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DATA COMMUNICATION METHOD 

BACXGROOND 

1. Field of the Invention 

The present invention relates to a data conununication method 
(wireless digital communipation method) in which error control is 
carried out based on an automatic repeat request system. 

2. Background of the Invention 

As an error control method ~n data communication, there has 
been proposed an error control method in an automatic repeat request 
(ARQ: Automatic Repeat Request or Automatic Request for Repetition) 
system. According to the error control method based on the 

automatic repeat request system, if a data.frame transmitted from a 
transmission side· to a reception side contains an error, the data· 
frame is again transmitted from the transmission side to the 

reception side on the basis of the repeat request issued from the 
reception side to the transmission side. 

Various methods have been proposed. as the error control 
method of the automatic repeat request system. Now, a prior art 

example of an automatic repeat request error control method of a 
selective repeat (hereinafter referred to as SR) system will 
hereinafter be described. The selective repeat request system 

theoretically requires a buffer memory having an unlimited capacity. 
Thus, such system is not employed normally, but its improved type is 
utilized. An automatic repeat request error control method of a 
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primitive SR system will hereinafter be described for making 

explanation easy. 

Initially, an example of an arrangement of an ARQ frame in 

which a data frame and a feedback frame have an identical format 

will be described with reference to FIG. 1. The ARQ frame includes 

each data of a transmission data frame length A of 16 bits, for 
example, a transmission data B of 584 bits, for example, a 

transmission data frame number c of 8 bits, for example, and a 
repeat request frame number D of 8 bits, for example, and the frame 

is further added with an error detecting code E of 16 bits, for 

example. This error detecting code E serves for detecting an error 
which can be contained in the entirety of the dat_a. 

·The transmission data length A can take a value of the data 
amount of the transmission data B, e.g., values from O to 584 in a 

bit unit. In this case, the data amount thereof is 584 bits. The 

transmission frame number c indicates a frame number of a frame to 
be transmitted, and hence tne number can take a number from 1 to 

255. The repeat request.frame number Dis utilized in a feedback 
frame to be transmitted.from the reception .side to the transmission 
side, and it indicates a frame number of a frame that is expected to 
be received next on the reception side, i.e., the earliest frame 
number that has not been received yet. 

The error detecting_code Eis arranged as a CRC (cyclic 
Redundancy check) based on an advice of an ITU (International 

Telecommunication(s) Union) - T (16 bits). The CRC is effective for 
detecting an err~r contained· in a region of 624 bits, i.e., the 
region from the transmission data length A to the repeat request 
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frame number D. 

Now, a manner for transmitting an ARQ frame based on the SR 
system when the transmission frame can be transmitted with failure 
will be described with reference to FIG. 2 below. As shown in FIG. 
2, rectangular frames, each having a numeral written therein, 
arrayed on the transmission side depict transmission frames, and 
each numeral written therein designates a frame number. Rectangular 
frames arrayed on the reception side depict repeat request frames, 
and each numeral written in each of them also designates a frame 
number. Although a data frame is originally transmitted from the 
transmission side to the reception side, there is no data frame 
originally transmitted from the reception side to the transmission 
side. 

Operations carried out on the transmission side are as 

follow: 

(1) A transmitter on the transmission side transmits 
transmission frames 1, 2, 3 cont.inuously. 

(2) A feedback frame of a repeat request frame number, 2 is 
received from the reception side. Thus, it is determined that the 
transmission frame 1 is correctly received on the reception side. A 
transmission frame 4 is transmitted next. 

(3) A feedback frame of a repeat request frame number, 3 is 
received. Thus, it is deterJllined that the transmission frame 2 is 
correctly recei~ad on the reception side. A transmission frame 5 is 
transmitted next. 

(4) A feedback frame of the repeat request frame number, 3 
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again is received. Thus, it is determined that the transmission 

frame 3 does not correctly reach the reception side. Therefore, the 

transmission frame 3 is again transmitted. 

(5) A feedback frame of the repeat request frame number, 3 

is again received. Thus, it is also determined that the 

transmission frame 3 does not correctly reach the reception side. 

However, since the transmission frame 3 has been already 

retransmitted, a transmission frame 6 is transmitted next. 

(6) A feedback frame of the repeat request frame number, 3 

is again received. Thus, it is determined that the transmission 

frame 3 does not correctly reach the reception side. However, since 

the transmission frame 3 has been already retransmitted, a 

transmission frame 7 is transmitted next. 

(7) A feedback frame of a repeat request frame number, 6 is 

received. Thus, it is determined that the transmission frames 3, 4, 

5 correctly reach the reception side. 

Operations carried out on the reception side are as follow: 

(l) When a receiver on the reception side receives the 

· transmission frame 1 correctly, the feedback frame of the repeat:, 

request frame number, 2 is transmitted as a repeat request frame. 

When the receiver receives the transmission frame 2 

correctly, the feedback frame of the repeat request frame number, 3 

is transmitted as a repeat request frame. 

(2) The transmission frame 3 is received incorrectly. The 

repeat request frame number, 3 is transmitted with the feedback 

frame. 
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(3) The transmission frames 4, 5 are correctly received. 

Since the transmission frame 3 has not been reached, the feedback 

frame of the repeat req~est frame number, 3 is transmitted. 

(4) The transmission frame 3, which is again transmitted as 

the retransmitted frame, is correctly received. since the 

transmission frame 5 has been correctly received so far, a feedback 

frame with the repeat request frame number, 6 is transmitted as a 

frame that is expected to be received next on the reception· side. 

