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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

5 The present invention rel.ates to a data transmission method, 

10_ 

a data transmission system, a transmitter and a receiver where 

variable length transmission data is put into each frame of a fixed 

time length and transmitted. 

DESCRIPTION OF THE RELATED ART 

In the data transmission method where inf orrnation of voice 

signals and the l-ike is converted into digital data and transmitted, 

an amount of i~formation to be transmitted is not a1ways constant 

15 in- te:rms of time, but generally may change from time to time. 

Accordingly, if the transmission data is divided into frame 

__ :_ ,_uni ts,. each having-. a fixed time length., :an(lj- each_- :fl!ame cons,isting of 

variab1e nwnber of bits is transmitted frame by frame to achieve 

the data transmission, a transmission rate can be varied tempora1ly 

20 and necessary information can be transmitted efficient1y 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, 

25 norma1ly it is necessary for the receiving side to get 1nformation 

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 info.rmation 

is transmitted directly as part of frame data and the receiving side 

· 80 determines the rate on the basis of this info:cmation; and the other 

\ 
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is a method where no rate information is sent# but the receiving 

side judges the rate with an error-detecting code that is added to 

the transmission data to indicate transmission quality {for example, 

CRC: Cyclic Redundancy Check code), ca11ed a b1ind rate detection 

5 method (for examp1e, refer to International Publication No. 

W096/26582 applied by the present applicant). 

On the other hand, in communication envirorunents where 

transmission errors occur frequently such as data transmission via 

a radio transmission path, it is commonly in practice to improve 

10 transmission q11~1ity by conducting error correction of the 

transmission data (FEC: Forward Error Correction). For error­

COJ:irecting codes_ and error-correcting decoding, for example, a 

convo1utiona1 cod,e and maximum likelihood decoding methods- such -as 

Viterbi decoding are used. 

15 In addition,· in .the method where the rece!ving side determines. 

the rate by using the error-detecting code that is added to the 

. _ : -t~ansmis.s:i,;PJt d~t~a:_.:t_o._ .indicat_ec,.the t•ansmission- quality without._.'"' 

sending any rate information, a decision error rate in determining 

the ra-te depends on a word 1ength of the error-detecting code and 

20 doesn't .decrease bel.ow a certain rate-decision error rate' (name1y, 

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 

25 occurs dur-?-ng transmission, an effective data length in the received 

frame cannot be judged and it becomes difficul.t for the receiving 

side to reproduce the transmission data correctly even if no error 

occurs in the data part. 

~herefore, conventionally there has been devised ·a method 

30 whereby the rate-decision error rate was improved through the use 
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of the l.:lkel.ihood information at the time of the maximum likelihood 

decodi.ng and the transmission rate i.s allowed to vary, frame by frame, 

more secure1y during the transmission (for examp1e, refer to 

International Publication No. W097/50219 applied by the present 

5 applicant). 

In the above-mentioned W096/26582 and W097/50219, described is 

a method where, in order to improve the rate detection performance 

at the recei.vi.ng side {that is, to reduce the probability of detecting 

the rate mistaken1y), CRC bits that have been conventionally added 

IO to the end of the transmission data (in this case the position of 

the CRC bi ts in the frame depends on the bit length of the transmission 

data) are arranged at a f:Uted posi.tion :tn the frame {for example, 

at the head of the frame) and trail.sm.i.tted. 

FIGS. lA and lB are diagrams showing an examp1e of transmission 

15 bit arrangement of the conventiona1 scheme. 

In the conventional method where the CRC bi ts are arranged after 

_ ···"~-- transmission data bits (•conventional postposition~), for example; 

when a position one bit ahead from the correct rate position is 

detected, ~ince the codewords at the receiving side goes 

20 success~ve1y as Dl.tc>·no and c4 ·to Cl, even if no transmission bit 

error occurs, the decision resu1 t by CRC shows OK {namely. erroneous 

detection) with a probability of 50 percent. Simi1ar1y to this, 

when a position two bi ts and three bits ahead from the correct rate 

position is detected, the decision resu1t bf CRC .indicates OK 

· 25 erroneous1y with a probability of 25 percent and 12.5 percent, 

respecti.ve1y. 

To so.lve such a prob1em that the probabi1ity of detecting the 

rate mistakenly becomes larger as the asswnedposition approaches 

the correct rate position, there was devised a method where the CRC 

30 bits are arranged at the head of the frame in the above-mentioned 
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W096/26582 and W097/S0219. In this method, as shown in FIG. lB 

( "preposition· case) , since a codeword arrangement at the receiving 

side is discontinuous as Dl, C4 to Cl, the above-mentioned problem 

does not occur and a J.ow probability of detecting the rate mistaken1y 

5 that is determi.ned by the word length of the CRC code can be obtained 

constantly, from a detection position adjacent to the correct 

position to a detection position remote therefrom. 

However, in order that the transmitting side arranges the CRC 

bits a1ways at the head of the frame, that is, ahead of the 

10 transmission data and transmits·, .i.t .i.s essential. .to store 

temporarily the whole bits of the transmission data in memory until 

calculation of the error-detecting code for the transmission data 

is'comp1eted. Such buffer memory becomes large in size in proportion 

to the number of the trans~ission data bits of ·one frame, and when 

15 a huge amount of the transmi.ssion data is sent, hardware scale of 

the memory presents a prob1em . 

. · .. -· .. --- c'-1'.'o. solve- the· prob1em-.; - a--meth6d i:s·· -·dis61osed- ·i.n: ·International.-------· 

Pub1ication No. W000/79720 in which an error-detecting code (CRC 

bits, for example) is provided after transmission data in such a 

20 way that the order of the error-detecting code bits is the reverse 

of· that 0£ the transmission data bits to transm.i.t 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 W000/79720 ~ As oan 

. 25 be understood from the figures6 according to the arrangement of the 

invention disc1osed in W000/79720 (•newpostposition•), since the 

codeword arrangement at the receiving side is discontinuous as Dl, 

DO, COr there does not occur a problem in that the probability of 

detecting the rate mistaken1y increases as the detection position 

30 approaches the correct rate position and a low probabil~ty of 
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detecting the rate mistaken1y that is determined by the word 1ength 

of the CRC code can be obtained constantly, from a detection position -

adjacent to the correct position to a detection position remote 

therefrom. 

5 Moreover; since the bit arrangement according to the invention 

disclosed in W000/79720 is such that CRC is arranged after the 

transmission data, it is not necessary to provide the buffer for 

temporarily storing the transmission data whi1e maintaining the rate 

detection performance high as mentioned above and hardware can be 

10 implemented with a small circuit scale. 

Furthermore, in the invention disclosed in W000/79720, it is 

possib1e that,· considering a case ~here the number of bits of the 

transmitted data becomes zero, if the. nwnber of bi ts of the . 

transmitted data ~s zero at the transmitting side, the frame data 

15 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 numbex.. of bits. of "'"the' ... transmitted. data ... 

becomes zero is also assumed as the fina1 bi.t position of the frame 

data, and if the error-detecting code in the case of the assumption 

· 20 agrees with the abo:ve-mentioned previously-specified bit pattern1 

a decision that the positiQn where the nwnber of bits of the 

transmitted data becomes zero is the final bit position of the frame 

data is .inade. 

In actual data transmissions • there is a case where the number 

25 of bits of the transmitted data to be sent becomes zero, for example, 

as a siient interval (name1y, an interval when a sender does not 

speak) in the case of transmission of voice information, and it is 

pre£erab1e that the receiving side conducts the rate detection 

correct1y for various cases inciuding a case 1ike this (that is, 

so a case where apparent transmission rate = O)_ (this :i.s because at 
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the receiving side a decoder of voice codec (CODEC) may recognize 

such an interyal as a silent interva1 and conduct processing 

different from that of non-si1ent intervals, such as generation of 

a background noise). 

5 For the previous1y-specified bit pattern, for examp1e, bits 

equival.ent to the parity bits of the error-detecting code (because 

of absence of the data, bits corresponding to an initi.a1 state of 

the error-detecting coder; for examp1e, bits al.1 consisting of 

zeros) may be used. If the number of bi.ts of the transmitted data 

10 .is zero, the transmitting side transmits the bits equival.ent to the 

parity bits of the errQ.r-detecti.ng code (because of absence of the 

data, only these bits equival:ent to the pari.tybits are error­

cqrrecting coded and transmitted). At the receiving side, the rate· 

detection is conducted for candidate· final bit positions incl.uding 

15 the final. bit position when the number of data bi ts is equal to zero 

(the error detection at this occasion does not necessitate 

:~ ___ , .. ____ _,_._ ... Qalcu1ating the.err.or-detecting code.:-f.or-the--received .. data··--·--· 

re-encoding - - , and al.l. that is needed i.s onl.y to compare the received 

parity-bit equivalent bits with the previously-specified bit 

.. · .. 20 pattern). Incidentally, if ·tne ·bits.equi.val.ent to the parity b.i.ts 

of the error-detecting code is used as the previously-specified bit 

pattern~ the need for additionally provi.di.ng a circuit for 

generating the prev:i.ously-specified bit pattern can be el.iminated. 

Although the circuit can be used in common by equa1i.zing the 

25 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 bit$ is not zero, the length may be different as the need 

arises. 

For the bit pattern, it is necessary to specify previously at 

30 least one Jd.nd of a pattern, but it may be possibl.e that a plurality 
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of patterns are specified and one of these is used in combination 

with other purpose (each of various control information is 

transmitted being mapped with each bit pattern). 

