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(57) The present invention is designed such that, in
a heterogeneous environment where the same cell iden-
tification information is used, it is possible to identify from
which cell a downlink signal has arrived, in a user termi-
nal, and thereby maintain the accuracy of reception. The
radio communication method according to the present
invention includes the steps of: at the radio base station
apparatus: generating a demodulation reference signal
sequence using a pseudo-random sequence including a
user-specific parameter; and transmitting user-specific
information for determining the user-specific parameter

and the demodulation reference signal sequence to the
user terminal; and at the user terminal: determining the
user-specific parameter using the user-specific informa-
tion for determining the user-specific user parameter
transmitted from the radio base station apparatus, and
identifying a demodulation reference signal sequence
using a pseudo-random sequence that uses the user-
specific parameter; and demodulating a received signal
using the identified demodulation reference signal se-
quence.
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Description

Technical Field

[0001] The present invention relates to a radio communication system, a radio base station apparatus, a user terminal
and a radio communication method that are applicable to a cellular system and so on.

Background Art

[0002] In the UMTS (Universal Mobile Telecommunications System) network, for the purposes of improving spectral
efficiency and improving the data rates, system features based on W-CDMA (Wideband Code Division Multiple Access)
are maximized by adopting HSDPA (High Speed Downlink Packet Access) and HSUPA (High Speed Uplink Packet
Access). For this UMTS network, for the purposes of further increasing high-speed data rates, providing low delay and
so on, long-term evolution (LTE) has been under study (non-patent literature 1).
[0003] In the third-generation system, it is possible to achieve a transmission rate of maximum approximately 2 Mbps
on the downlink by using a fixed band of approximately 5 MHz. Meanwhile, in the LTE system, it is possible to achieve
a transmission rate of about maximum 300 Mbps on the downlink and about 75 Mbps on the uplink by using a variable
band that ranges from 1.4 MHz to 20 MHz. Furthermore, in the UMTS network, for the purpose of achieving further
broadbandization and higher speed, successor systems of LTE have been under study (for example, LTE-Advanced
(LTE-A)).
[0004] Now, as a promising technique for further improving the system performance of the LTE system, there is inter-
cell orthogonalization. For example, in the LTE-A system, intra-cell orthogonalization is made possible by orthogonal
multiple access on both the uplink and the downlink. That is to say, on the downlink, orthogonalization is provided
between user terminal UEs (User Equipment) in the frequency domain. On the other hand, between cells, like in W-
CDMA, interference randomization by repeating one-cell frequency is fundamental.
[0005] So, in the 3GPP (3rd Generation Partnership Project), the coordinated multiple-point transmission/reception
(CoMP) technique is under study as a technique for realizing inter-cell orthogonalization. In this CoMP transmission/re-
ception, a plurality of cells coordinate and perform signal processing for transmission and reception for one user terminal
UE or for a plurality of user terminal UEs. For example, for the downlink, simultaneous transmission of a plurality of cells,
and coordinated scheduling/beam forming, which adopt precoding, are under study. By adopting these CoMP transmis-
sion/reception techniques, improvement of throughput performance is expected, especially with respect to user terminal
UEs located on cell edges.
[0006] As an environment to adopt CoMP transmission/reception, there are, for example, a configuration (centralized
control based on an RRE configuration) to include a plurality of remote radio equipment (RREs: Remote Radio Equipment)
that are connected with a radio base station apparatus (radio base station apparatus eNB) by optical fiber and so on,
and a configuration (autonomous distributed control based on an independent base station configuration) of a radio base
station apparatus (radio base station apparatus eNB). In the RRE configuration, as shown in FIG. 1, remote radio
equipment RREs are controlled in a centralized fashion in a radio base station apparatus eNB. In the RRE configuration,
the radio base station apparatus eNB (central base station) that performs baseband signal processing and control for
a plurality of remote radio equipment RREs, and each cell (that is, each remote radio equipment RRE), are connected
by baseband signals using optical fiber, so that it is possible to execute radio resource control between cells in the central
base station altogether. Consequently, in the RRE configuration, on the downlink, it is possible to adopt a method to
use fast signal processing between cells such as simultaneous transmission of a plurality of cells. In FIG. 1, the trans-
mission power of the remote radio equipment RREs is approximately the same as the transmission power of the radio
base station apparatus (macro base station) eNB (high transmission power RREs).
[0007] Another environment to adopt CoMP transmission/reception is an overlay network environment (heterogeneous
environment) that is formed by arranging a plurality of remote radio equipment RREs in the cover area of a radio base
station apparatus (macro base station) eNB, as shown in FIG. 2. This environment may be an environment in which the
cell of the macro base station eNB and the cells of the remote radio equipment RREs are different -- that is, the cell
identification information (cell ID) of the macro base station eNB and the cell IDs of the remote radio equipment RREs
are different (the first heterogeneous environment), and an environment in which the cell of the macro base station eNB
and the cells of the remote radio equipment RREs are the same -- that is, the cell ID of the macro base station eNB and
the cell IDs of the remote radio equipment RREs are the same (a second heterogeneous environment). In FIG. 2, the
transmission power of the remote radio equipment RREs is lower than the transmission power of the radio base station
apparatus (macro base station) eNB (low transmission power RREs).
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Citation List

Non-Patent Literature

[0008] Non-Patent Literature 1: 3GPP, TR25.912 (V7.1.0), "Feasibility Study for Evolved UTRA and UTRAN," Sept.
2006

Summary of the Invention

Technical Problem

[0009] In the second heterogeneous environment, the cell ID of the macro base station eNB and the cell IDs of the
remote radio equipment RREs are the same, so that handover is not necessary, and this can be considered to be a
control environment that is simpler than the first heterogeneous environment. However, in the second heterogeneous
environment, the cell of a macro base station eNB (the hexagonal cell in FIG. 2) and the cells of remote radio equipment
RREs (the circular cells in FIG. 2) have no distinction, and therefore it is difficult to determine from which cell a downlink
signal has arrived in a user terminal, thereby raising a problem of lowering the accuracy of reception. For example, if,
in a user terminal, it is not possible to determine from which cell a reference signal sequence such as demodulation
reference signals, channel state information reference signals and so on has been transmitted, there is a problem that
the accuracy of demodulation and the accuracy of channel estimation become lower.
[0010] The present invention has been made in view of the above, and it is therefore an object of the present invention
to provide a radio communication system, a radio base station apparatus, a user terminal and a radio communication
method, whereby, even in a heterogeneous environment in which the same cell identification information is used, a user
terminal is able to determine from which cell a downlink signal has arrived, and, by this means, maintain the accuracy
of reception.

