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(57) To increase the number of CSI-RSs for interfer-
ence measurement to improve interference measure-
ment accuracy, a first reference signal for channel state
measurement and a second reference signal for interfer-
ence measurement are assigned to reference signal re-
sources defined for transmission of the first reference
signal, and a mobile terminal apparatus that supports
both the first reference signal and the second reference
signal is notified of pattern information to identify an as-
signment pattern of the first reference signal and the sec-
ond reference signal. A second mobile terminal appara-
tus that supports the first reference signal and that does
not support the second reference signal is notified of pat-
tern information to identify an assignment pattern of the
first reference signal, and of assignment information in-
dicating that resources assigned the second reference
signal are assigned a third reference signal of zero power
for channel state measurement.
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Description

Technical Field

[0001] The present invention relates to a radio com-
munication system, base station apparatus, mobile ter-
minal apparatus and interference measurement method
in the next-generation mobile communication system.

Background Art

[0002] In UMTS (Universal Mobile Telecommunica-
tions System) networks, for the purpose of improving
spectral efficiency and further improving data rates, by
adopting HSDPA (High Speed Downlink Packet Access)
and HSUPA (High Speed Uplink Packet Access), it is
performed exploiting maximum features of the system
based on W-CDMA (Wideband Code Division Multiple
Access) . For the UMTS network, for the purpose of fur-
ther increasing high-speed data rates, providing low de-
lay and the like, Long Term Evolution (LTE) has been
studied (Non-patent Document 1) .
[0003] In the 3G system, a fixed band of 5 MHz is sub-
stantially used, and it is possible to achieve transmission
rates of approximately maximum 2 Mbps in downlink.
Meanwhile, in the LTE system, using variable bands
ranging from 1.4 MHz to 20 MHz, it is possible to achieve
transmission rates of maximum 300 Mbps in downlink
and about 75 Mbps in uplink. Further, in the UMTS net-
work, for the purpose of further increasing the wide-band
and high speed, successor systems to LTE have been
studied (for example, may be called LTE Advanced or
LTE Enhancement, (hereinafter, referred to as "LTE-A")).
[0004] In downlink of the LTE system (for example,
Rel.8) is defined a CRS (Cell-specific Reference Signal)
tied to a cell ID. The CRS is used in measurement of
downlink channel quality (CQI: Channel Quality Indica-
tor) for scheduling and adaptive control and the like, as
well as being used in demodulation of user data. Mean-
while, in successor systems (for example, Rel.10) to LTE,
a CSI-RS (Channel State Information - Reference Signal)
is studied to be dedicated to CSI (Channel State Infor-
mation) measurement.

Citation list

Non-patent literature

[0005] [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

[0006] In addition, in the case of measuring a CQI on
the mobile terminal apparatus side, accuracy of interfer-

ence measurement is important. In the LTE system, in-
terference is measured using the CRS tied to a cell ID.
However, in the case of a system configuration in which
the same cell ID is assigned to a plurality of transmission
points, such a defect exists that a user terminal is not
able to divide CRSs that are transmitted at the same time
from a plurality of transmission points assigned the same
cell ID. Meanwhile, in LTE-A (Rel.10), with respect to the
CSI-RS defined for signal component measurement of a
reception signal (desired signal), it is possible to divide
CSI-RSs also in the system configuration in which the
same cell ID is assigned to a plurality of transmission
points. However, in the case of measuring interference
using the CSI-RS, since the density of the CSI-RS is low,
it is difficult to measure interference with high accuracy.
[0007] The present invention was made in view of such
a respect, and it is an object of the invention to provide
a radio communication system, base station apparatus,
mobile terminal apparatus and interference measure-
ment method that enable interference to be measured
with high accuracy in the future system which is not de-
pendent on the CRS.

Solution to problem

[0008] A radio communication system of the present
invention is a radio communication system provided with
a plurality of base station apparatuses that transmits a
first reference signal for channel state measurement, and
first and second mobile terminal apparatuses that con-
nect to one of the plurality of base station apparatuses,
where each of the base station apparatuses is provided
with a reference signal assignment section that assigns
the first reference signal to reference signal resources
defined for transmission of the first reference signal, while
assigning a second reference signal for interference
measurement to the resources, and a notification section
that notifies a first mobile terminal apparatus that sup-
ports both the first reference signal and the second ref-
erence signal of pattern information to identity an assign-
ment pattern of the first reference signal and the second
reference signal, and the first mobile terminal apparatus
is provided with a reception section that receives notified
pattern information, and an interference measurement
section that performs interference measurement using
both the first reference signal and the second reference
signal or only the second reference signal for interference
measurement, based on the notified pattern information.

Technical advantage of the Invention

[0009] According to the present invention, since the
first reference signal is assigned to reference signal re-
sources defined for first reference signal transmission,
while the second reference signal is assigned to the re-
sources, it is possible to increase the density of the ref-
erence signal for interference measurement in reference
signal resources for channel state measurement, and it
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is thereby possible to measure interference from another
transmission point with high accuracy.

Brief Description of the Drawings

[0010]

FIG. 1 contains explanatory diagrams of assignment
patterns of CSI-RSs in resource blocks;
FIG. 2 contains explanatory diagrams of muting in
CQI measurement using the CSI-RS;
FIG. 3 is a diagram illustrating high-density CSI-RS
patterns;
FIG. 4 contains existing CSI-RS patterns;
FIG. 5 is a diagram illustrating CSI-RS patterns in-
cluding CSI-RSs dedicated to interference measure-
ment;
FIG. 6 is a diagram illustrating CSI-RS patterns in-
cluding zero power CSI-RSs dedicated to interfer-
ence measurement;
FIG. 7 is a diagram illustrating the case of changing
a multiplexed position of zero power CSI-RSs dedi-
cated to interference measurement;
FIG. 8 is another diagram illustrating the case of
changing a multiplexed position of zero power CSI-
RSs dedicated to interference measurement;
FIG. 9 is a diagram illustrating CSI-RS patterns in-
cluding random holes;
FIG. 10 is a diagram illustrating CSI-RS patterns in-
cluding random CSI-RSs;
FIG. 11 is a diagram illustrating CSI-RS patterns in-
cluding the same random holes between transmis-
sion points;
FIG. 12 is a diagram illustrating CSI-RS patterns in-
cluding the same random CSI-RSs between trans-
mission points;
FIG. 13 contains diagrams illustrating CSI-RS pat-
terns to explain a signaling method using a 16-bit
bitmap;
FIG. 14 is an explanatory diagram of a system con-
figuration of a radio communication system;
FIG. 15 is an explanatory diagram of an entire con-
figuration of a base station apparatus;
FIG. 16 is an explanatory diagram of an entire con-
figuration of a mobile terminal apparatus;
FIG. 17 is a functional block diagram of the base
station apparatus; and
FIG. 18 is a functional block diagram of the mobile
terminal apparatus.

Description of embodiments

[0011] The CSI-RS that is one of reference signals
adopted in successor systems (for example, Rel.10) to
LTE will be described first with reference to FIG. 1. The
CSI-RS is a reference signal used in CSI measurement
of a CQI (Channel Quality Indicator), PMI (Precoding Ma-
trix Indicator), RI (Rank Indicator) and the like as a chan-

