WO 03/104919 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
18 December 2003 (18.12.2003)

PCT

(10) International Publication Number

WO 03/104919 A2

(51) International Patent Classification”:

(21) International Application Number:

(22) International Filing Date:

(25) Filing Language:

(26) Publication Language:

(30) Priority Data:
60/385,564
10/347,403

GO6F

PCT/US03/17249

74

4 June 2003 (04.06.2003)

English @

English

5 June 2002 (05.06.2002) US
21 January 2003 (21.01.2003) US

(71) Applicant (for all designated States except US): MESH-
NETWORKS, INC. [US/US]; 485 North Keller Road,
Maitland, FL 32751 (US).

(72) Inventor; and

34

(75) Inventor/Applicant (for US only): ALAPURANEN,

Pertti, O. [FI/US]; 147 Dotted Dove Lane, Melbourne, FL.
32903 (US).

Agents: BUCZYNSKI, Joseph et al.; 1300 19th Street,
N.W.,, Suite 600, Washington, DC 20036 (US).

Designated States (national): AE, AG, AL, AM, AT (util-
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util-
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE
(utility model), EE, ES, FI (utility model), FI, GB, GD, GE,
GH, GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ,
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU,
SC, SD, SE, SG, SK (utility model), SK, SL, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

[Continued on next page]

(54) Title: HYBRID ARQ FOR A WIRELESS AD-HOC NETWORK AND A METHOD FOR USING THE SAME

122\

DATA
TERMINAL

124

A

Y

TRANSMITTER

ARQ

F §

SIZE A
OR
SIZE B

TRANSMISSION
FRAME OF

4

f126

A 4

128
.

ARQ

RECEIVER

4

NO ERROR(S)

y

DETECTED

130\/

DATA
TERMINAL

120

ONE OR MORE
ERROR(S)
DETECTED

(5§7) Abstract: A system and method for data
transmission incorporating a hybrid automatic repeat
request (ARQ) function at each node in an ad-hoc
network. Each node is configured to calculate an
optimum segment size for transmission and thereafter
executes the ARQ function to transmit and receive
data segments with forward error correction and
error detection coding. The coding allows the node
to detect and locate errors within received segments
and to provide an acknowledgement only after
all segments are correctly received. A negative
acknowledgement from the receiving node states the
location of failed segments, and only failed segments
are then retransmitted. The failed segments can be
retransmitted in their original location and in other
segment locations which contained segments that did
not fail, thus reducing maximum time to successfully
deliver the segments.



WO 03/104919 A2 | NIIH 0 AOAAAN 00O R AR

ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, For two-letter codes and other abbreviations, refer to the "Guid-
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, ance Notes on Codes and Abbreviations" appearing at the begin-
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.

Published:
—  without international search report and to be republished
upon receipt of that report



WO 03/104919 PCT/US03/17249

Hybrid ARQ For A Wireless Ad-Hoc Network And A Method For Using The Same

by

Pertti O. Alapuranen

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a system and method for data transmission
incorporating an automatic repeat request (ARQ) function. Specifically, the present
invention relates to a system and method for computing an optimum segment size for data
transmission and providing an acknowledgement only after all segments are received
correctly at a receiver. A negative acknowledgement states the location of failed segments,
and only failed segments are then retransmitted. This application claims benefit under 35
U.S.C. §119(e) from U.S. provisional patent application serial no. 60/385,564 entitled
“Hybrid ARQ For A Wireless Ad-Hoc Network And A Method For Using The Same”, filed

on June 5, 2002, the entire contents of which is incorporated herein by reference.

Description of the Related Art:

[0002] Wireless communications networks, such as mobile wireless telephone networks,
have become increasingly prevalent over the past decade. These wireless communications
networks are commonly referred to as “cellular networks”, because the network infrastructure
is arranged to divide the service area into a plurality of regions called “cells”. A terrestrial
cellular network includes a plurality of interconnected base stations, or base nodes, that are
distributed geographically at designated locations throughout the service area. Each base
node includes one or more transceivers that are capable of transmitting and receiving
electromagnetic signals, such as radio frequency (RF) communications signals, to and from