As described above, according to the error control method of 

the automatic repeat request system based on the SR system, the 

transmitter on the transmission side is transmitting data frames 

continuously until it receives the feedback frame indicating that a 

frame reaches the reception side incorrectly. If the transmitter 

receives information indicative of that the frame has reached 

incorrectly, then it transmits the data frame again. In this 

manner, the communication system is controlled to recover erroneous 

data transmission from the transmission side to the reception side. 

While in the above-.case described with reference to FIG. 2, 

it is assumed that the feedback frame can be transmitted from the 

reception side to the transmission side without failure, the 

feedback frame naturally can be transmitted with failure in the 

actual transmission path, i.e., a space through which electri~ wave 

propagates. Now, a manner of the ARQ transmission based on the SR 

system when the feedback frame is failed to be transmitted will be 

described with reference to FIG. 3. 
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Operations carried out on the transmission side are as 

follow: 

(1) The transmission frames 1, 2, 3 are transmitted 

continuously. 

(2) The feedback frame of a repeat request frame number, 2 

is received from the reception side. Thus, it is determined that 

the transmission frame 1 correctly reaches the reception side, and 

the transmission frame 4 is transmitted. 

(3) The feedback frame of the repeat request frame number, 

3 is received. Thus, it is determined that the transmission frame 2 

correctly reaches the reception side, and the transmission frame 5 

is transmitted. 

(4) A feedback frame of the repeat request number, 4 is not 

received. Thus, it is presumed that the transmission frame 3 did 

not correctly reach, and hence the transmission frame 3 is again 

transmitted. 

(5) A feedback frame of the repeat request frame number, 5 

is received. Thus, it is determined that the transmission frames J, 

4 have correctly reached the reception side. Therefore, the 

transmission frame 6 is transmitted. 

(6) A feedback frame of the repeat request frame number, 6 

is received. Thus, it is determined that the transmission frame 5 

has correctly reached the reception side, and the transmission frame 

7 is transmitted next. 

Operations carried out on the reception side are as follow: 

(1) The transmission frames 1, 2, 3, 4 and s are correctly 
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received. The feedback frames of repeat request frame numbers, 2, 
J, 4, 5 and 6 are respectively transmitted. 

(2) The transmission frame 3 is again correctly received. 
Since the transmission frame 3 has been already received, the 
received transmission frame 3 received in an overlapping fashion is 
discarded. The feedback frame of the repeat request frame number, 6 
is transmitted. 

As described above, according to the SR system of the prior 
art example, when the feedback frame is failed to be transmitted, 
leading to presumption that the corresponding transmission frame is 
incorrectly received on the transmission side, the data frame is 
transmitted in an overlapping fashion from the transmission side to 
the reception side in spite of the fact that the data frame has been 
correctly transmitted from the transmission side to the reception 
side. 

In this case, the ARQ frame is arrange4 based on a full 
duplex communication system as described above. Therefore, the 
system is requested to permit data transmission not only from the 
transmission side to the reception side but also from the reception 
side to the transmission side at a time. Accordingly, the data 
frame transmitted from the transmission side to the reception side 
and the feedback frame transmitted from the reception side to the 
tr~nsmission side have a common format. Therefore, even if there is 
no transmission data to be transmitted from the reception side with 
the feedback frame, upon transmission from the reception side to the 
transmission side, extra information (redundant portion of data) 
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such as "transmission data length", "transmission data", n 

transmission frame number" and so on have to be included in the 
feedback frame for maintaining the frame arrangement described with 
reference to FIG. 1. Which fact leads to a drawback that the 

reception rate at the transmission side is lowered, resulting in 
lowering of throughput. 

In general, a communication protocol is designed to permit 
the full duplex communication to be executable. However, in an 
actual practice, communication is often accomplished in a half 

duplex fashion, i.e., data delivery confirmation is effected in a 

step-by-step fashion, and hence it is not always necessary to 
transport data by the feedback frame from the reception side at a 
time. Therefore, it is undesirable to lower the throughput in spite 
of the fact that the feedback frame is not always requested to 

transport transmission data. 

Further, in a data communication method in which the data 
frame transmitted from the transmission side to the reception side 
and the feedback frame transmitted from the reception side to the 
transmission side have an identical format, when transmission data 
to be transported by the data·frame or the feedback frame is greatly 
shorter (LBx is taken as its data length) than a predetermined data 

length (LBo is taken as the length which derives from the format), 

also reception rate is lowered upon transmission with the 

predetermined data length LBo maintained as it is. 

SUMMARY OF THE INVENTION 

Therefore, it is a general object of the present invention 
to provide an improved communication method and communication 
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apparatus in which the aforesaid shortcomings and disadvantages 

encountered with the prior art can be eliminated. 

More specifically, it is an object of the present invention 

to propose a communication method utilized for communication in 

which the data frame transmitted from the transmission side to the 

reception side and the feedback frame transmitted from the reception 
side to the transmission side have an identical format, wherein even 

if there is no substantial transmission data to be transported by 

the feedback frame from the reception side, the feedback frame can 

be transmitted from the reception side to the transmission side 

without changing the format of the feedback frame and lowering the 

reception rate. 

It is another object of the present invention to propose a 

communication method utilized for communication in which the data 

frame transmitted from the transmission side to the reception side 

and the feedback frame transmitted from the reception side to the 

transmission side have an identical format, wherein if the data 

length of the transmission data to be transported by the feedback 

frame on the reception-side or the transmission data to be 

transported by the data frame on the transmission side; is shorter 

than the predetermined data length, then the feedback frame or the 

data frame is arranged to be transmitted from the reception side to 

the transmissio~ side· or from the transmission side to the reception 

side without changing the format of the feedback frame or the data 

frame and lowering the reception rate. 

