the UE-specitic control

channel 1n the logical transmission region of the control channel transmitted with CRS.

As shown 1n FIG. 5 according to an embodiment of the present invention, the control
channel, according to an embodiment of the present invention, maintains the same size
as the conventional control channel region, while configuring the control channel
region with the DRS 1n a new time/frequency resource region 512. The resource region
512 1s a dedicated control region with the dedicated channel reference signal. All of the
UEs receive signals on the common control channel region as in the conventional
system, however regions 508, 509, 510, and 511 are reduced as much as the increased

control channel region, as denoted by reference number 514.

The control channel region with the CRS has two control channel bits available
without use of the DRS port and the SCID, and since this ditfers from the control
channel region with the DRS, the increase in the number of CCEs in one control
channel region with the DRS does not mean a decrease in the number of CCEs in one
control channel region with the CRS. Accordingly, there 1s a need to adjust the control
channel region according to a given system configuration.

FIG. 6 1s a diagram 1llustrating a method for contiguring a control channel, according
to an embodiment of the present invention.

An embodiment of the present invention provides a method for matching the
decrease of the control channel region with the CRS to the increase of the control
channel region with the DRS. In order to accomplish this, the eNB sends the UE a PRB
index and an SCID for the control channel region with the DRS through higher layer
signaling (e.g., RRC signaling). If the SCID 1s not transmitted, the UE has to pertorm
blind demodulation to acquire the SCID. It the SCID 1s transmitted to the UE through
higher layer signaling, it 1s possible to avoid an increase in the number of blind demod-
ulations. The maximum number of common reference signals for the DRS 1s limited to
2. The maximum number of reference signals available for the UE 1s notitied through
higher layer signaling. The system limits the blind demodulation ot the UE to the size
ot one control channel.

For the conventional dedicated control channel with the CRS, no blind demodulation
1s performed for the DRS or the SCID. Since a single blind demodulation can be
attempted for a size as large as two control channels, it 1s necessary to perform the de-

modulation twice. Since two different sizes are allowed per modulation for total 22

CA 02828150 2013-08-22



13

WO 2012/161540 PCT/KR2012/004137

[71]

[72]

[ 73]

[74]
[75]

[ 76]

blind modulations in Table 1, 44 blind demodulations are required. When contiguring
the dedicated control channel with the DRS, according to an embodiment of the
present invention, a single blind demodulation requires two blind decoding attempts
for decoding a DRS port. The decreased amount of the CRS control channel resource
matches the increased amount of the DRS control channel resource. N®™ for the DRS

control channel 1s determined according to Equation (3) below.

L . L E-PDCCH
N = min(M® | NEPPCCH /1)
)
Table 2 shows the control channel region with the CRS when the control channel for

the DRS is configured. The entire region decreases from L*M® to L*(M®-NM),
Table 2

[Table 2]
Search space Number of PDCCH
candidates M®)
Type Aggregation level L |Size in CCEs
UE-specific |1 1#(6-NM) 6
2 2%(6-N@) 6
4 4*(2-N®) 2
3 8*(2-N®) 2
Common 4 16 4
3 16 2

The dedicated control channel for the DRS can be expressed as shown in Table 3

below.
Table 3
| Table 3]
Search space Number of PDCCH
candidates N(L)
Type Aggregation level L Size in PRBs
UE-specitic 1 1 *NW N(
2 2*N®) N
4 4%*N&) N
g Q3 N(®) N
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[77]

[78]

[79]

[80]

[s1]

[52]

Equation (1), which expresses the search space, 1s moditied as Equations (4) shown

below.

m=0,.... MY N¥_], L- {(YA T m)mod _N(‘:(:E,k /L_} +1

m= MY NV ... MY-1 nb PN =(L-m+i)mod NI PCH
(4

where Ncc. can be expressed as 5,77 | and refers to the basic unit of control

channel demodulation. For the common control channel and the control channel tor the
DRS, Y, is set to 0. Since the control channel for the DRS 1s provided to the UE
through higher layer signaling, there 1s no need to protect collisions between UEs.

