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(57) Abstract: A communication device and methods
are disclosed. A transmission directionality of a plurality
of antennas is controlled based on a received previously
known signal transmitted from a communication termin-
al, when a signal to the communication terminal is trans-
mitted. A first upstream radio sub-resource for transmit-
ting the received previously known signal is allocated to
a first communication terminal to which a downstream
radio resource is to be allocated, and a first upstream ra-
dio resource for a first previously known signal com-
prises the first upstream radio sub-resource. A second
upstream radio sub-resource for transmitting the re-
ceived previously known signal is allocated to a second
communication terminal to which a downstream radio
resource is not to be allocated, a second upstream radio
resource for a second previously known signal compris-
ing the second upstream radio sub-resource.
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METHOD AND DEVICE FOR SOUNDING SIGNAL ALLOCATION AND SOUNDING ASSISTED
BEAMFORMING

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority under 35 U.S.C. §119 to
Japanese Patent Application No. 2011-044282, filed on March 1, 2011, entitled
“BASE STATION AND COMMUNICATION SYSTEM”. The content of which is
incorporated by reference herein in its entirety.

FIELD

[0002] Embodiments of the present disclosure relate generally to
communication devices, and more particularly relate to a communication device
comprising multiple antennas.

BACKGROUND

[0003] Some communication systems use an adoptive array antenna
system for appropriately controlling directionality of an array antenna comprising
a plurality of antennas. At surrounding base stations located around a base
station, when signals are transmitted to a mobile phone using the adoptive array
antenna system, null steering is performed with respect to a transmission
directionality of an array antenna so as to direct nulls to the mobile phone in
order to suppress interference with a mobile phone communicating with the base
station. Because a number of nulls that can be set in null steering depends on
a number of antennas in an array antenna, it may be impossible to direct nulls to
the mobile phone to which they are required to be directed at surrounding base
stations.

SUMMARY

[0004] A communication device and methods are disclosed. A
transmission directionality of a plurality of antennas is controlled based on a
received previously known signal transmitted from a communication terminal,
when a signal to the communication terminal is transmitted. A first upstream
radio sub-resource for transmitting the received previously known signal is



WO 2012/117299 PCT/IB2012/000674

allocated to a first communication terminal to which a downstream radio
resource is to be allocated, and a first upstream radio resource for a first
previously known signal comprises the first upstream radio sub-resource. A
second upstream radio sub-resource for transmitting the received previously
known signal is allocated to a second communication terminal to which a
downstream radio resource is not to be allocated, a second upstream radio
resource for a second previously known signal comprising the second upstream
radio sub-resource.

[0005] In an embodiment, a communication device for use in a
communication system comprises a communication module, and a radio
resource allocation module. The communication module communicates with at
least one communication terminal using the antennas, and controls a
transmission directionality of the antennas based on a received previously
known signal transmitted from a communication terminal, when transmitting a
signal to the communication terminal.

[0006] The radio resource allocation module allocates a first upstream
radio sub-resource for transmitting the received previously known signal to a first
communication terminal to which a downstream radio resource is to be
allocated, a first upstream radio resource for a first previously known signal
comprising the first upstream radio sub-resource. The radio resource allocation
module further allocates a second upstream radio sub-resource for transmitting
the received previously known signal to a second communication terminal to
which a downstream radio resource is not to be allocated, a second upstream
radio resource for a second previously known signal comprising the second
upstream radio sub-resource.

[0007] In another embodiment, a method for operating a
communication system, controls a transmission directionality of a plurality of
antennas based on a received previously known signal transmitted from a
communication terminal, when transmitting a signal to the communication
terminal. The method further allocates a first upstream radio sub-resource for
transmitting the received previously known signal to a first communication
terminal to which a downstream radio resource is to be allocated, a first
upstream radio resource for a first previously known signal comprising the first
upstream radio sub-resource. The method then allocates a second upstream
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radio sub-resource for transmitting the received previously known signal to a
second communication terminal to which a downstream radio resource is not to
be allocated, a second upstream radio resource for a second previously known
signal comprising the second upstream radio sub-resource.

[0008] In a further embodiment, a computer readable storage medium
comprising computer-executable instructions for operating a communication
system controls a transmission directionality of a plurality of antennas based on
a received previously known signal transmitted from a communication terminal,
when transmitting a signal to the communication terminal. The method
executed by the computer-executable instructions further allocates a first
upstream radio sub-resource for transmitting the received previously known
signal to a first communication terminal to which a downstream radio resource is
to be allocated, a first upstream radio resource for a first previously known signal
comprising the first upstream radio sub-resource. The method executed by the
computer-executable instructions further allocates a second upstream radio
sub-resource for transmitting the received previously known signal to a second
communication terminal to which a downstream radio resource is not to be
allocated, a second upstream radio resource for a second previously known
signal comprising the second upstream radio sub-resource.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the present disclosure are hereinafter
described in conjunction with the following figures, wherein like numerals denote
like elements. The figures are provided for illustration and depict exemplary
embodiments of the present disclosure. The figures are provided to facilitate
understanding of the present disclosure without limiting the breadth, scope,
scale, or applicability of the present disclosure.

[0010] Figure 1 is an illustration of a communication system according
to an embodiment of the disclosure.

[0011] Figure 2 is an illustration of a functional block diagram of a base
station according to an embodiment of the disclosure.

[0012] Figure 3 is a drawing showing a configuration of a TDD frame
according to an embodiment of the disclosure.

3
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[0013] Figure 4 is a drawing showing types of TDD frame configurations
according to an embodiment of the disclosure.

[0014] Figure 5 is a drawing showing details of a TDD frame
configuration having configuration of No. 1 according to an embodiment of the
disclosure.

[0015] Figure 6 is a drawing showing how an SRS transmission band is

subjected to frequency hopping.
[0016] Figure 7 is a drawing showing a configuration of an SRS.

[0017] Figure 8 is a drawing showing an upstream radio resource
capable of transmitting an SRS.

[0018] Figure 9 is a drawing showing an operation of a communication
system according to an embodiment of the disclosure.

[0019] Figure 10 is a drawing showing a mapping of an upstream radio
resource and a downstream sub-frame for an SRS transmission.

[0020] Figure 11 is a drawing showing an allocation example of a
downstream radio resource to a mobile phone.

[0021] Figure 12 is a drawing showing one example of how a base
station and surrounding base stations communicate with a mobile phone.

[0022] Figure 13 is an illustration of an exemplary flowchart showing a
process for an operation of a base station according to an embodiment of the
disclosure.

[0023] Figure 14 is a drawing showing an example of an allocation of a

downstream radio resource to a mobile phone.

[0024] Figure 15 is an illustration of an exemplary flowchart showing a
process for an operation of a base station according to an embodiment of the
disclosure.

[0025] Figure 16 is a drawing showing a situation in which an SRS

transmission bandwidth of an SRS without an allocation has been set to be 4RB.
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[0026] Figure 17 is a drawing showing an example of an allocation of a
downstream radio resource with respect to a mobile phone.

[0027] Figure 18 is a drawing showing a situation in which
triple-multiplexing of an SRS without an allocation has taken place in a same
frequency band.

DETAILED DESCRIPTION

[0028] The following description is presented to enable a person of
ordinary skill in the art to make and use the embodiments of the disclosure.
The following detailed description is exemplary in nature and is not intended to
limit the disclosure or the application and uses of the embodiments of the
disclosure. Descriptions of specific devices, techniques, and applications are
provided only as examples. Modifications to the examples described herein will
be readily apparent to those of ordinary skill in the art, and the general principles
defined herein may be applied to other examples and applications without
departing from the spirit and scope of the disclosure. The present disclosure
should be accorded scope consistent with the claims, and not limited to the
examples described and shown herein.

[0029] Embodiments of the disclosure are described herein in the
context of one practical non-limiting application, namely, a communication
between a mobile communication device such as a mobile phone and a base
station. Embodiments of the disclosure, however, are not limited to such base
station-mobile communication, and the techniques described herein may be
utilized in other applications. For example, embodiments may be applicable to
relay stations, wireless modems, digital music players, personal digital
assistance (PDA), e-books, personal handy phone system (PHS), lap top
computers, TV's, GPS’s or navigation systems, and other communication
device.

[0030] As would be apparent to one of ordinary skill in the art after
reading this description, these are merely examples and the embodiments of the
disclosure are not limited to operating in accordance with these examples.
Other embodiments may be utilized and structural changes may be made
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without departing from the scope of the exemplary embodiments of the present
disclosure.

[0031] Figure 1 is an illustration of communication system 100 (system
100) according to an embodiment of the disclosure. The communication
system 100 may comprise a plurality of base stations 1. Each of the based
stations 1 may utilize a wireless communication protocol and modulation
scheme, such as but without limitation, LTE in which Time Division Duplexing
(TDD) is adopted as a complex communication system, Third Generation
Partnership Project Long Term Evolution (3GPP LTE)TM, Third Generation
Partnership Project 2 Ultra Mobile Broadband (3Gpp2 UMB) TM, Time
Division-Synchronous Code Division Multiple Access (TD-SCDMA) TM,
Wireless Interoperability for Microwave Access (WiMAX), or other
communication protocol.

[0032] Each base station 1 communicates with a plurality of mobile
phones 2. In the LTE, an Orthogonal Frequency Division Multiple Access
(OFDMA) modulation is used for downstream communication and a Single
Carrier-Frequency Division Multiple Access (SC-FDMA) modulation is used for
upstream communication.  Therefore, the OFDMA system is used for
transmission from each of the base stations 1 to the mobile phone 2
(downstream communication), while the SC-FDMA system is used for
transmission from the mobile phone 2 to each of the base stations 1 (upstream
communication). In the OFDMA system, an Orthogonal Frequency Division
Multiplexing (OFDM) signal is used in which a plurality of subcarriers orthogonal
to each other are synthesized.

[0033] A service area 10 of each of the base stations 1 partially
overlaps with other service area 10 of surrounding base stations 1. Because
four base stations 1 are shown in Figure 1, there are two or three surrounding
base stations 1 for each of the base stations 1. However more surrounding
base stations 1 may be present in the systems 100. For example but without
limitations, six surrounding base stations 1 can be present for each of the base
stations 1.
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[0034] The base stations 1 are coupled to a network (not illustrated)
and are able to communicate with each other via the network. A server device
(not illustrated) is coupled to the network and each base station 1 is able to
communicate with the server device via the network.