According to one aspect of the present invention, there is 

provided a data structure utilized for communication in which-a data 
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frame transmitted from a transmitter and a feedback frame fedback 
from a receiver have an identical fonnat, wherein a redundant 

portion of the feedback frame is substituted with a predetermined 
bit stream. 

According to a second aspect of the present invention, there 
is provided a communication method utilized for co:mli\unication in 
which a data frame transmitted from a transmitter and a feedback 
frame fedback from a receiver have an identical format, comprising a 
step of substituting a redundant portion of the feedback frame with 
a predetermined bit stream upon forming the feedback frame 

containing substantial information. 

According to a third aspect of the present invention, there 
is provided a communication method utilized for communication in 
which a data frame· transmitted from a transmitter and a feedback 
frame fedback from a receiver have an identical format and also 
utilized by the transmitter which receives the feedback frame from 
the receiver, comprising steps of determining whether or not a 

redundant portion of the feedback frame transmitted from the 
receiver consists of a first predetermined bit stream, and 

substituting another redundant portion of the feedback frame other 
than that redundant portion with a second predetermined bit stream 
if it is determined that that redundant portion of the feedback 
frame consists of the first predetermined bit stream. 

According to a fourth aspect of the present invention, there 
is provided a communication apparatus utilized for communication in 
which a data frame transmitted from a transmitter and a feedback 
frame fedback from a receiver have an identical format, comprising a 
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feedback frame input terminal means for being supplied with the 
feedback frame, a determining means for determining whether or not a 
redundant portion of the feedback frame consists of a first 
predetermined bit stream, a second predetermined bit stream 

generating means for generating a second predetermined bit stream, 
substituting means for substituting another redundant portion of the 
feedback frame other than that redundant portion with a second 
predetermined bit stream if it is determined that that redundant 
portion of the feedback frame consists of the first predetermined 
bit stream, and an error detecting means for detecting an error in 
an output signal supplied from said substituting means. 

According to a fifth aspect of the present invention, there 
is provided a communication apparatus utilized for communication in 
which a data frame transmitted from a transmitter and a feedback 
frame fedback from a receiver have an identical format, comprising 
an antenna for transmitting and receiving a radio wave, a received 
signal processing means for processing a received signal, a 

transmitting signal processing means for processing a transmitting 
signal, and a baseband signal processing means for processing a 
baseband signal, wherein said baseband signal proc:essing means is 
arranged to have a feedback frame input terminal means for being 
supplied with the feedback frame, a determining means for 
determining whether or not a redundant portion of the feedback.frame 
consists of a first predetermined bit stream, a second predetermined 
bit stream generating means for generating a second predetermined 
bit stream, a substituting means for substituting another redundant 
portion of the feedback frame other than that redundant portion with 
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a second predetermined bit stream if it is determined that that 

redundant portion of the feedback frame consists of the first 

predetermined bit stream, and an error detecting means for detecting 

an error in a signal supplied from the substituting means. 

The above and other objects, features, and advantages of the 

present invention will become apparent from the f ollowin~ detailed 

description of an illustrative embodiment·thereof to be read in 

conjunction with the accompanying drawings, in which like reference 

numerals are used to identify the same or similar parts in the 

several views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing an example of an 

arrangement of an ARO frame; 

FIG. 2 is a diagram showing a manner of transmitting ARQ 

frames based on an SR system when a transmission frame is 

erroneously transmitted~ 

FIG. 3 is a diagram showing a manner of transmitting ARQ 

frames based on an SR system when the feedback frame is erroneously 

transmitted; 

FIG. 4 is a schematic diagram showing an example of an 

arrangement of a feedback frame according to the present invention; 

FIG. 5 is a flowchart showing a process for forming a 

feedback frame~ 

FIG. 6 is a flowchart showing a process for receiving and 

processing the feedback frame; 

FIG. 7 is a schematic block diagram showing an example of an 

error detecting apparatus for detecting an error in the feedback 
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frame according to the present invention; 

FIGS. SA and BB are diagrams useful for comparison between 

the present invention and the prior art example in length of an 

effective portion of the feedback frame; 

FIG. 9 is a table useful for comparison between the present 

invention and the prior art example in a .reception rate of a 

feedback frame when the feedback frame transports no substantial 

transmission data; 

FIG. 10 is a schematic block diagram showing an arrangement 

of a communication terminal apparatus to which the present invention 

is applied; 

FIG. 11 is a schematic diagram showing an example of an · 

arrangement of a feedback frame according to the present invention, 

wherein the feedback frame contains substantial transmission data; 

and 

FIG. 12 is a schematic block diagram showing an error 

detecting apparatus for detecting an error in the feedback frame or 

the data frame according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBOD.IMENTs 

An embodiment of the present invention will hereinafter be 

described with reference to the accompanied drawings. An ARQ data 

frame transmitted from the transmission side to the reception side 

and an ARQ feedback frame transmitted from the reception side to the 

transmission side have an identical format. As has been described 

with reference to FIG. 1, the format includes a transmission data 

frame length A of 16 bits, for example, transmis.sion data B of 584 

bits, for example, a transmission data frame number c of 8 bits, for 



14 
example, and a repeat request frame number D of 8 bits, for example, 
and the format is further added with an error detecting code E of 16 

bits, for example, serving for the entirety of data. 

The transmission data length A can take a value of the data 

amount of the transmission data B, e.g., values from O to 584 in a 

bit unit. In this case, the data amount thereof is 584 bits. The 
transmission frame number C indicates a frame number of a frame to 

be transmitted (e.g., from o·or 1 to 255). The repeat request frame 
number D is used in a feedback frame transmitted from the reception 

side to the transmission side, and it- indicates a frame number of a 

frame that is expected to be received on the reception side (the 
oldest frame number that has not been received yet). 

