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ARQ MAC For Ad-Hoc Communication Networks 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 media access control (MAC) algorithm
containing two modes, and a method for using the same. Specifically, the present invention
relates to a MAC algorithm with separate operation modes for good channel and bad channel
communication in a communication network, such as a wireless ad-hoc communication
network. In each mode, the MAC algorithm is configured to vary operational parameters,
including channel vector values transmitted in request-to-send/clear-to-send (RTS/CTS)
messages, depending on the channel mode indicated. This application claims benefit under
35 U.S.C. §119(e) from U.S. provisional patent application serial no. 60/385,574 entitled
“ARQ MAC For Ad-Hoc Communication Networks And A Method For Using The Same”,

filed 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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communications signals 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 other mobile nodes, thereby
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 a conventional ad-hoc
network, further enable the mobile nodes to access a fixed network and 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] Communication between nodes, however, is often subject to interference and
transmission errors. To minimize the oécurrence of erroneous data, receivers and transmitters
may be configured to detect transmission errors in a number of ways and if detected, request
retransmissions. 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
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used to include 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, and still 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 each being incorporated herein by reference.

[0006] However, ARQ media access control (MAC) for ad-hoc networks encounter
several difficulties. As known to those skilled in the art, data packet collisions can occur if
transmissions overlap. In such cases, an ACK will not be received and both packets must be
retransmitted. As noted in an article by Garcia-Luna-Aceves et al., entitled “Reversing The
Collision-Avoidance Handshake In Wireless Networks”, the entire content of which being
incorporated herein by reference, one solution to packet collisions involves split-channel
reservation multiple access (SRMA) wherein a node requiring to transmit data to a receiver
first sends a request-to-send (RTS) packet to the receiver, who responds with a clear-to-send
(CTS) packet if it receives the RTS correctly. However, multichannel MAC design, which is
basically an extension of multiple access with collision avoidance (MACA) algorithm,
typically cannot efficiently handle such ARQ functions. Additional details of the MACA
algorithm is presented in an article by Phil Karn, entitled “MACA-A New Channel Access
Method For Packet Radio”, and in an article by Tang et al., entitled “Collision-Avoidance
Transmission Scheduling For Ad-Hoc Networks”, the entire content of each being
incorporated herein by reference.

[0007] Where retransmissions are required, the MACA algorithm handles ARQ by
repeating the whole request to send/clear to send channel access sequence. This includes
transmission of an entire channel vector, equal to the length of channel reservation. This is
inefficient in some channel conditions due to fact that resend will happen with a very high
probability. Accordingly, a need exists for an ARQ MAC that can handle ARQ segment

retransmissions more efficiently.

SUMMARY OF THE INVENTION
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[0008] An object of the present invention is to provide a system and method of medla
access control (MAC) which handles ARQ segment retransmissions more efficiently in ad-
hoc communication networks.

[0009] Another object of the present invention is to provide a system and method for
estimating a channel vector length is a first mode of operation, and communicating the length
to a first group of nodes for use in RTS/CTS sequences.

[0010] Another object of the present invention is to provide a system and method for
monitoring a data channel to determine an actual channel vector length, and communicating
the actual length to a first group of nodes for use in RTS/CTS sequences.

[0011] Still another object of the present invention is to provide a system and method for
a second mode of operation, wherein the true channel vector is communicated to a first group
of nodes for use in RTS/CTS sequences.

[0012] These and other objects are substantially achieved by providing a system and
method for a MAC algorithm with separate operation modes. Individual operation modes can
be created based on channel specifics, including a separate mode for good channel and bad
channel communication. For each mode, channel vector values transmitted during collision
avoidance operations, such as in an exchange of request-to-send/clear-to-send (RTS/CTS)
messages, are varied depending on channel mode, thus resulting in optimized system
throughput.