As described above, this embodiment of the present invention provides a method for
maintaining the total number of demodulation operations to be equal to the case of the
control channel for the CRS. Specifically, this embodiment of the present invention
configures the control channel for the DRS so as to limit the number of DRS ports to 2
and the number of bits of the control channel to 1. This results in a reduction in the
number of demodulation operations, along with a further reduction by transmitting
SCID through higher layer signaling. Thus, 1t 1s possible to match the control channel
to the physical resource one by one, so as to maintain the total size ot the control
channel resource region to be equal to that ot the conventional control channel
resource region per UE.

Accordingly, when 5 PRBs 607 of the control channel for the DRS are allocated at
aggregation level 1 601, the UE performs demodulation on the 5 control channel
resources at the resource region for the DRS with the exception ot the conventional
control channel for the CRS, which 1s reduced to 1 as denoted by reterence number
6035, while the resource region tfor the DRS is set to 5 as denoted by reference number
606. For aggregation level 2 602, since up to 2 size 2 resources can be allocated,
among the 5 assigned PRBs, the convention resource region for the CRS 1s reduced to
4 as denoted by reference number 608, while the resource region for the DRS 1s set to
2 as denoted by reterence number 609. Likewise, tor aggregation level 4 603, the con-
ventional region 1s reduced to 3 as denoted by reference number 611, while the control
region tor the DRS 1s set to 1 as denoted by reterence number 612. For aggregation
level 8 604, since the resource allocated for the DRS is 5, the control channel of size of
3 cannot be transmitted such that there 1s no reduction of the conventional resource
region with the CRS. Accordingly, 1t 1s possible to use both the control channel region
for the CRS and the control channel region for the DRS without increasing of the
number of demodulation operations at the legacy UE.

Briet descriptions are made ot the other reference numbers used 1n FIG. 6
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hereinatter. Reterence number 610 denotes the logical resource ot the control channel
transmitted with DMRS at aggregation level 2, and reference number 613 1s the logical
resource of the control channel transmitted with DMRS at aggregation level 4.
Reterence number 614 denotes the value obtained by deducing the available control
channel candidates from the total control channel candidates using DMRS
(accordingly, 2 1s the number of control channel candidates transmittable with CRS).
Reterence number 615 denotes that the number of DMRS control channel candidates

using aggregation level 8 1s O 1n the exemplary case ot FIG. 6.

FIG. 7 1s a diagram 1llustrating a method for contiguring the control channel for the
CRS and the control channel for the DRS at an asymmetric ratio by applying a weight
to the control channel tor the DRS depending on the UE characteristics, according to
an embodiment of the present mvention.

When there 1s no restriction, the control channel for the DRS can multiplex 8 users
with up to 4 DRS ports and 2 SCIDs, and have two or more control channel tormat
sizes. Accordingly, the number ot blind demodulations 1s determined by Equation (5)

below.

Number of blind demodulations = (maximum number of DRS ports) X (number of

DRS control channel formats) ...(5)

The number of blind demodulation tor the CRS 1s determined by Equation (6) below.

Number of blind demodulations = (number of CRS control channel formats)

...(6)

Accordingly, there 1s a ditference between the numbers ot blind demodulations per
control channel region. In order to adjust the physical control channel resource ratio
according to the system environment contigured at the current UE, a new parameter 1s

introduced as shown in Equation (7) below.