mobile user nodes, such as wireless telephones, located within the coverage area. The
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communication signals may include, for example, voice data that has been modulated
according to a desired modulation technique and transmitted as data packets. As can be
appreciated by one skilled in the art, network nodes transmit and receive data packet
communications in a multiplexed format, such as time-division multiple access (TDMA)
format, code-division multiple access (CDMA) format, or frequency-division multiple access
(FDMA) format, which enables a single transceiver at the base node to communicate
simultaneously with several mobile nodes in its coverage area.
[0003] In recent years, a type of mobile communications network known as an “ad-hoc”
network has been developed for use by the military. In this type of network, each mobile
node is capable of operating as a base station or router for the other mobile nodes, thus
eliminating the need for a fixed infrastructure of base stations. Details of an ad-hoc network
are set forth in U.S. Patent No. 5,943,322 to Mayor, the entire content of which is
incorporated herein by reference.
[0004] More sophisticated ad-hoc networks are also being developed which, in addition
to enabling mobile nodes to communicate with each other as in conventional ad-hoc
networks, further enable mobile nodes to access a fixed network and thus communicate with
other mobile nodes, such as those on the public switched telephone network (PSTN), and on
other networks such as the Internet. Details of these advanced types of ad-hoc networks are
described in U.S. Patent Application Serial No. 09/897,790 entitled “Ad Hoc Peer-to-Peer
Mobile Radio Access System Interfaced to the PSTN and Cellular Networks”, filed on June
29, 2001, in U.S. Patent Application Serial No. 09/815,157 entitled “Time Division Protocol
for an Ad-Hoc, Peer-to-Peer Radio Network Having Coordinating Channel Access to Shared
Parallel Data Channels with Separate Reservation Channel”, filed on March 22, 2001, and in
U.S. Patent Application Serial No. 09/815,164 entitled “Prioritized-Routing for an Ad-Hoc,
Peer-to-Peer, Mobile Radio Access System”, filed on March 22, 2001, the entire content of
each being incorporated herein by reference.
[0005] Communications between nodes however, is often subject to interference and
transmission errors. To minimize the occurrence of erroneous data, receivers and transmitters
may be configured to detect transmission errors and request retransmissions if such errors are
detected. For instance, a data transmission system between nodes may include an automatic
repeat request (ARQ) transmitter and receiver, each adapted to use an error correction code.

As may be appreciated by one skilled in the art, the ARQ transmitter may be used to include
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error detection codes in the transmission data stream to a remote receiver. The ARQ receiver
may then be used to detect errors in the data stream using such codes and request
retransmission from the transmitter. Further details of ARQ application and use of error
detection codes may be found in U.S. Patent No. 5,629,948 to Hagiwara et al., and in U.S.
Patent No. 5,784,362 to Turina, the entire content of each being incorporated herein by
reference. The selective use of ARQ with a sliding window transport mechanism is also
discussed in U.S. Patent No. 5,717,689 to Ayanoglu, the entire content of which is also
incorporated herein by reference. Yet another ARQ retransmission technique using a “go-
back-n” ARQ command is discussed in U.S. Patent No. 4,726,027 to Nakamura et al., the
entire content of which is incorporated herein by reference.

[0006] Still other techniques involve frame numbering, such that frames may be
identified for retransmission when errors are detected. Frame numbering allows a receiver to
send a sequence number to a transmitter requesting retransmission of incorrect frames,
similar to the “go-back-n” ARQ technique. Details of frame numbering in data transmissions
are discussed in U.S. Patent No. 4,439,859 to Donnan, the entire content of which is
incorporated herein by reference.

[0007] Given that retransmissions due to error detection will occur, various efforts have
been made in order to minimize delays due to frequent retransmissions. For instance,
information blocks may be enlarged to provide extra room for “catch up” when a large
number of repeat transmissions occur. Additional details of enlarged information blocks are
discussed in U.S. Patent No. 5,313,473 to Darmon et‘al., the entire content of which is
incorporated herein by reference.

[0008] A self—éldaptive and hybrid data transmission link using a new ARQ principle is
discussed in U.S. Patent No. 4,718,066 to Rogard, the entire content of which is incorporated
herein by reference. The Rogard system encodes data in sets of blocks including redundant
symbols and blocks, and provides automatic retransmission of lost data blocks and correction
of detected errors. Although a Reed Solomon code is discussed in Rogard, the use of a Golay
code as an error correction code is discussed in U.S. Patent No. 4,584,685 to Gajjar, the entire
content of which is also incorporated "herein by reference.

[0009] Many of these techniques require retransmission of frames which may not include

errors, or perform other operations during retransmission, which slow overall data
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transmission rates. Accordingly, a need exists for an ARQ technique adapted for use in a
wireless ad-hoc network which will more accurately request retransmissions and not require

the retransmission of frames, or segments, which do not have a detected error.

