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(57) A vanable length sequence number 1s used to i1dentify data units in a communication channel. The sequence
number associated with the most recent data that has been received successtully and the sequence number expected
with the next new data message to be received are examined to determine the minimum size sequence number
necessary to unambiguously 1dentify to the transmitter incorrectly received data that must be retransmitted 1n a later
message. The recerver provides the transmitter with the sequence number associated with the last successtully recerved
byte of data and the sequence number associated with the next expected byte of data. The recerver communicates this
information to the transmitter using a NAK control message. The transmitter then uses the sequence number of the
next byte of data to be transmitted and the information received 1n the control message from the receiver to determine
the smallest number of bits necessary to represent the sequence numbers for both data transmissions and the
retransmission of data that was not received properly by the receiver.
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EFFICIENT AUTOMATIC REPEAT REQUEST METHOD USING
VARIABLE LENGTH SEQUENCE NUMBERS

ABSTRACT

A vanable length sequence number 1s used to identify data units in a
communication channel. The sequence number associated with the most recent data that
has been received successfully and the sequence number expected with the next new data
message to be received are examined to determine the minimum size sequence number
necessary to unambiguously identify to the transmitter incorrectly received data that must
be retransmitted in a later message. The receiver provides the transmitter with the
sequence number associated with the last successfully received byte of data and the
sequence number associated with the next expected byte of data. The receiver
communicates this information to the transmitter using a NAK control message. The
transmitter then uses the sequence number of the next byte of data to be transmitted and
the information received in the control message from the receiver to determine the
smallest number of bits necessary to represent the sequence numbers for both data
transmissions and the retransmission of data that was not received properly by the

receiver. (Fig. 3)
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EFFICIENT AUTOMATIC REPEAT REQUEST METHOD USING
VARIABLE LENGTH SEQUENCE NUMBERS

Background of the Invention

Field of the Invention

The present invention relates to communications; more particularly, an efficient

automatic repeat request method.

Description of the Prior Art

FIG. 1 illustrates transmitter 10 and receiver 20. Data fnessages are
communicated from transmitter 10 to receiver 20, and feedback regarding the reception of
the data messages 1s provided from receiver 20 to transmitter 10. The bytes in the data
message are numbered sequentially to identify them uniquely at the transmitter and the
receiver. The data messages from transmitter 10 to receiver 20 typically include a header
field, a sequence number field, a field for bytes of data and a CRC (cyclic redundant
code) tield. The header field provides information such as information indicating whether
the data message contains new data or a retransmission of data that was corrupted in an
earlier transmission. The sequence number field contains a sequence number that
identifies the bytes of data contained in the message. For example, the sequence number
may 1dentify the sequence number of the first byte of data in the data field. The second
through last byte of data in the data field are associated with sequence numbers that begin
with the sequence number plus 1 and continuing consecutively until a number is
associated with the last data byte. The data field contains the bytes of data being
transmitted from the transmitter to the receiver, and the CRC field contains a code used to

detect and sometimes correct errors in the data message. When receiver 20 receives the

data message, it uses the CRC field to determine whether errors have occurred. If errors
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have occurred, the receiver uses the sequence number field in a subsequent transmission
to identify a sequence number associated with byte or bytes of data that were received
incorrectly. The receiver provides feedback to transmitter 10 by sending a ACK
(acknowledgment) or NAK (negative acknowledge) message to transmitter 10. The
negative acknowledge message typically includes two fields: a header field, and a
sequence number and length field. Header tield provides information such as information
indicating that the NAK message is identifying incorrectly received data bytes, or that the
NAK message is providing control information to the transmitter. The sequence number
and length field include a sequence number that identifies the first byte of data that was
received incorrectly and the length portion identifies the number of bytes following the
sequence number that were not received or received with errors. Transmitter 10 uses the
sequence number and length in the NAK message to identify bytes of information to be
retransmitted in another data message to receiver 20. In a data message containing data
that is being retransmitted, the header field will indicate that the data message is a
retransmission of prior data that was not recerved properly by receiver 20. The sequence
number of retransmitted bytes will be the same that was used when the data bytes were
originally transmitted to receiver 20. Again, the sequence number field contains a

sequence number that identifies the bytes of retransmitted data contained in the message;

for example, the sequence number of the first byte. The remaining bytes are consecutive.
FIG. 2 1llustrates high rate and low rate data message. A high rate data message
has a header field, the sequence number field, a data field and a CRC field. It should be
noted that sequence number field typically includes three bytes, and in the case of a high
data rate transfer, a data field may include as many as 4,000 bytes. From a point of view
of efficiency, using 3 bytes for a sequence number with 4,000 bytes of information can be
considered an efficient transfer. Conversely, the low rate message 1s inefficient. In this
case, three bytes per sequence number are used to 1dentify only 21 bytes in a data transfer
message. As a result, the present scheme for providing sequence numbers used in

automatic repeat request schemes are not suitable for transmission protocols that involve
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variable rate transmissions where messages may include either a large number of bytes or

a small number of bytes.