The error detecting code E is arranged as a CRC (Cyclic 
Redundancy Check) code based on the ITU ·(International 

Telecommunication(s) Union) - T (16 bits) as described above. A 

region in which the CRC is applied is a region of 624 bits from the 
transmission data length A to the repeat request frame number D. 

Next, the format of the feedback frame to be transmitted 
from the reception side to the transmission side will be described 

with reference to FIG. 4. The format of the feedback frame differs 

in values of the transmission data length·A, transmission data .B and 
transmission frame number c, depending on whether or not there is 

transmission data to be transmitted with the feedback frame. FIG. 5 
is a flowchart showing a process for forming ·a..'£eecipack frame. If 
there is transmission data to be transmitted with the· feedback frame 

on the reception side, the feedback frame thereof takes the values 
described with reference to FIG. 1, and is directly transmitted from 
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the reception side to the transmission side. 

If there is no transmission data to be transmitted with the 
feedback frame on the reception side, the data of the transmission 
data length A of 16 bits, the transmission data B of 584 bits and 
the transmission frame number c of 8 bits are data unrelated to 
feedback information {a redundant portion of data). Therefore, they 
are all substituted with all zeros. The repeat request frame number 
D is kept as it is. Thus, the feedback frame is composed of the 
data of the transmission data length A of 16 bits, the transmission 
data B of 584 bits and the transmissio~ frame number c of 8 bits, 
which are substituted with all zeros, the repeat request frame 
number D, and the error detecting code E of 16 bits serving for the 
entirety of data of 624 bits. The feedback frame is transmitted 
from the reception side to the transmission side. 

FIG. 6 is a flowchart showing a process for receiving and 
processing the feedback frame. An error detecting apparatus, which 
is illustrated in FIG. 7, is operated in accordance with the process 
of the flowchart in FIG. 6, thereby detecting an error in the 
feedback frame received on the transmission side. Now, the 
operation of the error detecting apparatus will be described with 
reference to FIG. 7. In FIG. 7, reference numeral 1 represents an 
all zero chec~~:µg circuit, 3 an error detecting circuit, 8 a zero 
generator, 7 a c.hangeover switch for carrying out switching action 
across an input terminal 6 and the zero generator 8 so that the 

: .. . ..: 
erro~ detecting circuit 3 is supplied with a data row from the input 
terminal and a data row of all zeros from the zero.generators. The 
changeover switch 7 is controlled by a control signal supplied from 
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the all zero che~king circuit i to a control terminal 2. 

Data rows (bit strings) from 0640 (MSB) to Dl (LSB) 

constituting the feedback frame are supplied to the input terminal 6 
sequentially, and the data rows are supplied to an FF circuit RO at 
a first stage of a shift register which is composed of sixteen D­
type flip-flop circuits (hereinafter·s~ly referred to as FF 
circuits) RO, Rl, ••• , R14, RlS connected in a cascade fashion. In 
this figure, the data row is shifted in the left-hand direction. 
When data of D640 to D625 of 16 bits for the transmission data 
length A are stored in the FF circuits RlS to RO, then it is 
determined whether the data of 0640 to D625 are all zeros or at 
least one circuit is stored with one unity, by the all zero checking 
circuit 1 which is composed of an OR gate or the like. If the data 
are all zeros, then it is determined that the feedback frame 

contains no data while if the data are not all zeros, then it is 
determined that the feedback frame contains data. 

When it is determined that the data D625 to D640 of the data 
length A are all zeros by the all zero checking circuit 1, then the 
changeover switch 7 connects the error detecting circuit to the 
input terminal 6 side in a period of the data row D640 to 0625 of 
the transmission data length A, a period of the data row D624 to D17 
of the repeat request frame number D, and a period of the data row 

·. 
of D16 to Dl of the error detecting code E, out of the data rows 
0640 to Dl of the feedback frame supplied from the input terminal 6; 
whereby the data rows are supplied through the changeover switch 7 
to the error detecting circuit 3 unconditionally. On the other 
hand, during a period of data row D624 to 033 of the transmission 
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data B and a period of data row D32 to 025 of the transmission frame 

number c, the changeover switch 7 connects the error detecting 

circuit to the zero generator 8 side, whereby zero data from the 

zero generator 8 is supplied to the error detecting circuit 3. 

Specifically, if the determination result of the all zero 

checking circuit 1 is that_ the data are all zeros, that is, the 

transmission data B contains no data, the data row D624 to 033 of 

the transmission data B and data row D32 to D25 of the transmission 

frame number c are again substituted with data of all zero. 

Since the error detecting code is of "ITU-T 16 bits CRC", 

the generative polynomial of the error detecting circuit 3 is 

expressed as X16 + x12 + xs + 1 • Therefore, 16 FF circuits SO, si, 
••• , SlS are connected in a cascade fashion, and exclusive-OR 

circuits ERl, ER2 and ER3 are inserted and added at the output side 

of the FF circuit SlS, between the FF circuits Sll and 812, between 

the FF circuits 4 and s, respectively. Then, an output of the FF 

circuit 815 and an output of the changeover switch 7 are supplied to 

the exclusive-OR circuit ERl in which exclusive-OR operation is 

carried out. An output thereof is fedback to the exclusive-OR 

circuits _ER2, ERJ and the FF circuit SO. The exclusive-OR circuit 

ER3 carries out exclusive-OR operation on an output of the FF 

circuit S4 and an output of the exclusive-OR circuit ER 1, and an 

output thereof is supplied to the FF circuit ss. Further, the 

exclusive-OR circuit ER2 carries out exclusive-OR operation on an 

output of the FF circuit Sll and an output of the exclusive-OR 

circuit ER 1, and an_ output thereof is supplied to the-FF circuit 

812. Outputs of the respective FF circuits so, Sl, ••• , SlS are 
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supplied to the all zero detecting circuit 4 composed of an OR gate 
J or the like and an output indicative of the determination is 

obtained at an output terminal s. By the way, data of the FF 
circuits SO to SlS are shifted in the right-hand direction in the 
figure. 