SUMMARY OF THE INVENTION
[0010] An object of the present invention is to provide a system and method for a hybrid

automatic repeat request (ARQ) function for a wireless ad-hoc network.

[0011] Another object of the present invention is to provide a system and method for
dividing a media access control protocol data unit (MPDU) into a stream of segments, each
including forward error correction and error detection coding.

[0012] Still another object of the present invention is to provide a system and method to
sequentially transmit a stream of segments as a physical layer packet and detect and locate
any failed segments, and retransmit erroneous segments multiple times per media access
control (MAC) transaction.

[0013] These and other objects are substantially achieved by implementing a hybrid
automatic repeat request (ARQ) function at each node in an ad-hoc network. Each node is
configured to calculate an optimum segment size for transmission and thereafter executes the
ARQ function to transmit and receive data segments with forward error correction and error
detection coding. The coding allows the node to detect and locate errors within received
segments and to provide an acknowledgement only after all segments are correctly received.
A negative acknowledgement from the receiving node states the location of failed segments,
and only failed segments are then retransmitted. The failed segments can be retransmitted
multiple times per MAC transaction reducing maximum time to successfully deliver the
segments. Using an algorithm, the hybrid ARQ function at each node in the ad-hoc network
reduces the total time by resending erroneous segments multiple times. Where overhead is
fixed, and independent of physical frame length, savings can be achieved by reducing the
need for frame headers in multiple retransmissions when failed segments can be retransmitted
multiple times per MAC transaction. The failed segments can be retransmitted in their

original location and in other segment locations which contained segments that did not fail.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0014] These and other objects, advantages and novel features of the invention will be
more readily appreciated from the following detailed description when read in conjunction
with the accompanying drawings, in which:

[0015] Fig. 1 is a block diagram of an example ad-hoc packet switched wireless
communications network including a plurality of nodes in accordance with an embodiment of
the present invention;

[0016] Fig. 2 is a block diagram illustrating an example of a mobile node employed in the
network shown in Fig. 1;

[0017] Fig. 3 is a flow chart diagram of an implementation of an embodiment of the
present invention; and

[0018] Fig. 4 is a block diagram of a series of transmission frames transmitted in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] Fig. 1 is a block diagram illustrating an example of an ad-hoc packet-switched

wireless communications network 100 employing an embodiment of the present invention.
Specifically, the network 100 includes a plurality of mobile wireless user terminals 102-1
through 102-n (referred to generally as nodes 102 or mobile nodes 102), and can, but is ﬁot
required to, include a fixed network 104 having a plurality of access points 106-1, 106-2,
...106-n (referred to generally as nodes 106 or access points 106), for providing nodes 102
with access to the fixed network 104. The fixed network 104 can include, for example, a core
local access network (LAN), and a plurality of servers and gateway routers to provide
network nodes with access to other networks, such as other ad-hoc networks, the public
switched telephone network (PSTN) and the Internet. The network 100 further can include a
plurality of fixed routers 107-1 through 107-n (referred to generally as nodes 107 or routers
107) for routing data packets between other nodes 102, 106 or 107. It is noted that for
purposes of this discussion, the nodes discussed above can be collectively referred to as
“nodes 102, 106 and 1077, or simply “nodes”.

[0020] As can be appreciated by one skilled in the art, the nodes 102, 106 and 107 are
capable of communicating with each other directly, or via one or more other nodes 102, 106

or 107 operating as a router or routers for packets being sent between nodes, as described in
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U.S. Patent No. 5,943,322 to Mayor, and in U.S. Patent Application Serial Nos. 09/897,790,
09/815,157 and 09/815,164, referenced above. As shown in Fig. 2, each node 102, 106 and
107 includes a transceiver 108 which is couplgd to an antenna 110 and is capable of receiving
and transmitting signals, such as packetized data, to and from the node 102, 106 or 107, under
the control of a controller 112. The packetized data signals can include, for example, voice,
data or multimedia information, and packetized control signals, including node update
information.

[0021] Each node 102, 106 and 107 further includes a memory 114, such as a random
access memory (RAM), that is capable of storing, among other things, routing information
pertaining to itself and other nodes in the network 100. The nodes periodically exchange
respective routing information, referred to as routing advertisements or routing table
information, via a broadcasting mechanism, for example, when a new node enters the
network or when existing nodes in the network move.