[0035] Figure 2 is an illustration of a functional block diagram of a base
station 1 (system 200) according to an embodiment of the disclosure. The
base station 1 is capable of simultaneously communicating with a plurality of
mobile phones 2 by individually allocating to each of the mobile phones 2
(communication terminals 2), a radio source determined in two dimensions
comprising a temporal axis and a frequency axis. The base station 1 comprises
an array antenna as a transceiving antenna and is capable of controlling the
directionality of the array antenna using an adoptive array antenna system.

[0036] The base station 1 comprises a radio processing module 11 and
a control module 12 for controlling the radio processing module 11. The radio
processing module 11 comprises an array antenna 110 comprising a plurality of
antennas 110a. The radio processing module 11 conducts amplification
processing, down-converting, analog-to-digital (A/D) conversion processing, or
other signal processing related to each of a plurality of reception signals
received at the array antenna 110. The radio processing module 11 also
generates and outputs a plurality of base band reception signals.

[0037] The radio processing module 11 conducts digital-to-analog (D/A)
conversion processing, up-converting, amplification processing, or other signal
processing related to the base band transmission signals generated at the
control module 12 to generate a plurality of transmission signals in a carrier
band. The radio processing module 11 respectively inputs a plurality of
transmission signals generated in the carrier band into the antennas 110a.
Thereby, transmission signals are wirelessly transmitted from each of the
antennas 110a.

[0038] The control module 12 is configured to support functions of the
system 200. The control module 12 may control operations of the system 200
so that processes of the system 200 are suitably performed. Further, the control
module 12 accesses the memory 126 such as access to communication data as
described below. The control module 12, may be implemented or realized with a
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general purpose processor, a content addressable memory, a digital signal
processor, an application specific integrated circuit, a field programmable gate
array, a Central Processing Unit (CPU), any suitable programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any
combination thereof, designed to perform the functions described herein.

[0039] In this- manner, a processor may be realized as a
microprocessor, a controller, a microcontroller, a state machine, or the like. A
processor may also be implemented as a combination of computing devices,
e.g., a combination of a digital signal processor and a microprocessor, a plurality
of microprocessors, one or more microprocessors in conjunction with a digital
signal processor core, or any other such configuration.

[0040] The control module 12 comprises a memory 126, a transmission
signal generating module 120, a received data acquisition module 121, a radio
resource allocation module 122, a transmission weight processing module 123,
and a reception weight processing module 124.

[0041] The memory 126 may be any suitable data storage area with
suitable amount of memory that is formatted to support the operation of the
system 200. The memory 126 is configured to store, maintain, and provide
data as needed to support the functionality of the system 200 in the manner
described below. In practical embodiments, the memory 126 may comprise, for
example but without limitation, a non-volatile storage device (non-volatile
semiconductor memory, hard disk device, optical disk device, and the like), a
random access storage device (for example, SRAM, DRAM), or any other form
of storage medium known in the art. The memory 126 may be coupled to the
control module 12 and configured to store communication data, such as but
without limitation, an SRS transmittable band, SRS configuration, a radio
resource configuration, time, or other data.

[0042] The transmission signal generating module 120 generates
transmission data toward the mobile phone 2 which is a communication object.
The transmission signal generating module 120 generates base band
transmission signals containing the generated transmission data. The
transmission signals may be generated for a number of antennas 110a
comprising the array antenna 110. "
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[0043] The transmission weight processing module 123 respectively
sets a plurality of transmission weights for controlling the transmission
directionality at the array antenna 110 with respect to the plurality of
transmission signals generated at the transmission signal generating module
120. After the transmission weight processing module 123 conducts an Inverse
Discrete Fourier Transform (IDFT) on the transmission signals for which the
transmission weights have been set, the transmission signals are output to the
radio processing module 11.

[0044] After the reception weight processing module 124 conducts a
Discrete Fourier Transform (DFT) on the reception signals input from the radio
processing module 11, the reception weights are set respectively for controlling
the reception directionality at the array antenna 110. The reception weight
processing module 124 synthesizes the reception signals for which the reception
weights have been respectively set and generates new reception signals.

[0045] The received data acquisition module 121 conducts DFT,
demodulation processing, or other signal processing with respect to the new
reception signals generated at the reception weight processing module 124 to
acquire control data, user data, or other information comprised in the reception
signals.

[0046] The communication module 13 is configured by the radio
processing module 11, transmission weight processing module 123, and
reception weight processing module 124 for communicating with the mobile
phones 2 while appropriately controlling the directionality of the array antenna
110. The communication module 13 respectively controls the reception
directionality and the transmission directionality of the array antenna 110 when
communicating with each of the mobile phones 2.  Specifically, the
communication module 13 is capable of setting a beam and a null of the
reception directionality at the array antenna 110 in various directions at the
reception weight processing module 124 by adjusting the reception weight to be
multiplied by a reception signal.

[0047] The communication module 13 is capable of setting a beam and
a null of the transmission directionality at the array antenna 110 in various
directions at the transmission weight processing module 123 by adjusting the
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transmission weight to be multiplied by a transmission signal. The transmission
weight may be obtained from the reception weight and the reception weight is
obtained based on a previously known signal from the mobile phone 2. The
communication module 13 may also comprise configurations other than the
radio processing module 11, transmission weight processing module 123, and
reception weight processing module 124.

[0048] The radio resource allocation module 122 allocates, with respect
to each of the mobile phones 2 as a communication object, a downstream radio
resource (transmission frequency and transmission time frame) to be used for
the transmission form the base station 1 to the mobile phone 2. Based on the
downstream radio resource allocated to the mobile phone 2, the transmission
signal generating module 120 generates a transmission signal to be transmitted
to the mobile phone 2 and inputs the transmission signal into the transmission
weight processing module 123 at a timing based on the downstream radio
resource. Whereby, the transmission signal to be transmitted to the mobile
phone 2 is transmitted from the communication module 13 using the
downstream radio resource allocated to the mobile phone 2.

[0049] The transmission signal generating module 120 generates and
outputs a transmission signal for informing the mobile phone 2 regarding the
downstream radio resource allocated to the mobile phone 2. Thereby, the
mobile phone 2 may be notified regarding the downstream radio resource to be
used in a signal transmission to the device itself, allowing the mobile phone 2
appropriately receiving a signal from the base station.

[0050] The radio resource allocation module 122 allocates, with respect
to each of the mobile phones 2 as a communication object, an upstream radio
resource to be used by the mobile phone 2 in transmission to the base station 1.
The transmission signal generating module 120 generates and outputs a
transmission signal for informing the mobile phone 2 regarding the upstream
radio resource allocated to the mobile phone 2 by the radio resource allocation
module 122. Thereby, the mobile phone 2 may be notified regarding the
upstream radio resource to be used in transmission to the base station 1, and
transmits a signal to the base station 1 using the upstream radio resource.

[0051] <TDD frame configuration>

10
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[0052] Next, a TDD frame 300 used between the base station 1 and the
mobile phone 2 is described. The TDD frame 300 is determined in two
dimensions comprising a temporal axis and a frequency axis. The frequency
bandwidth (system bandwidth) of the TDD frame 300 is, for example but without
limitation, 10MHz and a time length of the TDD frame 300 is 10ms. The base
station 1 determines, from the TDD frame 300, an upstream radio resource and
a downstream radio resource to be allocated to each of the mobile phones 2.

[0053] Figure 3 is a drawing showing the configuration of the TDD
frame 300 according to an embodiment of the disclosure. The TDD frame 300
comprises two half-frames 301. Each half-frame 301 comprises five
sub-frames 302. That is, the TDD frame 300 comprises ten sub-frames 302.
The time length of the sub-frame 302 is 1ms. Hereinafter, the ten sub-frames
302 comprising the TDD frame 300 are sometimes referred to as the 0 to 9th
sub-frames 302, sequentially starting from the first.

[0054] Each sub-frame 302 comprises two slots 303 in the temporal
direction. Each slot 303 comprises seven symbol periods 304. Each
sub-frame 302 comprises fourteen symbol periods 304 in the temporal direction.
The symbol period 304 becomes one symbol period of an OFDM symbol in the
downstream communication of the OFDMA system, and becomes one symbol
period of a Discrete Fourier Transform Spread (DFTS) OFDM symbol in the
upstream communication of the SC-FDMS system.

[0055] The TDD frame 300 configured as described thus far comprises
a sub-frame 302 exclusively for upstream communication and a sub-frame 302
exclusively for downstream communication. Hereinafter, the sub-frame 302
exclusively for upstream communication is referred to as an “upstream
sub-frame 302" and the sub-frame 302 exclusively for downstream
communication is referred to as a “downstream sub-frame 302.”

[0056] With LTE, in a TDD frame 300, a region (radio resource)
including seven symbol periods 304 (one slot 303) in the temporal direction and
including a frequency bandwidth of 180 kHz in the frequency direction is referred
to as a “resource block (RB).” A resource block comprises twelve subcarriers.
The radio resource allocation module 122 allocates an upstream radio resource
as well as a downstream radio resource to each of the mobile phone 2 in units of

11
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one resource blocks. Because the SC-FDMA system is used in upstream
communication, in one slot 303 of the upstream sub-frame 302, when a plurality
of resource blocks are allocated to a mobile phone 2, a plurality of resource
blocks consecutive in the frequency direction are allocated to the mobile phone
2.

[0057] With LTE, seven configuration types with different combinations
of the upstream sub-frame 302 and the downstream sub-frame 302 are provided
for the configuration of the TDD frame 300. Figure 4 is a drawing showing the
seven configuration types.

[0058] With LTE, TDD frame 300 configurations of No. 0 to No. 6 are
provided. In communication system 100 of Figure 1, one configuration is used
among the seven configuration types. The sub-frame 302 indicated by “D” in
Figure 4 means a downstream sub-frame 302, whereas the sub-frame 302
indicated by “U” means an upstream sub-frame 302. The sub-frame 302
indicated by “S” means a sub-frame 302 for switching from downstream
communication to upstream communication in the communication system 100.
The sub-frame 302 is referred to as a “special sub-frame 302.”

[0059] In the TDD frame 300 having a configuration of No. 0, 0 and the
5th sub-frame 302 are downstream sub-frames 302, the 2nd to 4th sub-frames
302 as well as the 7th to 9th sub-frames 302 are upstream sub-frames 302, and
the first and 6th sub-frame 302 are special sub-frames 302. In the TDD frame
300 having a configuration of No. 4, 0 sub-frame 302 as well as the 4th to 9th
sub-frames 302 are downstream sub-frames 302, the second and 3rd
sub-frames 302 are upstream sub-frames 302, and the first sub-frame 302 is a
special sub-frame 302.