nel state. Distinct from the CRS assigned to all sub-
frames, the CSI-RS is assigned at predetermined inter-
vals e.g. at 10-subframe intervals. Further, the CSI-RS
is identified by parameters of a position, sequence and
transmission power. The position of the CSI-RS includes
a subframe offset, interval, and subcarrier-symbol offset
(index).
[0012] In addition, defined as the CSI-RS are a non-
zero power CSI-RS and a zero power CSI-RS. In the
non-zero power CSI-RS, transmission power is allocated
to resources to which the CSI-RS is assigned, and in the
zero power CSI-RS, transmission power is not allocated
to assigned resources (CSI-RS is muted.)
[0013] The CSI-RS is assigned in one resource block
specified in LTE so as not to overlap control signals of
the PDCCH (Physical Downlink Control Channel) and
the like, user data of the PDSCH (Physical Downlink
Shared Channel) and the like, and other reference sig-
nals such as the CRS (Cell-specific Reference signal)
and DM-RS (Demodulation-Reference signal). One re-
source block is comprised of 12 subcarriers contiguous
in the frequency domain and 14 symbols contiguous in
the time-axis direction. From the viewpoint of suppress-
ing the PAPR, resources capable of being assigned the
CSI-RS are assigned a set of two resource elements ad-
jacent in the time-axis direction.
[0014] In a CSI-RS arrangement configuration as
shown in FIG. 1, 40 resource elements are reserved as
CSI-RS resources (reference signal resources) in one
resource block. The 40 resource elements are set for a
CSI-RS pattern corresponding to the number of CSI-RS
ports (the number of antennas, or the like). In each CSI-
RS pattern, for one CSI-RS port, one resource element
is assigned for the CSI-RS.
[0015] In the case where the number of CSI-RS ports
is "2", the CSI-RS is assigned to 2 resource elements
among 40 resource elements. Accordingly, in FIG. 1A,
set is a CSI-RS pattern with 20 patterns shown by indexes
#0 to #19 (CSI Configuration=0-19). Herein, for conven-
ience in description, resource elements forming one pat-
tern are assigned the same index.
[0016] In the case where the number of CSI-RS ports
is "4", the CSI-RS is assigned to 4 resource elements
among 40 resource elements. Accordingly, in FIG. 1B,
set is a CSI-RS pattern with 10 patterns shown by indexes
#0 to #9 (CSI Configuration=0-9). In addition, in the CSI-
RS pattern, user data and the like are assigned to re-
source elements that are not assigned the CSI-RS.
[0017] Then, in the CSI-RS, the CSI-RS pattern (CSI
Configuration) varying with each cell is selected, and in-
ter-cell interference is thereby suppressed. Further, in
the CSI-RS pattern, as well as the normal patterns of
FDD as shown in FIGs. 1A and 1B, an additional pattern
of TDD may be added as an option of FDD as shown in
FIG. 1C. Furthermore, it may be possible to have a CSI-
RS pattern with the number of CSI-RS ports being "8".
In the following description, for convenience in descrip-
tion, the normal patterns of FDD are exemplified to ex-
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plain.
[0018] In CSI measurement using this CSI-RS, there
is the case where measurement accuracy deteriorates
due to interference from an adjacent cell. For example,
as shown in FIG. 2A, in a downlink resource block of a
cell C1, user data is assigned corresponding to CSI-RSs
of an adjacent cell C2. Further, in a downlink resource
block of the cell C2 , user data is assigned corresponding
to CSI-RSs of the adjacent cell C1. These items of user
data constitute an interference component of the CSI-RS
in each cell, and become a factor of degrading measure-
ment accuracy of CSI in a mobile terminal apparatus po-
sitioned on the boundary between the cell C1 and cell C2.
[0019] To improve deterioration in measurement ac-
curacy of CSI caused by the assignment position of user
data, it is possible to apply muting. In muting, as shown
in FIG. 2B, user data is not assigned to resources corre-
sponding to CSI-RSs of the adjacent cell. A downlink
resource block of the cell C1 is subjected to muting cor-
responding to the CSI-RS of the cell C2. Further, a down-
link resource block of the cell C2 is subjected to muting
corresponding to the CSI-RS of the cell C1. By this con-
figuration, the interference component of the CSI-RS
caused by user data of the adjacent cell is eliminated,
and measurement accuracy of CSI is improved in the
mobile terminal apparatus. As well as the above-men-
tioned object, in the present invention, muting is per-
formed to mask additional CSI-RSs for an existing mobile
terminal.
[0020] In addition, a muted resource is a resource with
transmission power of "0", but may be defined as a re-
source to which data is not assigned at all. Alternatively,
the resource may be defined as a resource to which data
is assigned to an extent that interference is not given to
the CSI-RS of the adj acent cell. Depending on the case,
the muted resource may be defined as a resource that
is transmitted with transmission power of an extent that
interference is not given to the CSI-RS of the adjacent
cell.
[0021] In the case of calculating a CQI with the CSI-
RS, accuracy of interference measurement is important.
By using the CSI-RS that is a user-specific reference
signal, since a user terminal is capable of dividing CSI-
RSs from a plurality of transmission points, interference
measurement on a CSI-RS base is promising. However,
the CSI-RS defined in LTE (Rel.10) is low in the density
in one resource block, and it is not possible to measure
interference from another transmission point (another
cell) with high accuracy.
[0022] In Aspect 1 of the present invention, interfer-
ence from another transmission point is measured, using
a high-density CSI-RS such that the CSI-RS density in
a CSI-RS transmission resource is made higher than the
density of the CSI-RS (hereinafter, referred to as an ex-
isting CSI-RS) defined in LTE (Rel.10).
[0023] By this means, it is possible to measure inter-
ference from transmission points except a transmission
point connected to the user terminal with high accuracy.

Further, it is possible to obtain the CSI using the high-
density CSI-RS, and it is also possible to improve accu-
racy of the CSI. According to Aspect 1 of the invention,
it is possible to improve both interference measurement
accuracy and signal estimation accuracy.
[0024] Further, in downlink communications with a us-
er terminal (hereinafter, referred to as an existing terminal
(Rel.10)) that supports the existing CSI-RS of LTE
(Rel.10) and that does not support the high-density CSI-
RS, it is desirable to assign a zero power CSI-RS to a
resource of an additional CSI-RS (additional CSI-RS
added to the fixed pattern of CSI-RSs defined in Rel.10).
[0025] By this means, the existing terminal (Rel.10)
recognizes the additional CSI-RS that is not supported
as a zero power CSI-RS, and is capable of performing
data demodulation with the additional CSI-RS resource
omitted.
[0026] Described herein is an interference measure-
ment method on a high-density CSI-RS base.
[0027] In the following description, the description is
given using a system configuration, as an example, in
which transmission points are a plurality of radio base
stations assigned different cell IDs or the same cell ID.
[0028] FIG. 3 shows one example of high-density CSI-
RSs, where the 8th, 9th, 10th and 11th symbols as shown
in FIG. 1A are extracted corresponding to 2 resource
blocks. Inaddition, FIG. 4B shows a manner in which re-
source elements constituting CSI-RS resources in one
resource block are numbered for convenience in descrip-
tion. In the following description, in the case of identifying
a CSI-RS resource in one resource block, the resource
number as shown in FIG. 4B is used as appropriate.
[0029] FIG. 3 shows high-density CSI-RS patterns ap-
plied to transmission points TP#1 and TP#2. In the high-
density CSI-RSs applied to the transmission point TP#1,
in one resource block, CSI-RSs (non-zero power CSI-
RSs) are arranged in resource elements (1, 2), (7, 8),
(13, 14) and (19, 20), and zero power CSI-RSs are ar-
ranged in resource elements (3, 4), (9, 10), (15, 16) and
(21, 22) . As canbe seen from comparison with the ex-
isting CSI-RS pattern in the transmission point TP#1 as
shown in FIG. 4A, the high-density CSI-RSs are set at
the density two times that of the fixed pattern (for exam-
ple, for 2 antenna ports) of existing CSI-RSs as shown
in FIG. 4A.
[0030] In the high-density CSI-RSs of the transmission
point TP#2 as shown in FIG. 3, in one resource block,
CSI-RSs (non-zero power CSI-RSs) are arranged in re-
source elements (3, 4), (9, 10), (15, 16) and (21, 22), and
zero power CSI-RSs are arranged in resource elements
(1, 2), (7, 8), (13, 14) and (19, 20).
[0031] In the example as shown in FIG. 3, the high-
density CSI-RSs are orthogonalized in the time and fre-
quency domains between the transmission point TP#1
and the transmission point TP#2.
[0032] The radio base station (TP#1) constituting the
transmission point #1 notifies a terminal (hereinafter, re-
ferred to as a support terminal) that supports the high-
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density CSI-RSs among user terminals connected to the
TP#1 of setting information of the high-density CSI-RSs
as shown in FIG. 3 by higher layer signaling, and notifies
the existing terminal (Rel.10) of setting information of the
CSI-RSs as shown in FIG. 4 by higher layer signaling,
while notifying of setting information of the zero power
CSI-RSs in the additional CSI-RS resources by higher
layer signaling.
[0033] The user terminal notified of the high-density
CSI-RSs obtains CSI by channel state measurement us-
ing all high-density CSI-RSs transmitted from the trans-
mission point of the connection destination, while meas-
uring interference in high-density CSI-RS resources us-
ing high-density CSI-RSs transmitted from another trans-
mission point. In addition, in the example as shown in
FIG. 3, since the same resources as CSI-RS resources
of the TP#1 are muted in the TP#2, it is possible to meas-
ure interference from another transmission point except
the TP#2. Thus, since the number of CSI-RSs used in
channel state measurement and interference measure-
ment increases, it is possible to improve respective ac-
curacy of channel state measurement and interference
measurement.
[0034] Meanwhile, the existing terminal (Rel.10) rec-
ognizes that zero power CSI-RSs are set on additional
CSI-RS resources, and omits the resources from demod-
ulation.
[0035] As shown in FIG. 3, when the high-density CSI-
RSs are completely orthogonalized in the time and fre-
quency domains between the transmission point TP#1
and the transmission point TP#2, a user terminal con-
nected to the transmission point TP#1 is capable of per-
forming channel state measurement on a signal compo-
nent of the CSI-RS without undergoing interference of
the other transmission point TP#2.
[0036] In Aspect 2 of the present invention, in order to
make the CSI-RS density in one resource block higher
than the density defined in LTE (Rel.10), a CSI-RS pat-
tern is applied in which interference measurement ded-
icated CSI-RSs that are CSI-RSs dedicated to interfer-
ence measurement are added, and using the existing
CSI-RSs and interference measurement dedicated CSI-
RSs, a user terminal measures interference from another
transmission point.
[0037] By this means, it is possible to measure inter-
ference using the existing CSI-RSs and interference
measurement dedicated CSI-RSs, it is thus possible to
increase the number of reference signals for interference
measurement, and it is thereby possible to improve ac-
curacy of interference measurement. As distinct from the
existing CSI-RS, the interference measurement dedicat-
ed CSI-RS is capable of being arranged freely in resourc-
es that do not overlap the existing CSI-RS, unless the
interference measurement dedicated CSI-RS is used in
channel state measurement.
[0038] Described herein is an interference measure-
ment method using the interference measurement ded-
icated CSI-RS.