Solution to Problem

[0011] A radio communication system according to the present invention includes a radio base station apparatus and
a user terminal that performs radio communication with the radio base station apparatus, and, in this radio communication
system: the radio base station apparatus includes: a generating section that generates a demodulation reference signal
sequence using a pseudo-random sequence including a user-specific parameter; and a transmission section that trans-
mits user-specific information for determining the user-specific parameter and the demodulation reference signal se-
quence to the user terminal; and the user terminal includes: an identification section that determines the user-specific
parameter using the user-specific information transmitted from the radio base station apparatus, and identifies a de-
modulation reference signal sequence using a pseudo-random sequence that uses the user-specific parameter; and a
demodulation section that demodulates a received signal using the identified demodulation reference signal sequence.
[0012] A radio base station apparatus according to the present invention is a radio base station apparatus in a radio
communication system including the radio base station apparatus and a user terminal that performs radio communication
with the radio base station apparatus, and this radio base station apparatus includes: a generating section that generates
a demodulation reference signal sequence using a pseudo-random sequence including a user-specific parameter; and
a transmission section that transmits user-specific information for determining the user-specific parameter and the
demodulation reference signal sequence to the user terminal.
[0013] A user terminal apparatus according to the present invention is a user terminal in a radio communication system
including a radio base station apparatus and the user terminal that performs radio communication with the radio base
station apparatus, and this user terminal includes: an identification section that determines a user-specific parameter
using user-specific information for determining the user-specific parameter, transmitted from the radio base station
apparatus, and identifies a demodulation reference signal sequence using a pseudo-random sequence that uses the
user-specific parameter; and a demodulation section that demodulates a received signal using the identified demodulation
reference signal sequence.
[0014] A radio communication method according to the present invention is a radio communication method in a radio
communication system including a radio base station apparatus and a user terminal that performs radio communication
with the radio base station apparatus, and this radio communication method includes the steps of: at the radio base
station apparatus: generating a demodulation reference signal sequence using a pseudo-random sequence including
a user-specific parameter; and transmitting user-specific information for determining the user-specific parameter and
the demodulation reference signal sequence to the user terminal; and at the user terminal: determining the user-specific
parameter using the user-specific information for determining the user-specific user parameter transmitted from the radio
base station apparatus, and identifying a demodulation reference signal sequence using a pseudo-random sequence
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that uses the user-specific parameter; and demodulating a received signal using the identified demodulation reference
signal sequence.

Technical Advantage of the Invention

[0015] According to the present invention, even in a heterogeneous environment in which the same cell identification
information is used, a user terminal is able to determine from which cell a downlink signal has arrived, and, by this means,
maintain the accuracy of reception.

Brief Description of the Drawings

[0016]

FIG. 1 is a diagram to explain coordinated multiple point transmission;
FIG. 2 is a diagram to explain coordinated multiple point transmission;
FIG. 3 is a diagram to show the downlink in coordinated multiple point transmission;
FIG. 4 provides diagrams to explain an enhanced PDCCH;
FIG. 5 is a diagram to explain a system configuration of a radio communication system;
FIG. 6 is a diagram to explain an overall configuration of a radio base station apparatus;
FIG. 7 is a functional block diagram corresponding to a baseband processing section in a radio base station apparatus;
FIG. 8 is a diagram to explain an overall configuration of a user terminal; and
FIG. 9 is a functional block diagram corresponding to a baseband processing section of a user terminal.

Description of Embodiments

[0017] Now, embodiments of the present invention will be described below in detail with reference to the accompanying
drawings.
[0018] First, downlink CoMP transmission will be described. Downlink CoMP transmission includes coordinated sched-
uling/coordinated beamforming, and joint processing. Coordinated scheduling/coordinated beamforming refers to a meth-
od of transmitting a shared data channel from only one cell to one user terminal UE, and allocates radio resources in
the frequency/space domain, taking into account interference from other cells and interference against other cells. On
the other hand, joint processing refers to a method of simultaneously transmitting shared data channels from a plurality
of cells by adopting precoding, and includes joint transmission to transmit shared data channels from a plurality of cells
to one user terminal UE, and dynamic point selection (DPS) to select one cell dynamically and transmit a shared data
channel.
[0019] Application of CoMP transmission such as described above in an environment where the cell of the macro base
station eNB and the cells of the remote radio equipment RREs are the same -- that is, the cell ID of the macro base
station eNB and the cell IDs of the remote radio equipment RREs are the same (the second heterogeneous environment),
will be considered. In this case, when a reference signal sequence (for example, a demodulation reference signal
sequence (DM-RS sequence)) is generated, given that the cell ID of the macro base station eNB and the cell IDs of the
remote radio equipment RREs are the same, there is a high possibility that the same reference signal sequence (DM-
RS sequence) is applied between the macro base station eNB and a plurality of remote radio equipment RREs, and the
reference signals (DM-RSs) are multiplexed on the same radio resources.
[0020] Here, reference signal sequences will be described. A DM-RS sequence r(m) is defined by following equation
1 (Release 10 LTE). The pseudo-random sequence c(i) that is included in this equation 1 is initialized as follows (Cinit).
As obvious from this initialized pseudo-random sequence Cinit, a term that varies depending on the cell ID, NID

cell, is
included in the initialized pseudo-random sequence Cinit. Note that this pseudo-random sequence c(i) is generated using
a length-31 Gold sequence. Also, in the initialized pseudo-random sequence Cinit, scrambling identification information
(SCID) is included. This SCID assumes the values of 0 and 1 (the beginning of each subframe). In this way, the pseudo-
r(m) is set to vary depending on the cell ID.