[0060] Figure 5 is a drawing showing the details of a TDD frame 300
configuration having configuration of (No. 1). The special sub-frame 302
comprises a downstream pilot time slot (DWPTS) 351, a guard time (GP) 350,
and an upstream pilot time slot (UpPTS) 352 in the temporal direction. The
guard time 350 is a radio signal period required for switching from downstream
communication to upstream communication, but is not used in communication.
In the following explanations, the TDD frame 300 of configuration of No. 1 is
used in the communication system 100.

12
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[0061] With LTE, combinations of a plurality of types are provided with
regard to the combination of the time length of the downstream pilot time slot
351, the guard time 350, and the upstream pilot time slot 352. The time length
of the downstream pilot time slot 351 is set to be eleven symbol periods 304 and
the time length of the upstream pilot time slot 352 is set to be two symbol periods
304.

[0062] In the communication system 100 according to an embodiment,
downstream communication is possible not only in the downstream sub-frames
302 but also in the downstream pilot time slot 351 of the special sub-frames 302.
In the present communication system 100, upstream communication is possible
not only in the upstream sub-frames 302 but also in the upstream pilot time slot
352 of the special sub-frames 302

[0063] The base station 1 transmits user data or control data to the
mobile phone 2 in each symbol period 304 of the downstream pilot time slot 351.
The mobile phone 2 transmits a previously known signal called a “sounding
reference signal (SRS)” in each symbol period 304 of the upstream pilot time slot
352. A plurality of complex symbols for modulating a plurality of subcarriers
comprises an SRS. In an embodiment, an SRS transmitted in the upstream
pilot time slot 352 is used to calculate the transmission weight. That is, the
base station 1 controls the transmission directionality at the array antenna 110
based on the SRS transmitted by the mobile phone 2 in the upstream pilot time
slot 352.

[0064] The SRS may be transmitted even in the last symbol period 304
of the upstream sub-frame 302. From hereinafter, if not specifically stated,
SRS refers to an SRS to be transmitted using an upstream pilot time slot 352.

[0065] Because the SRS is transmitted in each upstream pilot time slot
352 of the special sub-frame 302, from the first of the upstream pilot time slots
352 of the special sub-frame 302 to the first of the upstream pilot time slots 352
of the following special sub-frame 302 is referred to as an “SRS transmission
frequency 360.”

[0066] A symbol period 304 ahead of the upstream pilot time slot 352 is
referred to as an “anterior SRS transmission symbol period 370a” and a symbol
period 304 after the upstream pilot time slot 352 is referred to as a “posterior

13
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SRS transmission symbol period 370b.” If there is no need to particularly
distinguish the anterior and the posterior SRS transmission symbol periods,
each is referred to as “SRS transmission symbol periods 370.” Each mobile
phone 2 transmits an SRS at least either in the anterior SRS transmission
symbol period 370a or in the posterior SRS transmission symbol period 370b in
each special sub-frame 302 (in every SRS transmission cycle 360).

[0067] <Transmission frequency band of SRS>

[0068] With LTE, when the SRS is transmitted in one SRS transmission
symbol period 370, the entire region of a system band cannot be used.
Specifically, when the SRS is transmitted in one SRS transmission symbol
period 370, either the end part on the low frequency side of the system band or
the end part on the high frequency side thereof cannot be used. That is, in the
system band, a frequency band that may be used for transmitting the SRS is
either arranged closer to the high frequency side or arranged closer to the low
frequency side. Hereinafter, the frequency band that may be used for
transmitting the SRS is referred to as the “SRS transmittable band 400.” In
Figure 5, the SRS transmittable band 400 is shown by the shaded portion.
When a system bandwidth is 10MHz, the SRS transmittable band 400 becomes
a frequency band equivalent of forty resource blocks (180kHz x 40).

[0069] In the communication system 100, a special sub-frame 302 for
which the SRS transmittable band 400 is arranged closer to the high frequency
side of the system band in each of the anterior SRS transmission symbol period
370a and the posterior SRS transmission symbol period 370b and a special
sub-frame 302 for which the SRS transmittable band 400 is arranged closer to
the low frequency side of the system band in each of the anterior SRS
transmission symbol period 370a and the posterior SRS transmission symbol
period 370b, appear alternately. That is, the SRS transmittable band 400 is
alternately arranged on the high frequency side and the low frequency side of
the system band for every SRS transmission cycle 360.

[0070] In the communication system 100, the frequency band used by
one mobile phone 2 for transmitting the SRS (hereinafter, referred to as a “SRS
transmission band”) changes in each special sub-frame 302 in the SRS
transmittable band 400 (in every SRS transmission cycle), and one mobile

14
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phone 2 transmits the SRS a plurality of times to transmit the SRS over the
entire region of the SRS transmittable band 400. This operation is called
“frequency hopping.”

[0071] Figure 6 is a drawing showing one example of how an SRS
transmission band 450 used by a mobile phone 2 is subjected to frequency
hopping. The SRS transmittable band 400 is divided into first to fourth
frequency bands. An SRS transmission band 450 having a bandwidth of 1/4
the bandwidth of the SRS transmittable band 400 changes in the order of the
first frequency band, the third frequency band, the second frequency band, and
the fourth frequency band every SRS frequency cycle 360. The SRS
transmission 450 in the anterior SRS transmission symbol period 370a and the
SRS transmission band 450 in the posterior SRS transmission symbol period
370b are subject to frequency hopping while being independent from each other.

[0072] <SRS configuration >

[0073] In the communication system 100, two kinds of SRS that can be
distinguished by a parameter kTC, referred to as a “transmission Comb,” have
been provided. Each mobile phone 2 transmits one of these two kinds of SRS
either in the anterior SRS transmission symbol period 370a or in the posterior
SRS transmission symbol period 370b.

[0074] The parameter kKTC may take a figure of either “0” or “1." A
plurality of subcarriers SCO used for transmitting an SRS (hereinafter, referred to
as “SRS0”) specified by a parameter kTC=0 are not consecutively arranged in
the frequency direction but arranged in a pectinate form. In other words, the
carrier frequency of the SRSO0 is arranged in a pectinate form in the frequency
direction. Likewise, a plurality of subcarriers SC1 used for transmitting an SRS
(hereinafter, referred to as “SRS1”) specified by a parameter KTC=1 are
consecutively arranged in the frequency direction. In case of transmitting the
SRS0 and the SRS1 in the same frequency band, the plurality of subcarriers
SCO used for transmitting the SRSO and the plurality of subcarriers used for
transmitting the SRS1 are alternately arranged in the frequency direction.
Consequently, the carrier frequency of the SRS0 and the carrier frequency of the
SRS1 do not mutually overlap in the frequency direction.
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[0075] Figure 7 shows how both SRS0 and SRS1 are transmitted in a
frequency band 470 that is comprised in the SRS transmittable band 400. As
shown in Figure 7, the plurality of subcarriers SCO used for the transmission of
SRSO0 are arranged as every second subcarrier in the frequency direction.
Likewise, the plurality of subcarriers SC1 used for the transmission of SRS1 are
arranged as every second subcarrier in the frequency direction. The plurality of
subcarriers SCO and the plurality of subcarriers SC1 comprised in the same
frequency band 470 are arranged alternately in the frequency direction.

[0076] As described above, because the plurality of subcarriers used by
one mobile phone 2 for transmitting an SRS are arranged in a pectinate form in
the frequency direction, not all the subcarriers in the SRS transmission band
used by the mobile phone 2 are used for transmitting the SRS. Because the
plurality of subcarriers SCO and the plurality of subcarriers SC1 comprised in the
same frequency band are arranged alternately, the mobile phone 2 transmitting
the SRS0 and a mobile phone 2 transmitting the SRS1 may use the same SRS
transmission band in the same SRS transmission symbol period 370. From a
point on the base station 1 side, the base station 1 is able to distinguish SRS0
from SRS1 transmitted in the same SRS transmission band in the same SRS
transmission symbol period 370.

[0077] In the communication system 100, eight kinds of symbol patterns
comprising a plurality of complex symbols comprising an SRS are provided.
For the eight kinds of symbol patterns, eight kinds of mutually orthogonal symbol
series are respectively adopted. The mobile phone 2 transmits one of eight
kinds of symbol patterns as SRS.

[0078] As described, because eight kinds of mutually orthogonal
symbol patterns in which eight kinds of symbol series have been adopted, are
provided for SRS, a maximum of eight mobile phones 2 may transmit an SRS0
using the same SRS transmission band in the same SRS transmission symbol
period 370. A maximum of eight mobile phones 2 can transmit an SRS1 using
the same SRS transmission band in the same SRS transmission symbol period
370.
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[0079] Hereinafter, SRSO transmitted in the anterior SRS transmission
symbol period 370a and the posterior SRS transmission symbol period 370b are
respectively referred to as the “anterior SRS0” and “posterior SRS0.” SRS1
transmitted in the anterior SRS transmission symbol period 370a and the
posterior SRS transmission symbol period 370b are respectively referred to as
the “anterior SRS1” and “posterior SRS1".

[0080] An upstream radio resource specified by the anterior SRS
transmission symbol period 370a as well as the plurality of subcarriers SCO in a
pectinate form that are comprised in the SRS transmittable band 400 and may
be used for transmitting the SRSO, is referred to as an “upstream radio resource
for anterior SRS0 500a,” while an upstream radio resource specified by the
anterior SRS transmission symbol period 370a as well as the plurality of
subcarriers SC1 in a pectinate form that is comprised in the SRS transmittable
band 400 and may be used for transmitting the SRS1, is referred to as an
“upstream radio resource for anterior SRS1 500b.”

[0081] An upstream radio resource specified by the posterior SRS
transmission symbol period 370b as well as the plurality of subcarriers SCO in a
pectinate form which is an upstream radio resource comprised in the SRS
transmittable band 400 and may be used for transmitting an SRSO0, is referred to
as an “upstream radio resource for posterior SRS0 500c,” while an upstream
radio resource specified by the posterior SRS transmission symbol period 370b
as well as the plurality of subcarriers SC1 in a pectinate form which is an
upstream radio resource comprised in the SRS transmittable band 400 and may
be used for transmitting an SRS1, is referred to as an “upstream radio resource
for posterior SRS1 500d.”

