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The present invention relates to a data transm ssion nethod, a data .
transm ssion system a transmitter and a receiver where variable |length
transm ssion data is put into each frane of a fixed tinme |length and
transmitted. DESCRI PTI ON OF THE RELATED*ART In the data transni ssion nethod
where information of voice signals and the like is converted into digital
data and transpATAeTRANSMISSDONt METHODS OPAER | TRANSMBESIOMNSEPTERd i s not

al ways constant in terns OffRANSMITTIER @aDe RECEIVERY change fromtine to
time. Accordingly, if the transmssion data is divided into frame wunits
each having a fixed time | ength and each frame consisting of variable
nunber of bits is transmt byef r@perkPm@rbgve the data

transm ssion, a transm ssi %ﬁgl?(é{zgﬁﬁé%ngge%var |]g§st errplgral |y and necessary

I nformation can be transmtted efficiently in each frame period. At this
time, a transmitter need not FIGHIUEF BE SAYENTIQNsni ssi on and hence the
power consunption of the apparatus can be suppressed to |l ow. To conduct
dat a t r ansPhe spoeseinth inwventigonr zedeites dio raatdatantransmission metbodary
for the_receiving side_to get information indicating how fast the

t r ans®i 48ten trAnsSBisEdoR HYfkens Bytmltiﬁegoﬁ@%ki%&%?ehﬁ@?hé’he%r -

hi , ' lly.th h .b h : [ hqd

e BYERR S, LOMEN 3 ks DO, qRBAT BoBn YRe o R pal o AL FENREY
dt VA | i t he rat t he basi f thi

an Pﬁéeighﬁrﬁt%&gFﬁgﬁg?o;W? e rate on e basis o S

i nformati on; 005 2

DESCRIPTION OF THE RELATED ART

In the data transmission method where information of voice
signals and the like is converted into digital data and transmitted,
an amount of information to be transmitted is not always constant
in texrms of time, but generally may change from time to time.

Accoxrdingly, if the transmission data is divided into frame
units each having a fixed time length and each frame consis'ting of
variable number of bits is transmitted frame by frame to achieve
the data transmission, a transmission fate can be varied temporally
and necessary information can be transmitted efficiently in each
frame period. At this time, a transmitter need not conduct useless
transmission and hence the power consumption of the apparatus can
be suppressed to low.

To conduct data transmission with varying transmission rate,
normally it is necessary for the receiving side to get information
indicating how fast the transmission rate of each frame is by means
of some kind or another. For this purpose, conventionally there
have been two methods: one is a method whereby the rate. information
is transmitted directly as part of frame data and the receiving side

determines the rate on the basis of this information; and the other



Is a nethod where no rate information is sent, but the receiving side
judges the rate with an error-detecting code that is added to th% 2005
transm ssion data to indicate transm ssion quality (f or exanple, %@%:
Cycli ¢ Redundancy Check code), called a blind rate detection nethod (for
exanpl e, refer to International Publication No. W96/ 26582 applied by the
present applicant). On the other hand, in comrunication environnents where
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met hods such as Viterbi decoding are used. In addition, in the nethod where
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correcting codes and error-correcting decoding, for example, a
convolutional code and maximum likelihood decoding methods such as
Viterbi decoding are used.

In addition, in the method where the receiving side determines
the rate by using the error-detecting code that is added to the
transmission data to indicate the transmission gquality without
sending any rate information, a decision error rate in determining
the rate depends on a word length of the error-detecting code and
doesn’t decrease below a certain rate-decision error rate (namely,
a probability of determining that no transmission error exists for
an erroneous rate) even if the transmission error goes down.

On the other hand, in the case where the rate information is
sent from the transmitting side to the receiving side, if an error
occurs during transmission, an effective data length in the received
frame cannot be judged and it becomes difficult for the receiving
side to reproduce the transmission data correctly even if no error
occurs in the data part.

Therefore, conventionally there has been devised a method

whereby the rate-decision error rate was improved through the use



of the likelihood information at the tinme of the maxi mumli kel i hood
decoding and the transmssion rate is allowed to vary, frame by ﬁ HﬁﬁfQOS
nore securely during the transm ssion (for exanple, refer to Internationa
Publ i cati on No. W97/50219 applied by the present applicant). In the

above- menti oned W96/ 26582 and W)97/50219 -described is a nmethod where, in
order to inprove the rate detection performance at the receiving side (that
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| ength of the Transm ssion data) are arranged at a fixed position in the
frame @odfe ex@onkrely alutbaghead ofrahemisaimn apfotr exanpled. ref€s tlA and
1B are di agrans showi ng an exanple of transm ssion bit arrangenent of the
conventlindretnathemal |FulbhécedioantNonaWORE/IEdR Whenppllie dCREY bthe amesent
arranged after transm ssion data bits ("conventional postposition"), for
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data) are arranged at a fixed position in the frame (for example,
at the head of the frame) and transmitted.

FIGS. 1A and 1B are diagrams showing an example of transmission
bit arrangement of the conventional scheme.

In the conventional method where the CRC bits are arranged after
transmission data bits ("conventional postposition”), for example,
when a position one bit ahead from the correct rate position is
detected, since the codewords at the receiving side goes
successively as D1 to DO and C4 to Cl, even if no transmission bit
error occurs, the decision result by CRC shows OK (namely, erroneous
detection) with a probability of 50 percent. Similarly to this,
when a position two bits and three bits ahead from the correct rate
position is detected, the decision result by CRC indicates OK
erroneously with a probability of 25 percent and 12.5 percent,
respectively. |

To solve such a problem that the probability of detecting the
rate mistakenly becomes larger as the assumed position approaches
the correct rate position, there was devised a method where the CRC

bits are arranged at the head of the frame in the above-mentioned



W96/ 26582 and W97/50219. In this nmethod, as shown in FIG 1B
("preposition" case) , since a codeword arrangenent at the receiwimgAY?®§e
is discontinuous as DI, C4 to O, the above-nentioned problem does no
occur and a | ow probability of detecting the rate mstakenly that is
deternined by the word length of the CRC%odde can be obtained constantly,
froma detection position adjacent to the correct position to a detection
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prObabEBTaﬁthﬂénN®¥ %9%5efior—detecting code for the transmission data
is completed. Suqhbuffermemorybecomes1argainsizein;m0portion
to the number of the transmissionldata bits of one frame, and when
a huge amount of the transmission data is sent, hardware scale of
the memory presents a problem.

To solve the problem, a method is disclosed in International
Publication No. WO00/79720 in which an error-detecting code (CRC
bits, for example) is provided after transmission data in such a
way that the order of the error-detecting code bits is the reverse
of that of the transmission data bits to transmit them.

FIGS. 2A and 2B are diagrams showing examples of the
transmission bit arrangements of the conventional scheme and of the
scheme according to the invention disclosed in WO00/79720. As can
be understood from the figures, according to the arrangement of the
invention disclosed in W000/79720 ("new postposition”), since the
codeword arrangement at the receiving side is discontinuous as D1,
DO, CO0, there does not occur a problem in that the probability of
detecting the rate mistakenly increases as the detection position

approaches the correct rate position and a low probability of



detecting the rate mstakenly that is determ ned by the word Il ength of the

CRC code can be obtained constantly, froma detection position qqgﬂﬁgqmsto
the correct position to a detection position renote therefrom MNoreover,
since the bit arrangenent according to the invention disclosed in

WOOQO 79720 is such that CRC is arranged & ter the transmission data, it is
not necessary to provide the buffer for tenporarily storing the
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considering a case where the nunber of bits of the transmtted data becones
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transmtting side, the frane data is generated by considering the

previ ofdlerefreeintied bit pattern to be the error-detecting code. It is
possi bl e that at the regeivingg side, a position where_the nunber of bits of
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possible that, considering a case where the number of bits of the
transmitted data becomes zero, if the npmber of bits of the
transmitted data is zero at the transmitting side, the frame data
is generated by considering the previously-specified bit pattern
to be the error-detecting code. It is possible that at the receiving
side, a position where the number of bits of the transmitted data
becomes zero is also assumed as the final bit position of the frame
data, and if the error-detecting code in the case of the assumption
agrees with the above-mentioned previously-specified bit pattern,
a decision that the position where the number of bits of the
transmitted data becomes zero is the final bit position of the frame
data is made.

In actual data transmissions, there is a case where the number
of bits of the transmitted data to be sent becomes zero, for example,
as a silent interval (namely, an interval when a sender does not
speak) in the case of transmission of voice information, and it is
preferable that the receiving side conducts the rate detection

correctly for various cases including a case like this (that is,

a case where apparent transmission rate = 0) (this is because at



the receiving side a decoder of voice codec (CODEC) may recognize such an
interval as a silent interval and conduct processing different fr@ﬁM??ﬁﬁ of
non-silent intervals, such as generation of a background noi se)

previ ously-specified bit pattern, for exanple, bits equivalent to the
parity bits of the error-detecting codée ébécause of absence of the data,
bits corresponding to an initial state of the error-detecting coder; for
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previously- speci-fied bit pattern, the need for additionally providing a

ci rcui thieorergepedettiawt img podeirgusigr epaaiflied bitspaillerconsishteang of
elimnated. Al though the circuit can be used in comobn by equalizing the
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data, only these bits equivalent to the parity bits are error-
correcting coded and transmitted). At the receiving side, the raj:e
detection is conducted for candidate final bit positions including
the final bit position when the number of data bits is equal to zero
(the error detection at this occasion does not necessitate
calculating the error-detecting code for the received data --
re-encoding -~ , and all that is needed is only to compare the received
parity-bit equivalent bits with the previously-specified bit
pattern). Incidentally, if the bits equivalent to the parity bits
of the error-detecting code is used as the previously-specified bit
pattern, the need for additionally providing a circuit for
generating the previously-specified bit pattern can be eliminated.

Although the circuit can be used in common by equalizing the
length of the bit pattern with that of the parity bits of the
error-detecting code (or CRC) that is given when the number of the
other data bits is not zero, the length may be different as the need
arises.
For the bit pattern, it is necessary to specify previously at

least one kind of a pattern, but it may be possible that a plurality



of patterns are specified and one of these is used in conbination wth

ot her purpose (each of various control information is transnittqqspngw5
mapped with each bit pattern). According to the invention disclosed in

WOOQO 79720, however, it is required that an error-detecting code (CRC bits,
for exanple) be always provided even if there is no data to achieve
adequate performance during blind rate detection or rate information itself
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quality) , that is, a channel that requires no frame (bl ock) error rate
cal cul ati onAcoardend teqiiheednvweptdondd gl ared binsWaRHd 147 20 pehowever,
during .  which no data exists decreases transm ssion efficiency considerably
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i n accordance wmth the concept o nd rate detection in rate
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of the present invention, there is provided a data transm ssion nethod for
pl aci ngrarsmabbddrerchannednsinadsiion thappnopedicter fow badng wsédxas tthee
length to transmt the frame, conprising the steps of: at a MAY 2005, 8.
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data i rf)atrhteoffra;i”’gleuaofl(:\fl.oisfeé I1%0fpr %g%ncscr)rpllsaéfgntphoewer control that is combined
with an inner loop transmission power control, for maintaining and
controlling block or frame error rate quality), that is, a channel

that requires no frame (block) error rate calculation.
Overhead required to provide the CRCbits also in a period during
which no data exists decreases transmission efficiency considerably
in the case where information is transmitted intermittently like

a control signal transmission channel.
SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to achieve
a high-quality variable rate data transmission based on high-
precision rate detection while reducing overhead in accordance with
the concept of blind rate detection in which rate information is
not transmitted.

To achieve the object, in the first aspect of the present
invention,  there is provided a data transmission method for placing
variable-length transmission data in each frame having a fixed time

length to transmit the frame, comprising the steps of: at a



transm ssion data; generating franme data containing the transm ssion data:
and the calculated error-detecting code of the transm ssion datq iM YQ@S
frame contains the transm ssion data, and generating frame data t aﬁ
contains neither the transm ssion data nor the error -detect Ing code of
the transnission data if the frame does thot contain the transnission data;
and transmtting the generated frane data; and at a receiving side,
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of the franme data, and calculating an error-detecting code based on the
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transm ssion data if the determ ned error-detecting code matches the
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transm ssion nmethod for placing variable-length transm ssion data in each

frame hdwesgnatf icEttaine thengirahemisgiton tddbe; f aade, transmiitdiing t bhe
steps of: at a transmtting side, calculating an error-detecting code of
the trgeme¢ssted daame dahe: fandeabndyreceiviad sirde conegedy it the frame
transm ssj on dat a; generating frame data containinggthe transm ssi on data
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data, and calcu}ating an error-detecting code based on the
determined transmission data; deciding that the frame contains the
transmission data if the determined error-detecting code matches
the error-detecting code calculated based on the determined
transmission data, and deciding that the frame data does not contain
the transmission data or the received frame data contains an error
if the determined error-detecting code does not match the calculated
error-detecting code; and obtaining the transmission data in the
frame based on the result of the decision.

In the second aspect of the present invention, there is provided

a data transmission method for placing variable-length transmission
data in each frame having a fixed time length to transmit the frame,
comprising the steps of: at a transmitting side, calculating an
error-detecting code of the transmission data in the frame only if
the frame contains the transmission data; generating frame data
containing the transmission data and the calculated error-detecting

code of the transmission data if the frame contains the transmission

data, and generating frame data that contains neither the



transmtting the generated frame data; and at a receiving side, receiving
the frame data; assum ng the transm ssion data and the error-deqquwpgpgode
of the transm ssion data by assuming one or nore final bit positions of the
received frame data, and calculating an error-detecting code based on the
assuned transmi ssion data; deciding a position to be the final bit position
of the frame data if there is the position in the frame where the assuned
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data or the received frane data contains an error if there is no position
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error-detecting code; and obtaining the transm ssion data in the frane
based aeadievingultheoff raree ddeitsi;orasseméngatthehet ransmdission date, amkk the
step of generating the frane data n&g generate the frame data in which the
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error-correcting coding; and at the receiving side, conducting
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decoding of the frane data that has undergpne t he dei nterleavin Here, at
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the step Of+ JGAEM BlE Rhd Ferdhé@NBatal 2 SNt Eding that the frame does not
contain the transmission data or the rgceived frame data contains
an error if there is no position where the assumed error-detecting
code matches the calculated error-detecting code; and obtaining the
transmission data in the frame based on the result of the decision.