[0013] In a first mode, the present invention provides a system and method to estimate a
channel vector length, and communicate the length to a first node, and an associated group of
nodes receiving the RTS/CTS sequence. Each node then maintains this channel length for
use in their own RTS/CTS sequences. Additionally, the data channel is monitored in the case
of bad channels, to determine an actual channel vector length by monitoring partial and
complete acknowledgement (ACK) messages. Once the actual channel vector length is
determined, it can be communicated to the associated group of nodes directly, in the case of
individual RTS/CTS sequences, or as a group, in the case where the nodes monitor adjacent
RTS/CTS sequences. In a second mode, a maximum channel vector length is used, as
retransmissions are less probable in good channels.

[0014] Specifically, in good channel operation mode, the true channeél vector is

communicated in the RTS/CTS and used. In bad channel operation mode, the estimated
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channel vector is communicated in the RTS/CTS and used, however the data channel is
monitored for partial and complete ACK messages to detect the actual channel vector. This
actual channel vector is then communicated in the RTS/CTS and used, and provided to other

nodes to update channe] vector information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] 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:

[0016] 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;

[0017] Fig. 2 is a block diagram illustrating an example of a mobile node employed in the
network shown in Fig. 1;

[0018] Fig. 3 is a slot diagram illustrating an example of a channel and channel vector
used by nodes in the network shown in Fig. 1 in accordance with an embodiment of the
present invention; and

[0019] Fig. 4A-4E are diagrams illustrating an example of a communication between
nodes in a network as shown in Fig. 1 performed in accordance with an embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] 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 not
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
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switched telephone network (PSTN) and the Internet. The network 100 may also 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” or “terminals”. 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 operating as routers for packets being sent between
nodes, as described in 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.

[0021] As shown in Figure 2, each node 102, 106 and 107 includes a transceiver 108
which is coupled to an antenna 110 and is capable of receiving and transmitting signals, such
as packetized signals, 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 multlmedla
information, and packetized control signals, including node routing and update information.
[0022] 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. The nodes 102, 106 and 107 periodically
exchange respective routing information, referred to as routing advertisements, with each
other via a broadcasting mechanism at various intervals, such as when a new node enters the
network, or when existing nodes in the network move.

[0023] As further shown in Figure 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 and media access control (MAC), as set forth in greater detail

below.
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[0024] As stated earlier, multichannel MAC design typically cannot efficiently handle
ARQ functions. To implement ARQ MAC for ad-hoc networks in accordance with an
embodiment of the present invention, the transmitter 108 of a node 102, 106 or 107 may be
directed to output a bit stream of transmission data, which are then given to a 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 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, an acknowledgment (ACK) message, to the ARQ transmitter.
However, multiple modes of operation to achieve this result can be implemented depending
on channel characteristics and the probability of retransmissions.

[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 reéeiving node.
Each segment contains forward etror 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.

[0026] When no errors are detected in the received signals, a transmitter associated with
the ARQ receiver, such as a transceiver in which the receiver can be included, outputs the
received data to a reception side data terminal and transmits an ACK message to the ARQ
transmitter. The ACK message can be provided upon completion of all segments, or partial
segments. 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 or partial segment has to
be retransmitted.

[0027] As described above, each segment can be transmitted as a physical 1ayer packet,

each of which has parity and forward error correcting coding. A parity code is used to verify
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correctness of the data in the segment, and segments that fail parity check are discarded by
receiver. An acknowlédgement (ACK) of successful reception is sent by the receiving node
102, 106 or 107 only after all the segments or partial segments in the MPDU are received
correctly. A negative acknowledgement (NACK) is sent in the event of failed or erroneous
segment reception, such as when a packet collision occurs.