Initially, 1 is inputted to the FF circuits SO to SlS as an 
initial value, and thereafter data row D640 to Dl of a feedback 
frame from the input terminal 6 are sequentially supplied through 
the exclusive-OR circuit ERl to the FF circuit so at the first 
stage. At the time point after the last data Dl is inputted to the 
FF circuit so and then outputted frpm the FF circuit SlS, the result 
of the error detection is stored in the FF circuits so to Sl6. If 
outputs of the respective FF circuits SO, Sl, ••• , SlS are all 
zeros, then it is determined that the data contains no error while 
if the outputs are not all zeros, then it is determined that the 
data contains an error. 

The error control method in the automatic repeat request 
system in the selective repeat system employed by the prior art 
described with reference to FIG. 2 and FIG. 3 is also applied to the 
mode of the implementation. On the reception side, the repeat 
request frame number of the feedback frame is a frame number of a 
frame that has not been received yet and 1s expected to be 
transmitted next from the transmission side to the reception side. 
If the determination output from the error detecting apparatus 
indicates that there is no error, then the frame number, of which 
frame is desired to be transmitted next from the transmission side 
to the reception side, is consecutively increased. But if the 
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determination output from the error detecting apparatus indicates 
that there is an error, then the repeat request number is repeated 
at the same frame number. 

As shown in FIG. BA, the effective feedback frame in the 

mode of the above implementation includes the transmission data 

length c, the repeat fr~ request number D and the error detecting 
number E of 32 bits. Thus, the number of bits is remarkably reduced 
as compared with the bit number of the feedback frame of the prior 
art example shown in FIG. SB, i.e., 640 bits, and hence the 

reception rate of the feedback frame is remarkably improved. 

Therefore, reduction in the total throughput of ARQ due to an error 
of the feedback frame can be relieved. 

FIG. 9 shows a comparison between the above-described 
embodiment and the prior art example in reception rates when there 
is no transmission data contained in the feedback frame. In this 
table chart of FIG. 9, it is assumed that the reception rate does 
not involve a reception rate in a frame synchronizing fashion and 
the error is a random error. 

Incidentally, if p is taken as a bit error rate, the 
reception rate R of a frame having a data length of j bits when a 
random error is caused is expressed by the following equation, where 
a bit reception rate in a frame synchronizing fashion is not 

involved. 

R = ( 1 - p)j 

In the table chart of FIG. 9, the reception rate R is 
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calculated under condition that the bit error rate p is set to 10-s, 
10-4, 10-3, 10-2, respectively, in the above equation, and the data 
length is set to j = 32 in the embodiment and j = 640 in the prior 
art example, and they are expressed on the percentage base. 

Now, the embodiment and the prior art example are compared 
with each other on the reception rate R when random error is caused 
in a frame under condition that the bit error rate is 10-3, ~hich is 
frequently utilized as a mean error rate in the physical circuit of 
a mobile conununication. While the reception rate is 52.7 % in the 
prior art example, the reception rate is remarkably improved, or 
96.8 % in the embodiment. Further, the embodiment and the prior art 
example are compared with each other on the reception rate R when 
random error is caused in a frame under condition that the bit error 
rate is 10-2, which is in a worse environment. While the reception 
rate is 1.6 % in the prior art example, the reception rate is 
remarkably improved, or 72.5% in the embodiment. 

FIG. 10 is a schematic block diagram showing an arrangement 
of a communication terminal apparatus such as a portable telephone 
or the like to which the present invention is applied. As shown in 
FIG. 10, a speech of a user is picked up by a microphone lOA. The 
picked-up speech is supplied to a speech signal processing unit lOB 
in which it is converted into a speech signal. The speech signal is 
supplied through a baseband digital signal processing circuit lOC, a 
TDMA/TDD processing circuit lOD, a modulation unit lOE, and an RF 
unit sequentially to an antenna lOH. Then, a transmission frame 
converted from the speech signal is transmitted from the antenna 
lOH. Conversely, when the communication apparatus receives a. signal 
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of a feedback frame by means of the antenna lOH, the received signal 
of the feedback frame is supplied through the RF unit lOF, a 

demodulation unit lOI, the TOMA/TDD processing circuit lOD, and the 
baseband digital signal processing circuit lOC to the speech signal 

processing unit lOB in which it is converted into a speech signal to 

be supplied to a speaker lOJ. Then, the speaker lOJ emanates a 
corresponding speech. The above-described invention is implemented 

in the baseband digital signal processing circuit of the 

communication terminal apparatus. 

In case of a compromise type portable telephone system (PHS: 
personal handy-phone system), i.e., when a frequency is 1.9 GHz, a 
transfer rate is set to 32 kbps, and a mobile speed of the portable 

telephone is assumed to be 5 km/h (normal walking speed of a man), 
if an error is caused at 10 dB or below from a value at the median 

of the phasing, its .error interval becomes 12 ms (384 bits), which 

falls within a correction capability (592 bits) of the feedback 
frame. Therefore, the system is tolerable against all errors 

between a total of 592 bits of the transmission data and the 
transmission frame number even if a burst error is caused. Thus, it 
is possible to satisfactorily cope with a burst error. 