Here, at the transmitting side, the step of generating the frame
data may generate the frame data in which the error-detecting code
is placed after the corresponding transmission data and the bits
of the error-detecting code are arranged in the order that is the
reverse of the order of the Qits of the transmission data.

Here, the data transmission method may further comprise: at the
transmitting side, conducting error-correcting coding of the
generated frame data; and conducting interleaving of the frame data
that has undergone the error-correcting coding; and at the receiving
side, conducting deinterleaving of the received frame data; and
conducting error-correcting decoding of the frame data that has
undergone the deinterleaving.

Here, at the transmitting side, the data transmission method

may further comprise the step of calculating transmission rate



the frame data containing the calculated transm ssion rate information.
Here, if the frame contains the transm ssion data, the length ofﬂgm 2005
transm ssion data may be within the range from1l to X bits, the Ieng!h of
the error-detecting code associated with_the transm ssion data may be Y
bits, and the conbination of X and Y may®be one of (X Y)=(8,8), (244,12),
(4080, 16) , and (1048576,24). Here, the data transm ssion nethod may

mul ti plgxryphbellosr it ihgnefesauRbdair Bt SN S 4 PaRshissli Ghaiwes

group of one or nore channel§ and transm ssion data for channels in a
second irchaddie! fganen ahdrtherstes & £ permeratinig teac f fameedhauw genifd ed
time length to transmt the franme, and at the transmtting side, the step
of cal cilhat fngmehelatra ocodddatimg tbdecadycwkhdtedateansmission- detteet i ng
code of the transm ssion data for each channel in the first channel group
only i finkRrma%ikOTcont ai ns the transnmission data for the channel; the step
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partial frame data containing neither the transm ssion data for the channel

nor thetxeanomisddicactdd g aye@fY thiet $ | cansdi skeoconbtia dtoron hef chaamé| Y may
the franme does not contains the transnm ssion data for the channel; and the
step ofberanenitt i(3g, Yhe(Bréie da?dd g )tr drdhi@. 18 wheind f{ L84S SIH a24) -

cont ai ni ng the generated tpartial frame data for each channel. in the first
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transm ssion data for the channel

channel group of one or more channels into each frame having a f:,i.xed
time length to transmit the frame, and at the transmitting side,
the step of calculating the error-detecting code may calculate the
error-detecting code of the transmission data for each channel in
the first channel group only if the frame contains the transmission
data for the channel; the step of generating the frame data may
generate, for each channel in the first channel group, partial frame
data containing the transmission data for the channel and the

calculated error-detecting code of the transmission data for the
channel if the frame contains the transmission data for the channel,
and may generate, for each channel in the first channel group, partial
frame data containing neither the transmission data for the channel
nor the error-detecting code of the transmission data for the channel
if the frame does not contains the transmission data for the channel;
and the step of transmitting the frame data may transmit the whole
frame data containing the generated partial frame data for each

channel in the first channel group, and at the receiving side, the

step of receiving the frame data may receive the whole frame data;



by determ ning a predeterm ned position in the partial frane data for the
channel contained in the received whole frane data as the fi naI1Q|M%F2mB
position and cal cul ates an error-detecting code based on the decide
transm ssion data for the channel; the step of deciding nmay decide, for
each channel in the first channel group, 1that the partial frame data for
the channel contains the transm ssion data for the channel if the

det er H%ds‘%rerggrtﬁeéaeféuﬂgt oF te oo dlgeﬁért@c”c%q) %61? ﬁé%‘)@%@éﬁﬁfn‘g e

chann mat ch e error- etectlng co calculate et erm ned

t ransngeindndas 2onf ditd hoshaasnl chanthdByifleghder ifrsdr Raedinehagpeup And
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error if the determ ned error-detecting code of the determ ned transm ssion
dat a f by dededmhndngdgepuesie harvinese nosbiidat ést thg mﬂél@él tuhmeedata
based on the determ ned transm ssi on data for {he and the step of
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channel's and transm ssion data for channels in a second channél group of

one or mé Adedibdsel Fomleadctacdhdnnge havitdg & iryedchhniiel engdblipt otheanshd
the frame, and at the transmtting side, the step of calculating the
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transm ssion data for each channel in the first channel group gnly if the
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of the transm sSion data for the
for the channel, and may decide, for each channel in the first channel
group, that the frame does not contain the transmission data for
the channel or the partial frame data for the channel contains an
error if the determined error-detecting code of the determined
transmission data for the channel does not match the error-detecting
code calculated based on the determined transmission data for the
channel; and the step of obtaining the transmission data may obtain
the transmission data for each channel in the first channel group
in the frame based on the result of the decision.

Here, the data transmission method may multiplex variable-
length transmission data for channels in a first channel group of
one or more channels and transmission data for channels in a second
channel group of one or more channels into each frame having a fixed
time length to transmit the frame, and at the transmitting side,
the step of calculating the error-detecting code may calculate the
error-detécting code of the transmission data for each channel in

the first channel group only if the frame contains the transmission

data for the channel; the step of generating the frame data may



channel if the frame contains the transm ssion data for the channel, and
may generate, f or each channel in the f irst channel group, parqi@Mﬁyﬁmﬁne
data containing neither the transm ssion data for the channel nor the
error-detecting code of the transm ssion _data f or the channel if the frane
does not contains the transnission data f6r the channel; and the step of
transmtting the frane data may transmt the whole frame data contai ning
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t he chamehefvagmd doeastnedntaimnd thiel t pasishiisisi oh ddiea Bt ithle Ehaamre]l ;
data f or the channel, and may decide, f or each channel in the f irst
channelang dilpe shep ofh&ransml tibérgnthecEmesien data manshi8ssma tdihe wdole
the channel qr the partial frame data foQﬁ%fe channel contains. an error if
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the channel; and the step of obtaining the transm ssion data may
the step of calculating the error-detecting code may assume the
transmission data for each channel in the first channel group and
the error-detecting code of the transmission data for the channel
by assuming one or more final bit positions of the partial frame
data for the channel contained in the received whole frame data and
calculates an error-detecting code based on the assumed transmission
data for the channel; the step of deciding may decide, for each
channel in the first channel group, a position to be the final bit
position of the partial frame data for the channel if there is the
position where the assumed error-detecting code of the transmission
data for the channel matches the error-detecting code calculated
based on the assumed transmission data for the channel among the
assumed final bit positions of the partial frame data for the channel,
and may decide, for each channel in the first channel group, that
the frame does not contain the transmission data for the channel
or the partial frame data for the channel contains an error if there

is no position where the assumed error-detecting code of the

transmission data for the channel matches the error-detecting code



obtain the transm ssion data for each channel in the first channel group in
the frame based on the result of the decision. Here, dual closed1lmﬂgyzm§
transm ssi on power control conprising inner |oop transm ssion power control
and outer |oop transm ssion power control may be perforned for the data
transmi ssion between the transmittingsilde-and the receiving side and one
or nore channels in the second channel group nay be used as the reference

for th aloéﬁfétlaaoaatsfeaﬁaeﬂ f@#@naggm{qfeg&?%m%rsq%% dg{ggfsgagp%'e gﬁiaﬁlﬁé’f
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means for transmtting the generated frane data; and in a receiver, neans f
or recdihe ngdarenitadegdaide ardnshé mecdetveéng sideg ahlleonhe s maas chafaial s
and the error-detecting code of the transm ssion data by determ ning a
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frame %ﬁyéinéh%m%el group as the reference.
Here,therelativeratiobetweene;ror—correctingcodingratios
of the multiplexed channels and the relative ratio between
transmission powers for the multiplexed channels may be fixed.
In the third aspect of the present invention, there is provided
a data transmission system for placing variable-length transmission
data in each frame having a fixed time length to transmit the frame,
comprising: in a transmitter, means for calculating an error-
detecting code of the transmission data in the frame only if the
frame contains the transmission data; means for generating frame
data containing the transmission data and the calculated error-
detecting code of the transmission data if the frame contains the
transmission data, and generating frame data that contains neither
the transmission data nor the error-detecting code of the
transmission data if the frame does not contain the transmission
data; and means for transmitting the generated frame data; and in
a receiver, means for receiving the frame data; means for determining
the transmission data and the error-detecting code of the

transmission data by determining a predetermined position in the



transm ssion data if the determined error-detecting code matches the
error-detecting code cal cul ated based on the determ ned transniqup%Y9ﬂ$a,
and deciding that the frane data does not contain the transm ssion data or
the received data contains an error if the determ ned error-detecting code
does not match the calculated error-detétting code; and means for obtaining
the transm ssion data in the frame based on the result of the decision. In

the foyld, ASREC éeggnttﬂe“"ig%}}éf“bité;hﬁ)roesiéiBEOEP%%%§g%E data,
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data in each frame having a fixed time length to transmit the frame,

comprising: in a transmitter, means for calculating an error-
detecting code of the transmission data in the frame only if the
frame contains the transmission data; means for generating frame
data containing the transmission data and the calculated error-
detecting code of the transmission data if the frame contains the
transmission data, and generating frame data that contains neither
the transmission data nor the error-detecting code of the
transmission data if the frame does not contain the transmission
data; and means for transmitting the generated frame data; and in
a receiver, means for receiving the frame data; means for assuming
the transmission data and the error-detecting code of the
transmission data by assuming one or more final bit positions of
the received frame data, and calculating an error-detecting code
based on the assumed transmission data; means for deciding a position
to be the final bit position of the frame data if there is the position
in the frame where the assumed error-detecting code matches the

error-detecting code calculated based on the assumed transmission



where the assuned error-detecting code matches the cal cul ated
error-detecting code; and neans f or obtaining the transm ssion dgt@ay 05t he
frame based on the result of the decision. In the fifth aspect of the
present invention, there is provided a transmtter for placing

variabl e-1ength transmission data in each® frane having a fixed tine length
to transmt the frame, conprising: neans for calculating an error-detecting
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transm ssion data 1f the frane contains the transm ssion data, and
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error- detecting code of the transm ssion data if the frame does not contain
the tralwmmiestbe dasumaddemrais-detectimgnicadagmaiehpmetheedaliowhetedt a.
In the sixth aspect of the_present invention, there is provided a receiver
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and the calculated error-detecting code of the transmission data
if the frame contains the transmission data, and generating frame
data that contains neither the transmission data nor the error-
detecting code of the transmission data if the frame does not contain
the transmission data; and means for transmitting the generated
frame data.

In the sixth aspect of the present invention, there is provided

a receiver for receiving, for each frame having a fixed length, frame
data containing transmission data and an error-detecting code
calculated for the transmission data if the frame contains the
transmission data, and receiving, for each frame having the fixed
length, frame data containing neither the transmission data nor the
error-detecting code of the transmission data if the frame does not
contain the transmission data, the receiver comprising: means for
receiving the frame data; means for determining the transmission
data and the error-detecting code of the transmission data by
determining a predetermined position in the received frame data as

the final bit position of the frame data, and calculating an



cal cul ated based on the decided transm ssion data, and deciding that the
frame data does not contain the transm ssion data or the received g f5@a78e5
data contains an error if the determ ned error-detecting code does not
match the calcul ated error-detecting code; and neans for obtaining the
transmission data in the frame based on #Reresult of the decision. In the
sevent h aspect of the present invention, there is provided a receiver for
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detecting che calculated for the transmission data if the frame
contains the transmission data, and receiving, for each frame having
the fixed length, frame data containing neither the transmission
data nor the error-detecting code of the transmission data if the
frame does not contain the transmission data, the receiver
comprising: means for receiving the frame data; means for assuming
the transmission data and the error-detecting code of the
transmission data by assuming one or more final bit positions of
the received frame data, and calculating an error-detecting code
based on the assumed transmission data; means for deciding a position
to be the final bit position of the frame data if there is the position
in the frame where the assumed error-detecting code matches the
error-detecting code calculated based on the assumed transmission
data among the assumed final bit positions of the frame data, and
deciding that the frame does not contain the transmission data or
the received frame data contains an error if there is no position
where the assumed error-detecting code matches the calculated

error-detecting code; and means for obtaining the transmission data



precision rate detection while reducing overhead in accordance with the
concept of blind rate detection in which rate information is nof 6 MAY 2005
transmtted. The above and ot her objects, effects, features and advant ages
of the present invention will becone nore_apparent fromthe foll ow ng
description of enbodi ments thereof takén17n’conjunction with the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS FI GS. 1A and 1B are
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schene; FIGS. n B are di agranms show ng exanpl e of the
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transm ssion bit arrangenent according to the present invention; FIG 3A

and 3Bvard dl be krditegrdatsa shopansmnisxaihphesanf beoathgevad dng@sefl an high-
transmtter and a receiver in a first enbodi nrent according to the present
i nvent P&ECIT ton vate e hagtiorarlidiegesic the i vRr BRasplBsagFordance with
configurations of th ransg ssion data jn the first enbodi nent_ accor.di ng.
Lo 't he thite SHCPRY e AL SH LT G258 St erbdphnin WLt Pht FAG S HHEREBetign is
exanplgd@:égagg@&%kkﬁfver in the first enbodi ment according to the present
I nvention; i's a diagram showi ng an exanple of a frane configuration
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invention; 1 6 MAY 2005 - 18 7 1's a diagram show ng an exanple o

decodedfdehe pegsenteingentthion wliH 10bethamampireuappiaiein th dadnt e hedf 6 g liow it
first enbodi ment according to the present invention; FIG 8 is a flowhart
of a pAessssimtiexawd] empodimendecitheneoin tigkerf | I8t copljadigiehonawddiditie

to the present inventjon;.
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams showing example of transmission
bit arrangements of the conventional scheme;

FIGS. 2A and 2B are diagrams showing example of the transmission
bit arrangement of the conventional scheme and of the transmission
bit arrangement according to the present invention;

FIG. 3A and 3B are block diagrams showing examples of
configurations of a transmitter and a receiver in a first embodiment
according to the present invention;

FIGS. 4A, 4B and 4C are diagrams showing examples of frame
configurations of the transmission data in the first embodiment
according to the present invention;