[0039] As in the above-mentioned description, the de-
scription is given using the system configuration, as an
example, in which two radio base stations are transmis-
sion points TP#1 and TP#2.
[0040] FIG. 5 shows one example of CSI-RS patterns
in which interference measurement dedicated CSI-RSs
are added and arranged, where the 8th, 9th, 10th and
11th symbols as shown in FIG. 1A are extracted corre-
sponding to 2 resource blocks.
[0041] Inoneresourceblock, the transmission point
TP#1 places the interference measurement dedicated
CSI-RS in resources (21, 22) that do not overlap the ex-
isting CSI-RSs (1, 2) and (13, 14). The interference meas-
urement dedicated CSI-RS is not used in channel state
measurement unlike the existing CSI-RS, and is capable
of being arranged in resources that do not overlap the
existing CSI-RS freely. In one resource block, the trans-
mission point TP#2 places the interference measure-
ment dedicated CSI-RS in resources (21, 22) that do not
overlap the existing CSI-RSs (3, 4) and (15, 16).
[0042] In the example as shown in FIG. 5, interference
measurement dedicated CSI-RSs are arranged in the
same resources (21,22) between the transmission point
TP#1 and the transmission point TP#2. When a signal
sequence of the interference measurement dedicated
CSI-RS is generated using a different scrambling se-
quence for a different transmission point or user terminal,
even in the case where interference measurement ded-
icated CSI-RSs from a plurality of transmission points,
TP#1 and TP#2, are combined, the user terminal is ca-
pable of performing code division. Further, the CSI-RS
may be shifted in the frequency-axis direction so that
resources of the interference measurement dedicated
CSI-RSs do no overlap between the transmission points.
In this case, by changing the number of shifts (the number
of resource elements) of the interference measurement
dedicated CSI-RS, it is possible to prevent the pattern of
interference measurement dedicated CSI-RSs from
overlapping between adjacent transmission points.
[0043] Thus, the interference measurement dedicated
CSI-RSs are arranged in the same resources between
a plurality of transmission points, TP#1 and TP#2, each
transmission point transmits the interference measure-
ment dedicated CSI-RSs with one antenna port, and it is
thereby possible to decrease overhead of signaling. In
addition, the present invention is not limited to the case
where the interference measurement dedicated CSI-RSs
are arranged in the same resources between transmis-
sion points. Further, the present invention is not limited
to the case where the interference measurement dedi-
cated CSI-RSs are transmitted with one antenna port.
[0044] The existing terminal (Rel.10) undergoes higher
layer signaling with the interference measurement ded-
icated CSI-RS resources as zero power CSI-RSs.
[0045] The radio base station (TP#1) constituting the
transmission point #1 notifies a support terminal that sup-
ports the interference measurement dedicated CSI-RS
among user terminals connected to the TP#1 of setting
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information of the interference measurement dedicated
CSI-RSs as shown in FIG. 5 by higher layer signaling,
and notifies the existing terminal (Rel. 10) of setting in-
formation of the existing CSI-RSs as shown in FIG. 4 by
higher layer signaling, while performing higher layer sig-
naling with resources (21, 22) of the interference meas-
urement dedicated CSI-RS as the zero power CSI-RS.
[0046] Upon receiving notification of the interference
measurement dedicated CSI-RS, the support terminal
identifies interference measurement dedicated CSI-RS
resources to receive, measures interference using both
the interference measurement dedicated CSI-RS and the
existing CSI-RS or using only the interference measure-
ment dedicated CSI-RS resources, and measures the
channel state using the existing CSI-RS. In interference
measurement using the existing CSI-RS, the terminal di-
vides into the CSI-RS transmitted from the transmission
point TP#1 of the connection destination and the CSI-RS
from another transmission point (another transmission
point except the TP#2 in FIG. 5) to measure interference.
[0047] The existing terminal (Rel.10) is notified of the
resources (21, 22) of the interference measurement ded-
icated CSI-RS as the zero power CSI-RS. As a result,
the terminal recognizes that the resources in which the
interference measurement dedicated CSI-RS is ar-
ranged as the zero power CSI-RS, and eliminates the
interference measurement dedicated CSI-RS resources
from data demodulation.
[0048] In Aspect 3 of the present invention, in order to
make the density of CSI-RSs used in interference meas-
urement in one resource block higher than the CSI-RS
density defined in LTE (Rel.10), a pattern is applied in
which zero power CSI-RSs (hereinafter, referred toas in-
terference measurement zero power CSI-RSs) used only
in interference measurement are added, and resources
of the interference measurement zero power CSI-RS are
shifted in the frequency-axis direction between transmis-
sion points so as not to overlap. By changing the number
of shifts (the number of resource elements) of the inter-
ference measurement zero power CSI-RS, it is possible
to prevent the pattern of interference measurement zero
power CSI-RSs from overlapping between adj acent
transmission points. A different interference measure-
ment zero power CSI-RS pattern is assigned to each
transmission point or every a plurality of transmission
points.
[0049] By this means, it is possible to measure inter-
ference using both the non-zero power CSI-RS (existing
CSI-RS with transmission power) and the interference
measurement zero power CSI-RS, it is possible to in-
crease the number of CSI-RSs available in interference
measurement, and it is possible to improve interference
measurement accuracy. Further, since transmission
power of the interference measurement zero power CSI-
RS is "0", it is possible to handle the signal component
received in resources assigned the interference meas-
urement zero power CSI-RS as an interference compo-
nent without any processing, and it is possible to reduce

a processing load for interference measurement.
[0050] Described herein is an interference measure-
ment method using the interference measurement zero
power CSI-RS.
[0051] The description is given using the system con-
figuration, as an example, in which two radio base sta-
tions are transmission points TP#1 and TP#2.
[0052] FIG. 6 shows one example of CSI-RS patterns
in which interference measurement zero power CSI-RSs
are added and arranged, where the 8th, 9th, 10th and
11th symbols as shown in FIG. 1A are extracted corre-
sponding to 2 resource blocks.
[0053] In one resource block, the transmission point
TP#1 places the interference measurement zero CSI-RS
in resources (7, 8) that do not overlap the existing CSI-
RSs (1, 2) (13, 14) according to a pattern 1. Based on
the existing CSI-RS pattern, the interference measure-
ment zero power CSI-RS is assigned to resource ele-
ments of two contiguous symbols with the same frequen-
cies.
[0054] Inone resource block, the transmission point
TP#2 places the interference measurement zero CSI-RS
in resources (5, 6) that do not overlap the existing CSI-
RSs (3, 4) (15, 16) according to a pattern 2.
[0055] The patterns 1 and 2 are arbitrary patterns se-
lected from among a plurality of patterns adjusted so that
the interference measurement zero CSI-RSs do mutually
not overlap. By changing the number of shifts (the
number of resource elements) in the frequency domain
of the interference measurement zero power CSI-RS, it
is possible to generate patterns such that the interference
measurement zero power CSI-RSs are orthogonalized
in the time and frequency domains.
[0056] The radio base station (TP#1) constituting the
transmission point #1 notifies a support terminal that sup-
ports the interference measurement zero power CSI-RS
among user terminals connected to the TP#1 of setting
information of the interference measurement zero power
CSI-RSs as shown in FIG. 6 by higher layer signaling,
and notifies the existing terminal (Rel.10) of setting infor-
mation of the existing CSI-RSs as shown in FIG. 4 by
higher layer signaling, while performing higher layer sig-
naling with resources of the interference measurement
zero power CSI-RS as the zero power CSI-RS.
[0057] The support terminal is notified of the interfer-
ence measurement zero power CSI-RS. The support ter-
minal measures interference from a signal received in
resources of the notified interference measurement zero
power CSI-RS. Since the interference measurement ze-
ro power CSI-RS is of zero power, the signal received in
resources of the interference measurement zero power
CSI-RS is an interference signal itself from the other
transmission point TP#2. Further, the terminal measures
the channel state using the existing CSI-RS. In interfer-
ence measurement, in addition to interference measure-
ment using the signal received in resources of the inter-
ference measurement zero power CSI-RS, interference
may be measured using the existing CSI-RS. In interfer-
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ence measurement using the existing CSI-RS, the ter-
minal divides into the CSI-RS transmitted from the trans-
mission point TP#1 of the connection destination and the
CSI-RS from another transmission point (another trans-
mission point except the TP#2 in FIG. 5) to measure in-
terference.
[0058] Meanwhile, the existing terminal (Rel.10) is no-
tified of the resources allocated to the interference meas-
urement zero power CSI-RS as the zero power CSI-RS.
The existing terminal (Rel.10) eliminates the interference
measurement zero power CSI-RS resources to demod-
ulate the signal.
[0059] In Aspect 4 of the present invention, applied is
a pattern in which zero power CSI-RSs used in only in-
terference measurement or CSI-RSs (hereinafter, re-
spectively referred to as interference measurement zero
power CSI-RSs and interference measurement CSI-
RSs) are added, and as shown in FIG. 7 and 8, in at least
one of the time domain and the frequency domain, mul-
tiplexed positions of interference measurement zero
power CSI-RSs or interference measurement CSI-RSs
are changed. FIG. 7 shows the case where multiplexed
positions of interference measurement zero power CSI-
RSs are changed in the frequency domain, and FIG. 8
shows the case where multiplexed positions of interfer-
ence measurement zero power CSI-RSs are changed in
the time domain and the frequency domain. By this
means, it is possible to increase the total number avail-
able as radio resources used in interference measure-
ment.
[0060] In the case of changing multiplexed positions
of interference measurement zero power CSI-RSs or in-
terference measurement CSI-RSs in at least one domain
of the time domain and the frequency domain, the mul-
tiplexed positions may be changed based on a before-
hand determined pattern, or may be changed randomly.
The frequency domain and time domain to change the
multiplexed positions may be in a multiplexed region of
existing CSI-RSs.
[0061] Further, a support terminal may be notified of
the pattern to change multiplexed positions of interfer-
ence measurement zero power CSI-RSs or interference
measurement CSI-RSs. As a method of notifying the sup-
port terminal of the pattern to change multiplexed posi-
tions, a method may be used using higher layer signaling
such as RRC signaling and broadcast signal, or a method
may be used using control signals of the PDCCH , ePD-
CCH or the like.
[0062] In Aspect 5 of the present invention, interfer-
ence measurement zero power CSI-RSs of a resource
element unit used in only interference measurement or
interference measurement CSI-RSs are randomly ar-
ranged (subjected to hopping), and a hopping pattern is
changed in at least one domain of the time domain and
the frequency domain. By this means, it is possible to
increase the total number available as radio resources
used in interference measurement.
[0063] In the case of changing a hopping pattern of