[1] 
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Initialized pseudo-random sequence: 

nSCID: 0, 1 (the beginning of each subframe)
NRB

PDSCH: the bandwidth of corresponding PDSCH transmission resource blocks
c(i): pseudo-random sequence (length-31 Gold sequence)

[0021] As described above, DM-RS sequences are generated using pseudo-random sequences to include a term that
varies depending on the cell ID, so that, given that, in the second heterogeneous environment, the cell ID of the macro
base station eNB and the cell IDs of the remote radio equipment RREs are the same, there is a high possibility that the
same DM-RS sequence is applied between the macro base station eNB and a plurality of remote radio equipment RREs,
and DM-RSs are multiplexed over the same radio resources. In a state like this, a user terminal has difficulty distinguishing
between a downlink signal from the macro base station eNB and a downlink signal from the remote radio equipment
RREs (collision of reference signals) (FIG. 3). Consequently, in the user terminal, there is a possibility that the accuracy
of signal processing decreases. That is to say, a collision of DM-RSs has a threat of causing a decrease in the accuracy
of DM-RS channel estimation and the accuracy of PDSCH demodulation.
[0022] The present inventors have focused on the fact that, since the pseudo-random sequence to be used upon
generating a reference signal sequence includes a term that varies depending on the cell ID, there is a high possibility
that a collision of reference signals is likely to occur in the second heterogeneous environment, and found out that it is
possible to avoid a collision of reference signals in the second heterogeneous environment by using user-specific
information -- for example, user identification information (UEID) -- in the pseudo-random sequence to be used upon
generating a reference signal sequence.
[0023] On the other hand, a control channel referred to as "enhanced PDCCH (Physical Downlink Control Channel)"
is under study. The PDCCH is demodulated by the CRS (Cell-Specific Reference Signal), but the enhanced PDCCH is
demodulated by the DM-RS. As for the enhanced PDCCH, there is the time division approach shown in FIG. 4A, the
frequency division approach shown in FIG. 4B and the time division + frequency division approach shown in FIG. 4C.
[0024] Here, when trying to demodulate the enhanced PDCCH using the DM-RS, part of the information (for example,
nSCID) for generating a DM-RS sequence is not known in a user terminal, and therefore, unless the DM-RS sequence
is identified first, it is not possible to demodulate the enhanced PDCCH using that DM-RS sequence.
[0025] The present inventors have found out a method whereby, when a received signal is demodulated using a DM-
RS sequence, the DM-RS sequence is identified in a user terminal. That is to say, in a radio base station apparatus, a
DM-RS sequence is generated in advance using a pseudo-random sequence including a user-specific parameter, and
user-specific information for determining this user-specific parameter and the DM-RS sequence are transmitted to a
user terminal, and, in the user terminal, the user-specific parameter is determined using the user-specific information
transmitted from the radio base station apparatus, the DM-RS sequence using the pseudo-random sequence to use
this user-specific parameter is identified, and a received signal is demodulated using the identified DM-RS sequence.
By this method, it is possible to identify the DM-RS sequence and perform demodulation using the DM-RS sequence.
By this means, even when a received signal is demodulated using a DM-RS sequence in a heterogeneous environment
where the same cell identification information is used, a user terminal is able to determine from which cell a downlink
signal has arrived, and, by this means, maintain the accuracy of reception.
[0026] With the present invention, user-specific information is used in a pseudo-random sequence that is used upon
generating a DM-RS sequence. This pseudo-random sequence to include a user-specific parameter may be the following
four sequences.
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(First Sequence)

[0027] The first sequence of the pseudo-random sequence of a DM-RS sequence is a sequence to use a user-specific
parameter X, instead of a cell ID, in the pseudo-random sequence, as shown in following equation 2.

[2] 

(Second Sequence)

[0028] The second sequence of the pseudo-random sequence of a DM-RS sequence is a sequence to add a user-
specific parameter X to a cell ID in the pseudo-random sequence, as shown in following equation 3.

[3] 

(Third Sequence)

[0029] The third sequence of the pseudo-random sequence of a DM-RS sequence is a sequence to use a user-specific
parameter X, instead of SCID, in the pseudo-random sequence, as shown in following equation 4.

[4] 

(Fourth Sequence)

[0030] The fourth sequence of the pseudo-random sequence of a DM-RS sequence is a sequence to add a user-
specific parameter X in the pseudo-random sequence, as shown in following equation 5.

[5] 
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[0031] The pseudo-random sequence of a DM-RS sequence may be a pseudo-random sequence to include a separate
parameter Z, which is reported from a radio base station apparatus to a user terminal by higher layer signaling. As such
pseudo-random sequences, there are a fifth sequence shown by following equation 6, a sixth sequence shown by
following equation 7, a seventh sequence shown by following equation 8 and an eighth sequence shown by following
equation 9.

[6] 

[7] 

[8] 

[9] 
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[0032] The user-specific parameter X in the above first sequence to the fourth sequence is not known in a user terminal.
Consequently, it is necessary to report X from a radio base station apparatus or determine X in a user terminal. As this
method, the following three methods may be possible.

(First Method)

[0033] The first method is a method of making the user-specific parameter X be a value to be determined by a user-
specific channel state information reference signal (CSI-RS) configuration. That is to say, with the first method, the user-
specific parameter is determined from a CSI-RS configuration. The value to be determined by the CSI-RS configuration
may be, for example, the CSI-RS configuration index. This CSI-RS configuration index, which is user-specific information,
is reported from a radio base station apparatus to a user terminal by higher layer signaling. Consequently, in the user
terminal, the CSI-RS configuration index that is reported from the radio base station apparatus is used as the user-
specific parameter X. By this means, the pseudo-random sequence is identified, so that it is possible to identify the DM-
RS sequence. Consequently, it is possible to demodulate a received signal using the DM-RS sequence.
[0034] With the first method, it might occur that a plurality of CSI-RS configuration indices are reported. In this case,
blind detection of received signals (the PDCCH signal, the PDSCH (Physical Downlink Shard Channel) signal and so
on) is performed by separate DM-RS sequences in which all the CSI-RS configuration indices that are reported are used
as the user-specific parameter X, and, based on these detection results, DM-RS sequences are identified (demodulated
DM-RS sequences are selected) (the 1-1 method).
[0035] Alternatively, among a plurality of CSI-RS configuration indices that are reported, DM-RS sequences, in which
CSI-RS configuration indices where the received quality (for example the received SINR (Signal Interference plus Noise
Ratio)) measured by using the CSI-RS configuration is relatively high are used as the user-specific parameter X, are
selected, blind detection of received signals (the PDCCH signal, the PDSCH signal and so on) is performed based on
these DM-RS sequences, and, based on these detection results, DM-RS sequences are identified (demodulated DM-
RS sequences are selected) (the 1-2 method). With the 1-2 method, when DM-RS sequences to subject to blind detection
are selected, it is also possible to select DM-RS sequences, in which CSI-RS configuration indices where the received
quality exceeds a predetermined threshold value are used as the user-specific parameter X, or it is equally possible to
select DM-RS sequences in which a predetermined number of CSI-RS configuration indices, determined in descending
order of received quality, are used as the user-specific parameter X. However, with the 1-2 method, when blind detection
of received signals fails, it is then possible to perform blind detection of received signals by DM-RS sequences in which
CSI-RS configuration indices which have low received quality (and which are therefore not selected) are used as the
user-specific parameter X.