FIG. 5 is a diagram illustrating a processing example of an
interleaver in the first embodiment according to the present
invention;

FIG. 6 is a diagram showing an example of a frame configuration
of the transmission data in the first embodiment according to the

present invention;



FIG 9 is a diagramshow ng rel ationship between FIGS. 9A and 9B; FIGS. 9A
and 9B are flowharts of another processing exanple of rate deciig @Ay 0005t he
first enbodi ment according to the present invention; FIGS. 10A and 10B are
bl ock di agrams showi ng exanples of the configurations of the transmtter
and the receiver in a second enbodi nent t8ctording to the present invention;
FIGS. 11A, 11B and 11C are di agrans show ng exanples of the frane
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FIGS. 13A, 13B and 13C are di agrans show ng exanples of the frane

confi geatondingl ttdethe apsrisesitoninfmeation;ne case of the postposition and
same order"; FIGS. 14A, 14B and 14C are di agrans show ng exanples of the
frame confiFg atd drs & hlwehaninPEsaopraaessimg exampeeopft hate decision
preposition"; FEIGS. 15A and 15B are di agrans show ng exanp| es where franme
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is a diggramshowing a frane in which two sets of 16 MAY 2005 - 19
transmi’'ssion rate i nformati on shown in FIG 16 are conbined into one
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Hereafter, preferred enbodinents to inplement the present invention wll be

descri efd Tatdedecissiam Irefehentérst embalitmengsaccording to the present
invention;

FIGS. 10A and 10B are block diagrams showing examples of the
configurations of the transmitter and the receiver in a second
embodiment according to the present invention;

FIGS. 11A, 11Band 11C are diagrams showing examples of the frame
configurations of the transmission data in the second embodiment
according to the present invention;

FIG. 12 is a flowchart of a processing example of rate decision
in the second embodiment according to the present invention;

FIGS. 13A, 13B and 13C are diagrams showing examples of the frame
configurations of the transmission data in the case of the
"postposition and same order”;

FIGS. 14A, 14B and 14C are diagrams showing examples of the frame
configuration of the transmission data in the case of the
"preposition”;

FIGS. 15A and 15B are diagrams showing examples where frame
memory and error-detecting code memory are added to the
configuration of the "preposition” case.

FIG. 16 is a diagram showing an example in which transmission
data for two channels is contained in one frame; and

FIG. 17 is a diagram showing a frame in which two sets of



(First Enbodinent) FIGS. 3A and 3B show exanpl es of block constructs of a
transmtter and a receiver in a first enbodi nent of the present {ignMgNRi0oN.
In FIGS. 3A and 3B, a transm ssion data sequence applied to a termnal 1 is
sent both to an error-detecting coder 4 and a nultiplexer 6. The
error-detecting coder 4 calculates an “effor-detecting code (CRC parity bits
(CRC bits) in this enbodinent) for one frane of transm ssion data only if

t he frqq& ' t r ggmg a n st hi nmbedi ngnt , . d .

| ength © I%%ggggg%q;%éF%s§§§ |er |éﬁg%ﬁ9wbn#ﬂ%§?§hbgginemgc%ﬂ§1§§%<ﬁnto
t he | ergid ofahbailgsinsm ssken i s Bmatdohhe | ength of the error-detection
code (CRC bits) In one franme is 4096 bits nmaxi mum The |ength of the

error-detecting code is 16 bits. Thus, the length of the transm ssion data
is O (when there is no data) or a value in the range froml to 4080 bits.
Accor di ng to thi sDEFRIdiERNPESCRL B ¥QY - @Bt BREFFRRIBAcEMBOIDIMENEt  when
there is no transm ssion data to reduce overhead and the length of the
error-detecting code is increased correspondi ngly, thereby enabling

hi gher-precision rate detection (that is, high-qual. variahl.e rate

[t ann bst ot e T hEr EyaPIes ayee Sopodindheh, $ET et el Jits [t 8sent
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maxi rmr%] e%%ﬁ@’%?‘” :?Eg t’%(fg%%lg{?%ﬁﬁ atEi SQ%S/IP %@%@%5&5 _egc(c)H tgle S,Egﬂ'ﬁd’%’r
104857q it st apmbld®Einemngyh of the corresponding error-detecting code may
be 8, 12, or 24 bits, respectively. Then, the nultiplexer 6 arranges the
error-det ectiIf3S codd @GAC 3B tshowakedmikeis bgft bd cark ocodettantdtrg ebdar 4
after the transmssion data if the frame contains the transni ssion data.
Here, tHRNENLister aNd o rBECEVET i Y Bodd Thte APPaRdE®h ¢hetbgpisiagent
(reven§avé%gggnto the transm ssion data. In this enbodi nent, the

In FIGS. 3A and 3B, a transmission data sequence applied to a
terminal 1 is sent both to an error-detecting coder 4 and a
multiplexer 6. The error-detecting coder 4 calculates an
error-detecting code (CRC parity bits (CRC bits) in this embodiment)
for one frame of transmission data only if the frame contains the
transmission data. In this embodiment, the word length of the CRC
bits is a fixed length.

In this embodiment, the sum of the length of the transmission
data and the length of the error-detection code (CRC bits) in one
frame is 4096 bits maximum. The length of the error-detecting code
is 16 bits. Thus, the length of the transmission data is 0 (when
there is no data) or a value in the range from 1 to 4080 bits.
According to this embodiment, the error-detecting code is not sent
when there is no transmission data to reduce overhead and the length
of the error-detecting code is increased correspondingly, thereby
enabling higher-precision rate detection (that is, high-quality
variable rate transmission). Other values may be set as the maximum
length of the transmission data and length of the error-detecting

code. For example, the maximum length of the transmission data may



error-detecting coder 4 outputs the error-detecting code bites in the
opposite order to normal output. In this enbodi nent, to conduct f{ReMar 0y -
correcting coding with a convolutional code, the nmultiplexer 6 further adds
tail bit(s) that will be necessary for the error-correcting decoding to the
transmi ssion data and the error-detecting®ode and outputs them
sequentially frame by frame. The tail bit may be added by an

crror- o3 it aAd T 1 8ap50% BLELPRRECI CRULR R ERRCEREL IR AR fne

error- ecti ng nor tai ranme~contal ns no trans

data. dPHferibetdl 4eosROWsa ¢ xBEPRES 10f, the dat »isefiuepsgpeiiuid g, f rom
the multiplexer 6. Fl 4A shows the case where the transm ssion rate of
the transm e, dadi@ sl tpp) exelt Gabedtaasyes ddia'erroFt @8t edA iangl Hije | (CRC
t he maxi num and FIGS. 4B and 4C show the case where the transm ssion rate

i s bel it galionimtedebyWidre eransmidsdiamtingcoodian el aften rdrsni ssion
rate below the maxi num rate, a blank tinme period (tinme period w thout data)
i s prodycasmigsiinn fedfelf A foone cedB ko e aranibhtsianmata. Here,
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ther ef Q14 BPca! BHRANGNF UL AULA Efl1 LU bl (31 11 48 o Coifbblii 25 the

shown Inatine peri as snown 1 n G I n anot her peri oaq,

and as egheyh- e tldctid§ ¢odapet apttifit Perh@derior -@eti@t ingbcté BAG%es -in
21 The data sequence outputted fromthe nultiplexer 6 undergoes
convol ithenapposdite ondéelre ter movrmwalr eatimgt coder 8 and sent to an

interleaver 10 for inter|eaving. The convolutional coding is not conducted
if the framditéiis ephasiinensn teivndach. the ereosheREras Wignsiad b1 g tiicth
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inpUtt%%a{h@ElESbe necessary for the error-correcting decoding to the
transmiss%on data and the error-detecting code and outputs them
sequentially frame by frame. The tail bit may be added by an
error-correcting coder 8.
The multiplexer 6 outputs no transmission data, error-detecting
code, nor tail bit if the frame contains no transmission data.
FIG. 4A, 4B and 4C shows examples of the data sequence outputted
from the multiplexer 6. FIG. 4A shows the case where the
transmission rate of the transmission data (simply indicated as
"data” in FIGS. 4A and 4B) is the maximum and FIGS. 4B and 4C show
the case where the transmission rate is below the maximum rate. When
transmission is conducted at a transmission rate below the maximum
rate, a blank time period (time period without data) is produced
in the frame. FIGS. 4A and 4B show frames containing transmission
data and FIG. 4C shows a frame without transmission data. The length
of the transmission data placed in each frame varies with time and
therefore the data sequence outputted from the multiplexer 6 will
be as shown in FIG. 4A in a time period, as shown in FIG. 4B in another

period, and as shown in FIG. 4C in yet another period, for example.



the transm ssion data inputted in a line direction is outputted in a colum
direction. Incidentally, as for another exanple of the interleawi&gmyﬁmﬁ

i nterl eaving processi ng described in Japanese Patent Application

11- 129056 applied by the present applicant can be enunerated. The data
sequence outputted fromthe interleaver 240" is witten into s frame menory
12. FIG 6 shows an exanple of the frame configuration of the data sequence
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t hrough an antenna 16. Here, for nodul ation schenmes, for exanple, a spread
spect r motnchhducted sichebbe £1@P8K conthanisomacheapsmdtssienedased. | n
addition, it is specified that no nodul ation is_conducted at a data
position cEAGesFoSdMans @n \xamriat af i thenknteslearciny dbigth® ipkerleaver
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menmory for each colum (each slot) and reading the data for each line.
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can be enumerated. The data sequence outputted from the interleaver
10 is written into s frame memory 12.

FIG. 6 shows an example of the frame configuration of the data
sequence obtained from the frame memory 12. The data interval
corresponding to the column of the interleaver 10 is cailed a slot,
and here it is assumed that oné slot is composed of N bits and one
frame is composed of M slots. The number of bits of one frame becomes
N x M bits.

The output data sequence of the frame memory 12 is modulated
by a radio circuit 14 and transmitted through an antenna 16. Here,
for modulation schemes, for example, a spread spectrum modulation
scheme, a QPSK modulation scheme, etc. are used. In addition, it
is specified that no modulation is conducted at a data position
corresponding to blank data in the slot. According to the foregoing,
the data consisting of variable number of bits is made to be
transmitted in a constant frame time.

Next, in the receiver, the received signals fed from an antenna
20 is demodulated by a radio circuit 22 and then inputted into a

deinterleaver 24 sequentially. The deinterleaver 24 has a memory



dei nterl eaving nentioned just above are intended to enhance an error
correction effect even further by preventing burst errors as detpghﬁg wg
consecutive data bits. The deinterl eaved data sequence is sent to a 2 r
-correcting decoder 26 and undergoes the error-correcting decoding by the
maxi mum | i kel i hood decodi ng met hod, and #he decoded data sequence is
separated into the error-detecting code and the data sequence by a
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conpar e® lwimrh (tdaclergbot icardtregdindetie daparfoedeachobenbi.t Bhroah Isiuch
by the conparator 34, and if all the code bhits are f ound to agree with,
each oPR&Tatiepsnaisddhesei gl ILl$iRadt d8ta Tadu8HCs i eRRcdHame et For
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codes. gecoder 26 and undergoes the error-correcting decoding by the
maximum likelihood decoding method, and the decoded data sequence
is separated into the error-detecting code and the data sequence
by a demultiplexer 28, and the error-detecting code is inputted into
a comparator 34.
On the other hand, the data sequence is outputted froma terminal
2 as received data and at the same time inputted into an error-
detecting coder 30. At the error-detecting coder 30, the inputted
data sequence undergoes the same error-detecting coding as that of
the transmitter again. The error-detecting code obtained by
re-coding is compared with the error-detecting code so separated,
code-bit by code-bit, by the comparator 34, and if all the code bits
are found to agree with each other, a coincidence signal is outputted.
In addition, since the error-correcting code bits in the received
frame are in a reverse order to the normal case, the error-detecting
coder 30 in this embodiment outputs the error-correcting code bits
in a reverse order to the normal case.
Here, the error-correcting decoding and the calculation of the

error-detecting code are conducted, frame by frame, by successively



FIG 7 shows an exanple of the decoded data sequence at the tine of the
maxi mum | i kel i hood decoding, and FIG 8 shows an exanpl e of the1§§@ 5@'ng
of rate decision (algorithm . Here, for the maxi num Iikelihood decodi g
Viterbi decoding is assumed. First, after Viterbi decoding starts, regarding
a plurality of decoded data sequences “eddh” of which still remains in each
state (in the exanple of FIG 7, K pieces of the decoded data sequences
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(in the exanple of FIG 7, the data sequence that reaches the state 0)
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First, after Viterbi decoding starts, regarding a plurality of
decoded data sequences each of which still remains in each state
(in the example of FIG. 7, K pieces of the decoded data sequences
that reach the states 1 to K) at the assumed final bit position (in
the example of FIGS. 7 and 8, the position #L), the likelihoods with
respect to the transmission data sequence of those are obtained,
respectively, and a difference between the maximum value of these
likelihood and a likelihood with respect to the transmission data
sequence of the decoded data sequence (in the example of FIG. 7,
the data sequence that reaches the state 0) obtained by terminating
the decoding process is obtained (steps S1 to S4).

If this 1likelihood difference is within a certain range (in the
example of FIG. 8, within A), the selected decoded data sequence
is outputted by traceback and the error-detecting coding (CRC
coding) is conducted (steps S5 and S6).

Since in this embodiment the word length of the CRC code is a
fixed length and a frame configuration that the transmission data
is arranged just ahead of the CRC code is adopted, (assumed)

transmission data (part) and the (assumed) error-detecting code



data is acquired (restored) by deciding that the assunmed f inal bit
position is the final bit position of the transm ssion frane dat§+5yﬁg3&g
the bit arrangenents of the transmi ssion data in the frane and o
error-detecting code are in a reverse order to each.other, the probability
that a conparison result of CRCs indicatéé toincidence erroneously is
extrenely small. If the likelihood difference exceeds A or the conparison
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the probability that a comparison result of CRCs indicates
coincidepce erroneously is extremely small.

