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DATA COMMUNICATION METHOD AND DATA COMMUNICATION APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a data communication
method of an error control of an automatic repeat reQuést system
and a data communication apparatus therefor.

Description of the Related Art:

An error control method in a data communication
includes an error control method of an automatic repeat request
(ARQ) system suitable for application to a mobile data
communication system in which a burst error occurs relatively
frequently. Accordihd'to this error control method of automatic
repeat request system, if a data frame transmitted f:om a
transmission side communicatipn apparatus (data communication
apparatﬁs) to a reception side transmission apparatus (data
communication apparatus) has an error, then the transmission
side communication apparatus transmits the data frame to the
reception side communication apparatus again based on a re-
transmission reques£ from the reception side communication
apparatus to the transmission side communication apparatus.

Although there are various kinds of error control
methods of automatic repeat request, an error control method of
automatic repeat request syétem of a selective repeat (SR)
system providing a'high throughput will hereinafter be déscribed
by way of example. In theory, an apparatus employing the SR

system requires a buffer memory of infinite size. Therefore,
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usually such error control method of automatic repeat request

system of SR system is not employed, but an improved method
thereof is employed. For simplification of description, an
error control method of automatic repeat request of an original
SR system will be described.

An arrangement of an ARQ frame having the same format
when it is a data frame and a feedbaék frame will be described
with reference to FIG. 1A. This ARQ frame is formed of, for
example, a 16-bit transmission data length indicating area a, an
8-bit transmission frame number area b, a 8-bit repeat request
frame number area ¢, a 592-bit transmission data area d, and a
16-bit error detection code e for all the areas a to d. In this
arrangement, one frame®is formed of 640 bits.

The transmission data length indicating area a is an
area for indicating a data amount of the transmission data area
d. This data amount can be set within the range from 0 to 592
bits, and in this case the data amount of the transmission data
area d is 592 bits. The transmission frame number area b
indicates a number of a frame to be transmitted (e.g., frame
numbers 0 or 1 to 255). The repeat request frame number area c
is used in a feedback frame transmitted from the reception side
communication apparatus to the transmission side communication
apparatus and indicates a number of a frame required next time
by the reception side communication apparatus (the smallest
frame number among numbers of frames which the reception side
communication apparatus has not received yet).

The error detection code e is a cyclic redundancy



check (CRC) code (16 bits) accor&%ng to ITU-T recommendation.
This CRC code effects a 624-bit area from the transmission data
length indicating area a to the transmission data area d.

An ARQ transmission chart according to the SR system
presented when a transmission frame has an error will be
described with reference to FIG. 1B. In FIG. 1B, numerals in
rcctangular frames of the data transéission side (transmission
side communication apparatus) depict frame numbers of
transmission frames. It is assumed that there are ten
transmission frames 1 to 10 and the frame numbers 1 and 10
respectively depict the first transmission frame number and the
last transmission frame number. An arrow pointing toward the
lower right depicts 3 transmission frame transmitted from the
transmission side communication apparatus to the recéption side
communication apparatus. An arrow pointing toward an upper
right'depicts a feedback frame transmitted from the reception
side communication apparaﬁus to the transmission side
communication apparatus. A solid-line arrow depicts a frame
having no transmission error. A broken-line arrow depicts a
frame (transmission error) having a transmission error. A
repeat request frame number of the feedback frame is depicted by
a reference symbol R marked with a frame number. A reference
symbol 4 depicts a round trip delay amount which indicates a:
time required for the transmission side communication apparatus
to, after transmitting a transmission frame (data frame)
therefrom to the reception side communication apparatus, receive

a feedback frame from the reception side communication apparatus
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indicating whether or not the reception side communication

apparatus has received the transmission frame correctly. 1In:
this example shown in FIG. 1B, the round trip delay amount 4
corresponds to four frame periods required for the transmission
side communication apparatus to transmit four transmission
frames. |

Operations of the transmiééion side communication
apparatus and the reception side communication apparatus will
hereinafter be described with reference to FIG. 1B.

[transmission side communication apparatus]

(1) Transmit transmission frames 1, 2, 3 and 4
successively.
(2) Receive a’féedback frame including a response to the

transmission frame 1 while transmitting the transmission frame
4. Since the repeat request frame number indicated by the
feedback frame is 2, determine that the feception side
communication apparatus has received the transmission frame 1
correctly. _
(3) - Receive a feedback frame including a response to the
transmission frame 2 while transmitting a transmission frame 5.
Since the repeat request frame number indicated by the feedback
frame is 3, determine that thé reception side communication
'apparatus has received the transmission frame 2 correctly.

(4) Receive a feedback frame including a response to the
transmission frame 3 while transmitting a transmission frame 6.
Since the repeat request frame number indicated by the feedback

frame is 4, determine that the reception side communication
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apparatus has received the transmission frame 3 correctly.

(5) Receive a feedback frame including a response to the
transmission frame 4 while transmitting a transmission frame 7.
Since the repeat requeSt frame number indicated by the feedback
frame is 4 again, determine that the reception side
communication apparatus has not received the transmission frame
4 correétly. “

(6) Transmit the transmission frame 4 again.

(7) Since it is determined after four frame periods
whether or not the reception side comhunication apparatus
correctly receives the transmission frame 4 transmitted again,
transmit the succeeding frames 8, 9 and 10 successively.

(8) ~ Receive the ’feedback frame including a response to
the re-transmitted frame 4 while transmitting the last
transmission frame 10. Since the repeat request frame number
indicated by the feedback frame is 4, determine that the
reception side communication apparatus has not received the
transmission frame 4 correctly yet. |

(9) Transmit the transmission frame 4 again.

(10) Since it is'determined after four frame periods
whether or not the reception side communication apparatus
correctly receives the transmission frame 4 transmitted again,
transmit the succeeding frames 5, 6 and 7 successively.

(11) Receive the feedback frame including a response to
the re-transmitted frame 4 while transmitting the last
transmission frame 7. Since the repeat request frame number

indicated by the feedback frame is 9, determine that the
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reception side communication apparatus has received the

transmission frame 4 correctly and that the reception side
communication apparatus has not received the transmission frame
9 correctly. | |

(12) Transmit the transmission frame 9 again.

(13) . Since it is determined after four frame periods
whether or not the réception side coémunication apparatus
correctly receives the transmission frame 9 transmitted again,
transmit the succeeding frames 10.

(14) Since there is no frame to be transmitted after
.trénsmission of the transmission frame 10, transmit again the
transmission frame 9 which has been requested once.

(15) Transmit £hé transmission frame 10. Receive a
feedback frame including a response to the transmission frame 9
while fransmitting the transmission frame 10. Since the repeat
request frame number indicated by the feedback frame is 10,
determine that the reception side communication apparatus has
received the transmission frame 9 correctly.

(16) Since there is no frame to bé transmitted after
transmission of the transmission frame 10, transmit again the
transmission frame 9 which is requested at present.

(17) Receive a feedback frame including a response to the
transmission frame 10 while transmitting the transmission frame
10. since the repeat request framé number indicated by the
feedback frame is 11, determine that the reception side
communication apparatus has received the transmission frame 10

correctly. Thus, the transmission side communication apparatus
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finishes its transmission of the transmission frames 1 to 10.

[reception side communication apparatus]
(1) since having received the transmission frames 1, 2
~and 3 correctly, transmit successively feedback frames having
the frame numbers 2, 3 and 4.
(2) Since having not received the transmission frame 4
correctly, repeatedly transmit the féedback frame whose repeat
request frame number is 4 until correct reception of the
transmission frame 4.
(3) Since having received the transmission frame 4
correctly, repeatedly transmit a feedback frame including a
repeat request frame uumbef set to a frame number next to 8
which is a maximum number of frame numbers of the correctly
received transmission frames,.i.e., a frame number 9 which is a
minimum number among frame numbers of frames that have not been
.received, until receiving the transmission frame 9 correctly.
(4) Since having received the transmission frame 9
correctly, transmit the feedback frame including a repeat
request frame number set to a frame nuﬁber 10 of the
transmission frame requested to be transmitted next.
(5) - Since having received the transmission frame 10
correctly, transmit the feedback frame including a repeat
request frame number set to a fiame number 11 of the
transmission frame requested to be transmitted next.

In the ARQ error control method of SR system shown in
FIG. 1B, since the transmission side communication apparatus

transmits the transmission frames 1 to 10 to the reception side
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communication apparatus, the number N1 of the transmission

frames practically transmitted is 16, while the number N2 of the
transmission frames transmitted until the transmission side
communication apparatus receives ail the feedback frames for
confirming correct transmission of all the transmission frames 1
to 10 after transmitting the first transmission fame is 20.

A throughput S defined by'; ratio NO/N1 (NO is the
number of the transmission frames to be transmitted and N1 is
the number of all the transmission frames transmitted from the

transmission side communication apparatus to the reception side

communication apparatus) is S = 10 <+ 16 = 0.625 in the example

shown in FIG. 1B.

Y

In the example shown in FIG. 1B, since the
transmission side communication apparatus failed to correctly
transmit the transmission frame 4 to the reception side
communication apparatus.twice and could correctly transmit the
transmission frame 4 thereto once, it transmitted the
transmission frame 4 thereto three times in total. Since the
transmission side communication apparatus failed to correctly
transmit the transmission frame 9 to the reception side
communication apparatus once and could correctly transmit the
transmission frame 9 thereto once, it transmitted the
transmission framg 9 thereto twice times in total. Further,
although the transﬁiésion fraﬁes 5, 6, 7 could correctly be
transmitted from the transmission side communication apparatus
to the reception side communication apparatus successively after

transmission of the transmission frame 4, they were transmitted
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again because of the round trip delay. The réason for this re-
transmission results from the fact that the repeat request frame
numbers of the feedback frames are 4 until the transmission
frame 7 is transmitted again. This means that some of the
transmission frames are transmitted uselessly. THus, in the
example shown in FIG. 1B, the throughput.is considerably
lowered. In general, as the larger éhe round trip delay amount
becomes, the more the throughput is lowered.

| A general operation of the above ARQ transmission of
SR systém shown in FIG. 1B will be described. Initially, the
transmission side communication apparatus transmits the frames
from the first predetermined frame number to the last
predetermined frame huhber to the reception side communication
apparatus in ascending order (or descending order). The
reception side communication apparatus transmits a feedback
frame including a repeat request frame number FBl(n) formed of a
minimum frame number FBM(n) among frames which has not been
received and having the same format as that of a transmission
frame, to the transmission side in response to the frame numbers
.of the recéived first to nth frames. The transmission side
communication apparatus transmits a transmission frame which the
reception side communication apparatus has not correctly
received, to the recéétion side communication apparatus in
response to the repeat request frame number FBl(n) of the
received feedback frame.

| As desc:ibed above, in a data communication method

employing the ARQ transmission shown in FIGS. 1A and 1B, even
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when the transmission side communication apparatus correctly
transmits a data frame to the reception side communication
apparatus, the transmission side communication apparatus
sometimes disadvantageously transmit the data frame repeatedly.