(Second Method)

[0036] The second method is a method of determining X by user-specific information that is included in the CSI-RS
sequence (or that is derived from a CSI-RS sequence). That is to say, with the second method, user-specific information
is determined from user-specific information that is included in the CSI-RS sequence. That is to say, the user-specific
parameter X is determined using user-specific information that is included in the CSI-RS sequence. To be more specific,
as shown in following equation 10, a user-specific term Y is added in a pseudo-random sequence, and the user-specific
parameter X is determined using this term Y.

[10] 
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[0037] The user-specific term Y included in this CSI-RS sequence is reported from a radio base station apparatus to
a user terminal by higher layer signaling. Consequently, in the user terminal, the user-specific parameter X is determined
based on the Y reported from the radio base station apparatus. By means of this user-specific Y, the user-specific
parameter X is determiend, and, by this means, the pseudo-random sequence is identified, so that it is possible to identify
the DM-RS sequence. Consequently, it is possible to demodulate received signals using the DM-RS sequence.
[0038] With the second method, it might occur that a plurality of user-specific Y’s are reported. In this case, the user-
specific parameter X is determined from all of the Y’s that are reported, blind detection of received signals (the PDCCH
signal, the PDSCH signal, and so on) is performed by DM-RS sequences using these user-specific parameter X’s, and,
based on these detection results, DM-RS sequences are identified (Demodulated DM-RS sequences are selected) (the
2-1 method).
[0039] Alternatively, DM-RS sequences using user-specific parameter X’s that are determined from the Y’s of CSI-
RS sequences where the received quality is relatively high, in the received quality (for example, the received SINR)
measured using separate CSI-RS sequences using a plurality of Y’s that are reported, are selected, blind detection of
received signals (the PDCCH signal, the PDSCH signal and so on) is performed by using these DM-RS sequences,
and, based on these detection results, DM-RS sequences are identified (demodulated DM-RS sequences are selected)
(the 2-2 method). With the 2-2 method, when DM-RS sequences to subject to blind detection are selected, it is possible
to select DM-RS sequences, in which user-specific parameter X’s that are determined from Y’s where the received
quality exceeds a predetermined threshold value are used, or it is equally possible to select DM-RS sequences in which
user-specific parameter X’s that are determined from the Y’s of a predetermined number of CSI-RS sequences, deter-
mined in descending order of received quality, are used. However, with the 2-2 method, when blind detection of received
signals fails, it is then also possible to perform blind detection of received signals by DM-RS sequences in which user-
specific parameter X’s that are determined from Y’s corresponding to CSI-RS sequences which have low received quality
(and which are therefore not selected) are used.

(Third Method)

[0040] The third method is a method of determining the user-specific parameter X by a combination (set) of a user-
specific CSI-RS configuration and user-specific information that is included in the CSI-RS sequence (that is derived from
the CSI-RS sequence). That is to say, according to the third method, user-specific information is determined from a set
of a CSI-RS configuration and user-specific information that is included in the CSI-RS sequence. That is to say, the
user-specific parameter X is determined using a CSI-RS configuration and user-specific information that is included in
the CSI-RS sequence. The user-specific information that is included in the CSI-RS sequence is the same as the infor-
mation used in the second method. As the CSI-RS configuration, there is the CSI-RS configuration index.
[0041] For example, this set of a user-specific CSI-RS configuration index and the user-specific term Y included in a
CSI-RS sequence is reported from a radio base station apparatus to a user terminal by higher layer signaling. Conse-
quently, in the user terminal, the user-specific parameter X is determined based on the set reported from the radio base
station apparatus. By means of this user-specific set, the user-specific parameter X is determined, and, by this means,
the pseudo-random sequence is identified, so that it is possible to identify the DM-RS sequence. Consequently, it is
possible to demodulate received signals using the DM-RS sequence.
[0042] With the third method, it might occur that a plurality of user-specific sets are reported. In this case, the user-
specific parameter X is determined from all of the sets that are reported, blind detection of received signals (the PDCCH
signal, the PDSCH signal, and so on) is performed by DM-RS sequences using these user-specific parameter X’s, and,
based on these detection results, DM-RS sequences are identified (demodulated DM-RS sequences are selected) (the
3-1 method).
[0043] Alternatively, DM-RS sequences using user-specific parameter X’s that are determined from sets where the
received quality is relatively high, in the received quality (for example, the received SINR) measured using separate
CSI-RS sequences using a plurality of sets that are reported, are selected, blind detection of received signals (the
PDCCH signal, the PDSCH signal and so on) is performed by using these DM-RS sequences, and, based on these
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detection results, DM-RS sequences are identified (demodulated DM-RS sequences are selected) (the 3-2 method).
With the 3-2 method, when DM-RS sequences to subject to blind detection are selected, it is also possible to select DM-
RS sequences, in which user-specific parameter X’s that are determined from sets where the received quality exceeds
a predetermined threshold value are used, or it is equally possible to select DM-RS sequences in which user-specific
parameter X’s that are determined from a predetermined number of sets of CSI-RS sequences, determined in descending
order of received quality, are used. However, with the 3-2 method, when blind detection of received signals fails, it is
then also possible to perform blind detection of received signals by DM-RS sequences in which user-specific parameter
X’s that are determined from sets corresponding to CSI-RS sequences which have low received quality (and which are
therefore not selected) are used.
[0044] The first method to the third method described above are applicable to any of the first sequence to the eighth
sequence above.

