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A radio parameter group generating apparatus has a means for deriving a set of radio parameter groups defining a symbol that has
an effective symbol portion having the same duration as the effective symbol portion defined by another set of radio parameter
groups and that also has a guard interval portion having a different duration than the guard interval portion defined by the other set
of radio parameter groups. The present apparatus has a means for deriving a set of radio parameter groups such that the
occupation percentage of a guard interval portion to a single symbol defined by the set of radio parameter groups Is equal to the
occupation percentage of a guard interval portion to a single symbol defined by another set of radio parameter groups.
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ABSTRACT

An apparatus for generating sets of radio
parameters includes a first deriving unit deriving a set
of radio parameters for specifying a symbol including
an effective symbol part with the same period as the
effective symbol part specified by another set of radio
parameters and a guard interval part with a different
period from the guard interval part specified by the other
set of radio parameters. The apparatus further includes
a second deriving unit deriving a set of radio parameters
so that an occupancy proportion of the guard interval
part 1n a single symbol specified by another set of radio
parameters 1is equal to an occupancy proportion of the

guard interval part in a single symbol specified by the

other set of radio parameters.
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DESCRIPTION

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

TECHNICAL FIELD

The present invention relates to an apparatus for

generating a set of radio parameters, a transmitter and

a receilver.

BACKGROUND ART

In the fourth generation mobile communication
systems where video and/or data are mainly communicated,
there 1s need of a far higher capability than in the third
generation mobile communication systems (IMT-2000), and
higher capacity, faster speed and broadbanding have to
be achieved. In these systems, it is supposed that they
are used under various communication environments such
as 1nside and cutside houses. Outside houses, plural
cells (multi-cell) covering a wide area are provided for

enabling fast packet transmission for a fast-moving

mobile station. Inside houses, since radio waves are
attenuated more drastically, access points are provided

within buildings without support of radio communication

at outdoor base stations. From other viewpoints such as
improved utilization efficiency of communication
resources, packet transmlssion type communication has

been employed even 1n radilio intervals rather than

conventional circuit switching type communication. In

communlcations between a mobile station and an upper

apparatus other than a base station, particularly 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 document 1 for an
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outlook of future communication systems.

On the other hand,

—d

freguency selective fading under
multipath environments has significant influence in
wideband mobile communication systems. Hence, the OFDM
(Orthogonal Freguency Division Multiplexing) scheme 1s
promising as the next generation communication scheme.
In the OFDM scheme, a single symbol 1s generated by

attaching a guard interval part to an effective symbol

part including information to be transmitted, and plural
symbols are transmitted durling a predefined transmission
time interval (TTI). The guard interval part consists
of a portion of information within the effective symbol

part. The guard interval part may be alsocalledacyclic
prefix (CP) or overhead.

At the receiver side, paths are received with
various propagation delays. According to the OFDM

gl—

scheme, 1f the amount of propagation delay falls within

the period of the guard interval part, inter-symbol

interference can be effectively reduced. Thus, a

relatively large guard interval period allows delay waves
to be advantageously synthesized. This 1s advantageous
particularly in communications with an extremely large
cell radius and in simultaneocus transmission of the same
information from different cells to a mobile station in
accordance with the multicast scheme. However, the

guard i1interval part includes only a portion of the

effective symbol part, and thus a larger period of the
guard interval part is not preferred from the viewpoint
of information transmission efficiency. In some cases,
satisfactory communication guallty may be maintained

under environments with relatively short propvagation

delay such as urban areas and 1ndoor areas or environments

availlable for the unicast scheme by setting a relatively

short guard interval part. Therefore, 1t 1s impossible
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to determine a single type of guard interval part
optimized under varlious communicatlion environments.

For this reason, 1t may be concelived that many sets of

radio parameters for specifying symbols including guard
interval parts with various sizes are provided and radio

communications are carried out in the adaptively

determined optimal symbol format. However, signal

processing corresponding to such various symbol formats

leads to an extremely heavy workload, which 1is

unfavorable for moblle stations with a relatively simple
configuration. For a mobile station having no option of
cperating fregquency (clock frequency), strictly limited
slgnal processing 1is available, and thus the above

problem may have a particularly adverse effect on such

a mobile station.

Non-patent document 1: Ohtsu, "Systems beyond

IMT-2000", ITU Jdournal, Vol. 33, No.3 , Pp. 26-30, Mar.
2000

DISCLOSURE OF INVENTION
|OBJECT TO BE SOLVED BY THE INVENTION]

The present 1nvention addresses at least one of the
above-mentlioned problems. One object of the present
invention 1s to provide a transmitter and a receiver
capable of dealing with both of the unicast scheme and
multicast scheme flexibly for use in a mobile
communication system in accordance with the OFDM scheme

and an apparatus for generating a set of radio parameters

for the transmitter and receiver.