[0022] As further shown in Fig. 2, certain nodes, especially mobile nodes 102, can
include a host 116 which may consist of any number of devices, such as a notebook computer
terminal, mobile telephone unit, mobile data unit, or any other suitable device. Each node
102, 106 and 107 also includes the appropriate hardware and software to perform Internet
Protocol (IP) and Address Resolution Protocol (ARP), the purposes of which can be readily
appreciated by one skilled in the art. The appropriate hardware and software to perform
transmission control protocol (TCP) and user datagram protocol (UDP) may also be included.
Additionally, each node includes the appropriate hardware and software to perform automatic
repeat request (ARQ) functions, as set forth in greater detail below.

[0023] In one embodiment of the present invention described below, a hybrid automatic
repeat request (ARQ) function for an ad-hoc network as shown in Fig. 1 is presented in which
shorter error correction segments are used to improve segment error rate. In a typical data
transmission system using an ARQ function, a transmission side data terminal is used to
output a bit stream of transmission data, which is then given to an ARQ transmitter. At the
ARQ transmitter, or transceiver, error detection codes are attached to the transmission data
and resulting transmission signals in the ARQ segments are transmitted to an ARQ receiver
on a reception side via a transmission path. At the ARQ receiver, the presence of an error is
checked for each segment of the received signals, and a re-transmission request signal is

transmitted to the ARQ transmitter whenever an error is detected. When no errors are
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detected in the received signals, the ARQ receiver, or transceiver, outputs the received data to
a reception side data terminal and transmits a successful reception signal to the ARQ
transmitter.

[0024] In the embodiment of the present invention described below, the size of the
transmitted signal segment is reduced. Specifically, signal segments are shorter and multiple
segments are sent per each ad-hoc ready-to-send/clear-to-send sequence. The length of
segment in this case, is used to describe the data amount that has to be retransmitted if a
segment is erroneous. Due to high data rates, an interleaver is not useful for mitigating
fading channels. Instead, an ARQ should be used, and packet length should be shorter than
average non-fade period (ANFP).

[0025] To achieve this in accordance with an embodiment of the present invention, the
transceiver 108 of a node, such as nodes 102, 106 and 107 of Fig. 1, is directed to send a
media access control protocol data unit (MPDU) as a stream of segments to a receiving node.
Each segment contains forward error correction (FEC) and error detection, for example,
Viterbi encoding for FEC, and cyclic redundancy check (CRC) error detection. As described
above, at the ARQ receiver, the presence of an error is checked for each segment of the
received signals, and a re-transmission request signal is transmitted to the ARQ transmitter
whenever an error is detected. When no errors are detected in the received signéls, the ARQ
receiver, or transceiver, outputs the received data to a reception side data terminal and
transmits a successful reception signal to the ARQ transmitter. At the receiving node, if a
segment has errors after FEC has been performed and the segment has no information to
locate errors, the entire segment has to be retransmitted.

[0026] Transmissions between transmitting and receiving nodes may include a physical
layer packet which can consist of single or multiple segments in a data stream. ‘The number
of segments is computed by dividing the length of MPDU by a system constant for a
maximum segment size. Maximum segment size is a network specific constant and is known
to the transmitter and receiver of the transceiver 108 of each node 102, 106 or 107. Each
segment is the same size, however, the last segment may be shorter than the maximum
segment size. Additionally, each segment has a segment number which is sequential only
within the same MPDU.
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[0027] As described above, each segment can be transmitted as a physical layer packet,
each of which has parity and forward error correcting coding. A parity code is used to verify
correctness of the data in the segment, and segments that fail parity check are throWn away
by the receiver. Additionally, each physical layer packet contains the length of the packet,
but typically not the length of the MPDU. An acknowledgement (ACK) of successful
reception is sent by the receiving node 102, 106 or 107 only after all the segments in MPDU
are received correctly. A negative acknowledgement (NACK) is sent in the event of failed or
erroneous segment reception, and contains the locations of any failed segments, such as the
segment number.