In the data coﬁmunication method employing the ARQ
transmission shown in FIGS. 1A and 1B, if the reception side
communication apparatus frequently f;ils to correctly receive a
transmitted data frame of a certain number from the transmission
side communication apparatus at the beginning of the successive
transmission of the data frames, then the reception side
communication apparatus continues transmitting the feedback
frame including the same repeat request number to the
transmission side commiinication apparatus until receiving the
data frame of the requested frame number, which prevents the
transmission side communication apparatus from detérmining
whether or not the reception side communication apparatus could
correctly receive all the data frames to be transmitted.

Therefore, after the transmission side communication apparatus
finishes all the data frames to.be newly.transmitted, the
transmission side communication apparatus must repeatedly
transmit the data frames once transmitted until it can confirm
correct reception thereof.
SUMMARY OF THE INVENTION.

In view of such aspects, it is an object of fhe
present invention to provide a data communication method which
makes it possible to transmit a feedback frame indicating a

request frame number from a reception side data communication
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apparatus to a transmission side data communication apparatus

with an improved throughput of data frames transmitted from the
transmission side data communication apparatus to the reception
side data communication apparatus, in a data communication
method of transmitting data frames from a first predetermined
frame number to a last predetermined_frame number from the
transmission side data communication"épparatus to the reception
side data communication apparatus in an ascending order (or a
descending order), transmitting from the reception side data
communication apparatus to the traﬁsmission side data
communication apparatus a feedback frame having a format
including a first request frame number FBl(n) formed of a
minimum (or maximum)” ftrame number FBM(n) among the frame numbers
of'data frames which have not been received in respohse to frame
numbers of first to nth data frames received, and transmitting
from the transmission side data communication apparatus to the
reception side data communication apparatus a data frame which
the reception side data communication apparatus has not
confirmed, in response to the first request frame number FB1(n)
indicated by the recéived feedback frame.

It is another object of the présent invention to
provide a data communication method which can improve the
throughput of the data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus, in a data communication method of transmitting data
frames from a first predetermined frame number to a last

predetermined frame number from the transmission side data
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communication apparatus to the reception side data communication

apparatus in an ascending order (or a descending order),
transmitting from the reception side data communication
apparatus to the transmission side data communication apparatus
a feedback frame indicating a first request frame number FB1(n)
formed of a minimum (or maximum) frame number FBM(n) among the
frame numbers of data frames which hé?e not been received in
'response to frame numbers of first to nth data frames received,
and transmitting from the transmission side data communication
apparatus to the reception side data communication apparatus a
data frame which the reception side data communication apparatus
has not confirmed, in response to the first request frame number
FBl(n) indicated by thé received feedback frame.

It is further another object of the present invention
to provide a data communication apparatus which makes it
possible to transmit a feedback frame indicating a request frame
number from a reception side data communication apparatus to a
transmission side data communication apparatus with an improved
throughput of data frames transmitted from the transmission side
data communication apparatus to the reception side data
communication apparatus, in a data communication apparatus
employing a data communication method of transmitting data
frames from a first predetermined frame number to a last
predetermined frame number from the transmission side data
communication apparatus to the reception side data communication
apparatus in an ascending order (or a descending order),

transmitting from the reception side data communication
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apparatus to the transmission side data communication apparatus

a feedback frame having a format including a first request frame
number FB1l(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of dat; frames which have not
been received in response to frame numbers.of first to nth data
frames received, and transmitting from the transmission side
data communication apparatus to the féception side data
communication apparatus a data frame which the reception side
data communication apparatus has nbt_donfirmed, in response to
the first request frame number FBl(n) indicated by the received
feedback frame.

It is yet another object of the present invention to
a data communication” apparatus which can improve the throughput
of the data frame transmitted from the transmission side data
communication apparatus to the reception side data communication
apparatus, in a data commuhication apparatus employing a data
communication method of transmitting data frames from a first
predetermined frame number to a last predetermined frame number
from the tranémission side data communication apparatus to the
reception side data communication apparatus in an ascending
order (or a descending order), transmitting from the reception
side data communication apparatus to the transmission side data
communicatioﬁ apparatus a feedback frame indicating a first
request frame nﬁmber FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of firét to

nth data frames received, and transmitting from the transmission
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side data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
.the first request frame number FBl(n) indicated by the received
.feedback frame.
According to an aspect of the present invention, in a

data communication method of transmiéfing data frames from a
first predetermined frame number to a last predetermined frame
number from a transmission side data communication apparatus to
a reception side data communication apparatus in an ascending
order (or a descending order), transmitting from the reception
side data communication apparatus to the transmission side data
communication apparatul a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data  frames which
have not been received in response to frame numbers of first ﬁo
nth data frames received, and transmitting from the transmission
side data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
the first request frame number FB1l(n) indicated by the received
feedback frame, the fegdback frame also indicateé a second
repeat frame number FB2(n) formed of a frame number {FBM(n)+1}
[or {FBM(n)-1}] among the frame numbers of data frames which
have not been received to a kth request frame number FBk(n)
formed of a frame number {FBM(n)+(k-1)} [or {FBM(n)-(k-1)}1(

where k is an integer exceeding 2) in response to frame numbers
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of first to nth data frames which the reception side data

communication apparatus has received.

Moreover, in response to the first request frame
number FBl(n) indicated by the received feedback frame and, the
second to kth request frame numbers FB2(n) to FBk(n) indicated
thereby, the transmission side data communication apparatus
transmits data frames having the indicated frame numbers which
the reception side data communication apparatus has not received
to the receptibn side data communication apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a diagram showing an arrangement
of an ARQ frame and a diagram showing a SR-ARQ transmission
chart, respectively;’ >

FIG. 2A is a diagram showing an arrangemeﬁt of an ARQ
frame according to a first embodiment of the present invention,
by way of example;

FIG. 2B is a diagram showing the ARQ frame according
to the first embodiment which has no transmission data when it
is used as a feedback frame;

FIG. 3 is a diagram used to explain an ARQ
transmission method of SR system according to the first
embodiment when a transmission frame has an error;

FIG. 4 is an enla;ged diagram of FIG. 3, used to
explain an operation of data frame transmission based on a
repeat request frame'number;

FIG. 5 is a characteristic graph of round trip delay

to throughput characteristics obtained in the first embodiment
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and an example shown in FIG. 1A;

FIG. 6 is a characteristic graph of frame error rate
to throughput characteristics obtained in the first embodiment
and an example shown in FIG. 1lA; |

FIG. 7A and 7B are diagrams showing an arrangement of
an ARQ frame according to a second embodiment of the present
invention, by way of example; “

FIG. 8 is a diagram showing an arrangement of an ARQ
frame according to the second embodiment of the present
invention, by way of example;

FIG. 9 is an enlarged diagram of FIG. 8 used to
explain an ARQ transmissibn method of SR system according to the
second embodiment wh&n®a transmission frame has an error

FIG. 10 is a characteristic graph of frame error rate
to throughput characteristics obtained in the first and second
embodiments; and

FIG. 11 is a diagram showing a communication system
to which the embodiments of the present invention can be
applied..

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A data communication method according to a first
embodiment of the present invention will hereinafter be
described with reference to the accompanying drawings. The data
communication_method.of the first embodiment employs an error
control method of an automatic repeat request (ARQ) system of a
selective repeat (SR) system. An arrangement of an ARQ frame

having the same format when it is a data frame and a feedback
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frame will be described with reference to FIG. 2A. This ARQ

frame is formed of, for example, a 16-bit transmission data
length indicating area a, an 8-bit transmission frame number
area b, an 8-bit repeat request frame number area c, a 584-bit
transmission data area d, an 8-bit next repeat request frame
number area f and é 16-bit error detection code e for the areas
a to d and f£f. h

The 8fbit next repeat request frame number area £
shown in FIG. 2A is provided in the 592-bit data area d of the
ARQ frame shown in FIG. 1lA. Therefore, the data area d of the
ARQ frame shown in FIG. 2A is formed of 592 - 8 = 584 bits.

The transmission data length indicating area a is an
area for indicating a Hata amount of the transmission data area
d. The data amount of the transmission data area d éan be set
within the range from 0 to 584 bits, and in the first embodiment
the data amount thereof is 584 bits. The transmission frame
number area b indicates a number of a frame to be transmitted
(e.g., frame numbers 0 or 1 to 255). The repeat request frame
number area c is used in a feedback frame transmitted from the
reception side communication apparatus to the transmission side
communication apparatus and indicates a number of a frame
required next time by the reception side communication
apparatus. The next repeat request frame number area f is used
in a feedback frame transmitted from the reception side
communication apparatus to the transmission side communication
apparatus and indicates a number of a frame required at the time

after the next by the reception side communication apparatus.
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The error detection code e is a cyclic redundancy

check (CRC) code (16 bits) according to ITU-T recommendation.
This CRC code effects a 624-bit area from the transmission data
length indicating area a to the transmission data area d.

FiG. 2B shows an arrangement of an ARQ frame
transmitted as a feedback frame when the data length indicating
area a, transmission number are b and‘the data area d have no
transmission data. Since data of the data area d is replaced
with a data having fixed values having no concern with a
feedback information, i.e., with data in which all bits are set
to 0 or 1, for example, it is possible to transmit the feedback
frame from the reception side communication apparatus to the
transmission side coffmiinication apparatus without any change of
a frame format and without a reception rate being lowered. If
the transmission side communication apparatus detects the data
having all bits of the data area d set to 0 in the feedback
frame transmitted from the reception side communication
apparatus, then the transmission side communication apparatus
can determine that the last 8 bits, i.e., 1 byte of the data
area d indicates the next repeat request frame number. In fﬁis
case, although the next repeat request frame numbef f is
provided in the data area d, this does not lead to the lowering
of the transmission data amount.

In the arrangement of the ARQ frame shown in FIG. 2a,
the data frame transmitted from the transmission side
communication apparatus to the reception side communication

apparatus and the feedback frame transmitted from the reception



side communication apparatus to tﬁg transmission side
communication apparatus have the same format, i.e., a common
format so that full-duplex communication can be realized. Most
of practical communications other than a real time communication
employ half-duplex communication. Therefore,'the feedback frame
of the ARQ frame according to the first embodiment constantly
includes the repeat request frame nuﬁber area ¢, while the
feedback frame does not include the next repeat request frame
number area f constantly and includes it only when it has no
transmission data. As a result, it is possible to prevent the
maximum transmission rate from being lowered.