[0082] Figure 8 is a drawing showing an upstream radio resource for
the anterior SRS0 500a, an upstream radio resource for the anterior SRS1 500b,
an upstream radio resource for the posterior SRS0 500c, and an upstream radio
resource for the posterior SRS1 500d. The upstream radio resource for the
anterior SRS0 500a, the upstream radio resource for the anterior SRS1 500b,
the upstream radio resource for the posterior SRS0 500c, and the upstream
radio resource for the posterior SRS1 500d are different from each other in at
least either the temporal direction or the frequency direction. Hereinafter, when
it is not required to distinguish these upstream radio resources, each of them is
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referred to as an “upstream radio resource for SRS.” The temporal direction
may comprise the time axis.

[0083] In an embodiment, with respect to each mobile phone 2
communicating with the base station 1, the radio resource allocation module 122
allocates, for SRS transmission, one among the upstream radio resource
comprised in the upstream radio resource for anterior SRS0 5003, the upstream
radio resource comprised in the upstream radio resource for anterior SRS1
500b, the upstream radio resource comprised in the upstream radio resource for
posterior SRSO 500c, and the upstream radio resource comprised in the
upstream radio resource for posterior SRS1 500d.  Specifically, with respect to
each mobile phone 2 communicating with the base station 1, the radio resource
allocation module 122 allocates the bandwidth of an SRS transmission band
(hereinafter, referred to as an “SRS transmission bandwidth”), the SRS
transmission symbol period 370, the frequency hopping method of the SRS
transmission band, the value of the parameter kTC, and the kind of SRS symbol
pattern to allocate the upstream radio resource for SRS transmission to each
mobile phone 2.

[0084] Herein, with LTE, a plurality of bandwidths mutually different in
size are determined as bandwidths that can be set as the SRS transmission
bandwidth. For example, when the system bandwidth is 10MHz, three kinds of
bandwidths, i.e. a bandwidth equivalent to forty resource blocks (180kHz x 40),
a bandwidth equivalent to 20 resource blocks (180kHz x 20), and a bandwidth
equivalent to four resource blocks (180kHz x 4) are prescribed. The radio
resource allocation module 122 allocates one of the bandwidths to the mobile
phone 2 as the SRS transmission bandwidth. Hereinafter, the bandwidth
equivalent to x number of resource blocks is referred to as “xRB.”

[0085] The transmission signal generating module 120 generates
transmission signals including a control signal (hereinafter, referred to as a “SRS
control signal’) to inform the mobile phone 2 regarding the upstream radio
resource for SRS transmission allocated to the mobile phone 2 in the radio
resource allocation module 122. The transmission signals are transmitted from
the communication module 13 to the mobile phone 2. Thereby, SRS control
sighals are transmitted to each mobile phone 2, making it possible for each
mobile phone 2 to recognize the upstream radio resource for SRS transmissions
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allocated to the mobile phone itself. That is, each mobile phone 2 is able to
recognize the SRS transmission bandwidth, the SRS transmission symbol
period 305, the kind of SRS symbol pattern, the frequency hopping method of
the SRS transmission, and the value of a parameter kTC allocated to itself.
Each mobile phone 2 transmits an SRS in every SRS transmission cycle 360
using the upstream radio resource allocated to itself. An SRS control signal is
referred to as “RRC Connection Reconfiguration message” in LTE.

[0086] <Communication system operation in the event of controlling the
transmission of SRS>

[0087] Next, operations of the communication system 100 are
described from the time when the mobile phone 2 receives a new SRS control
signal to the time when the mobile phone 2 transmits an SRS based on the new
SRS control signal. Hereinafter, the mobile phone 2 that is an object in the
description is sometimes referred to as an “object mobile phone 2.”

[0088] Figure 9 is a drawing showing the operation of a communication
system pertaining to the embodiment. For example, in a downstream
sub-frame 302 located at the end of the (N-2)th TDD frame 300, when a new
SRS control signal is transmitted from the base station 1 to the object mobile
phone 2, in the upstream sub-frame 302 which is the eighth from the first one of
the next (N-1)th TDD frame 300, the object mobile phone 2 transmits, to the
base station 1, a response signal for informing that the new SRS control signals
have been properly received. The response signal is referred to as a “RRC
Connection Reconfiguration Complete message.” Thereby, a new upstream
radio resource for SRS transmission is set in the object mobile phone 2.

[0089] The object mobile phone 2 transmitting the response signal
transmits an SRS in every SRS transmission cycle 360 using the upstream radio
resource notified by the new SRS control signal received at the (N-2)th TDD
frame 300. The object mobile phone 2 transmits an SRS using the upstream
radio resource notified by the previously received SRS control signal until an
SRS is transmitted using the upstream radio resource notified by the new SRS
control signal.
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[0090] As described, in a TDD frame 300, when the base station 1
transmits a new SRS control signal to the object mobile phone 2, in and onward
from a TDD frame 300 two after the aforementioned TDD frame 300, the
objective mobile phone 2 transmits an SRS based on the new SRS control
signal.

[0091] At the base station 1, when an SRS is received from an object
mobile phone 2 in an SRS transmission cycle 360, the transmission directionality
of the array antenna 110 is controlled at the time when data to the objective
mobile phone 2 is transmitted based on the received SRS in the SRS
transmission cycle. That is, in an SRS transmission cycle 360, the
transmission directionality at the time when data is transmitted to the object
mobile phone 2 is controlled, based on the SRS received from the object mobile
phone 2 in the SRS transmission cycle 360.

[0092] At the base station 1, when the SRS from the object mobile
phone 2 is received at the communication module 13, the reception weight
processing module 124 calculates the reception weight based on the SRS.  The
transmission weight processing module 123 calculates the transmission weight
to be applied to the transmission signal directed to the object mobile phone 2,
based on the reception weight calculated in the reception weight processing
module 124. The transmission weight processing module 123 sets the
calculated transmission weight with respect to a plurality of transmission signals
including data to the object mobile phone 2 generated in the transmission signal
generating module 120 and inputs, in the radio processing module 11, the
plurality of transmission signals for which the transmission weight has been set.
Thereby, a beam related to the transmission directionality in the frequency band
of the transmission signals to the object mobile phone 2 in the array antenna 110
is directed to the object mobile phone 2 so that the data is transmitted
appropriately to the object mobile phone 2.

[0093] The radio resource allocation module 122 estimates the state of
the upstream transmission path based on the SRS from each mobile phone 2
with which the base station 1 is communicating. The radio resource allocation
module 122 allocates an upstream radio resource in an upstream sub-frame 302
to each mobile phone 2 based on the estimated results and the like of the state
of the transmission path.
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[0094] < Mapping of an upstream radio resource and a downstream
radio resource for SRS>

[0095] In the communication system 100, in each SRS transmission
cycle 360, the upstream radio resource for anterior SRS0 500a and a first
subsequent downstream sub-frame 302 are mapped. The upstream radio
resource for posterior SRS0 500c and the second subsequent downstream
sub-frame 302 are mapped. The upstream radio resource for posterior SRS1
500d and a portion including a downstream pilot time slot 351 in the temporal
direction in a subsequent special sub-frame 302 are mapped. Figure 10 shows
the situation. Figure 10 is a drawing showing the mapping of an upstream radio
resource and a downstream sub-frame for SRS transmission. Figure 10 shows
an SRS transmission cycle 360 including an upstream pilot time slot 352 of the
first special sub-frame 302 of a TDD frame 300; however, the same applies to an
SRS transmission cycle 360 including an upstream pilot time slot 352 of a
second special sub-frame 302 of the TDD frame 300.

[0096] Hereinafter, a downstream sub-frame 302 mapped to the
upstream radio resource for anterior SRS0 500a is sometimes referred to as a
“first downstream sub-frame 501.” A downstream sub-frame 302 mapped to
the upstream radio resource for posterior SRS0 500c is sometimes referred to
as a “second downstream sub-frame 502.” The portion including the
downstream pilot time slot 351 in the temporal direction in the special sub-frame
302 mapped to the upstream radio resource for posterior SRS1 500d is not
equivalent to the downstream sub-frame 302 comprised in a TDD frame 300, but
is sometimes referred to as a ‘third downstream sub-frame 503" for
convenience. Hereinafter, a downstream sub-frame is meant to be inclusive of
the “third downstream sub-frame 503.”

[0097] In the communication module 13 at the base station 1, in a
downstream sub-frame, when a transmission signal including various data is
transmitted to the object mobile phone 2, the transmission weight applied to the
transmission signal is calculated, based on an SRS transmitted from the object
mobile phone 2 in an upstream radio resource for SRS mapped to the
downstream sub-frame. Specifically, the reception weight is calculated based
on the SRS and the transmission weight is calculated based on the reception
weight. That is, at the base station 1, when a transmission signal is transmitted
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to the object mobile phone 2 using a downstream sub-frame, the object mobile
phone 2 controls the transmission directionality of the array antenna 110, based
on the SRS to be transmitted using an upstream radio resource comprised in an
upstream radio resource for an SRS that has been mapped to the downstream
sub-frame so that the beam of the transmission directionality is directed to the
object mobile phone 2 in a frequency band of the transmission signal.

[0098] With respect to each mobile phone 2 with which the base station
1 is communicating, for each of a prescribed number of TDD frames 300, the
radio resource allocation module 122 determines the allocation priority of a
downstream radio resource (hereinafter, sometimes referred to as “downstream
allocation priority”) based on proportional fairness (PF) and the like. When the
downstream allocation priority is determined with respect to each mobile phone
2 with which the base station 1 is communicating, the radio resource allocation
module 122 regards a mobile phone 2 with a downstream allocation priority
higher than a reference value as a mobile phone 2 to which a downstream radio
resource is to be allocated (hereinafter, sometimes referred to as a “terminal 2
with a downstream allocation”) and a mobile phone 2 with a downstream
allocation priority lower than a reference value as a mobile phone 2 to which a
downstream radio resource is not to be allocated (hereinafter, sometimes
referred to as a “terminal 2 without a downstream allocation”). In the event of
absence of transmission data with respect to the mobile phone 2, the allocation
priority of the mobile phone 2 becomes low. Whereas, when data such as
control data and the like is needed to be transmitted urgently to the mobile
phone 2, the downstream allocation priority of the mobile phone 2 becomes
higher.