(Fourth Method)

[0045] The term nSCID (scrambling identification information) that is included in the initialized pseudo-random sequence
of above equation 1 is dynamically transmitted from a radio base station apparatus to a user terminal in a downlink
control channel signal. When the pseudo-random sequence of above equation 1 is used, the value of the term nSCID is
"0" or "1," and transmitted in one bit in downlink control information (DCI). When this term nSCID is not known in the user
terminal, there is a possibility that the pseudo-random sequence cannot be identified. Consequently, this term nSCID is
made a fixed value in advance (for example, nSCID=0) (the 4-1 method), or blind detection of received signals (the
PDCCH signal, the PDSCH signal and so on) is performed using DM-RSs using the term nSCID, and DM-RS sequences
are identified based on the detection results (the 4-2 method). Note that the fourth method is applied when the first
sequence, the second sequence and the fourth sequence including the term nSCID are used.
[0046] When a DM-RS sequence is generated using the pseudo-random sequence shown in above equation 1, in the
second heterogeneous environment shown in FIG. 3, the cell ID of the cell of the macro base station eNB and the cell
IDs of the cells of the remote radio equipment RREs (low transmission power apparatuses) that are overlaid with that
cell are the same, so that the same DM-RS sequence is used in user terminal UEs #1 to #3, and the possibility that the
multiplexing positions of the DM-RSs become the same is high, so that a collision of DM-RSs occurs, and it becomes
difficult, in the user terminal UEs, to distinguish between a downlink signal from the macro base station eNB and a
downlink signal from the remote radio equipment RREs. Due to this, there is a threat that a decrease in the accuracy of
DM-RS channel estimation and the accuracy of PDSCH demodulation is caused. On the other hand, when a DM-RS
sequence is generated using the pseudo-random sequences of the above first sequence to the fourth sequence, in the
second heterogeneous environment shown in FIG. 3, although the cell ID of the cell of the macro base station eNB and
the cell IDs of the cells of the remote radio equipment RREs that are overlaid with that cell are the same, user terminal
UEs #1 to #3 all have varying UEIDs, so that different DM-RS sequences are used between user terminal UEs #1 to
#3, and the possibility that the multiplexing positions of the DM-RSs become the same is low. Consequently, a collision
of DM-RSs does not occur, and it becomes easy to distinguish between a downlink signal from the macro base station
eNB and a downlink signal from the remote radio equipment RREs in a user terminal UE. As a result of this, it is possible
to maintain the accuracy of DM-RS channel estimation and the accuracy of PDSCH demodulation.
[0047] In particular, with the present invention, a DM-RS sequence to include user-specific information is used to
report that user-specific information to a user terminal, so that it is possible to identify the DM-RS sequence in the user
terminal, and prevent a case where demodulation is not possible when demodulating a received signal using the DM-
RS sequence.
[0048] Now, a radio communication system according to an embodiment of the present invention will be described in
detail. FIG. 5 is a diagram to explain a system configuration of a radio communication system according to the present
embodiment. This radio communication system includes radio base station apparatuses, and user terminals that perform
radio communication with these radio base station apparatuses. Note that the radio communication system shown in
FIG. 5 is a system to accommodate, for example, the LTE system or SUPER 3G. In this radio communication system,
carrier aggregation, which groups a plurality of fundamental frequency blocks into one, where the system band of the
LTE system is one unit, is used. Also, this radio communication system may be referred to as "IMT-Advanced" or may
be referred to as "4G."
[0049] As shown in FIG. 5, the radio communication system 1 is configured to include radio base station apparatuses
20A and 20B, and a plurality of the first and second user terminals 10A and 10B that communicate with these radio base
station apparatuses 20A and 20B. The radio base station apparatuses 20A and 20B are connected with a higher station
apparatus 30, and this higher station apparatus 30 is connected with a core network 40. Also, the radio base station
apparatuses 20A and 20B are connected with each other by wire connection or by wireless connection. The first and
second user terminals 10A and 10B are able to communicate with the radio base station apparatuses 20A and 20B in
cell C1 and cell C2. Note that the higher station apparatus 30 includes, for example, an access gateway apparatus, a
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radio network controller (RNC), a mobility management entity (MME) and so on, but is by no means limited to these.
Note that, between cells, CoMP transmission is controlled by a plurality of radio base station apparatuses and low
transmission power apparatuses, when necessary.
[0050] Although the first and second user terminals 10A and 10B may be either LTE terminals or LTE-A terminals,
the following description will be given simply with respect to the first and second user terminals, unless specified otherwise.
Also, although the first and the second user terminals 10A and 10B perform radio communication with the radio base
station apparatuses 20A and 20B for ease of explanation, more generally, user apparatuses (UEs) including user terminals
and fixed terminal apparatuses may be used as well.
[0051] In the radio communication system 1, for radio access schemes, OFDMA (Orthogonal Frequency Division
Multiple Access) is adopted on the downlink, and SC-FDMA (Single-Carrier Frequency Division Multiple Access) is
adopted on the uplink, but the uplink radio access scheme is by no means limited to this. OFDMA is a multi-carrier
transmission scheme to perform communication by dividing a frequency band into a plurality of narrow frequency bands
(subcarriers) and mapping data to each subcarrier. SC-FDMA is a single carrier transmission scheme to reduce inter-
ference between terminals by dividing, per terminal, the system band into bands formed with one or continuous resource
blocks, and allowing a plurality of terminals to use mutually different bands.
[0052] The downlink communication channels include a PDSCH, which is used by the first and second user terminals
10A and 10B on a shared basis as a downlink data channel, and downlink L1/L2 control channels (PDCCH, PCFICH,
PHICH). Transmission data and higher control information are transmitted by the PDSCH. PDSCH and PUSCH sched-
uling information and so on are transmitted by the PDCCH. The number of OFDM symbols to use for the PDCCH is
transmitted by the PCFICH (Physical Control Format Indicator Channel). HARQ ACK and NACK for the PUSCH are
transmitted by the PHICH (Physical Hybrid-ARQ Indicator Channel).
[0053] The uplink communication channels include a PUSCH (Physical Uplink Shared Channel), which is used by
user terminals on a shared basis as an uplink data channel, and a PUCCH (Physical Uplink Control Channel), which is
an uplink control channel. By means of this PUSCH, transmission data and higher control information are transmitted.
Furthermore, the PUCCH transmits downlink received quality information (CQI), ACK/NACK, and so on.
[0054] Referring to FIG. 6, an overall configuration of a radio base station apparatus according to the present embod-
iment will be described. Note that the radio base station apparatuses 20A and 20B have the same configuration and
therefore hereinafter will be described simply as "radio base station apparatus 20." Also, the first and second user
terminals 10A and 10B, which will be described later, also have the same configuration and therefore hereinafter will be
described simply as "user terminal 10." The radio base station apparatus 20 includes transmitting/receiving antennas
201, amplifying sections 202, transmitting/receiving sections (reporting sections) 203, a baseband signal processing
section 204, a call processing section 205, and a transmission path interface 206. Transmission data to be transmitted
from the radio base station apparatus 20 to the user terminal on the downlink is input from the higher station apparatus
30, into the baseband signal processing section 204, via the transmission path interface 206.
[0055] In the baseband signal processing section 204, a downlink data channel signal is subjected to PDCP layer