According to the invention disc1osed in W000/79720, however, 

5 it is required that an error-detecting code (CRC bits, for example) 

be always provided even if there is no data to achieve adequate 

performance during blind rate detection or rate information itself 

be transmitted, even in a channe1 such as a control signal 

transmis$ion channe1 that is inappropriate for being used as the 

10 ref.erence of an outer loop transmission' power contro1 (this i.s a 

part of a dual. cl.osed loop transmi.ssion power control that is combined 

wi.th-·an inner loop transmission power coq.trol-, for m.ai.ntaining and 

controlling block or frame error rate qua1ity), that is, a channe1 

that requires no·frame (b1ock) error rate cal.cu:Lation . 

. ·. · 15 Overhead required to provide the CRC bi ts also in a period duri.ng 

which no data exists decreases transmission efficiency considerably 

- ---···--··- '. __ . ~.i.n- th&.· case :waere-i.nfGrmation --i-s t,;ansmi,tted -in-te.rmittent1y;.·1:i.Jce-·-~'-· .. 

a control signa1 transmission channel. 

20 SUMMARY OF THE INVENTION· .... ' .. 

Therefore, it is an object of the present invention to achi.eve 

a high-quality variable rate data transmi.ssion based on high­

precision rate detection whiJ.e reducing overhead in accordance with 

25 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 transmissi.on method for placing 

var1ab1e-1ength transmission data in each frame having a fixed.time 

30 length to transmit the frame, comprising the steps of: at a 
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transmitting side. calculating an error-detecting code of the 

transmission 4ata in the frame only if the frame contains the 

transmission data; generating frame data containing the 

transmission Qata and the calculated error-detecting code of the 

5 transmission data if the frame contains the transmission data, and 

generating frame data tha~ 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 rece:Lvi.ng si.de. receiving the frame 

10 data; determining the transmission data and the error-detecti.ng code 

0£ the transmission data by determining a predetertni.ned 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 transinission data; deciding that the frame contains the 

15 transmission data if the determined error-detecting code matches 

the error-detecting code calculated based 9n the determi.ned 

--~--- ~ ·-".;transmissl.oncdata~_: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 ca1cu1ated 

20 error..;.detecting code; and obtaining the transmission data in the 

frame based on the resu1t of the decision. 

In the second aspect of the present i.nventi.on, there is provided 

a data transmission method for p1acing variab1e-1ength transmission 

data in each frame having a fixed time length to transmit the frame, 

25 comprising the steps of: at a transmitting side, calcu1ating an 

error-detecting co~e 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 

30 data. and generating frame data that contains neither the 



'01 11/14 20:09 FAX 03 5561 7522 -l DREW & NAPIER ~012 

- 9 -

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 

5 error-detecting code of the transmission data by assuming one or 

more fina1 bit positions of the rece:i.ved frame data, and ca1cu1ating 

an error-detecting code based on the asswned transmission data; 

deciding a position to be the fina1 bit position of the frame data 

if there is the position in the frame where the assumed error-

. 10 detecting code matche.s the error .. detecting code cal.culated based 

on the assumed transmiss~on data among the assumed fina1 bit 

positions· of the frame data. and deciding that the frame does. not 

contain the transmi.ssion data or the received frame data contains 

an error if there is no position where the· assumed error-detecting 

15 code matches the calculated error-detecting code~· and obtaining the 

transmission data in the frame based on the resu.l t of the decision. 

·, - __ :_ :·..:-Here-.:- at-the•-transmitti-ng-S:.ide,- the··step-0-:e·ge:nerating the.frame··"-·-·­

data may generate the frame data in which the error-detecting code 

is p1aced after the corresponding transmission data and the bits 

- 20· of the ~rror-detecting code are arranged in . the order that is the · 

reverse of the order of the bits of the transmission data. 

Here, the data transmission method may further comprise: at the 

transmitting side, conducting error-correcti.ng coding of the 

generated frame data: and conducting interleaving of the frame data 

25 that has undergone the error-correcting coding~ and at the receivi.ng 

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 

80 may further comprise the step of ca1cu1ating transmission rate 
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information indicating the number of bits of the transmission data 

in each frame, and the step of generating the frame data generates 

the frame data containing the calculated transmission rate 

info:rmation. 

5 Here, if the frame contains the transmission data. the length 

of the transmission data may be within the range from 1 to X bits. 

the l.ength of the error-detecting code associated with the 

transmission data may be Y bits, and the combination of X and Y may 

be one of (X,Y)=(8,8), (244,12), (4·080,16) , and (1048576,24). 

, 10 __ .. Here r the data .transmissi~n method may mul.tip1ex variab1e-

1ength transmission data for channe1s in a first channel. group of 

one or more channe1s and transmi·ssion 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,· 

15 the step .of ~a1cu1ating· the error-detecting code may calculate the· 

error-detecting code of the transmission data for each channel in 

-- .the f . .1.rst. channe1. grou.p·:onl.y; :i.f the-4:rame 0 contains the transmiss±on.:.::,. - .. 

data for the channel.: the step of generati.ng the frame data may 

generate. for each channel in the first channe1 group. partial frame 

20 -data containing· the transmission data for the channel. -and the ... 

ca1cu1ated 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 

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

if the frame does not contains the transmission data for the channe1; 

and the step of transmitting the frame data may transmit the who1e 

frame data containing the generated partial frame data for each 

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

30 step of receiving the frame data may receive the whole frame data; 
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the step of calculating the error-detecting code may determine the 

transmission data for each channel in the first channel group and 

the error-detecting code of the transmission data for the channel 

by determi.ning a predete.rmined position in the partial frame data 

5 for the channel contained in the received whole frame data as the 

final bit position and calculates an error-detecting code ·based on 

the dec:i.ded transmission data for the channel; the step of deciding 

may decide, for each channel in the first channel groupr that the 

partial frame data for the channel contains the transmission data 

10 £or 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 may decide, for each channel; in the ·first channel· 

group, that the frame does not contain the transmission data for 

15_ the channel or the partial frame data ~or the channel contains an 

error if the determined error-detecting code of the· determined 

.·~-· -:-:·~---·:.transmiss·ion data fo:t'the chanO:e1:·does-not1natchthe error-detecting 

code calculated based on the determined transmission data for the 

channel; and the step of obtaining the transmission data may obtain 

· 20 the transmission data for each ·channel ·1n the first channel group 

in the frame based on the resu1t of the decision. 

Here, the data transmission method may multiplex variable-. 
1ength transmission data for channels in a first channe1 group of 

one .or more channels and transmission data for channels in a second 

25 channel group of one or more ch~nnels 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 ca1cul.ate the 

~rror-detecting code of the transmission data for each channe1 in 

the first channel group only if the frame contains the transmission 

30 data for the channel: the step of generating the frame data may 
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generate, for each channel in the first channel group,. partial frame 

data containing the transmission data for the channel and the 

ca1cu1ated error-detecting code of the transmission data for the 

channel. if the frame contains the transmission data for the channel, 

5 and may generate,. for each channel in the first ohanneJ. 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 

· .10· . frame data conta:Lning the generated parti.al frame data for each 

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

step of receiving the frame d.ata may receives the whole frame data: 

the step of ·ca1culating the error-detecti.ng code may assume the .. 

transmission data for each channel in the first channel group and 

15 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 tbe-=channel.--containe,d in--the~receiy~O: wh.~1e frame- dat-a:-~nd- -. -:·-:" 

cal.culates an error-detecting code based on the assumed transmission 

data for the channe1; the step of deciding may decide_ for each 

20 channel. in the first channel group, a position to be the final bit 

pos.ition of the partia1 frame data for the channel if there is the 

position where the assumed error-detecting code of the transmiss.ion 

data for the channel matches the error-detecting code calculated 

based on the asswned transmission data for the channel. among the · 

25 assumed final. bit positions of the partial frame data for the channel, 

and may decide,. for each channel in the first channe1 group_ that 

the frame does not conta1n the transmission data for the channel 

or the partia1 frame data .for the channel contains an error if there 

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

80 transmission data for the channel matches the error-detecting code 
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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 obtain:Lng the transmission data may 

obtain the transmission data for each channel in the first channel 

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

Here, dual closed loop transmission power control comprising 

inner 1oop transmission power control and outer loop transmission 

power control may be performed for the data transmission between 

the transmitting side and the receiving side and one or more channels 

10 in the second channel. group may be used as the reference for · the 

outer loop transmission power control without using channels in the 

first channe1 group as ·the reference. 

Here, the relative ratio between error-correcting coding ratios 

of .the mu1tip1exed cha.nile1s and the relative ratio between 

15 transmission powers for the multiplexed channel~ may be fixed. 

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

--~ "- - ·· ·· ··a-tlata·transmission-·sys.tem f'prp:l.·ac'ingvari:abl.e-1ength transmission--· 

data in each frame having a fixed.ti.me 1ength to transmit the frame, 

comprising:. in a transmitter, means for ca1cu1ating an error-

20 detecting code of the· tranSinission 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

deteoting code of the transmission data if the frame contains the 

transmission data, and generating frame data that contains neither 

25 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 detezmining 

the transmission data and the error-detecting code of the 

so transmission data by determining a predeterm1ned position in the 
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received frame data as the fina1 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 

5 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 ca1cu1ated 

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

··10 in the frame based on the result of· the decision. 