[MEANS FOR SOLVING THE OBJECT)
In an embodiment of the present invention, an

apparatus 1s used for generating sets of radio parameters

for use 1n an OFDM scheme mobile communication system
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transmitting or receiving plural symbols 1n a predefined
time frame, each of the symbols comprising a guard
interval part and an effectilive symbol part. This
apparatus includes a first derliving unit deriving a set
of radio parameters for specifying a symbol, the symbol
comprising the effectlive symbol part with the same period
as the effective symbol part specified by another set
of radio parameters and the guard interval part with a
different period from the guard 1nterval part specified
by the other set of radio parameters; and a second
deriving unit deriving a set of radio parameters so that
an occupancy proportion of the guard interval part in
a single symbol specified by another set of radio
parameters 1s egual to an occupancy proportion of the

guard interval part 1n a single symbol specified by the

set of radio parameters.

|ADVANTAGE OF THE INVENTION]

According to the embodiment of the present
invention, a transmitter and a receiver for use in OFDM

scheme mobile communicaticn systems can flexibly deal

with the unicast scheme and the multicast scheme.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a (first) block diagram schematically
1llustrating a transmlitter according to one embodiment

of the present i1nvention;

FIG. 2 1s a (second) block diagram schematically

illustrating a transmitter according to one embodiment

of the present invention;

FIG. 3 15 a diagram 1llustrating an exemplary case

where time multiplexing 1s performed in a multiplexing

unit:;

FIG. 4 15 a diagram, 1llustrating an exemplary case
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where fregquency multiplexing 1s performed in the
multiplexing unit;

FIG. 5 is a block diagram schematically
illustrating a recelver according to one embodiment of

5 the present 1lnventilion;

FIG. 6 is a set of diagrams 11lustrating respective
symbol formats specifiled 1n accordance with a set of
derived radio parameters according to one embodiment of
the present 1nvention;

10 FIG. 7 1s another set of diagrams illustrating
respective symbol formats specified in accordance with
a set of derived radilio parameters according to one
embodiment of the present invention;

FIG. 8 1s a dlagram illustrating various sets of

13 derived radio parameters according to one embodiment of

the present invention;

FIG. 9 1is diagram illustrating exemplary freguency

selective fading; and

FIG. 10 1s a diagram i1llustrating exemplary

20 multiplexing on shared control channels and shared data

channels.

LIST OF REFERENCE SYMBOLS

302-1 to 302-Np: data channel processing unit
25 304: control channel processing unit

306: multiplexing unit

308: inverse fast Fourier transform unit

310: guard 1interval 1insertion unit

312: digital to analog (D/A) conversion unit
30 320: radio parameter setting unit

322: turbo coder

324: data modulation unit

326: 1nterleaver

328: serial to parallel (S/P) conversion unit
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convolutlon coder

QPSK modulator

lnterleaver

serial to parallel (S/P) conversion unit
orthogonal modulator

local oscillator

bandpass filter

mixer

local oscillator

bandpass filter

power ampllfiler

antenna

low noilse amplifier

mixer

local oscillator

bandpass filter

automatic galn control unit
orthogonal detector

local oscillator

analog to digital conversion unit
symbol timing detector

guard i1nterval removal unit

fast PFourler conversion unit
demultiplexer

channel estimation unit

channel compensation unit
parallel to serial (P/S) conversion unit

channel compensation unilt

lnterleaver
turbo coder
Viterbi decoder

radlio parameter setting unit

BEST MODE FOR CARRYING OUT THE INVENTION
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According to one implementation of the present

invention, a set of radio parameters is for specifying

a symbol 1ncluding an effective symbol part with the same

period as the effective symbol part specified by another
set of radio parameters and a guard 1lnterval part with

a different period from the guard interval part specified

by the other set of radio parameters. Inthis set of radio

parameters, the period of the effective symbol part, that

1s, a subcarrier interval 1s kept constant. So, even if

any set of radio parameters 1s used, a radio communication
apparatus can operate without changing signal processing
schemes 1n the OFDM modulation and demodulation scheme
(1nverse fast Fourier transform and fast Fourler

transform).

According to one implementation of the present

invention, a set of radio parameters 1s derived so that
an occupancy proportion (loss rate) of the guard interval
part in a single symbol specified by another set of radio
parameters 1s equal to an occupancy proporticn of the
guard 1nterval part 1n a single symbol specified by the
set of radilio parameters. Since the loss rate is kept
constant, constant data transmission efficiency can be
achleved even under any set of radio parameters.
According to one i1mplementation of the present

invention, a set of radio parameters is derived such that

the subcarrier interval and the loss rate are set have

desired values. For example, the number of subcarriers
specified by a certain set of radio parameters may be
set to be amultiple 1nteger of the number of subcarriers
speclfled by another set of radio parameters. As a

result, a set of radio parameters with a considerably

different period of the guard interval part can be derived

while controlling the subcarrier interval and the loss

rate.
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A transmitter and a receiver may select one of
plural sets of radio parameters depending on whether the
communication scheme complies with a multicast scheme.

The transmitter and the receiver may 1include a
multiplexing unit multiplexing a common channel and a

shared data channel 1n time direction, freqgquency

direction or time and frequency directions, wherein the

common channel is provided for transmitting uniform

contents to plural users and the shared channel 1s used

for data transmission for each of the plural users and

is shared among the plural users. If the shared control

channel and the shared channel are multiplexed 1n two

directions of the time and fregquency directions, a

freguency directional channel arrangement in a certain

time slot may be different from a freguency directional
channel arrangement in another time slot. Consequently,

fading tolerance can be effectively improved in the time

and frequency directions.

[First Embodiment]

In the following embodiment, systems adopting OFDM

(Orthogonal Freguency Divisilion Multiplexing) in
downlink are described, but the present i1nvention 1is
applicable to other multi~-carrier scheme systems.