If the likelihood difference exceeds A or the comparison result
of CRCs indicates no coincidence, a next position is assumed and
Viterbi decoding is continued. 1In addition, if there are detected
a plurality of positions where the likelihood difference is within
A and the comparison result of the error-detecting codes indicates
coincidence when Viterbi decoding and the calculation of the
error-detecting code are conducted for the assumed final bit
positions, a decision that a position where the likelihood
difference becomes the minimum is the final bit position of the
transmission frame data may be made. This will be described later.

In the example of FIG. 7, if no error occurs on the way of
transmission, it is reasonable to think as follows: a sequence that
reaches the state 0 at the second position (L=2) has the maximum
likelihood (1likelihood difference = 0) and the comparison result
of the error-detecting codes for this decoded sequence indicates
coincidence.

On the other hand, if an error or errors occurs on the may of



average rate-decision error rate can be |owered further; an average frane
error rate (the probability that the conparison result of CRCs Hq?k@gﬁﬁﬁ no
coi ncidence + the rate-decision error rate) beconmes |arger. There ,ror
exanple, for data that requires an extrenely low rate-deci-sion error rate,
such as control data, it is better to mak@ ~A snaller at the cost of the
frame error rate to sone degree. Alternatively, considering tendency of the
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Therefore, for example, for data that requires an extremely low
rate-decision error rate, such as control data, it is better to make
A smaller at the cost of the frame error rate to some degree.

Alternatively, considering tendency of the errors that occur
during the transmission with respect to A, the difference between
the maximum and the minimum of the 1likelihoods obtained at respective
assumed final bit positions is regarded as a factor and a constant
value multiplied by this factor may be set as A.

If the re-coded CRC does not match the received CRC at all the
assumed final bit positions, it is decided that there is no
transmission data or the received frame data contains an error.

When data transmission is conducted using the transmitter and
the receiver of such configurations as in the foregoing, even if
the receiving side varies the number of bits in the frame (namely,
apparent transmission rate) without sending any information
indicating the number of transmission bits in the frame from the
receiving side, the receiving side can receive the data.

In addition, this scheme makes it possible both, at the

receiving side, to lower the probability of detecting the rate



decision result of the rate, and thus a highly - reliabi le variable rate
data transm ssion can be conducted. Because the error-detecting qq?ﬁA*ZW@Ot
transmtted for a frane w thout transm ssion data, overhead can be reducCed.
As descri bed above, if there are detected a plurality of positions where
the likelihood difference is within A ant®the conparison result of the
error-detecting codes indicates coincidence when Viterbi decoding and the
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(L=l) throu%ﬁﬁ%h%@@gﬁﬁd hﬁwﬁd®E§Fpﬂb¢R%ur§t@pd§§9319hemﬁ§h hbatt nees
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case where the 16 MAY 2005 1 kel 1 hood difference is with A and not

a si ngldeqiasi dhopewshdre off tthe arpbei, sandr ehuld a)fhic_ffielgr-li:@l:lchibﬂ:élﬂgr(i@dﬂfe
I ndicates coincidence is detected. Since in that case, even at the stage of
step S3¥te ’'dshai ddagesnissiopaocadl deet bandney bt at step S21), it is
decided that there is no transm ssion data or the received , frange data

cont ai ns anB&GHise Ithegfingondetecitin g gofe 4 Rotstrapsmit tedfpx 2 fyame
Sltuatlg% gﬁ% % aﬂ%ﬁﬂégagnpa%F“(y]¥@§ﬁ8a%h%an be reduced.

As described above, if there are detected a plurality of
positions where the likelihood difference is within Aland the
comparison result of the error-detecting codes indicates
coincidence when Viterbi decoding and the calculation of the
error-detecting code are conducted for the assumed final bit
positions, a decision that a position where the likelihood
difference becomes the minimum is the final bit position of the
transmission frame data may be made.

FIGS. 9A and 9B show another example of the processing of rate
decision (algorithm). In the example of FIGS. 9A and 9B, --
representing the assumed bit position as L -- an assumed first
position (L=1) through an assumed final position (at step S31,
whether or not the assumed final position has been checked is judged)
are thoroughly checked and then a decision that a position where
the likelihood difference is the minimum is the final bit position
is made. In this occasion, a variable S_,, for storing the minimum
likelihood difference and a variable L' for storing its position

are used.

However, it is conceivable that there is a case where the



|'i keli hood difference is within Ais detected can be avoided. In this
enbodi nent, the error-correcting coding is conducted with a conlﬁggﬁy%mgl
code, but the error- correcting coding may be done by neans of o

met hod, for exanple, one with a turbo code. Furthernore, as the

above- menti oned W97/50219, the frame data may be divided into a plurality
of bl ocks and each bIock may under go the error-correcting coding with a

bl ock cade. reaver., enbodl : d d
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bit positions be successively assuned in each frame. Instead, the

transntSS|oﬁnknhu$Iemgbﬁlmentumtheeeeromﬁcaxreetnnggo@ﬁﬁnguxﬁ clen duaitrest
based on the final bit position_determned with respect to the |l ength, X
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transmﬁﬁ%ﬁ“bﬁﬁﬁ?e,'%é’%he above-mentioned WO97/50219, the frame data may
be divided into a plurality of blocks and each block may undergo
the error-correcting coding with a block code.

Moreover, in this embodiment, the frame data undergoes the
error-correcting coding and the interleaving as well as the
deinterleaving and the error-correcting decoding. However,
without these operétions, it is possible that the probability of
detecting the rate mistakenly in the variable rate data transmission
is suppressed to low and that the need for providing buffer for
temporarily storing the transmission data is eliminated. In that
case, all that is needed is that among the assumed final bit positions
of the assumed frame data, a position where the assumed error-
detecting code agrees with an error-detecting code calculated on
the basis of the assumed transmission data is simply decided to be
the final bit position of the frame data, without using the likelihood
information.

If it is known that the length of transmission data is one of
two values, X (X=0) and 0, then the process on the receiving side

can be further simplified. That is, it is not required that every



decided that there is transm ssion data. Otherwise, it is decided that
there is not transm ssion data or the received frane data contaHn@P@? 005
error. (Second Enbodi nent) FIGS. 10A and 10B show exanpl es of the &
constructs of a transmtter and a receiyer in a second enbodi nent according
to the present invention. In the coangﬁPafion of FIGS. 10A and 10B,

transm ssion of information indicating the rate of the transm ssion data is

added 10,4 1§ CORJ G BELENDHETs fd (& s 30eaRdadBunil ihNEaEBCLE¥IBY STHS tUSRS,
this rate information additionally to maké the rate decision. In FIGS. 10A

and 10Bheldrdhmempastivrcdata (lerddiise Xf dri@ ttonferpr atobetectoind|ddie Hre
and 3B are denoted by the sane nunerals. Description of operations will be
gi ven @ iewrminedubiaspdopdhe filinal kitnpofitdon GedserninEdGEi tIArampe3R:
First, information (transm ssion rate information) indicating the

t ransnitsxsitdre rkergdh.t Ke ofakbe Ssanewbsaigpplrdd 604 dhe mrror-detestiing
rate information nmenpry 40. Here, the contents.of the rate |nforymati

orory GRAGr aF A (AR LR ABIRS dHARSPAS SOt I 68 0F GALCUhAEG, (o the
nunber ' | pl r..§..0ou S | owing., ] i _
nuher i bbhingh WL PLALYeEt n UL BUES 0L R4 KOS HEHO cror -
transmg s Opt dal2 d&de f paBkd It rehe ABERTIRIALR FRERSMAYsibAe datasM 558N
data sent from MAY 2005 - 29 termnal 1, an error-detecting code cal cul ated
for theldeihdsd shbanthédaia i taramemilebdon dgteoderotherand skeheittails detcsided
The nultiplexer 6' outputs neither the transm ssion data, error-detecting
code, ridrattthers tis fnatf tasmwhsaing datta @xnthe geckived dgameal, data
outputs only the transmssion rate information. Also in this enbodi nent,
the er CSIMHRLBSt iofy ®BEETiFrs arranged after the transnission data and the
bits C”(ééﬁbSET%%ﬁﬂﬁifﬁéh%g code are arranged in the opposite

FIGS. 10A and 10B show examples of the block constructs of a
transmiﬁter and a receiver in a second embodiment according to the
present invention.

In the configuration of FIGS. 10A and 10B, transmission of
information indicating the rate of the transmission data is added
to the configuration of FIGS. 3A and 3B, and the receiving side uses
this rate information additionally to make the rate decision. In
FIGS. 10A and 10B, all the parts common to those of the configurations
of FIGS. 3A and 3B are denoted by the same numerals. Description
of operations will be given below, focusing on parts different from
those of FIGS. 3A and 3B.

First, information (transmission rate information) indicating
the transmission rate of the transmission data applied to terminal
5 is sent to rate information memory 40. Here, the contents of the
rate information memory 40 are rate information about the
transmission data, namely, the number of bits. A multiplexer 6’
outputs the following information successively frame by frame:
information indicating the rate of the transmission data red from

the rate information memory 40; the transmission data sent from



order to the transm ssion data. In this enbodinent, the transm ssion rate

i nformation is provided at the head of the frame. Also in this ﬁ@hqﬁﬁt,
the sumof the length of the transm ssion data and the | ength of
error-detection code (CRC bits) in one frane is 4096 bits maxi num The

|l ength of the error-detecting code i s 168°bits. Qther val ues may be set as
the maximumlength of the transm ssion data and | ength of the

error-qel&eih A9 £0den eEH.Q%:-é%ecltli%@gbé%fég%l@avls@@p%% ehet PRafldid ssion

sequence output ~fromthe nultiplexer 1A shows the case where the
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case where the transmssion rate is below the maximumrate and there is

t r ansmiés's port piet &, nehth€ir@ hé 10r shewd sihieor dsd aheyerohedetecst img code, nor
transm ssion data. In this enbodiment, the error -correcting coder 8
conductt®ithbiteif @ fragie contpireMnransmisHloeldalore imptead, it outputs

transm ssion rate information S ex | es of concrete errQqr-correcti.n
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data, the error-detecting code, and the tail bits. Furthernore, the

i nt er| exndsr 10ocahduct sBahbmiisiiesn edatag ofint kdsies lebdAYmiZGOH, th80 data
t hat have undergone the error-correcting coding, either independently for
each ddizansmiskliegt nadle infrommddtioonisi provd dest rady thephead iafy tdeddragne .
all of the transm ssion rate infornmation, the transm ssion data, the
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bits) in one frame is 4096 bits maximum. The length of the
error-detecting code is 16 bits. Other values may be set as the
maximum length of the transmission data and length of the
error-detecting code.

FIGS. 11A, 11B and 11C show examples of the data sequence output
from the multiplexer 6°'. FIG. 11A shows the case where the
transmission rate of the transmission data is the maximum, 11B shows
the case where the transmission rate is below the maximum rate and
there is transmission data, and FIG. 11C shows the case where there
is no transmission data.

In this embodiment, the error-correcting coder 8 conducts the
error-correcting coding with a block code for the transmission rate
information (as examples of concrete error-correcting codes, one
may enumerate a double orthogonal code, Reed-Muller code, BCH code,
etc. or alternatively error-correcting coding other than the
error-correcting coding with a block code may be used), and does
the error-correcting coding with a convolutional code for the

transmission data, the error-detecting code, and the tail bits.

Furthermore, the interleaver 10 conducts the interleaving of these



I nformati on undergoes the error -correcting coding with a block code or the

| i ke i ndependently fromthe transm ssion data or the like, the qr@ﬂ§$h®§ion
rate information part undergoes the error- correcting decodi ng properly

an error -correcting decoder 26" and subsequently the decoding result is
retained in a rate informati on nenmory-439 On the contrary, if the

transm ssion rate information, the transm ssion data, etc. undergo
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decodi ng "resu rate~infornmafi on"bits part arranged at "t he
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decodi ng that has been started fromthe head of the frane, and this
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the rate decision processing (algorithm in the receiver of this

enbodi rdre .t Tameswissd-orc dlataet ite decoder degec ikggneede , pesid itdve ibedi k dticts
by the contents of the rate _ information nenory 42 as the final bit
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recei ved the decoding process Is conplet (step clsion
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the final 16 MAY 2005 - 31 bit position of the transm ssion frame data is
made amd tttee likesimaepEndenhlysfaroquitisd {rassnied)ionidatat be hihte like,
arrangenents of the transm ssion data in the frane and of the
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of CRQ%JEE%&GEﬁ%ly the decoding result is retained in a rate information
memory 42. On the contrary, if the transmission rate information,
the transmission data, etc. undergo convolutional-coding
collectively, in the error-correcting decoder 26' the decoding
result of the rate information bits part arranged at the head of
the frame is temporarily obtained by interrupting sequential Viterbi
decoding that has been started from the head of the frame, and this
decoding result is retained in the rate information memory 42.
FIG. 12 shows the rate decision processing (algorithm) in the
receiver of this embodiment. The error-correcting decoder 26°
assumes a position indicated by the contents of the rate information
memory 42 as the final bit position, continues to conduct Viterbi
decoding of the frame data up to that position, outputs the decoded
data sequence obtained by terminating the decoding process through
traceback, and conducts the error-detecting coding (CRC coding)
(steps S11 to S15).
If the re-coded CRC agrees with the received CRC the decoding
process is completed (step S16), a decision that the position

indicated by the contents of the rate information memory is the final



no coinci dence, the final position of the transmttable frame data other
than the final bit position indicated by the contents of the rquSMAY 005
i nformati on nmenory is assuned successively, the error- correcting decoélng
and the calculation of the error-detecting code are conducted, and the rate
decision is nmade using the |ikelihood 'iﬁgofnation during Viterbi decoding
and the conparison result of the error-detecting codes (the sane processing

as stepi§l pald t3lfPSo £ Stk t3hdmEL &1 of) £ MO, dRehvae) R4S a813 el S14,
simlarly to the first enbodinent, the follow ng steps nay be added:

det er mtrdwsihe s iaxi daval idlkselddwpoidrédt pesHorédndi ngihlbe Ittkel bheod

difference (step $4) ; and judging whether or not the |ikelihood difference
is w Ermagemerdis ofingbe( $trgn Vbl ssomc rdxva pionc ébees maye banas off cthews:
if the likelihood difference is within a certain range, the flowis nade to
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error e can be i nprov urther. Tn'addition, A used at step S5 between

step S13 and $t@pis Tfosdiiméntsed fRthe epmpariids PEEAYt BFSEREsSIAdTRA hEs
the sane value or nay be different values. If the re-coded CRC does not

mat ch trie detecidenckC dthalfiindak g6siBYo200F the32raasmhetlabilealf dame data
positions, it is decided that there is no transm ssion data or the received
frame ddtherobhannihgn fdnak bitResihioRe inddeaird oy heheransiients ahdhe
t he receiver of the fpreggggg)configuration are used tq conduct the data
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are conducted, and the rate decision is made using the likelihood
information during Viterbi decoding and the comparison result of
the error-detecting codes (the same processing as step S17 and steps
S1 to S8 of FIG. 8).