[ = number of blind demodulations for DRS/number of blind demodulation for CRS
= (maximum number of DRS ports)x(number of control channel formats)/number of

CRS control channel formats ...(7)

Accordingly, N® can be detined as shown in Equation (8) below.
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[101]

[ 102]

[ 103]

[ 104]

[ 105]
[ 106]
| 107]
[ 108]

VO minGhr . N 1LY

FIG. 7 shows an embodiment in which the maximum number ot DRS ports 1s 2, the
number of SCIDs 1s 2, and the number of control channel formats 1s 1. In this em-
bodiment, [5 becomes 2 such that the control channel region for the CRS is changed to
the control region for the DRS as denoted by reference number 706, at aggregation
level 1 701. Here, reterence number 705 denotes the value obtained by deducing the
available control channel candidates from the entire control channel candidates using
DMRS (accordingly, O 1s the number ot control channel candidates transmittable with
CRS).

At aggregation level 2 702, the size of the control channel tor the DRS becomes 4 as
denoted by reference number 710, resulting in two physical resources. However the
total number of available blind demodulations becomes 4, and thus, a conventional
CRS control channel region 707 decreases to 2. Likewise, at aggregation level 4 703
and aggregation level 8 704, the control channel for the DRS 1s contigured as denoted
by reterence numbers 711 and 712, such that the control channel regions for the CRS
are reduced as denoted by reference numbers 708 and 709.

As described above, this embodiment of the present invention provides a method for
adjusting the relative ratio between the control channel for the CRS and the control
channel tor the DRS, according to the system environment of the UE using the DRS.
The method according to this embodiment of the present invention derives the ratio 3
between the number of blind demodulations for the DRS and the number of blind de-
modulations for the CRS based on the system information to obtain the value N(L) for
determining the control channel region.

According to another embodiment of the present invention, a method 1s provided for
determining the control channel region through higher layer signaling. In the above-
described embodiments of the present invention, N(L) and [ are determined according
to the given environmental variable and data transmission mode, and the UE calculates
the corresponding value using these parameters. In this embodiment of the present
invention, however, the eNB notifies of the N(L) and [5 through higher layer signaling.
N(L) denotes the control channel region per aggregation and the RRC signaling for

UE’s control channel includes the following parameter.
BlindDecodingOFEPDDCH = { N, N@ N® N®}

If this signal 1s received, the UE adjusts the control channel region by referencing

Tables 2 and 3.
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Meanwhile, P 1s a variable for adjusting the ratio between the control channel for the
CRS and the control channel for the DRS and, 1f this variable 1s received through
higher layer signaling, the RRC signaling for control channel of the UE includes the

following parameter.

RatioOFePDCCH = { | }

When [5 1s informed, Equation 8 should be recorded in the UE, and the UE adjusts

channel transmitted based on DMRS which is designed to be transmittable on a
specific frequency region, unlike the conventional control channel (PDCCH)
transmitted as distributed across the entire band, such that both the beamtorming

transmission and spatial diversity transmission are possible with DMRS.

In another embodiment of the present invention, a method 1s provided tor de-
termining the control channel region based on the data recoded in the UE. This control
channel region determination method determines the control channel region based on
the data previously recorded in the UE without extra signaling or UE processing. The
UE receives only the PRB region of the control channel for the DRS through higher
layer signaling and reads out the given resource region according to the resource
amount of the given PRBs. Table 4 shows the sizes of the control channel according to

the resource regions from PRB size O to 16. The corresponding size 1s determined by

Equation 8.
Table 4
| Table 4]
Aggregation | | 2 J 1 0 i ] 8 9 | 1 |12 (13| 14 ] 15 | 16
level (KL| [NL| [NL| M| [N} N} JHL{ |NC| NC} [NL{ (MNL{ [NL| {NL| M| N} M| N} M
16 6j0(a)1j4(2|a|3(2)14(1|o|0(6|0(6)0(6(0j6(0|6|06|0|6)0[6[0|6[0(6|0(6
2 |6|6|0|6|0|o|1|o 1 (A(2|4|2|3 (3|3 |3|2(4|2[4 1|1 ]|o|0(6|0|6(0(6]|0(6(0(B
A (2202|020 (2 Q|1 (1|1 {t(r{1{1(1{a(2j0fzj0j2(0j2{0(2|0(2|10{2|0{2(0)2
6 |2(2(0(2(0 (2|0 (2|0 (20 (2(0)2(0)2 |0 tjt{tpr{tqtrtf{r(rptfryprptfrytri1rj0]?2

The above described embodiments of the present invention are summarized as a
method for receiving a dedicated control channel for a dedicated reterence signal. In-
formation on the dedicated control channel 1s received. A control channel region with
the dedicated control channel 1s configured using the received information. The control
channel region with the common reference signal 1s adjusted based on the configured
region. The control channel 1s demodulated on the dedicated control channel region.