FIG. 1 1is a block diagram schematically
illustrating a transmitter according to one embodiment
of the present 1nvention. This transmitter 1s typically
provided in a base station, but the same transmitter may
be provided in a mobilile station. A base station includes
Np data channel processing units 302-1 to 302Z2-Np, a

control channel processing unilt 304, a multiplexing unit

(MUX) 306, an 1nverse fast Fourier conversion (IFFT) unit
308, a guard interval insertion unit 310, a digital to

analog (D/A) conversion unit 312 and a radio parameter
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setting unit 320. The Np data channel processing units
302-1 to 302-Np have the same configuration and function,
and the data channel processing unit 302-1 1s
representatively described hereinafter. The data
channel processing unit 302-1 includes a turbo coder 322,
a data modulator 324, an interleaver 326 and a serial
to parallel (S/P) conversion unit 328. The control
channel processing unit 304 includes a convolution coder
342, a OQPSK modulator 344, an interleaver 346 and a2 serial
to parallel (S/P) conversion unit 348.

The Np data channel processing units 302-1 to 302-Np

perform baseband operations for transmitting traffic
information data in accordance with the OFDM scheme. The
turbo coder 322 performs encoding for enhancing error
tolerance of the traffic information data. The data
modulator 324 modulates the traffic information data in

accordance with a proper modulation scheme such as QPSK,

16Q0AM and 64QAM. In the case of adaptive modulation and
coding (AMC), this modulation scheme 1s modified 1f
needed. The 1nterleaver 326 sorts the traffic
informationdata in accordance with apredefined pattern.
The serial to parallel (S/P) conversionunit 328 converts
a serial signal seguence (stream) into parallel signal
sequences. The number of parallel signal segquences may

gl

be determined depending on the number of subcarriers.

The control channel processing unit 304 performs

baseband operations for transmitting control

informationdata in accordance wilith the OFDM scheme. The

convolution coder 342 performs encoding for enhancing
error tolerance of the control i1nformation data. The
OPSK modulator 344 modulates the control information data
in accordance with the QPSK modulation scheme. Although
some other proper modulation schemes may be adopted, in

this embodiment, the OQPSKmodulation scheme with a lesser
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number of modulation levels 1s adopted due to 1ts lesser
amount of control information data. The interleaver 346
sorts the control 1information data in accordance with
a predefined pattern. The serial to parallel (S/P)
conversion unit 348 converts a serial signal seguence
into parallel signal sequences. The number of rarallel
signal seguences may be determined depending on the
number of subcarriers.

The multiplexing unit (MUX) 306 multiplexes
processed (modulated, encoded, etc.) traffic

information data and processed control information data.

The multiplexing may be any scheme of time multiplexing,

frequency multiplexing or time and frequency

multiplexing.

The inverse fast Fourier transform unit 308
performs 1nverse fast Fourier transform on an incoming
signal, and then performs OFDM scheme modulation.

The guard interval i1nsertion unit 310 generates a
symbol 1n compliance with the OFDM scheme by adding a
guard interval to the mecdulated signal. As iswell-known,
the guard interval is obtained by duplicating a portion
of the head or tail of the symbol to be transmitted.

The digital to analog (D/A) conversion unit 312
converts a baseband digital signal into an analog signal.

The radio parameter setting unit 320 sets radio
parameters for use in communications. The radio

parameters include some information for specifying the

format of the OFDM scheme symbols, and include a set of

information items for specifying values such as the

—

period Tgr 0f the guard interval unit, the period of the

effective symbol part, the proportion of the guard

interval part to a single symbol and the subcarrier

interval Af. The radio parameter setting unit 320 sets

a proper set of radlo parameters depending on

10
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communlcation conditions or 1instruction from other

devices. For example, the radio parameter setting unit

320 may selectively use different sets of radio

parameters depending on whether communications are

carried out in accordance with themulticast scheme. For
example, a set of radio parameters for specifying the
guard interval unit with a shorter period may be employed
1n the unicast scheme, whereas a set of radio parameters
for specifying the guard interval unit with a longer
period may be employed in the multicast scheme. The
radlio parameter setting unit 320 may compute and derive
a set of proper radio parameters in each case.
Alternatively, the radio parameter setting unit 320 may
store plural sets of radio parameters in a memory in
advance and may select one set of radio parameters among
them 1f needed. The manner of selecting the set of radio
parameters wilill be described below.

FIG. 2 1s a second block diagram schematically
1llustrating a transmitter according to one embodiment
of the present invention. In the illustration, the
portion (RF transmissicon unit) subsequent to the digital
to analog conversion unit 312 in FIG. 1 is illustrated.
The RF transmissionunit 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.

The orthogonal modulator 402 generates an in-phase

component (I) and a quadrature component (Q) of an
intermediate frequency from an incoming signal. The
pandpass 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 lntermediate fregquency signal into a

high freguency signal. The bandpass filter 412 removes

11
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an unnecessary frequency component. The power amplifier

414 amplifies power of signals for radio transmission

from the antenna 4160.

Traffic information data incoming to the data
channel processing unit in FIG. 1 1s encoded in the turbo
coder 322, is modulated 1n the data modulation unit 324,
is sorted in the interleaver 326, and is made rparallel
in the serial to parallel converter 328. Similarly,
control information data is encoded, modulated,
interleaved and sorted. Data channels and control
channels are multiplexed for each subcarrier in the
multiplexing unit 306, and are OFDM scheme modulated in
the inverse fast Fourier transform unit 308. Then, a
guard interval 1s added to the modulated signal for
cutputting baseband OFDM symbols. The baseband signal
1s converted into an analog signal. Then, the converted
signal 1s orthogonally modulated in the orthogonal
modulator 1n the RF processing unit in FIG. 4. After
band-limiting, the modulated signal is properly
amplified and radio transmitted.