The repeat request frame number ¢ and the next repeat
request frame number f’used in the feedback frame will be
described with reference to FIG. 3 in case of the ARQ
transmission chart according to the SR system when a
transmission frame has an error. In FIG. 3, numerals in
rectangular frames aligned in row on the data transmission side
(transmission side communication apparatus) depict frame numbers
of transmission frames. It is assumed that there are ten
transmission frames 1 to 10 and the frame numbers 1 and 10
respectively depict the first transmission frame number and the
last transmission frame number. An arrow pointing toward the
lower right depiéts a transmission frame transmitted from the
transmission side communication apparatus to the reception side
communication apparatus. An arrow pointing toward the upper
right depicts a feedback frame transmitted from the reception

side communication apparatus to the transmission side
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communication apparatus. A solid-line arrow depicts a frame

having no transmission error. A broken-line arrow depicts a
frame (transmission error) having a transmission error. A
repeat request frame numbef of the feedback frame is depicted by
a reference symbol R marked with a frame number on the data
reception side. A reference symbol d depicts a round trip delay
amount which indicates a time requiréd for the transmission side
communication apparatus to, after transmitting a transmission
frame (data frame) therefrom to the reception side communication
apparatus, receive a feedback frame from the reception side
communication apparatus indicating whether or not the reception
side communication apparatus has received the transmission frame
correctly. In this embodiment, the round trip delay amount d
corresponds to four frame periods required for the transmission
side communication apparatus to transmit four transmission
frames.

Before describing operations shown in FIG. 3 in
detail, how to determine the repeat request frame number and the
next repeat request frame number will be described with
reference to FIG. 4 which shows a part of FIG. 3 in an enlarged
écale. In FIG. 4, like parts and portions corresponding to
those in FIG. 3 are marked with the same reference numerals.
Respective reference symbols in FIG. 4 are defined as follows.

FF(1i) a frame number of an ith data frame
transmitted from the transmission side communication apparatus
to the reception side communication apparatus

FB(1i) a repeat request frame number of a
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feedback frame received during transmission of the ith data

frame

FBnext(i) a next repeat request frame number of a
feedback frame received during transmission of the ith data
frame

How the transmission side communication apparatus
determines a frame number of a data trame when an (i+1l)th
transmission frame is transmitted by using the next repeat
request frame umber of the feedback frame received upon
transmission of the ith data frame will be described.

When all the following three conditions are

satisfied, FBnext(i) is set to the frame number of an (it+l)th

T

data frame.
condition 1: if the last data frame has already been'
transmitted; or if temporarily the data frame of the frame
number FF(i)+l cannot be transmitted when the data frame FF(itl)
is to be transmitted |
condition 2: FF(i) = FB(i-1)
condition 3: FBnext(i) > FB(i)+1

Operations of the transmission side communication
apparatus and the reception side communication apparatus will
hereinafter be described with reference to FIG. 3.
[transmission side communication apparatus]

The following steps (1) to (9) are similar to those
described with reference to FIG. 1B.

(1) Transmit transmission frames 1, 2, 3 and 4

successively.
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(2) Receive a feedback frame including a response to the
transmission frame 1 while transmitfing the transmission frame
4. Since the repeat request frame number indicated by the
feedback frame is 2, determine that the reception side
communication apparatus has received the transmission frame 1
correctly.

(3) Receive a feedback frame iﬁcluding a response to the
transmission frame 2 while transmitting a transmission frame 5.
Since the repeat request frame number indicated by the feedback
frame is 3, determine that the receptidn side communication
apparatus has received the transmission frame 2 éorrectly.

(4) Receive a feedback frame including a response to the
transmission frame 3°while transmitting a transmission frame 6.
Since the repeat request frame number indicated by the feedback
frame is 4, determine that the reception side communication
apparatus has received the transmission frame 3 correctly.

(5) Receive a feedback frame including a response to the
transmission frame 4 while transmitting a transmission frame 7.
Since the repeat request frame number indicated by the feedback
frame.is 4 again, determine that the reception side
communication apparatus has not received the transmission frame
4 correctly.

(6) Transmit the transmission frame 4 again.

(7) Since it is determined affer four frame periods
whether or not the reception side communication apparatus
correctly receives the transmission frame 4 transmitted again,

transmit the succeeding frames 8, 9 and 10 successively.
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(8) Receive the feedback frame including a response to

the re-transmitted frame 4 while transmitting the last
transmission frame 10. Since the repeat request frame number
indicated by the feedback frame is 4, determine that the
reception side communication apparatus has not received the
transmission frame 4 correctly yet.

(9) Transmit the transmission %rame 4 again (a portion
indicated with i = 12 in FIG. 4).

(10) Since the above three conditions are satisfied when i
= 12, transmit the transmission frame 9 indicated by a next
repeat request frame number of a feedback frame received upon
£ransmission of the twelfth data frame (a portion indicated with
i =13 in FIG. 4) " * '

(11) Transmit the transmission frame 10 (a portion
indicated with i ='14)

(12) Since there is no frame to be transmitted after
transmission of the transmission frame 10, transmit the
transmissioq frame 4 which is requested at present. Receive the
feedback frame including a response to the re-transmitted frame
4 while transmitting the transmission frame 4. 'Since the repeat
request frame number indicated by the feedback frame is 9,
determine that the reception side communication apparatus has
received the transmission frame 4 correctly (a portion indicated
with 1 = 15 in FIG.-4). |

(13) Transmit the transmission frame 9. Since receiving a
feedback frame whose the repeat request frame number indicates

11 during transmission of the transmission frame 9, determine
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that the reception side communication apparatus has received the

transmission frame 10 correctly (a portion indicated with i = 16
in FIG. 4)
[reception side communication apparatus]

The reception side communication apparatus constantly
sets as the repeat request frame number of the feedback frame a
frame number of a data frame which ié requests the transmission
side communication apparatus to transmit next time, and also
sets as a next repeat request frame number of the feedback frame
a frame number of a data frame which it requests the
transmission side communication apparatus to transmit at a time
after the next. The reception_side communication apparatus
transmits the feedback®frame to the transmission side
communication apparatus.
(1) Since having received thé transmiésion frames 1, 2
and 3 correctly, successively transmit feedback frames
respectively including the repeat request frame numbers set to
2, 3 and 4 and the next repeat request frame numbers set to 3, 4
and 5 to the transmission side communication apparatus.
(2) Since having not received the transmission frame 4
correctly, repeatedly transmit the feedback ffame whose repeat
request frame number is 4 and whose next repeat request frame
number is still 5 ﬁntil correct reception of the transmission
frame 4.
(3) Since ha&ing received the transmission frame 4
correctly, transmit a feedback frame including a repeat request

frame number set to a frame number next to 8 which is a maximum
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number of frame numbers of the correctly received transmission

frames, i.e., a frame number 9 which is a minimum number among
frame numbers of frames that have not been received, and .
including a next repeat request frame number set to 11.

(4) Since having received the transmission frame 9
correctly, transmit the feedback frame including a repeat
request frame number set to a fiame ﬁﬁmber 11 of the
transmission frame requested to be transmitted next and
including a next repeat request frame number set to a frame.
number 12.

Even if, when the feedback frame of the ARQ frame
includes not only the repeat request frame number but also the
next repeat request frame number, the reception side
communication apparatus frequently fails to correctly receive
the data frames transmitted from the transmission side
communication apparatus thereto at the beginning of the
transmission and hence repeatedly transmits the feedback frame
indicating the repeat request, then it is possible for the
transmission side communication apparatus to determine up to
which data frame the reception side communication apparatus
could correctly receive data frames after the reception side
communication side communication apparatus had failed to
correctly receive the data frame from the transmission side
communication apparatus. Therefore, it can be avoid that the
transmission side communication apparatus uselessly transmits
again the data frames once transmitted therefrom to the

reception side communication apparatus (e.g., re-transmission of



the data frames 5, 6, 7 in the ex%gple shown in FIG. 1B).

In the ARQ error control method of SR system
according to the first embodiment shown in FIGS. 3 and 4, when
the transmission side communication apparatus transmits the
transmission frames 1 to 10 to the reception side communication
apparatus, the number N1 of the transmission frames practically
transmitted is 13, while the number ﬁz of the transmission
frames transmitted until the transmission side comﬁunication
.apparatus receives all the feedback frames for confirming
correct transmission of all the transmission frames 1 to 10
after transmitting the first transmission fame is 16.

A throughput S defined by a ratio NO/N1 (NO is the
number of the transnmisSion frames to be transmitted and N1 is
the number of all the transmission frames transmitted from the

transmission side communication apparatus to the reception side

communication apparatus) is S = 10 <+ 13 = 0.769 in the first

embodiment shown in FIGS. 3 and 4. Study of this result reveals
that the throughput S obtained in the first embodiment is
improved by 23% as compared with the throughput S of 0.625
obtained in the example shown in FIG. 1B.

FIG. 5 is a graph showing characteristic curves of a
round trip delay amount d (number of frame) to a throughput S
obtained in the firsf embodiment and in the example shown in
FIG. IE. In FIG. 5, the charécteristic curves are obtained by
calculatiﬁg values of the throughput S respectively obtained
when the round trip delay amount d is changed to 5, 10, 15, 20

r

25, 30. In this calculation, it is assumed that a frame error
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rate is 0.1 and a total frame number is 40. Study of the

characteristic graph of FIG. 5 reveals that the larger the round
trip delay amount d becomes, the more the throughput S obtained
in the first embodiment is improved as compared with that
obtained in the example shown in FIG. 1B. For example, when the
round trip delay amount d is 20, the throughput S obtained in
the first embodiment is improved by 6.2 % as compared with that
in the example shown in FIG. 1B. If the data communication
method according to the first embodiment isnapplied to a
personal handy-phone system (PHS), a transmission rate therein
is improved by about 1.8 kb/sec on the assumption that the
maximum transmission rate obtained when an ARQ error control
method is employed is 30 kb/sec. Contrary, the smallerlthe
round ﬁrip delay amount d becomes the hardly the throughput S
obtained in the first embodiment is improved as compared with
that obtained in the example shown in FIG. 1B.

FIG. 6 is a graph showing characteristic curves of
the frame error rate to the throughput S in the first embodiment
and in the example shown in FIG. 1B. 1In FIG. 6, the
characteristic curves are obtained by calculating values of the
throughput S respectively obtained when the frame error rate is
changed from 0 to 072 by a unit of 0.02. In this calculation,
it is assumed that a round trip delay amount d is 20 and a total
transmission frame number is 40. Study of the characteristic
graph of FIG. 6 reveals that the larger the frame error rate
becomes, the more the throughput S obtained in the first

embodiment is improved as compared with that obtained in the
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A general data communication method will subsequently
be described. This general data communication method is as
follows. The transmission side data communication apparatus
transmits to the reception side data communication apparatus
data frames from the first predetermined frame number to the
last predetermined frame number in ag ascending order (or in a
descending order). The reception side data communication
apparatus transmits to the transmission side data communication
apparatus the feedback frame including the first repeat request
frame number FBl(n) formed of the minimum (or maximum) frame
number FBM(n) among the frame numbers of the data frames which
it has not received yet, in response to the frame numbers of the
first to nth data frames which it has already received. The
trahsmission side data communication transmits to the reception
side data communication apparatus again the data frame of the
frame number which the reception side déta communication
apparatus has not correctly réceived, in response to the first
repeat request frame number FBl(n) indicated by the received
feedback frame.