[0099] Thereafter, the radio resource allocation module 122 allocates a
downstream radio resource to each mobile phone which is an object of the
downstream radio resource allocation, based on the downstream allocation
priority, transmission data volume, and the like. Then, in order to have the
frequency band of a transmission signal to be transmitted to the mobile phone 2
in a downstream sub-frame comprised in the transmission frequency band of an
SRS to be transmitted by an upstream radio resource for SRS mapped to the
aforementioned downstream sub-frame, the radio resource allocation module
122 allocates a downstream radio resource to the mobile phone 2.
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[0100] In the communication module 13 at the base station 1, among
SRSs transmitted from an object mobile phone 2 in the upstream radio resource
for SRS, the transmission weight is calculated using a portion of a frequency
band which is the same as the frequency band of a transmission signal to be
transmitted to the object mobile phone 2 in a downstream sub-frame mapped to
the aforementioned upstream radio resource for SRS. That is, at the base
station 1, among a plurality of complex symbols comprising the SRS transmitted
by the object mobile phone 2 in the upstream radio resource for SRS, a plurality
of complex symbols transmitted using a frequency band that is the same as the
frequency band as the transmission signal to be transmitted to the object mobile
phone 2 in a downstream sub-frame mapped to the aforementioned upstream
radio resource for SRS, are used to calculate the transmission weight. As
described, an accurate transmission weight may be calculated by mapping the
frequency band of the transmission signal and the frequency band of an SRS to
be used in the event of obtaining the transmission weight applied to the
aforementioned transmission signal.

[0101] Because a downstream sub-frame is not mapped to the upstream
radio resource for the anterior SRS1 500b, principally, a signal is not transmitted
using a downstream sub-frame to the mobile phone 2 to which an SRS (anterior
SRS1) is transmitted using an upstream radio resource comprised in the
upstream radio resource for the anterior SRS1 500b. However, as described
later, as an exception, a signal is sometimes transmitted using any one of the
first downstream sub-frame 501 through the third downstream sub-frame 503 to
the mobile phone to which the SRS (anterior SRS1) is transmitted using the
upstream radio resource comprised in the upstream radio resource for the
anterior SRS1 500b.

[0102] Figure 11 is a drawing showing an allocation example of a
downstream radio resource to the mobile phone 2. In the example in Figure 11,
mobile phones 2 with terminal numbers 1 and 2 transmit an SRS (anterior SRS0)
using an upstream radio resource comprised in the upstream radio resource for
anterior SRSO 500a, the mobile phones 2 with terminal numbers 3 and 4
transmit an SRS (posterior SRS0) using an upstream radio resource comprised
in the upstream radio resource for the posterior SRS1 500c, and mobile phones
2 with terminal numbers 5 and 6 transmit an SRS (posterior SRS1) using an
upstream radio resource comprised in the upstream radio resource for the
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posterior SRS1 500d. The mobile phones 2 with terminal numbers 7 to 9
transmit an SRS (anterior SRS1) using an upstream radio resource comprised in
the upstream radio resource for the anterior SRS1 500b. In the example in
Figure 11, with regard to each of the mobile phones with terminal numbers 1 to
6, the frequency band 480 of a transmission signal transmitted to the mobile
phone 2 matches the SRS transmission band 450 with respect to the
aforementioned mobile phones 2.

[0103] < A method of allocating an upstream radio resource to a mobile
phone for SRS transmission >

[0104] In the embodiment, with respect to the mobile phone 2 to which a
downstream radio resource is to be allocated, for SRS transmission, the radio
resource allocation module 122 allocates one among an upstream radio
resource comprised in the upstream radio resource for anterior SRS0 500a, an
upstream radio resource comprised in the upstream radio resource for posterior
SRS0 500c¢, and an upstream radio resource comprised in the upstream radio
resource for posterior SRS1 500d. That is, as an SRS to be transmitted, one
among the anterior SRS0, the posterior SRSO and the posterior SRS1 is
allocated to the mobile phone 2 to which a downstream radio resource is to be
allocated as an SRS to be transmitted.

[0105] With respect to a mobile phone 2 to which a downstream radio
resource is not allocated, the radio resource allocation module 122 allocates an
upstream radio resource comprised in the upstream radio resource for the
anterior SRS1 500b as an SRS to be transmitted. In other words, to a mobile
phone 2 to which a downstream radio resource is not allocated, an anterior
SRS1 is allocated as an SRS to be transmitted. Hereinafter, an SRS
transmitted by a mobile phone 2 to which a downstream radio resource is
allocated is sometimes referred to as an “SRS with an allocation” (anterior
SRS0, posterior SRSO and posterior SRS1 in the present embodiment).
Whereas, an SRS transmitted by a mobile phone 2 to which a downstream radio
resource is not allocated is sometimes referred to as an “SRS without an
allocation”(anterior SRS1 in the present embodiment).
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[0106] With respect to a mobile phone 2 to which an SRS with an
allocation is transmitted, when a signal is transmitted using the downstream
radio resource allocated to the mobile phone 2, the communication module 13
performs null steering and beam forming with regard to the transmission
directionality of the array antenna 110.

[0107] As shown in Figure 8, an upstream radio resource (an upstream
radio resource comprising the upstream radio resource for the anterior SRS0
500a, the upstream radio resource for the posterior SRSO 500c, and the
upstream radio resource for the posterior SRS1 500d) that may be used for
transmitting an SRS with an allocation is different in the temporal direction from
an upstream radio resource (the upstream radio resource for the anterior SRS1
500b) that may be used for transmitting an SRS without an allocation. In other
words, an upstream radio resource that may be used for transmitting an SRS
with an allocation is not superimposed in the temporal direction with an upstream
radio resource that may be used for transmitting an SRS without an allocation.

[0108] As described above, differentiating, in at least either the temporal
direction or the frequency direction (in the temporal direction in the present
embodiment), an upstream radio resource that may be used for the SRS
transmission transmitted by a mobile phone 2 to which a downstream radio
resource is allocated (hereinafter, referred to as a “first upstream radio resource
for SRS”) from an upstream radio resource that may be used for the SRS
transmission transmitted by a mobile phone 2 to which a downstream radio
resource is not to be allocated (hereinafter, sometimes referred to as a “second
upstream radio resource for SRS”) increases the probability of directing a null to
a mobile phone 2 to which the null is required to be directed at the base station 1
and the surrounding base stations 1 respectively at which null steering is
conducted with regard to the transmission directionality of the array antenna 110.
Hereinafter, this is described in detail.

[0109] Figure 12 is a drawing showing how the base station 1a and the
surrounding base stations 1b, 1¢c communicate with the mobile phone 2. For
example, if there is a match between an upstream radio resource used by the
base station 1a for transmitting signals to a mobile phone with a downstream
allocation 2a-1 and an upstream radio resource used by the surrounding base
station 1b for transmitting signals to a mobile phone 2b-1 with a downstream
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allocation, the mobile phone with a downstream allocation 2b-1 with which the
surrounding base station 1b is communicating receives a transmission signal
and an interference wave from the base station 1a as well as a transmission
signal from the surrounding base station 1b. [n order to prevent this, at the
base station 1a, when a signal is transmitted to the mobile phone with a
downstream allocation 2a-1, a null is required to be directed to the mobile phone
with a downstream allocation 2b-1 communicating with the surrounding base
station 1b.

[0110] On the other hand, with regard to a mobile phone without a
downstream allocation 2b-2 with which the surrounding base station 1b is
communicating, because a transmission signal is not received from the
surrounding base station 1b, at the base station 1a, when a signal is transmitted
to the terminal with a downstream allocation 2a-1, even if a null is not directed to
the mobile phone without a downstream allocation 2b-2 with which the
surrounding base station 1b is communicating, this does not become a
significant problem.

[0111] This is the same with regard to the surrounding base stations 1b,
1c, and, at the surrounding base station 1b, when a signal is transmitted to the
mobile phone with a downstream allocation 2b-1, a null is required to be directed
to the mobile phone with a downstream allocation 2a-1 communicating with the
base station 1a; however, even if a null is not directed to the mobile phone
without a downstream allocation 2a-2 communicating with the base station 1a,
this does not become a significant problem. At the surrounding station 1c,
when a signal is transmitted to a mobile phone with a downstream allocation
2¢c-1, a null is required to be directed to the mobile phone with a downstream
allocation 2a-1communicating with the base station 1a; however, even if a null is
not directed to the mobile phone without a downstream allocation 2a-2
communicating with the base station 1a, this does not become a significant
problem

[0112] Unlike the embodiment, if the first upstream radio resource for
SRS that may be used for SRS transmission transmitted by the mobile phone 2
with a downstream allocation and the second upstream radio resource for SRS
that may be used for SRS transmission transmitted by the mobile phone 2
without a downstream allocation are not distinguished and are the same, at the
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base station 1a, for example, an SRS from the mobile phone with a downstream
allocation 2a-1 with which the base station is communicating, an SRS from the
mobile phone with a downstream allocation 2b-1 with which the surrounding
base station 1b is communicating, and an SRS from the mobile phone without a
downstream allocation 2c¢-2 with which the surrounding base station 1c is
communicating, could be transmitted using a same upstream radio resource,
that is, using the same transmission band and transmission time frame.

[0113] That is, an SRS from the mobile phone with a downstream
allocation 2b-1 with which the surrounding base station 1b is communicating and
an SRS from the mobile phone without a downstream allocation 2¢-2 with which
the surrounding base station 1c is communicating are sometimes are
superimposed as interference waves with respect to an SRS from the mobile
phone with a downstream allocation 2a-1 with which the base station 1a itself is
communicating.

[0114] For this reason, when the base station 1 performs null steering with
regard to the transmission directionality of the array antenna 110 based on the
SRS from the mobile phone with a downstream allocation 2a-1, there is a
possibility that the base station 1a will also regard a mobile phone with little need
for directing a null (for example, a mobile phone without a downstream allocation
with which the surrounding base station 1c is communicating) 2¢-2 as an object
to direct a null in addition to a mobile phone to which a null is required to be
directed (for example, a mobile phone with a downstream allocation with which
the surrounding base station 1b is communicating) (2b-1).

[0115] Herein, the allowable number of nulls in null steering with regard to
the transmission directionality of the array antenna 110 depends on the number
of antennas 110a comprising the array antenna 110. Specifically, if the number
of antennas is M, the maximum number of nulls that can be set is (M-1).
Therefore, increasing the number of mobile phones to which a null is directed
could make it difficult for the base station 1 to direct a null to all the objects.