Also, between steps S13 and S14, similarly to the first
embodiment, the following steps may be added: determining the
maximum likelihood (step S3); finding the likelihood difference
(step S4); and judging whether or not the likelihood difference is
within a certain range (step S5). Concrete processes may be as
follows: if the likelihood difference is within a certain range,
the flow is made to proceed to step S14; if the 1likelihood difference
is not within a certain range, the flow is made to proceed to step
S17. 1In the case where such processing (steps S3 to S5) is conducted,

although the number of processes increase as compared to when such
processing is not done, the rate-decision error rate can be improved
further. 1In addition, A used at step S5 between step S13 and step
S14 and A used at step S5 while being in step S17 may be the same
value or may be different values.

If the re-coded CRC does not match the received CRC at all the



tenporarily storing the transm ssion data at the transmtting side is
elimnated. Myreover, if there is no transm ssion error, the ratﬁ 6 MAY 2005
information is surely detected by the receiver; on the other hand,

supposing that the rate information is transmtted erroneously, the rate
decision i s made possible through the usé2of likelihood information during
Viterbi decoding and the conparison result of the error-detecting codes, so

that t ' I r 6 [ oved . o] LSiQ@N ror
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transmtted for a frane wthout transm ssion data, overhead can be reduced.
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information bit part can be nade larger as the input signal stored in the
decodeforegeing caafigugiat bonsmreubseddancondiet the dakyderrrsBdsshon,
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received rate information is obtained, the decoding operation is re-started
to decdee ehibmfinatedlata up to the final bit. Also in this enbodinent, if

it is known that the length of transm ssion data is one of two val ues, X
(X; -0 and doxeewnerhe lﬁ?d@é%%e b8 e YRRIDLAFLOHELERAThe the TS

Si”pH1¥§¥%rAQ%ELﬁFﬁ£JEd¥an detected by the receiver; on the other hand,
supposing that the rate information is transmitted erroneously, the
rate Qecision is made possible through the use of likelihood
information during Viterbi decoding and the comparison result of
the error-detecting codes, so that the final frame error rate is
improved and a low rate-decision error rate is achieved. By this
means, the highly-reliabile variable rate data transmission can be
performed.

Because the error-detecting code is not transmitted for a frame
without transmission data, overhead can be reduced.

In addition, since the reliability of Viterbi decoding result
of the rate informatiOn bit part can be made larger as the input
signal stored in the decoder, namely, the length of the subsequent
coded data sequence becomes longer in the foregoing description,
it is preferable that the data sequences of a fixed length other
than the transmission data, such as the error-detecting code, are
arranged just after the rate information bits successively as much
as possible.

Alternatively, it may be also possible that in the transmitter

the tail bits are inserted after the rate information bits, and in



rate information indicates a transm ssion data length of O at step $S12 in
FIG 12, it is determned that there is no transm ssion data, agqa MIAFQUUShe
process ends. If the rate information indicates a transm ssion data |ength
of X, the process at step S13 and the subsequent steps is perforned, and if
the recei ved CRC matches the re-coded CRE at step S16, it is decided that
there is transm ssion data, otherwise, it is decided that there is no

transmeggi PREAkAr Hhd h%a&aﬂgeeﬁbéf&ﬁpﬂaig CARbBEAT 1A%, eohfPleted at this

Alternatively, even it the rate information indicates a “transm ssion data
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the transm ssion data and error-detecting code (received CRC) may be
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(re-coféa iBf the determined transnission data may be cal cul ated, and
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based on the final bit position determ ned on the assunption that the
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CRC) 1 6 MAY 2005 - 34 of the determ ned transm ssion data may be
cal cul &ledinaRdG.f 1£heitr éseflete oM editldhet therecisotedCRGMisshon data,
decided that there is transnm ssjion data, otherwise, it is decided, that
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predet eHNESLEARIELEY LA 5D dFEFHfedd) and if the received CRC matches the
re-coded CRC at step S16, it ;s decided that there is transmission
data, otherwise, it is decided that there is no transmission data
or the received frame data contains an error.

Alternatively, even if the rate information indicates a
transmission data length of Y (¥=0, Y=X) (in such a case, the rate
information is wrong), the transmission data and error-detecting
code (received CRC) may be determined based on the final bit position
determined on the assumption that the length of the transmission
data is X, the error-detecting code (re-coded CRC) of the determined
transmission data may be calculated, and if the received CRC matches
the re-coded CRC, it may be decided that there is transmission data,
otherwise it is decided that there is no transmission data or the
received frame data contains an error.

Moreover, even if the rate information indicates at
transmission data length of ¥Y=0, the transmission data and
error-detecting code (received CRC) may be determined based on the
final bit position determined on the assumption that the length of

the transmission data is X, the error-detecting code (re-coded CRC)



the predeterm ned range (the value of Ain FIG 8) is varied (is nade
different) according to the assuned final bit position of the fr@ml\g%og.
When the present invention is applied in actual radio comrunication
environnments, a proper value of Ato obtain the desired detection
performance may differ for each of the-fdhat bit positions (that is,
different nunber of bits of the transmtted data in the franme) dependi ng on

h he t. 1 ssion.bit. [ t t ] SSi th..
Such cadea e et SFmand Ran ShaRendt (BR  MewoRBor = TRl S50 BRL it me
per for %Qé&féﬁ% REEChYNEhd FdEoddAARE! 11 PARAY 98 aLLIARWE Y there
there arises a problem 'I'nthat when a percentage of transm ssi on

frequeny esrghsihigsiidangstasi ¥tHatwsséel i nal i tqeesaddnsavathertdeis no
average quality of the variable rate data transm ssion including the rate
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described with respect to the first or second enbodi nent can be applied to
only (arand| datiaengt h data of) sone of the channels. For exanple, if a
channel for _transmtting a control signal_ is included in the chanpels to be
mul ti pl exed Vhefe HRenBFeseR helRVRSt iGN sk opppPlied in actual radio

communication environments, a proper value of A to obtain the desired
detection performance may differ for each of the final bit positions
(that is, different number of bits of the transmitted data in the
frame) depending on the tendency of the transmission bit errors in
the transmission path. In such cases, if a single value of A is
used in common, the rate detection performance differs according
to the final bit position. Consequently, there arises a problem
in that when a percentage of transmission frequencies of the
transmission rates (final bit positions) vary, the average quality
of the variable rate data transmission including the rate detection
performance changes.

Then, it is conceivable that the value of A for the decision
of the threshold wvalue is set to not a single wvalue but several
different values (A1, A2,... ,AL,... , AN) for respective final bit
positions (respective transmission rates) and thereby the decision
of the rate is made possible. Here, a value of each AL may be varied
during the transmission so as to be always an optimum value in
‘response to the change in the transmission environment. Furthermore,

the same value may be used in part repeatedly.



enbodi mrent may be applied to only the control signal transm ssion channel.
FIG 16 shows an exanple in which transm ssion data for two chagqumyh@g
contained in one frane. In FIG 16, the data transm ssion nmethod descri bed
in the second enbodinent is applied to one (a f irst) channel of the two
channel s. One of the data transmi ssion Rethods (the method in the second
enbodi nent in which an error-detecting code is added even if there is no

transnn | g E?&Q%Iﬂﬁéﬁ%ébed in WOOQ 79720, for exanple, is applied to the
ot her ‘channel “(i. e. a sécond channel) . Alternatively, a data transm ssion

nmet hod nay he-41586is8iWH ahta toans @S‘l%&*ﬂ\if?tﬁ chadfiel it bBYmuUshipd 3 &
transm ssion rate information wi thout using (adding) the error-detecting
code fdmtdie(seadadrod@ninal). eachadfiramenand tlie datanseaEssmohsddion ovethbdble
second cannel is fixed-length data, a data transm ssion nethod in which no
t r ansnidssonibede widtlernesaeicdn to sthenddatssd dor seperckmdodhmend! .cam bhe
exanple shown in FIG 16, first, transmission rate information about the

first GRMhEeA(¥eenly GrRRiaRLEeN JeitEthidatr aft) SoMeard thenShrEgied® r atfor

i nf or mat.i on about _t he secon channel (second transnlssion.rate i.nformati.on
e ol At Reonkt 4 rel SRR £ O R g H P a F R o 1 Bt o B
to the ;. fi j ' ' [

{0t e aal il ADANEL 2204 o SREILRICHRH Nr Pkt A0k, 2reRd dopa
error - tsdiRgndodfay Bl @ppaikdbith bar eaale chenteblarsa gitdl at AgHsmiils sHasm
al |l ocated section. If the frame contains no transm ssion data for first

channelchamméher the transm ssion data, error- detecting code, nor tail bit

is contained in the section allocated to the first channel. The first and
second trandiGsi b SHAFS | qRoPHAMPE by Whishntlargremigsiipn r@apactore two

sectiong allogated to Lhe resnective ghamnels. w15, 16, the aata

transmission method described in the second embodiment is applied
to one (a first) channel of the two channels. One of the data
transmission methods (the method in the second embodiment in which
an error-detecting code is added even if there is no transmission
data) described in WO00/79720, for example, is applied to the other
channel (i.e. a second channel). Alternatively, adata transmission
method may be used in which a transmission rate is determined by
using only transmission rate information without using (adding) the
error-detecting code for the second channel. In addition, if the
transmission data over the second cannel is fixed-length data, a
data transmission method in which no transmission rate determination
is conducted for the second channel.

In the example shown in FIG. 16, first, transmission rate
information about the first channel (first transmission rate
information) and transmission rate information about the second
channel (second transmission rate information) are placed in one
frame. Then, a section (having a fixed length) allocated to the
first channel and a section (having a fixed length) allocated to

the second channel are provided and transmission data, an



The transm ssion rate information about the channels may be conbined into
one piece of transmssion rate information. FIG 17 shows the case; ygen@;t wo
sets of transm ssion rate information shown in FIG 16 are conbined into
one transmssion rate information. It is assuned that the transm ssion rate
of the first channel can be one of five3Pates, 0 kbps, 10 kbps, 20 kbps, 30
kbps, and 40 kbps, and the transm ssion rate of the second channel can be

one of LNge. 385+ kNDSac B0 KAPS + 408 1O 4DP% ol RXANBh rel BoblbS nea

case, | Separate 1 fansm ssion r ornation as s

16 wer g jisedch3abibr vl dsberieaui r a¢ fidfe tHiCahér 8bnthidS MSSt PaNEALGsion
I nformation and 2 bits would be required for the second transm ssion rate

I nf or maid oa, fbliuS inesitli chagnz 1 Oteéidher tlid stfansiiedicamsdasai,orrsde-
information. On the other hand, if the conbined transm ssion rate

i nf or nité¢ tachdnghowdd n MG tdvlikitusedeconteiniedtincHdmheiectananaddogated
rat e/ second channel transm ssion rate can be indicated with one of 15 (=5 X
3) coff neleohdrt kepannelbps They fdpstoapsh £ NRbEEAP EHHES10D K 100

kbps, 30 kbps/1Q0 kb d_ 40,  kbps/.1Q0 ,_th h nmbi ned
{ T anomigH GHTPEASN A (I AP FBqdeba Pori §F FGTbEct Lo RROrLon R hyopRE 0
conbi ng:gjtﬁ_ﬁgsgpﬁa é’@ti@&ech@;nq{l P I on has the advantage of reducing

over he sSm sSsion rate ormati on about the first channel or

second chanmgle at PAA s PLoK eRht OlinkoFhaksBins Hbut atBel FHARE1 8Nmiyd be
MAY 2005 - 37 (about both of the channels) may be sent. For exanple, fhe

first admibibakd rianso sseopieatiee ofif dramisimois s sonoratentiraformbd ioat.hod
(transm ssion without transmission rate information) of the first
enbodi ment delGbelisshaws the fasst wemaetvwonseky of tranmhsionf rafe

second enpodi nent (transm.ssjon with transm ssiqQqn.rate infornation),. |If the
econd TSR ko ShuaT 55 FIbe LA oF o mhined HBEosene LOABCHH Sijon rate

met hOdS_ugieéfﬁ\iatﬁei%ﬂ h Vi‘P?J%é%%:(é&%ﬂ@{ hﬂge transmission rate of the first

chal?nel can be one of five rates, 0 kbps, 10 kbps, 20 kbps, 30 kbps,
and 40 kbps, and the transmission rate of the second channel can
be one of three rates, 0 kbps, 50 kbps, and 100 kbps, for example.
In this case, if separate items of transmission rate information
as shown in FIG. 16 were used, 3 bits would be required for the first
transmission rate information and 2 bits would be required for the
second transmission rate information, thus requiring a total of 5
bits for the transmission rate information. On the other hand, if
the combined transmission rate information as shown in FIG. 17 is
used, the first channel transmission rate/second channel
transmission rate can be indicated with one of 15 (=5 x 3)
combinations, 0 kbps/0 kbps, 10 kbps/0 kbps, 20 kbps/0 kbps, ...,
20 kbps/100 kbps, 30 kbps/100 kbps, and 40 kbps/100 kbps, thus the
combined transmission rate information requires only 4 bits.
Therefore, using the combined transmission rate information has the
advantage of reducing overhead.