The multiplexing unit 306 multiplexes and supplies
control channels and data channels properly. In this
embodiment, plilot channels are also supplied and
multiplexed 1n the multiplexing unit 306. In other

embodiments, pilot channels are supplied to the serial

to parallel conversion unit 348 for multiplexing in the
fregquency direction as illustrated by a dotted line.

This multiplexing may be any scheme of time direction,
frequency directionor both time and frequency directions.

FIG. 3 1llustrates exemplary time multiplexing of two

signals. In this illustration, channel #1 and channel
#2 represent one or more data channels and control

channels. Although only the two signals aremultiplexed

in the illustration for simplification, three signals

12
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may be time-multiplexed. FIG. 4 i1llustrates exemplary

frequency multiplexing of two signals. Through some

multiplexing 1n the multiplexing unit 306, radio

resources (time slots and/or fregquencies) suitable for
control channels and data channels are assigned.

FIG. 5 1s a block diagram schematically
l1llustrating a receiver according to one embodiment of
the present invention. Such a receiver may be typically
provided 1n a mobile station, but it may also be provided
1n a base station. The receiver includes an antenna 502,

a lownolse amplifier 504, amixer 506, a local oscillator

008, a bandpass filter 510, an automatic gain control
unit 512, an orthogonal detector 514, a local oscillator
>16, an analog to digital conversion unit 518, a symbol
timing detection unit 520, a guard interval removal unit

022, a fast Fouriler transform unit 524, a demultiplexer

526, a channel estimaticn unit 528, a channel
compensation unit 530, a parallel to serial (P/S)
conversilion unit 532, a channel compensation unit 534,
a deinterleaver 536, a turbo coder 538, a Viterbi decoder
540 and a radio parameter setting unit 542.

The low noise amplifier 504 amplifies a signal
recelved via the antenna 502 properly. The amplified
signal i1s converted (down-converted) into an
intermediate frequency in the mixer 506 and the local
oscillator 508. The bandpass filter 510 removes an
unnecessary fregquency component. The automatic gain
control unit 512 controls the gain of the amplifier so

as tomaintain the signal level properly. The orthogonal

detector 514 uses the local oscillator 516 for orthogonal
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 1nto a digital signal.

13
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The symbol timing detection unit 520 detects timing

-

of symbols (symbol boundary) based on the digital signal.

The guard interval removal unit 522 removes a
portion corresponding to the guard interval from the
recelived signal.

The fast Fourilier transform unit 524 performs fast
Fourier transform on an incoming signal for OFDM scheme
demodulation.

The demultiplexer 526 extracts pilot channels,
control channels and data channels multiplexed 1n a
recelved signal. This extraction method is performed
corresponding to multiplexing at the transmitting side
(operation in the multiplexing unit 306 in FIG. 1).

The channel estimation unit 528 uses the pilot
channels to estimate conditions of the channels, and
supplies a control signal for adjusting the amplitude
and phase so that the channel variation can be compensated
for. This control signal 1s supplied for each
subcarrler.

The channel compensation unit 530 adjusts the
amplitude and phase ©0f the data channels in accordance

with 1nformation supplied from the channel estimation
unit 5248.

The parallel to serial (P/S) conversion unit 532

converts parallel signal seguences 1nto a serial signal

seguence.

The channel compensation unit 534 adjusts the
amplitude and phase of the control channels in accordance
with information supplied from the channel estimation

unit 528.

The deinterleaver 536 changes the order of signals

in accordance with a predefined pattern. The predefined

pattern corresponds to the inverse pattern for sorting

in the interleaver (326 1in FIG. 1) 1n the transmitting

14
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side.

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

The radio parameter setting unit 542 sets radio
parameters for use 1n communications as in the radio
parameter setting unit 320 1n FIG. 1. The radio
parameter setting unit 542 may compute and derive a set
of proper radio parameters 1n each case. Alternatively,
the radio parameter setting unit 542 may store plural

sets of radio parameters in a memory in advance and access

them 1if needed. The manner of deriving the radio
parameters will be described below.
A signal received via an antenna is finally

converted 1nto a digital signal after experiencing some

ocperations such as amplification, freguency conversion,
pand-limiting and democdulation. The fast Fourier
transform unit 524 performs an OFDM scheme demodulation
cn a guard 1nterval removed signal. The demodulated
signal 1s separated intopilot channels, control channels
and data channels in the separation unit 526. The pilot
channels are supplied to the channel estimation unit,
and a compensation signal for compensating for variation
of channels is supplied from the channel estimation unit
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 1s sorted by the deinterleaver 526 in

accordance with the inverse pattern for sorting in the

interleaver and 1s decoded in the turbo decoder 538.