[0116] As described above, if the first upstream radio resource for an SRS
and the second upstream radio resource for the SRS are the same, at the base
station 1, because there is a possibility of directing a null not only to mobile
phones 2 to which a null is required to be directed but also to mobile phones 2 to
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which a null is hardly required to be directed, when the number of mobile phones
2 to which a null is hardly required to be directed increases, the possibility of
failing to direct a null to the mobile phones 2 to which a null is required to be
directed becomes higher. This is the same at the surrounding base station 1,
increasing the possibility of failing to direct a null to mobile phones 2 to which the
null is required to be directed.

[0117] Whereas, in the embodiment, because the first upstream radio
resource for SRS and the second upstream radio resource for SRS are different,
an SRS from the mobile phone 2 without a downstream allocation with which a
surrounding base station 1 is communicating is not superimposed as an
interference wave at the base station 1 with respect to an SRS from the mobile
phone 2 with a downstream allocation with which the base station itself is
communicating. Therefore, at the base station 1, mobile phones 2 to which a
null is hardly required to be directed do not become objects of directing a null,
increasing the possibility of directing a null to mobile phones 2 to which a null'is
required to be directed.

[0118] Thereby, the base station 1 can suppress interference waves
affecting the mobile phones 2 communicating with surrounding base stations 1.
This is the same at the surrounding base stations 1. Mobile phones 2 to which
a null is hardly required to be directed do not become objects of directing a null,
increasing the possibility of directing a null to mobile phones 2 to which a null is
required to be directed. As a result, it might become possible for the base
station 1 to suppress the interference waves received from the surrounding base
stations 1.

[0119] At each base station 1 according to an embodiment, as described
above, when a signal is transmitted to a mobile phone 2 with a downstream
allocation, null steering and beam forming with regard to the transmission
directionality of the array antenna 110 take place, based on the SRS transmitted
by the mobile phone 2 with a downstream allocation. In the embodiment, for
example, both null steering and beam forming may be performed using a serially
updated algorithm such as RLS (Recursive Least-Squares) algorithm or the like
by updating the reception weight a multiple number of times based on a plurality
of complex symbols comprised in an SRS and obtaining the transmission weight
based on the reception weight after the update. Only null steering may be
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conducted in the event of transmitting a signal to a mobile phone 2 with a
downstream allocation.

[0120] A transmission weight is obtained, for example, for each frequency
band of one resource block. Hereinafter, the frequency band of one resource
block is referred to as an “allocated unit band.” For example, if the frequency
band of a transmission signal transmitted to an object mobile phone 2 in a
downstream sub-frame comprises four allocated unit bands, a transmission
weight is obtained with regard to each of the four allocated unit bands. The
transmission weight to be applied to a signal transmitted to the object mobile
phone 2 using an allocated unit band is obtained, based on twelve complex
symbols transmitted using the allocated unit band among a pluraliﬁgy of complex
symbols comprising the SRS received from the object mobile phone 2.
Because one resource block comprises twelve subcarriers, it is possible to
transmit twelve complex symbols using one allocated unit band.

[0121] < Allocation change of an upstream radio source for SRS
transmission with respect to the mobile phone 2>

[0122] Next, operations of the base station 1 are described in an event of
changing an upstream radio resource for SRS transmission to be allocated by
the base station 1 to a mobile phone 2 from an upstream radio sub-resource
comprised in the second upstream radio resource for SRS (hereinafter,
sometimes referred to as a “second upstream radio sub-resource”) to an
upstream radio resource comprised in the first upstream radio resource for SRS
(hereinafter, sometimes referred to as a “first upstream radio sub-resource”).

[0123] Figure 13 is an illustration of an exemplary flowchart showing a
process 1300 for an operation of the base station 1 according to an embodiment
of the disclosure. The various tasks performed in connection with the process
1300 may be performed by software, hardware, firmware, a computer-readable
medium having computer executable instructions for performing the process
method, or any combination thereof. The process 1300 may be recorded in a
computer-readable medium such as a semiconductor memory, a magnetic disk,
an optical disk, and the like, and can be accessed and executed, for example, by
a computer CPU such as the control module 12 in which the computer-readable
medium is stored.
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[0124] It should be appreciated that process 1300 may include any
number of additional or alternative tasks, the tasks shown in Figure 13 need not
be performed in the illustrated order, and process 1300 may be incorporated into
a more comprehensive procedure or process having additional functionality not
described in detail herein. In practical embodiments, portions of the process
1300 may be performed by different elements of the system 100/200. Process
1300 may have functions, material, and structures that are similar to the
embodiments shown in Figures 1-12. Therefore common features, functions,
and elements may not be redundantly described here.

[0125] In task s1, when the downstream allocation priority becomes
higher with respect to an object mobile phone 2 which is a mobile phone 2
without a downstream allocation, to which a second upstream radio resource is
allocated, in task s2, the object mobile phone 2 becomes the object of a
downstream radio resource allocation. When the object mobile phone 2
becomes the object of the downstream radio resource allocation, in task s3, the
radio resource allocation module 122 changes the upstream radio resource for
SRS transmission to be allocated to the object mobile phone 2 from the second
upstream radio resource to the first upstream radio resource.

[0126] Thereafter, with respect to the object mobile phone 2, the
transmission signal generating module 120 generates an SRS control signal to
inform that the upstream radio resource to be allocated for SRS transmission
has been changed from the second upstream radio resource to the first
upstream radio resource. That is, with respect to the object mobile phone 2,
the transmission signal generating module 120 generates an SRS control signal
for notifying the first upstream radio resource newly allocated for SRS
transmission. Hereinafter, the SRS control signal is specially referred to as a
“SRS control signal for change notice.”

[0127] Thereafter, in task s4, the radio resource allocation module 122
allocates a downstream radio resource for transmitting, to the object mobile
phone 2, the SRS control signal for change notice to the object mobile phone 2.
In task s5, the communication module 13 uses the downstream radio resource
allocated to the object mobile phone 2 for the transmission of the SRS control
sighal for change notice and transmits the SRS control signal for change notice
to the object mobile phone 2. Subsequently, the communication module 13
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may perform beam forming with regard to the transmission directionality of the
array antenna 110, based on an SRS without allocation from the object mobile
phone 2 so that a beam is directed to the object mobile phone 2. The base
station 1 may also simultaneously conduct null steering.

[0128] In the communication module 13, because beam forming takes
place in the event of transmitting the SRS control signal for change notice to the
object mobile phone 2, the radio resource allocation module 122 ensures that
when a downstream radio resource for transmitting the SRS control signal for
change notice is allocated to the object mobile phone 2, the range of the
frequency direction of the downstream radio resource is comprised in the SRS
transmission band 450 with regard to an SRS without an allocation from the
object mobile phone 2. Subsequently, if there is no available space in the
downstream radio resource, at least part of the downstream radio resources
~allocated to any one of the mobile phones 2 with a downstream allocation is
allocated to the object mobile phone 2 as a downstream radio resource for
transmitting the SRS control signal for change notice.

[0129] Figure 14 is a drawing showing an example of the allocation of a
downstream radio resource to the mobile phone 2.

[0130] In the example of Figure 14, a mobile phone 2 with a terminal
number 7 is an object mobile phone 2. In the example of Figure 14, in the
downstream radio resource allocated to a mobile phone 2 with a terminal
number 1 which is a mobile phone 2 with a downstream allocation, a portion
including, in the frequency direction, the same frequency band as the SRS
transmission band 450 of an SRS transmitted by the mobile phone 2 with a
terminal number 7 (a shaded portion of the first downstream sub-frame 501) is
allocated to the mobile phone 2 with a terminal number 7 as a downstream radio
resource for transmitting an SRS control signal for change notice.

[0131] Thereafter, when a response signal is received from the object
mobile phone 2, in and onward from a TDD frame 300 following a TDD frame
300 at which the response signal has been received, the base station 1 begins to
receive an SRS with an allocation which is an SRS transmitted from the object
mobile phone 2 using the first upstream radio resource. The base station 1
controls the transmission directionality of the array antenna 110 based on the
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received SRS and transmits a signal to the object mobile phone 2 in a
downstream sub-frame.

[0132] As described above, at the base station 1, when an SRS control
signal for change notice is transmitted to a mobile phone 2 from which an SRS
without an allocation is transmitted, the transmission directionality of the array
antenna 110 is controlled, based on the SRS without an allocation. As
described above, because the second upstream radio resource for SRS that
may be used for transmitting an SRS without an allocation is different from the
first upstream radio resource for SRS that may be used for transmitting an SRS
with an allocation, the SRS with an allocation from the terminal 2 with a
downstream allocation transmitted by a surrounding base station 1 is not
superimposed as an interference wave on the SRS without an allocation
transmitted from a mobile phone 2 with which the base station 1 is
communicating.

[0133] Therefore, when each base station 1 transmits an SRS control
signal for change notice with respect to the mobile phone 2, even when null
steering is performed, it is not possible to intentionally direct a null to a terminal 2
with a downstream allocation with which a surrounding base station 1 is
communicating. Therefore, there is not much advantage to performing null
steering in the event of transmitting an SRS control signal for change notice to
the mobile phone 2. On the other hand, when both beam forming and null
steering are performed, the beam gain tends to be smaller in comparison to the
case in which only beam forming is performed. For this reason, ideally only
beam forming is performed between beam forming and null steering in the event
of transmitting an SRS control signal for change notice to the mobile phone 2.

[0134] Next, an upstream radio resource for transmitting an SRS to be
allocated by the base station 1 to the mobile phone 2 is described regarding
operations of the base station 1 in the event of changing from the first upstream
radio resource to the second upstream radio resource.

[0135] Figure 15 is an illustration of an exemplary a flowchart showing an
process 1500 for operation of a base station according to an embodiment of the
disclosure. The various tasks performed in connection with the process 1500
may be performed by software, hardware, firmware, a computer-readable
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medium having computer executable instructions for performing the process
method, or any combination thereof. The process 1500 may be recorded in a
computer-readable medium such as a semiconductor memory, a magnetic disk,
an optical disk, and the like, and can be accessed and executed, for example, by
a computer CPU such as the control module 12 in which the computer-readable
medium is stored.

[0136] It should be appreciated that process 1500 may include any
number of additional or alternative tasks, the tasks shown in Figure 15 need not
be performed in the illustrated order, and process 1500 may be incorporated into
a more comprehensive procedure or process having additional functionality not
described in detail herein. In practical embodiments, portions of the process
1500 may be performed by different elements of the system 100/200. Process
1500 may have functions, material, and structures that are similar to the
embodiments shown in Figures 1-12 and 14. Therefore common features,
functions, and elements may not be redundantly described here.