Summary of the Invention

The present invention solves the aforementioned problem by providing a variable
length sequence number. The sequence number associated with the most recent data that
has been received successfully and the sequence number expected with the next data
message to be received are examined to determine the mintmum size sequence number
necessary to unambiguously identify incorrectly received data that will be retransmitted
in a later message. The receiver periodically provides the transmitter with the sequence
number associated with the last successfully received byte of data and the sequence
number associated with the next expected byte of data. The receiver communicates this
information to the transmitter using a control message. The transmitter then uses the
sequence number of the next byte of data to be transmitted and the information received
in the control message from the receiver to determine the smallest number of bits
necessary to represent the sequence numbers for both data transmissions and the

retransmission of data that was not received properly by the receiver.

V) - Vi(R) <27 (1)

Equation 1 specifies the smallest m number of bits that may be used to represent
the sequence number for new data being transmitted to a receiver. V(S) represents the
sequence number that the transmitter will associate with the next byte of data to be
transmitted and V(R) represent the sequence number received in the control message that

identifies the next byte of data expected to be received at the recerver.

V(S) - Vi(N) <2° (2)
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Equation 2 indicates the smallest value of n that can be used to represent a
sequence number used to retransmit data to a recetver. In equation 2, V. (N) is the
sequence number received in the control message from the receiver that identifies the last

successfully received byte of data by the receiver.

Brief Description of the Drawings

FIG. 1 illustrates an automatic repeat request scheme;

FIG. 2 illustrates a high rate and low rate data message;

FIG. 3 1llustrates a sequence number space as seen at a transmitter and at a
receiver,

FIG. 4 illustrates the relationship between several control variables and the
sequence number space; and

FIG. 5 illustrates a data message and a NAK message having variable size

sequence number fields.

Detailed Description of the Invention

FIG. 3 illustrates the sequence number space for both the transmitter and receiver.
Each vertical line represents the sequence of numbers counting from 0 to 2*-1 where k is
the maximum number of bits used to represent the sequence number. The vertical lines
represent a continuing repeating pattern of sequence numbers where after the number 2~-1
the count restarts at zero and continues. This is known as counting modulo 2¢. On the
receiver side, vanables V(IN) and V(R) are monitored. The variable V(N) represents the
largest sequence number such that all the previous bytes of data have been received
without errors. The previous bytes received without errors include bytes that were
recetved on first tries without errors and bytes that were received without errors as a
result of retransmissions. The variable V(R) represents the sequence number of the next

new data byte that 1s expected to be recerved from the transmitter. The variable V. (N),

V: (R) and V(S) are variables maintaingd at the transmitter. The variable V; (N) is
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simply the value of V(N) that was most recently received from the receiver in a control
message sent from the receiver to the transmitter. Likewise, the variable V; (R) is the
latest value of the variable V(R) that was transmitted from the receiver to the transmitter
in a control message. The variable V(S) is the sequence number that will be assigned to
the next byte of data to be transmitted from the transmitter to the receiver.

FIG. 4 illustrates the relative values of the variables discussed with regard to FIG.
3. Since the counting of sequence numbers is modulo 2, every time the numbers g0 past
2%, a “wrap-around” occurs. For arithmetic operations including the wrap-around, 2¥ must
be added to the number that has wrapped around; e.g., if B has wrapped around following
A. Then A < B since A <B + 2" It can be seen that the variable V. (N) should be less
than or equal to the vanable V(N) because the variable V(N) is the most recent update
of the variable V(N) provided to the transmitter by the receiver. As a result, variable
V(N) may have increased since the latest update and therefore variable V (N) could be
less than variable V(N). Similarly, the variable V; (R) is less than or equal to the variable
V(R) because variable V; (R) 1s the most recent update of the variable V(R) provided to
the transmitter by the receiver. Since the transmitter only receives periodic updates of the
variable V; (R), it 1s possible that the variable V(R) has increased since the latest update
and as a result V; (R) may be equal to or less than the variable V(R). The variable V(S)
1s greater than the variable V(R) because of any delays in communications between the
transmitter and receiver. As a result, the variable V(R) which is the sequence number
next expected by the recetver 1s less than or at most equal to vanable V(S) which is the
next sequence number to be assigned to the next byte of data to be transferred from the
transmitter to recerver.