[0028] As noted above, collision avoidance can be achieved using a control-signal
handshake between transmitting and receiving nodes. The multiple access with collision
avoidance (MACA) protocol of the present embodiment uses such a handshake technique
between nodes consisting of a request-to-send (RTS) control packet sent from a source node
to a destination node which in response, replies with a clear-to-send (CTS) control packet.
However, typically a MACA algorithm handles ARQ retransmissions by repeating the whole
request-to-send/clear-to-send (RTS/CTS) channel access sequence. The embodiment of the
present invention described below discloses a MACA algorithm containing multiple modes,
such as a first mode of operation for good communication channels and a second mode for
bad channels. These modes optimize system throughput in different channel conditions. As
known to those skilled in the art, channel conditions can vary between “good” and “bad”
depending upon factors such as interference from other users, radio propagatidn, noise and
fading due to multipath and high mobility. One example of a bad channel is when average
nonfade period (ANFP) is smaller, or of the same duration, as one transmitted segment.
[0029] In each mode, the channel vector, or segment stream, monitored for ACK/NACK
messages is adjusted based upon a probability of retransmission. For example, in good
channel mode, where there are lower probabilities of retransmission, the channel vector
transmitted in RTS/CTS is the true channel vector, or true length of channel reservation. This
can be indicated by a bit in RTS/CTS messages. In bad channel mode, where there are higher
probabilities of retransmission occurring, the channel vector transmitted in RTS/CTS is an
estimate of the maximum length and actual communication can be shorter. Fig. 3 illustrates
channels in a first and second mode of operation in accordance with an embodiment of the
present invention.

[0030] Fig. 3 is a slot diagram illustrating an example of a channel and channel vector
used by nodes in the network shown in Fig. 1 in accordance with an embodiment of the
present invention. Channel 118 and 120 of Fig. 3 represent channels used in communications

between nodes in a network, such as network 100 of Fig. 1. Each channel is occupied by a
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stream of data segments during communication, and each channel vector represents a set
number of segments. Channel 120 represents a maximum channel vector, based on estimated
retransmissions of segments in the channel. This value is announced in RTS/CTS messages
between nodes. Channel 118 represents an actual channel vector determined by monitoring
the data channel through the use of the present embodiment. The two modes of operation can
be described using the channel illustration of Fig. 3.

[0031] In channel 118 of Fig. 3, a first mode is shown applied to a representative bad
channel, where there are higher probabilities of retransmission occurring. A channel vector
118-1, comprising a series of segments transmitted in the RTS/CTS sequence, is based on an
estimate of the maximum channel vector length including retransmissions. The embodiment
of the present invention directs the communicating nodes to monitor the data channel for
either partial segment ACK or all segments good ACK messages, which serve to define the
actual channel vector length. In this case, the channel vector 118-1 can be shorter than the
maximum channel vector. The vector length is defined by partial segment ACK messages in
the channel, such as 118-2, and all segments good ACK messages. Therefore the channel
vector is shorter, resulting in a time savings shown as the channel duration 118-4. For a
representative good channel, where there are lower probabilities of retransmission, the
channel vector transmitted in the RTS/CTS sequence is the true channel vector, or true length
of channel reservation and this can be indicated by a bit in RTS/CTS messages. As the
probability of retransmission is low, a longer channel vector has less impact.

[0032] In the channels of Fig. 3, maximum estimated channel vector value is used if a
source knows that a channel is difficult and retransmissions are probable. The maximum
channel vector is announced in the RTS/CTS based on the estimated retransmission of
segments in the channel. Retransmissions can be done without accessing the control channel
as long as the channel is reserved. Other terminals in the network have to use estimated
maximum channel vector or, they can get real channel values by monitoring the data channel.
This allows, for example, a “multi-headed IAP” to be able to obtain real channel vector
values by receiving all the channels and being able to capture all successful segment
acknowledgement (ACK) messages in the data channel.

[0033] If an intelligent access point (IAP) 106 or wireless router (WR) 107 of Fig.1,
which can monitor data ACK messages in all channels, sends an RTS to a terminal, such as a

node 102 which cannot monitor all channels, the node may update the maximum channel

i
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vectors based on information that the IAP provides in the RTS packet. The IAP may need to
associate information that the node can use to verify that the IAP/WR has information
equaling, either heard or transmitted, all segment good ACK messages indicating that the
channel vector was shorter than the announced maximum value.