In rasponse to the frame numbers of the first to nth
déta frames received by the reception side data communication
apparatus, the reception side data communication apparatus sets
in the feedback frame the second repeat request frame number
FB2(n) formed of the frame numbers {FBM(n)+1} [or {FBM(n)-1}] of
the data frames which have not been received to the kth repeat

request frame number FBk(n) (where k is an integer exceeding 1)



formed of the frame numbers {FB&?B)+(k—1)} [or {FBM(n)-(k~1)}]
of the data frames which have not been received.

In response to the first repeat request frame number
FB1(n) of the received feedback frame and the second repeat
request frame number FB2(n) to the kth repeat request frame
number FBk(n), the transmission side data apparatus transmits
the data frame of the frame numbers thch the reception side
data communication apparatus has not correctly received, to the
réception side data communication apparatus

Assuming that the frame number of the first data
frame transmitted from the transmission side data communication
apparatus to the reception side data communication apparatus in
response to the'firs% Yepeat request frame number FBl(n) of the
received feedback frame and the second repeat request frame
number FB2(n) to the kth repeat request frame number FBk(n)
thereof is FF(i) and that thé first repeat request frame number
and the second to kth repeat request frame number indicated by
the feedback frame received during transmission of the data
frame of the frame number FF(i) are respectively FBl(n) and
FB2(n) to FBk(h) in response thereto, the frame number of the
data frame to be transmitted at a (i+l)th frame is set to FBk(i)
subjected to satisfaction of all the following conditions.
the kth condition
(1): if the data frame of the last predetermined frame
number has already been transmitted; or if the data frame
{FF(i)+1} [or {FF(i)-1}] cannot temporarily be transmitted as

the data frame of the frame number FF(i+l) to be transmitted at



the-(i¥l)th frame. 30
(2): {FF(i) = FB(k-1)(i-1)} [or {FF(i) = FB(k-1)(i+1)}]
(3): {FBk(i) > FB(k-1)(i)+1} [or {FBk(i) < FB(k-1)(i)-1}1]

The frame number of the data frame to be transmitted
at a (i+l)th frame is set to FB(k-1)(i) when fhe above kth |
conditions are not satisfied but the following (k~1)th
conditions are satisfied. . )
the kth condition-

(1): - if the data frame of the last predetermined frame
number has already been transmitted; or if the data frame
{FF(i)+1} [or {FF(i)-l}] cannot temporarily be transmitted as
the data frame of the frame number FF(i+l) to be transmitted at
the (i+l)th frame. ~ ?

(2): {FF(i) = FB(k-2)(i-1)} [or {FF(i)+l = FB(k—Z)(i+1)}]-
(3): {FB(k-1) (i) > FB(k-2) (1)+1}

[or {FB(k-1)(i) < FB(k~2)(i)-1}1"

The frame number of the data frame to be transmitted
at a (i+l)th frame is set to FB2(i) when the above kth, (k-1)th,
vee, third cﬁnditions and the second conditions are not
satisfied.

(1): if the data framé of the last predetermined frame
number has already been transmitted; or if the data frame
{FF(i)+l} [or {FF(i)-1}] cannot tempo?arily be transmitted as
the data frame of the frame number FF(i+l) to be transmitted at
the (it+l)th frame.

(2): {FF(i) = FB1(i-1)} [or {FF(i)+1 = FBI(i+1)}]

(3): {FB2) (i) > rB1(i)+1} [or {FB2)(i) < FBl(i)-1}]



The frame number of th%ldata frame to be transmitted
at a (i+l)th frame is set to FB2(i) when the above kth, (k-1)th,
-+-+, third conditions are not satisfied but the following second
conditions are satisfied.

According to the.first embodiment, since iﬁ the error
control method of the automatic repeat request system of the
selective request system the feedbac£ frame supplied from the
reception side communication apparatus to the transmission side
communication apparatus includes not only the repeat request
frame number but also the next repeat request frame number, even
if the reception side communication apparatus frequently fails
to correctly receive the data frames at the beginning of the
data frames transmitted from the transmission side communication
apparatus thereto and hence repeatedly requests the transmission
side communication apparatus to transmit again a data frame
which it failed to correctly receive, then it is possible for
the transmission side communication apparatus to determine up to
which data frame the reception side communication apparatus has
correctly received the data frames. Therefore, it is possible
to prevent the transmission side communication apparatus from
uselessly re-transmitting the data frames once transmitted
therefrom to the réception side communication apparatus on the
basis of a prospect of the transmission side communication
apparatus. Especially, while, when such data communication is
carried out via a satellite circuit, the round trip delay amount
reaches a considerable amount of thirty five frames, which is a

considerably long delay amount (assuming that one frame is
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formed of 640 bits and a transmiss=iwn rate is 32 kb/sec, then

the delay amount of thirty five frames is equivalent to 700
msec), employment of the data communication method according to
the present invention remarkably improves the throughput. While
the method with the numbers of the repeat request frame number
area set to k=2 has been generally described in the first
embodiment, when the total number of-the transmission frames is
large, the effect of the present invention can be more achieved
by setting the value of k to 3 or larger.

When the feedback frame does not include any
transmission data, even if the next repeat request frame number
area is provided in the data area, it does not lower the maximum
transmission rate but it improves the throughput. When this
method according to the first embodiment of the present
invention is employed, it is unnecessary to considerably add/
change a software/hardware to be added to the data communication
apparatus used in the example shown in FIG. 1B in order for the
reception side communication apparatus to add the next repeat
request frame number area to the feedback fréme transmitted to
the transmission side communication apparatus and in order for
the transmission side communication apparatus to determine the
frame number pf the data frame based on the next repeat request
frame number.

A data communication method according to a second
embodiment of the present invention hereinafter be described
with reference to the accompanying drawings. The data

communication method according to the second embodiment employs



the error control method of automatic repeat request system of

selective repeat system providing a high throughput similar to
those presented by the method shown in FIG. 1B and the first
embodiment. An arrangement of an ARQ fréme having the same
format when it is a data frame and a feedback frame will be _
described with reference to FIGS. 7A and 7B. This ARQ frame is
formed of, for example, a 16-bit traﬁsmission data length
indicating area a, an 8-bit transmission frame number area b, an
8-bit repeat request frame number area ¢ (shown in FIG. 7A) or
8-bit next repeat request frame number area f (shown in FIG.
7B), a 591-bit transmission data area d, a l-bit repeat request
identifier area g and a 16-bit error detection code e for the
areas a, b, ¢ (or £f)} 4 and gq.

It depends upon a rule which will be described later
on whether the repeat request frame number area ¢ or the next
repeat request frame number area f is set in an 8-bit area
between the transmission frame number b and.the data area d.
When the repeat request frame number area ¢ is set thereih, a
value of the 1-bit repeat request identifier area g is set to
g=0 (or g=1). When the next repeat request frame number area f
is set therein, the'value of the 1l-bit repeat request identifier
area g is set to g=1 (or g=0). Thus, it is possible to
discriminate whether the réﬁéat request frame number area c or
the next repeat request frame number area f is set in the 8-bit
area between the transmission frame. number b and thé data area

d-

The 1-bit next repeat request identifier area g shown
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in FIGS. 7A and 7B is provided in the 592-bit data area d of the

ARQ frame shown in FIG. 1A. Therefore, the data area d of the
ARQ frame shown in FIGS. 7A and 7B is formed of 592 - 1 = 591
bits. Since the data amount of the data area d according to
this second embodiment is only slightly smaller as compared with
that according to the first embodiment shown in FIG. 2A, this
area format according to this secoﬁdnembodiment is more
advantageous in full-duplex communication with data in the data
area d of the feedback frame as compared with that of the first
embodiment.

The transmission data length indicating area a is an
area for indicating a data amount of the transmission data area
d. The data amount Of> the transmission data area d can be set
within the ranée from 0 to 591 bits at a bit unit, and in the
second embodiment the data amount thereof is 591 bits. The
transmission frame number area b indicates a number of a frame
to be transmitted (e.g., frame numbers 0 or 1 to 255). The
repeat request frame number area c¢ is used in a feedback frame
transmitted from the reception side communication apparatus to
the transmission side communicatioh apparatus and indicates a
number of a frame required next time by the reception side
communication apparatus. The next repeat request frame number
‘area f is used.in a feedback frame transmitted from the
reception side communication apparatus to the transmission side
communication apparatus and indicates a number of a frame

required at the time after the next by the reception side

communication apparatus.
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The error detection code e is a cyclic redundancy

check (CRC) code (16 bits) according to ITU-T recommendation.
This CRC code effects in total a 624-bit area formed of the
areas a, b, ¢ (or f), d and'g.

The repeat request frame number ¢ and the next repeat
request frame number f used in the feedback frame will be
described with reference to FIG. 8 iﬁ case of the ARQ
‘transmission chart according to the SR system when a
transmission frame has an error. 1In FIG. 8, numerals in
rectangular frames aligned in row on the data transmission side
(transmission side communication apparatus) depict frame numbers
of transmission frames. It is éssumed that there are ten
transmission frames I %o 10 and the frame numbers 1 and 10
respectively depict the first transmission frame number and the
last transmission frame number. An arrow pointing toward the
lower right depicts a transmission frame transmitted from the
transmission side communication apparatus to the reception side
communication apparatus. An arrow pointing toward the upper
right depicts a feedback frame transmitted from the reception
side communication apparatus to the ttansmission side
communication apparatus. A solid-line arrow depicts a frame
héving no transmission error. A broken-lihe-arrow depicts a
frame (transmission error) having a transmission error. A
- repeat request frame number of the feedback frame is depicted by
a reference symbol R marked with a frame number on the data
reception side. A reference symbol R marked with a frame number

and in parenthesis is a frame number which the reception side
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communication apparatus has not transmitted to the transmission
side communiaation apparatus. A reference symbol d depicts a
round trip delay amount which indicates a time required for the
transmission side communication apparatus to, after transmitting
a transmission frame (data frame) therefrom to the reception
side communication apparatus, receive a feedback frame from the
reception side communication apparatus indicating whether or not
the reception side communication apparatus has received the
transmission frame correctly. In the second embodiment, the
round trip delay amount d corresponds to four frame periods
required for the transmission side communication apparatus to
transmit four transmission frames.

Before describing operations shown in FIG. 8 in
detail, how to determine the repeat request frame number and the
next repeat request frame number will be described with
reference to FIG. 9 which shows a part of FIG. 8 in an enlarged
scale. In FIG. 9, like parts and portions corresponding to
those in FIG. 8 are marked with the same reference numerals.
Respective raference symbols in FIG. 9 are defined as follows.

