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APPARATUS FOR GENERATING A SET OF
RADIO PARAMETERS, A TRANSMITTER
AND A RECEIVER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an apparatus for
generating a set of radio parameters, a transmitter, and a
receiver.

[0003] 2. Description of the Related Art

[0004] Inthe mobile communication systems where video
and/or data are mainly communicated, there is need of amuch
higher capability than in the conventional mobile communi-
cation systems (IMT-2000), and a higher capacity, a faster
speed, and a broadband connection have to be achieved. In
these systems, it is expected that they will be used under
various communication environments such as indoor and out-
door areas. Under the outdoor areas, multiple cells (multi-
cell) covering a wide area are provided for enabling fast
packet transmission for a fast-moving mobile station. Under
the indoor areas, because radio waves are attenuated more
drastically, access points are provided within buildings with-
out support of radio communications at outdoor base stations.
From other viewpoints such as improved utilization effi-
ciency of communication resources, packet-based communi-
cations have been employed even in radio segments rather
than conventional circuit switched communications. In com-
munications between a mobile station and an apparatus (up-
per node) located on the upper layer of a base station, par-
ticularly in downlink data transmission, not only a unicast
scheme but also a multicast scheme and a broadcast scheme
are employed. For example, see Non-Patent Reference 1 for
an outlook of future communication systems.

[0005] On the other hand, frequency selective fading under
multipath environments has significant influence in wideband
mobile communication systems. Hence, an OFDM (Orthogo-
nal Frequency Division Multiplexing) system is promising as
a next generation communication system. In the OFDM sys-
tem, a single symbol is generated by attaching a guard interval
to an effective symbol including information to be transmit-
ted, and multiple symbols are transmitted during a predeter-
mined transmission time interval (TTI). The guard interval
consists of part of information within the effective symbol.
The guard interval may be also called a cyclic prefix (CP) or
overhead.

[0006] A receiver receives data on paths with various
propagation delays. According to the OFDM system, if the
amount of propagation delay falls within the period of the
guard interval, inter-symbol interference can be effectively
reduced. Thus, a relatively large guard interval allows delay
waves to be advantageously combined. This is advantageous
particularly in communications with an extremely large cell
radius and in simultaneous transmission of the same informa-
tion from different cells to a mobile station in accordance with
the multicast scheme. However, the guard interval includes
only part of the effective symbol, and thus a larger period of
the guard interval is not preferable from the viewpoint of
information transmission efficiency. In some cases, satisfac-
tory communication quality may be maintained under envi-
ronments with relatively short propagation delay such as
urbanareas and indoor areas or environments available for the
unicast scheme by setting a relatively short guard interval.
Therefore, it is impossible to determine a single type of guard
interval optimized under various communication environ-
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ments. For this reason, it may be possible to provide many sets
of radio parameters for defining symbols including guard
intervals with various sizes to perform radio communications
in the adaptively selected optimal symbol format. However,
signal processing corresponding to such various symbol for-
mats leads to an extremely heavy workload, which is unfa-
vorable for mobile stations with a relatively simple configu-
ration. For a mobile station having no option of an operating
frequency (clock frequency), available signal processing is
strictly limited, and thus the aforementioned problem may
have a particularly adverse effect on such a mobile station.
[0007] [Non-Patent Reference 1] Ohtsu, “Systems beyond
IMT-2000", ITU Journal, Vol. 33, No. 3, pp. 26-30, March
2000

SUMMARY OF THE INVENTION
Problem(s) to be Solved by the Invention

[0008] The aforementioned transmission time interval
(TTI) controls various parameters for information transmis-
sion. For example, parameters such as a unit of packet trans-
mission, a frequency of updating a data modulation scheme
and a channel coding rate in the case of MCS (Modulation and
Coding Scheme), a unit of error correction coding, a unit of
retransmission in the case of ARQ (Automatic Repeat
reQuest), and a unit of packet scheduling are determined by
the TTI. Because a control channel, which includes control
information such as MCS information, retransmission infor-
mation, and scheduling information, is used for demodulating
a data channel, the control channel has to be used along with
the data channel during each TTI. On the other hand, a user
can transmit information during one or more TT1s, depending
onthe contents of information to be transmitted. Accordingly,
when multiple TTIs are used for data transmission, control
channels for the respective TTIs are multiplexed for transmis-
sion. However, when the same user transmits data continu-
ously (see FIG. 1), the control channel may not be always
necessary for each TTI, because it is not necessary to change
radio parameters for each TTI. The situation where the con-
trol channel is used for transmission during each TTI is not
preferable from the viewpoint of data transmission efficiency.
[0009] An OFDM mobile communication system is under
discussion, where a wide frequency band is divided into mul-
tiple frequency blocks and a unit of information transmission
in the frequency direction is defined by the frequency block.
The frequency block is also referred to as a chunk (or a
resource block), and a single frequency block includes one or
more subcarriers. A user can transmit information with one or
more frequency blocks. When multiple frequency blocks are
used for data transmission, multiple control channels for the
respective frequency blocks are multiplexed for transmission,
because the data channel is used for transmission for each
frequency block. These control channels may include infor-
mation about frequency block allocation in addition to the
aforementioned MCS information and so on. Again, when the
same user transmits data with multiple frequency blocks (see
FIG. 2), the control channel may not be always necessary for
each frequency block. The situation where the control chan-
nel is used for transmission for each frequency block is not
preferable from the viewpoint of data transmission efficiency.
[0010] The present invention addresses at least one of the
aforementioned problems. It is a general object of the present
invention to provide a transmitter, a receiver, and an apparatus
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for generating a radio parameter, which can improve infor-
mation transmission efficiency in an OFDM mobile transmis-
sion system.

Means for Solving the Problem

[0011] According to one aspect of the present invention,
there is provided an OFDM transmitter, which includes:
[0012] a data modulation and channel coding unit config-
ured to perform data modulation and channel coding for a
data channel with a modulation level and a channel coding
rate updated for each transmission time interval;

[0013] amultiplexing unit configured to multiplex a control
channel and the data channel for each transmission time inter-
val; and

[0014] an adjusting means configured to adjust a length of
the transmission time interval.