[0034] One way to achieve this in accordance with an embodiment of the present
invention, is to compute the checksum of addresses of a node marked as having a maximum
vector in a channel that is announced free by the IAP. This checksum, ftransmitted in an RTS
packet, can be used by the node to verify that the address entry in the IAP/WR channel
monitoring table is the same entry the node has in it’s table. If not, the node can modify the
channel vector information to a correct value. ,

[0035] If a terminal has a channel vector to a 48 bit MAC address, aa.bb.cc.dd.ee.ff,
where each letter is 4 bits, then this entry has to be compressed
so that it can fit in the RTS. The RTS can not be long as length increases control channel
usage and increases the amount of access collisions. Checksum is just an example of a
function a=F(MAC address) that is computed in transmit and receive and can be used to
verify that the channel is ready. For example, when terminal A sends a packet to terminal B,
and terminal A knows that terminal C, who transmitted previous RTS, has finished
communication earlier than it announced in RTS, then terminal A sends RTS packet to
terminal B with a=F(MAC address of C), as channel vector is reserved for communication by
terminal C. Terminal B computes a=F(MAC address of terminal that reserved channel
proposed in RTS) and compares that to the transmission by terminal A. If it matches, then
terminal B knows that terminal A knows more about the channel than B and can continue and
respond with CTS. A checksum function is presented as an example, however any suitable
function can be used for this purpose.

[0036] Figs. 4A-4E are diagrams illustrating an example of a communication between
nodes in the network shown in Fig. 1 performed in accordance with an embodiment of the
present invention. Figs. 4A-4E illustrate several nodes of network 100 in Fig. 1 during
communication. The network 100-1 of Fig. 4A includes an intelligent access point (IAP) 106
in communication with nodes 102-1, 102-2, 102-3 and 102-4, however any number of nodes
102, 106 and 107 of Fig. 1 can be included. Specifically, Figs. 4A-4E illustrate the
communication of four nodes with an IAP when there are hidden nodes in the network (not

shown).
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[0037] The communication between nodes, implementing an RTS/CTS sequence in
accordance with an embodiment of the present invention, is shown in a series of
communications. In a first communication shown in Fig. 4A, the IAP 106 at the center of the
network 100-1 receives request-to-send (RTS) messages with estimated channel vectors with
one retransmission from node 102-1. The estimated length of the communication in this
channel “A” is 2 (transmission + retransmission), however, any estimated length may be
considered, as this is presented as one example.

[0038] InFig. 4B, the IAP responds to the RTS message with a CTS message that can be
heard by all nodes within the IAP’s broadcast range. As shown in Fig. 4C, node 102-1
transmits a data stream to the IAP 106 in response to receipt of the CTS message. Upon
successful completion of transmission and any retransmissions, the IAP 106 sends an all
segments good ACK message to node 102-1 in Fig. 4D. In this communication, nodes 102-2,
102-3 and 102-4 do not monitor the data channel, and each thinks that channel vector “A” is
reserved for a vector length of 2 based on the CTS message provided by the IAP to node 102-
1 which is heard by each node 102-1, 102-2, 102-3 and 102-4. However, the JAP 106 (and
any remaining nodes configured to do so) monitors the data channel and determines an actual
channel vector length for channel “A”.

[0039] After communicating with node 102-1, the IAP can move to another node as
shown in Fig. 4E, such as node 102-3, and transmit an RTS message to node 102-3 and
specify that channel “A” is free and a checksum for address of node 102-1. Node 102-3
compares the checksum and verifies that the channel is free and the checksum matches the
address of the node that is marked as using the channel. This can be repeated for each node
of network 100-1.

[0040] In a second embodiment of the present invention, each node can verify
information received regarding the maximum channel vector is from the same IAP address
from which a free channel message is received. The same operation can be done by nodes
102-2 and 102-4 if each are monitoring the control channel when they hear the RTS message
as nbr RTS.

[0041] The node communication works the same way in examples in which the IAP

transmits data frames. In this case, the IAP receives the all segments good ACK message and
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can then transmit RTS or CTS messages with the channel marked as free based on channel
monitoring.

[0042] The embodiment of the present invention described above reduces the overhead of
retransmissions by having retransmissions contained in a data channel. Furthermore, the new
media access control described above operates efficiently in both good and bad channel
conditions due to operation capabilities in two modes. The embodiment is very efficient
when communicating with multi-headed infrastructures and serves to reduce maximum time
to deliver a MPDU in a fading channel.