FF(1i) | a frame number of an ith data frame
transmitted from the transmission side communication apparatus
to the reception side communication apparatus

FB(1i) a repeat request frame number of a
feedback frame received during ffansmission of the ith data
frame

FBnext(i) a next repeat request frame number of a

latest repeat request frame number FB(i) requested by the
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reception side communication apparatus received during

transmission of the ith data frame

There will be described how to determine whether the
feed back frame including the repeat request frame number area
or the next repeat request frame number area is to be
transmitted from the reception side communication apparatus to
the transmission side communication éide apparatus. Usually,
the feedback frame including the repeat request frame umber area
is transmitted. However, only when the following two conditions
are satisfied, the feedback frame including the next repeat

request frame number area is transmitted.

condition (1): jmod a = 0

-

(the feedback frame including the next repeat

request frame number area is transmitted once in a transmission

times. a>1 is established and j depicts the number of an order

in which the reception side communication apparatus transmits
frames) |
condition (2): next repeat request frame number >
repeat request frame number + 1

Operations of the transmission side communication
apparatus and the reception side communication apparatus will
hereinafter be described with reference to FIG. 8.
[transmission side communication apparatus]

Since the transmission side communication apparatus
is prevented from receiving the feedback frame including both of

the repeat request frame number area and the next repeat request
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frame number in the second embodiment, the transmission side

communication apparatus is provided with memories for
respectively storing therein the repeat request frame number and
the next repeat request frame number which are constantly

replaced with new frame numbers.

(1) Transmit transmission frames 1, 2, 3 and 4
successively.
(2) Receive a feedback frame including a response to the

transmission frame 1 while transmitting the transmission frame
4. Since the repeat request frame number indicated by the
feedback frame is 2, determine that the reception side

communication apparatus has received the transmission frame 1

correctly. T

(3) Receive a feedback frame including a respénse to the
transmission frame 2 while transmitting a transmission frame 5.
Since the repeat request frame number indicated by the feedback
frame is 3, determine that the reception side communication
apparatus has received the transmission frame 2 correctly.

(4) Réceive a feedback frame including a response to the
transmiSSion frame 3 while transmitting a transmission frame 6.
Since the repeat request frame number indicated by the feedback
frame is 4, determine that the reception side communication |
apparatus has received the transmission frame 3 correctly.

(5) Receive a feedback frame including a response to the
transmission frame 4 while transmitting a transmission frame 7.

Since the repeat request frame number indicated by the feedback

frame is 4 again, determine that the reception side
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communication apparatus has not received the transmission frame
4 correctly.

(6) Transmit the transmission frame 4 again.

(7) Since it is determined after four frame periods
whether or not the reception side communication apparatus
correctly receives the transmission frame 4 transmitted again,
transmit the succeeding frames 8, 9 ;nd 10 successively.

(8) Receive the feedback frame including a repeat request
frame number 4 while transmitting the last transmission frame
10. The next repeat request frame number indicated by the
feedback frame is 8.

(9) Since there is no transmission frame whose frame
number exceeds 10 and the latest repeat request frame number
stored in the memory is 4, transmit the transmission frame 4
again (a portion indicated with i = 12 in FIG. 9).

(10) Since the above two conditions of re-transmission
based on the next repeat request frame number are satisfied,
transmit the transmission frame 8 again (a portion indicated
with i = 13 in FIG. 9)

(11) Transmit the transmission frames 9 and 10 (portions
indicated with i = 14 and i = 15 shown in FIG; 9)

(12) Since there is no transmission frame whose frame
number exceeds 10 and the latest repeat request frame number
stored in the memory is 4, transmit the transmission frame 4
again. Receive the feedback frame including the repéat request
frame number area while transmitting the transmission frame 4.

The repeat request frame number indicated by the feedback frame
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is 9 (a portion indicated with i = 16 in FIG. 9).

(13) Transmit the transmission frame 9. Receive a
feedback frame whose the repeat request frame number area during
transmission of the transmission frame 9. Since the repeat
request frame number indicated by the feedback frame is 11,
determine that the reception side communication apparatus has
received the transmission frame 10 cnrrectly, and finish the
transmission of the data frames.

[reception side communication apparatus]

Thé reception side communication apparatus transmits
the feedback frame including the next repeat reqnest frame
number area instead of that including the repeat request frame
number area in everyfféurth time only when the next repeat
request frame number is larger than a value obtainéd'by adding
the repeat request frame number with 1.

(1) Since having received the transmission frames 1, 2
and 3 correctly, successively transmit feedback frames
respectively including the repeat request frame numbers set to
2, 3 and 4 to the transmission side communication apparatus
(when j=1 to 3).

(2) The reception side communication appératus has not
received the transmission frame 4 correctly. At this time,
instead of the timing of j=4 at which the feedback frame
including the next repeat request frame number to be
transmitted, the next repeat request frame number does not
exceed the value obtained by adding the repeat request frame

number with 1, and hence the reception side communication
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apparatus transmit the feedback frame whose repeat request frame

number is 4.

(3) Successively transmit feedback frames including
repeat request frame numbers set to 4 af the timings of j=5 to
7. Since having received the transmission frames up to the
transmission frame 7, the next repeat request frame number at
that time is 8. )

(4) Since the transmission timing is a timing of j=8 at
which the feedback frame including the next repeat request frame
number area is to be transmitted and since the next repeat
request frame number is larger than the value obtained by adding
the repeat request frame number with 1) transmit the feedback
frame including the hekt repeat request frame number 8 instead
of that including the repeat request frame number.

(5) Receive the trahsmiésion frames 8, 10 at the timings
of 9 to 11. During these timings, transmit the feedback frame
including the repeat request frame number area indicating the
repeat request frame number 4. The next repeat request frame
number at this time is 11.

-(6) Correctly receive the transmission frame 4 at the
timing of j=12. Since the timing of j=12 is a timing of
transmission of the feedback frame including the next repeat
request frame number and the next repeat request frame number is
larger than the value obtained by adding the repeat request
frame number with 1, transmit the feedback frame including the

next repeat request frame number area indicating the repeat

request frame number of 11.



(7) Since having received ;:; transmission frame s 8, 9
at the timings of j=13, 14, transmit the feedback frames
respectively including the repeat request frame number areas
indicating the repeat request frame numbers 9, 11.

FIG. 10 is a graph showing characteristic curves of a
frame error rate to a throughput respectively obtained in the
first embodiment shown in FIG. 2A aﬁé the second embodiment
shown in FIG. 7A for comparison. In FIG. 10, the characteristic
curves are obtained by ¢alculating values of the throughput S
respectively obtained when the frame error rate is changed from
0 to- 0.2 by a unit of 0.02. 1In this calculation, it is assumed
that a round trip delay amount d is 20 and a total frame number
is 40. Study of the characteristic graph of FIG. 10 reveals
that, if the throughputs obtained at the same error rate in the
first and second embodiments are compared, the throughput
obtained ip the second embodiment is lower as compared with that
obtained ih thelfirst embodiment and that, however, the
difference therebetween is very small and hence hardly
influences pfactical data transmission. Therefore, since the
data amount of the data area of the feedback frame is lowered
only slightly in the second embodiment, the second embodiment is
superior to the first embodiment shown in FIG. 2A in this point.

In the ARQ error control method of SR system
according to the second embodiment (whose data format is shown
in FIG. 7A) shown in FIGS. 8 and 9, when the transmission side
communication apparatus transmits the transmission frames 1 to

10 to the reception side communication apparatus, the number N1
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of the transmission frames practically transmitted is 14, while

the number N2 of the transmission frames transmitted until the
transmission side communication apparatus receives all the
feedback frames for confirming corréct transmission of all the
transmission frames 1 to 10 after transmitting the first
transmission fame is 17.

| A throughput S defined by.é ratio NO/N1 (NO is the
number of the transmission frames to be transmitted and N1 is
the number of all the transmission frames transmitted from the

transmission side communication apparatus to the reception side

communication apparatus) is S = 10 4+ 14 = 0.714 in the second

embodiment shown in FIGS. 8 and 9. Study of ihis result reveals
lthat the throughput ; ;btained in the second embodiment is
improved by about 8.9% as compared with the throughput S of
0.625 obtained in the example shown in FIG. 1B.:

According to the second embodiment shown in FIG. 7a,
similarly to the firs£ embodiment shown in FIG. 2A, even if the
reception side communication apparatus frequently fails to
correctly receive the data frames transmitted from the
transmission side communication appafatus thereto at the
beginning of the transmission and hence repeatedly transmits the
feedback frame indicating the repeat request, then it is |
possible for the transmission side communication apparatus. to
determine up to which data frame the reception side
communication apparatus could correctly receive data frames

after the - reception side communication side communication

apparatus had failed to correctly receive the data frame from
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the transmission side communication apparatus. Therefore, it

can be avoid that the transmission side communication apparatus
uselessly transmits again the data frames once transmitted
therefrom to the reception side communication apparatus.

While the repeat request identifier area requires
only 1 bit as.described above when there are two kinds of the
repeat request frame number areas, even if the number of the
repeat request frame number areas is increased, reduction of a
data capacity of the data area can be suppressed -even in the
full-duplex transmission of transmitting the feedback frame
including the data area containing data as compared with the
first embodiment shown in FIG. 2A (e.g, the repeat request
identifier area requires 2 bit when the number of the repeat
request frame number areas is three or four, 3 bits when the
number of the repeat request frame number areas is five or six,

A communication system including a data communication
apparatus to which the present invention can be applied will be
described with reference to FIG. 11. A data communication
appaiatus 1A is a telephone in a personal handy;phone system
(PHS), for example, which can communicate with various data
communication apparatus 1B, 1C, 1D, 1E, -+ by wireless or
through wiréless communication network NW. The data
communication apparatus 1B, 1C, 1D, 1E, ---+ are a PHS telephone
similar to the data communication apparatus 1A, a wireless
telephone such as a cellular system telephone or the like, a

wire telephone, a relay station, a base station, or the like.
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The data communication apparatus 1A has a

transmission/reception unit 2, a transmission/reception antenna
3, a modulator 4 and a demodulator 5 connected to the
transmission/reception unit 2, a signal processing unit 6
connected to the modulator 4 and the demodulator 5, a speaker 7
connected to the signal processing unit 6, a microphone 8
connected to the signal processing uﬂit 6, a display device 9
connected to the signal_processing unit 6 for displaying a text,
a numeric, a éymbol, a figure, an image and so on (formed of a
liquid-crystal display or the like). An input/output terminal
10 for an external digital data is derived from the signal
processing unit 6. The above-mentioned data frame transmitted
from the transmissioh 3ide communication apparatus to the
reception side communication apparatus and the feedback frame
transmitted from the'above-mentioned reception side
communication apparatus to the transmissioh side communication
apparatus are respectively generated by the transmission side
communication apparatus and the reception side communication
apparatus which are a certain data communication apparatus, of
the data communication apparatus 1B, 1¢, 1D, 1E, «--+ , for
communicating the other data communication apparatus thereof and
the other data communication apparatus.

According to a first aspect of the present invention,
in a data communication method’of transmitting data frames frém
a first predetermined frame number to a last predetermined frame
number from a transmission side data communication apparatus to

a reception side data communication apparatus in an ascending
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order (or a descending order), transmitting from the reception

side data communication apparatus to the transmission side data
communication apparatus a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to
nth data frames received, and transmitting from the transmission
side data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in reéponse to
the first request frame number FBl(n) indicated by the received
feedback frame, the feedback frame also indicates a second
repeat frame number ¥B2(n) formed of a frame number {FBM(n)+1}
[or {FBM(n)-1}] among the frame numbers of data frames which
have not been received to a kth request frame number FBk(n)
formed of a frame number {FBM(n)+(k-1)} [or {FBM(n)-(k~1)}I(
where k is an integer exceeding 2) in response to frame numbers
of first to nth data frames which the reception side data
communication apparatus has received. Therefore, it is possible
to obtain a data communication method which makes it possible to
transmit the feedback frame indicating a request frame number
from the reception side data communication apparatus to the
transmission side data communication side apparatus with an
improved throughput of the data frame transmitted from the
transmission side data communication apparatus to the reception

side data communication apparatus.