The transmission rate information about the first channel or

second channel alone may be sent, or no transmission rate information



in the first enbodiment in which an error-detecting code is added even if
there is no transm ssion data) for exanple, may be used for the1s@pmp@w5
channel . The transmission rate information about all or none of the
channel s may be sent depending on the circuitry of a transmtter /receiver.
This is because: there is the case where3an” error-correcting code (for
exanpl e block coding) is also applied to transmssion rate information and

the ery 8’bo°t;PEr %hOBfC%E’x%bdﬂ%dn?%)gﬂfgafrﬂé” ﬁ?”efbgrn%%f%e(fcﬁé first

exanpl convo I'onal codin tcont alrning an e tecting

code |_éhra§ir?él Verdnkntiss{éRataite idoinafs@rssi®matakienit &ndhehe method
transm ssion rate information is relatively low and, in such a case, the

error (detardmbaspoeciwiitirowant banismirsesisen bytdeiacomphionansti shieofirst
rate by using the error-detecting code without the help of the transm ssion
rate i efnpadimentemay bk seid fomithellirsirehannele dibs heddt panthesmiedhod
rate information is used, it may not be required that the conbi ned

transnP§smﬂﬁr%?@oﬁq(ﬁWﬁﬁ@bﬁe&&uQﬁ?@nﬁﬁﬂ§ﬁﬁﬁqd%1580@¥44ﬁm%?569ﬁfﬁﬁ%ﬁ
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transni ssion rate 1 nformation consi st O Yy t he second anne

transniigsiteie raf st néMboRtindht t PHSwheah EM e 0rbY - delidst idg 6cdB¥ 280added
38 However, it is not always advantageous to over-refine a transm ssion

f or mat eften ude theme i Bblreo floramsinises iam tdata pnSortevanp le ,r e@y bed usadrifer
of transmission rate information bits, because it would generally
conpl i &€ *¢¢DAt Changgle the exanple has been described in which the

met hod of t rst _or second e ied to_one channel d ., none

of | them ar APgppiT S0SPdSHIthera LRt O VREL ABL RPSE PRReProBQegond the
channels may be sent depending on the circuitry of a
transmitter/receiver. Thig is because: there is the case where an
error-correcting code (for example block coding) is also applied
to transmission rate information and the error correction capability
of the error-correcting coding (for example, convolutional coding)
for a part containing an error-detecting code is relatively high
(that is, the transmission quality of the transmission rate
information is relatively low) and, in such a case, the error
detection precision can be increased by detecting a transmission
rate by using the error-detecting code without the help of the
transmission rate information even if it is available. Here, if
combined transmission rate information is used, it may not be
required that the combined transmission rate information contain
information about the transmission rate of a channel to which the
method of the second embodiment is applied. If the combined
transmission rate information does not contain the first channel
transmission rate in the above-described example, the combined
transmission rate information will consist of only the second

channel transmission rate information, thus requiring only 2 bits.



enbodi mrent may be applied two or nore channels or none of them my be
applied to two or nore channels. The error-correcting coding may PgMay 2005
performed by block coding the part of transm ssion rate information and
convol utional coding the section aIIoca%ed to each channel. The

convol utional coding may be applied to he part of the transm ssion rate
information as well. In this case, the convol utional coding may be applied

to theydweaAnsAl Sist 9% ﬁatteawagrsnaavaat%rgbé@@ 1SS ehican peE96at 8 £on ERE shliloH
channel separately or collectively. (Fourth Enbodi ment) Dual closed | oop

t r ans mfeaiment poverused nrtabpel Somgatneo d«dp thrmrssmi i onlyoaer eqadtrreal
and outer |oop transm ssion power control may be applied to data

t r ansninggibg | aft feansnis shbodinede . inOpsmet inr ebshgnndlecaaser ithapuld
channels to which the nmethod of the first or second enbodinment is applied
may be IGRQFL1YheoMAlsk@pte CATPHeLBYit er | oop transmi ssion power control
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provi de outer | oop transm ssion power cont r ol (bl ock or frame 16 MAY 2005 -

39 err embbalimeudl mby bei apgided teotoovlhobaesetiaomeIvrorexaopkepft hthem may
result of decision of a received CRC as the control reference, because
i nf or 8 GHPPE1gEnd10alIWO t PENBRIE ethapBedi-ttent|y. The outer Ioop
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(signal-to-1i erence-an
the section allocated to each channel. The convolutional coding

may be applied to the part of the transmission ratq information as
. well. In this case, the convolutional coding may be applied to the

transmission rate information and the section allocated to the first

channel separately or collectively.

(Fourth Embodiment)

Dual closed loop transmission power control comprising inner
loop transmission power control and outer loop transmission power
control may be applied to data transmission in the third embodiment.
One or more channels other than channels to which the method of the
first or second embodiment is applied may be used as the reference
of the outer loop transmission power control (hereinafter simply
called "control reference”).

For example, if channels to be multiplexed include a control
signal transmission channel, the control signal transmission
channel is not used as the control reference, instead, one or more
of channels other than that channel may be used as the control
reference. A control signal transmission channel cannot precisely

provide outer loop transmission power control (block or frame



rati o) used for the inner |oop transm ssion power control so that a frame
(block) error rate quality, which is separately neasured at the1r@ﬂg1mm9g
side, becones its target value. Inner |oop transni ssion power contro
herein is control in which a receiving side conpares the received SIR of a
received signal with a predetermned (tdfget) SIR and if the received SIR
Is belowthe target SIR (that is, the received quality is below the target

qual | 1y o SENAS. AuGANYPInS] 90BN kR S BErASUH 1% 2L08 bR CEUSCelbnffle, the

I ncrease ransm Ssi power, anda, celve R excee

target rediR £ dHelS s idie ores dia@sli GHal Ry a@XEReUSoh PeollaF 8LE réwdd | Yecause
sends a control signal to the sending side to cause it to reduce the

t r ansmigsf ofmpowen i genetralllyouteankmap tiednsntesindrt tiavelycontrol (i s
dual cl osed | oop control and) controls transm ssion power noderately

conpar ed wi tThe rmetet obpopr fmemsisi osipoveeweanciogitreol ispgperibirmed gin the
channels are multiplexed and a target frame (block) error rate quality is
‘set forRSUAPERInEhAt HENer JOBI T ARBA1LFEL AThP AW rconbbp Lt anBRTSH LA

power contr t i s adjusted so as,to satisfy all ,the.target franme (bl ock
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rati os reyi§¢ deeldedr rHONshAeralbep @rdridmisgibnegdit idoynerol GdVRrhat
2005 - 40 each channel. Wen the transm ssion power of the reference
channela ifsramet ¢ bliowdd) byrtbe aater quabityansidiissh obspseparcorelpl medsmred
transm ssion powers of the other channels are also determned in the case
wher e t&He ¥heatiege ieingssafenhdeeenesi d&isot Posetsvadale { | XdamneThieons,

the L1 ansit seyon povers,of Lhe changel s, pLheL Lhan, s f gherencs ehamsling

side compares the received SIR of a received signal with a
predetermined (target) SIR, and if the received SIR is below the
target SIR (that is, the received quality is below the target quality),
sends a control signal to the sending side to cause it to increase
the transmission power, and, if the received SIR exceeds the target
SIR (that is, the received quality exceeds the target quality), sends
a control signal to the sending side to cause it to reduce the
transmission power.

In general, outer loop transmission power control (is dual
closed loop control and) controls transmission power moderately
compared with inner lodp transmission power control. If aplurality
of channels are multiplexed and a target frame (block) error rate
quality is set for each channel, the target SIR used for the inner
loop transmission power control is adjusted so as to satisfy all
the target frame (block) error rate qualities.

The relative ratio between error-correcting coding ratios of
the multiplexed channels and the relative ratio between transmission
powers for the multiplexed channels can be fixed. The relative

ratios may be decided in consideration of the required quality of



I n sone cases, the transm ssion power of a channel may be changed according
toits rate. In such a case, for exanple the relative ratio qutwng]gge
transm ssi on power of a reference channel during the transm ssion at the
maximumrate R . mand the transm ssion power of a channel other than the
ref erence channel during the transm ssiod® at the maxinumrate R2, Mis set
at a fixed value. Let the relative ratio between the transm ssion power of
t he refeea(&gcghgpl%%rle.l during transmssion at a certain rate R,, and the
transm ssion power ‘during transmssion at the maximumrate R, mbe S (R,

1) . and thg&h afhe + P $Ri B8HWREThdwert baNTHSSHOPe PAWRIe Bhdffel is
non-reference channel during transmssion at a certain rate R2,, and the

t ransmdst @rmpaed bEluthadoute:t r BESH $3aeismd s § henMpowam cehe ridld., tiee
S(R2,,) - If the transm ssion power of the reference channel during the
t ransmiasanemigis ircat ep®vers icf ddierothed ohdmméels aret ldis e hdeteamdmesdsiom
power P2,~ of the non-reference channel during the transm ssion at rate
R2,, cdheccyseevhieral e melative xat i oK) thg RransmigshepsPOWRRs are
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set in the SHBonY 8@lsle ANEhleOt RO sERASEs Bdn PHRPPYE bPhahhBatma§ bé chifyed
where the 16 MAY 2005 - 41 error-detecting code is arranged ahead of the

transmddeordang arwl itberhbitte ar Manganeht a oasde fort brasgise other refl dtnive
reverse order) . FIGS. 13A, 13B and 13C show exanpl es of the franme i
confi gurait forfs heftieent the diiarsohsgdon poweie ofagerof ergosipehianingl shiring

same order" and FIGS. 14A, 14B and 14C show exanpl es of the frane .
conf i gur2® i orRN SR SSHPR S TG THAR ?Fet%eMg'é‘g e iF aPBYLSiSgpn power
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transm ssion
at the maximum rate R, , is set at a fixed value. Let the relative

ratio between the transmission power of the reference channel during
transmission at a certain rate R, ; and the transmission power during
transmission at the maximum rate R, y be S(R; ;), and the relative
ratio between the transmission power of the non-reference channel
during transmission at a certain rate R, y and the transmission power
during the transmission at the maximum rate R, be S(R, ). If the
transmission power of the reference channel during the transmission
at rate R, ; is determined to be P, ,, then the transmission power
P, x of the non-reference channel during the transmission at rate
R, x can be determined by P, , x Q x S (R, ) /S(R, ;).

(Others)

The techniques described in the first through fourth
embodiments may be applied both to the case of “postposition and
same order"” (that is, a case where the error-detecting code is
arranged after the transmitted data and the bit arrangements of the
transmitted data and of the error-detecting code are set in the same

order) and to the case of "preposition” (that is, a case where the



data is at the maximum FIGS. 13B and 14B show cases where the transm ssion
rate is below the nmaximumrate and the frane contains transnisshqp §ﬁ5®

FI GS. 13C and 14C show cases where the frane contains no transnissM zta.
Configuration exanples of the transmtter and the receiver used in the case
of "postposition and sane order" and i'n4the case of "preposition, " a
processi ng exanple, and the like are the sanme as those described with

h Firat h . | e e
P r it orkliind MO L HELInGEIP AR e b UL B (1 d U 605
for examy ¢id HhaEnhJBNBhLY sAMalySber Pyitdes hahargadRot Arangbve rsrider) .
mul tiplexer 6 and thereby the fransmtted data is tenporarily stored, and

i n the meanFIGe. tIIBA £11r3B adel 6T sijowasieainpleadl 68l theF rdietdenfigurations
error-detecting coder 4. Myreover, it is conceivable that, for exanple, an
err or - aeft €biel hyancuel sehonyddRaiin hey case bEt Weea t poisel tdeonlanglssme o28lend
the conparator 34 and thereby the assuned error-detecting code is
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- 42 The present invention has been described in detail with respect to

pr ef er nechreshddisient S;atendi s tbeldw hbhe haxdmuar erdtd raond tilee foamgocogtatins
those skilled in the art that changes and nodifications my be made w t hout
depar t itmprnsoissien ahai o LGS i t536r oaderl 45 pelaow cases twherghdhe frame
intention, therefore, in the gpparent clains to cover all such changes and
modi 11 CRNEALNES Tl §THRPHLE SRR (qaibaspi PPBE IGRTHEL PRy E¥ALES OF - the

transmitter and the receiver used in the case of "postposition and

4

same order” and in the case of "preposition,” a processing example,
and the like are the same as those described with respect to the
first through fourth embodiments. In addition, in the case of

”n

"preposition,” as shown in FIGS. 15A and 15B, it is conceivable that,
for example a frame memory 40 is provided between the terminal 1
and the multiplexer 6 and thereby the transmitted data is temporarily
stored, and in the mean time the error-detecting code is calculated
by the error-detecting coder 4. Moreover, it is conceivable that,
for example, an error-detecting code memory 42 is provided between
the demultiplexer 28 and the comparator 34 and thereby the assumed
error-detecting code is temporarily stored, and in the meantime the
error-detecting code of the assumed transmitted data is calculated
by the error-detecting coder 30.
According to the present invention as described above,

high-quality variable-rate data transmission can be achieved based
on a precise rate detection while reducing overhead in accordance

with the concept of blind rate detection in which rate information

is not transmitted.