While in the above•described embodiments, the data unrelated 
to the feedback information in the feedback frame to be transmitted 
from the recept~on side to the transmission side and the feedback 
frame received on the transmission side are substituted with all 

zeros as a predetermined fixed pattern, these data may be 

substituted with all ones •. In either of the cases, the substitution 
can be made with ease and an arrangement of a fixed pattern 
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generator becomes simple. In addition, various bit patterns other 
than all zeros or all ones (e.g., 1010 ••• or the like) can be 
employed. 

While in the above embodiment data of a transmission data 
length, which is a portion of initial data of the_ data row of the 
feedback frame, is employed as discriininating data for 
discriminating whether there is transmission data or not, data 
exclusively useful for discrimination may be provided at the initial 
portion or a portion near the initial portion of the feedback 

pattern. 

Next, another embodiment of the present invention will be 
described. An ARQ data frame transmitted from the transmission side 
to the reception side and the an ARQ feedback frame transmitted from 
the reception side to the transmission side have an identical 

format. As has been described with reference to FIG. 1, the format 
includes a transmission data frame length A of 16 bits, for example, 
transmission data B of 584 bits, for example, a transmission data 
frame number c of 8 bits, for example, and a repeat request frame 
number (this data can be omitted) D of 8 bi~s, for example, and the 
format is further added with an error detecting code E of 16 bits, 
for example, serving for the entirety of data. 

The transmission data length A can take values of the data 
amount of ·the transmission data B, e.g., values from O to 584 in a 
bit unit, for example. In this case, the data amount thereof is 584 
bits. The transmission frame number c indicates a frame number that 
should be transmitted (e.g., from 0 or 1 to 255). The repeat 
request frame number D is utilized in a feedback frame to be 



23 

transmitted from the reception side to the transmission side, and it 
indicates a frame number that is expected to be received on the 
reception side (the oldest frame number that has not been received 
yet). 

As described above, the error detecting code E employs the 
ITU ~ T (16 bits) of the CRC code, for example. A region in which 
the CRC is applied is a region of 624 bits from the transmission 
data length A to the repeat request frame number D. 

Next, a feedback frame transmitted from the reception side 
to the transmission side or data frame transmitted from the 
transmission side to the reception side will be described with 
reference to FIG. 1.1. In this case, if a . data length LB_x (al though 

it is an arbitrary data length, for example, 10 byte = 80 bits, a 
length longer or shorter than that length can be naturally employed) 
of the feedback frame or transmission data Bx to be transported on 

the data frame is shorter than a predetermined _data length LB0 

(e.g., 584 bits) which is predetermined in the ARQ data frame, then 
transmission data Bx is allocated to a portion (D33 to Dll2) of an 

arbitrary data length LBx within a regio~ of transmission data B 

(D33 to D624) (see FIG. 11) of which data length is LBo while a 

fixed pattern (e.g., all zeros) (all ones and other various patterns 
. .. 

other than all zeros and all ones can be employed) is allocated to 
the remaining data length (LBo - LBx) {584 - 80 = 504 (bits)} (see 

FIG. 11) other than the effective data. The number 80, which is the 
data length LBx (80 bits) of ~he transmission data Bx, is converted 

into a binary digit and allocated to the transmission data length A 



24 

of the ARO data frame. By the way, the transmission frame number c 
and the repeat request frame number o are arranged in the similar 
manner to what described with reference to FIG. 1. Then, the error 
detecting code E is added for the entirety of data A, B, c and o. 

Such feedback frame or the data frame is transmitted from 
the reception side to the transmission side or from the transmission 
side to the reception side. The received feedback frame or the data 
frame is subjected to detection for detecting data length LBx (80 

bits) indicated by the data length A on the transmission side or the 
reception side. Depending on the data length.LBx thereof, data on 

the fixed pattern region (0113 to 0624) of a data length (LB0 - LBx) 

{584 - 80 = 504 (bits)} within the region of the transmission data 
B, on which data other than the effective data Bx with the data 

length of LBx are.provided, are substituted with the above-described 

fixed pattern (all zeros). Thereafter, the feedback frame or the 
data frame, a part of which is substituted with a fixed pattern, is 
supplied to the error detecting circuit to detect whether there is 
an error or not. 

Next, description will be ~de on the error detecting 
apparatus for detecting an error in the feedback frame or the data 
frame which is received on the transmission side or the reception 
side with reference to FIG. 12. By the way, parts in FIG. 12 
corresponding to those in FIG. 7 are attached with the same 
reference numerals and overlapping explanation thereof will be 
omitted. Reference numeral 3 represents the error detecting 

circuit, 8 the zero generator, 7 the changeover switch for switching 
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across the input terminal 6 and the zero generator 8 so that the 
error detecting circuit 3 is supplied with data rows from the input 
terminal 6 or data rows of all zeros from the zero generator 8, and 
10 a data lenqth detecting circuit 10. The changeover switch 7 is 
controlled by a control signal supplied from the data lenqth 
detecting circuit 10 to the control terminal 2. 