According to a second aspect of the present
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invention, in a data communication method according to claim 1,

in response to the first request frame number FB1l(n) indicated
by the received feedback frame and, the second to kth request
frame numbers FB2(n) to FBk(n) indicated thereby, the
transmission side data communication apparatus transmits data
frames having the indicated frame numbers which the reception
side data communication apparatus hag not received to the
receptién side data communication apparatus. Therefore, in
addition to the above effect, it is possible to obtain a data
communication method which can improve the throughput of the
data frames transmitted from the transmission side data
communication appératus to the reception side data communication
apparatus. T |

According to a third aspect of the present invention,
in a data communication method of transmitting data frames from
a first predetermined frame number to a last predetermined frame
number from a transmission éide data communication apparatus to
a reception side data communication apparatus in an ascending
order (or a descending order), transmitting from the reception
side data communication apparatus to the transmission side data
communication apparatué a feedback frame having the same format
as that of the data frame and indicating a first reques£ frame
number FBl(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which have not
been received in response to frame numbers of first to nth data
frames received, and transmitting from the transmission side

data communication apparatus to the reception side data
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communication apparatus a data frame which the reception side

data communication apparatus has not confirmed, in response to
the first request frame number FBl(n) indicated by the received
feedback frame, if there is no transmission data to be included
in the feedback frame, the feedback frame includes a data area
which indicates a second repeat frame number FB2(n) formed of a
frame number {FBM(n)+l} [or {FBM(n)—i}] among the frame numbers
of data frames which have not been received to a kth reQuest
frame number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or
{FBM(n)~-(k-1)}1(where k is an integer exceeding 2) in respomse
to frame numbers of first to nth data frames which the reception
side data communication apparatus has received. Therefore, it
is possible to obtain & data communication method which makes it
possible to transmit the feedback frame indicating a request
frame number from the reception side data communication
apparatus to the transmission side data communication side
apparatus with an improved throughput of the déta frame
transmitted from the transmission side data coimunication
apparatus to.the reception side data communication apparatus,
and which can improve the throughput of the data frames
transmitted from the transmission side data communication
apparatus to the reception side data communication apparatus
without lowering a maximum transmission rate.

" According to a foufth asﬁect of the present
invention, in a data communication method according to claim 3,
in response to the first request frame number FB1(n) indicated

by the received feedback frame and, the second to kth request
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frame numbers FB2(n) to FBk(n) indicated thereby, the

transmission side data communication apparatus transmits data
frames having the indicated frame numbers which the reception
side data communication apparatus has not received correctly to
the reception side data communication apparatus. Therefore, in
addition to the above effect, it is possible to obtain a data
communication method which can impro;e the throughput of the
data frames transmitted from the transmission side data
communication apparatus to the reception side data communication
apparatus without lowering the maximum transmission rate.
According to a fifth aspect of the present invention, in a data
communicatioﬁ apparatus employing a data communication method of
transmitting data frames from a first predetermined frame number
to a last predetermined frame number from a transmission side
data communication apparatus to a reception side data
communication apparatus in an ascending order (or a descending
order), transmitting from the recéption side data communication
apparatus to the transmission side data communication apparatus
a feedback frame indicating a fifst request frame number FBl(n)
formed of a minimum (or maximum) frame number FBM(n) among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from the transmission side data communication
apparatus to the reception side data communication apparatus a
data frame which the reception side data communication apparatus
has not confirmed, in response to the first request frame number

FBl(n) indicated by the received feedback frame, the feedback
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frame also indicates a second repeat frame number FB2(n) formed

of a frame number {FBM(n)+1} [or {FBM(n)-1}] among the frame
numbers of data frames which have not been received to a kth
request frame number FBk(n) formed of a frame number {FBM(n)+(k-
1)} [or {FBM(n)-(k—l)}](where k is an integer exceeding 2) in
response to frame numbers of first to nth data frames which the
reception side data comhunication apéaratus has received.
Therefore, it is possible to obtain a data communication
apparatus which makes it possible to transmit the feedback frame
indicating a request frame number from the reception side data
communication apparatus to the transmission side data
communication side apparatus with an improved throughput of the
data frame transmitted® from the transmission side data
communication apparatus to the reception side data communication
apparatus.

According to a sixth aspect of the present invention;
in a data communication apparatus according to the fifth aspect
of the present invention, in response to the first request frame
number FBl(n) indicated by the received feedback frame and, the
second to kth request frame numbers FB2(n) to FBk(n) indicated
thereby, the transmission side data comhunication apparatus
transmits data frames having the indicated frame numbers which
the reception side data communication apparatus has not received
correctly to the reception side data communication apparatus.
Therefore, in addition to the above effect, it is possible to
obtain a data communication apparatus which can improve the

throughput of the data frames transmitted from the transmission
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side data communication apparatus to the reception side data
communication apparatus.

According to a seventh aspect of the present
invention, in a data communication apparatus employing a data
communication method of transmitting data frames from a first
predetermined frame number to a last predetermined frame number
from a trénsmission side data communication apparatus to a
reception side data communication apparatus in an asdending
order (or a descending order), transmitting from the reception
side data.communication'apparatus to the transmission side data
communication apparatus a feedback frame having the same format
as that of the data frame and indicating a first request frame
number FB1l(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which have.not
been received in response to frame numbers of first to nth data
frames received, and transmitting from the transmission side
data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
the first-request frame number FBl(n) indicated by the received
feedback frame, if there is no transmission data to be included
in the feedback.frame, the feedback frame includes a data area
which indicates a second repeat frame number FB2(n) formed of a
frame number {FBM(n)+1} [or {FBM(n)-1}] among the frame numbers
of data frames which have not been received to a kth request
frame number FBk(n) formed of a frame number {FBM(n)+(k~1)} [or

{FBM(n)-(k-1)}](where k is an integer exceeding 2) in response
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to frame numbers of first to nth data frames which the reception

side data comﬁunication apparatus has received. Therefore, it
is possible to obtain a data communication apparatus which makes
it possible to transmit the feedback frame indicating a request
frame number from the teception side data communication
apparatus to the transmission side data communication side
apparatus with an improved throﬁghpu£ of the data frame
transmitted from the transmission side data communication
apparatus to the reception side data communication apparatus,
and which can improve the thfoughput of the data frames
transmitted from the transmission side data communication
apparatus to the reception side data communication épparatus
without lowering a maximum transmission rate.

According to an eighth.aspect of the present
invention, in a data communication apparatus according to the
seventh aspect of the present invention, in response to the
first request frame number FB1l(n) indicated by the received
feedback frame and, the second to kth request frame numbers
FB2(n) to FBk(n) indicated thereby, the transmission side data
communication apparatus transmits data frames having the
indicated frame numbers which the reception side data
communication apparatus has not received correctly to the
reception side daté communicationlapparatus. Therefore, in _
addition to the above effect, it is possible to provide a data
communication apparatus which can improve the throughput of the
data frames transmitted from the transmission side data

communication apparatus to the reception side data communication
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apparatus without lowering the maximum transmission rate.

According to a ninth aspect of the present invention,
in a data communication method of transmitting data frames from
a first predetermined frame number to a last predetermined frame
number from a transmission side data communication apparatus to
a reception side data communication apparatus in an ascending
order (or a descending order), transﬁitting from the reception
side data communication apparatus to the transmission side data
communication apparatus a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (or maximum)
lframe number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to
nth data frames receiveéd, and transmitting from the transmission
side data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
the first request frame number FBl(n) indicated by the received
feedback frame, the data communicatiqn method includes a process
of generating a second repeat frame number FB2(n) formed of a
frame number {FBM(n)+1l} [or {FBM(n)-1}] among the frame numbers
of data frames which have not.been received to a kth request
frame number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or
{FBM(n)-(k-1)}](where k is an integer exceeding 2) in response
to frame numbers of first to nth data frames which the reception
side data communication apparatus has received, processes of

replacing the request frame number FBl1(n) with the second

request frame number FB2(n) at every B; transmission times (B1
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is a natural number satisfying 0 < B; < a;) during every o,

transmission times (where a; is a natural number satisfying o; >

1) of a feedback frame indicating the first request frame number

FBl(n), --+++, and replacing the reqguest frame number FB(k-1) (n)

with the second request frame number FBk(n) at every B (k-1
transmission times (f(x-;y is a natural number satisfying 0 < B (x-
1) < ox-1)) during every o(x.;) transmission times (where a; is a

natural number satisfying o k.11 > 1) of a feedback frame

indicating the first request frame number FB(k-1)(n), and a
process of including.in the feedback frame a request identifier
indicating either of the first to kth request frame numbers
'FB1(n) to FBk(n). Therefore, an-effect substantially similar to
that achieved by a first aspect of the present invention can be
achieved. Moreover, it is pessible to obtain a data
communication method which can suppress a reduced amount of data
capacity to -only a very slight amount even in a full-duplex
communication in which data is transmitted from the reception
side data cohmunication apparatus to the transmission side data
communication apparatus.

According to a tenth aspect of the present invention,
in a data communication method according to the ninth aspect of
the present invention, the first to kth request frame numbers
FBl(n) to FBk(n) based on the request frame number ahd the
request identifier indicated by the received feedback frame are

obtained and stored in a storage means, and a data frame of a
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frame number which the reception side data communication

apparatus has not confirmed is transmitted from the transmission
side data communication apparatus to the reception side data
communication apparatus in response to respective latest request
frame numbers of the first to kth request frame numbers FB1l(n)
to FBk(n) stored in the storage means. Therefore, in addition
to the above effect, it is possible éo obtain a data
communication method which can improve the throughput of the
data frames transmitted from the transmission side data
communication apparatus to the reception side data communication
apparatus.

According to an eleventh aspect of the present
invention, in a data”communication method of transmitting data
 frames from a first predetermined frame number to a last
predetermined frame number from a transmission side data
communication apparatus to a reception side data communication
épparatus in an ascending order (or a descending order),
transmitting from the reception side data communication
apparatus to the transmission side data communication apparatus
a feedback frame indicating a first request frame number FBI1(n)
formed of a minimum (or maximum) frame number FBM(n)'among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from the transmission side data communication
apparatus to the reception side data communication apparatus a
data frame which the reception side data communication apparatus

has not confirmed, in response to the first request frame number



. 56
FB1l(n) indicated by the received feedback frame, the data

communication method includes a process of generating a second
repeat frame number FB2(n) formed of a frame number {FBM(n)+1}
[or {FBM(n)-1}] among the frame numbers of data frames which
have not been received to a kth request frame number FBk(n)
formed of a frame number {FBM(n)+(k-1)} [or {FBM(n)-(k-1)}1(
where k is an integer exceeding 2) i& response to frame numbers
of first to nth data frames which the reception side data
communication apparatus has received, processes of replacing the
first request frame number FBl(n) included in the feedback frame
with the second request frame number FB2(n) when a first
predetermined condition is satisfied, °:-++, and replacing the
(k-1)th request frame humber FB(k-1)(n) included in the feedback
frame with the kth request frame number FBk(n) when é (k-1)th
predetermined condition is satisfied, and a process of including
in the feedback frame a request identifier indicating either of
the first to kth request frame numbers FB1(n) to FBk(n).
Therefore, it is possible to obtain a data communication method
which can achieve an effect substantially similar to that
aéhieved by the ninth aspect of the present invention.