Simlilarly, the control channels are also compensated for

by means of the compensaticn signal and are decoded in

the Viterbi decode 540. After that, signal processing

18 carried out with use of the decoded data and control

15
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channels.
Next, the set of radio parameters and deriving
method thereof in the radio parameter setting units 320

and 542 are described below. A set of radio parameters

Ot

specifies subcarrier interval, sampling freguency,

period of the effective symbol part, period of the guard

interval part, the number of symbols 1in a single frame
(or a single TTI), period of a single TTI and others.
Note that all the parameters cannot be set independently.
10 For example, the subcarrier interval and the period of
the effective symbol part have reciprocal relationships
with each other. Also, 1f one frame corresponds to one
TTI, period of the TTI 1is derived by multiplying the

'

period of one symbol (total period of the guard interval

15 part and the effective symbol part) with the number of

symbols. Three methods of deriving a second set of radio
parameters from a first set of radio parameters are
described below.
First, as 1llustrated in FIG. 6A, suppose that the
20 first set of radio parameters 1s set as follows.
subcarrier 1nterval = 22.5 kMHz
the total number o0f subcarriers = 200
sampling freguency = 5.76 MHz =3/2X3.84 MHzZ
period of effective symbol part = 256 samples (44.4
25 L S)

period of guard interval part 32 samples (5.5

4 s)
period of one symbol = 288 samples (guard interval

part + effective symbol part)

30 loss rate = 32/288 = 11.1 %
the number of symbols in one frame (or TTI) = 10

period of one TTI = 0.5 ms

The loss rate means the proportion of the guard

1nterval part in one symbol. This porticn becomes a

16
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redundant portion from the viewpolint of improved data

transmission efficiency. The loss rate n, the periocd

Ter of the guard interval part and the period Ters 0f the

effective symbol part have the relationship as follows;
n= Tgr/ (Ter+Tere) X100 [%].

(1) A first method of deriving a set of radio

parameters decreases the number of symbols 1n a single

frame and increases the period of the guard interval part
while keeping the subcarrier i1nterval constant. For

example, 1f a first set of radio parameters now 1ncludes

ten symbols in a single frame, the number of symbols 1s
reduced to nine. Then, the pericd corresponding to the
reduced one symbol (288 samples) 1s egually divided into
nine portions, which are separately assigned to the guard

interval part. As a result, as 1llustrated in FIG. 6B,

while the period of the effective symbol part (256
samples) is kept eqgual, the single frame includes 9
symbols with longer periods of the guard interval part.
A second set of radio parameters derived in thils manner

has the parameter values as follows.

22.5 kMHz

the total number of subcarriers = 200

subcarrier interval

{

sampling frequency = 5.76 MHz =3/2X3.84 MHzZ
period of effective symbol part = 256 samples (44.4

isj)

period of guard interval part = 64 samples (11.1
U s)

period of one symbol = 320 samples

loss rate = 64/320 = 20 %

the number of symbols in one frame (or TTI) = 9

period of one TTI = 0.5 ms

According to the first method, i1f the rnumber of

symbols in one frame is reduced to eight frames, the

second set of radio parameters has the parameter values
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as follow (FIG. eC).
subcarrier interval = 22.5 kMHz

the total number of subcarriers = 200

sampling freguency = 5.76 MHz =3/2X3.84 MHz
period of effective symbol part = 256 samples (44.4

U s)

period of guard interval part 104 samples (18.1

L s)

period of one symbol = 360 samples

loss rate = 104/360 = 28.8 %

the number of symbols in one frame (or TTI) = 8
period of one TTI = 0.5 ms

Subsegquently through similar operations, it is

possible to derive sets of radlio parameters with

e

- symbols 1n a single frame. 1In this

different numbers o:

case, the period of the effective symbol part is always
kept constant, and thus the constant subcarrier interval
can be maintained. In other words, while the same
subcarrier interval is specified in accordance with any
of the sets of radio parameters derived in this manner,
the period of the guard interval part and the number of
symbols differ from each other.
(2) A second method of deriving a set of radio

parameters changes the number of symbols in a frame while
malntalning a constant loss rate. As understood from the

definiticon of the loss rate, the proportion of the guard

interval part and the effective symbol part have to be
Kept constant so as to fulfill the constant loss rate.
For example, for the first set of radio parameters, as

1llustrated in FIG. 6D, the respective periods of the

guard 1nterval part and the effective symbol part are

doubled, and accordingly the number of symbols in one
frame can be reduced to 5 symbols. In this case, the

second set of radio parameters has the parameter values
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L.

-

as follows.
subcarrier interval = 11.25 (=22.5/2) kMHz

the total number of subcarriers = 400 (=200X2)

sampling frequency = 5.76 MHz =3/2X3.84 MHz

period of effective symbol part = 512 (=256X2)
samples (88.8u s)

period of guard 1nterval part = 64 (=32X2) samples
(11.1 us)

period of one symbol = 576 samples

loss rate = 64/576 = 11.1 %

the number of symbols in one frame (or TTI) = 5

period of one TTI = 0.5 ms

In addition, for the first set of radio parameters,

as 1llustrated in FIG. 6E, the respective periods of the

guard 1interval part and the effective symbol part are

quadrupled, and accordingly the number of symbols in one

frame can be reduced to 2.5 symbols. In this case, the

gr—

second set of radio parameters has the parameter values

as follows. Inthiscase, it is desirable that the period

of a single frame be extended from 0.5 ms to 1.0 ms, for

example, so that the number of symbols in the frame can

be some 1nteger.

subcarrier interval = 5.625 (=22.5/4) kMHzZ

the total number of subcarriers = 800 (=200X4)

sampling fregquency = 5.76 MHz =3/2X3.84 MHz

period of effective symbol part = 1024 (=256X14)
samples (177.84u s)

period of guard interval part = 128 (=32X4) samples
(22.2 U4 S)

period of one symbol = 1152 samples

loss rate = 128/1152 = 11.1 %

|

the number of symbols in one frame (or TTI)

2.5

period of one TTI = 0.5 ms

According to this method, the constant loss rate
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can be maintained, and thus, it is possible to derive

sets of radio parameters with equal data transmission

efficiency. In the flrst method, as less symbols are
included 1n a frame, the loss rate becomes higher.