[0043] 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 departing 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.
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What is claimed is:

1. A method for establishing channel vector length in communications between
nodes 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:

estimating a channel vector length of a message being communicated via a first
data channel; -

communicating said estimated channel vector length to at least one node of said
plurality;

controlling said at least one node to communicate said estimated channel vector
length to a first group of nodes of said plurality;

controlling said at least one node to monitor said data channel and calculate an
actual channel vector length based on said monitored data channel; and

controlling said at least one node to communicate said actual channel vector

length to said first group of nodes of said plurality.

2. A method as claimed in claim 1, wherein:
said communication of said estimated channel vector length is a first mode of
operation for said data channel, wherein said communication via said data channel is subject

to a substantial number of retransmissions.

3. A method as claimed in claim 1, wherein said estimating said channel vector

length comprises: |
~ controlling a node to estimate said channel vector length based on an expected
number of transmitted segments and an expected number of retransmitted segments for said

communication.

4. A method as claimed in claim 1, wherein said communicating said estimated
channel vector length comprises: '
controlling said at least one node to communicate said estimated channel vector

length to said at least one node as part of a request to send (RTS) message.
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5. A method as claimed in claim 1, wherein said communicating said estimated
channel vector length comprises:
controlling said at least one node to communicate said estimated channel vector

length to said first group of nodes as part of a clear to send (CTS) message. -

6. A method as claimed in claim 1, wherein said monitoring éaid data channel
comprises:

controlling said at least one node to monitor said data channel to detect at least
one of a partial segment acknowledgement (ACK) message and an all segments good

acknowledgement (ACK) message.

7. A method as claimed in claim 6, wherein said calculating said actual channel
vector length comprises:

controlling said at least one node to calculate an actual channel vector length
based on said detected at least one of a partial segment acknowledgement (ACK) message

and an all segments good acknowledgement (ACK) message.

8. A method as claimed in claim 1, wherein said communicating said actual
channel vector length comprises:

controlling said at least one node to communicate said actual channel vector
length to said first group of nodes of said plurality as part of a request to send (RTS)

message.

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

controlling said at least one node to calculate a checksum for a first node of said
plurality; and

communicating said checksum to a second node of said plurality as part of a

request to send (RTS) message.
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10. A method as claimed in claim 9, further comprising:
controlling said second node to update a channel vector database at said second

node based on said RTS message.

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

controlling said at least one node to communicate a maximum channel vector
length to said first group of nodes as part of at least one of a clear to send (CTS) and request
to send (RTS) message.

12. A method as claimed in claim 11, wherein:
said communication of said maximum channel vector length is a second mode of
operation for said data channel , wherein said communication via said data channel is subject

to a minimal number of retransmissions.

13. A system for establishing channel vector length in communications between
nodes 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 estimate a channel vector length of a message being
communicated via a first data channel, and to communicate said estimated channel vector
length to at least one node of said plurality;

said at least one node, adapted to communicate said estimated channel vector
length to a first group of nodes of said plurality;

said at least one node being further adapted to monitor said data channel and to
calculate an actual channel vector length based on said monitored data channel; and

said at least one node being further adapted to communicate said actual channel

vectorAlength to said first group of nodes of said plurality.

14. A system as claimed in claim 13, wherein:
said communication of said estimated channel vector length is a first mode of
operation for said data channel, wherein said communication via said data channel is subject

to a substantial number of retransmissions.



WO 03/105389 o PCT/US03/17248

-16 -

15. A system as claimed in claim 13, wherein:
said first node is adapted to estimate said channel vector length based on an
expected number of transmitted segments and an expected number of retransmitted segments

for said communication.

16. A system as claimed in claim 13, wherein:
said first node is adapted to communicate said estimated channel vector length to

said at least one node as part of a request to send (RTS) message.

17. A system as claimed in claim 13, wherein:
said at least one node is adapted to communicate said estimated channel vector

length to said first group of nodes as part of a clear to send (CTS) message.

18. A system as claimed in claim 13, wherein:

said at least one node is adapted to monitor said data channel to detect at least one
of a partial segment acknowledgement (ACK) message and an all segments good
acknowledgement (ACK) message. |

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

said at least one node is adapted to calculate an actual channel vector length based
on said detected at least one of a partial segment acknowledgement (ACK) message and an
all segments good acknowledgement (ACK) message.