16 MAY 2005 - 43 WHAT IS CLAIMED I'S: 1. A data transm ssion nethod for

pl aci ng variable-length transm ssion data in each frame having §@KFﬂm§i”E
length to transmt the franme, characterized by conprising the steps o at
a transmtting side, calculating an error-detecting code of the

transmi ssion data in the frame only if -thé frame contains the transnission
data; generating frane data containing the transm ssion data and the

cal cul ate ror - ct i a 1.5Si L f.the.fra

cont ai ns. (L (253 EEhEC BRSPS Hab BebhoBBRC e A Mo te 1 f1aif Popect
nei t herr d Nerd FaRsds o da@nty, tAfa &tr Widetesl Be slSaPEnth&rom the
transm ssion data if the frane does not contain the transm ssion data; and
transnmifidiegoing gengiesekkialeddahathantrt athat (renyeBlasddeodi €gelaiingns
the frame data; determning the transm ssion data and the error- detecting
code omathbetmadsmsshontditpaby ide £roinnting imventdonet minsibpesidevaspect,
the received frane data as the final bit position of the frame data, and

cal cul é‘tQQ(j-fariSertm irﬂ'e%‘ét:%?ﬁg theceferl. ot tHhe RPRRFERdd CliaditFitaicaver
data; decjding that the fra contains the transnissiqn.data . if . the ..

ot o el S7oBr CRePass AP oM LoRt e 85 bR Lykddt ot hBaE TE8 SRLEE:
based QF tihe.deferlyined,transm ssion data, and deciding that the frame data
does not confain tehe ransm ssion data or the received franme data contains
an error if the determ ned error-detecting code does not match the

cal cul ated error-detecting code; and obtaining the transm ssion data in the
frame based on



the result of the decision. 16 MAY 2005 - 44 2. The data transm ssion
nmethod as clainmed in claiml, characterized in that a |length of t@

transm ssion data is one of two values, X (X#0O and 0, and at tﬂ ﬁ@éé&@ing
side, the step of determining and calculating determ nes the transni ssion
data and the error- detecting code baséd on the final bit position when the
|l ength of the transm ssion data is X, and cal cul ates the error- detecting
code bagesiTonstbeateter ngned transm ssion data. 3. A data transm ssion

met hod for placing variable-length transm ssion data in each franme having a
fixed tinme length to transmt the frame, characterized by conprising the

steps of: at,a smiting. sl C ti a - de | o t he
transnigéioﬁAda %egnn%%%hgﬁéﬁgggﬁlyﬂ%gﬂ%ﬁe ?ggngpgéé?égns%gﬁgéggﬁaggﬁggéion
dat a; genenahisagidnadatdaton ceatai Mirend heatiagsam sBixed datime anehdtte to
calcul ated error-detecting code of the transm ssion data if the frane

cont ai nsTEREMEF aldfi SERBR. dabaraghar§eaer BY i A9+ 8#BIdaEE FREPScBAT ai ns

neither the iLransplssi@p-€ahg BoRethe error-detecting code of the
transm ssion data if the frame does not contain the transm ssion data, and

transmtting the gehenbaetngr anmrdat agrand-deteatisgei viogdsi de,ofr ecethéng
t he frage dat a; assugjgg t he %éans 1.SSi on ataﬁaqﬂPthE error-d tecting code
of the rFaRSTHISTON H4¢ bjyna am ga“beneo?) Yndre Tinal 6i"F Cp?fé'acjirbsns B? t he
recei vedrifhanesgadba, dapd; cal cul ating an error- detecting code based on the

assuned transm ssion dat a; o S
generating frame data containing the transmission data

and the calculated error-detecting code of the transmission data
if the frame contains the transmission data, and generating
frame data that contains neither the transmission data nor the
error-detecting code of the transmission data if the frame does
not contain the transmission data; and

transmitting the generated frame data; and

at a receiving side,

recelving the frame data;

determining the transmission data and the error-
detecting code of the transmission data by determining a
predetermined position in the received frame data as the final
bit position of the frame data, and calculating an error-
detecting code based on the determined transmission data;

deciding that the frame contains the transmission data
if the determined error-detecting code matches the error-
detecting code calculated based on the determined transmission
data, and deciding that the frame data does not contain the
transmission data or the received frame data contains an error
if the determined error-detecting code does not match the
calculated error-detecting code; and

obtaining the transmission data in the frame based on

the result of the decision.



deciding a position to be the final bit position of the frame data if there
is the position in the frame where the assuned error-detecting CP@%AV%&ﬁheS
the error-detecting code MAY 2005 4-5 cal cuiated based on the %

transm ssion data anong the assuned final bit positions of the frane data,
and deciding that the frame does not- 44he transm ssion data or the received
frame data contains an error if there is no position where the assuned

error-dgtectipg cggde,mat %Q%%mti@%i%?il CllRtR erdor - et ey i n%COQFéiﬁndl

obtaining the transm ssion data -in the frame based on the result of the

deci si opharnacigeidedainrahahi ssion method as clainmed in claim1 or 3,
characterized in_hat, the transm.ttin i de, the step .of enerati ng_t he
frane data g%ngFgﬁgé fﬁ% ??%n%ragﬁglﬁﬁl i?ﬁ%@héise??%rQGeﬁ%% i Wy ¢ode s
placed afigy Lhe ¢corrgsponding traansmission data and the bits of the
error-detecting -ode are arranged in the order that is the reverse of the

order of theatbitheof rededvtimensmssde pn tlada. sBepThefdatdeteansimisgi oand

met hod as_clainmed in claiml or 3f further, characterized by conprising the
steps of21culating (FSHSHIDES ngts%% dE TRy SaG - @-‘@lr Egﬁ n§TEBHi ng

of the gepereigd chuampLalf; cANEneONdustl NG ¢ NheLk eavhngHdn thige f 1apgrdat a
that has | undergone the error-cor-re-ting -od _"L-ng; ~ancl at the
rece'vig@ stide, transmission data is X, and calculates the error-

detecting code based on the determined transmission data.

3. A data transmission method for placing variable-length
transmission data in each frame having a fixed time length to
transmit the frame, characterized by comprising the steps of:
at a transmitting side,

calculating an error-detecting code of the
transmission data in the frame only if the frame contains the
transmission data;

generating frame data containing the transmission data
and the calculated error-detecting code of the transmission data
if the frame contains the transmission data, and generating
frame data that contains neither the transmission data nor the
error-detecting code of the transmission data if the frame does
not contain the transmission data; and

transmitting the generated frame data; and

at a receiving side,

receiving the frame data;

assuming the transmission data and the error-detecting
code of the transmission data by assuming one or more final bit
positions of the received frame data, and calculating an error-
detecting code based on the assumed transmission data;

deciding a position to be the final bit position of
the frame data if there is the position in the frame where the

assumed error-detecting code matches the error-detecting code



-onductinc,i dein~e~-ieavng of the received frame da--a; and conducting
error-corie.cting decoding of the frane data that has underqone1L$@@N2
deinterleaving. 6. The data transm ssion nmethod as Claiined cla~.'n -1 gﬁ

3, c-laral-terized intrialt, at the traz::';m!.tt4_nqg side, the data
trans-mdi ssion nethod further conprisés the st.ep of calculating 1 6 MAY
2005 - 46 transmssion rate information indicating the nunber of bits of

the transndssiosddaiasdd eachtheangssanddt hersiap Hiod r apwd t tildeigal 8Re
transmts the calculated transmssion rate information. 7. The data

t ransmi a8gs@ncdet hodl ablel aPrédipRsciodi e diragle daHar acked i gedidhnghbhati f
the fr C Ln e a 1. SSILO d : t e a 1. SSLQN
data | S REAne naokAnpet RRRRRy dng Bl b d 8 (h AL SR hE PEELERLS
error-deteesi dgtaodentasseci at edrwbih itthe Haranshi sabopcdatta drs whdid sthand
the conbination of X and Y is one of (X Y)=(8,8), (244,12) (4080, 16)
and (1038%98594) ST BT TRRCAGE ANEr aRSRFs s Sshod- s cFal et ed ol aFRPT;

charactgé%g@giﬁg ibat . thggdata transm ssion nethod mul tiplexes
vari able-length™ transm ssion data for channels in a first channel group of

one or nore chanvetsimmdgt carsmrssison sgdtca fdrtahannehs ifireanesdoaswtd on
channel grou OL on r re.channels to transmt the nultiplexed data,
and at Tﬁ% ¥$%$ Ei?fiﬁ%es TelStH8 - step of calculating the error-detecting
code calculates the error-detecting code of the transm ssion data for
each channel in the first channel group only if the frane contains the
transm 4ési onTlgat dater trmnghisgeiedn method as claimed in claim 1 or 3,

characterized in that, at the transmitting side, the step of
generating the frame data generates the frame data in which the
error-detecting code is placed after the corresponding
transmission data and the bits of the error-detecting code are
arranged in the order that is the reverse of the order of the

bits of the transmission data.

5. The data transmission method as claimed in claim 1 or 3,
further characterized by comprising the steps of:
at the transmitting side,
conducting error-correcting coding of the generated
frame data; and
conducting interleaving of the frame data that has
undergone the error-correcting coding; and
at the receiving side,
conducting deinterleaving of the received frame data;
and
conducting error-correcting decoding of the frame data

that has undergone the deinterleaving.

6. The data transmission method as claimed in claim 1 or 3,
characterized in that, at the transmitting side, the data

transmission method further comprises the step of calculating



the step of generating the frane data generates, for each channel in the
first channel group, partial frane data containing the transnisqiyw ﬂ?gg
for the channel and the calculated error-detecting code of the tra é i'SS8i on
data for the <channel if the frane contains the transm ssion data for the
channel , and generates, for each chamelé i-n the first channel group,

partial franme data containing neither the transm ssion data for the channel
nor thetgsnohi 88186t iHag eCotder Ofmdheord 61 NAY 2008y +HY ntkBASMISiwNgaka for
the channel if the frame does not contains the transm ssion data for the
channel thand trig@ssiesien t rdabai t tinng ¢aeh f r ramgat a andnsihes tHeep whofe
frame d inin partial, fra data, faor _each channel in
the fircreapliketfarelos MENEIM s PRI Vrag BTas % R 8hept 3R rtier ot R

t he fraprfdahaciesei ves the whole frane data; the step of calculating the
error-detecting code determnes the transm ssion data for each channel in
the first channel group and the error-detecting code of the transm ssion
data fog the a I L Ning d r o osi i ! t partia
frame data {0t Re harel Sont o nede Aot cobronat ol Slp g 0ok B2k

t he fi nahabatteosredonnmntheatl culfat ekearfragrer ocodestnsi nthecotdeahasgdsdont he

deci ded _transmni ssi.on ta for_, the channel; the step, of deci.ding decides,
for eachRthantll i1FAHe Pir SPEnGRABFTGTOUR CRYE (o PATFE TIantddta
for th?fﬁ@@““ﬁ' téKNKfﬂﬂﬁid;hetﬁkﬁnaﬁhgﬁhono@atﬁh&orekbngBQEE@kihé t B8de
determned error-detecting code of the determined transm ssion data for the

channel agsechased hewekRortdet eErangnesdeoral datat edsba¥edbdhst heandet R ned
transm ssion dat a fogfthﬁ CQ%%DGQ’ %ﬁ? deci des feﬁ,Y)=(8,8),

combination one ~ of (244,12),
(4080,16) , and (1048576,24).
8. The data transmission method as c¢laimed in c¢laim 1,

characterized in that
the data transmission method multiplexes wvariable-length
transmission data for channels in a first channel group of one
or more channels and transmission data for channels in a second
channel group of one or more channels to transmit the
multiplexed data, and
at the transmitting side,
the step of calculating the error-detecting code
calculates the error-detecting code of the transmission data for
each channel 1in the first channel group only 1if the frame
contains the transmission data for the channel;
the step of generating the frame data generates; for
each channel in the first channel group, partial frame data
containing the transmission data for the channel and the
calculated error-detecting code of the transmission data for the
channel if the frame contains the transmission data for the
channel, and generates, for each channel in the first channel
group, partial frame data containing neither the transmission

data for the channel nor the error-detecting code of the



each channel in the first channel group, that the frame does not contain
the transm ssion data for the channel or the partial franme data foBAﬁﬂ@s
channel contains an error if the determ ned error-detecting code o
determ ned transm ssion data for the channel does not match the
error-detecting code cal cul ated based 40h -the determ ned transm ssion data
for the channel; and the step of obtaining the transm ssion data obtains

the trapsghssiosidat aatar reachnehamagindin ithea Hd rstakdanset ngtovpntaihbe
frame based on the result of the decision. 16 MAY 2005 - 48 9. The data

t r ansni B¢ obr aRsRbLES Hn charaefornthearhdnnel ¢hardct eri zed in that the data
transm ssi on nmethpg, mﬁ hplo?(eéré’r?értlfé%&é e@ﬂéhfré ns({g 'PP%ﬁ‘%%fté
C Fansm ssi on

channels in a first group of one nor e anne s an

dat a fowhchanﬁehseldaaaseemmdlnam@nmﬁegyenﬂraﬁednpaxﬁlmmrErahenﬂets for
transmt the nultjplexed data, and at the transmtting side, the step of
cal cul at®7g ?ﬂ%n%?}o?nd%F%c?FﬁﬁtCSH@nn% | 8tPdPes2Pfle error-detecting code of
the transm sgiopndat-a-£9iin§aghgehannel in the first channel group only if
the frame contains the transm ssion data for the channel; the step of
generating the frahe ddtep gefer aeesiviiog eheh fremmelddta t lreckiives chhanel
group, par % fra data containing the transm ssion data for the channel
and t he"@afc ?%T% ??Or-detecting code of the transm ssion data for the

channel if the freme cepkgi Neft hedllANSHisy onHiat aefobridercebangel coaad
generates, for each channel in the first channel group, partial franme data
cont ai ndﬁ’@ewem%r thige t¥ayM SSih dgbRafrer qamh caAhaneelngm ttHee first

err or - def el 1106848 Afnd Nenet IAIYE SRl UL IHP L6t Be MELahlnt bg:bham

does not "con
data for the channel by determining a predetermined position in

the partial frame data for the channel contained in the received
whole frame data as the final bit position and calculates an
error-detecting code based on the decided transmission data for
the channel;

the step of deciding decides, for each channel in the
first channel group, that the partial frame data for the channel
contains the transmission data for the channel if the determined
error-detecting code of the determined transmission data for the
channel matches the error-detecting code calculated based on the
determined transmission data for the channel, and decides, for
each channel in the first channel group, that the frame does not
contain the transmission data for the channel or the partial
frame data for the channel contains an error if the determined
error-detecting code of the determined transmission data fof the
channel does not match the error-detecting code calculated based
on the determined transmission data for the channel; and

the step of obtaining the transmission data obtains
the transmission data for each channel in the first channel

group in the frame based on the result of the decision.