processes, division and coupling of transmission data, RLC (Radio Link Control) layer transmission processes such as
an RLC retransmission control transmission process, MAC (Medium Access Control) retransmission control, including,
for example, a HARQ transmission process, scheduling, transport format selection, channel coding, an inverse fast
Fourier transform (IFFT) process, and a precoding process. Furthermore, as for the signal of the physical downlink
control channel, which is a downlink control channel, transmission processes such as channel coding and an inverse
fast Fourier transform are performed.
[0056] Also, the baseband signal processing section 204 reports control information for allowing each user terminal
10 to perform radio communication with the radio base station apparatus 20, to the user terminals 10 connected to the
same cell, by a broadcast channel. Information for communication in the cell includes, for example, the system bandwidth
on the uplink or the downlink, identification information of a root sequence (root sequence index) for generating signals
of random access preambles of the PRACH (Physical Random Access Channel), and so on.
[0057] Baseband signals that are output from the baseband signal processing section 204 are converted into a radio
frequency band in the transmitting/receiving sections 203. The amplifying sections 202 amplify the radio frequency
signals subjected to frequency conversion, and output the results to the transmitting/receiving antennas 201. Note that
the transmitting/receiving sections 203 constitute a receiving means to receive uplink signals including information about
phase differences between a plurality of cells and PMIs, and a transmitting means to transmit user-specific information
and DM-RS sequences to a user terminal.
[0058] On the other hand, as for signals to be transmitted from the user terminal 10 to the radio base station apparatus
20 on the uplink, radio frequency signals that are received in the transmitting/receiving antennas 201 are amplified in
the amplifying sections 202, converted into baseband signals by frequency conversion in the transmitting/receiving
sections 203, and input in the baseband signal processing section 204.
[0059] The baseband signal processing section 204 performs an FFT (Fast Fourier Transform) process, an IDFT
(Inverse Discrete Fourier Transform) process, error correction decoding, a MAC retransmission control receiving process,
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and RLC layer and PDCP layer receiving processes, of the transmission data that is included in the baseband signal
received on the uplink. The decoded signal is transferred to the higher station apparatus 30 through the transmission
path interface 206.
[0060] The call processing section 205 performs call processing such as setting up and releasing communication
channels, manages the state of the radio base station apparatus 20 and manages the radio resources.
[0061] FIG. 7 is a block diagram to show a configuration of a baseband signal processing section in the radio base
station apparatus shown in FIG. 6. The baseband signal processing section 204 is mainly formed with a transmission
data generating section 2041, an RS sequence generating section 2042, a multiplexing section 2043, an IFFT (Inverse
Fast Fourier Transform) section 2044, and a CP (Cyclic Prefix) adding section 2045.
[0062] The transmission data generating section 2041 applies error correction coding and interleaving to the symbol
sequence of transmission data. After having performed error correction coding and interleaving of transmission data,
the transmission data generating section 2041 performs a serial-to-parallel conversion of the transmission data sequence
(n bits to constitute one OFDM symbol) and generates a plurality of sequences of data signals for subcarrier modulation.
It is equally possible to generate a plurality of sequences of data signals and apply interleaving. The transmission data
generating section 2041 further performs subcarrier modulation of the plurality of sequences of data signals in parallel.
[0063] The RS sequence generating section 2042 generates a DM-RS sequence using a pseudo-random sequence
including a user-specific parameter. When a reference signal sequence is a DM-RS sequence, the RS sequence gen-
erating section 2042 generates the DM-RS in a DM-RS sequence using one of the pseudo-random sequences of the
first sequence to the eighth sequence shown in above equation 2 to equation 9. Also, the RS sequence generating
section 2042 generates a CSI-RS sequence. In particular, in the second method and the third method, the RS sequence
generating section 2042 generates a CSI-RS sequence using, for example, the pseudo-random sequence shown in
above equation 6.
[0064] The multiplexing section 2043 multiplexes the transmission data and the RSs over radio resources. The IFFT
section 2044 performs an inverse fast Fourier transform of the frequency domain transmission signal (subcarrier signal)
where the transmission data and the RSs are mapped to the subcarriers. The signal of frequency components allocated
to the subcarriers by an inverse fast Fourier transform is converted into a signal sequence of time components. After
that, cyclic prefixes are added in the CP adding section 2045.
[0065] The radio base station apparatus 20 semi-statically reports (transmits), by higher layer signaling (for example,
RRC signaling), to a user terminal, user-specific information for determining the user-specific parameter -- that is, CSI-
RS configuration information (for example, the CSI-RS configuration index) according to the first method, user-specific
information that is included in the CSI-RS sequence (information that is included in a pseudo-random sequence) according
to the second method, and a set of CSI-RS configuration information and user-specific information that is included in
the CSI-RS sequence according to the third method.
[0066] Next, referring to FIG. 8, an overall configuration of a user terminal according to the present embodiment will
be described. An LTE terminal and an LTE-A terminal have the same hardware configurations in principle parts, and
therefore will be described indiscriminately. A user terminal 10 has transmitting/receiving antennas 101, amplifying
sections 102, transmitting/receiving sections (receiving sections) 103, a baseband signal processing section 104, and
an application section 105.
[0067] As for downlink data, radio frequency signals that are received in the transmitting/receiving antennas 101 are
amplified in the amplifying sections 102, and subjected to frequency conversion and converted into baseband signals
in the transmitting/receiving sections 103. The baseband signals are subjected to receiving processes such as an FFT
process, error correction decoding and retransmission control, in the baseband signal processing section 104. In this
downlink data, downlink transmission data is transferred to the application section 105. The application section 105
performs processes related to higher layers above the physical layer and the MAC layer. Also, in the downlink data,
broadcast information is also transferred to the application section 105.
[0068] Meanwhile, uplink transmission data is input from the application section 105 into the baseband signal process-
ing section 104. The baseband signal processing section 104 performs a mapping process, a retransmission control
(HARQ) transmission process, channel coding, a DFT (Discrete Fourier Transform) process, and an IFFT process. The
baseband signals that are output from the baseband signal processing section 104 are converted into a radio frequency
band in the transmitting/receiving sections 103. After that, the amplifying sections 102 amplify the radio frequency signals
having been subjected to frequency conversion, and transmit the results from the transmitting/receiving antennas 101.
Note that the transmitting/receiving sections 103 constitute a receiving means to receive downlink signals.
[0069] FIG. 9 is a block diagram showing a configuration of a baseband signal processing section in the user terminal
shown in FIG. 8. The baseband signal processing section 104 is mainly formed with a CP removing section 1041, an
FFT section 1042, a demultiplexing section 1043, an identification section 1044, a demodulation section 1045, a feedback
information generating section 1046, and a quality measurement section 1047.
[0070] The CP removing section 1041 removes the cyclic prefixes from the received signal. The FFT section 1042
performs a fast Fourier transform of the received signal, from which the CPs have been removed, and converts the time-