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

a d.ata transm.issi.on system for p1acing variab1e-1ength transmission 

data in each frame having a fixed time 1ength to transmit the frame, 

comprising: in a transmitter,·means for calculating an error-

15 detecting code of the transmission data in the frame only if the 

frame contains the transmission. data; means for generating frame 

data conta:;i_ni.n-g -th,e""'--transmiss.ion -·data -and ·the··· cal:culated error..;; 

detecting code of the transmission data if the frame contains the 

transmission data .. and generating frame data that contai.ns neither· 

20 · the- tr·ansmi.ssion data nor the error-detecting·· code 0£ the 

transmi.ssion 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 

25 transmission data by assuming one or more final bit ~ositions of 

the received frame data, and calcu1ating an error-detecting code 

based on the assumed transmission data; means for deciding a position 

to be the fina1 bit position of the frame data if there is the position 

in the frame where the assumed error-detecting code matches the 

30 error-detecting code calculated based on the assumed transmission 
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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 

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

in the frame based on the result of the decision. 

In the fi.fth aspect·of the present invention, there is provided 

a transmitter for placing variable-length transmission data in each 

frame having a fixed time length to transmit the frame, comprising: 

10 ·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 fr.a.me 

15 . data that contains neither the transmission data nor the error-· 

detecting code of the transmission data i·f the frame does not contain 

the·-t:c>a;flsmi.-ss-i,o:n;_ dat~~;· and---mean$ for-·-transmitting the generated - · ---·· 

frame data. 

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

20 a receiver for receiving,· :for each frame having a fixed length, frame 

data containing transmission data and an error-detecting code 

ca1cu1ated for the transmission data if the frame contains the 

transmission data. and receiving. for each frame having the fixed 

length1 frame data containing neither the transmission data nor the 

25 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 

· 30 the final bit position of the frame data. and calcu1ating an 
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error-detecting code based on the decided transmission data; means 

for deciding that the frame contains the transmission data if the 

determined error-detecting code matches the error-detecting code 

ca1cu1ated based on -the decided transmission data, and deciding that 
. .. 

5 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 means for 

obtaining the transmission data in the frame based on the result 

of the decision. 

·10 . In the seven.th· aspect of the pre.sent i.nventi.on. there ·i.s 

provided a receiver for receiving, for each frame having a fixed 

1ength, frame data containing transmission data and an error.:.. 

detecting code calculated for the transm:ission ·data if the frame 

contains the transmission data, and receiving, for each frame hav:lng 

15 . the fixed length, frame data containing neither the transmission 

data nor the error-detecting code of the transmission data if the 

...... .: .. ·' :frame~'.·uoes: not contain·· the· transmi'ssi.on data~·- -the re·c:sej_ ver· · ····· - -· -· ·-- -· ·· ---

comprising::. means for receiving the frame data~ means for assuming 

the transmission data and the error-detecting code of the 

·· 20. transmission data by assuming one or more·' final b.i.t positions of 

··the received frame data, and ca1cu1at.ing an error-detecting code 

based on the assumed transmission data; means for deciding a posi.tion 

to be the final b:f..t position of the frame data if there is the position 

in the frame where the assumed error-detecting code matches the 

25 error-detecting code ca1cu1ated based on the assumed transmission 

data among the assumed fina1 bit positions of the frame data, and 

dec.i.di.ng that the frame does not contain the transmission data or 

the received frame data contains an e.rror if there is· no pos~tion 

where the assumed error-detecting code matches the calculated 

30 error-detecting code; and means for obtaining the transmission data 
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in the frame based on the result of the decision. 

According to the above-described configuration, high-quality 

variable rate data transmission can be achieved based on high­

precision rate detection while reducing overhead in accordance with 

5 the concept of b1ind rate detection in which rate information is 

not transmitted. 

The above and other objects. effects, features and advantages 

of the present invention wi11 become more apparent from the fo1J.owing 

description of embodiments thereof taken in conj~ction with the 

10 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1.A and lB are diagrams showing example of transmission 

-15 bit arrangements of the conventiona1 scheme; 

FIGS. 2A.e.nd 2B are diagrams·showing example of the transmi.ssion 

·.·bit arrangem~.nt· of .the· conventional "Scheme·-and~of::the trans.mi:ssl:on·"· -:· - -

bit arrangement according to the present invention; 

FIG. 3A and 3B are block diagrams showing examp1es of . 

20 configurations of a transmitter and a receiver in a first embodiment 

accordi.ng to the present invention; 

FIGS. 4A, 4B and 4C are diagrams showing examp1es of frame 

configurations of the transmission data in the first embodiment 

according to the present invention; 

· 25 FIG. 5 is a diagram illustrating a processing example of an 

interieaver in the first embodiment according to the present 

invention; 

FIG. 6 is a diagram showing an examp1e of a frame configuration 

of the transmission data in the first embodiment according to the 

30 present invent~on; 
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FIG. 7 is a diagram showing an example of a decoded data sequence 

at the time of the maximum 1ike1i.hood decoding in the first embodiment 

according to the present invention; 

FIG. 8 is a flowchart of a processing example of rate decision 

5 in the first embodiment according to the present invention: 

FIG. 9 is a diagram showing relationship between FIGS. 9A and 

9B; 

FIGS. 9A and 9B are flowcharts of another processing example 

of rate decision in the first embodiment according to the present 

10 invention; 

FIGS. lOA 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. llAr llB and 11C are diagrams showing examples of the frame 

i5 configurations of the transmission.data in the second embodiment 

according to the present invention: 

--: :::· ::::::: •• :~-- - .. -·.' .-
1 -l?.IG. 12·is a f1owcllart:of·ajprocessing·:exampl:e of rate dec1siori ·'._ · -

in the sec.ond embodiment according to the present invention; 

FIGS. 13A, 13B and 13C are dl..agrams showing exampJ.es of the frame 

· 20 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 

conf igµration of the transmission 4ata in the case of the 

•preposition"; 

25 FIGS. lSA and lSB 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 

30 FIG. 17 is a diagram showing a frame in which two sets of 
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transmission rate information shown in FIG. 16 are combined into 

one transmission rate information. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

Hereafter, preferred embodiments to imp1ement the present 

invention will. be described in detail. with reference to the drawings. 

{First Embodiment) 

FIGS. 3A and 3B show examp1es of block constructs of a 

··· 10 transmitter .and-a receiver in a first embodiment of the present 

invention . 

. . In FIGS. 3.A. and 3B, a transmission data sequence applied to ·a 

terminal 1 is sent both to an error-detecting coder 4 and a 

mul~ipl.exer 6. The error-detecting coder 4 calculates an 

· 15 error ... de.tecting code (CRC parity bits (CRC bits} in this embodiment) 

for one frame of transmission data on1y if the frame contains the 

trcm~~i:s-s·i~~ ~«;1:ta··.·· ·.In-this embodiment·• ·the wor.d,-·,.len.gth:.of·the. CRe.· 

bits is a fixed length. 

In this. embodiment. the sum of the length of the transmission 

20 .. 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 bi ts . Thus, the l.ength of the transmission data is O (when 

there is no data) or a vaiue in the range from 1 to 4080 bits. 

According to this embodi.ment; the error-detecting code is not sent 

25 when there is no transmission data to reduce overhead and the l.ength 

of the error-detecting code is increased correspondingly, thereby 

enabling higher-precision rate detection (that is, high-qual.ity 

variable rate transmission) • Other val.ues may be set as the maximwn 

length of the transmission data and iength of the error-detecting 

30 code. For example. the maximum length of the transmission data may 
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be a. ~44, or 1048576 bits and the length of the corresponding 

error-detecting code may be 8, 12, or 24 bits, respectively. 

Then, the mu1 ti.p1exer 6 arranges the error-detecting code ( CRC 

bits) calcu1ated by the error-detecting coder 4 after the 

5 transmission data if the frame contains the transmission data. Here, 

the bits of the error-detecting code are arranged in the opposite 

(reverse) order to the transmission data. In this embodiment, the 

error-detecting coder 4 outputs the error-detecting code bites in 

the opposite order to normal output. 

IO In this embodiment. to conduct the error-correcting coding w:ith . 

a convolutional code, the multiplexer 6 further adds tail b:it(s) 

that will be necessary for. the error-correcting decoding to the 

transmission data and the error-detecting code and outputs them 

sequen tial.ly frame by frame.. The tail bit may be added by an : , 

15 error-correcting coder 8. 

The mu1tip1exer 6 outputs no transmiss:i.on data, error-detecting 

• ----. ,. - ·=--- code,.,nor --taiJ.. bit if-the :frame-contad;ns no transmission ,datai ~- ~- .· - · 

FIG. 4A, 4B and 4C shows examples of the data sequence outputted 

from the mu1tip1exer 6. FIG. 4A shows the case where the 

20 transmission rate-of. the -transmission data (simply indicated as 

"data" in FIGS. 4A and 4B) is the maximwn 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 be1ow the maximum 

rate, a blank time period (time period without data) is produced 

25 in the frame. FIGS. 4A and 4B show frames containing transmiss:ion 

data and FIG. 4C shows a frame without transmission data. The 1ength 

of the transmission data placed in each frame varies with time and 

therefore the data sequence outputted from the mu1tip1exer 6 wi11 

be as shown in FIG. 4A in a time period# as shown in FIG. 4B in another 

30 period, and as shown in FIG. 4C in yet another period, for examp1e .. 
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The data sequence outputted from the multiplexer 6 undergoes 

convo1utiona1 coding in the error-correcting coder 8 and sent to 

an interleaver 10 for interleaving. The convolutional coding is 

not conducted if the frame contains no transmission data. 