[0028] However, in yet another embodiment of the present invention, an
acknowledgement (ACK) of successful reception is sent by the receiving node after fewer
than all the segments are received correctly. This embodiment is typically applicable in a
digital voice link where some segments are identified as vocoder frames. In these cases,
having a nonzero segment error rate is acceptable. Segment error rate can be derived from
vocoder frame error rate requirement that is typically 1-5%. For some applications, the ARQ
may work by trying to achieve 5% vocoder FER while retransmitting segments multiple
times to minimize latency in a multihop system. '
[0029] During the retransmission of failed or erroneous segments, segménts that are
transmitted correctly are not retransmitted. Erroneous segments however, are retransmitted
multiple times per MAC transaction. Any failed segments can be retransmitted in their
original locations or in other locations that did not fail and did not require retransmission.
This reduces the maximum time to successfully deliver MPDU but reduces the throughput
compared to a sliding window method or some other methods. For example, when a MPDU
of 1500 bytes is segmented to ten 150 byte segments, which are. packed to
one physical frame and are transmitted using a typical ARQ method, the actual bandwidth
taken from the system contains overhead which may be up to 10-50% of the packet
transmission time. For very short packets this may be a high number, for example 80%. If
the example has a 30% segment error rate, then 30% of the segments transmitted through the
link are lost due to marginal link and fading. Therefore, after the first transmission of 10
segments, 3 segments are incorrectly received and need to be retransmitted. In many
situations these segments have to be retransmitted in a packet that contains 6nly these 3

segments because there is no more data in transmit buffers. When these 3 segments are
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retransmitted through a 30% link, 1 segment is still incorrect after the first retransmission and
has to be retransmitted. In a case where fixed overhead is high and wherein such overhead is
independent of physical frame length, it is more economical to retransmit all the erroneous
segments twice.

[0030] In the example above where 30% of segments are received incorrectly, sending
frame headers takes 20 time units and each segment takes 10 units, and each transmission
requires channel contest and uses 20 time units, a conventional ARQ method produces the
following results. These values are presented for illustration, and in actual practice, header
overhead is much larger than 20, and channel contest may add delays of 100 time units and
may take system capacity for this amount. ‘

[0031] The results of a conventional ARQ method in the above example are shown in
Table 1 below.

Table 1

acquire channel , time

20
transmit 10 time
receive 7 20+100=120
indicate 3 missing segments
acquire channel time

20
transmit 3 time
receive 2 20+30=50
indicate 1 missing segment
acquire channel time

20
transmit 1 time
receive 1 20+10=30
ACK segment
total time time

20+120+20+50+20+30=260

[0032] The algorithm of the embodiment of the present invention reduces total time by
sending erroneous segments multiple times. Where sending a frame takes 20 time units and
each segment takes 10 units, the results using the embodiment of the present invention are

shown in Table 2 below.
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Table 2

acquire channel time

20
transmit 10 time
receive 7 20+100=120
indicate 3 missing segments
acquire channel time

20
transmit 6 time
receive 4 20+60=80
ACK segments
total time time

20+120+20+80=240

[0033] With the algorithm of the embodiment of the present invention, the data was
delivered with less latency. In an ad-hoc network, the embodiment of the present invention
uses 1 less transmission, which reduced control channel usage by 30% and creates an
important system level advantage. |
[0034] To achieve this, the transmitter retransmits only erroneous segments and may
retransmit them multiple times. The transmitter transmits all the segments in physical frame
after the first erroneous segment, and transmits segments that are individually encoded by
error correction code (FEC). The receiver receives segments until it receives a segment that
is erroneous, and then informs the transmitter of the location of this segment. The receiver
may or may not want to keep all the segments after this first erroneous segment. Preferably
however, the receiver stores all good segments, but may want to store bad segments also, as
this may be useful in certain applications. The transmitter can then retransmit all of the
segments after the first erroneous segment. Sending only the first segment location is useful
in cases where the amount of information that can be sent in ACK messages is limited, such
that the receiver can not tell the transmitter of all erroneous segments, only first one. This is
one variation of sending segments multiple times, as it retransmits erronequsly received
segments, and some correctly received segments, that are after the first erroneous segment.
[0035] A flow chart representing the operation of the embodiment described above is
shown in Fig. 3. Fig. 3 is a flow chart diagram of an implementation of an embodiment of
the present invention, and illustrates the communication between data terminals, such as
nodes 102, 106 and 107. In Fig. 3, a first data terminal 122 provides an output stream of

transmission data to an ARQ transmitter 124. At the ARQ transmitter, error correction and
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error detection codes are attached to each segment and are then transmitted sequentially to a
second data terminal. The transmission via the transmission path 126 includes transmission,
and re-transmission frames, of a length described below and shown in Fig. 4. Once received
by the ARQ receiver 128, successful completion is acknowledged in an ACK signal to the
ARQ transmitter 124. If transmission was unsuccessful, a retransmission request is sent to
the ARQ transmitter 124 as an NACK signal.