Examination of FIG. 4 illustrates that new data transmitted from the transmitter
to recetver can be unambiguously 1dentified i1f the sequence number contains enough bits
to specify a sequence number lying between V(S) and V; (R). Equation 3 illustrates this
principle where m specifies the minimum number of bits specified a sequence number

lying between V(S) and V; (R). Note that in this document all addition and subtraction

operations on sequence numbers are modulo 2*.
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V(S) - Vi(R) <27 (3)

When data is received incorrectly, it 1s retransmitted in a subsequent data
message. The retransmitted data 1s identified by the sequence numbers that were
originally used for the transmission. An examination of FIG. 4 illustrates that data to be
retransmitted should have a sequence number lying between V; (N) and V(S). Asa
result, the number of bits necessary to specify a sequence number that unambiguously
identifies retransmitted data is specified by equation 4. In equation 4, n specifies the
minimum number of bits required to provide a sequence number that unambiguously

identifies retransmitted data.
V(S) = Vi(N) < 2" (4)

FIG. 5 illustrates the format of a data message which includes a header field, a
variable size sequence number field, a data field and a CRC field used for error detection
and correction. The header field specifies conditions such as whether the data message is
new data or retransmitted data that was not received or was received incorrectly by the
receiver. The variable size sequence number 1n the variable size sequence number field
uses at least m bits (for new data) or n bits (for retransmitted data) as specified by
equations 3 and 4. The variable size sequence number is the sequence number for the
first byte of data in the data field where subsequent bytes of data in the data field are
identified by the next consecutive sequence numbers notwithstanding that the sequence
numbers identifying the subsequent data bytes are not transmitted in the data message.
When the receiver receives the data message with the variable size sequence number, the
receiver maps the variable size sequence number to the full sequence number space by

adding the variable size sequence number to the current value of the recetver variable

V(R). This addition is done using modulo 2* arithmetic so that the next value following
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2%-1 is zero. With regard to retransmitted data, the header field of the data message
indicates that the data 1s retransmitted data and the variable size sequence number field
contains a variable size sequence number having at least n bits specified in equation 4.
The sequence number used to 1dentify retransmitted data is mapped into the full sequence
number space by simply adding the variable size sequence number to the current value of
the receiver variable V(N). If the resultant value is greater than V(R), the receiver must
discard the received data.

Variable size sequence numbers may also be used in the NAK messages provided
from the receiver to the transmitter. The NAK messages identify data that was received
incorrectly or not at all by the receiver. A typical NAK message format is illustrated in
FIG. 4 where there is a header field, a variable size sequence field and a length field. It is
also possible to include other fields such as a field for CRC information used for error
detection and correction. The header field may include information indicating whether
the control message 1s a NAK message identifying data to be retransmitted or whether it
1s a control message containing control information; e.g., V(N) and V(R). The control
message may simply include a header field identifying the message as a control message
and indicating whether the message contains the value V(N) or the value V(R). As a
result, this provides an explicit way to provide the transmitter with the values V. (N) and
V1 (R). Upon receipt of the value V(N) or V(R), the transmitter sets its variables V., (N)
equal to V(N) and V; (R) equal to V(R). If the header indicates that the control message
1s 1dentitying data for retransmission, the variable size sequence number is provided in
the vaniable size sequence number field and a length field indicates the number of bytes
being negative acknowledgement beyond the byte identified by the variable size sequence
number. It 1s also possible for the NAK control message to include a V(N) field. In this
way, the transmitter can update 1ts value of V; (N) by setting it equal to V(N) whenever a
NAK message 1identifying data for retransmission is received. As a result, control
messages do not have to be the sole method for updating the value V. (N). It should be

noted that if the sum of the variable size sequence number and the length in a NAK

control message indicate a value beyond the value V; (R) presently used by the
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transmitter, 1t indicates that the value V(R) presently used by the receiver is also beyond
the value V; (R). As aresult, the transmitter then sets its value V; (R) equal to the .
sequence number corresponding to the sum of the variable size sequence number and the
length specified in the NAK message. Additionally, if the value V(N) specified in the
NAK message for the retransmission of data specifies a value greater than the value V
(R). The transmitter sets its value V; (R) equal to the value V(N) received in the NAK
message.

When the receiver sends the NAK message specifying data for retransmission, the

variable size sequence number is chosen based on equation 5.

F SEQ- V(N) <2 (5)

The value F_SEQ 1s the sequence number of the first byte of data to be specified
in the NAK message and the value V(N) 1s the present value of V(N) being used at the
receiver. The difference of these two values 1s the largest number that is required to
unambiguously identify data for retransmission. As a result, j is the minimum number of

bits that can be used in the variable size sequence number to unambiguously identify

bytes for retransmission. When the transmitter receives a NAK message, it maps the
variable size sequence number from the vanable size sequence number field to the full
sequence number space by simply summing the variable size sequence number and the
value V(N) provided in the NAK message. [f a value V(N) was not specified in the
message, the vanable size sequence number 1s added to the most recent value of V; (N) to
map the number into the full sequence number space.