Effect of the Invention

[0015] According to an embodiment of the present inven-
tion, it is possible to improve information transmission effi-
ciency in an OFDM mobile communication system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1 shows a case where control channels and data
channels are used for transmission.

[0017] FIG.2 shows a case where control channels and data
channels are used for transmission.

[0018] FIG. 3 shows a (first) block diagram for illustrating
a transmitter in accordance with one embodiment of the
present invention.

[0019] FIG. 4 shows a (second) block diagram for illustrat-
ing a transmitter in accordance with one embodiment of the
present invention.

[0020] FIG. 5 shows a block diagram for illustrating a
receiver in accordance with one embodiment of the present
invention.

[0021] FIG. 6 shows a relationship between two types of
TTI (a long TTI and a short TTI) and a frame.

[0022] FIG.7 shows a case where control channels and data
channels are used for transmission.

[0023] FIG. 8 shows a case where control channels and data
channels are used for transmission.

[0024] FIG. 9 shows symbol formats respectively defined
by sets of symbol parameters derived in accordance with one
embodiment of the present invention.

[0025] FIG. 10 shows various sets of symbol parameters
derived in accordance with one embodiment of the present
invention.

[0026] FIG. 11 shows symbol formats respectively defined
by sets of symbol parameters derived in accordance with one
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Description of Notations

[0027] 302-1 to 302-N,,: data channel processing unit
[0028] 304: control channel processing unit

[0029] 306: multiplexing unit

[0030] 308: Inverse Fast Fourier Transform unit
[0031] 310: guard interval insertion unit

[0032] 312: digital to analog (ID/A) conversion unit
[0033] 320: symbol parameter adjusting unit
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[0034] 321: TTI adjusting unit

[0035] 322: turbo coder

[0036] 324: data modulator

[0037] 326: interleaver

[0038] 328: serial to parallel (S/P) conversion unit
[0039] 342: convolution coder

[0040] 344: QPSK modulator

[0041] 346: interleaver

[0042] 348: serial to parallel (S/P) conversion unit
[0043] 402: orthogonal modulator

[0044] 404: local oscillator

[0045] 406: bandpass filter

[0046] 408: mixer

[0047] 410: local oscillator

[0048] 412: bandpass filter

[0049] 414: power amplifier

[0050] 502: antenna

[0051] 504: low noise amplifier

[0052] 506: mixer

[0053] 508: local oscillator

[0054] 510: bandpass filter

[0055] 512: automatic gain control unit
[0056] 514: orthogonal detector

[0057] 516: local oscillator

[0058] 518: analog to digital conversion unit
[0059] 520: symbol timing detection unit
[0060] 522: guard interval removal unit
[0061] 524: Fast Fourier Transform unit
[0062] 526: demultiplexer

[0063] 528: channel estimation unit

[0064] 530: channel compensation unit
[0065] 532: parallel to serial (P/S) conversion unit
[0066] 534: channel compensation unit
[0067] 536: deinterleaver

[0068] 538: turbo decoder

[0069] 540: Viterbi decoder

[0070] 542: symbol parameter adjusting unit
[0071] 544: TTI adjusting unit

BEST MODE OF CARRYING OUT THE
INVENTION

[0072] According to one aspect of the present invention, a
transmission time interval (TTI) is adjusted depending on
communication conditions. A control channel is multiplexed
with a data channel for each TTI. The control channel may be
multiplexed into part of subcarriers. Increasing a unit of infor-
mation transmission in the time direction and/or the fre-
quency direction depending on communication conditions
can reduce a frequency of inserting (allocating) the control
channel, and can improve data transmission efficiency.
[0073] The control channel may include information about
a modulation level and a channel coding rate. The transmitter
may store two or more sets of parameters, each of which
defines a symbol including a guard interval with a different
period and an effective symbol with the same period. The
transmitter can determine a symbol format-depending on
communication conditions without delay.

[0074] According to one aspect of the present invention,
there is provided an apparatus for generating a set of radio
parameters used for an OFDM mobile communication sys-
tem which transmits and receives multiple symbols for each
transmission time interval, each of the multiple symbols
including a guard interval and an effective symbol. The appa-
ratus includes a first deriving unit configured to derive a
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second set of symbol parameters, so that a period of an effec-
tive symbol defined by a first set of symbol parameters is
equal to a period of an effective symbol defined by the second
set of symbol parameters, and a period of a guard interval
defined by the first set of symbol parameters is different from
a period of a guard interval defined by the second set of
symbol parameters. The apparatus also includes a second
deriving unit configured to derive a third set of symbol param-
eters, so that a share of a guard interval in a symbol defined by
the first set of symbol parameters is equal to a share of a guard
interval in a symbol defined by the third set of symbol param-
eters, and a length of the symbol defined by the first set of
symbol parameters is different from a length of the symbol
defined by the third set of symbol parameters. A length of the
transmission time interval, a length of the symbol, or both a
length of the transmission time interval and a length of the
symbol is adjusted so that an integral number of symbols are
transmitted during a single transmission time interval. The
apparatus can effectively derive a set of radio parameters
which has a desired number of subcarriers to be used, a
desired loss rate (a share of a guard interval in a symbol), and
a desired number of symbols within one or more TTIs. For
example, assuming that periods of effective symbols are
mutually equal (i.e. subcarrier intervals are mutually equal),
any radio communication device can always use the same
signal processing for OFDM modulation and demodulation
(Inverse Fast Fourier Transform and Fast Fourier Transform)
even if any set of symbol parameters is used. Also assuming
that the loss rate is kept constant, data transmission efficiency
can be also kept constant even if any set of symbol parameters
is used.