The data row (bit strings) constituting the feedback frame 
or the data frame are supplied to the input terminal 6, thereby 
being arrayed consecutively from the 0640 (MSB) to 01 (LSB). The 
data row is supplied to the FF circuit RO, or a first stage of the 
shift register which is formed of 16 0-type flip-flop circuits 
(hereinafter simply referred to as FF circuit) RO, Rl, ••• , R14, R15 
connected in a cascade fashion. The data is shifted in the left-
hand direction in the figure. When respective data D640 to D625 of 
16 bits of the transmission data lenqth A are stored in the FF 
circuits RlS to RO, the respective data 0640 to D625 are supplied to 
the data length detecting circuit 10 to detect the data length LBx• 

The changeover switch 7 is controlled by the data length 
detecting circuit 10 based on the detecting data lenqth LBx• During 

a period in which the supplied data is the data row (invalid data 
row) D624 to D113 of the data lenqth (LB0 - LBx) of the transmission 

data B of the received feedback frame or the data frame, the 
changeover switch 7 is turned to the zero detector 8 side, whereby 
the zero data row from the zero detector 8 are supplied to the error 
detecting circuit 3. During a period other than ~he above, the 
changeover switch 7 is turned to the input terminal 6 side, whereby 
the data row 0640 to D625 and Dl12 to Dl are directly supplied to 
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the error detecting circuit 3. 

Specifically, the data row (invalid data row) 0624 to Dl13 
in the region of the data length (LBo - LBx) within the transmission 
data B of the received feedback frame or data frame are substituted 
with all zeros. 

The arrangement and operation of the error detecting circuit 
3 of the error detecting apparatus of FIG. 12 is similar to that of 
the error detecting apparatus of FIG. 7. Therefore, they will not 
be described. 

The effective feedback frame or the effective data frame in 
the embodiment becomes a .frame of 136 bits which is obtained by 
subtracting the data length (LBo - LBx) (e.g., 504 bits) within the 
transmission data B from the bit length of 640 bits of the received 
feedback frame or data frame. Thus, the bit number is remarkably 
reduced as compared with the bit number (640 bits) of the feedback 
frame or the data frame in the prior art example shown in FIG. SB, 
and hence the reception rate of the feedback frame or the data frame 
is remarkably increased. Therefore, reduction in the totai 
throughput of ARQ due to an error of the feedback frame or the data 
frame can be relieved. 

According to the present invention, in a data communication 
in which a data frame transmitted from the transmission side to the 
reception s1de and a feedback frame transmitted from the reception 
side to the transmission side are arranged to have an identical 
format, and this format includes at least transmission data length, 
transmission data, a data frame number and a repeat request frame 
number, and is added with an error detection code for the entirety 
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of the data, if there is no substantial transmission data to be 

transported by the feedback frame on the reception side, then the 

data of the feedback frame unnecessary to be fedback including at 
least the transmission data length, the transmission data and the 

data frame number within the feedback frame, are substituted with a 

predetermined fixed pattern. Thereafter, an error detecting code 
for the entirety of the data is added thereto. Then, the feedback 

frame arranged as described above is transmitted from the reception 
side to the transmission side. Therefore, if there is no 

substantial data to be transported by the feedback frame on the 

reception side, the feedback frame can be transmitted from the 
reception side to the transmission side without changing the format 

of the feedback frame and lowering'the reception rate. 

According to the present invention, if it is detected on the 

transmission side that the received feedback frame contains no 

substantial transmission data, then at least a part of data in a 
region of the received feedback frame in which substitution has been 

made with the fixed pattern, is again substituted with the 
predetermined fixed pattern, and thereafter error detection is 

carried out. Therefore, the transmitter can process the received 

feedback frame without lowering the reception rate. 

According to the present invention, the fixed pattern is a 

pattern of all zeros or all ones. Therefore, data unnecessary to be 
fedback can be substituted with ease on the reception side and the 

transmission side, and the generator of the fixed pattern can be 

simply arranged. 

According to the present invention, in a data communication 
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in which the data frame transmitted from the transmission side to 
the reception side and the feedback frame transmitted from the 
reception side to the transmission side ·are arranged to have an 
identical format, and this format includes at least each data of the 
transmission data length, transmission data and the data frame 
number, and is added with an error detection code for the entirety 
of the data, the transmission data of a predetermined data length 
within the feedback frame is arranged to be composed of effective 
data formed of transmission data of an arbitrary data length shorter 
than the predetermine~ data length and a fixed pattern having a data 
length which is produced by subtracting the arbitrary data length 
from the predetermined data length, the transmission data length.is 
set to the arbitrary data length, and thereafter an error detecting 
code for the entirety of data is added therewith. Then, the 
feedback frame arranged as described above is transmitted from the 
reception side to the transmission side. Therefore, if the data 
length of the transmission data to be transported by the feedback 
frame on the reception side is shorter than the predetermined data 
length which derives from the format of the frame, the feedback 
frame can be transmitted from the reception side to the transmission 
side without changing the format of the feedback frame and lowering 
the reception rate. 

Accordi~g to the present invention, when the transmitter 
receives the feedback frame which has been arranged as described 
above, the data in the fixed pattern region having a data length, 
which is produced by subtracting the arbitrary data length detected 
in accordance with the transmission data length from the 
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predetermined data length of the transmission data, within the 
received feedback frame is substituted with the predetermined fixed 
pattern, and thereafter error correction is made. Therefore, the 
feedback frame received by the transmitter can be prodessed on the 
transmission side without lowering the reception rate. · 

Having described pref erred embodiments of the invention with 
reference to the accompanying drawings, it is to be understood that 
the invention is not limited to that precise embodiment and that 
various changes and modifications could be effected therein by one 
skilled in the art without departing from the spirit or scope of the 
invention as defined in the appended claims. 
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What is claimed is: 

1. A data structure utilized for communication in which a 
data frame transmitted from a transmitter and a feedback frame 
fedback from a receiver have an identical format, characterized in 
that a redundant portion of the feedback frame is substituted with a 
predetermined bit stream. 