According to an embodiment of the present invention, the step of receiving the
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[119]

[120]

|121]

[122]

dedicated control channel information may include reception of the PRB resource
region necessary for receiving the dedicated control channel and reception ot the SCID
used for the dedicated reterence signal. According to another embodiment of the
present invention, the step of receiving the dedicated control channel information may
include reception of the PRB resource region necessary tor receiving the dedicated
control channel. According to an additional embodiment of the present invention, the
step of receiving the dedicated control channel information may include reception of a
PRG resource region necessary tor recerving the dedicated control channel region and
reception of a number of demodulations per aggregation level. According to a further
embodiment ot the present invention, the step of receiving the dedicated control
channel information may include reception of a PRB resource region necessary tor
recelving dedicated control channel, and reterencing a demodulation number table
stored 1n the ULE.

The step of configuring the control channel region with the dedicated control channel
using the received information may include contiguring the control channel region
based on the PRB resource region tor the dedicated control channel, the port used for
dedicated reference signal, the SCID, and the available Downlink Control Information
(DCI) format size. In detail, according to an embodiment of the present invention, the
step of contfiguring control channel region with dedicated control channel may include
configuring the dedicated reference signal region based on a maximum number of
ports used tor dedicated reterence signal and the PRB resource region. According to
another embodiment ot the present invention, the step ot contiguring control channel
region with dedicated control channel may include configuring the dedicated reference
signal region based on the maximum number of ports used for dedicated reference
signal, the SCID, the available DCI format size, and the PRB resource region.
According to an additional embodiment of the present invention, the dedicated
reterence signal region may be contigured based on the indication through higher layer
signaling. According to a further embodiment of the present invention, the dedicated
reterence signal region can be contigured according to the information recorded, in the
UE, based on the length of the PRB resource.

The step of adjusting the control channel region with the common reterence signal
based on the configured region may include adjusting the control channel region using
the common reterence signal by fixing total number ot demodulations.

The step of demodulating the control channel on the dedicated control channel region
may include selection ot decoding candidates, checking a used reference signal, de-
modulating the DCI format, and demodulating the aggregation level.

FIG. 8 1s a flowchart illustrating a transmission procedure of the eNB, according to

an embodiment of the present invention.
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[ 128]

Referring to FIG. 8, the eNB starts scheduling a UE at step 801. The eNB first

control channel for dedicated reterence signal. The eNB transmits the dedicated control
channel information for the dedicated reference signal to the UE through higher layer
signaling, at step 802. This incorporates the methods for signaling the information on
the number of DRS ports and the SCID, and tfor signaling the size of the control
channel region, as provided in different embodiments of the present invention
described above.

The eNB determines whether the UE has the dedicated capability of using the
dedicated control channel for dedicated reterence signal, at step 805. More specitically,
the eNB checks whether the UE can receive the control channel with the DRS. If it 1s
determined that the UE has the capability of using the dedicated control channel, the
eNB transmits the control channel using the dedicated control channel for the
dedicated reference signal, at step 806. If it is determined that the UE does not have the
capability of using the dedicated control channel, the eNB transmits the control
channel using the dedicated control channel for the common reference signal, at step
804. After transmitting the control channel in either step 804 or 806, the eNB receives
feedback from the UE, at step 807. The eNB determines, based on the feedback,
whether the UE has received the control channel successfully, at step 808, before the
methodology returns to step 805.