[0075] According to one aspect of the present invention, a
set of symbol parameters is derived so that the subcarrier
interval and the loss rate have desired values. For example, the
number of subcarriers defined by a certain set of symbol
parameters may be determined to be an integral multiple of
the number of subcarriers defined by another set of symbol
parameters. As a result, a set of symbol parameters with a
significantly different period of the guard interval can be
derived while controlling the subcarrier interval and the loss
rate. When a non-integral number of symbols, which are
derived while controlling the loss rate, are included in a single
transmission time interval, the number of symbols for each
transmission time interval can be adjusted to be an integer by
extending the transmission time interval. Such an adjustment
is preferable from the viewpoint of simplified signal process-
ing.

First Embodiment

[0076] Although a system employing OFDM (Orthogonal
Frequency Division Multiplexing) for downlink communica-
tions is described in the following embodiment, the present
invention is also applicable to other multi-carrier systems.

[0077] FIG. 3 shows a (first) block diagram for illustrating
a transmitter in accordance with one embodiment of the
present invention. Although this transmitter is typically
included in a base station, the same transmitter may be also
included in a mobile station. A base station includes N, data
channel processing units 302-1 to 302-N,, a control channel
processing unit 304, a multiplexing unit (MUX) 306, an
Inverse Fast Fourier Transform (IFFT) unit 308, a guard inter-
val insertion unit 310, a digital to analog (D/A) conversion
unit 312, a symbol parameter adjusting unit 320, and a TTI
adjusting unit 321. The N, data channel processing units
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302-1 to 302-N,, mutually have the same configuration and
function, and the data channel processing unit 302-1 is rep-
resentatively described hereinafter. The data channel process-
ing unit 302-1 includes a turbo coder 322, a data modulator
324, an interleaver 326, and a serial to parallel (S/P) conver-
sion unit 328. The control channel processing unit 304
includes a convolution coder 342, a QPSK modulator 344, an
interleaver 346, and a serial to parallel (S/P) conversion unit
348.

[0078] The N, data channel processing units 302-1 to 302-
N, perform baseband processing for transmitting traffic
information data in the OFDM system. The turbo coder 322
performs encoding for enhancing error tolerance of the traffic
information data. The data modulator 324 modulates the traf-
fic information data in accordance with a proper modulation
scheme such as QPSK, 16QAM and 64QAM. In the case of
adaptive modulation and coding (AMC), this modulation
scheme is modified if needed. The interleaver 326 sorts the
traffic information data in accordance with a predetermined
pattern. The serial to parallel (S/P) conversion unit 328 con-
verts a serial signal sequence (stream) into parallel signal
sequences. The number of parallel signal sequences may be
determined based on the number of subcarriers. The data
channel processing units 302-1 to 302-N, perform the afore-
mentioned operations for each transmission time interval
supplied by the TTI adjusting unit 321.

[0079] The control channel processing unit 304 performs
baseband processing for transmitting control information
data in OFDM system. The convolution coder 342 performs
encoding for enhancing error tolerance of the control infor-
mation data. The QPSK modulator 344 modulates the control
information data in accordance with the QPSK modulation
scheme. Any other proper modulation scheme may be
employed, however, the QPSK modulation scheme with a
lower number of modulation levels is employed in this
embodiment due to the lesser amount of control information
data. The interleaver 346 sorts the control information data in
accordance with a predetermined pattern. The serial to paral-
lel (S/P) conversion unit 348 converts a serial signal sequence
into parallel signal sequences. The number of parallel signal
sequences may be determined based on the number of sub-
carriers.

[0080] The multiplexing unit (MUX) 306 multiplexes the
processed (modulated, encoded, etc.) traffic information data
and the processed control information data. In this embodi-
ment, a pilot channel (reference signal) may be input into the
multiplexing unit 306 and multiplexed. In other embodi-
ments, a pilot channel may be input into the serial to parallel
conversion unit 348 and multiplexed in the frequency direc-
tion, as shown by the dotted line in FIG. 3. The multiplexing
may be any scheme of time multiplexing, frequency multi-
plexing, or both time and frequency multiplexing.

[0081] The Inverse Fast Fourier Transform unit 308 per-
forms Inverse Fast Fourier Transform for an input signal, and
then performs OFDM modulation.

[0082] The guard interval insertion unit 310 generates a
symbol in compliance with the OFDM system by adding a
guard interval to the modulated signal. As is well-known, the
guard interval is generated by duplicating part of the head or
tail of the symbol to be transmitted.

[0083] The digital to analog (D/A) conversion unit 312
converts a baseband digital signal into an analog signal.
[0084] The symbol parameter adjusting unit 320 adjusts
symbol parameters for use in communications.

[0085] The symbol parameters (set of symbol parameters)
include some information for defining the format of the
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OFDM symbols, and include a set of information items for
defining values such as the period T, of the guard interval,
the period of the effective symbol, the share of the guard
interval in a single symbol, and the subcarrier interval Af. It
should be noted that the period of the effective symbol is
equal to the reciprocal of the subcarrier interval 1/Af. The
symbol parameter adjusting unit 320 determines a proper set
of symbol parameters depending on communication condi-
tions or instructions from other devices. For example, the
symbol parameter adjusting unit 320 may selectively use a
different set of symbol parameters based on whether commu-
nications are carried out in accordance with the multicast
scheme. For example, a set of symbol parameters for defining
the guard interval with a shorter period may be employed in
the unicast scheme, whereas a set of symbol parameters for
defining the guard interval with a longer period may be
employed in the multicast scheme. The symbol parameter
adjusting unit 320 may compute and derive a proper set of
symbol parameters on a case-by-case basis. Alternatively, the
symbol parameter adjusting unit 320 may store multiple sets
of' symbol parameters in a memory in advance and may select
one of the sets of symbol parameters if needed. The manner of
deriving the set of symbol parameters will be described
below.

[0086] The TTI adjusting unit 321 determines the length of
the transmission time interval (TTI), and supplies the deter-
mined length of the transmission time interval to each data
channel processing unit 302-1 to 302-N,, the multiplexing
unit 306, and the symbol parameter adjusting unit 320. The
length of the TTI may be determined based on information
determined by an application such as a traffic size, informa-
tion about the base station such as a frequency bandwidth,
and/or information about a service type such as multicasting,
unicasting, and broadcasting. The transmitter may notify the
receiver of the determined length of the transmission time
interval by means of some control signals. For example, the
length of the transmission time interval may be determined
when a call is connected.