(3) A third method of deriving sets of radio
parameters 1s configured as a combination of the first
method and the second method. For example, the first
method may be applled to the first set of radio parameters

to derive the second set of radio parameters, and in turn

the second method may be applied to the second set of

radio parameters to derive the third set of radio
parameters. Suppose that the application of the first
method to the first set of radio parameters has resulted
1n the second set of radio parameters for specifying a
symbol format as 1llustrated 1n FIG. 6B. Then, the loss
rate 15 64/320 = 20 % for the second set radlio parameters.
For the second set of radio parameters, the number of
symbols 1s modified while maintalining the constant loss
rate. For example, 1f the respective periods of the
guard 1nterval part and the effective symbol part are
duplicated, the third set of radio parameters has the
parameter values as follows (FIG. 6F).

subcarrier interval = 11.25 kMHz

the total number of subcarriers = 400

sampling frequency = 5.76 MHz =3/2X3.84 MHz
period of effective symbol part = 512 samples (88.8

U s)
period of guard interval part = 128 samples (22.2

1 s)

period of one symbol = 640 samples
loss rate = 128/640 = 20 %

.

the number of symbols in one frame (or TTI)

0.5 ms

4.5

I

period of one TTI

Also 1n this case, 1t 1is desirable that the period
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of a single frame be extended to 1.0 ms, for example,

so that the frame can 1nclude an 1nteger number of symbols.

The third set of radio parameters derived in this manner

o

includes the same loss rate (20 %) as the set of radio

parameters shown in FIG. 6B, and includes the same
subcarrier interval (11.25 kHz) as the set of radio
parameters shown 1n FIG. 6D. However, 1t is noted that

the period of the guard interval part (128 samples) for

the third set of radio parameters 1s longer than any ones
(64 samples) shown in FIGS. 6B and 6D. According to the
third method, it is possible to efficiently derive a set
of radio parameters with a predefined relationship
between the subcarrier 1nterval and the loss rate.

FIG. 7 illustrates an exemplary case where other
parameters values as presented below are set as the first
set of radio parameters as 1n FIG. 6.

subcarrier interval = 16.875 kMHz

the total number of subcarriers = 266

sampling freguency = 8.64 MHz = 9/4X3.84 MHz

period of effective symbol part = 512 samples

(59.259 u s)
period of guard interval part = ©4 samples (7.407

§s)

period of one symbol = 576 samples

loss rate = 64/512 = 11.1 %

the number of symbols 1n one frame (or TTI) = 10

period of one TTI = 0.667 ms

I1f the first method is applied to another first set
of radio parameters as presented above and the number
of symbols is reduced to nine symbols while maintalining
the period of the effective symbol part, another second

set of radio parameters as presented below 13 derilived

(FIG. 7B).

subcarrier 1interval = 16.875 kMHz

21
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the total number of subcarriers = 266

sampling fregquency = 8.64 MHz = 9/4X3.84 MHz

period of effective symbol part = 512 samples

(59.259 u s)
5 period of guard interval part = 128 samples (14.8
u s )
period of one symbol = 640 samples
loss rate = 128/640 = 20 %
the number of symbols 1n one frame (or TTI) = 9
10 period of one TTI = 0.667 ms

In addition, 1f the number of symbols is reduced

to eight symbols, further another second set of radio
parameters 1s derived (FIG. 7C).
subcarrier interval = 16.875 kMHz
15 the total number of subcarriers = 266
sampling freguency = 8.64 MHz = 9/4X3,.84 MHz
period of effective symbol part = 512 samples

(59.259 u s)
period of guard i1nterval part = 208 samples (24.1

20 U s)
period of one symbol = 720 samples
loss rate = 208/720 = 28.9 %
the number of symbols in one frame ({(or TTI) = B8
period of one TTI = 0.667 ms
25 Then, 1f the second method 1is applied to the first
set of radio parameters and the period of the guard
interval part 1is doubled whilemalintaining the loss rate,

further another second set of radio parameters as

presented below is derived (FIG. 7D).
30 subcarrler interval = 8.438 kMHz

the total number of subcarriers = 532

sampling frequency = 8.64 MHz = 9/4X3,.84 MHz
period of effective symbol part = 1024 samples

(118.5198 u s)
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period of guard i1nterval part = 128 samples (14.815

period of one symbol = 1152 samples
loss rate = 128/1152 = 11.1 %

the number of symbols 1in one frame (or TTI) = 5

period of one TTI = 0.667 ms
If the second method 1s applied to the first set

of radio parameters amd the period of the guard interval

part 1s guadrupled while maintaining the loss rate,

further another second set of radio parameters as

presented below 1s derived (FIG. 7TE).

subcarrier interval = B.438 kMH=z

the total number of subcarriers = 1064

sampling fregquency = 8.64 MHz = 9/4X3.84 MHz
period of effective symbol part = 2048 samples

(237.037 1 s)

U s)

peri1od of guard 1nterval part = 256 samples (29.630

period of one symbol = 2304 samples
loss rate = 256/2304 = 11.1 %

the number of symbols 1n one frame (or TTI) = 2.5

D

period of one TTI = 0.667 ms
Finally, 1f the first method 1is applied to the first

set of radio parameters and the second method is

additionally applied to the resulting set, for example,

the third set of radio parameters as presented below is

derived (FIG. 7TF).