FIG. 9 1s a tflowchart 1llustrating a reception procedure of the UE, according to an
embodiment of the present invention.

Referring to FIG. 9, the UE starts receiving channels from the eNB, at step 901. The
UE receives dedicated control channel information tor the dedicated reterence signal
from the eNB through higher layer signaling, at step 902. The dedicated control
channel information includes at least one of PRB intformation on the dedicated control
channel for the dedicated reterence signal, information on the port used tor the
dedicated reference signal, SCID intormation, and DCI format size information.

The UE contigures the dedicated control channel region based on the received 1n-
formation, at step 903. The dedicated control channel region configuration includes
steps of determining dedicated control channel resource for the dedicated reterence
signal based on dedicated control channel information, and determining the dedicated
control channel resource for common control signal according to the dedicated control
channel resource tor the dedicated reterence signal determined among the entire
control channel resource. The UE may determine the dedicated control channel
resource tor the dedicated reference signal according to Equation (8).

The UE receives the control channel, at step 904. The UE determines whether the de-

modulation region ot the control channel is the dedicated reterence signal region, at
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step 903. If the demodulation region of the control channel 1s not the dedicated
reference signal region, the UE estimates the channel based on the common reference
signal and receives the control channel on the estimated channel, at step 908. If the de-
modulation region of the control channel 1s the dedicated reference signal, the UE
recelves the control channel using the dedicated reterence signal, at step 909. Finally,
the UE receives or transmits data based on the scheduling information carried in the
received control channel, at step 910.

FIG. 10 a block diagram 1illustrating a contiguration ot a transmitter ot the eNB,
according to an embodiment of the present invention. The transmitter of the eNB,
according to an embodiment ot the present invention, 1s capable of transmitting, to the
UE, the first control channel (the dedicated control channel with the CRS) and the
second control channel (the dedicated control channel with the DRS).

In FIG. 10, a common control channel 1001 a dedicated control channel 1002 are
transmitted to the UE. A controller 1003 determines whether to transmit the common
control channel 1001 and the dedicated control channel 1002 by means of a PDCCH
generator 1004 for generating a PDCCH as the control channel using the CRS or by
means of a ePDCCH generator 1007 tfor generating the control channel using the DRS.
If 1t 1s determined to transmit the control channel by means of the PDCCH transmitter

1004, the controller 1003 maps the control channel to the location by means of a
PDCCH encoder 1005 and a PDCCH allocator 1006 1n order for the UE to receive the
control channel. The PDCCH generated by the PDCCH generator 1004 1s multiplexed
with a CRS 1013 by means of a Time Division Multiplexing (TDM) multiplexer 10135.

If 1t 1s determined to transmit the control channel by means of the ePDCCH generator
1007, the controller 1003 controls the ePDCCH generator 1007 to transmit the control
channel. The eNB determines the PRBs, 1in the whole bandwidth, and SCID for use 1n
transmitting the control channel by means of a resource selector 1009, The eNB
arranges the control channel at position where the UE can receive by means of an
ePDCCH allocator 1010.

Among PDCCH and ePDCCH, 1t the scheduler determines to transmit the control
channel on the ePDCCH, the ePDCCH encoder 1008 encodes the controls channel to
be appropriate for receiving DMRS (because the entire available resource and coding
rate may differ from those of PDCCH).

The ePDCCH generated by the ePDCCH generator 1007 1s multiplexed with the
DRS 1011 and a Physical Downlink Shared CHannel (PDSCH) 1012 by means of a
Frequency Division Multiplexer (FDM) multiplexer 1014 and then multiplexed with
the PDCCH and the CRS 1013 by means of the TDM multiplexer 1015.

The controller 1003, according to an embodiment of the present invention, may

generate control information necessary tor the UE to receive the second control
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channel. The UE determines the second control channel resource using the control 1n-
formation, and the first control channel resource according to the second control
channel resource 1n the entire control channel resource. The control information may
include at least one of PRB resource information for the second control channel, in-
formation on the port used for dedicated reference signal, SCID information, and DCI
format size information.