[0087] FIG. 4 shows a (second) block diagram for illustrat-
ing a transmitter in accordance with one embodiment of the
present invention. In FIG. 4, the portion (RF transmission
unit) subsequent to the digital to analog conversion unit 312 in
FIG. 3 is shown. The RF transmission unit includes an
orthogonal modulator 402, a local oscillator 404, a bandpass
filter 406, a mixer 408, a local oscillator 410, a bandpass filter
412, and a power amplifier 414.

[0088] The orthogonal modulator 402 generates an
in-phase component (I) and a quadrature component (Q) of an
intermediate frequency from an input signal. The bandpass
filter 406 removes a frequency component unnecessary for
the intermediate frequency band. The mixer 408 uses the local
oscillator 410 to convert (up-convert) the intermediate fre-
quency signal into a high frequency signal. The bandpass
filter 412 removes an unnecessary frequency component. The
power amplifier 414 amplifies signal power for radio trans-
mission from an antenna 416.

[0089] Traffic information data input into the data channel
processing unit in FIG. 3 is encoded by the turbo coder 322,
is modulated by the data modulation unit 324, is sorted by the
interleaver 326, and is made parallel by the serial to parallel
converter 328. Similarly, control information data is encoded,
modulated, interleaved, and made parallel. Data channels and
control channels are multiplexed for each subcarrier and for
each transmission time interval by the multiplexing unit 306,
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and are OFDM modulated by the Inverse Fast Fourier Trans-
form unit 308. Then, a guard interval is added to the modu-
lated signal for outputting baseband OFDM symbols. The
baseband signal is converted into an analog signal. Then, the
converted signal is orthogonally modulated by the orthogonal
modulator 402 in the RF processing unit in FIG. 4. After
band-limiting, the modulated signal is properly amplified and
transmitted.

[0090] FIG. 5 shows a block diagram for illustrating a
receiver in accordance with one embodiment of the present
invention. Although this receiver is typically included in a
mobile station, it may be also included in a base station. The
receiver includes an antenna 502, a low noise amplifier 504, a
mixer 506, a local oscillator 508, a bandpass filter 510, an
automatic gain control unit 512, an orthogonal detector 514,
alocal oscillator 516, an analog to digital conversion unit 518,
a symbol timing detection unit 520, a guard interval removal
unit 522, a Fast Fourier Transform unit 524, a demultiplexer
526, a channel estimation unit 528, a channel compensation
unit 530, a parallel to serial (P/S) conversion unit 532, a
channel compensation unit 534, a deinterleaver 536, a data
demodulation unit 537, a turbo decoder 538, a Viterbi decoder
540, a symbol parameter adjusting unit 542, and a TTT adjust-
ing unit 544.

[0091] The low noise amplifier 504 properly amplifies a
signal received via the antenna 502. The amplified signal is
converted (down-converted) into an intermediate frequency
by the mixer 506 and the local oscillator 508. The bandpass
filter 510 removes an unnecessary frequency component. The
automatic gain control unit 512 controls the gain of the ampli-
fier so as to properly maintain the signal level. The orthogonal
detector 514 uses the local oscillator 516 to perform orthogo-
nal demodulation based on an in-phase component (I) and a
quadrature component (Q) of the received signal. The analog
to digital conversion unit 518 converts an analog signal into a
digital signal.

[0092] The symbol timing detection unit 520 detects timing
of symbols (symbol boundary) based on the digital signal.
[0093] The guard interval removal unit 522 removes a por-
tion corresponding to the guard interval from the received
signal.

[0094] The Fast Fourier Transform unit 524 performs Fast
Fourier Transform for an input signal, and then performs
OFDM demodulation.

[0095] The demultiplexer 526 extracts pilot channels, con-
trol channels, and data channels multiplexed into a received
signal. This extraction is performed corresponding to multi-
plexing at the transmitter (operations in the multiplexing unit
306 in FIG. 3).

[0096] The channel estimation unit 528 uses the pilot chan-
nels to estimate conditions of the propagation path, and out-
puts a control signal for adjusting the amplitude and phase to
compensate for the channel fluctuations. This control signal is
output for each subcarrier.

[0097] The channel compensation unit 530 adjusts the
amplitude and phase of the data channels for each subcarrier
based on information input from the channel estimation unit
528.

[0098] The parallel to serial (P/S) conversion unit 532 con-
verts parallel signal sequences into a serial signal sequence.
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[0099] The channel compensation unit 534 adjusts the
amplitude and phase of the control channels for each subcar-
rier based on information input from the channel estimation
unit 528.

[0100] The deinterleaver 536 sorts signals in accordance
with a predetermined pattern. The predetermined pattern cor-
responds to the inverse pattern for sorting in the interleaver
(326 in FIG. 3) in the transmitter.

[0101] The data demodulation unit 537 performs demodu-
lation for the received signal for each transmission time inter-
val, corresponding to the modulation scheme in the transmit-
ter.

[0102] The turbo coder 538 and the Viterbi decoder 540
decode traffic information data and control information data,
respectively.

[0103] The symbol parameter adjusting unit 542 deter-
mines symbol parameters for use in communications as is the
case with the symbol parameter adjusting unit 320 in FIG. 3.
The symbol parameter adjusting unit 542 may compute and
derive a proper set of symbol parameters on a case-by-case
basis. Alternatively, the symbol parameter adjusting unit 542
may store multiple sets of symbol parameters in a memory in
advance and access them if needed. The manner of deriving
the set of symbol parameters will be described below.
[0104] The TTI adjusting unit 544 determines the length of
the transmission time interval, and supplies the determined
length of the transmission time interval to the demultiplexer
526, the deinterleaver 536, the data demodulation unit 537,
the turbo decoder 538, and the symbol parameter adjusting
unit 542. The transmitter may notify the receiver of the deter-
mined length of the transmission time interval by means of
some control signals. For example, the length of the transmis-
sion time interval may be determined when a call is con-
nected.