interference measurement zero power CSI-RSs or inter-
ference measurement CSI-RSs in at least one domain
of the time domain and the frequency domain, the mul-
tiplexed positions may be changed based on a before-
hand determined pattern, or may be changed randomly.
The frequency domain and time domain to change the
multiplexed positions may be in a multiplexed region of
existing CSI-RSs.
[0064] Further, a support terminal may be notified of
the pattern to change the hopping pattern of interference
measurement zero power CSI-RSs or interference
measurement CSI-RSs. As a method of notifying the sup-
port terminal of the hopping pattern, a method may be
used using higher layer signaling such as RRC signaling
and broadcast signal, or a method may be used using
control signals of the PDCCH , ePDCCH or the like.
[0065] InAspect 6 of the present invention, applied is
a pattern in which CSI-RSs (hereinafter, referred to as
interference measurement CSI-RSs) used in only inter-
ference measurement are added, and sequences of in-
terference measurement CSI-RSs are changed in at
least one domain of the time domain and the frequency
domain. By this means, it is possible to increase the total
number available as radio resources used in interference
measurement.
[0066] In the case of changing the sequences of inter-
ference measurement CSI-RSs in at least one domain
of the time domain and the frequency domain, the se-
quences may be changed based on a beforehand deter-
mined pattern, or may be changed randomly.
[0067] Further, a support terminal may be notified of
the pattern to change the sequences of interference
measurement CSI-RSs. As a method of notifying the sup-
port terminal of the pattern to change the sequences, a
method may be used using higher layer signaling such
as RRC signaling and broadcast signal, or a method may
be used using control signals of the PDCCH, ePDCCH
or the like.
[0068] In Aspect 7 of the present invention, interfer-
ence measurement CSI-RSs of a resource element unit
used in only interference measurement are randomly ar-
ranged (subjected to hopping), and a sequence is
changed in at least one domain of the time domain and
the frequency domain. By this means, it is possible to
increase the total number available as radio resources
used in interference measurement.
[0069] In the case of changing sequences of interfer-
ence measurement CSI-RSs in at least one domain of
the time domain and the frequency domain, the sequenc-
es may be changed based on a beforehand determined
pattern, or may be changed randomly.
[0070] Further, a support terminal may be notified of
the pattern to change the sequences of interference
measurement CSI-RSs. As a method of notifying the sup-
port terminal of the pattern to change the sequences, a
method may be used using higher layer signaling such
as RRC signaling and broadcast signal, or a method may
be used using control signals of the PDCCH , ePDCCH
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or the like.
[0071] In Aspect 8 of the present invention, in CSI-RS
transmission resources, interference measurement zero
power CSI-RSs (hereinafter, referred to as random
holes) of a resource element unit are randomly arranged
(subjected to hopping).
[0072] By this means, it is possible to increase the
number of patterns of random holes (interference meas-
urement zero power CSI-RSs of the resource element
size). Further, it is possible to measure interference using
both the existing CSI-RS (non-zero power CSI-RS) and
the random hole (interference measurement zero power
CSI-RS), the number of CSI-RSs available in interfer-
ence measurement increases, and it is possible to im-
prove interference measurement accuracy. Further,
since transmission power of the random hole is "0", it is
possible to handle the signal component received in in-
terference measurement zero power CSI-RS resources
as an interference component without any processing,
and it is possible to reduce a processing load for inter-
ference measurement.
[0073] Described herein is an interference measure-
ment method on a random hole base. The description is
given using the system configuration, as an example, in
which two radio base stations are transmission points
TP#1 and TP#2.
[0074] FIG. 9 shows one example of CSI-RS patterns
with random holes added, where the 8th, 9th, 10th and
11th symbols as shown in FIG. 1A are extracted corre-
sponding to 2 resource blocks.
[0075] In the transmission TP#1, random holes are re-
spectively arranged in a resource element (7) and anoth-
er resource element (10) in an upper resource block,
while being respectively arranged in a resource element
(8) and another resource element (19) in a lower resource
block. Among CRSI-RS transmission resources (in re-
gions as shown in FIG. 9, resource elements 1 to 24), in
regions except resource elements (1, 2) and (13, 14) in
which existing CSI-RSs are arranged, random holes are
arranged randomly according to a random pattern 1.
[0076] In the transmission TP#2, random holes are re-
spectively arranged in a resource element (5) and anoth-
er resource element (10) in an upper resource block,
while being respectively arranged in a resource element
(6) and another resource element (17) in a lower resource
block. Among CRSI-RS transmission resources, in re-
gions except resource elements (3, 4) and (15, 16) in
which existing CSI-RSs are arranged, random holes are
arranged randomly according to a random pattern 2.
[0077] In addition, the resource range in which random
holes are randomized may be an arbitrary range. The
random pattern 1 and random pattern 2 may not be ad-
justed so that random holes do not overlap each other.
Further, the resource range to randomize may be limited
to inside the CSI-RS pattern or zero power CSI-RS pat-
tern. In one resource block as shown in FIG. 9, there are
20 resource elements in which random holes can be ar-
ranged (including zero power CSI-RSs). When it is as-

sumed that randomizing is performed inside one re-
source block, there exist random patterns corresponding
to the number of combinations obtained by selecting 2
resource elements from 20 resource elements. When
randomizing is performed inside two resource block,
there exist random patterns corresponding to the number
of combinations obtained by selecting 4 resource ele-
ments from 40 resource elements.
[0078] The radio base station (TP#1) constituting the
transmission point #1 notifies a support terminal that sup-
ports the interference measurement random hole among
user terminals connected to the TP#1 of setting informa-
tion of the random holes as shown in FIG. 9 by higher
layer signaling, and notifies the existing terminal (Rel.10)
of setting information of the existing CSI-RSs as shown
in FIG. 4 by higher layer signaling, while notifying of the
random holes as the zero power CSI-RSs by higher layer
signaling. The signaling method of the random holes will
be described later.
[0079] For example, the support terminal is notified of
the random holes by using RRC signaling. The support
terminal measures interference using the notified ran-
dom hole, and measures the channel state using the ex-
isting CSI-RS. Further, in addition to interference meas-
urement using the random hole, for interference meas-
urement, interference measurement may be performed
using the existing CSI-RS. Since the random hole is of
zero power, the signal received in the interference meas-
urement random hole is an interference signal itself from
the other transmission point TP#2. Further, in interfer-
ence measurement using the existing CSI-RS, the ter-
minal divides into the CSI-RS transmitted from the trans-
mission point TP#1 of the connection destination and the
CSI-RS from another transmission point (another trans-
mission point except the TP#2 in FIG. 9) to measure in-
terference.
[0080] The existing terminal (Rel.10) is notified of the
resources allocated to the random hole as the zero power
CSI-RS. The existing terminal (Rel.10) eliminates the
random hole to demodulate the signal.
[0081] In Aspect 9 of the present invention, in regions
in which CRSI-RSs canbe arranged, interference meas-
urement power CSI-RSs (hereinafter, referred to as ran-
dom CSI-RSs) of a resource element unit are randomly
arranged (subjected to hopping). It is also understood
that the random holes in above-mentioned Aspect 4 are
replaced with non-zero power CSI-RSs.
[0082] FIG. 10 shows one example of CSI-RS patterns
in which random CSI-RSs are arranged, where the 8th,
9th, 10th and 11th symbols as shown in FIG. 1A are ex-
tracted corresponding to 2 resource blocks. As the ran-
dom pattern, the same pattern as the CSI-RS pattern as
shown in FIG. 9 is applied.
[0083] Thus, also in applying the interference meas-
urement method on a random CSI-RS base, it is possible
to increase the number of patterns available in interfer-
ence measurement, and since the random CSI-RS is the
non-zero power CSI-RS, it is possible to increase the
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number of reference signals for interference measure-
ment. It is further possible to increase the number of ref-
erence signals for channel state measurement for the
CSI.
[0084] In Aspect 10 of the present invention, the same
interference measurement zero power CSI-RS pattern
is used between transmission points. The interference
measurement zero power CSI-RS is assigned to 2 re-
source elements formed from 2 contiguous symbols with
the same frequencies, one random hole is assigned to
one resource element of 2 resource elements in one of
the transmission points, and one random hole is assigned
to the other resource element of 2 resource elements in
the other transmission point. The existing terminal
(Rel.10) is notified of sets (2 resource elements) SET1,
SET2 · · · of resource elements assigned the interference
measurement zero power CSI-RS as the zero power CSI-
RSs.
[0085] By this means, it is possible to notify the existing
terminal (Rel.10) of the random hole (and the resource
element adjacent to the random hole) using the existing
pattern, and it is possible to prevent data demodulation
accuracy from deteriorating.
[0086] Described herein is an interference measure-
ment method on a same interference measurement zero
power CSI-RS pattern base.
[0087] FIG. 11 shows one example of the same inter-
ference measurement zero power CSI-RS patterns,
where the 8th, 9th, 10th and 11th symbols as shown in
FIG. 1A are extracted corresponding to 2 resource
blocks.
[0088] In the transmission TP#1, in one resource block,
interference measurement zero power CSI-RSs are ar-
ranged in resource element sets SET1 (7, 8) and SET2
(19, 20), while in the resource element set SET1 (7, 8),
the left-side element is designated as the random hole,
and in the resource element set SET2 (19, 20), the right-
side element is designated as the random hole.
[0089] In the transmission TP#2, interference meas-
urement zero power CSI-RSs are arranged in the same
pattern as in the transmission point TP#1. However, the
positions of the random holes are orthogonalized (left-
right arrangements are inverse) between transmission
points. In other words, in one resource block, interference
measurement zero power CSI-RSs are arranged in re-
source element sets SET1 (7, 8) and SET2 (19, 20), while
in the resource element set SET1 (7, 8), the right-side
element (8) is designated as the random hole, and in the
resource element set SET2, the left-side element (19) is
designated as the random hole.
[0090] The radio base station constituting the trans-
mission point TP#1 notifies a support terminal connected
to the TP#1 of the interference measurement zero power
CSI-RS pattern as shown in FIG. 11 by higher layer sig-
naling. The radio base station may further notify of the
position (the left-side or right-side position in the resource
element set SET) of the random hole by higher layer sig-
naling, or may notify of only the position (the left-side or