Control messages may be used at various time; for example, when the transmitter
detects that the variable size sequence number being provided by the transmitter is longer
than necessary, the receiver may send a control message to the transmitter to update the

variables V- (I\f) and V; (R). Additionally, when there 1s minimal or no new data to

transmit from the transmitter to receiver, the transmitter may transmit a control message
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to the receiver containing the latest value of V(S). The header field of the control
message indicates that an update value for V(S) is contained in the message. The receiver
will then use the latest value of V(S) to update the value V(R) by setting the value V(R)
equal to the received V(S).

[t is also possible to use the concept of variable size sequence numbers where
transmissions are made with set block sizes. In this case, a block size contains a fixed
number of bytes B. The fixed block size B may be chosen to be the entire data payload
field at a specific data rate (e.g., 20 bytes or 4020 bytes). The data message header may
be used to indicate whether a fixed block size transmission is being used and to specify
the size of the block or the fixed block size may be assumed to be known at the
transmitter and receiver; e.g., depending on the specific data rate being used for the
transmission. In the case of fixed block size transmissions, equation 6 is used to specify

the minimum number of bits used to specify a sequence number for new data.
VS)-V(R)<2°-B (6)

Equation 6 specifies that ¢ bits 1s the minimum number of bits used to specify a
sequence number that unambiguously identifies a block of data being transmitted. With
regard to the retransmission of data, equation 7 specifies that d bits is the minimum
number of bits that can be used to specify a sequence number that unambiguously

identifies data being retransmitted.
V(S)-V{(N)<2°-B (7)

With regard to NAK messages, equation 8 specifies the minimum number of bits f
that may be used to identify data that was received incorrectly and should be
retransmitted. The value F_SEQ is the sequence number of the first byte of data to be

specified in the NAK message.
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10

F SEQ-V(N) <2'-B (8)
Note that a special case exists for wrap-around when using blocks of size B. The

following bytes must be 1dentified explicitly through byte sequence numbers, and not

through block sequence numbers:

LB, IB+1, ..., 21,

where | is the largest integer that satisfies IB < 2*.
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I

The invention claimed is

l. A method for identifying data units in a communication channel, characterized
by the steps of:

using a identifying number space specified by k bits; and

associating an identifying number with at least one unit of data to be transmitted,
where the 1dentifying number is specified by m bits, where m is less than k and where m
1S equal to or greater than a number of bits required to represent a difference between an
identifying number of a next data unit to be transmitted and an identifying number of a

next data unit that 1s expected to be received by a receiver.

2. The method of claim 1, wherein the identifying number of the next data unit

that 1s expected to be received is communicated from the receiver to a transmitter.

3. The method of claim | where m is specified by
V(S) -V(R) <2™ where V(S) is the identifying number of the next data unit to
be transmitted and V(R) is the identifying number of a next data unit that is expected to

be received, V(R) being communicated from the receiver to the transmitter.

4. A method for identifying data units in a communication channel, characterized
by the steps of:

using a identifying number space specified by k bits;

associating an identifying number with at least one unit of data to be retransmitted
to a receiver, where the identifying number is specified by n bits, where n is less than k
and where n is equal to or greater than a number of bits required to represent a difference
between an identifying number of a next new data unit to be transmitted and an
1dentifying number of a prior correctly received data unit where all received data units
having identifying numbers preceding the identifying number of the prior correctly

received data unit have been correctly received.
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5. The method of claim 4, wherein the identifying number of the prior correctly
received data unit received by the receiver is communicated from the receiver to a

transmitter.

6. The method of claim 4 where n is specified by

V(S) =Vi(N) <2" where V(S) is the identifying number of the next new data
unit to be transmitted and V(N) is the identifying number of the prior correctly received
data unit received by the receiver, V(N) being communicated from the receiver to the

transmitter.

7. A method for 1dentifying data units in a communication channel, characterized
by the steps of:

using a identifying number space specified by k bits;

associating an identifying number with at least one unit of data that was not
received correctly in order to request retransmission of the data unit, where the
identifying number is specified by j bits, where j is less than k and where j is equal to or
greater than a number of bits required to represent a difference between an identifying
number of a data unit that was not received correctly and an identifying number of a prior
correctly received data unit, where all received data units having identifying numbers
preceding the identifying number of the prior correctly received data unit have been

correctly received.

8. The method of claim 7 where j is specified by
F SEQ-V(N)<2 whereF SEQ is the 1dentifying number of the data unit that
was not received correctly and V(N) is the identifying number of the prior correctly

received data unit.
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