EP 2 779 740 A1

13

5

10

15

20

25

30

35

40

45

50

55

sequence signal components into a sequence of frequency components. The demultiplexing section 1043 demaps the
received signal from the subcarriers and demultiplexes the RSs and the shared channel signal (data signal). The DM-
RS is output to the identification section 1044.
[0071] The identification section 1044 determines the user-specific parameter using user-specific information trans-
mitted from the radio base station apparatus 20, and identifies the DM-RS sequence using the pseudo-random sequence
that uses this user-specific parameter. The identification section 1044 receives as input the user-specific information
that is reported from the radio base station apparatus, so that the user-specific parameter is determined from the user-
specific information, a pseudo-random sequence is prepared using that user-specific parameter, and the DM-RS se-
quence is determined using that pseudo-random sequence. This DM-RS sequence is a user-specific sequence, and
therefore the DM-RS sequence is identified. Also, when the identification section 1044 performs blind detection according
to the first method to the fourth method, the identification section 1044 identifies the DM-RS sequence, including the
blind detection results. The identified DM-RS sequence is output to the demodulation section 1045. Also, the identification
section 1044 selects the DM-RS sequences to subject to blind detection based on received quality, according to the 1-2
method, the 2-2 method and the 3-2 method.
[0072] Here, the user-specific information is CSI-RS configuration information (for example, the CSI-RS configuration
index) according to the first method, user-specific information (information that is included in a pseudo-random sequence)
to be included in a CSI-RS sequence according to the second method, and a set of CSI-RS configuration information
and user-specific information that is included in the CSI-RS sequence according to the third method. Also, with the fifth
sequence to the eighth sequence, Z may be used as well as user-specific information.
[0073] The demodulation section 1045 performs channel estimation using the DM-RS sequences identified in the
identification section 1044, and demodulates the received signals (the PDCCH signal, the PDSCH signal and so on)
using the channel estimation values acquired. When performing blind detection according to the first method to the fourth
method, the demodulation section 1045 feeds back the blind detection results to the identification section 1044.
[0074] The quality measurement section 1047 measures the received quality (for example, the SINR) using the CSI-
RS. The quality measurement section 1047 outputs the measured received quality to the feedback information generating
section 1046. Also, the quality measurement section 1047 feeds back the measured received quality to the identification
section 1044 according to the 1-2 method, the 2-2 method and the 3-2 method.
[0075] The feedback information generating section 1046 generates CSI (feedback information) based on the quality
measurement value. As CSIs, there are cell-specific CSI (PMI, CDI, CQI), inter-cell CSI (phase difference information,
amplitude difference information), RI (Rank Indicator) and so on. These CSI are fed back to the radio base station
apparatus by the PUCCH and the PUSCH.
[0076] In the radio communication system having the above configuration, first, the RS sequence generating section
2042 of the radio base station apparatus generates a DM-RS sequence using a pseudo-random sequence including a
user-specific parameter. This DM-RS sequence is transmitted to the user terminal. Also, the radio base station apparatus
20 semi-statically reports (transmits), by higher layer signaling (for example, RRC signaling), to a user terminal, user-
specific information for determining the user-specific parameter -- that is, CSI-RS configuration information (for example,
the CSI-RS configuration index) according to the first method, user-specific information that is included in the CSI-RS
sequence (information that is included in a pseudo-random sequence) according to the second method, and a set of
CSI-RS configuration information and user-specific information that is included in the CSI-RS sequence according to
the third method.
[0077] Next, the identification section 1044 of the user terminal determines the user-specific parameter using the user-
specific information transmitted from the radio base station apparatus 20, and identifies the DM-RS sequence using the
pseudo-random sequence that uses this user-specific parameter. The user-specific information is CSI-RS configuration
information (for example, the CSI-RS configuration index) according to the first method, user-specific information (infor-
mation that is included in a pseudo-random sequence) to be included in a CSI-RS sequence according to the second
method, and a set of CSI-RS configuration information and user-specific information that is included in the CSI-RS
sequence according to the third method. Also, with the fifth sequence to the eighth sequence, a term Z in a pseudo
random sequence may be used as user-specific information. Also, with the first method to the fourth method, when blind
detection is performed, the result of this blind detection is fed back to the identification section 1044, and, in the identi-
fication section 1044, a DM-RS sequence is identified taking into account the blind detection result. Furthermore, with
the 1-2 method, the 2-2 method and the 3-2 method, received quality that is measured is fed back to the identification
section 1044, and, in the identification section 1044, the DM-RS sequences to subject to blind detection are selected
taking into account the received quality. In each user terminal, the demodulation section 1045 demodulates the data
using the DM-RS sequences identified this way.
[0078] In such control, if DM-RS sequences that are generated using the pseudo-random sequences shown in above
equations 2 to 9 are used, in the second heterogeneous environment, the cell ID of the cell of a macro base station eNB
and the cell IDs of the cells of remote radio equipment RREs that are overlaid with that cell are the same, but each user
terminal UE has a varying UEID, so that varying DM-RS sequence or CSI-RS sequence are used on a per user terminal
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UE basis, and the possibility that the multiplexing positions of the DM-RSs or CSI-RSs become the same decreases.
Consequently, a collision of DM-RSs or CSI-RSs does not occur, and it becomes easy to distinguish between a downlink
signal from a macro base station eNB and a downlink signal from remote radio equipment RREs in a user terminal UE.
As a result of this, it is possible to maintain the accuracy of DM-RS or CSI-RS channel estimation, the accuracy of
PDSCH demodulation and the accuracy of CSI. Also, a DM-RS sequence including user-specific information is used
and that user-specific information is reported to the user terminal, so that it is possible to identify the DM-RS sequence
in the user terminal, and, consequently, prevent a case where demodulation is not possible when demodulating a received
signal using the DM-RS sequence.
[0079] Now, although the present invention has been described in detail with reference to the above embodiments, it
should be obvious to a person skilled in the art that the present invention is by no means limited to the embodiments
described herein. The present invention can be implemented with various corrections and in various modifications,
without departing from the spirit and scope of the present invention defined by the recitations of the claims. Consequently,
the descriptions herein are provided only for the purpose of explaining examples, and should by no means be construed
to limit the present invention in any way.
[0080] The disclosure of Japanese Patent Application No. 2011-246874, filed on November 10, 2011, including the
specification, drawings and abstract, is incorporated herein by reference in its entirety.