right side position in the resource element set SET) of
the random hole by higher layer signaling. In this exam-
ple, the radio base station notifies of the interference
measurement zero power CSI-RS pattern information
and the position information of the randomhole. Alterna-
tively, as well as the arrangement pattern of interference
measurement zero power CSI-RSs, a new pattern for
identifying also the position of the random hole may be
defined. The radio base station notifies the existing ter-
minal (Rel.10) of setting information of the existing CSI-
RSs as shown in FIG. 4 by higher layer signaling, while
notifying of the interference measurement zero power
CSI-RS as the zero power CSI-RS by higher layer sign-
aling. The interference measurement zero power CSI-
RS is based on the CSI-RS pattern (4 ports) defined in
LTE-A (Rel.10) which is also used as signaling of the
zero power CSI-RS.
[0091] By this means, also when the random hole of a
resource element unit is set, the exiting terminal (Rel.10)
is notified of risk resources having a possibility that cor-
rect demodulation cannot be performed by the supported
signaling method, and it is thereby possible to prevent
data demodulation accuracy from deteriorating.
[0092] In Aspect 11 of the present invention, the same
interference measurement CSI-RS pattern is used be-
tween transmission points. In other words, the non-zero
power CSI-RS dedicated to interference measurement
is substituted for the random hole assigned to one of the
resource elements of the interference measurement zero
power CSI-RS in above-mentioned Aspect 10. The inter-
ference measurement dedicated CSI-RS is assigned to
2 resource elements formed from 2 contiguous symbols
with the same frequencies. In one of the transmission
points, one interference measurement dedicated CSI-RS
is assigned to one resource element of 2 resource ele-
ments, and the other resource element is not assigned
a reference signal. Further, in 2 resource elements as-
signed to the interference measurement dedicated CSI-
RS, in the other transmission point, one interference
measurement dedicated CSI-RS is assigned to the other
resource element of 2 resource elements. The existing
terminal (Rel.10) is notified of sets (2 resource elements)
SET1, SET2 · · · of resource elements assigned the in-
terference measurement zero power CSI-RS as the zero
power CSI-RSs.
[0093] By this means, it is possible to notify the existing
terminal (Rel.10) of the interference measurement ded-
icated CSI-RS (and the resource element adjacent to the
interference measurement dedicated CSI-RS) using the
existing pattern, and it is possible to prevent data demod-
ulation accuracy from deteriorating.
[0094] In the CSI-RS patterns as shown in FIGs. 3, 5
and 6, the existing CSI-RS for interference measurement
(FIG. 3), interference measurement dedicated CSI-RS
(FIG. 5) and interference measurement zero power CSI-
RS (FIG. 6) are added, and the added CSI-RSs adhere
to the exiting CSI-RS pattern defined in LTE-A (Rel.10)
without any modification (it is also said to reuse.) Accord-
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ingly, it is possible to perform signaling of resources to
mute on the existing terminal (Rel.10) within the terminal
capabilities (functions that the terminal supports).
[0095] Meanwhile, the CSI-RS patterns as shown in
FIGs. 9 and 10 are different from the existing CSI-RS
pattern. Referring to FIGs. 13A and 13B, described are
measures to reduce the effect on the existing terminal
(Rel.10) in the case of applying the CSI-RS pattern dif-
ferent from the existing CSI-RS pattern (Re.10). As
shown in FIG. 13A, in the case of applying the CSI-RS
pattern with the random holes added, since the existing
terminal (Rel.10) is not capable of recognizing the ran-
dom holes from the existing CSI-RS pattern, data de-
modulation accuracy deteriorates in attempting to per-
form data demodulation including the random holes.
[0096] The signaling method of the zero power CSI-
RS is defined in LTE-A (Rel.10). It is possible to use the
above-mentioned signaling method to notify the existing
terminal (Rel.10) of the random hole (or random CSI-RS)
that the existing terminal (Rel.10) is not capable of sup-
porting, and the adjacent resource element with the same
frequencies that is the adjacent symbol of the random
hole (or random CSI-RS). By this means, it is possible
to notify the existing terminal (Rel.10) of the resource
element having the possibility that correct demodulation
cannot be performed.
[0097] In association with indexes [#0-#9, #20-#25]
(CSI Configuration=0-9, 20-25) with the additional pat-
tern of TDD added to the normal pattern of FDD as shown
in FIG. 1C, the radio base station notifies the user termi-
nal of 16-bit bitmap information. For example, as a basic
pattern, in the case where zero power CSI-RSs are as-
signed to CSI-RS resources indicated by index #6, the
user terminal is notified of bitmap information
[0000001000000000]. In the bitmap information, "1" is
set on a resource assigned the zero power CSI-RS, and
"0" is set on a resource that is not muted. By 1 bit on the
16-bit bitmap, it is possible to indicate on/off of muting
on 4 resource elements at the same time. In the example
as shown in FIG. 11B, it is possible to switch off (mute)
SET1 and SET2 at the same time, by bitmap information
[0001000000000000] with "1" set on index #7. Further,
as shown in FIGs. 11 and 12, it is effective in the case
of applying the same interference measurement zero
power CSI-RS pattern (FIG. 11) or interference meas-
urement random CSI-RS pattern (FIG. 12) to a plurality
of transmission points, TP#1 and TP#2. With attention
directed toward the interference measurement zero pow-
er CSI-RS pattern as shown in FIG. 9, in the interference
measurement zero power CSI-RS pattern applied to the
TP#1, the interference measurement zero power CSI-
RS is assigned to the left-side resource element inside
the SET#1, and in the interference measurement zero
power CSI-RS pattern applied to the TP#2, the interfer-
ence measurement zero power CSI-RS is assigned to
the right-side resource element inside the SET#1. Simi-
larly, the same orthogonalization relationship is main-
tained in the SET#2 between the TP#1 and TP#2. It is