5 FIG. s shows an examp1e of the inter1eaving by the interleaver 

10. The data sequence of one frame is outputted in a direction 

different from a direction in which the data is inputted, that is~ 

the transmission data· inputted in a line direction is outputted in 

a column direction .. Incidenta1ly, as for another example of the 

IO· inter1eaving; the inter1eaving·processing described in Japanese·· 

Patent App1ication No. 11-129056 applied by the present applicant 

can be enumerated. The data sequence outputted from the inter1eaver 

10 is written into· s frame memory 12. 

FIG. 6 shows an example of the frame configuration of the data 

15 seqt.1ence obtained from the frame memory 12. The data interval 

corresponding to the. column of the interleaver 10 is called ·a slot, 

.:, .:·and,~here it- is' assumed: that one slot i.s ·composea·-of N"bits and· one·----- ' 

frame is composed of M slots. The number of bi.ts of one frame becomes 

N x M bits. 

20 The output data sequence of th~ fra.i'ile memory 12 is modulated 

by a radio circuit 14 and transmitted through an antenna 16. Here. 

for modulation schemes, for example, a spread spectrummodu1ation 

scheme, a QPSK modulation scheme, etc. are used. In addition, it 

is specified that no modu1ation is conducted at a data position 

25 corresponding to bl.ank data in the slot. According to the f orego.i.ng. 

the data consisting of variab1e 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 raoio circuit 22 and then inputted into a 

30 deinter1eaver 24 sequentially. The deinterleaver 24 has a memory 
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in it and conducts the interl.eaving in such a procedure that inputting 

into and outputting from the interleaver 10 at the transmitting side 

are reversed. that is, writing the data into the memory for each 

column (each sl.ot) and reading the data for each line. Through such 

5 operations as these, an origina1 data sequence of one frame is 

r~produced and the coded transmission data sequence and the 

error-detecting code are revealed. The interleaving and the 

deinterleavi.ng mentioned just above are intended to enhance an error 

correction effect even further by preventing burst errors as 

10 detected in consecutive data bits. 

The deinterleaved data sequence is sent to an error-correcting 

decoder 26 ~dundergoesthe error-correcting decoding by the 

maximwn likelihood decoding method, and the decoded data s~qtience 

is separated into the· error-detecti.ng code and the data seqtienc_e 

15 by a demliltiplexer 28, and the error-de·tecti.ng code is inputted into 

a comparator 34. 

·- - . on the otheJ: .. ~hana.~. the-aaea seq\lenc·e·1s-9utputted from a teriiii.iial'·;·---:--

2 as received data and at the same t:lme inputted into an· error.:..· 

detecting coder 30. At the error-detecting coder 30, the inputted 

20 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 separatedr 

code-bit by code-bit, by the comparator 34, and if all the code bits 

are found to agree wi. th each other, a coincidence signal is outputted. 

25 In addition, since the error-correcting code bits in the received 

frame are in a reverse order to th~ norma1 case, the error-detect.1.ng 

coder 30 in this embodiment outputs the error-correcting code bits 

in a reverse order to the normai case. 

Here, the error-correcting decoding and the calculation of the 

30 error-detecting code are conducted .. frame by frame, by successively 
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assuming the final bit position of transmittable frame data. At 

this occasion, the error-correcting decoder 26 sends likelihood 

information for a decoding result up to each of the assumed final 

bit positions to a rate decision circuit 36, and the rate decision 

5 circuit 36 deci.des the fi.nal bit position, namely, the -transmission 

rate of the frame on the basis of this likelihood information and 

the coincidence signal of the error-detecting codes. 

FIG. 7 shows an example of the decoded data sequence at the time 

of the maximwn likel.ihood decod.ing, and FIG. 8 shows an examp.le of 

IO_ the processing-of-rate decision (algorithm)~ Here, for the maximum 

1ikelihood decoding, Viterbi decoding is assumed. 

First, after Viterbi decoding starts. regarding a plurality 0£ 

decoded .data-. sequences each of which still_ remains in each state 

(in the example of FIG. 7, K pieces .of the decoded data sequences 

.. 15 . that reacll the states 1 to K) at the assumed final bit posit.ion (in 

the example of FIGS. 7 and 8 ,_ the posi t:i.on #L) , the .likelihoods with 

::._: ... ·;_.: __ :.,~.: .· .. J;"espect to the transmi.s.sion ·.a.ata".,.sequence of" tho·se. are obtained .. : : 

respectively, and a difference between the maximum value of ~hese 

1ikelihood and a likelihood with respect to the transnnssion data 

20 sequence of the decoded data sequence (in the example of FIG. 7r 

the data sequence that reaches the state O) obtained by terminating 

the decoding process is obtained (steps Sl to S4). 

If th.is 1ike1ihood difference is within a certain range (in the 

example of FIG. 8, within A), the selected decoded data sequence 

25 is outputted by traceback and the error-detecting coding (CRC 

coding) is conducted (steps SS 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) 

30 transmission data (part) and the (assumed)· error-detecting code 
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(part) for the assumed final bit position can be obtained. That 

is, by assuming the final. bit position, the transmission data (part) 

and the error-detecting code (part) are concomitant1y assumed. Then, 

the obtained (assumed) transmission data undergoes the error-

5 detecting (re-)coding (CRC coding). 

If this re-coded CRC agrees with the received CRC ((assumed) 

error-detecting code), the decoding is ended and the transmission 

data is acquired (restored) by deciding that the assumed final. bit 

positi.on i.s the fina1 bit position of the transmission frame data. 

10 Since the bit arrangements of the transmission data in the frame 

and of the error-detecting code are in a reverse order to each other, 

the probabi1ity that a comparison resu1t of CR.Cs indicates 

·coincidence erroneous1y is extreme1y sma11. 

15 

If; .the 1ike1ihood difference exceeds fl or the comparison resu1t 

of CRCs indicates no coincidence,· a next position is assumed and 

Viterbi decoding is continued. In addition, if there are detected 

. .. ··a: p1u:taJ..ity ·Of poSi.ti:ons where i:he""Iike1ih6o"d difference is within . 

A and the comparison result of the error-detecting· codes indicates 

coincidence when Viterbi decoding and the ca1cu1ation of the 

20 error-detecting code are conducted for the assumed rina1 bit 

positions, a decision that a position where the 1ike1ihood 

difference becomes the minimmn is the ffila1 bit posit~on of the 

transm:ission frame data may be made. This wi;I.l be described 1ater. 

In the examp1e of FIG. 7, if no error occurs on the way of 

25 transmission, it is reasonab1e to think as fo11ows: a sequence that 

reaches the state O at the second position (L=2) has the maximum 

1ike1ihood (1ike1~hood difference = O) and the comparison result 

of the error-detecting codes for this decoded sequence indicates 

coincidence. 

30 On the other hand, if an error or errors occurs on the may of 
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transmission, a sequence that reaches the state 0 does not 

necessarily have the maximum 1ike1ihood. Accordingly. by sett;ing 

~ to an appropriate value; the same effect of reduction in the 

rate-decis.1.on error rate as that in the case of no transmission error 

5 can be obtained also for the decoded sequence such that occurred 

errors have been corrected. In a region where the value of ~ is 

not more than a certain va1ue, by setting ~ to a smaller value, an 

average rate-decision error rate can be 1owered further; an average 

frame error rate (the probability that the comparison result of CRCs 

10 indic~tes no coincidence + the rate-decisi.on error rate) becomes 

1arger. 

Therefore,. for examp1e,. for data that requires .an extreme1y 1ow 

rate-dec.i.s.1.on error rate, such as contro1 data. it is better to make 

A..sm:a11er at the cost of the frame error ra1;'.e to some degree. 

15 Al.ternati.ve1y, consideri11g tendency of the eri:ors that occur 

d,uring the transmission w.;i-th _respect to A, the difference betwee~ 

.... : ... · .... , ... :the maximwn and the minimum of the J.ikeJ.ihoods obtained.at respecti-V~. .. · .. · ..... , - .· ., ........ · ' . - . '· ... . 

assumed final. bit positions is regarded as a factor and a constant 

value mul.tiplied by this factor may be set as A. 

20 If the re-coded CRC does not match the received CRC at a11 the. 

assumed final bit positions •. it is deoided that there is no 

transmiss1on data or the received frame data contains an error. 

When data transmission is conducted usip.g the transmitter and 

the receiver of such configurations as in the foregoing, even if 

25 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 

30 receiving side, to lower the probabil.ity of detecting the rate 

. ;.. ~-" 
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mistakenly during transmitting the variab1e rate data, and at the 

transmitting· side, to eliminate the need for providing buffer for 

temporarily storing the transmission data • 

Furthermore, by adopting the rate decision method that uses 

5 joint1y the 1ike1ihood information during Viterbi decoding, it is 

possible to lower the possibi1ity of outputting the transmission 

data of an erroneous length in the frame on the basis of the erroneous 

decision result of the rate, and thus a highl.y-re1iabi1e variable 

rate data transmission can be conducted. 

10 Because the error-detecting code is not transm.i.tted for a frame 

without transmission data, overhead can be reduced. 

As described above, if there are detected a plura1ity of 

positions· where the likelihood difference is within A and the 

comparison result of the error-detecting; codes indicates 

15 coinc.t,del;l.ce when Viterbi decoding and the ca1cu.l-ation of the 

error-detecting code are conducted for the assumed final. bit 

.~ ·-· · .pos:ictio:o.S-,..·· a-decision that·-·a-po~it:ion whe:r~ -the" 1ike1i.hood· · 

-difference becomes the minimum is the fina1 bit position of the 

transmission frame data.may be made. 