subcarrier interval = B8.438 kMHz
the total number of subcarrlers = 53?2

sampling freguency = 8.64 MHz = 9/4X3.84 MHz
period of effective symbol part = 1024 samples

(118.519 u s)

1 S)

period of guard interval part = 256 samples (29.630

23



CA 02605772 2007-10-24

period of one symbol = 1280 samples
loss rate = 256/1280 = 20 %
the number of symbols 1n one frame (or TTI) = 4.5
period of one TTI = 0.667 ms
5 The sets of radio parameters derived in thilis manner
have the same property as those derived 1n case of TTI
=0.5ms. Inotherwords, 1t 1s possible toeasily provide

plural sets of radio parameters having the same property

for various TTIs. In addition, since all the sets of

10 radio parameters are prepared for the same sampling

fregquency, 1t 1s not necessary to change clock frequency

for each of the sets of radio parameters.

FIG. 8 shows several exemplary sets of radio

il

parameters in case of TTI

0.5 ms. Among nine sets of

15 radio parameters, eight sets of radio parameters can be

derived by applying the first method and/or the second

method to the first set of radio parameters. According

to this embodiment, 1t 1s possible to derive sets of radio

parameters with predeflned relationships between the

20 subcarrier interval and the lc¢oss rate systematically and

g

efficiently. In this embodiment, new sets of radio

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 radio

25 parameters. In other embodiments, however, such new
sets of radio parameters may be derived 1n such a manner

that the subcarrier i1nterval and the number of symbols

can be increased from those of the reference set of radio

parameters.
30

[Second Embodiment]

As stated above, the wlder fregquency band for use
in radio transmission may lead to stronger fregquency

selective fading originating frommultipath fading. FIG.
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9 schematically shows exemplary reception levels of a

signal subject to frequency selective fading. If the
fregquency band for use in radio transmission 1s a

relatively narrow band as 1llustrated in FIG. 9A, the
reception level within the band can be considered to be

constant. On the other hand, 1f the fregquency band 1s

i

a wide band, there 1s significant dependence of the

reception level on frequency. Thus, 1t 1s advantageous
for higher speed and capacity to divide an overall radio
band into multiple frequency blocks and apply the
adaptive modulation and demodulation coding, the ARQ and
the packet scheduling for each of the frequency blocks.
Although a single freguency block generally 1ncludes one
or more carrier freguencies, each frequency block 1s
configured to have multiple subcarriers 1in this
embodiment. Such a freguency block may be also referred
to as a chunk. The frequency block or chunk may be used

as the assignment unit ¢f radio resources.

FIG. 10 illustrates exemplary multiplexing on
common channels and shared channels. The common
channels are used for communications with unspecified

mobile stations with the use of common resources. The

shared channels are also used for scheduling for certain
mobile stations and are shared among plural mobile
stations.

Exemplary common channels 1in the downlink may
include a shared control channel, a multicast channel
pilot channel and a synchronization channel. The shared

control channel isused to transmit broadcast information

(system information) or paging information for waiting

+ime. The multicast channel is used to transmilt the same

information data transmitted from multiple cell sites

(base stations) and combine them in the recelvling side.

-

In this case, some diversity assoclated with freguency
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and time is carried out. In addition, fregquency and time
hopping may be carried out. The pilot channel 1s used
to transmit reference signals known 1n the transmitting
and receiving sides. The pilot channel may be provided
or transmitted with the use of a directional beam with
high or low directivity. Alternatively, 1t may be

p.
-

provided or transmitted with the use of an

omnidirectional beam. The synchronlzation channel 1s
used for cell search.

The shared channels 1n the downlink may include
shared control channels and shared data channels. 1In

communications via the shared control channels,

transmission power may be adaptively controlled by using
a channel guality indicator CQI. The shared data channel
is used to transmit control messages for traffic data
or layer 3. Scheduling is conducted depending on channel
variations in freguency and time areas. In addition to
the scheduling, some operations such as the adaptive

modulation coding AMC and the hybrid ARQ may be conducted.

The common channels in the uplink may include a fast

access channel, a reservation channel and a
synchronization channel. These channels are provided or
transmitted fromeach user without scheduling, resulting

in the possibility of conflicts among the users. The

fast access channel is used to transmilit traffic data with

severe delay tolerance, relatively small traffic data,
control information and others. The reservation channel
1is used to transmit control information for reserving
to use a shared data channel as described below. The
synchronization channel 1s used to control transmission

timing so that reception timing of the shared data channel

and the shared control channel frommultiple users falls

wlthin a guard interval.

The shared channels 1n the uplink may 1nclude a
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shared data channel and a shared control channel. The
shared data channel 1s a channel usable after reservation
1S made with the use of the reservation channel and 1s

used to transmit trafficdata and layer 3 control messages.

Scheduling may be carried out depending on channel
variations 1n freguency and time areas. In addition to
the scheduling, some operations such as the adaptive
modulation coding AMC and the hybrid ARQ may be carried
out. The shared control channel 1s used to transmit
physical control messages and layer 2 control messages
(FFS). In communications via the shared control
channels, transmisslion power may be adaptively
controlled with the use of a channel gquality i1indicator
CQ1L.

As i1llustrated in FIG. 10, the shared control
channel and the shared data channel can be assigned and
provided 1n various forms with respect to two directions
of time slots (time direction) and frequency blocks
(frequency direction). In the i1llustration, exemplary
multiplexing on only the two types of channels, that is,
the shared control channel and the shared data channel,
is illustrated for simplicity, but more that two types
of channels may be multiplexed.