[0137] In task s21, the downstream allocation priority becomes low with
regard to an object mobile phone 2 which is a mobile phone 2 with a
downstream allocation to which the first upstream radio source has been
allocated for SRS transmission and, in task s22, the object mobile phone 2 is no
longer an allocation object of a downstream radio resource. In task s23, the
radio resource allocation module 122 changes the upstream radio resource for
transmitting an SRS that is to be allocated to the object mobile phone 2 from the
first upstream radio resource to the second upstream radio resource.
Thereafter, the transmission signal generating module 120 generates an SRS
control signal for notifying the object mobile phone 2 that the upstream radio
resource to be allocated as an SRS transmission has been changed from the
first upstream radio resource to the second upstream radio resource. That is,
the transmission signal generating module 120 generates a new SRS control
signal for notifying the second upstream radio resource that has been newly
allocated as an SRS transmission with respect to the object mobile phone 2.

[0138] Thereafter, in task $24, the communication module 13 transmits
the newly generated SRS control signal to the object mobile phone 2. Then,
the communication module 13 transmits the new SRS control signal to the object
mobile phone 2 using a downstream radio resource that has already been
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allocated to the object mobile phone 2. In an event of transmitting the new SRS
control signal to the objective mobile phone 2, the communication module 13
performs null steering and beam forming based on the SRS with an allocation
from the object mobile phone 2.

[0139] Subsequently, when a response signal is received from the object
mobile phone 2, the base station 1 begins to receive an SRS without an
allocation from the object mobile phone 2 in and onward from a TDD frame 300
following a TDD frame 300 at which the response signal has been received, and
no longer transmits a signal to the object mobile phone 2.

[0140] <Regarding the transmission frequency bandwidth of SRS without
an allocation>

[0141] As described above, in the communication system 100, a plurality
of bandwidths mutually different in size (in the present example: 40RB, 20RB,
and 4RB) have been prescribed as bandwidths that can be set as SRS
transmission bandwidths. The SRS transmission bandwidth for an SRS without
an allocation may be set to be any of the plurality of bandwidths.

[0142] If the smallest value (4RB in the present example) among the
plurality of bandwidths has been set as the SRS transmission bandwidth for an
SRS without an allocation, the second upstream radio resource for SRS that can
be used for transmitting the SRS without an allocation, that is, the upstream
radio resource for anterior SRS1 500b, is used to make it possible for many
mobile phones 2 without a downstream allocation to transmit an SRS to the base
station 1. Thereby, the number of mobile phones 2 without a downstream
allocation with which the base station 1 can communicate may be increased.
As a result, the number of mobile phones 2 housed at the base station 1
increases.

[0143] Figure 16 is a drawing showing a situation in which the SRS
transmission bandwidth of an SRS without an allocation has been set to be 4RB.
If the system bandwidth is 10MHz, when the SRS transmission bandwidth of the
SRS without an allocation is set to be 4RB without multiplexing the SRS without
an allocation, the upstream radio resource for the anterior SRS1 500b is used
and ten units of the mobile phones 2 (mobile phones 2 with terminal numbers 1
to 10) can transmit an SRS without an allocation.
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[0144] At the base station 1, with respect to a mobile phone 2 to which an
SRS without an allocation is transmitted, a signal is not transmitted by controlling
the transmission directionality of the array antenna 110 based on the SRS
without an allocation other than transmitting an SRS control signal for change
notice, causing no problem even if the SRS transmission bandwidth for the SRS
without an allocation is set small.

[0145] < Regarding multiplexing of SRS>

[0146] As described above, in an SRS, eight kinds of symbol patterns in
which eight kinds of mutually orthogonal symbol systems have been adopted,
have been provided. An SRS with an allocation or an SRS without an
allocation transmitted by the plurality of mobile phones 2 may be multiplexed or
does not have to be multiplexed in the same transmission band.

[0147] If an SRS with an allocation transmitted by the plurality of mobile
phones 2 communicating with the base station 1 is multiplexed, because the
probability of directing a null to a mobile phone 2 to which the null is required to
be directed becomes low at a surrounding base station 1, ideally the SRS with
an allocation is not multiplexed.

[0148] Figure 17 is a drawing showing an example of an allocation of a
downstream radio resource with respect to the mobile phone 2. In the example
of Figure 17, an SRS with an allocation transmitted using an upstream radio
resource comprised in the upstream radio resource for the anterior SRS0 500a
is multiplexed with regard to the mobile phones 2 with terminal numbers 1 to 3.

[0149] Even if the SRS with an allocation transmitted by the mobile
phones 2 with terminal numbers 1 to 3 has been multiplexed in an SRS
transmission cycle 360, the signals cannot be transmitted to all of the mobile
phones 2 with terminal numbers 1 to 3 using the same frequency band in the first
downstream sub-frame 501 of the SRS transmission cycle. That is, in the first
downstream sub-frame 501, even if an attempt is made to transmit signals to all
of the mobile phones 2 with terminal numbers 1 to 3, transmission signals to all
of the mobile phones 2 with terminal numbers 1 to 3 are transmitted in mutually
different frequency bands.
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[0150] On the other hand, in a surrounding base station 1, when a mobile
phone 2 communicating with the former, for example, a mobile phone 2 with
terminal number 10 transmits an SRS with an allocation in the same
transmission frequency band and the same transmission time frame as an SRS
with an allocation transmitted by mobile phones with terminal numbers 1 to 3
communicating with the base station 1, the surrounding base station 1 ends up
receiving the SRS with an allocation from the mobile phone 2 with terminal
number 10 in a state affected by the interference of the SRS with an allocation
transmitted by the mobile phones 2 with terminal numbers 1to 3. Therefore, in
this case, at the surrounding base station 1, all the mobile phones 2 with terminal
numbers 1 to 3 communicating with the base station 1 become objects to which
a null is directed.

[0151] Among frequency bands comprised in the transmission frequency
band of an SRS with an allocation transmitted by the terminal numbers 1 to 3, if
one specific frequency band is focused, in the focused frequency band, a signal
is transmitted from the base station 1 to only one mobile phone 2 among mobile
phones 2 with terminal numbers 1 to 3. Therefore, a mobile phone 2 with
terminal number 10 communicating with a surrounding base station 1 only
receives a signal from any one mobile phone among mobile phones 2 with
terminal numbers 1 to 3 in the focused frequency band. Thereby, in the
focused frequency band, there is little need for the surrounding base station 1 to
direct a null to all mobile phones 2 with terminal numbers 1to 3. Nevertheless,
all the mobile phones 2 with terminal numbers 1 to 3 communicating with the
base station 1 become objects to direct a null at the surrounding base station 1.
That is, when an SRS with an allocation transmitted by the mobile phones 2 with
terminal numbers 1 to 3 is multiplexed, there is a possibility at the surrounding
base station1 that a null could be directed to a mobile phone 2 with little need for
directing a null. Therefore, the possibility of a null being directed to a mobile
phone 2 with the need of a null to be directed to becomes low at the surrounding
base station1.

[0152] As described above, if an SRS with an allocation is multiplexed,
because the possibility of directing a null to a mobile phone 2 with the need of
directing a null to is reduced, an SRS with an allocation is ideally not multiplexed.
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[0153] On the other hand, because an SRS without an allocation does not
interfere with an SRS with an allocation transmitted by a mobile phone 2 with
which a surrounding base station 1 is communicating, such a problem as above
might not be caused. Therefore, in order to increase the number of mobile
phones 2 without a downstream allocation with which the base station 1 can
communicate (that is, to increase the number of mobile phones 2 that the base
station 1 can house therein), it is ideal to allow multiplexing of SRS without an -
allocation. Figure 18 is a drawing showing a situation in which
triple-multiplexing of SRS without an allocation has taken place in the same
frequency band. If an SRS transmission bandwidth of an SRS without an
allocation is 4RB and an SRS without an allocation is subjected to
triple-multiplexing, the base station 1 may house thirty units of communication
terminals 2 without a downstream allocation (in the example in Figure 18, mobile
phones 2 with a terminal number 1 to 30). In the embodiment, because an
SRS with an allocation transmitted by a maximum of eight mobile phones 2 may
be multiplexed in the same ftransmission frequency band, if the SRS
transmission bandwidth of an SRS without an allocation is 4RB, the base station
1 is able to house eighty units of terminal 2 without a downstream allocation.

[0154] <Modification Example>

[0155] In an embodiment, the upstream radio resource 500b for the
anterior SRS1 was the second upstream radio resource for SRS that may be
used by a mobile phone 2 without a downstream allocation to transmit an SRS;
however, any one of the upstream radio resource for the anterior SRS0 50043,
the upstream radio resource for the posterior SRS0 500c, and the upstream
radio resource for the posterior SRS1 500d may also be the second upstream
radio resource for SRS.

[0156] An SRS is transmitted in each of two symbol periods 304 of the
upstream pilot time slot 352 in the embodiment; however, an SRS may also be
transmitted in only one of the two symbol periods 304. In this case, either an
upstream radio resource which is an upstream radio resource comprised in the
SRS transmittable band 400 and specified by the symbol period 304 in which an
SRS is transmitted and by a plurality of subcarriers SCO in a pectinate form that
can be used to transmit an SRS0, or an upstream radio resource which is an
upstream radio resource comprised in the SRS transmittable band 400 and
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specified by the symbol period 304 in which an SRS is transmitted and by a
plurality of subcarriers SC1 in a pectinate form that can be used to transmit an
SRS1, becomes the first upstream radio resource for SRS, while the other
becomes the second upstream radio resource for SRS. The first and second
upstream radio resources for SRS are different in their frequency directions.

[0157] As described above, an SRS may also be transmitted in the last
symbol period 304 of the upstream sub-frame 302, making it possible to use
SRS0 and SRS1 transmitted from the last symbol period 304 of the upstream
sub-frame 302 instead of SRS0 and SRS1 transmitted from one of two symbol
periods 304 of the upstream pilot time slot 352. It is also possible to use, as an
SRS with an allocation, one of SRS0 or SRS1 transmitted in the last symbol
period 304 of the upstream sub-frame 302, while using the other as an SRS
without an allocation. When an SRS is transmitted to the last symbol period
304 of the upstream sub-frame 302, only the center portion of the system band
can be used. For example, if the system band is 10MHz, 5RB from the end on
the high frequency side and 5RB from the end on the low frequency side cannot
be used for SRS transmission in the system band.