· 20 -- · - ~IGS. 9A and 9B show another example of the process.ing of rate 

dec~s.t,on (algoritlun). In the example of FIGS. 9A and 9B, -­

representing the assumed bit position as L -- an asswned first 

position (L=l) t~ough an assumed fina1 position (at step S31, 

whether or not the assumed fina1 position has been checked is judged) 

25 are thorough1y checked and then a decision that a posit1on where 

the 1ike1ihood difference is the m:i.nimum is the fina1 bit position 

is made. In this occasion, a variab1e Smi.n for storing the minimwn 

11kelihood difference and a variab1e L• for storing its position 

are used. 

30 However, it is conceivab1e that there is a case where the 
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1ik.e1ihood difference is within A and not a single position where 

the comparison result of the error-detecting codes indicates 

coincidence is detected. Since in that case, even at the stage of 

step S33, L' satisfies L'=-1 (a value that was set at step S2l}, 

5 it is decided that there is no transmission data or the received 

frame data contains an error. In addition, if the value of ~ is 

set to infinity, a situation that not a single position where the 

likelihood difference is within A is detected can be avoided. 

In this embodiment, the error-correcting coding is conducted 

10 with a· convolutional ·code, but the error-correcting coding may be 

done by means of other method, for example, one with a turbo code. 

Furthermore, as the above-mentioned W097 /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. 

15 Moreover, in this embodiment, the frame data undergoes the · 

error-correcting coding and the interleaving as well as the 

-· ·de·in-terleaving· an.d · the.:. error-co--rrecting decoding• However,.' · -, : · '·= •· ·· -

without these operations, it is possible that the probabi1ity of 

detecting the rate mistakenly in the variable rate data transmission 

20 is suppressed 1:0 1ow and that the need for provi.di.ng buffer for 

temporarily storing the transmission data is e1iminated. In that 

case, ~11 that is needed is that among the assumed final bit positions 

of the assumed frame data, a position where the asswned error­

detecting code agrees with an error-detecting code calculated on 

25 the basis of the assumed transmission data is simply decided to be 

the final. bit position of the frame data, without using the 1ikel.ihood 

information. 

If it is known ~hat the length of transmission data is one of 

two values, x cx-o) and 0, then the process on the receiving side 

30 can be further simplified. That is, it is not required that every 
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fina1 bit positions be successively assumed in each frame. Instead, 

the transmi.ssion data (length:: X} and the error-·correcting code are 

determined based on the final bi.t position determined with respect 

to the length, x, of the transmission data and the error-detecting 

5 code of the determined transmission data is calculated. If the 

determined error-detecting code matches the calculated error­

detecti.ng code based on the determined transmission data, it is 

decided that there is transmission data. Otherwise. it is decided 

that there is not transmission data or the received frame data 

10 contains an error. 

(Second Embodiment) 

FIGS. lOA and lOB show examples of the block constructs of a 

transmitter and-a receiver in a second embodiment according to the 

present invention . 

. 15 In the configuration of FIGS. fOA and lOB, transmission of 

information indicating the rate of· the transmission data is added 

. ·to the· configuration· Of FIGS·~·- 3A arid-3B,' ·and···the .. redeivi.ng side use's-· 
this rate information additionally to make the rate decision. In 

FIGS. lOA and lOB, al_l the parts connnon to those of the configurations 

20 · of FIGS. 3A and 3B ~e denoted by· 'the· same numera1s. Description · 

of operations will be given be1ow. 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 

25 5 is sent to rate information memory 40. Here, the contents of the 

rate information memory 40 are rate inf o.rmation about the 

transmission data, namely, the number of bits. A mu1tip1exer 6' 

outputs the following information successive1y frame by frame: 

information indicating the rate of the transmission data red from 

30 the rate information memory 40; the transmission data sent from 
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terminal 1, an error-detecting code ca1cu1ated for the transmission 

data in error-detecting coder 4~ and the tail bits. The multip1exer 

6 · outputs neither the transmission data. error-detecting code - nor 

tail. bit if a frame contains no transmission data, i.nstead. it outputs 

5 on1y the transmission rate information. Also in this embodiment, 

the error-detecting code is arranged after the transmission data 

and the bits of the error-detecting code are arranged in the opposite 

order to the transmission data. In this embodiment, the 

transmission rate information is provided at the head of the frame. 

.. . 10 Al.so in this embodiment. the sum of the length of the . 

.. 

15 

transmission data and the length of the error-detection code ( CRC 

bits) in one-. frame is 4096 bits maximum. The 1e~gth of the 

error-detecting code ·is 16 bi ts. Other values may be set as the 

maximum .:iength of the transmission data and length of the 

error-detecting code. 

-·· ·-· .: ......... 

FIGS ... llA,. J.lB and llC show examples of .the data sequence output 

·· :e:ro:n:i :tQ.e· ~mµltipl:exer· 6 •. -FIG •. llA shows· the·· case where,· the: --:'- -

transmission r~te of the transmission data is the maximwn,. 118 shows 

the case whe:re the. transmi.ssion rate is be1ow the maxi.mum rate and 

20 there is transmission data, and FIG. l lC 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 

25 may enumerate a double orthogonal code, Reed-Muller code, BCH code, 

etc. or a1ternatively error-correcting coding other than the 

error-correcting coding with a block code may be used), and does 

the error-correcting coding w~th a convoiutional code for the 

transmiss~on data, the error-detecting coder and the tail bits. 

· 30 Furthermore, the .interleaver 10 conducts the interl.eaving of these 
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data that have undergone the error-cor~ecting coding, either 

independent1y for each data or col.lective1y.. In addition, in the 

error-correcting coder 8, a11 of the transmission rate information, 

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

5 may undergo co11ective1y the error-correcting coding with a 

convo1utiona1 code. 

On the other hand, in the receiver, if the transmission rate 

information undergoes the error-correcting coding with a block code 

or the like independently from the transmission data or the like, 

10 the transmission rate information part undergoes the error­

correcting decodi.ng properly in an error-correcting decoder 26 r and 

subsequently the decodi.n·g resu1t is retained in a rate information 

mem.()ry 42. On the contrary, if the transmission rate :lnformat:ion, 

the transmission data, etc. undergo convolutiona1-coding 

15 collectivel.y, in the error-correcting decoder 26' the decoding 

result of the rate information bits part arranged at the head of 

·----·· - -- - - t~e ~~c:lllle is~~emporari1y obtained by interrupting sequen·tiarv:tterbi:" 

decoding that has been started from the head of the frame, and this 

decoding re~u1t is retained in the rate information memory 42. 

20 FIG. 1.2 shows the rate decis·ion processing (algorithm) in the 

receiver of thi.s 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 

decodj_ng of the frame data up to that position, outputs the decoded 

25 data sequence obtained by terminating the decodj_ng process through 

traceback, and conducts the error-detecting coding (CRC coding} 

(steps Sll to 815). 

If the re-coded CRC agrees with the received CRC the decoding 

process is completed (step Sl6), a deci.sion that the position 

. 30 indicated by the contents ·of the rate inform~ti.on memory is the final 
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bit position of the transmission frame data is made and the 

transmission data is acquired (restored). Since the bit 

arrangements of the transmission data in the frame and of the 

error-de~ecting code are set in a reverse order to each other, the 

5 probability that the comparison result of CRCs indicates coincidence 

erroneously is extreme1y sma11. 

In this embodiment, if the comparison resu1t of CRCs indicates 

no coincidence. the f ina1 position of the transmi ttab1e frame data 

other than the final bit position indicated by the contents of the 

10 rate-information memory is assumed successive1y; the error­

correcting decoding and the calculation of the error-detecting code 

.are conducted, and the rate decision is made using the likelihood 

information during Viterbi decoding ~nd the comparison result of 

the error-detecting codes (the same processing as step Sl 7 and steps 

15 Sl to SS of FIG. 8). 

A1so, between steps S13 and Sl4, similarly to the first 

--·- .... ,.. em~odiment,- -the· fo~l.owing steps-· may .-be adde4,_: -de_t~rmining the-· 

maximum likelihood (step S3); finding the likelihood difference 

(step S4); and judging .. whethe:r.; or not the likel.ihood difference is 

20· - wi th:;i,;n ···a certain range (step SS) . Concrete processes may be as 

follows: if the likelihood difference is within a certain range, 

the flow is made to proceed to step Sl4: if the 1ike1ihood difference 

is not within a certain range, the flow is made to proceed to step 

Sl 7. In the case where such processing (steps S3 to SS) is conducted, 

25 a1 though the number of processes increase as compared to when such 

processing is not done. the rate-decision error rate can be improved 

further. In addition., fl used at step SS between step Sl3 and step 

Sl4 and A used at step SS while being in step Sl7 may be the same 

value or may be different va1ues. 

30 If the re-coded CRC does not match the received CRC at al.I. the 
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assumed fina1 bit positions, it is decided that there is no 

transmission data or the received frame data contains an error. 

A1so in the case where the transmitter and the receiver of the 

foregoing configurations are used to conduct the data transmission r 

6 i.t is possib1e that the probability of detecting·the rate mistakenly 

at the receiving side during transmitting variable rate data is 

suppressed to 1ow and that the need for providing buff er for 

temporarily storing the transmission data at the transmitting side 

is el~minated .. 

10 . More·over, if there is no-. transmission error, the rate 

information is surely detected by the receiver: on the other hand, 

supposi.ng that the rate information is transmitted erroneous1y. the 

rate decision is made possib1e through the use of like1ihood 

information during:Viterbi decoding and the comparison result of 

15 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 ·high1y-rel±abile· variabl.~-··rate data transmission can-be 

performed. 

Because the error-detecting code is not transmitted for a frame 

20 without ·transmission data, overhead can be reduced. 