FIG. 10A illustrates exemplary time division
multiplexing. FIG. 1l0B l1llustrates exemplary fregquency
division multiplexing. FIG. 10C illustrates exemplary

two~-dimensional multiplexing assoclated with time and

fregquency. FIG. 10D illustrates another exemplary
two~dimensional multiplexing associated with time and
frequency. It is desirable that channels bemultiplexed

by distributing them widely in the freguency direction

from the viewpoint of enhanced tolerance over freguency
directional fading involved in band widening. In

addition, as illustrated in FIGS. 10C and 10D,
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particularly in FIG. 10D, multiplexing in both the time
and freguency directions can enhance the frequency

directional fading tolerance as well as 1mprove the time
directional fading tolerance involved in fast movement.
In FIG. 10C, an arrangement pattern of the freguency
directional channel multiplexing for a certain time slot

1s the same as that for another time slot. In FIG. 10D,

an arrangement pattern of the fregquency directional

channel multiplexing for a certain time slot 1s different

from those for other time slots (such a channel

arrangement may be also referred to as a staggered scheme),

and thus further enhanced fading tolerance can be

expected.

Although the preferred embodiments of the present
invention have been described above, the present
invention 1s not limited to them, and various

modifications and variations can be made within the scope

and sprit of the present invention. For simplicity, the
present invention has been described with the use of some

discrete embodiments. However, such separatiocon of the

embodiments 1s not essential to the present 1nvention,
and one or more embodiments may be used 1f needed.
This international patent application 1s based on
Japanese Priority Application No. 2005-133322 filed on
April 28, 2005, the entire contents of which are hereby

incorporated by reference.
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CLAIMS

1. An apparatus for generating sets of radio

parameters for use 1n an OFDM (Orthogonal Freguency
Divislon Multiplexing) scheme mobile communication
system transmitting or receiving plural symbols in a

predefined time frame wherein each of the symbols

comprlses a guard interval part and an effective symbol
part, comprising:
a first deriving unit deriving a set of radio

parameters for specifying a symbol, the symbol comprising

the effective symbol part with the same period as the
effective symbol part specified by another set of radio
parameters and the guard interval part with a different
period from the guard interval part specified by the other
set of radio parameters; and

a second deriving unit deriving a set of radio

parameters so that an occupancy proportion of the guard

lnterval part in a single symbol specified by another
set of radio parameters 1s equal to an occupancy
proportilion of the guard interval part in a single symbol

specified by the set of radio parameters.

2. A transmiltter for use 1n an OFDM (Orthogonal
Fregquency Division Multiplexing) scheme mobile

communication system, comprising:

a transmission unlt transmitting plural symbols in

p—

a predefined time frame, each of the symbols comprising

a guard interval part and an effective symbol part:
a storage unit storing plural sets of radio

parameters for specifying at least a period of the guard

29
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1nterval part and a subcarrier interval;

—

a selection unit selecting one of the sets of radio

parameters;

an 1nverse Fourier transform unit conducting

O 1nverse Fourier transform in a subcarrier interval
specified by the selected set of radio parameters; and

a symbol generatlon unit generating a symbol

including the guard interval part with a period specified

by the selected set of radio parameters.
10

3. The transmitter as claimed in claim 2, wherein

13 the respective subcarrlier intervals specifiedbyat least

two 0of the stored sets of radlo parameters are equal to

each other.

20

4. The transmitter as claimed 1n claim 2, wherein

respective occupancy proportions of the guard interval

part 1n a single symbol specified by at least two of the

25 stored sets of radio parameters are egqual to each other.

30 5. The transmitter as claimed 1n claim 2, wherein

a number of subcarriers specified by a set of radio

parameters 1s an integer multiple of a number of

subcarriliers specifiedby anocther set of radio parameters.
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6. The transmitter as claimed in claim 2,
the selection unit selecting one of the sets of
radlo parameters depending on whether a communication

scheme complies with a multicast scheme.

7. The transmitter as claimed in claim 2, further
comprising:

a multiplexing unit multiplexing a common channel
and a shared data channel in time direction, freguency
direction or time and frequency directions,

whereln the common channel is provided for
transmitting uniform contents to plural users and the
shared channel 1s used for data transmission for each

of the plural users and 1s shared among the plural users.

8. The transmitter as claimed in claim 7, wherein
a freguency directional channel arrangement in a time
slot 1s different from a freguency directional channel
arrangement in another time slot 1n time and
freguency-directional multiplexing on a shared control

channel and a shared data channel.
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8. A receiver for use 1n an OFDM (Orthogonal
Fregquency Division Multiplexing) scheme mobille

communication system, comprising:

a reception unit receiving plural symbols 1in a

predefined time frame, each of the symbols comprising
a guard 1nterval part and an effective symbol part;

a storage unit storing plural sets of radio

parameters for specifying at least a period of the guard

interval part and a subcarrler 1interval;

a selection unit selecting one of the sets of radio
parameters;

a removal unit removing the guard interval part with
a period specifiedby the selected set of radio parameters

from a symbol in a received signal; and

a Fourier transform unit conductiling Fourilier
transform 1n a subcarrier interval specified by the

selected set of radio parameters.

10. The receiver as claimed 1n claim 9,
the selection unit selecting one of the sets of
radio parameters dependlng on whether a communication

scheme complies with a multicast scheme.
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FIG.7
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