[0158] In the above example, both SRSO and SRS1 are used; however,
only one of them may be used. In this case, for example, either an upstream
radio resource characterized by the anterior SRS transmission symbol period
370a and by a plurality of subcarriers in a pectinate form that can be used for
transmitting an object SRS to be used, comprised in the SRS transmittable band
400, or an upstream radio resource characterized by the posterior SRS
transmission symbol period 370b and by a plurality of sub-carries in a pectinate
form that can be used for transmitting an object SRS to be used, comprised in
the SRS transmittable band 400 becomes the first upstream radio resource for
SRS, while the other becomes the second upstream radio resource for SRS. In
this case, the first and second upstream radio resources for SRS become
different in the temporal direction.

[0159] In this document, the terms “computer program product’,
“computer-readable medium”, and the like may be used generally to refer to
media such as, for example, memory, storage devices, or storage unit. These
and other forms of computer-readable media may be involved in storing one or
more instructions for use by the control module 12 to cause the control module
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12 to perform specified operations. Such instructions, generally referred to as
“computer program code” or "program code" (which may be grouped in the form
of computer programs or other groupings), when executed, enable a
communication method of the systems 100 and 200.

[0160] Terms and phrases used in this document, and variations hereof,
unless otherwise expressly stated, should be construed as open ended as
opposed to limiting. As examples of the foregoing: the term “including” should
be read as meaning “including, without limitation” or the like; the term “example”
is used to provide exemplary instances of the item in discussion, not an
exhaustive or limiting list thereof, and adjectives such as “conventional’
“traditional,” “normal,” “standard,” “known” and terms of similar meaning should
not be construed as limiting the item described to a given time period or to an
item available as of a given time, but instead should be read to encompass
conventional, traditional, normal, or standard technologies that may be available
or known now or at any time in the future.

[0161] Likewise, a group of items linked with the conjunction “and” should
not be read as requiring that each and every one of those items be present in the
grouping, but rather should be read as “and/or” unless expressly stated
otherwise. Similarly, a group of items linked with the conjunction “or” should not
be read as requiring mutual exclusivity among that group, but rather should also
be read as “and/or” unless expressly stated otherwise.

[0162] Furthermore, although items, elements or components of the
present disclosure may be described or claimed in the singular, the plural is
contemplated to be within the scope thereof unless limitation to the singular is
explicitly stated. The presence of broadening words and phrases such as “one
or more,” “at least,” “but not limited to” or other like phrases in some instances
shall not be read to mean that the narrower case is intended or required in
instances where such broadening phrases may be absent. The term "about"
when referring to a numerical value or range is intended to encompass values
resulting from experimental error that can occur when taking measurements.
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Claims

1. A communication device for use in a communication system, the
communication device comprising:

a plurality of antennas;
a communication module operable to:

communicate with at least one communication terminal using the
antennas; and

control a transmission directionality of the antennas based on a
received previously known signal transmitted from a communication
terminal, when transmitting a signal to the communication terminal; and a
radio resource allocation module operable to:

allocate a first upstream radio sub-resource for transmitting the
received previously known signal to a first communication terminal to
which a downstream radio resource is to be allocated, a first upstream
radio resource for a first previously known signal comprising the first
upstream radio sub-resource; and

allocate a second upstream radio sub-resource for transmitting the
received previously known signal to a second communication terminal to
which a downstream radio resource is not to be allocated, a second
upstream radio resource for a second previously known signal comprising
the second upstream radio sub-resource.

2. The communication device according to claim 1, wherein a first
frequency direction of the first upstream radio resource and a second frequency
direction of the second upstream radio resource are different.

3. The communication device according to claim 1, wherein a first temporal
direction of the first upstream radio resource and a second temporal direction of
the second upstream radio resource are different.
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4, The communication device according to claim 1, wherein the
communication module is further operable to execute null steering of the
transmission directionality of the antennas based on the received previously
known signal, when transmitting a signal to the first communication terminal
using the first upstream radio resource.

5. The communication device according to claim 1, wherein:

the communication module is further operable to receive a plurality of
received previously known signals multiplexed in a same frequency band from a
plurality of communication terminals.

6. The communication device according to claim 1, wherein:

the radio resource allocation module is further operable to change an
upstream radio source to be allocated from the second upstream radio
sub-resource to the first upstream radio sub-resource.

7. The communication device according to claim 1, wherein:

the communication module is further operable to execute beam forming
based on the received previously known signal from a third communication
terminal to direct the beam to the third communication terminal, when a signal to
notify an allocation change of an upstream radio resource is sent for a third
communication terminal for which an upstream radio resource to be allocated for
transmission of the received previously known signal has changed from the
second upstream radio sub-resource to the first upstream radio sub-resource.

8. The communication device according to claim 1, wherein:

the radio resource allocation module is further operable to change an
upstream radio resource to be allocated to a fourth communication terminal from
the first upstream radio sub-resource to the second upstream radio sub-resource,
when an allocation of a downstream radio resource is cancelled with respect to a
fourth communication terminal to which the first upstream radio resource has
been allocated.
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9. A method for operating a communication system, the method
comprising:

controlling a transmission directionality of a plurality of antennas based on
a received previously known signal transmitted from a communication terminal,
when transmitting a signal to the communication terminal;

allocating a first upstream radio sub-resource for transmitting the received
previously known signal to a first communication terminal to which a downstream
radio resource is to be allocated, a first upstream radio resource for a first
previously known signal comprising the first upstream radio sub-resource; and

allocating a second upstream radio sub-resource for transmitting the
received previously known signal to a second communication terminal to which a
downstream radio resource is not to be allocated, a second upstream radio
resource for a second previously known signal comprising the second upstream
radio sub-resource.

10. The method according to claim 9, wherein a first frequency direction of
the first upstream radio resource and a second frequency direction of the second
upstream radio resource are different.

11. The method according to claim 9, wherein a first temporal direction of
the first upstream radio resource and a second temporal direction of the second
upstream radio resource are different.

12. A computer readable storage medium comprising computer-executable
instructions for operating a communication system, the method executed by the
computer-executable instructions comprising:

controlling a transmission directionality of a plurality of antennas based on
a received previously known signal transmitted from a communication terminal,
when transmitting a signal to the communication terminal,

42



WO 2012/117299 PCT/IB2012/000674

allocating a first upstream radio sub-resource for transmitting the received
previously known signal to a first communication terminal to which a downstream
radio resource is to be allocated, a first upstream radio resource for a first
previously known signal comprising the first upstream radio sub-resource; and

allocating a second upstream radio sub-resource for transmitting the
received previously known signal to a second communication terminal to which a
downstream radio resource is not to be allocated, a second upstream radio
resource for a second previously known signal comprising the second upstream
radio sub-resource.

13. The computer readable storage medium according to claim 12, wherein
a first frequency direction of the first upstream radio resource and a second
frequency direction of the second upstream radio resource are different.

14. The computer readable storage medium according to claim 12, wherein
a first temporal direction of the first upstream radio resource and a second
temporal direction of the second upstream radio resource are different.
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Figure 7
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Figure 8
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Figure 13
/81

Allocation priority becomes higher with regard to
the object communication terminal to which the
second upstream radio resource has been allocated.

82
The object communication terminal to which the
second upstream resource has been allocated
becomes an allocation object of a downstream radio
resource.

83
First upstream radio resource is allocated to the
object communication terminal.

s4

The downstream radio resource for transmitting an
SRS control signal is allocated to the object
communication terminal.

/85

The SRS control signal is transmitted to the
object communication terminal.
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Figure 15

/821

Allocation priority becomes lower with regard to
the object terminal to which the first upstream
radio resource has been allocated.

s22

The object communication terminal to which the
first upstream radio resource was allocated is no
longer the object of an allocation object of a
downstream radio resource.

s23

The second upstream radio resource is allocated to
the object communication terminal.

/824

An SRS control signal is transmitted to the object
communication terminal.
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Figure 16
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Figure 18

21
22

-

s
-

4RB E

—

23

24

25

26

27

28

29

OllofiN)jOO|l MWl N

30

—h
OO N[O ] U] & WM

N

—
o

W

500a 500b



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/000674

A. CLASSIFICATION OF SUBJECT MATTER
I

NV. HO4B7/06 HO4W72/04
ADD.

HO4L5/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4B HOAL HO4W

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

; FRANCE,

XP050111783,
[retrieved on 2007-04-17]
the whole document

for TDD with Alternative Frame Structure",
3GPP DRAFT; R1-071879, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX

vol. RAN WG1l, no. Beijing, china;
20070417, 17 April 2007 (2007-04-17),

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2008/024570 A2 (NAVINI NETWORKS INC 1-14

[US]; JIN HANG [US] CISCO TECH INC [US];

JIN HANG) 28 February 2008 (2008-02-28)

paragraph [0004] - paragraph [0034]
Y CATT: "Uplink Sounding Reference Signals 1-14

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

12 July 2012

Date of mailing of the international search report

23/07/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Neeb, Christoph

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/000674

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 20107124241 A2 (QUALCOMM INC [US];
GOROKHOV ALEXEI Y [US]; MONTOJO JUAN [US];
CHEN WAN) 28 October 2010 (2010-10-28)
paragraph [0044] - paragraph [0060]

WO 2009/041881 A2 (ERICSSON TELEFON AB L M
[SE]; WAN LEI [CN]; ASTELY DAVID [SE])

2 April 2009 (2009-04-02)

page 1, Tine 10 - page 3, line 24

page 10, Tine 7 - page 12, line 14

HUAWEI: "Increasing SRS capacity to
support UL MIMO",

3GPP DRAFT; R1-094707 INCREASING SRS
CAPACITY TO SUPPORT UL MIMO, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

no. Jeju; 20091109,

9 November 2009 (2009-11-09), XP050389107,
[retrieved on 2009-11-03]

the whole document

1-14

1-14

1-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2012/000674
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2008024570 A2 28-02-2008 US 2008051145 Al 28-02-2008
WO 2008024570 A2 28-02-2008
WO 2010124241 A2 28-10-2010  EP 2452474 A2 16-05-2012
W 201128992 A 16-08-2011
US 2011098054 Al 28-04-2011
WO 2010124241 A2 28-10-2010
WO 2009041881 A2 02-04-2009  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report