possible to designate 4 resource elements by 1 bit in the
16-bit bitmap information, and it is thereby possible to
cover both the transmission points TP#1 and TP#2 by
the same interference measurement zero power CSI-RS
pattern. By applying this existing signaling method, it is
possible to notify of 4 resource elements and 8 resource
elements (further, resource elements of multiples of "4")
as the zero power CSI-RS.
[0098] As shown in FIG. 13B, the interference meas-
urement zero power CSI-RS (resource element sets
SET1, SET2 including the random hole) is defined based
on the CSI-RS pattern used in the 16-bit bitmap informa-
tion. By this means, the resource element sets SET1,
SET2 including the random hole are made one pattern
included in the existing CSI-RS pattern. Accordingly,
when the resource element sets SET1, SET2 including
the random hole are signaled to the existing terminal
(Rel.10) as the zero power CSI-RS, the existing terminal
(Rel.10) is capable of recognizing resource element sets
SET1., SET2 including the random hole, and is capable
of performing data demodulation while avoiding the re-
sources.
[0099] Aspect 12 of the present invention is an inter-
ference measurement method obtained by combining
any one of interference measurement methods of above-
mentioned Aspect 1 to Aspect 11 and the existing
(Rel.10) CRS, CSI-RS, zero power CSI-RS or data chan-
nel.
[0100] For example, when the support terminal per-
forms interference measurement, the terminal may per-
form interference estimation using only the high-density
CSI-RS, or may perform interference estimation by com-
bining one of the existing CSI-RS, existing zero power
CSI-RS, existing CRS and data channel, in addition to
the high-density CSI-RS.
[0101] Further, when the support terminal performs in-
terference measurement, the terminal may perform in-
terference estimation using only the interference meas-
urement dedicated CSI-RS, or may perform interference
estimation by combining one of the existing CSI-RS, ex-
isting zero power CSI-RS, existing CRS and data chan-
nel, in addition to the interference measurement dedicat-
ed CSI-RS.
[0102] Furthermore, when the support terminal per-
forms interference measurement, the terminal may per-
form interference estimation using only the interference
measurement zero power CSI-RS, or may perform inter-
ference estimation by combining one of the existing CSI-
RS, existing zero power CSI-RS, existing CRS and data
channel, in addition to the interference measurement ze-
ro power CSI-RS.
[0103] Still furthermore, when the support terminal per-
forms interference measurement, the terminal may per-
form interference estimation using only the random hole,
or may perform interference estimation by combining one
of the existing CSI-RS, existing zero power CSI-RS, ex-
isting CRS and data channel, in addition to the random
hole.
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[0104] Moreover, when the support terminal performs
interference measurement, the terminal may perform in-
terference estimation using only the random CSI-RS, or
may perform interference estimation by combining one
of the existing CSI-RS, existing zero power CSI-RS, ex-
isting CRS and data channel, in addition to the random
CSI-RS.
[0105] Further, when the support terminal performs in-
terference measurement, the terminal may perform in-
terference estimation using only the interference meas-
urement zero power CSI-RS pattern, or may perform in-
terference estimation by combining one of the existing
CSI-RS, existing zero power CSI-RS, existing CRS and
data channel, in addition to the interference measure-
ment zero power CSI-RS pattern.
[0106] Furthermore, when the support terminal per-
forms interference measurement, the terminal may per-
form interference estimation using only the same inter-
ference measurement zero power CSI-RS among a plu-
rality of transmission points, or may perform interference
estimation by combining one of the existing CSI-RS, ex-
isting zero power CSI-RS, existing CRS and data chan-
nel, in addition to the interference measurement zero
power CSI-RS pattern.
[0107] Still furthermore, when the support terminal per-
forms interference measurement, the terminal may per-
form interference estimation using only the same inter-
ference measurement random CSI-RS among a plurality
of transmission points, or may perform interference es-
timation by combining one of the existing CSI-RS, exist-
ing zero power CSI-RS, existing CRS and data channel,
in addition to the interference measurement random CSI-
RS pattern.
[0108] One example will be shown below in performing
interference measurement using the interference meas-
urement method of one of Aspect 1 to Aspect 11 and the
existing CRS.
[0109] For example, considered is a system configu-
ration in which two pico-cells (transmission points TP#2,
TP#3) are locatedinamacro-cell (transmission point
TP#1). It is assumed that the same cell ID is assigned to
the macro-cell and two pico-cells. In such a system con-
figuration, since the CRSs with the same cell ID are al-
located to the same resources among three cells, a user
terminal measures interference based on a CRS re-
ceived from a cell except one virtual cell obtained by com-
bining three cells. In other words, it is possible to measure
interference received from the cell except the virtual cell,
by performing interference measurement using the CRS.
[0110] Interference from the macro-cell and two pico-
cells is measured by applying the interference measure-
ment method of one of Aspect 1 to Aspect 11 using the
CSI-RS. The CSI-RS is not dependent on the cell ID, and
therefore, is capable of being divided on a cell-by-cell
basis. Further, when a signal sequence of the CSI-RS is
generated based on a signal sequence incorporating the
user-specific identification information, even in the case
where the signal is multiplexed into the same time/fre-

quency resources, it is possible to extract by performing
code division.
[0111] Herein, a radio communication system accord-
ing to the Embodiment of the present invention will spe-
cifically be described. FIG. 14 is an explanatory diagram
of a system configuration of the radio communication sys-
tem according to this Embodiment. In addition, the radio
communication system as shown in FIG. 14 is a system
including the LTE system or SUPER 3G, for example. In
the radio communication system, used is carrier aggre-
gation for integrating a plurality of base frequency blocks
with a system band of the LTE system as a unit. Further,
the radio communication system may be called IMT-Ad-
vanced or may be called 4G.
[0112] As shown in FIG. 14, the radio communication
system 1 includes base station apparatuses 20A and 20B
of respective transmission points, and mobile terminal
apparatuses 10 that communicate with the base station
apparatuses 20A and 20B, and is comprised thereof. The
base station apparatuses 20A and 20B are connected to
an upper station apparatus 30, and the upper station ap-
paratus 30 is connected to a core network 40. Further,
the base station apparatuses 20A and 20B are mutually
connected by wired connection or wireless connection.
The mobile communication terminal 10 is capable of
communicating with the base station apparatuses 20A
and 20B in transmission points #1 and #2. In addition,
for example, the upper station apparatus 30 includes an
access gateway apparatus, radio network controller
(RNC), mobility management entity (MME), etc., but is
not limited thereto.
[0113] The mobile terminal apparatus 10 includes the
existing terminal (Rel.10) and support terminals (for ex-
ample, Rel.11), and is described as the mobile terminal
apparatus to proceed with the explanation unless other-
wise specified in the following description. Further, for
convenience in description, the description is given while
assuming that equipments that perform radio communi-
cations with the base station apparatuses 20A and 20B
are the mobile terminal apparatuses 10, and more gen-
erally, the equipments may be user equipments (UEs)
including mobile terminal apparatuses and fixed terminal
apparatuses.
[0114] In the radio communication system 1, as a radio
access scheme, OFDMA (Orthogonal Frequency Divi-
sion Multiple Access) is applied in downlink, while SC-
FDMA (Single Carrier-Frequency Division Multiple Ac-
cess) is applied in uplink, and the uplink radio access
scheme is not limited thereto. OFDMA is a multicarrier
transmission scheme for dividing a frequency band into
a plurality of narrow frequency bands (subcarriers), and
mapping data to each subcarrier to perform communica-
tions. SC-FDMA is a single-carrier transmission scheme
for dividing the system band into bands comprised of a
single or consecutive resource blocks for each terminal
so that a plurality of terminals uses mutually different
bands, and thereby reducing interference among the ter-
minals.
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[0115] Described herein are communication channels.
[0116] The downlink communication channels have
the PDSCH (Physical Downlink Shared Channel) as a
downlink data channel shared among the mobile terminal
apparatuses 10, and downlink L1/L2 control channels
(PDCCH, PCFICH, PHICH). Transmission data and
higher control information is transmitted on the PDSCH.
Scheduling information of the PDSCH and PUSCH and
the like is transmitted on the PDCCH (Physical Downlink
Control Channel). The number of OFDM symbols used
in the PDCCH is transmitted on the PCFICH (Physical
Control Format Indicator Channel). ACK/NACKof HARQ
to the PUSCH is transmitted on the PHICH (Physical Hy-
brid-ARQ Indicator Channel).
[0117] The uplink communication channels have the
PUSCH (Physical Uplink Shared Channel) as an uplink
data channel shared among the mobile terminal appara-
tuses, and the PUCCH (Physical Uplink Control Channel)
that is a control channel in uplink. Transmission data and
higher control information is transmitted on the PUSCH.
Further, on the PUCCH is transmitted downlink radio
quality information (CQI: Channel Quality Indicator),
ACK/NACK and the like.
[0118] Referring to FIG. 15, described is the entire con-
figuration of the base station apparatus according to this
Embodiment. In addition, the base station apparatuses
20A and 20B have the same configuration, and therefore,
are described as the base station apparatus 20. The base
station apparatus 20 is provided with a transmission/re-
ception antenna 201, amplifying section 202, transmis-
sion/reception section (notification section) 203, base-
band signal processing section 204, call processing sec-
tion 205 and transmission path interface 206. The trans-
mission data to transmit from the base station apparatus
20 to the mobile terminal apparatus in downlink is input
to the baseband signal processing section 204 via the
transmission path interface 206 from the upper station
apparatus 30.
[0119] The baseband signal processing section 204
performs, on the downlink data channel signal, PDCP
layer processing, segmentation and concatenation of the
transmission data, RLC (Radio Link Control) layer trans-
mission processing such as transmission processing of
RLC retransmission control, MAC (Medium Access Con-
trol) retransmission control e.g. HARQ transmission
processing, scheduling, transmission format selection,
channel coding, Inverse Fast Fourier Transform (IFFT)
processing and precoding processing. Further, on a sig-
nal of the Physical Downlink Control Channel that is a
downlink control channel, the section 204 also performs
transmission processing of channel coding, Inverse Fast
Fourier Transform and the like.
[0120] Further, the baseband signal processing sec-
tion 204 notifies mobile terminal apparatuses 10 connect-
ed to the same transmission point of control information
for each mobile terminal apparatus 10 to perform radio
communications with the base station apparatus 20 on
the broadcast channel. For example, the information for