The transmitter of the eNB may include a communication unit for transmitting the
control information through higher layer signaling and transmitting the first and second
control channels to the UE.

FIG. 11 1s a block diagram illustrating a configuration ot a receiver of the UE,
according to an embodiment of the present invention. The receiver of the UE,
according to an embodiment ot the present invention, 1s capable of receiving the first
control channel (the dedicated control channel with the CRS) and the second control
channel (the dedicated control channel with the DRS).

Referring to FIG. 11, the UE separates the signal into a control channel region and a
data region by means of a TDM demultiplexer 1101 and separates a CRS 1103 from
the control channel region and sends the CRS 1103 to a channel estimator 1105. The
UE receives the PDCCH by means of a PDCCH receiver 1104 in the control channel
region, and receives the control channel region with the CRS 1103 by means of a
PDCCH decoder 1111, using the channel information estimated by the channel
estimator 1103. The data region 1s demultiplexed into PDSCH and ePDCCH control
channels by an FDM demultiplexer 1102, such that the PDSCH 1s received by means
of a PDSCH receiver 1106 and the ePDCCH 1is recerved by means of an ePDCCH
receiver 1107. If the control channel 1s received on PDCCH or ePDCCH, the PDSCH
receiver 1112 demodulates the PDSCH information based on the received control
channel.

A DRS 1115 of the data channel region 1s sent to a DRS channel estimator 1114. The
ePDCCH receiver 1107 receives the ePDCCH control channel by means of a blind de-
modulator 1108 and a search area generator 1109 and completes control channel
reception process by means of an ePDCCH demodulator 1113 using the DRS channel
estimation information from the channel estimator 1114.

The receiver of the UE, according to an embodiment of the present invention, may
further include a controller and a communication unit.

The communication unit receives the control information for receiving the second
control channel from the eNB through higher layer signaling.

The controller determines the second control channel resource using the control 1n-
formation and determines the first control channel resource according to the second

control channel resource determined in the entire control channel resource. The control

CA 02828150 2013-08-22



22

WO 2012/161540 PCT/KR2012/004137

[142]

[143]

information may include at least one of the PRB resource information tor the second
control channel, information on the port used tor the dedicated reference signal, SCID
information, and DCI format size information.

As described above, the method and apparatus for transmitting the dedicated control
channel for the dedicated reterence signal, according to embodiments of the present
invention, enables the UE to receive a control channel having an increased amount of
the dedicated control channel with the DRS, as compared to the conventional method,
etticiently without an increase 1n the number of blind demodulation operations. Also,
the method and apparatus for transmitting the dedicated control signal for the dedicated
reterence signal, according to embodiments of the present invention, i1s capable ot
managing the resources tor the dedicated control channel region with the CRS and the
dedicated control channel region with the DRS by etficiently using the signaling in-
formation on the dedicated control channel transmitted by the eNB. Furthermore, the
method and apparatus for transmitting the dedicated control channel for the dedicated
reterence signal 1s advantageous in managing the resources of the control channel
regions efficiently, according to the UE condition and the data channel transmission
scheme.

While the invention has been shown and described with reference to certain em-
bodiments thereot, 1t will be understood by those skilled in the art that various changes

in form and detail may be made therein without departing from the spirit and scope of

the invention as defined by the appended claims.
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CLAIMS:

I. A control channel reception method of a terminal 1n a wireless communication

system, the method comprising the steps of:

rece1ving control information for receiving an enhanced Physical Downlink Control
CHannel “ePDCCH” from a base station through higher layer signaling, the control
information including information indicative of a physical resource block “PRB” of the
ePDCCH and information indicative of a scrambling of a dedicated reference signal;

identifying a second resource for monitoring the ePDCCH based on the information

indicative of the PRB;

receiving the ePDCCH associated with the dedicated reference signal on the second

resource; and
recerving a Physical Downlink Control CHannel “PDCCH” associated with a common

reference signal on a first resource,
wherein the first resource is defined by a downlink bandwidth and a first set of

orthogonal frequency division multiplex “OFDM” symbols in a subframe, and the second
resource 1s defined by at least one PRB indicated by the information indicative of the PRB

and a second set of OFDM symbols in the subframe.