According to a twelfth aspect of the present
invention, in a déta communication method according to the
eleventh aspect of the present invention, the first to kth
request frame numbers_FBl(n) to FBk(n) based on the request
frame number and the request identifier indicated by the
received feedback frame to are obtained and stored in a storagé

means, and a data frame of a frame number which the reception
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side data communication apparatus has not confirmed is
transmit£ed from the transmission side data communication
apparatus to the reception side data communication apparatus in
response to respective latest request frame numbers of the first
to kth request frame numbers FBl(n) to FBk(n) stored in the
storage means. Therefore, it is possible to a data
communication method which ¢an achie;e an effect substantially
similar to that achieved by the tenth aspect of the present
invention.

According to a thirteenth aspect of the present
invention, in a data communication apparatus employing a data
communication method of transmitting data frames from a first
predetermined frame huiber to a last'ptedetermined frame number
from a transmission side data communication apparatus to-a
reception side data communication apparatus in an ascending
order (or a descending order), transmiﬁting from the reception
side data communication apparatus to the transmission side data
communication apparatus a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (6r maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to
- nth data frames received, and transmitting frqm the transmission
side data communication apparatus to the reception side data
communication apparatus.a data frame which the reception side |
data communication apparatus has not confirmed, in response to
the first request frame number FB1(n) indicated-by the received

feedback frame, a second repeat frame number FB2(n) formed of a
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frame number {FBM(n)+1} [orj{FBM(n)-l}] among the frame numbers
of data frames which have not been received to a kth request
frame number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or
{FBM(n)-(k-1)}] (where k is an integer exceeding 2) are
generated in response to frame numbers of first to nth data
frames which the reception side data communication apparétus has

received. The first request frame number FBl(n) is replaced

with the second request frame number FB2(n) at every f;
transmission times (B;- is a natural number satisfying 0 < B <
a;) during every a; transmission times (where a; is a natural

number satisfying a; > 1) of a feedback frame indicating the

»

first request frame number FBl(n), :-°-+, and the (k-1)th request

frame number FB(k-1)(n) is replaced with the kth request frame

number FBk(n) at every P(x-1y transmission times (where B(x-1) is a
natural number satisfying 0 < f(x-1) < o(x.1)) during every O (k-1)
transmission times (where a; is a natural number satisfying O (k-

131 > 1) of a feedback frame indicating the (k-1)th request frame

number FB(k-1)(n). The request identifier indicating either of
the first to kth request frame numbers FBl(n) to FBk(n) are
included in the feedback frame a. Therefore, an effect
substantially similar to that achieved by a first aspect of the
present invention can be achieved. Moreover, it is possible to
obtain a data communication method which can suppress a reduced

amount of data capacity to only a very slight amount even in a
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full-duplex communication in which data is transmitted from the

reception side data communication apparatus to the transmission
side data communication-apparaﬁus. |

According to a fourteenth aspect of the present
invention, in a data communication apparatus according to the
thirteenth aspect of the present invention, the first to kth
request frame numbers FBl(n) to FBk(ﬁ) are obtained based on the
request frame number and the request identifier indicated by the
received feedback frame to be stored in a storage means, and a
data frame of a frame number which the reception side data
communication apparatus has not confirmed is transmitted from
the transmission side data communication apparatus to the
reception side data colmunication apparatus in response to
respective latest request frame numbers of the first to kth
request frame numbers FBl1(n) to FBk(n) storéd in the storage
means. Therefore, in addition to the above effect, it is
possible to obtain a data communication apparatus which can
improve the throughput of the data frames transmitted from the
transmission side data communication apparatus to the reception
side data communication apparatus. |

According to a fifteenth aépect of the present
invention, in a data communication apparatus eﬁploying a data
communication method of transmitting data frames from a first
predetermined frame number to a last predetermined frame number
from a transmission side data communication apparatus to a
reception side data communication apparatus iﬁ an ascending

order (or a descending order), transmitting from the reception

59
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side data communication apparatus to the transmission side data

communication apparatus a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to
nth data frames received, and transmitting from the transmission
side data communication apparatus to-£he reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
the first request frame number FBl(n) indicated by the received
feedback frame, a second repeat frame number FB2(n) formed of a
frame number {FBM(n)+1} [or {FBM(n)-1}] among the frame numbers
of data frames which hidve not been received to a kth request
frame nﬁmber FBk(n) formed of a frame number {FBM(n)#(k—l)} [or
{FBM(n)-(k-1)}] (where k is an integer exceeding 2) are
generated in response to frame numbers of first to nth data
frames which the reception side data communication apparatus has
received. The request frame number FB1(n) included in the
féedback frame is feplaced with the second request.frame number
FB2(n) when a first predeterminedlcondition is saﬁisfied, KRR
and the (k-1)th request frame number FB(k-1)(n) is replaced with
the kth request frame number FBk(n) when a (k~1)th condition is
satisfied. A requést identifier indicating either of the first
to kth request frame numbers FBl(n) to FBk(n) is included in the
feedback frame a. Therefore, it is possible to obtain a data

communication apparatus which can achieve an effect

substantially'similar to that achieved by the thirteenth aspect
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of the present invention.

According to a sixteenth aspect of the present
invention,.in a data communication apparatus according to the
fifteenth aspect of the present invention, the first to kth
request frame numbers FBl(n) to FBk(n) are obtained based on the
request frame number and the request identifier indicated by the
received feedback frame to be stored~in a storage means, and a
data frame of a frame number which the reception side data
communication apparatus has not confirmed is transmitted from
the transmission side data communication apparatus to the
reception side data communication apparatus in response to
respective latest request frame numbers of the first to kth
request frame numbers FB1(n) to FBk(n) stored in the storage
means. Therefore, it is possible to obtain a data communication
apparatus which can achieve an effect substantially similar to
that achieved by the fourteenth aspect of the present invention.

Having described preferred embodiments of the present
invention with reference to the accompanying drawings, it is to
be understood that the present invention is not limited to the
above-mentioned embodiments and that various changes and
" modifications can be effected therein by one skilled in the art
without departing from the spirit'or scope of the present

invention as defined in the appended claims.

o
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What is claimed is:

1. A data communication method comprising the steps
of: |

transmitting data frames from a first predetermined
frame number to a last predetermined frame number from a
transmission side data communicationsépparatus to a reception
side data communication apparatus in an ascending order (or a
descending order);.

transmitting from said reception side data
communication apparatus to said transmission side data
communiqation apparatus a feedback frame indicating a first
request frame number’ FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to
nth data frames received; and

transmitting from said transmission side data
communicatiqn apparatus to said reception side data
communication apparatus a data frame which said reception side
data communication apparatus has nét confirmed, in response to
said first.request frame number FBl(n) indicated by said
received feedback frame,EWherein said feedback frame also
indicates a second repeat frame number FB2(n) formed of a frame
number {FBM(n)+l1} [or {FBM(n)-1}] among the frame numbers of
data frames which have not been received to a kth request frame
number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or {FBM(

n)-(k-1)}1(where k is an integer exceeding 2) in response to
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frame numbers of first to nth daég frames which said reception

side data communication apparatus has received.

2. A data communication method according to claim 1,
wherein, in response to said first request frame number FB1(n)
indicated by said received feedback frame and, said sedond to
‘kth request frame numbers FB2(n) to éBk(n) indicated thereby,.
said transmission side data communication appara£us transmits
data frames having the indicated frame numbers which said
reception side data communication apparatus has not received to

said reception side data communication apparatus.

3. A data’communication method comprising the steps
of:

transmitting data frames from a first predetermined
frame number to a last predetermined frame number from a
transmission side data communication apparatus to a reception
side data communication apparatus in an ascending order (or a
descending order);

transmitting from said reception side data
communication apparatus to said transmission side data
communication apparatus a feedback frame having the same format
as that of said data frame and indicating a first request frame
number FBl(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which have not

been received in response to frame numbers of first to nth data

frames received; and
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. 64
transmitting from said transmission side data

communication apparatus to said reception side data
communication apparatus a data frame which said reception side
data communication apparatus has not confirmed, in response to
said first request frame number FBl(n) indicated by said
received feedback frame, wherein, if there is no transmission
data to be included in said feedbackkframe, said feedback frame
includes a data area which indiéates a second repeat frame
number FB2(n) formed of a frame number {FBM(n)+l} [or {FBM(n)-
1}] among the frame numbers of data frames which have not been
received to a kth request frame number FBk(n) formed of.a frame
number {FBM(n)+(k-1)} [or {FBM(n)-(k-1)}](where k is an integer
exceeding 2) in responde to frame numbers of first to nth data

frames which said reception side data communication apparatus

has received.

4. A data communication method according to claim 3,
wherein, in respénse to said first request frame number FB1(n)
indicated by.said received feedback frame and, said.second to’
kth request frame numbers FB2(n) to FBk(n) indicated thereby,
said transmission side data communication apparatus transmits
data frames having the indicated frame numbers which said
reception side data communication apparatus has not received

correctly to said reception side data communication apparatus.

5. A data communication apparatus employing a data

communication method of transmitting data frames from a first

RO D
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predetermined frame number to a last predetermined frame number

from a transmission side data communication apparatus to a
reception side data communication apparatus in an ascending
order (or a descending order), transmitting from said receﬁtion
side data communication apparatus to said transmission side data
communication apparatus a feedback frame indicating a first
request frame number FBl{(n) formed o£ a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in respbnsehto frame numbers of first to
nth data frames received, and transmitting from said
transmission side data communication apparatus to said reception
side data communication apparatus a data frame which said
reception side data communication apparatus has not confirmed,
in response to said first request frame number FB1(n) indicated
by said received feedback frame, comprising:

a signal processing unit for processing a
transmission frame when said apparatus serves-as said
transmission side data communication apparatus and for
processing a feedback frame when said apparatus serves as said
reception side data communication apparatus, wherein said
feedback frame also indicates a second repeat frame number
FB2(n) formed of a frame number {FBM(n)+1} [or {FBM(n)-1}] among
the frame numbers of data frames which have not been received to
a kth request frame number FBk(n) formed of a frame number
{FBM(n)+(k-1)} [or {FBM(n)-(k-1)}](where k is an integer
exceeding 2) in response to frame numbers of first to nth data

frames which said reception side data communication apparatus

_—

0 m



has received. 66

6. A data communication apparatus according to claim
5, wherein, in response to said first request frame number
FB1(n) indicated by said received feedback frame and, said
second to kth request frame numbers FB2(n) to FBk(n) indicated
thereby, said transmission side data'éommunication apparatus
transmits data frames having the indicated frame numbers which
said reception side data communicationlapparatus has not
received correctly to said reception sidé data communication

apparatus.