[0105] A signal received via an antenna is converted into a
digital signal after amplification, frequency conversion,
band-limiting, and orthogonal demodulation in the RF recep-
tion unit. The Fast Fourier Transform unit 524 performs an
OFDM demodulation for a signal without a guard interval.
The demodulated signal is demultiplexed into pilot channels,
control channels, and data channels in the demultiplexer 526.
The pilot channels are input to the channel estimation unit
528, and a compensation signal for compensating for channel
fluctuations is output from the channel estimation unit 528 for
each subcarrier. The data channels are compensated for by
means of the compensation signal for each subcarrier and are
converted into a serial signal. The converted signal is sorted
by the deinterleaver 526 in accordance with the inverse pat-
tern for sorting in the interleaver and is decoded in the turbo
decoder 538. Similarly, the control channels are also compen-
sated for by means of the compensation signal and are
decoded in the Viterbi decoder 540. Afterward, signal pro-
cessing is carried out with use of the decoded data and control
channels.

[0106] FIG. 6 shows data transmission in accordance with
the present embodiment. In this embodiment, the transmis-
sion time interval (TTI) is not fixed, but two types of TTI (a
long TTT and a short TTT) can be used depending on commu-
nication conditions. It should be noted that the length of the
frame is kept constant in order to meet the requirement for
ensuring backward compatibility with existing communica-
tion systems. In the shown example, the long transmission
time interval is twice longer than the short transmission time
interval. For example, the length of the frame is equal to 10
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ms, the length of the short TTI is equal to 0.5 ms, and the
length of the long TTI is equal to 1.0 ms. In the case of the
short TTI, a single frame includes 20 TTIs, whereas in the
case of the long TTI, a single frame includes only 10 TTIs.
Although two types of TTI are provided in FIG. 6 for ease of
explanation, more types of TTI may be provided.

[0107] Asdescribed above, the TTI controls various param-
eters for information transmission. For example, parameters
such as a unit of packet transmission, a frequency of updating
a data modulation scheme and a channel coding rate in the
case of MCS, a unit of error correction coding, a unit of
retransmission in the case of ARQ (Automatic Repeat
reQuest), and a unit of packet scheduling are determined by
the TTI. Because a control channel, which includes control
information such as MCS information, retransmission infor-
mation, and scheduling information, is used for demodulating
a data channel, the control channel has to be used along with
the data channel during each TTI. A longer TTI can reduce a
frequency of inserting (allocating) the control channel, and
can improve information transmission efficiency (see F1G. 7).
[0108] This embodiment is also applicable to the case
where a wide frequency band is divided into multiple fre-
quency blocks (or chunks) and a unit of information trans-
mission in the frequency direction is defined by the frequency
block. Specifically, when the same user transmits data using
multiple frequency blocks, the control channel may not be
used for transmission for every chunk, but may be used for
transmission only for a single chunk (see FIG. 8).

[0109] Flexibly changing a unit of information transmis-
sion in the time direction and/or the frequency direction can
prevent a frequency of inserting (allocating) the control chan-
nel from unnecessarily increasing, and can improve informa-
tion transmission efficiency. Adjusting the length ofthe TTI is
advantageous particularly in the case of a relatively narrow
frequency band, because transmission efficiency is directly
related to transmission delay when an available frequency
band is narrow as shown in FIG. 7.

Second Embodiment

[0110] Next, a set of symbol parameters and deriving
method thereof in the symbol parameter adjusting units 320
(FIG. 3) and 542 (FIG. 5) are described below. The set of
symbol parameters defines the subcarrier interval, the sam-
pling frequency, the period of the effective symbol, the period
of the guard interval, the number of symbols in a single TTI,
and so on. It should be noted that all of the parameters cannot
be determined independently. For example, the subcarrier
interval and the period of the effective symbol have a recip-
rocal relationship with each other. Also, the period of a single
TTI s derived by multiplying the period of one symbol (total
period of the guard interval and the effective symbol) with the
number of symbols. Three methods of deriving a second set of
symbol parameters from a first set of symbol parameters are
described below.

[0111] First, as shown in FIG. 9(A), assume that the first set
of symbol parameters is determined as follows.

[0112] subcarrier interval=22.5 kHz

[0113] the total number of subcarriers=200

[0114] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0115] period of effective symbol=256 samples (44.4 us)
[0116] period of guard interval=32 samples (5.5 us)
[0117] period of one symbol=288 samples (guard interval+

effective symbol)
[0118] loss rate=32/288=11.1%
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[0119] the number of symbols in one TTI=10

[0120] period of one TTI=0.5 ms

[0121] period of one frame=10 ms

[0122] The loss rate means a share of the guard interval in

one symbol. The guard interval is a redundant portion from
the viewpoint of improved data transmission efficiency. The
loss rate 1, the period T ;; of the guard interval, and the period
T, yof the effective symbol have the relationship as follows;

N=T o/ (Tor+T5*100[%].

[0123] (1) A first method of deriving a set of symbol param-
eters decreases the number of symbols in a single TTI and
increases the period of the guard interval while keeping the
subcarrier interval constant. For example, if a first set of
symbol parameters now includes 10 symbols in a single TTI,
the number of symbols is reduced to 9. Then, the period
corresponding to the reduced one symbol (288 samples) is
equally divided into 9 portions, each of which is assigned to
the guard interval. As a result, as shown in FIG. 9(B), while
the period of the effective symbol (256 samples) is kept equal,
the single TTI includes 9 symbols with longer periods of the
guard interval. A second set of symbol parameters derived in
this manner has the parameter values as follows.

[0124] subcarrier interval=22.5 kHz

[0125] the total number of subcarriers=200

[0126] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0127] period of effective symbol=256 samples (44.4 us)
[0128] period of guard interval=64 samples (11.1 ps)
[0129] period of one symbol=320 samples

[0130] loss rate=64/320=20%

[0131] the number of symbols in one TTI=9

[0132] period of one TTI=0.5 ms

[0133] period of one frame=10 ms

[0134] According to the first method, if the number of

symbols in one TTI is reduced to 8, the second set of symbol
parameters has the parameter values as follow (FIG. 9(C)).