the transm ssion data for the channel; and the step of transmtting the
frame data transmts the whole frane data containing the generatﬁgwﬁgﬁmtal
frame data for each channel in the first channel group, and at the
receiving side, the step of receiving the frame data receives the whole
frame data; the step of calculating thet&rror-detecting code assunes the
transm ssion data for each channel in the first channel group and the

error-detectthg cadeaof tiaeshiidrs@nsSin@it hadnt ad orctdmmedanngl byaassusing
one or nore final hit positions of the partial frame data for the channel
cont ai ne@RTACERBI 2@AMAY DDBS - 49 received whole frame data and cal cul ates

an error-det i d Egﬁ§% ! h e LSSl O 0]
channel ; thegg%egﬂgggdggi |ngqﬁggﬁgegF%?%#leggaEgﬁggh%% iﬂagﬁégl%iégbggh
channel tgansapisaiponsdbitan fiar hehdheeisnah @ tfpost t chanakl tdrewyardéf abnér ane

data for the channel i.f there is the position where the assuned

error-de8tefPrfhgS €3 A t FEARFTLSP U 0282 £6F HETret™ nat ERES Ehe

error-dehechéng eedgpcalonl abgd Basedn e t henagsued HANSHE S8Ry datRef or
t he channel anong the assunmed final bit positions of the partial frame data
for themuthiphekedaddtdecidds, for each channel in the first channel group,
that the frang Qes._not %9Q%ahn tggetransnission data for the channel or
the parti al Trame. data Tor the°cRannel contains an error if there is no

posi ti on where thehassggeg eofor caehgciding cade of eihertaapsst sagoncdata
for the channel matches the error-detecting code cal cul ated based on the
assunedcalFah3heSsEBA QTSI Geters 18Famsle &foridie herarswhedienndptai for

oS OB RMEE 113 USATEI3La | Ohabier CTASE): K TR SLAR Ofrane

contains the transmission data for the channel;

the step of generating the frame data generates, for
each channel in the first channel group, partial frame data
containing the transmission data for the channel and the
calculated error-detecting code of the transmission data for the
channel 1if the frame contains the transmission data for the
channel, and generates, for each channel in the first channel
group, partial frame data containing neither the transmission
data for the channel nor the error-detecting code of the
transmission data for the channel if the frame does not contains
the transmission data for the channel; and

the step of transmitting the frame data transmits the
whole frame data containing the generated partial frame data for
each channel in the first channel group, and

at the receiving side,

the step of receiving the frame data receives the
whole frame data;

the step of calculating the error-detecting code
assumes the transmission data for each channel in the first
channel group and the error-detecting code of the transmission
data for the channel by assuming one or more final bit positions

of the partial frame data for the channel contained in the



the transm ssion data for each channel in the first channel group in the
frame based on the result of the decision. 10. The data transm ss]ig)pmmﬁogod
as claimed in claim8 or 9, <characterized in that dual closed | oop

transm ssion power control conprising inner |oop transm ssion power control
and outer |oop transm ssion power cont4l-is performed for the data
transm ssion between the transmtting side and the receiving side and one

or nor ergbaiviel SswhB1Ehe reeeorih tchatie| cAr QU £ aniSefrads-hbeetei ggensgef or
the outer | oop transm ssion power control wthout using channels 1n the

first chapadlogrbp asswred Frepepeageionidatpefgnt her ahgAnssiion net hod as
claimed in claim r erized. | e ative rati t wee rror
501.11% sﬁgg %Cftg cﬁé%lc!;]lgﬁﬁ‘a{iQé‘{dé% . Eg!r atcfr‘lp atd % Y& Phs

16 MAY 2005 - correcting codi I0S O nmu | 'exe annel's “and
the refatrsvechahhelbetreegn ta anssdissbontponer shiorfitrzd rvd £ | pbexetlon of
channel s are fixed. 12. A data transmn ssjon sist,em for placin

vari abl BPPeRgthIatr dXeRes H# dtth FheeSBRPRRANE thdRSTF & Fi Rgﬂ PPR&tE8Rgt h

to trapgoil the e LrAGE Sl 286k BYg COBRET JENGhd Nt Pak&ANSH bt €har HRANS
for calculating an error-detecting code of the transm ssion data in the

frane ohPy ifhe hecHaramel comttailies t Hdie t eamromi-sleitectdaga; crdenscadrulated
generatfgng f.rame gata cont ir11:i ngﬁt he .trargi(silrgt ssﬁ on dat a 1zind t he_cal cukﬁt ed
error-detecti Ry E88e*SFYHRE TrAFIHSSSiBh Farta 1T t1e 1A contirid tHe
transm gss@Redatranalansh gepekatibast remerHat pairftalalcontahds dagiat hesr t Bie

transm ssion _data nor the error-detecting code of the transm ssion data if
t he frafBa@Bes. nANXoRfesiidethe £PaNSTAES| hagaecd; ARd Meand st t EBABRELLI ng

the ge“8£8£8? Eﬁggetﬁgt%fa%%ddoes not contain the transmission data for

the channel or the partial frame data for the channel contains
an error 1f there 1is no position where the assumed error-
detecting code of the transmission data for the channel matches
the error-detecting code <calculated based on the assumed
transmission data for the channel among the assumed final bit
positions of the partial frame data for the channel; and

the step of obtaining the transmission data obtains
the transmission data for each channel in the first channel

group in the frame based on the result of the decision.

10. The data transmission method as claimed in claim 8 or 9,
characterized in that dual <closed 1loop transmission power
control comprising inner loop transmission power control and
outer loop transmission power control is performed for the data
transmission between the transmitting side and the receiving
side and one or more channels in the second channel group are
used as the reference for the outer loop transmission power
control without using channels in the first channel group as the

reference.

11. The data transmission method as claimed in claim 10,

characterized in that the relative ratio between error-



in a receiver, nmeans for receiving the frane data; neans for determ ning the
transm ssion data and the error-detecting code of the transnissipghﬂﬁtaﬁby
determining a predeterm ned position in the received frane data as g
final bit position of the frane data, and cal culating an error- detecting
code based on the deternined transni ssidh data; neans for deciding that the
frame contains the transmssion data if the determ ned error-detecting code

mat chescotbecelihgr -dted 8ed | raitcede 68l ailat adlbagedxed tbeafdréBsM iRl the
transm ssjion data, and deciding that the frame data does not contain the

transni §§18R1Uat 381 heeFEeeN v éd ada SEdrai PRVEARS érrorthe fHétdpderrfned
error-dghgﬁhgp% cpdesdoeg not match the calculated error-detecting code;

and 16 MAY 200 - 51 neans for obtaining the transm ssion data in the
franme based on the result of the decision. 13. The data transm ssion system
as claiggd in clajm12 characterized in that a length of the &%a sm ssi on

data isione Of £ab2vaFbGBESMXSS{RRO) S¥RESH, LAG i RIPAEPec¥PvérPlendenahihs
for deterghBhngsa8H GRItGU! ahi RAcrdet{md NReviNG o apsRtgsitamadat ensd the
error-detecting code based on the final bit position when the I ength of the
t ransm Ssppamdht Bhesf xamgndcbaregraréegedhbyerpoprieinsti ng code based on
t he deternin§$ gr€9§HL%§kggrdata. 14. A data transm ssion systemfor placing
vari abl e-1 ength ransm ssroh data in each frame having a fixed tinme | ength
to transmt the heane, fehiaragleunlaeindy aeongrist Nget bt fngr 2vsk@ tdLr theeans
for calculating an error-detecting code of _the ,
transmiSsion data in the frame only if the frame contains the
transmission data;
means for generating frame data containing the
transmission data and the calculated error-detecting code of the
transmission data i1f the frame contains the transmission data,
and generating frame data that contains neither the transmission
data nor the error-detecting code of the transmission data if
the frame does not contain the transmission data; and
means for transmitting the generated frame data; and
in a receiver,
means for receiving the frame data;
means for determining the transmission data and the
error-detecting code of the transmission data by determining a
predetermined position in the received frame data as the final
bit position of the frame data, and calculating an error-
detecting code based on the determined transmission data;
means for deciding that the frame contains the
transmission data if the determined error-detecting code matches
the error-detecting code calculated based on the determined
transmission data, and deciding that the frame data does not
contain the transmission data or the received data contains an

error if the determined error-detecting code does not match the

calculated error-detecting code; and



transm ssion data in the frane only if the frame contains the transm ssion
data; neans for generating frame data containing the transn155|qq%g$*?(ﬁgd
the cal cul ated error-detecting code of the transm ssion data if t %
contains the transm ssion data, and generating frame data that contains
neither the transm ssion data nor the Error-detecting code of the

transm ssion data if the frane does not contain the transm ssion data; and

means for transm LhELAE sfe% gerandtied M A di Mibn | dadal 866LMEN FrARANS
for receiving the frame data; means for assum ng the transm ssion data and

t he erb@ﬁe@e©@cthﬁgr@§déto©fthbetdaﬂsﬁiggron data by assuming one or nore
final bit positions of the received franme data, and 16 MAY 2005 - 52
calculating an error-detecting code based on the assunmed transm ssion data,;
means foB.deThdi ndadaposihhenibeiba tbgstemal abitclposeti oanof clhemf rape
data if there is the position in the frane where the assuned
error-d%P%E??E@rééﬁ@ #Rt ER85 the error- detecting code cal cul ated based on

the assumed £rags gbcﬁs'cﬁn gat ac -anRRg skhenassiyned; 41 5aL it RQSi 4 pRss of xt he
frame data, and eciding that the frane does not contain the transm ssion

data onxibe seceo vesnhdirane data contains an error if there is no position
where the assuned error-detecting code matches the cal cul ated
error - det ect + Rg tBE6d &MY TFoanthe oRe8BEailRrnglatRrmimdma 38d ofadgtdarAnBhe

frame ﬁé‘?gﬂm%ﬁé hetr[ees‘d%:tanggugg?ioﬂe% 2 an?i5a%1€é r eec_;rerlo\{rerdét()% : aﬁrisigﬁ] %bAg.

for eac rane havin I Xe en th rame dafa contalning SSIon
dat a anHaaader oar - tdet edctinag cade capdmltaﬁced futert het he ansahgshonofat ahef
the frane

transmission data is X, and calculates the error-detecting code

based on the determined transmission data.

14. A data transmission system for placing variable-length
transmission data in each frame having a fixed time length to
transmit the frame, characterized by comprising:
in a transmitter,
means for calculating an error-detecting code of the
transmission data in the frame only if the frame contains the
transmission data;
means for generating frame data containing the
transmission data and the calculated error-detecting code of the
transmission data if the frame contains the transmission data,
and generating frame data that contains neither the transmission
data nor the error-detecting code of the transmission data if
the frame does not contain the transmission data; and
means for transmitting the generated frame data; and
in a receiver,
means for receiving the frame data;
means for assuming the transmission data and the
error-detecting code of the transmission data by assuming one or

more final bit positions of the received frame data, and



contains the transm ssion data, and receiving, for each frame having the
fixed length, frane data containing neither the transm ssion datﬁ {Wg mge
error-detecting code of the transm ssion data if the franme does [é) c; ain
the transm ssion data, the receiver characterized by conprising: neans for
receiving the frame data; neans for det® mning the transmi ssion data and
the error- detecting code of the transm ssion data by determ ning a

predet eeqi belaposgt i an | nedher I@oeiMecthd r ageddat aaaedt hesd | nghe bhkspRsiti on
of the frane data, and calculating an error- detecting code based on the

deci dethPBﬁ@W%PBndaéﬁa rreans for deciding that the frane contains the
transm ssi on dat 1{‘ Ig egr S a;e&gl g, cgge E@éct}%} ebg(:ror-
ate ase a a, and

detecting code ca cu erm ned transm sSi on
deci di ngothaiohheff thre fdate m nict uimﬁealrs titee pasaﬂsm')ﬁsiinntﬁat aramet he
recei ved. frane data contains an error 16 MAY 2005 - if the determ ned

error - dBPBEEI n§PEod@5FHEE ot TRAIFGHRE t i0d ciot®d ‘E‘?“F?}Peﬁet EREi n§TEBds;

and Wa&été@hﬁ@" ébabngatlf&%ltaﬁ:@as rBass%d)rbrijé\if}?e I £'sé1|i'rﬁecﬁ r E‘BEnsH%@QoH“dEES
result of the deci sion. . The receiver as clained in claiml15,
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means for obtaining the transmission data in the frame

based on the result of the decision.

15. A receiver for receiving, for each frame having a fixed
length, frame data containing transmission data and an error-
detecting code calculated for the transmission data if the frame
contains the transmigsion data, and receiving, for each frame
having the fixed 1length, frame data containing neither the
transmission data nor the error-detecting code of the
transmission data if the frame does not contain the transmission
data, the receiver characterized by comprising:

means for receiving the frame data;

means for determining the transmission data and the error-
detecting code of the transmission data by determining a
predetermined position in the received frame data as the final
bit position of the frame data, and calculating an error-
detecting code based on the decided transmission data;

means for deciding that the frame contains the transmission
data 1f the determined error-detecting code matches the error-
detecting code calculated based on the determined transmission
data, and deciding that the frame data does not contain the

transmission data or the received frame data contains an error



detecting code calculated for the transm ssion data if the frane contains
the transm ssion data, and receiving, for each frane having the fﬁ§ﬁ92m5

| ength, frane data containing neither the transm ssion data nor 1
error-detecting code of the transm ssion data if the frame does not contain
the transnission data, the receiver cthHaracterized by conprising: neans for
receiving the frame data; nmeans for assum ng the transm ssion data and the
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result of the decision.
(X#£0) and 0, and
the means for determining and calculating determines the
transmission data and the error-detecting code based on the
final bit position when the length of the transmission data is
X, and calculates the error-detecting code based on the

determined transmission data.

17. A receiver for receiving, for each frame having a fixed
length, frame data containing transmission data and an error-
detecting code calculated for the transmission data if the frame
contains the transmission data, and receiving, for each frame
having the fixed 1length, frame data containing neither the
transmission data nor the error-detecting «code of the
transmission data if the frame does not contain the transmission
data, the receiver characterized by comprising:

means for receiving the frame data;

means for assuming the transmission data and the error-
detecting code of the transmission data by assuming one or more
final bit positions of the received frame data, and calculating
an error-detecting code based on the assumed transmission data;

means for deciding a position to be the final bit position
of the frame data if there is the position in the frame where
the assumed error-detecting code matches the error-detecting
code calculated based on the assumed transmission data among the
assumed final bit positions of the frame data, and deciding that

the frame does not contain the transmission data or the received
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frame data contains an error if there is no position where the
assumed error-detecting code matches the calculated error-
detecting code; and

means for obtaining the transmission data in the frame

based on the result of the decision.