[0086] Each individual transmission frame, or segment includes ARQ control data,
transmission data, and error correction and error detection code. The segments are
transmitted sequentially as shown in Fig. 4. One example of the length of the sequential
transmission and re-transmission of frames 140, is shown in Fig. 4. In Fig. 4, a sequence of
transmitted frames are shown at 142. A series of ACK and/or NACK signals are shown at
146 based upon the successful completion and detection of the sequence of framés at 144.
[0037] As shown in Figs. 3 and 4, the media access control protocol data unit (MPDU)
can be transmitted as a stream of segments 142 from a first data terminal 122, to a receiving
data terminal 130. Each segment 142 contains forward error correction (FEC) and error
detection encoding for foreword error correction and cyclic redundancy check error detection.
As described above, the presence of an error is checked for each segment 144 of the received
signals at the ARQ receiver 128, and a re-transmission request signal is transmitted to the
ARQ transmitter 124 whenever an error is detected. When no errors are detected in the
received signals, the ARQ receiver 128, or transceiver, outputs the received data to a
reception side data terminal 130 and transmits a successful reception signal to the ARQ
transmitter 124. At the receiving node, if a segment 142 has errors after forward error
correction has been performed, and the segment has no information to locate the errors, the
entire segment 142 has to be retransmitted. However, the algorithm of the embodiment of the
present invention reduces total time by sending erroneous segments, shown in Fig. 4as4,5
and 6, multiple times. As described above in association with Table 2, where sending a
frame takes 20 time units and each segment takes 10 units, the data of Fig. 4 was delivered
with less latency and uses 1 less transmission, which reduces control channel usage. The
total time of Fig. 4 is 240 units, rather than the 260 units of a conventional ARQ technique.
[0038] The embodiment of the present invention described above serves to improve link
budget by several decibels in the fading channel by using shorter packets. The embodiment

also reduces overhead of retransmissions and reduces maximum time to deliver MPDU in a
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fading channel. Also, the following distinctions may be drawn between the embodiment of
the present invention and traditional ARQ techniques. For example, the embodiment
described above does not need to generate, nor require, a beginning of frame (BOF) message
or a Reed Solomon or Golay code. The embodiment also does not need to arrange sub-
blocks into two dimensibnal matrixes, nor does it need to store each transmission sub-block
with error detected in memory.

[0039] The embodiment does not require specifying the number of information blocks in
a message, nor providing an additional location in each physical layer frame to be
transmitted. Instead, segments are shorter and multiple segments are sent per ad-hoc request-
to-send/clear-to-send (RTS/CTS) sequence. No information need be included in a frame to
indicate the frame is a retransmission frame, as this is not needed due to ad-hoc MAC. The
embodiment also does not need to absorb excessive delay by sending multiple ségments and
the data link in the embodiment of the present invention need not be shared by a plurality of
logical links.

[0040] As with some ARQ techniques discussed above which sequentially retransmit
block sets until receiving the return signal, or retransmit only those data blocks that have been
received with transmission errors without changing contents, the embodiment of the present
invention uses multiple retransmissions of failed blocks. The embodiment does not require a
mode of transmitting and receiving only the erroneous transmission segment again.
Furthermore, the embodiment described above requires no 48-bit parity cell or temporary
frame identity (TFI), and is distinct from exclusive satellite links and wireless asynchronous
transfer modes (ATM).

[0041] Although only a few exemplary embodiments of the present invention have been
described in detail above, those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments without materially dei)arting from
the novel teachings and advantages of this invention. Accordingly, all such modifications are

intended to be included within the scope of this invention as defined in the following claims.
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What is claimed is:

1. A method for data transmission using a hybrid automatic repeat request (ARQ)
function for identifying and requesting retransmission of data frames received with a detected
error in an ad-hoc communications network, said network including a plurality of nodes
being adapted to transmit and receive signals to and from other nodes in said network, the
method comprising:

dividing transmission data into a first number of segments and attaching a forward
error correction and error detection code to each segment;

transmitting said first number of segments sequentially from a first node of said
plurality to at least a second node of said plurality;

evaluating said first number of segments to detect and locate up to all errors present in
each segment of said first number of segments, and when at least one error is detected and
located, to return a negative acknowledgement (NACK) and retransmission request signal to
said first node, said negative acknowledgement including said location of said at least one
error;

creating a second number of segments in response to said retransmission request
signal including said each segment of said first number of segments having said at least one
error detected and located at said second node, and attaching at least one forward error
correction and error detection code to each said segment; and

transmitting said second number of segments sequentially from said first node to said

second node multiple times per media access control (MAC) transaction.
2. A method as claimed in claim 1, further comprising:
returning an acknowledgement (ACK) signal to said first node when during said

evaluating, no error is detected and located.