[0135] subcarrier interval=22.5 kHz

[0136] the total number of subcarriers=200

[0137] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0138] period of effective symbol=256 samples (44.4 us)
[0139] period of guard interval=104 samples (18.1 ps)
[0140] period of one symbol=360 samples

[0141] loss rate=104/360=28.9%

[0142] the number of symbols in one TTI=8

[0143] period of one TTI=0.5 ms

[0144] period of one frame=10 ms

[0145] Subsequently through similar operations, it is pos-

sible to derive sets of symbol parameters with different num-
bers of symbols in a single TTI. In this case, the period of the
effective symbol is always kept constant, and thus the sub-
carrier interval can also be kept constant. In other words,
while the same subcarrier interval is defined in accordance
with any set of symbol parameters derived in this manner, the
period of the guard interval and the number of symbols vary
depending on the set of symbol parameters.

[0146] (2) A second method of deriving a set of symbol
parameters changes the number of symbols in a single TTI
while maintaining a constant loss rate. As understood from
the definition of the loss rate, the share of the guard interval
and the effective symbol has to be kept constant so as to fulfill
the constant loss rate. For example, for the first set of symbol
parameters, as shown in FIG. 9(D), the periods of the guard
interval and the effective symbol are doubled respectively,
and accordingly the number of symbols in one TTI can be
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reduced to 5 symbols. In this case, the second set of symbol
parameters has the parameter values as follows.

[0147] subcarrier interval=11.25 (=22.5/2) kHz

[0148] the total number of subcarriers=400 (=200%2)
[0149] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0150] period of effective symbol=512 (=256*2) samples
(88.8 us)

[0151] period of guard interval=64 (=32*2) samples (11.1
1s)

[0152] period of one symbol=576 samples

[0153] loss rate=64/576=11.1%

[0154] the number of symbols in one TTI=5

[0155] period of one TTI=0.5 ms

[0156] period of one frame=10 ms

[0157] Inaddition, for the first set of symbol parameters, as

shown in FIG. 9(E), the periods of the guard interval and the
effective symbol are quadrupled respectively, and accord-
ingly the number of symbols in one TTI can be reduced to 2.5
symbols. In this case, the second set of symbol parameters has
the parameter values as follows. In this case, it is desirable
that the period of a single TTI be extended from 0.5 ms to 1.0
ms, for example, so that an integral number of symbols are
included in the single TTIL.

[0158] subcarrier interval=5.625 (=22.5/4) kHz

[0159] the total number of subcarriers=800 (=200%4)
[0160] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0161] period of effective symbol=1024 (=256*4) samples
(177.8 ps)

[0162] period of guard interval=128 (=32%4) samples (22.2
1s)

[0163] period of one symbol=1152 samples

[0164] loss rate=128/1152=11.1%

[0165] the number of symbols in one TTI=2.5

[0166] period of one TTI=0.5 ms

[0167] period of one frame=10 ms

[0168] According to this method, the constant loss rate can

be maintained, and thus it is possible to derive sets of symbol
parameters with equal data transmission efficiency. In the first
method, as the number of symbols in a single TTI decreases,
the loss rate increases accordingly.

[0169] (3) A third method of deriving a set of symbol
parameters is configured as a combination of the first method
and the second method. For example, the first method may be
applied to a first set of symbol parameters to derive a second
set of symbol parameters, and in turn the second method may
be applied to the second set of symbol parameters to derive a
third set of symbol parameters. Assume that applying the first
method to the first set of symbol parameters has resulted in the
second set of symbol parameters for defining a symbol format
as shown in FIG. 9(B). Then, the loss rate is equal to
64/320=20% for the second set of symbol parameters. For the
second set of symbol parameters, the number of symbols is
modified while maintaining the constant loss rate. For
example, if the periods of the guard interval and the effective
symbol are duplicated respectively, the third set of symbol
parameters has the parameter values as follows (FIG. 9(F)).

[0170] subcarrier interval=11.25 kHz

[0171] the total number of subcarriers=400

[0172] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0173] period of effective symbol=512 samples (88.8 us)
[0174] period of guard interval=128 samples (22.2 ps)
[0175] period of one symbol=640 samples

[0176] loss rate=128/640=20%

[0177] the number of symbols in one TTI=4.5
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[0178] period of one TTI=0.5 ms
[0179] period of one frame=10 ms
[0180] Also in this case, it is desirable that the period of a

single TTI be extended to 1.0 ms, for example, so that an
integral number of symbols are included in the single TTI.
[0181] The third set of symbol parameters derived in this
manner includes the same loss rate (20%) as the set of symbol
parameters shown in FIG. 9(B), and includes the same sub-
carrier interval (11.25 kHz) as the set of symbol parameters
shown in FIG. 9(D). However, it should be noted that the
period of the guard interval (128 samples) for the third set of
symbol parameters is longer than any ones (64 samples)
shown in FIGS. 9(B) and 9(D). According to the third method,
it is possible to efficiently derive a set of symbol parameters
with a predetermined relationship between the subcarrier
interval and the loss rate. In addition, because all of the sets of
symbol parameters are prepared for the same sampling fre-
quency, it is not necessary to change clock frequency for each
of the sets of parameters.

[0182] FIG. 10 shows several exemplary sets of symbol
parameters in case of TTI=0.5 ms. Among 9 sets of symbol
parameters, 8 sets of symbol parameters can be derived by
applying the first method and/or the second method to the first
set of symbol parameters. According to this embodiment, it is
possible to systematically and efficiently derive sets of sym-
bol parameters with predetermined relationships between the
subcarrier interval and the loss rate. In this embodiment, new
sets of symbol parameters have been derived in such a manner
that the subcarrier interval and the number of symbols can be
reduced from those of the reference set of symbol parameters.
In other embodiments, however, such new sets of symbol
parameters may be derived in such a manner that the subcar-
rier interval and the number of symbols can be increased from
those of the reference set of symbol parameters.