2. The control channel reception method of claim 1, wherein the control information

further includes at least one reference signal, information for the subframe used for

transmission of the ePDCCH, and information for Downlink Control Information “DCI”

formation size.

3. A terminal 1n a wireless communication system, comprising:

a communication unit; and

a controller configured to control to:

receive control information for receiving an enhanced Physical Downlink Control

CHannel “ePDCCH” from a base station through higher layer signaling, the control

information including information indicative of a physical resource block “PRB” of the
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ePDCCH and information indicative of a scrambling of a dedicated reference signal,
identify a second resource for monitoring the ePDCCH based on the information
indicative of the PRB,

receive the ePDCCH associated with the dedicated reference signal on the second

resource, and
receive a Physical Downlink Control CHannel “PDCCH” associated with a common

reference signal on a first resource,
wherein the first resource is defined by a downlink bandwidth and a first set of

orthogonal frequency division multiplex “OFDM” symbols in a subframe, and the second
resource 1s defined by at least onc PRB indicated by the information indicative of the PRB

and a second set of OFDM symbols 1n the subtrame.

4. The terminal of claim 3, wherein the control information further includes at least
one reference signal, information for the subframe used for transmission of the ePDCCH, and

information for Downlink Control Information “DCI” formation size.

5. A control channel transmission method of a base station in a wireless
communication system, the method comprising the steps of:

generating control information for a terminal, the control information including
information indicative of a physical resource block “PRB” of an enhanced Physical Downlink

Control CHannel “ePDCCH” and information indicative of a scrambling of a dedicated

reference signal;

transmitting the control information to the terminal through higher layer signaling; and

transmitting at least one of a Physical Downlink Control CHannel “PDCCH” and the
ePDCCH to the terminal,

wherein the ePDCCH associated with the dedicated reference signal is transmitted on a

second resource, and the PDCCH associated with a common reference signal is transmitted on

a first resource, and
wherein the first resource i1s defined by a downlink bandwidth and a first set of
orthogonal frequency division multiplex on reference signal subframe, and the second

resource 1S defined by at least one PRB indicated by the information indicative of the PRB
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and a second set of OFDM symbols in the subframe.

6. The control channel transmission method of claim 5, wherein the control
information further includes at least one reference signal, information for the subframe used
for transmission of the ePDCCH, and information for Downlink Control Information “DCI”

formation size.

7. A base station in a wireless communication system, the base station comprising:

a communication unit; and

a controller configured to control to:

generate control information for a terminal, the control information including
information indicative of a physical resource block “PRB” of an enhanced Physical Downlink
Control CHannel “ePDCCH” and information indicative of a scrambling of a dedicated
reference signal,

transmit the control information to the terminal through higher layer signaling, and

transmit at least one of a Physical Downlink Control CHannel “PDCCH” and the
ePDCCH to the terminal,

wherein the ePDCCH associated with the dedicated reference signal is transmitted on a
second resource, and the PDCCH associated with a common reference signal is transmitted on
a first resource, and

wherein the first resource is defined by a downlink bandwidth and a first set of
orthogonal frequency division multiplex “OFDM” symbols in a subframe, and the second
resource 1s detined by at least one PRB indicated by the information indicative of the PRB

and a second set of OFDM symbols in the subframe.

8. The base station of claim 7, wherein the control information further includes at least
one reference signal, information for the subframe used for transmission of the ePDCCH, and

information for Downlink Control Information “DCI” formation size.
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