3. A method as claimed in claim 1, wherein:

said transmission data includes a media access control protocol data unit (MPDU).

4. A method as claimed in claim 3, wherein said dividing includes:
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dividing a length of said media access control protocol data unit by a system constant
to produce a maximum segment size; and

calculating said first number of segments based on said maximum segment size.

5. A method as claimed in claim 4, wherein:
said dividing is based on said network specific constant that is known by each node of

said plurality.

6. A method as claimed in claim 4, wherein:

said calculating said first number of segments establishes segments of equal size.

7. A method as claimed in claim 4, wherein:

said calculating said first number of segments establishes at least one segment that is
shorter than a remaining number of segments.

8. A method as claimed in claim 3, wherein each segment of said first number of
segments includes a segment number that is sequential within said media access control

protocol data unit.

9. A method as claimed in claim 1, further comprising:

attaching a parity code to each segment of said first number of segments before
transmitting said first number of segments; and

wherein said evaluating includes:

verifying the accuracy of said each segment based on said parity code; and

discarding segments which fail said accuracy verification at said second node.

10. A method as claimed in claim 1, wherein said transmitting said first number of
segments comprises:

transmitting said first number of segments as a physical layer packet from said first
node to said second node of said plurality, said packet information identifying a length of said

packet.



WO 03/104919 PCT/US03/17249

-15-

11. A method as claimed in claim 1, wherein said transmitting said second number of
segments comprises:

transmitting said second number of segments wherein at least one segment is located
in a sequential position equal to a sequential position that said at least one segment occupied

in said first number of segments.

12. A method as claimed in claim 1, wherein said transmitting said second number of
segments comprises:

transmitting said second number of segments wherein at least one segment is located
in a sequential position equal to a position that a segment not requiring retransmission

occupied in said first number of segments.

13. A method as claimed in claim 1, wherein said forward error correction includes

Viterbi encoding.

14. A method as claimed in claim 1, wherein said error detection code includes a

cyclic redundancy check (CRC).

15. A system for data transmission using a hybrid automatic repeat request (ARQ)
function for identifying and requesting retransmission of data frames received with a detected
error in an ad-hoc communications network, said network including a plurality of nodes
being adapted to transmit and receive signals to and from other nodes in said network, the
system comprising:

a first node, adapted to divide transmission data into a first number of segments and to
attach a forward error correction and error detection code to each segment;

said first node being further adapted to transmit said first number of segments
sequentially from said first node of said plurality to at least a second node of said plurality;

a second node, adapted to evaluate said first number of segments to detect and locate
up to all errors present in each segment of said first number of segments, and when at least
one error is detected and located, to return a negative acknowledgement (NACK) and
retransmission request signal to said first node, said negative acknowledgement including

said location of said at least one error;
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said first node being further adapted to create a second number of segments in
response to said retransmission request signal including said each segment of said first
number of segments having said at least one error detected and located at said second node,
and to attach at least one forward error correction and error detection code to each said
segment; and

said first node being further adapted to transmit said second number of segments
sequentially from said first node to said second node multiple times per media access control

(MAC) transaction.

16. A system as claimed in claim 15, wherein:
said second node is adapted to return an acknowledgement (ACK) signal to said first

node when during said evaluating, no error is detected and located.

17. A system as claimed in claim 15, wherein:

said transmission data includes a media access control protocol data unit (MPDU).

18. A system as claimed in claim 17, wherein:

said first node is adapted to divide a length of said media access control protocol data
unit by a system constant to produce a maximum segment size; and

said first node being further adapted to calculate said first number of segments based

on said maximum segment size.

19. A system as claimed in claim 18, wherein:

said network specific constant is known by each node of said plurality.

20. A system as claimed in claim 18, wherein:

said first number of segments includes segments of equal size.

21. A system as claimed in claim 18, wherein:
said first number of segments includes at least one segment that is shorter than a

remaining number of segments.
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22. A system as claimed in claim 17, wherein:
each segment of said first number of segments includes a segment number that is

sequential within said media access control protocol data unit.

23. A system as claimed in claim 15, wherein:

said first node is adapted to attach a parity code to each segment of said first number
of segments before transmitting said first number of segments; |

said second node is adapted to evaluate said first number of segments by verifying the
accuracy of said each segment based on said parity code; and

said second node being further adapted to discard segments which fail said accuracy

verification.