7. A data’cémmunication apparatus employing a data
communication method of transmitting data frames from a first
predetermined frame number to a last predetermined frame number
from a transmission side data communication apparatus to a
reception side data communication apparatus in an ascending
order (or a descending order), transmitting from said reception
side data cohmunication apparatus to said transmission side data
communication apparatus a feedback frame havinglthe same format
as that of said data frame and indicating a first request frame
number FBl(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which héve not
been received in response to frame numbers of first to nth data
frames received, and transmitting from said transmission side
data communication apparatus to said reception side data

communication apparatus a data frame which said reception side

-
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data communication apparatus has not confirmed, in response to

said first request frame number FBl(n) indicated by said
received feedback frame, comprising:

a signal processing unit for processing a
transmission_ﬁrame when said apparatus serves as said
transmission s;a;mdata communication apparatus and for
processing a feedback frame when saié apparatus serves as said
reception side data communication apparatus, wherein, if there
is no transmission data to be included in said feedback frame,
said feedback frame includes a data area which indicates a
second repeat frame number FB2(n) formed of a frame number
{FBM(n)+1} {or {FﬁM(n)-l}] among the frame numbers of data
frames which have not been received to a kth requést frame
number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or {FBM(
n)-(k-1)}](where k is an integer exceeding 2) in response to
frame numbers of first to nth data frames which said recéption

side data communication apparatus has received.

8. A data communication apparatus according to claim
7, wherein, in response to said first request frame number
FBl(n) indicated by said received feedback frame and, said
second to kth request frame numbers FB2(n) to FBk(n) indicated
thereby, said transmission side data communication apparatus
transmits data frames having the indicated frame numbers which
said reception side data communication apparatus has not

received to correctly said reception side data communication

apparatus.
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9. A data communication method of transmitting data
frames from a first predetermined frame number to a last
predetermined frame number from a transmission side data
communication apparatus to a reception side data communication
apparatus in an asgending order (or a descending order),
transmitting from said reception sidé data communication
apparatus to said transmission side data communication apparatus
a feedback frame indicating a first request frame number FBI(n)
formed of a minimum (or maximum) framé number FBM(n) among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from 3aid transmission side data communication
apparatus to said reception side data communication apparatus a
data frame which said reception side data communication
apparatus has not confirmed, in response to said first request
frame number FB1(n) indicated by said received feedback frame,

- comprising the steps of:

génerating a second repeat. frame number FB2(n) formed
of a frame number {FBM(n)+1l} [or {FBM(n)—l}] amoné the frame
numbers of data frames which have not been received to a kth
request frame number FBk(n) formed of a frame number {FBM(n)+(k-
1)} [or {FBM(n)-(k-1)}](where k is an integer exceeding 2) in
response to frame numbers of first to nth data frames which said
- reception side data communication apparatus has received;

replacing said request frame number FB1(n) with said
second request frame number FB2(n) at every B, transmission

[
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times (B; is a natural number satisfying 0 < B; < a;) during

every o, transmission times (where o; is a natural number
satisfying a; > 1) of a feedback frame indicating said first

unfééﬁééttframe_number FB1(n), -+, and replacing said request
framé'hﬁmberfFB(k-l)(n) with said second request frame number

FBk(n) at every ﬁ(md) transmission times (Px-1, is a natural
number satisfying 0 < Bx.1) < ak-1y) during every o x-

transmission times (where a; is a natural number satisfying o x-

1)1 > 1) of a feedback frame indicating said first request frame
number FB(k-1)(n); and,
including in said feedback frame a request identifier

indicating either of said first to kth request frame numbers

FB1(n) to FBk(n).

10. A data communication method according to claim 9,
wherein further comprising the steps of:

obtaining said first to.kth request frame nﬁmbers
1FBl(n) to FBk(n) based on said reqﬁest frame number and said
request identiiiet’indicated by said received feedback frame to
'_stpreughém_ih a storage means; and
| tranémitting a data frame of a frame number, which
said reception side data communication apparatus has not
confirmed, from said transmission side data communication
apparatus to said reception side data communication apparatus in

response to respective latest request frame numbers of said

A
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first to kth request frame numbers FBl(n) to FBk(n) stored in

said storage means.

11. A data communication method of transmitting data
frames from a first predetermined frame number to a last
predetermined frame number from a transmission side data
communication apparatus to a receptiéh side.data communication
appa:atué in an ascending order (or a descending order),
transmitting from said reception side data communication
apparatus to said transmission side data communication apparatus
a feedback frame indicating a first request frame number FB1l(n)
formed of a minimum (or maximum) frame number FBM(n) among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from said transmission side data communication
apparatus to said reception side data communication apparatus.a
data frame which said reception side data communication
apparatus has not confirmed, in response to said first request
frame number.FBl(n) indicated by said received feedback frame,
comprising the steps of:

generating a second repeat frame number FB2(n) formed
of a frame number {FBM(n)+l} [or {FBM(n)-1}] amoﬁg the frame
numbers of data frames which have not been received toc a kth
request frame number FBk(n) formed of a frame number {FBM(n)+(k-
1)} [or {FBM(n)-(k~1)}](where k is an integer exceeding 2) in
response to frame numbers of first to nth data frames which said

reception side data communication apparatus has received;



replacing said first féauest frame number FB1(n)
included in said feedback frame with said second request frame
number FB2(n) when a first predetermined condition is satisfied,
*+++, and replacing said (k~1)th request frame number FB(k-1)(n)
included in said feedback frame with said second reques£ frame
number FBk(n) when a (k-1)th predetermined condition is
satisfied; and :

including in said feedback frame a request identifier
indicating either of said first to kth request frame numbers

FB1(n) to FBk(n).

12. A data communication method according to claim
11, wherein further cohmprising the steps of:

obtaining said first to kth request frame numbers
FBl(n) to FBk(n) based on said request frame number and said
request identifier indicated by said received feedback frame to
store them in a storage means; and

transmitting a data frame of a frame number, which
said reception side data communication apparatus has not
confirmed, from said transmiésion side data communication
apparatus to said reception side data communication apparatus in
response to respective latest request frame numbers of said

first to kth request frame numbers FBl(n) to FBk(n) stored in

said storage means.

13. A data communication apparatus employing a data

communication method of transmitting data frames from a first
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predetermined frame number to a last predetermined frame number

from a transmission side data communication apparatus to a
reception side data communication apparatus in an ascending

order (or a descending order), transmitting from said reception

.side data communication apparatus to said transmission side data

communication apparatus a feedback frame indicating a first
request frame number FB1l(n) formed o£ a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been'received in response to frame numbers of first to
nth data frames received, and transmitting from said
transmission side data communication apparatus to said reception
side data communication apparatus a data frame which said
reception side data colmunication apparatus has not confirmed,
in response to said first request frame number FBl(n) indicated
by said received feedback frame, comprising:

a signal processing unit, wherein said signal
processing unit generates a second repeat frame number FBZ(n)-
formed of a frame number {FBM(n)+1} [or {FBM(n)-1}] among the
frame numberé of data frames which have not been received to a
kth request frame number FBk(n) formed of a frame number {FBM(
n)+(k~1)} [or {FBM(n)-(k-1)}](where k is an integer exceeding 2)
in response to frame numbers of first to nth data frames which
said reception side data communication apparatus has received,
wherein said signal processing unit replaces said first request

frame number FBl(n) with said second request frame number FB2(n)

at every f; transmission times (f; is a natural number

satisfying 0 < f; < a3) during every o; transmission times

. AR



73

(where «; is a natural number satisfying o; > 1) of a feedback

frame indicating said first request frame number FBl(n), ----,

and replaces said (k-1)th request frame number FB(k-1)(n) with

said kth request frame number FBk(n) at every f(x-1) transmission

times (where f(x-1y is a natural number satisfying 0 < B(x-1y <

o-1y) during every o (k-1 transmission times (where a; is a

natural number satisfying ax.1j;1 > 1) of a feedback frame

indicating said (k-1)th request frame number FB(k-1)(n), and
wherein said signal processing unit includes in said feedback
frame a request identifier indicating either of said first to

kth request frame numbars FB1(n) to FBk(n).

14. A daﬁa communication apparatus according to claim
13, wherein said first to kth request frame numbers FBl(n) to
FBk(n) are obtained based on said request frame number and said
request'identifier indicated by said received feedback frame to
be stored in a storage means, and a data frame of a frame number
which said reception side data communication apparatus has not
confirmed is transmitted from said transmission side data
communication apparatus to said reception side data
communication apparatus in response to respective latest request
frame numbers of said first to kth request frame numbers FB1(n)

to FBk(n) stored in said storage means.

15. A data communication apparatus employing a data

I
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communication method of transmitting data frames from a first

predetermined frame number to a last predetermined frame number
from a transmission side data communication apparatus to a
reception side data communication apparatus in an ascending
order (or a descending order), transmitting from said reception
side data communication apparatus to said transmission side data
communication apparatus a feedback'fgame indicating a first
request frame number FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in responsé to frame numbers of first to
nth data frames received, and transmitting from said
transmission side data communication apparatus to said reception
side data communicatioh apparatus a data frame which said
reception side data communication apparatus has not confirmed,
in response to said first request frame number FB1(n) indicated
by said received feedback frame, comprising:

a signal processing unit, wherein said signal
processing unit generates a second repeat frame number FB2 (n)
formed of a frame number {FBM(n)+1l} [or {FBM(n)-1}] among the
frame numbers of data frames which have not been received to a
kth request fraﬁe number FBk(n) formed of a frame numbér {FBM(
n)+(k-1)} [or {FBM(n)-(k-1)}](where k is an integer exceeding 2)
in response to frame numbers of first éo nth data frames which
said reception side data communication apparatus has received,
wherein said signal processing unit replaces said request frame
number FBl(n) included in said feedback frame with said second

request frame number FB2(n) when a first predetermined condition
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is satisfied, -++-, and replaces said (k-1)th request frame

number FB(k-1)(n) with said kth request frame number FBk(n) when
a (k-1)th condition is satisfied, and wherein said signal
processing unit includes in said feedback frame a request
identifier indicating either of said first to kth request frame

numbers FBl(n) to FBk(n).

16. A data communication apparatus according to claim .
15, wherein said first to kth request frame numbers FB1(n) to
'FBk(n) are obtained based on said request frame number and said
request identifier indicated by said received feedback frame to
be stored in a storage means, and a data frame of a frame number
which said reception”side data communication apparatus has not
confirmed is transmitted from said transmission side data
communication apparatus to said'reception side data
communication apparatus in response to respective latest request
frame numbers of said first to kth request frame numbers FBl(n)

to FBk(n) stored in said storage means.