In addition, since the reliability of Viterbi decoding resu1 t 

of the rate info~ation bit part can be made 1arger as the input 

signal stored in the decoder, namely, the length of the subsequent 

coded data sequence becomes longer in the foregoing description, 

. 25 it is preferable that the data sequences of a fixed length other 

than the transmission datar such as the error-detecting_code, are 

arranged just after the rate information bits successively as much 

as possible. 

A1ternative1y, it .may be also possib1e that in the transmitter 

30 the tai1 bits are inserted after the rate information bits, and in 
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the receiver the decoding operation is temporarily completed at this 

tail. bits .. and after the received rate information is obtained, the 

decoding operation is re-started to decode the frame data up to the 

final -bit. 

5 Also in this embodiment, if it is known that the length of 

transmission data is one of two va1ues .. X (X'¢0) and 0. then the process 

on the receiving side can be further simp1ified. That is. if the 

rate information indicates a transmission data length of O at step 

s12 in FIG. 12~ it is determined that there is_ no transmissio_n data, 

10 and then the process ends. ·If the rate information indicates a ·· 

transmission data length of X, the process at step S13 and the 

subsequent steps is performed, and if the received CRC matches the 

re-coded CRC at step S16. it is dec~ded that there is transmission 

data, otherwise. it is. decided that there is no transm.i.ssion data. 

15 .or the received frame data contains an error. 

A1ternat.i.ve1y, even if the rate information indicates a 

. :. . ~ ·. :-transmissi.mr data length of Y tY-o, ·Y;isX)-· (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 

20 · ·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 calcu1ated, and if the received CRC matches 

the re-coded CRCr it may be decided that there is transmission data, 

otherwise it is decided that there is no transmission data or the 

25· received frame data contains an error. 

Moreover. even ~£ the rate information indicates at 

transmission data 1ength of Y=O, 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 

30 the transmission data is x, the error-detecting code (re-coded CRC) 
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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. 

5 In the first and second embodiments. it is possib1e that in 

judging (at the receiv~ng side) whether or not the likelihood 

difference is within the predetermined range (step SS in FIG. 8), 

the predetermined range (the vaJ.ue of ~ in FIG. 8) is varied (is 

made different) according to the assumed final. bit position of the 

10 frame data. 

When the present invention is applied in actua1 radio 

comm.unicat;ion environments, a propervaJ.ue of /1 to obtain the desired 

detection performance may differ for each of the final. bit posi ti.ons 

(that is, ditferent number of bits of the transmitted data in the 

15 frame) depending ori .the tendency of the transmission bit errors in 

the transmission path. In such cases, 1£ a ~ing1e va1ue of 6 is 

.---·--: used'. in common.. the~·-r.at~e· detection performa.hce di.ffers ·accoraTrig:--- --··· 

to the fina1 bit position. Consequently, there arises a prob1em 

in that when a percentage of transmission frequencies of the 

20 transmission rates· (final bit positions) va:ry, the average qila1ity 

of the variable rate data transmission including the rate detection 

performance changes. 

Then. it is conceivabJ.e that the val.ue of A for the decision 

of the thresho1d value is set to not a single val.ue but several 

25 different values (Al, A2, ••. ,M., .••• AN) for respective fina1 bit 

positions (respective transmission rates) and thereby the decision 

of the rate is made possib1e. Here, a va1ue of each AL may be varied 

during the transmission so as to be a1ways an optimum value in 

response to the change in the transmission environment. Furthermore r 

30 the same value may be used in part repeatedly. 
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(Third Embodiment) 

Transmission data for a p1urality of channe1s can be mu1tip1exed 

· into (contained in) each frame and the data transmission method 

described with respect to the first or second embodiment can be 

5 appli.ed to only (variable-length data of) some of the channels. For 

examp1e, if a channel for transmitting a control. signal. is incJ.uded 

in the channels to be mu1 tip1exed, the method of the first or second 

embodiment may be app1ied to only the control signal transmission 

channel. 

10 FIG. 16 shows an ·example in which transmission data for two 

channe1s is contained in one frame. In FIG •. 16, the data 

·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 

15 an error-detect.i.ng code i.s added even .if there is no trarismission 

data) described in W000/79720, for example, is applied to the other 

.· .... · ' channel (i.e. a seoond:channel.) .... ., Alternative·1y;--a:data transmission··.- -

method may be used in which a transmission rate is determined by 

using onl.y transmission rate information without using (adding) the 

20 error-detecti.ng. code for the second channel. In addition, if the 

transmi.ss1on data over the second ·canne1 is fixed-1ength 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 

25 information about the £irst channel. (first transmission rate 

information) and transmission rate info.Dilation about the second 

channel (second transmission rate info.rmation) are p1aced in one 

frame. Then, a section (having a fixed length) a11ocated to the 

fi.rst channel and a section (having a fixed length) allocated to 

30 the second channel are provided and transmission data, an 
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error-detecting code, and a tai.1 bit for each channe1 are contained 

in each a11ocated section. If the frame contains no transmission 

data for first channe1, neither the transmission data, error­

detecting code, nor tai1 bit is contained in the section a11ocated 

5 to the first channel. The first and second transmission rate 

information may be contained in the respective sections a11ocated 

to the respective channels. 

The transmission rate information about the channels may be 

combined into one piece of transmission rate information. 

· 10 FXG. 17 shows the case where two sets of transmission rate 

information shown in FIG. 16 are combined into one transmission rate 

.i.nformat.ion. It is asswmad that the transmission rate of the first 

channel. can: be one of five rates, o kbps, 10 kbps, 20 kbps, 30 kbps, 

and 40 kbps.,. and the transmission rate of th~ second ·channel. can 

. 15. be one .of three rat~s, o kbps, so kbps,_ and 100 kbps, for exampl.e. 

In th.is case, if separate items of transmission rate information 
. . . .. . . 

... . .. . . as, ~~o~-in- FIG._--3.6- were used, 3 pits WQulg l;>~ -~~~i;red fo:c- .the first· 

transmission.rate information and 2 bits would be required for the 

second transmission rate information, thus requiring a tota1 of S 

20 bits for the transmission rate information. On the other hand, if 

the combined transmission rate information as shown in FIG. 17 ~s 

used, the first channe1 transmission rate/second channe1 

transmission rate can be indicated with one of 15 (=S x 3) 

combinations. o kbps/O kbps, 10 kbps/O kbps. 20 kbps/O kbps, 

25 20 kbps/100 kbps, 30 kbps/100 kbps, and 40 kbps/100 kbps, thus the 

combined transmission rate information requires only 4 b~ts. 

Therefore, using the combined transmission rate info:rmation has the 

advantage of reducing overhead. 

The transmission rate information about the first channe1 or 

30 second channel a1one may be sent, or no transmission rate information 
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(about both of the channels) may be sent . For example, the first 

channel transmission rate information is not sent and the method 

(transmission without transmission rate information} of the first 

embodiment may be used for the first channel instead of the method 

5 of the second embodiment (transmission with transmission rate 

information). If the second channel transmission rate information 

:is not sent .. one of the methods described in W000/79720 (the method 

in the first embodiment in which an error-detecting code is added 

even if there is no transmission data) for example, may be used for 

- 10 the second channel. 

The transmission rate information about all or none of the 

channels may be sent depending on-the circuitry of a 

·transmitter/receiver. ·This is because: there is the case where an 

error-correct.ing code ,.;(for example block coding} is also appJ.ied 

· 15 to transmission rate information and the error correction capabi1ity 

, of the error-correcti~g coding (for exampl.e, convolutiona1 codi.ng) 

- ----, ·· .. , ... , · for a part contatning an error""detect·i:ng·- code is· rel.ative1y high,·:_ ·-' = 

(that is~ the transmission qual.ity of the transmission rate 

information is re1ative1y low) and, in such a case, the error 

20 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 avail.able. Here, if 

.combined transmission rate informati.on is used, it may not be 

required that the combined transmission rate information contain 

25 information about the transmission rate of a channel to which the 

method of the second embodiment is applied. If the combined 

transmission rate informati.on does not contain the first oha:.D.nel 

transmission rate in the above-described example# the combined 

transmi.ssion rate information will consist of only the seco~d 

30 channel transmission rate information, thus requiring onl.y 2 bits. 
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However, it is not always advantageous to over-refine a transm:i.ssion 

format (to use a variable format) so as to transmit onl.y a required 

number of transmission rate information bits, because it would 

general1y complicate circuitry. 

5 While the example has been described in which the method of the 

first or second embodiment is applied to one channel and none of 

them are appl.ied to another channel, the method of first or second 

embodiment may be appJ.ied two or more channels or none of them may 

be applied to two or more channels. 

10 . The error-correcting coding may be performed by block coding 

15 

the part of transmission rate information and convo.lutiona1 coding 

the section a.llocated to each channel.. The convolutional coding 

•- _ may be appJ.:ied to the part of the transmission rate information. as . 

well. -In this case, the convol utional coding may be applied to the 

transmission rate information and the section al.l.ocated to the first 

channel separately or collectively. 

{Fourth Embodiment) - · ·- · - · 

.. Dual closed loop transmission power control comprising inner 

loop transmission power contro.l and outer loop transmission power 

20 · _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 app.lied may be used as the reference 

of the outer .loop transmission power control (hereinafter simpl.y 

calied •control reference"). 

25 For example, if channels to be multiplexed include a control 

signal transmission channel, the control signal transmiss~on 

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 

30 provide outer loop transmission power control (b1ock or frame 
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error-rate quality maintenance control) based on-, for example,. the 

result of decis:Lon of a received CRC as the control reference, because 

information is generally transmitted intermittently. 