Third Embodiment

[0183] According to the first embodiment, the length of the
transmission time interval (TTI) is adjusted. According to the
second embodiment, the length of the guard interval and/or
the effective symbol is modified. These embodiments may be
used independently or used in combination as described
below.

[0184] First, as shown in FIG. 11(A), assume that the first
set of symbol parameters is determined as follows. These
parameter values are the same as those in FIG. 9(A), except
that the period of one TTI is extended from 0.5 ms to 1.0 ms.

[0185] subcarrier interval=22.5 kHz

[0186] the total number of subcarriers=200

[0187] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0188] period of effective symbol=256 samples (44.4 us)
[0189] period of guard interval=32 samples (5.5

[0190] period of one symbol=288 samples (guard interval+

effective symbol)

[0191] loss rate=32/288=11.1%

[0192] the number of symbols in one TTI=20

[0193] period of one TTI=1.0 ms

[0194] period of one frame=10 ms

[0195] (1) A first method of deriving a set of symbol param-

eters extends the period of the TTI, decreases the number of
symbols in the single TTI, and increases the period of the
guard interval while keeping the subcarrier interval constant.
For example, if a first set of symbol parameters now includes
20 symbols in a single TTI, the number of symbols is reduced
to 19. Then, the period corresponding to the reduced one
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symbol (288 samples) is equally divided into 19 portions,
each of which is assigned to the guard interval. As a result, as
shown in FIG. 11(B), while the period of the effective symbol
(256 samples) is kept equal, the single TTI includes 19 sym-
bols with longer periods of the guard interval. A second set of
symbol parameters derived in this manner has the parameter
values as follows.

[0196] subcarrier interval=22.5 kHz

[0197] the total number of subcarriers=200

[0198] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0199] period of effective symbol=256 samples (44.4 us)
[0200] period of guard interval=47.16 samples (8.187 us)
[0201] period of one symbol=303 samples

[0202] loss rate=47/303=15.5%

[0203] the number of symbols in one TTI=19

[0204] period of one TTI=1.0 ms

[0205] period of one frame=10 ms

[0206] According to the first method, if the number of

symbols in one TTI is reduced to 18, the second set of symbol
parameters has the parameter values as follow (FIG. 11(C)).

[0207] subcarrier interval=22.5 kHz

[0208] the total number of subcarriers=200

[0209] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0210] period of effective symbol=256 samples (44.4 us)
[0211] period of guard interval=64 samples (11.1 ps)
[0212] period of one symbol=320 samples

[0213] loss rate=64/320=20.0%

[0214] the number of symbols in one TTI=18

[0215] period of one TTI=1.0 ms

[0216] period of one frame=10 ms

[0217] Subsequently through similar operations, it is pos-

sible to derive sets of symbol parameters with different num-
bers of symbols in a single TTI. In this case, the period of the
effective symbol is always kept constant, and thus the sub-
carrier interval can also be kept constant. In other words,
while the same subcarrier interval is defined in accordance
with any set of symbol parameters derived in this manner, the
period of the guard interval and the number of symbols vary
depending on the set of symbol parameters. In the examples
shown in FIGS. 9(B), 9(C), 11(B), and 11(C), the number of
symbols in one TTT1s reduced by one symbol or two symbols,
and the period corresponding to the reduced symbol(s) is
equally divided into the guard intervals in the remaining
symbols. In the examples shown in FIG. 11, the transmission
time interval is extended twice as the transmission time inter-
val in the examples shown FIG. 9. As a result, while the loss
rate is equal to 20% in the example shown in FIG. 9(B), the
loss rate is reduced to 15.5% in the example shown in FIG.
11(C). Similarly, while the loss rate is equal to 28.9% in the
example shown in FIG. 9(C), the loss rate is reduced to 20.0%
in the example shown in FIG. 11(C). Extending the length of
the TTTin this manner can improve the loss rate, when the first
method of the second embodiment is used.

[0218] (2) A second method of deriving a set of symbol
parameters extends the period of the TTI, and changes the
number of symbols in the single TTI while maintaining a
constant loss rate. As understood from the definition of the
loss rate, the share of the guard interval and the effective
symbol has to be kept constant so as to fulfill the constant loss
rate. For example, for the first set of symbol parameters, as
shown in FIG. 11(D), the periods of the guard interval and the
effective symbol are doubled respectively, and accordingly
the number of symbols in one TTI can be reduced to 10
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symbols. Inthis case, the second set of symbol parameters has
the parameter values as follows.

[0219] subcarrier interval=11.25 (=22.5/2) kHz

[0220] the total number of subcarriers=400 (=200%2)
[0221] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0222] period of effective symbol=512 (=256*2) samples
(88.8 us)

[0223] period of guard interval=64 (=32*2) samples (11.1
1s)

[0224] period of one symbol=576 samples

[0225] loss rate=64/576=11.1%

[0226] the number of symbols in one TTI=10

[0227] period of one TTI=1.0 ms

[0228] period of one frame=10 ms

[0229] Inaddition, for the first set of symbol parameters, as

shown in FIG. 11(E), the periods of the guard interval and the
effective symbol are quadrupled respectively, and accord-
ingly the number of symbols in one TTI can be reduced to 5
symbols. Inthis case, the second set of symbol parameters has
the parameter values as follows.

[0230] subcarrier interval=5.625 (=22.5/4) kHz

[0231] the total number of subcarriers=800 (=200%4)
[0232] sampling frequency=5.76 MHz=3/2%3.84 MHz
[0233] period of effective symbol=1024 (=256*4) samples
(177.8 ps)

[0234] period of guard interval=128 (=32%4) samples (22.2
1s)

[0235] period of one symbol=1152 samples

[0236] loss rate=128/1152=11.1%

[0237] the number of symbols in one TTI=5

[0238] period of one TTI=1.0 ms

[0239] period of one frame=10 ms

[0240] According to this method, the constant loss rate can

be maintained, and thus it is possible to derive sets of symbol
parameters with equal data transmission efficiency. In the first
method, as the number of symbols in a single TTI decreases,
the loss rate increases accordingly. Although the number of
symbols in one TTI is equal to 2.5 symbols in the example
shown in FIG. 9(E), the number of symbols is equal to 5
symbols in FIG. 11(E). In this manner, when a non-integral
number of symbols are included in a single TTI with use of the
method of the second embodiment, extending the length of
the TTI allows the number of symbols in the single TTI to be
adjusted to be an integer.