24. A system as claimed in claim 15, wherein:
said first node is adapted to transmit said first number of segments as a physical layer
packet from said first node to said second node of said plurality, said packet information

identifying a length of said packet.

25. A system as claimed in claim 15, wherein:
said first node is adapted to transmit said second number of segments wherein at least
one segment is located in a sequential position equal to a sequential position that said at least

one segment occupied in said first number of segments.

26. A system as claimed in claim 15, wherein:
said first node is adapted to transmit said second number of segments wherein at least
one segment is located in a sequential position equal to a position that a segment not

requiring retransmission occupied in said first number of segments.

27. A system as claimed in claim 15, wherein said forward error correction includes

Viterbi encoding.

28. A system as claimed in claim 15, wherein said error detection code includes a

cyclic redundancy check (CRC).
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29. A computer-readable medium of instructions, adapted to control data transmission
using a hybrid automatic repeat request (ARQ) function for identifying and requesting
retransmission of data frames received with a detected error in an ad-hoc communications
network, said network including a plurality of nodes being adapted to transmit and receive
signals to and from other nodes in said network, the instructions comprising:

a first set of instructions, adapted to control a first node of said plurality to divide
transmission data into a first number of segments, and attach a forward error correction and
error detection code to each segment and to transmit said first number of segments
sequentially to at least a second node of said plurality;

a second set of instructions, adapted to control said second node to evaluate said first
number of segments to detect and locate up to all errors present in each segment of said first
number of segments, and when at least one error is detected and located, to return a negative
acknowledgement (NACK) and retransmission request signal to said first node, said negative
acknowledgement including said location of said at least one error;

a third set of instructions, adapted to control said first node to create a second number
of segments in response to said retransmission request signal including said each segment of
said first number of segments having said at least one error detected and located at said
second node, and attach at least one forward error correction and error detection code to each
said segment, and to transmit said second number of segments sequentially from said first

node to said second node multiple times per media access control (MAC) transaction.
30. A computer-readable medium of instructions as claimed in claim 29, wherein:
said second set of instructions is adapted to return an acknowledgement (ACK) signal

to said first node when during said evaluating, no error is detected and located.

31. A computer-readable medium of instructions as claimed in claim 29, wherein:

said transmission data includes a media access control protocol data unit (MPDU).

32. A computer-readable medium of instructions as claimed in claim 31, wherein:
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said first set of instructions is adapted to divide a length of said media access control
protocol data unit by a system constant to produce a maximum segment size and calculate

said first number of segments based on said maximum segment size.

33. A computer-readable medium of instructions as claimed in claim 32, wherein:
said first set of instructions is adapted to divide said media access control protocol

data unit based on said network specific constant that is known by each node of said plurality.

34. A computer-readable medium of instructions as claimed in claim 32, wherein:
said first set of instructions is adapted to calculate said first number of segments of

equal size.

35. A computer-readable medium of instructions as claimed in claim 32, wherein:
said first set of instructions is adapted to calculate at least one segment that is shorter

than a remaining number of segments.

36. A computer-readable medium of instructions as claimed in claim 31, wherein:
said first set of instructions is adapted to assign each segment of said first number of
segments a segment number that is sequential within said media access control protocol data

unit.

37. A computer-readable medium of instructions as claimed in claim 29, further
comprising: '

said first set of instructions adapted to attach a parity code to each segment of said
first number of segments before transmitting said first number of segments;

said second set of instruction adapted to evaluate said first number of éegments by
verifying the accuracy of said each segment based on said parity code; and

said second set of instruction being further adapted to discard segments which fail

said accuracy verification at said second node.

38. A computer-readable medium of instructions as claimed in claim 29, wherein:
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said first set of instructions is adapted to transmit said first number of segments as a
physical layer packet from said first node to said second node of said plurality, said packet
information identifying a length of said packet.

39. A computer-readable medium of instructions as claimed in claim 29, wherein:
said third set of instructions is adapted to transmit said second number of segments
wherein at least one segment is located in a sequential position equal to a sequential position

that said at least one segment occupied in said first number of segments.

40. A computer-readable medium of instructions as claimed in claim 29, wherein:
said third set of instructions is adapted to transmit said second number of segments
wherein at least one segment is located in a sequential position equal to a position that a

segment not requiring retransmission occupied in said first number of segments. -
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