communications in the transmission point includes the
system bandwidth in uplink or downlink, identification in-
formation (Root Sequence Index) of a root sequence to
generate a signal of a random access preamble on the
PRACH (Physical Random Access Channel), etc.
[0121] The transmission/reception section 203 con-
verts the frequency of the baseband signal output from
the baseband signal processing section 204 into a radio
frequency band. The amplifying section 202 amplifies a
radio frequency signal subjected to frequency conversion
to output to the transmission/reception antenna 201.
[0122] Meanwhile, with respect to signals transmitted
from the mobile terminal apparatus 10 to the base station
apparatus 20 in uplink, a radio frequency signal received
in the transmission/reception antenna 201 is amplified in
the amplifying section 202, subjected to frequency con-
version in the transmission/reception section 203, there-
by converted into a baseband signal, and is input to the
baseband signal processing section 204.
[0123] The baseband signal processing section 204
performs FFT processing, IDFT processing, error cor-
recting decoding, reception processing of MAC retrans-
mission control, and reception processing of RLC layer
and PDCP layer on transmission data included in the
baseband signal received in uplink. The decoded signal
is transferred to the upper station apparatus 30 via the
transmission path interface 206.
[0124] The call processing section 205 performs call
processing such as setting and release of the communi-
cation channel, status management of the base station
apparatus 20, and management of radio resources.
[0125] The entire configuration of the mobile terminal
apparatus according to this Embodiment will be de-
scribed next with reference to FIG. 16. The mobile ter-
minal apparatus 10 is provided with a transmission/re-
ception antenna 101, amplifying section 102, transmis-
sion/reception section (reception section) 103, baseband
signal processing section 104 and application section
105.
[0126] With respect to data in downlink, a radio fre-
quency signal received in the transmission/reception an-
tenna 101 is amplified in the amplifying section 102, sub-
jected to frequency conversion in the transmission/re-
ception section 103, and is converted into a baseband
signal. The baseband signal is subjected to FFT process-
ing, error correcting decoding, reception processing of
retransmission control, etc. in the baseband signal
processing section 104. Among the data in downlink, the
transmission data in downlink is transferred to the appli-
cation section 105. The application section 105 performs
processing concerning layers higher than the physical
layer and MAC layer and the like. Further, among the
data in downlink, the broadcast information is also trans-
ferred to the application section 105.
[0127] Meanwhile, with respect to transmission data in
uplink, the application section 105 inputs the data to the
baseband signal processing section 104. The baseband
signal processing section 104 performs mapping
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processing, transmission processing of retransmission
control (HARQ), channel coding, DFT processing and
IFFT processing. The transmission/reception section
103 converts the frequency of the baseband signal output
from the baseband signal processing section 104 into a
radio frequency band. Then, the amplifying section 102
amplifies the radio frequency signal subjected to frequen-
cy conversion to transmit from the transmission/recep-
tion antenna 101.
[0128] Functional blocks of the base station apparatus
associated with CSI-RS pattern determination process-
ing will be described with reference to FIG. 17. In addition,
each functional block of FIG. 17 is mainly related to the
baseband processing section as shown in FIG. 15. Fur-
ther, the functional block diagram of FIG. 17 is simplified
to describe the present invention, and is assumed to have
the configuration that the baseband processing section
usually has.
[0129] On the transmission side, the base station ap-
paratus 20 is provided with a reference signal assignment
section 401, muting pattern determining section 402,
higher control information generating section 403, down-
link transmission data generating section 404, downlink
control information generating section 405, CSI-RS gen-
erating section 406, downlink transmission data coding
· modulation section 407, and downlink control informa-
tion coding · modulation section 408. Further, the base
station apparatus 20 is provided with a downlink channel
multiplexing section 409, IFFT section 410 and CP add-
ing section 411.
[0130] Based on the CSI-RS pattern as shown in one
of FIGs. 3, 5, 6, 9 and 10, the reference signal assignment
section 401 assigns additional CSI-RSs (one of the in-
terference measurement dedicated CSI-RS, interfer-
ence measurement zero power CSI-RS, random hole
and random CSI-RS) to CSI-RS resources. The assign-
ment information of the CSI-RS pattern including the ad-
ditional CSI-RSs is conveyed to the higher control infor-
mation generating section 403 to perform higher layer
signaling (for example, RRC signaling) to a mobile ter-
minal apparatus that is the support terminal, and further,
is conveyed to the CSI-RS generating section 406 to gen-
erate CSI-RSs. Moreover, the assignment information
(that may be in bitmap form) of zero power CSI-RSs to
notify the mobile terminal apparatus is notified to the mut-
ing pattern determining section 402. The reference signal
assignment section 401 assigns the zero power CSI-RSs
to mask the additional CSI-RSs to the existing terminal
(Rel.10). The section 401 assigns the zero power CSI-
RSs defined for channel state measurement to the sup-
port terminal. The assigned zero power CSI-RS pattern
may be called the muting information.
[0131] The muting pattern determining section 402 de-
termines a muting pattern based on the assignment in-
formation of the zero power CSI-RSs. The muting pattern
determining section 402 uses muting patterns based on
the CSI-RS pattern that the existing terminal (Rel.10)
supports. The additional CSI-RSs (CSI-RS for both chan-

nel state measurement and interference measurement,
interference measurement dedicated CSI-RS and inter-
ference measurement zero power CSI-RS) as shown in
FIGs. 3, 5 and 6 are based on muting patterns based on
the CSI-RS pattern that the existing terminal (Rel.10)
supports. However, the additional CSI-RSs (random hole
and random CSI-RS) as shown in FIGs. 9 and 10 are not
based on the CSI-RS pattern that the existing terminal
(Rel.10) supports. Therefore, as shown in FIGs. 11 and
13B, the random hole or random CSI-RS is packaged as
the resource element set SET1 or SET2 each comprised
of 2 resource elements. By this means, based on the
CSI-RS pattern that the existing terminal (Rel.10) sup-
ports, it is possible to signal additional CSI-RS resources
as the zero power CSI-RS.
[0132] The higher control information generating sec-
tion 403 generates higher control information that is
transmitted and received by higher layer signaling (for
example, RRC signaling), and outputs the generated
higher control information to the downlink transmission
data coding · modulation section 407. The higher control
information generating section 403 generates higher
control information including the assignment pattern in-
formation of CSI-RSs that is output from the reference
signal assignment section 401. More specifically, the
section 403 generates higher control information to notify
the support terminal of assignment information of the
CSI-RS pattern including additional CSI-RSs. In the case
of notifying of the interference measurement zero power
CSI-RSs included in the CSI-RS pattern as shown in FIG.
9, the section 403 adds, to the higher control information,
bit information indicative of one of the left side and right
side assigned the random hole between 2 resource ele-
ments assigned the interference measurement zero
power CSI-RS. In addition, the case where the CSI-RS
pattern as shown in FIG. 11 is newly defined is not limited
thereto.
[0133] The downlink transmission data generating
section 404 generates transmission data in downlink, and
outputs the downlink transmission data to the downlink
transmission data coding · modulation section 407.
[0134] The downlink control information generating
section 405 generates control information in downlink,
and outputs the downlink control information to the down-
link control information coding · modulation section 408.
The downlink transmission data coding modulation sec-
tion 407 performs channel coding and data modulation
on the downlink transmission data and the higher control
information to output to the downlink channel multiplexing
section 409. The downlink control information coding ·
modulation section 408 performs channel coding and da-
ta modulation on the downlink control information to out-
put to the downlink channel multiplexing section 409.
[0135] The CSI-RS generating section 406 generates
CSI-RSs, and outputs the CSI-RSs to the downlink chan-
nel multiplexing section 409. As shown in FIGs. 3, 5 and
10, in the case where additional CSI-RSs are non-zero
power CSI-RSs, the CSI-RS generating section 406 al-
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locates the additional CSI-RSs together with existing
CSI-RSs according to CSI-RS assignment pattern infor-
mation. Meanwhile, as shown in FIGs. 6, 9 and 11, in the
case where the additional CSI-RSs are zero power CSI-
RSs, the CSI-RS generating section 406 does not per-
form allocation of transmission power to resources of the
additional CSI-RSs.
[0136] The downlink channel multiplexing section 409
combines the downlink control information, CSI-RSs (in-
cluding additional CSI-RSs), higher control information
and downlink transmission data to generate a transmis-
sion signal. In this case, the downlink channel multiplex-
ing section 409 multiplexes the downlink transmission
data so as to avoid setting positions of muting determined
in the muting pattern determining section 402. The down-
link channel multiplexing section 409 outputs the gener-
ated transmission signal to the IFFT section 410. The
IFFT section 410 performs Inverse Fast Fourier Trans-
form on the transmission signal, and transforms the sig-
nal in the frequency domain into a signal in the time do-
main. The IFFT-processed signal is output to the CP add-
ing section 411. The CP adding section 411 adds a CP
(Cyclic Prefix) to the IFFT-processed transmission sig-
nal, and outputs the CP-added transmission signal to the
amplifying section 202 as shown in FIG. 12.
[0137] Functional blocks of the mobile terminal appa-
ratus associated with interference measurement
processing will be described with reference to FIG. 18.
In addition, each functional block of FIG. 18 is mainly
related to the baseband processing section 104 as shown
in FIG. 16. Further, the functional blocks as shown in
FIG. 18 are simplified to describe the present invention,
and are assumed to have the configuration that the base-
band processing section usually has.
[0138] On the reception side, the mobile terminal ap-
paratus 10 is provided with a CP removing section 301,
FFT section 302, downlink channel dividing section 303,
downlink control information reception section 304,
downlink transmission data reception section 305, inter-
ference measurement section 306, channel estimation
section 307, and CQI measurement section 308.
[0139] A transmission signal transmitted from the base
station apparatus 20 is received in the transmission/re-
ception antenna 101 as shown in FIG. 16, and is output
to the CP removing section 301. The CP removing sec-
tion 301 removes a CP from the reception signal to output
to the FFT section 302. The FFT section 302 performs
Fast Fourier Transform (FFT) on the CP-removed signal,
and transforms the signal in the time domain into a signal
in the frequency domain. The FFT section 302 outputs
the signal that is transformed into the signal in the fre-
quency domain to the downlink channel dividing section
303.
[0140] The downlink channel dividing section 303 di-
vides the downlink channel signal into downlink control
information, downlink transmission data, andCSI-RSs.
The downlink channel dividing section 303 outputs the
downlink control information to the downlink control in-