20. A system as claimed in claim 13, wherein:
said at least one node is adapted to communicate said actual channel vector length

to said first group of nodes of said plurality as part of a request to send (RTS) message.

21. A system as claimed in claim 13, wherein:
said at least one node is adapted to calculate a checksum for said first node of said
plurality and communicate said checksum to a second node of said plurality.as part of a

request to send (RTS) message.
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22. A system as claimed in claim 21, wherein:
said second node is adapted to update a channel vector database at said second

node based on said RTS message.

23. A system as claimed in claim 13, wherein:

said at least one node is adapted to communicate a maximum channel vector
length to said first group of nodes as part of at least one of a clear to send (CTS) and request
to send (RTS) message.

24. A system as claimed in claim 23, wherein:
said communication of said maximum channel vector length is a second mode of
operation for said data channel, wherein said communication via said data channel is subject

to a minimal number of retransmissions.

25. A computer-readable medium of instructions, adapted to establish channel
vector length in communications between nodes 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, comprising:

a first set of instructions, adapted to estimate a channel vector length of a message
being communicated via a first data channel, and to communicate said estimated channel
vector length to at least one node of said plurality;

a second set of instructions, adapted to control said at least one node to
communicate said estimated channel vector length to a first group of nodes of said plurality;

a third set of instructions, adapted to control said at least one node to monitor said
data channel and to calculate an actual channel vector length based on said monitored data
channel; and

a fourth set of instructions, adapted to control said at least one node to

communicate said actual channel vector length to said first group of nodes of said plurality.
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26. A computer-readable medium of instructions as claimed in claim 25, wherein:
said communication of said estimated channel vector length is a first mode of
operation for said data channel, wherein said communication via said data channel is subject

to a substantial number of retransmissions.

27. A computer-readable medium of instructions as claimed in claim 25, wherein:
said first set of instructions is adapted to estimate said channel vector length based
on an expected number of transmitted segments and an expected number of retransmitted

segments for said communication.

28. A computer-readable medium of instructions as claimed in claim 25, wherein:
said first set of instructions is adapted to communicate said estimated channel

vector length to said at least one node as part of a request to send (RTS) message.

29. A computer-readable medium of instructions as claimed in claim 25, wherein:
said second set of instructions is adapted to control said at least one node to
communicate said estimated channel vector length to said first group of nodes as part of a

clear to send (CTS) message.

30. A computer-readable medium of instructions as claimed in claim 25, wherein:
said third set of instructions is adapted to control said at least one node to monitor
said data channel to detect at least one of a partial segment acknowledgement (ACK)

message and an all segments good acknowledgement (ACK) message.

31. A computer-readable medium of instructions as claimed in claim 30, wherein:

said third set of instructions is adapted to control said at least one node to
calculate an actual channel vector length based on said detected at least one of a partial
segment acknowledgement (ACK) message and an all segments good acknowledgement
(ACK) message.
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32. A computer-readable medium of instructions as claimed in claim 25, wherein:
said fourth set of instructions is adapted to control said at least one node to
communicate said actual channel vector length to said first group of nodes of said plurality as

part of a request to send (RTS) message.

33. A computer-readable medium of instructions as claimed in'claim 25, further
comprising:

a fifth set of instructions, adapted to control said at least one node to calculate a
checksum for a first node of said plurality and to communicate said checksum to a second

node of said plurality as part of a request to send (RTS) message.

34. A computer-readable medium of instructions as claimed in claim 33, further
comprising:
a sixth set of instructions, adapted to control said second node to update a channel

vector database at said second node based on said RTS message.

35. A computer-readable medium of instructions as claimed in claim 25, wherein:
said second set of instructions is adapted to control said at least one node to
communicate a maximum channel vector length to said first group of nodes as part of at least

one of a clear to send (CTS) and request to send (RTS) message.

36. A computer-readable medium of instructions as claimed in claim 35, wherein:
said communication of said maximum channel vector length is a second mode of
operation for said data channel, wherein said communication via said data channel is subject

to a minimal number of retransmissions.
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