Claims

1. A radio communication system comprising a radio base station apparatus and a user terminal that performs radio
communication with the radio base station apparatus, wherein:

the radio base station apparatus comprises:

a generating section that generates a demodulation reference signal sequence using a pseudo-random
sequence including a user-specific parameter; and
a transmission section that transmits user-specific information for determining the user-specific parameter
and the demodulation reference signal sequence to the user terminal; and

the user terminal comprises:

an identification section that determines the user-specific parameter using the user-specific information
transmitted from the radio base station apparatus, and identifies a demodulation reference signal sequence
using a pseudo-random sequence that uses the user-specific parameter; and
a demodulation section that demodulates a received signal using the identified demodulation reference
signal sequence.

2. The radio communication system according to claim 1, wherein the user-specific information is determined from a
user-specific channel state information reference signal configuration and/or user-specific information that is included
in a channel state information reference signal sequence.

3. The radio communication system according to one of claim 1 and claim 2, wherein, when there are a plurality of
candidates for the user-specific information, the user terminal performs blind detection using demodulation reference
signal sequences using user-specific parameters determined from the user-specific information, and, based on the
results, identifies the demodulation reference signal sequence.

4. The radio communication system according to claim 2, wherein, when there are a plurality of candidates for the
user-specific information, the user terminal performs blind detection using demodulation reference signal sequences
using user-specific parameters that are determined from user-specific information corresponding to channel state
information reference signals where received quality is relatively high, and, based on the results, identifies the
demodulation reference signal sequence.

5. The radio communication system according to claim 1, wherein the pseudo-random sequence includes scrambling
identification information.

6. The radio communication system according to claim 5, wherein the scrambling identification information is a fixed
value.
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7. The radio communication system according to claim 5, wherein blind detection is performed using the demodulation
reference signal sequence using the scrambling identification information, and, based on the result, the demodulation
reference signal sequence is identified.

8. The radio communication system according to claim 1, wherein an overlay network is formed by arranging a plurality
of low transmission power apparatuses in a cover area of a macro base station, and cell identification information
of the macro base station and cell identification information of the low transmission power apparatuses are the same.

9. A radio base station apparatus in a radio communication system comprising the radio base station apparatus and
a user terminal that performs radio communication with the radio base station apparatus, the radio base station
apparatus comprising:

a generating section that generates a demodulation reference signal sequence using a pseudo-random se-
quence including a user-specific parameter; and
a transmission section that transmits user-specific information for determining the user-specific parameter and
the demodulation reference signal sequence to the user terminal.

10. A user terminal in a radio communication system comprising a radio base station apparatus and the user terminal
that performs radio communication with the radio base station apparatus, the user terminal comprising:

an identification section that determines a user-specific parameter using user-specific information for determining
the user-specific parameter, transmitted from the radio base station apparatus, and identifies a demodulation
reference signal sequence using a pseudo-random sequence that uses the user-specific parameter; and
a demodulation section that demodulates a received signal using the identified demodulation reference signal
sequence.

11. A radio communication method in a radio communication system comprising a radio base station apparatus and a
user terminal that performs radio communication with the radio base station apparatus, the radio communication
method comprising the steps of:

at the radio base station apparatus:

generating a demodulation reference signal sequence using a pseudo-random sequence including a user-
specific parameter; and
transmitting user-specific information for determining the user-specific parameter and the demodulation
reference signal sequence to the user terminal; and

at the user terminal:

determining the user-specific parameter using the user-specific information for determining the user-specific
user parameter transmitted from the radio base station apparatus, and identifying a demodulation reference
signal sequence using a pseudo-random sequence that uses the user-specific parameter; and
demodulating a received signal using the identified demodulation reference signal sequence.
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