[0241] (3) A third method of deriving a set of symbol
parameters is configured as a combination of the first method
and the second method while extending the period of the TTI.
For example, the first method may be applied to a first set of
symbol parameters to derive a second set of symbol param-
eters, and in turn the second method may be applied to the
second set of symbol parameters to derive a third set of
symbol parameters. Assume that applying the first method to
the first set of symbol parameters has resulted in the second
set of symbol parameters for defining a symbol format as
shown in FIG. 11(B). Then, the loss rate is equal to 15.5% for
the second set of symbol parameters. For the second set of
symbol parameters, the number of symbols is modified while
maintaining the constant loss rate. For example, if the periods
of the guard interval and the effective symbol are duplicated
respectively, the third set of symbol parameters has the
parameter values as follows (FIG. 11(F)).

[0242] subcarrier interval=11.25 kHz
[0243] the total number of subcarriers=400
[0244] sampling frequency=5.76 MHz=3/2%3.84 MHz
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[0245] period of effective symbol=512 samples (88.8 us)
[0246] period of guard interval=94.3 samples (16.37 us)
[0247] period of one symbol=606.3 samples

[0248] loss rate=94.3/606.3=15.5%

[0249] the number of symbols in one TTI=9

[0250] period of one TTI=1.0 ms

[0251] period of one frame=10 ms

[0252] The third set of symbol parameters derived in this

manner includes the same loss rate (15.5%) as the set of
symbol parameters shown in FIG. 11(B), and includes the
same subcarrier interval (11.25 kHz) as the set of symbol
parameters shown in FIG. 11(D). However, it should be noted
that the period of the guard interval (94.3 samples) for the
third set of symbol parameters is longer than any ones shown
in FIGS. 11(B) and 11(D). According to the third method, it is
possible to efficiently derive a set of symbol parameters with
a predetermined relationship between the subcarrier interval
and the loss rate. In addition, because all of the sets of symbol
parameters are prepared for the same sampling frequency, it is
not necessary to change clock frequency for each of the sets of
parameters. Moreover, the number of symbols included in the
single TTI can be adjusted to be an integer.

[0253] Although the preferred embodiments of the present
invention have been described above, the present invention is
not limited to them, and various modifications and variations
can be made within the scope and sprit of the present inven-
tion. For ease of explanation, the present invention has been
described with the use of some discrete embodiments. How-
ever, such separation of the embodiments is not essential to
the present invention, and one or more embodiments may be
used if needed.

[0254] This international patent application is based on
Japanese Priority Application No. 2005-174396 filed on Jun.
14,2005, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A transmitter used in an OFDM (Orthogonal Frequency
Division Multiplexing) mobile communication system, com-
prising:

a data modulation and channel coding unit configured to
perform data modulation and channel coding for a data
channel with a modulation level and a channel coding
rate updated for each transmission time interval;

a multiplexing unit configured to multiplex a control chan-
nel and the data channel for each transmission time
interval; and

an adjusting means configured to adjust a length of the
transmission time interval.

2. The transmitter as claimed in claim 1, wherein:

the control channel is multiplexed into part of subcarriers.

3. The transmitter as claimed in claim 1, wherein:

the control channel at least includes information about the
modulation level and the channel coding rate.

4. The transmitter as claimed in claim 1, further compris-

ing:

a transmission unit configured to transmit multiple sym-
bols for each transmission time interval, each of the
multiple symbols including a guard interval and an
effective symbol; and

a storing unit configured to store two or more sets of param-
eters, each of the two ore more sets of parameters defin-
ing a symbol including a guard interval with a different
period and an effective symbol with the same period.
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5. A receiver used in an OFDM (Orthogonal Frequency
Division Multiplexing) mobile communication system, com-
prising:

a demultiplexing unit configured to extract a control chan-
nel and a data channel for each transmission time inter-
val;

adata demodulation and channel decoding unit configured
to perform data demodulation and channel decoding for
the data channel with a modulation level and a channel
coding rate updated for each transmission time interval;
and

an adjusting means configured to adjust a length of the
transmission time interval.

6. The receiver as claimed in claim 5, wherein:

the control channel at least includes information about the
modulation level and the channel coding rate.

7. The receiver as claimed in claim 5, further comprising:

areceiving unit configured to receive multiple symbols for
each transmission time interval, each of the multiple
symbols including a guard interval and an effective sym-
bol; and

astoring unit configured to store two or more sets of param-
eters, each of the two or more sets of parameters defining
a symbol including a guard interval with a different
period and an effective symbol with the same period.

8. An apparatus for generating a set of radio parameters
used for an OFDM (Orthogonal Frequency Division Multi-
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plexing) mobile communication system which transmits and
receives multiple symbols for each transmission time inter-
val, each of the multiple symbols including a guard interval
and an effective symbol, comprising:

a first deriving unit configured to derive a set of second
symbol parameters, so that a period of an effective sym-
bol defined by a first set of symbol parameters is equal to
aperiod of an effective symbol defined by the second set
of symbol parameters, and a period of a guard interval
defined by the first set of symbol parameters is different
from a period of a guard interval defined by the second
set of symbol parameters; and

a second deriving unit configured to derive a third set of
symbol parameters, so that a share of a guard interval in
a symbol defined by the first set of symbol parameters is
equal to a share of a guard interval in a symbol defined by
the third set of symbol parameters, and a length of the
symbol defined by the first set of symbol parameters is
different from a length of the symbol defined by the third
set of symbol parameters; wherein

a length of the transmission time interval, a length of the
symbol, or both a length of the transmission time inter-
val and a length of the symbol is adjusted so that an
integral number of symbols are transmitted during a
single transmission time interval.
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