The outer loop transmission power control is performed on the 

5 assumption that inner loop transmission power control is performed 

siinul taneousl.y. In particular, the outer loop transmission power 

control adjusts a target SIR (signa1-to-inter£erence-and-noise 

ratio) used for the inner loop transmission power control so that 

a frame (block) error rate quality,. which is separately measured 

10 ; at the. receiving. side, becomes its target va.lue. · Inner loop 

transmission power control herein is control in which a receiving 

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 .. quali ty) , · 

15 . 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., th~·rece:i;ved qua1:i:ty·exce.eds the taxget quality), sends· 

a contro1 signa1 to the sending side to cause it to reduce the 

transmission power. 

20 · In genera1 j outer J.oop transmission power control. (is dual. 

closed 1oop control and) controls transmission power moderately 

compared with inner loop transmission power control. If a pl.urali ty 

of channel.s are mu.lti.pl.exed and a targ·et frame (block) error rate 

quality i.s set for each channel, the target SIR used for the· inner 

25 loop transmission-power control is adjusted so as to satisfy all 

the target frame (b1ock) error rate qua1ities. 

The rel.ative ratio between error-correcting coding ratios of 

the mul.tipl.exed channels and the relative ratio between transmission 

powers for the multiplexed channels can be fixed. The rel.ative 

ao ratios may be decided in consideration of the required quali.ty of 
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each channel. 

When the transmission power of the reference channel is 

determined by the outer loop transmission power control, the 

transmission powers of the other channe1s are a1so determined in 

5 the case where the re1ative ratios of the transmission powers are 

fixed .. That is, the transmission powers of the channel.s other than 

the reference channel can be controlled indirectly. 

In some cases, the transmission power of a channe1 may be changed 

according to its rate. In such a case. for example the re1ative 

10 . :ratio Q between the· transmission power of a reference channe1 during 

the .transmission at the maximum rate R1.M and the transmission power 

of a channe1 other than the reference channel during the transmission 

at the maximwn rate R2 ,t1 is set at a fixed value. Let the re1ative 

ratio between the transmission power.of the reference channel during 

15 .transmissi.on at a certain rate R1 , 3 and the transmission power during 

transmission at the maximum rate R1 ,M be S(R1 , J), and ·the relative 

:·> ·_ -:- · : ~:. · -:-· :'..rat·i-o ··between· the transmission ·power>of,'the·:non•reference chanhe1 

· · duri.ng transmiss.ion at a certain rate Rz.K and the transmission power 

during the transmission at the maximum rate Ri,M be S(R2 .K). :If the 

20 transmission power of the reference channel during the transmi.ssicm 

at rate R1 • J is determ.ined to be P1 , :s, . then the transmission power 

P2 .K of the non-reference channel during the transmission at rate 

R2 ,11:: can be determined by P1 • J x Q x S (R2 • ,J /S(R1 ,J). 

(Others) 

25 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 

30 Order) and to the case Of "preposition- (that is, a case where the 
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error-detecting code is arranged ahead of the transmitted data and 

the bit arrangements may be in the same order or in a reverse order) .. 

FIGS. 13A, l3B and 13C show examples of the frame configurations 

of the transmission data in the case of "postposition and same order" 

5 and FIGS. 14A,. 14B and 14C show examples of the frame configurations 

of the transmission data in the case of ftpreposition". FIGS. 13A 

and 14A show cases where the transmission rate of the transmissi.on 

data is at the maximwn,. FIGS. 13B and 14B show cases where the 

transmission rate is b.elow the maximum. rate and the frame contains 

IO: . transmission data; FIGS. 13C -and 14C- show cases where the frame 

contains no transmission data. Configuration examples of the 

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

same order• and in the case of "preposition, .. a processing example, 

and the l.ike are · the ·same as those described with respect to the. 

15 first through fourth embodiments. In addition, in the cas~ of 

•preposition," as shown in FIGS. lSA and lSB, it i.s conceivabl.e thatr 

.. ··- --- ·-·- - ·- f(;>r- examploe a7'.fran&e -memeey·.·4Cl i-s· pl?()y~ed -b.etween:. t~e :te:Elll~~al···l·:---­

and themu.ltipl.exer 6 and thereby the transmitted data i.s temporarily 

stored, and in the mean time the error-detecting code is ca1cu1ated 

20 by the error-detect:ing coder 4. Moreover, i. t is concei vabl.e that, 

for example r ~ error-.detecting code memory 42 is provided between . 

the demultipJ.exer 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 ca1cu1ated 

25 by the error-detecting coder 30. 

According to the present invention as described above, 

high-quality variabl.e-rate data transmission can be achieved based 

on a precise rate detection while reducing overhead in accordance 

wi. th the concept of bl.ind rate detection in which rate information 

30 is not transmitted. 
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The present invention has been described in detai.1 with respect 

to preferred embodiments. and it will now be apparent from the 

foregoing to those skilled in the art that changes and modifications 

may be made without departing from the invention in its broader aspect,, 

5 and .it is the i.ntention,, therefore, in the apparent claims to cover 

a11 ·such changes· and modifications as fall within the true spirit 

of the invention. 

....... -..:; 

: · .. ~ 
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llf 11111111111 11111 11111111111 
C L M s . * WHAT IS CLAIMED IS: 

1. A data transmission method £or placing variabie-iength 

transmission data in each frame having a fixed time iength to transmit 

5 the frame, characterized by comprising the steps of: 

at a transmitting side. 

calcu1ating an error-detecting code of the transmission 

data in the frame only if the frame contains the transmission data; 

generati.ng frame data conta.ining the transmission data and 

IO 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 

15 

· of the transmission data· if the frame does not contain the 

transmission data: and 

transmitting the generated frame datai and 

at a rece1ving side-

receiving the frame data; 

determining the transmission data and. the error-detecting 

code of the transmission data by determining a predetermined 

· 20. posi·t-1..on in the received frame data as the final. b1t position of 

the frame data, and ca1culating 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 

25 code ca1culated based on the determined transmission data, and 

decid.ing that the frame data does not contain the transmission data 

or the received frame data contains an error if the determined 

error-detecti.ng code does not match the calcu1ated error-detect1ng 

~ode; and 

30 obtaining the transmission data in the frame based on the 
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I lllllll llllll lllll lllll II llll 
result of the decision. * C L M S * 

2.· A data transmission method for placing variable-1ength 

transmission data in each frame having a fixed time 1ength to transmit 

5 the frame, characterized by comprising the steps of: 

at a transmitting side. 

ca1culating an error-detecting code of the transmission 

data in the frame onl.y if the frame contains the transmission data; 

generating frame data containing the transmission data and 

10 . 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 

15 

transmission da:ta: and 

transmitting the generated frame data; and 

at a receiving side, 

receiving the frame data,,. 

asswning the transmission data and the error-detecting 

code of the transmission data by assuming one or more final bit 

20 positions of· the ·received frame data, and calcul.ating an error·-· 

detecting code based on the assumed transmission data: 

deciding a position to be the fina1 bit position of the 

frame data if there is the position in the frame where the asswned 

error-detecting code matches the error-detecting code calculated 

25 based on the assumed transmission data among the assumed final bit 

positions of the frame data. and deciding that the frame does not 

contai~ the transmission data or the received frame data contains 

an error if there is no position where the asswned error-detecting 

code matches the cal.culated error-detecting code; and 

30 obtaining the transmission data in the frame based on the 
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resu1t of the decision. 
I 1111111111111 11111 1111111 1111 

* C L M S * 

3. The data transmission method as claimed in c1aim 1 or 2, 

characterized in that, at the transmitting side, the step of 

5 generating the frame data generates the frame data in which the 

error-detecting code i.s 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 

10 

data. 

4 • The data transm:Lssion method as claimed in claim 1 or 2, further 

characterized by compris:Lng the: steps of: 

at the transmitt:Lng side, 

conducting error-correcting coding of the generated frame 

15 data;: and 

conducting interleaving of the frame data that has 

·-·~>~undergone. the error-correct:Lng codlng;-· arid··....... ·-··· --- ·, 

·20 

at the receiving side, 

conducting deinter1eaving of the received frame data; and 

conducting error-correcting decoding of the frame data 

that has undergone the deinterleaving. 

5. The data transmission method as claimed in claim 1 or 2, 

characterized in that, at the transmitting side, the data 

.25 transmission method further comprises the step of calculating 

transmission rate information i.ndicating the number of bits of the 

transmission data in each frame, and the step of generating the frame 

data generates the frame data containing the calculated transmission 

rate info:cmation • 

. 30 
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6. The data transmission method as claimed in claim 1 or 2, 

characterized in that, if the frame contains the transmission data, 

the length of the transmission data is within the range from 1 to 

X bits, the iength of the error-detecting code associatea with the 

5 transmissi.on data is Y bits. and the combination of X and Y is one 

of (X,Y)=(8,8), (244,12), {4080,16) , and (1048576,24). 