formation reception section 304, outputs the downlink
transmission data and higher control information to the
downlink transmission data reception section 305, and
further outputs the CSI-RSs to the channel estimation
section 307.
[0141] The downlink control information reception sec-
tion 304 demodulates the downlink control information,
and outputs the demodulated downlink control informa-
tion to the downlink transmission data reception section
305. The downlink transmission data reception section
305 demodulates the downlink transmission data using
the demodulated downlink control information. At this
point, based on pattern assignment information of CSI-
RSs included in the higher control information, the down-
link transmission data reception section 305 identifies
CSI-RS resources, and based on muting information, fur-
ther identifies muting resources. The downlink transmis-
sion data reception section 305 demodulates user data
while omitting the CSI-RS resources and muting resourc-
es. Further, the downlink transmission data reception
section 305 outputs the higher control information includ-
ed in the downlink transmission data to the interference
measurement section 306.
[0142] The interference measuring section 306 meas-
ures interference received from another transmission
point in CSI-RS resources, based on the CSI-RS pattern
assignment information included in the higher control in-
formation. For example, in the case of being notified of
the CSI-RS pattern as shown in FIG. 3 or 5, the section
306 performs interference measurement in each of re-
sources of high-density CSI-RSs. The section 306 meas-
ures interference from another transmission point, by
subtracting the CSI-RS transmitted from the transmis-
sion point of the connection destination from the com-
bined reception signal. Meanwhile, in the case of being
notified of the CSI-RS pattern as shown in FIG. 6 or 9,
since the additional CSI-RS is of zero power, a signal
received in the additional CSI-RS resource is an interfer-
ence component from another transmission point without
any change. The interference measurement section 306
performs interference measurement on all CSI-RS re-
sources including additional CSI-RSs, and averages
measurement results in all resource blocks. A result of
averaged interference measurement is notified to the
CQI measurement section 308.
[0143] The channel estimation section 307 identifies
CSI-RS resources based on the CSI pattern assignment
information included in the higher control information.
Then, the section 307 estimates a channel state based
on the CSI-RS, and notifies the CSI measurement sec-
tion 308 of the channel estimation value. The CQI meas-
urement section 308 calculates a CQI based on the in-
terference measurement result notified from the interfer-
ence measurement section 306, the channel estimation
result notified from the channel estimation section 307
and feedback mode. In the case where the CSI-RS pat-
tern as shown in FIG. 3 is applied, since CSI-RSs avail-
able for channel state measurement and interference
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measurement are two times, improved is channel state
measurement accuracy and interference measurement
accuracy. Even when the additional CSI-RS is of zero
power as in the CSI-RS pattern as shown in FIGs. 6 and
9, since CSI-RS resources to measure interference are
increased, interference measurement accuracy is im-
proved. In addition, the feedback mode may be set for
any one of Wideband CQI, Subband CQI and best-M
average. The CQI calculated in the CQI measurement
section 308 is notified to the base station apparatus 20
as feedback information.
[0144] The present invention is not limited to the
above-mentioned Embodiment, and is capable of being
carried into practice with various modifications thereof.
For example, without departing from the scope of the
invention, setting positions of CSI-RSs, setting positions
of muting, the number of processing sections, processing
procedures, the number of CS-RSs, the number of mut-
ing, and the number of antennas in the above-mentioned
description are capable of being carried into practice with
modifications thereof as appropriate. Moreover, the in-
vention is capable of being carried into practice with mod-
ifications thereof as appropriate without departing from
the scope of the invention.
[0145] The present application is based on Japanese
Patent Application No. 2011-244010 filed on November
7, 2011, and Japanese Patent Application No.
2012-017279 filed on January 30, 2012, entire contents
of which are expressly incorporated by reference herein.

Claims

1. A radio communication system comprising:

a plurality of base station apparatuses that trans-
mits a first reference signal for channel state
measurement; and
first and second mobile terminal apparatuses
that connect to one of the plurality of base station
apparatuses,
wherein each of the base station apparatuses
is provided with a reference signal assignment
section that assigns the first reference signal to
a reference signal resource defined for trans-
mission of the first reference signal, while as-
signing a second reference signal for interfer-
ence measurement to the resource, and a noti-
fication section that notifies a first mobile termi-
nal apparatus that supports both the first refer-
ence signal and the second reference signal of
pattern information to identity an assignment
pattern of the first reference signal and the sec-
ond reference signal, and
the first mobile terminal apparatus is provided
with a reception section that receives notified
pattern information, and an interference meas-
urement section that performs interference

measurement using both the first reference sig-
nal and the second reference signal or only the
second reference signal, based on the notified
pattern information.

2. The radio communication system according to claim
1, wherein the notification section notifies a second
mobile terminal apparatus, which supports the first
reference signal and does not support the second
reference signal, of pattern information to identify an
assignment pattern of the first reference signal, and
of assignment information indicating that a resource
assigned the second reference signal is assigned a
third reference signal of zero power for channel state
measurement, and
the second mobile terminal performs data demodu-
lation while omitting the resource assigned the sec-
ond reference signal based on the notified assign-
ment information of the third reference signal.

3. The radio communication system according to claim
1, wherein the reference signal assignment section
assigns a reference signal for both channel state
measurement and interference measurement to a
reference signal resource, as the second reference
signal, based on an assignment pattern of the first
reference signal that the second mobile terminal ap-
paratus supports, and
the first mobile terminal apparatus performs channel
state measurement and interference measurement
using the second reference signal.

4. The radio communication system according to claim
1, wherein the reference signal assignment section
assigns a reference signal dedicated to interference
measurement to a reference signal resource, as the
second reference signal, based on an assignment
pattern of the first reference signal that the second
mobile terminal apparatus supports, and
the first mobile terminal apparatus performs interfer-
ence measurement using the first reference signal
and the reference signal dedicated to interference
measurement.

5. The radio communication system according to claim
1, wherein the reference signal assignment section
assigns a third reference signal of zero power for
channel state measurement to a reference signal re-
source, as the second reference signal, based on an
assignment pattern of the first reference signal that
the second mobile terminal apparatus supports, and
the first mobile terminal apparatus performs interfer-
ence measurement in the resource assigned the
third reference signal of zero power for channel state
measurement.

6. The radio communication system according to claim
1, wherein the reference signal assignment section
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randomly assigns a third reference signal of zero
power for channel state measurement to a reference
signal resource, as the second reference signal, and
the first mobile terminal apparatus performs interfer-
ence measurement in the resource assigned the
third reference signal of zero power for channel state
measurement.

7. The radio communication system according to claim
1, wherein the reference signal assignment section
randomly assigns a reference signal dedicated to
interference measurement to a reference signal re-
source, as the second reference signal, and
the first mobile terminal apparatus performs interfer-
ence measurement using the first reference signal
and the reference signal dedicated to interference
measurement.

8. The radio communication system according to claim
1, wherein the reference signal assignment section
applies the same assignment pattern as that in an-
other base station apparatus, while assigning a re-
source for the second reference signal based on an
assignment pattern of the first reference signal that
the second mobile terminal apparatus supports.

9. The radio communication system according to claim
8, wherein the reference signal assignment section
uses two resource elements with the same frequen-
cies of two contiguous symbols in the time domain
as an assignment unit for the second reference sig-
nal, and assigns a third reference signal of zero pow-
er for channel state measurement to one of the re-
source elements to be orthogonal with another base
station apparatus.

10. The radio communication system according to claim
8, wherein the reference signal assignment section
uses two resource elements with the same frequen-
cies of two contiguous symbols in the time domain
as an assignment unit for the second reference sig-
nal, and assigns a reference signal dedicated to in-
terference measurement to one of the resource el-
ements to be orthogonal with another base station
apparatus.

11. The radio communication system according to claim
8, wherein the notification section notifies the second
mobile terminal apparatus, which supports the first
reference signal and does not support the second
reference signal, of assignment information indicat-
ing that a resource assigned the second reference
signal is assigned a third reference signal of zero
power for channel state measurement, based on an
assignment pattern of the first reference signal that
the second mobile terminal apparatus supports.

12. Abase station apparatus connected to a plurality of

mobile terminal apparatuses, comprising:

a reference signal assignment section that as-
signs a first reference signal for channel state
measurement to a reference signal resource de-
fined for transmission of the first reference sig-
nal, while assigning a second reference signal
for interference measurement to the resource;
and
a notification section that notifies a mobile ter-
minal apparatus that supports both the first ref-
erence signal and the second reference signal
of pattern information to identity an assignment
pattern of the first reference signal and the sec-
ond reference signal.

13. A mobile terminal apparatus connected to a base
station apparatus, comprising:

a reception section that receives pattern infor-
mation of a first reference signal for channel
state measurement and pattern information to
identify an assignment pattern of a second ref-
erence signal for interference measurement as-
signed to a reference signal resource defined
for transmission of the first reference signal,
transmitted from the base station apparatus;
and
an interference measurement section that per-
forms interference measurement using both the
first reference signal and the second reference
signal or only the second reference signal,
based on the received pattern information.

14. An interference measurement method comprising:

assigning a first reference signal for channel
state measurement to a reference signal re-
source to transmit the first reference signal,
while assigning a second reference signal for
interference measurement to the resource;
notifying a first mobile terminal apparatus that
supports both the first reference signal and the
second reference signal of pattern information
to identity an assignment pattern of the first ref-
erence signal and the second reference signal;
in the first mobile terminal apparatus, receiving
the pattern information; and
performing interference measurement using
both the first reference signal and the second
reference signal or only the second reference
signal, based on the received pattern informa-
tion.
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