2. Data structure as claimed in' claim 1, wherein 
said predetermined bit stream consists of all zeros. 

3. Data structure as claimed in claim 1, wherein 
said predetermined bit stream consists of all ones. 

4 • A communication method as claimed in claim 1, wherein 
said identical format comprises a transmiss.ion data length, 

transmission data, a number of transmission frame, a number.of the 
frame to be retransmitted and an error detection code, and 

said redundant portion of the feedback f ram.e comprises said 
transmission data·1ength, said transmission data and said number of 
transmission frame. 

5. A communication method utilized for communication in 
which a data frame transmitted from a transmitter and a feedback 
frame fedback from a receiver have an identical format, comprising a 
step of: 
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substituting a redundant portion of the feedback frame 

containing no substantial information about a received data frame 

with a predetermined bit stream upon forming the feedback frame 

containing the substantial information. 

6. A communication method as claimed in cl.aim 5 , wherein 

said predetermined bit stream consists of all zeros. 

7 • A communication method as claimed in claim 5, wherein 

said predetermined bit stream consists of all ones. 

8 • A communication method as claimed in claim 5, wherein 

said identical format comprises a transmission data length, 

transmission data, a number of a transmission frame, a number of a 

frame to be retransmitted and an error detecting code, and 

said redundant portion of said feedback frame comprises said 

transmission data length, said transmission data and said number of 

a transmission frame. 

9. A communication method utilized for communication in 

.which a data frame transmitted from a transmitter and a feedback 

frame fedback from a receiver have an identical format and also 

utilized by said transmitter receiving said feedback frame from the 

receiver, comprising steps of: 

determining whether or not a redundant portion of the 

feedback frame transmitted from said receiver consists of a first 

predetermined bit stream~ and 
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substituting another redundant portion of said feedback 

frame other than that redundant portion with a second predetermined 

bit stream if it is determined that that redundant portion of the 

feedback frame consists of the first predetermined bit stream. 

10. A communication method as claimed in claim 9, wherein 

a length of said first predetermined bit stream is fixed. 

11. A communication method as claimed in claim 9, wherein 

a length of said first predetermined bit stream is variable • 

• 
12. A communication method as claimed in claim 9, wherein 

said first predetermined bit stream consists of all zeros. 

13. A communication method as claimed in claim 9, wherein 

said first predetermined bit stream consists of all ones. 

14. A communication method as claimed in claim 9, wherein 

said second predetermined bit stream consists of all zeros. 

15. A communication method as claimed in claim 9, wherein 

said second predetei:m.ined bit stream consists of all ones. 

16. A communication method as ciaimed in claim 9, wherein 

said identical format comprises a transmission data length, 

transmission data, a number of a transmission frame, a number of a 

frame to be retransmitted and an error detecting code, and 
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said redundant portion of said feedback frame comprises at 
least of a part of said transmission data length, said transmission 
data and said number Of the transmission frame. 

17. A communication method as claimed in claim 16, further 
comprising a step of detecting an ~rror from the entirety of the 
feedback frame after said substitution step has been executed. 

18. A feedback frame receiving apparatus utilized for 
communication in which a data frame transmitted from a transmitter 
and a feedback frame fedback from a receiver have an identical 
format, comprising: 

feedback frame input terminal means for being supplied with 
the feedback frame~ 

determining means for determining whether or not a redundant 
portion of the feedback frame consists of a first predetermined bit 
stream; 

second predetermined bit stream generating means for 
generating a second predetermined bit stream; 

substituting means for substituting another redundant 
portion of said feedback frame other than that predetermined portion 
with the second predetermined bit stream if it is determined that 
that redundant portion in the feedback frame consists of the first 
predetermined bit stream, and 

error detecting means for detecting an error in an output 
signal supplied.from said ·substituting means. 
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19. A feedback frame receiving apparatus as claimed in 

claim 18, wherein 

a length of said first predetermined bit stream is fixed. 

20. A feedback frame receiving apparatus as claimed in 

claim 18, wherein 

a length of said first predetermined bit stream is variable. 

21. A feedback frame receiving apparatus as claimed in 

claim 18, wherein 

said first predetermined bit stream consists of all zeros. 

22. A feedback frame receiving apparatus as claimed in 
claim 18, wherein 

said first predetermined bit stream is composed of all ones. 

23. A feedback frame receiving apparatus as claimed in 

claim 18, wherein 

said second predetermined bit stream consists of all_ zeros. 

24. A feedback frame receiving apparatus as claimed in 
claim 18, wherein 

said second predetermined bit stream consists of all ones. 

25. A feedback frame receiving apparatus as claimed in 

claim 18, wherein 

said identical format comprises a transmission data length, 
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transmission data, a number of a transmission frame, a number of a 
frame to be retransmitted and an error detecting code, and 

said redundant portion of the feedback frame comprises at 
least a part of said transmission data length, said transmission 
data and said number of the transmission frame. 

26. A radio communication terminal apparatus utilized fo+ 
communication in which a data frame transmitted from a transmitter 
and a feedback frame fedback frqm a receiver have an identical 
format, comprising: 

signal; 

an antenna for transmitting and receiving a radio wave; 
received signal processing means for processing a received 

transmitting signal processing means for processing a 
transmitting signal; and 

baseband signal processing means for processing a baseband 
signal, wherein 

said baseband signal processing means comprises: 
feedback frame input terminal means for being supplied with 

the feedback frame; 

determining means for determining whether or not a redundant 
portion of the feedback frame consists of a first predetermined bit 
stream; 

second predetermined bit stream generating means for 
generating a second predetermined bit stream; 

substituting means for substituting another redundant 
portion of said feedback frame other than that redundant portion 
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with a second predetermined bit stream if it is determined that that 
redundant portion of the feedback frame consists of the first 
predetermined bit stream, and 

error detecting means for detecting an error in a signal 
supplied from said substituting means. 

'··. 