1. ~he data transmission method as claimed in claim l, 

characterized in that 

10 the data transmission method mu1tiplexes variable-length 

transmission data for channels 1n a first channel group of one or 

·.more channels and transmission data for channels in a second channel 

group of one or· more channe1s into each frame having a fixed time 

length to transmit the frame, and 

15 at the transmitting side, 

t.he step of ca1cu1ating the error-detecting code 

- -: - cai.cul.ate·s; _the ::error-detecting code -of·- the· transmission data .-£or- ·· -· 

each channel. .i.n the first channe1 group only if the frame contains 

the transmiss~on data for the channel: 

the· step of generating the frame data generates·,-'-for each 

channe1 in the first channe1 group r partia1 frame data conta.ining 

the transmission data for the channel and the calculated error­

detecting code of the transmission data for.. the channel. if the frame 

conta1ns the transmission data for the channe1, and generates,. for 

25 each channel in the f~rst channel group, partial fr~e data 

30 

containing neither the transmission data for the channe1 nor the 

error-detecting code of the transmission data for the channel if 

the frame does not contains the transmiss.ion data for the channel; 

and 

the step of transmitti.ng the frame data transmits the who1e 
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frame data containing the generated partial frame data for each 

channel in the first channe1 group, and 

at the receiving side, 

the step of receiving the frame data receives the whole 

5 frame data; 

the step of calcu1ating the error-detecting code 

determi.nes the transmission data for each channel in the first 

channel. group and the error-detecting code of the transmission data 

for the channe1 by determining a predetermined position in the 

10 partia1 frame data for the channe1 .co:ntai.ned in the rece:i.ved whole 

frame data as the final bit position and calcu1ates an error­

detecting code based on·the decided transmission data for the 

channel; 

the step of deciding decides /1 for each channel. in the first 

15 channel group /1 that the partial. frame data for the channel contains 

the· transmission data for ~he channei if the· determined error-

·-:::-:-·:·-··:.. ____ --·-·:cbrtecting--code-·of-.the determined transmiss:ton·data for the-channeL 

matches the error-detecting code ca1cu1ated based on the determined 

transmission data for the channe1. and decides, for each channe1 

20 in the first channel. group;;· that the frame does not contain the· 

transmission data for the channel. or the parti.al frame data for the 

channe1 contains an error if the determined error-detecting code 

of the determined transmi.ssion data for the channel does not match 

the error-detecting code. ca1cu1ated based on the determined 

25 transmi.ssion data for the channel: and 

the step of obtaining the transmission data obtains the 

transmission data for each ohannei in the first channel group in 

the frame based on the result of the decision. 

30 8. The data transmission method as cl.aimed in c1aim 2, 
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characterized in that 

the data transmission method mu1tip1exes variab1e-1ength 

transmission data for channels in a first channel group of one or 

more channels and transmission data for channe1s in a second channel 

5 group of one or more channe1s into each frame having a fixed time 

1ength to transmit the frame, and 

at the transmitting side, 

the step of calcu1ating the error-detecting code 

ca1culates the error-detecting code of the transmission data for 

10 each channel in the first channel -group on1y if the frame conta1ns 

the transmission data for the channe1; 

the step of generating the frame data generates. for each 

channe1 in the first channel. group .. partia1 frame data containing 

t.p.e transmission _data for the-channel and; the ca1cu1ated error-

15 detecting code of the transmission data for the channe1 if the frame 

contains the transmission data for the channel, and generates, for 

_ :~a_9h. -9J.lanneL. in --the-- f-irst- channe-1- gr~up~, pe:ir.ti.;al frame data-~-·:: 

containing neither the transmission data for the channel nor the 

error-detecting code of the transmission data for the channel if 

20 the frame does not con-t:;ains the transmission data- for the channe1; 

and 

the step of transmitting the frame data transmits the who1e 

frame data containi~g the generated partial frame data for each 

channel in the first channe1 group, and 

25 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 channe1 group 

30 and the error-detecti.ng code of the transmission data for the channel 
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by assum.1.ng one or more fina1 bit positions of the partial frame 

data for the channe1 contained i.n the received whole frame data and 

ca1cu1ates an error-detecting code based on the assumed transmission 

data for the channel; 

the step of deciding decides, for each channel. in the first 

channe1 group, a posi ti.on to be the fina1 bit position of the part:l..al 

frame data for the channel if there is the position where the assumed 

error-detecting code of the transmissi.on data for the channel 

matches the error-detecting code calcu1ated based on the assumed 

10 transmission data for the channel among the-assumed final bit 

positions of.the partial frame 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 partia1 

frame data for the :chan~el contains an error if there 1.s no position 

15 ·where the assumed erroJ;"-detecti.ng code of the .transmission data for 

the channe1 matches the error-detecting code calculated based on 

the--assumed-tr~J;11D.i=Ei~·i:Qii data £or-the'channe1 among·the:assumed :finai-:- .. :::....;_. 

bit positions of the partia1 frame data £or the channe1; and 

the step of obtaining the transmission data obtains the 

20 transmission data· for ·each channel. in the first channel group in ·-

the frame based on the resu1t of the decision. 

9. The data transmission method as claimed in claim 7 or 8, 

characterized in that dua1 c1osed 1oop transmission power control 

25 comprising inner 1oop transmission power contro1 and outer l.oop 

transmission power contro1 is performed for the data transmission 

between the transmitting side and the receiving side and one or more 

channe1s in the second channe1 group are used as the reference for 

the outer ioop transmission power oontroi without using channeis 

30 in the first channel group as the reference. 
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10. The data transmission method as claimed in claim 9, 

characterized in that the relative ratio between error-correcting 

coding ratios of the mu1tip1exed channels and the relative ratio 

5 between transmission powers for the multiplexed channels are fixed. 

11. A data transmission system for placing variable-length 

transmission data in each frame having a fixed time length to transmit 

the frame, characterized by compri·sing: 

10 i.n 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 

15 °transmission data and the calculated error-detecting code of the 

transmission. data if the frame contains the transmission data. and 

. _,; ... -_____ g.e11.era:ting .. frame. data---1;.hat oonta-in.s.:n,eithe:r- the- transmission data - ··· 

nor the error-detecting code of the transmission data if the frame 

does not contain the transmission data; and 

.. 20 -·. means for transmitting tbe 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 transm:i.ssion data by determining a 

25 predetermined position in the received frame data as the final bit 

position of the frame data, and cal.cu1ating 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-

30 detecting code oaicuJ.ated based on the determined transmission data, 
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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 ca1cu1ated error-detecting 

code; and 

means for obtaining the transmission data in the frame 

based on the result of the decision. 

12. A data transmission system for placing variable-length 

transmission data in each frame having a fixed ti.me length to transmit 

10 the frame, characterized by comprising: 

15 

in a transmitter, 

means for calcu1ating an error-detecting· code of the 

transmission data in the frame on1y if the frame contains the 

transmission data; 

. ~eans for generating frame data containing the 

transmission data and the calculated error-detecting .code of the 

· '·· trq.nsmission, dat:a4.f .the .frame conta:i.ns ... the-transmission-data·; .:arid-··--'~· 

generating frame data that conta~ns neither the transmission data 

nor the error-detecting code of the transmission data if the frame 

20 does not contain· the transmiss~on 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 

25 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 assmned transmission data; 

means for deciding a position to be the fina1 bit position 

of the frame data if there is the po·si ti.on 1.n the frame where the 

30 assumed error-detecting code matches the error-detecting code 
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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 

5 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. 

to 13. A transmitter for placing variable-l.ength transmissic::m data in 

each frame having a fixed time length to transmit the frame, 

characterized by comprising: 

means for cal.cul.ating an error-detecting code of the 

transmission data in the frame onl.y if the frame contains the 

15 transmission data; 

means for generating frame data containing the transmission 

"~ _ d~~-C!-.- -and the_ ~a~~~~~t..~d er;-o_::p-g~t~q_!_:~g, _cQd,~,.Qf the t,ransmission 

data if the frame contains the transmission data. and generating 

frame data that contains neither the transmission data nor the 

20 error-detecting code of the trans~ission data if the frame does not 

contain the transmission data; and 

means for transmitting the generated frame data. 

14. A.receiver for receiving, for each frame having a fixed length, 

· 25 frame data containing transmission data and an error-detecting code 

calcul.ated for the transmission data if the frame contains the 

transmission data~ and receiving, for each frame having the fixed 

1ength .. frame data containing neither the transmission data nor the 

error-detec::=ting code of the transmission data if the frame does not 

· 30 contain the transmiss~on data.. the receiver characterized by 
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comprising: 

means for receiving the frame data; 

means for determini~g the transmission data and the error­

det ecting code of the transmission data by determining a 

5 predetermined position in the received frame data as the fina1 bit 

position of the frame data, and calcul.ating an error-detecting code 

based on the decided transmission data; 

means for deciding that the frame contains the transmission data 

if the determined error-detecting code matches the error-detecting 

10 code calculated based on the decided t:cansmissi.on data, and deciding 

that the frame data does not contain the trans~ission data or the 

received frame data contains an error if the determined error­

detecting code does not match ·the ca.Lcul.ated error-detecting code; 

and 

15 means for obtaini.ng the transmission data in the frame based 

on the result of the decision. 

.... . ·- .· ... 

15. A receiver for receiving 1 for each frame having a fi.xed l.ength, 

frame data. containing transmi.ssion data and an error-detecting code 

20 cal.cul.ated for the transmission data if the frame contains the 

transmiss·ion data, and receiving, for each frame having the fixed 

length, frame data contain.1ng 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 

25 comprising: 

means for receiving the frame data; 

means for assuming the transmiss~on data and the error­

detecting code of the transmission data by assuming one or more final. 

bit positions of the received frame data, and ca1cu1ating an 

30 error-detecting code based on the assumed transmission data; 
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means for deciding a position to be the final bit position of 

the frame data 1.f there i.s 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 

5 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 posi 'tion where the assumed error-detecting 

code matches the calculated error-detecting code; and 

means for obtaining the transmission data in the frame based 

10 on the resu1t of the decision. 
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