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

(19) World Intellectual Property Organization Vd”Ij

) IO O T O A 0

International Bureau

(43) International Publication Date
5 June 2008 (05.06.2008)

(10) International Publication Number

WO 2008/066692 A2

(51) International Patent Classification:
HO4M 3/42 (2006.01)

(21) International Application Number:
PCT/US2007/023712

(22) International Filing Date:
8 November 2007 (08.11.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/607,697 30 November 2006 (30.11.2006) US
(71) Applicant (for all designated States except US): ROBERT
BOSCH GMBH [DE/DE]; Postfach 30 02 20, 70442

Stuttgart (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KESHAVARZIAN,
Abtin [IR/US]; 2257 Yale Street, Palo Alto, CA 94306
(US). VANKATRAMAN, Lakshmi [IN/US]; 2255 Show-
ers Drive, #323, Mountain View, CA 94040 (US). LAL,
Dhananjay [IN/US]; 2645 California Street, #207, Moun-
tain View, CA 94040 (US).

(74) Agent: MESSINA, Gerard, A.; Kenyon & Kenyon LLP,
One Broadway, New York, NY 10004 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

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

MESSAGE TYPE IN WIRELESS SENSOR NETWORKS

08/066692 A2 | NI O 000 0 0 R

(54) Title: SYSTEM, METHOD AND APPARATUS EMPLOYING TONE AND/OR TONE PATTERNS TO INDICATE THE

& (57) Abstract: A system and method for operating a wireless network provides for sending a wakeup tone, periodically waking up

from a sleep mode to listen for the wakeup tone, upon receiving the wakeup tone, listening for at least one second tone, the at least
one second tone being one of (i) a tone in a frequency different from the wakeup tone and (ii) a pattern of tones including at least
one frequency different from the wakeup tone, and upon receiving the at least one second tone, performing an action based on the at
least one second tone.



10

15

20

25

WO 2008/066692 PCT/US2007/023712

SYSTEM, METHOD AND APPARATUS EMPLOYING TONES AND/OR TONE
- PATTERNS TO INDICATE THE MESSAGE TYPE IN WIRELESS SENSOR
NETWORKS

FIELD OF THE INVENTION

The present invention relates to a system, method and apparatus employing frequency tones

and/or tone patterns to indicate the message type in wireless sensor networks.

BACKGROUND INFORMATION

In wireless sensor networks, to save energy the nodes may perform a radio-frequency (RF)

wakeup procedure, in which during a majority of the time the nodes are in a power down
mode, and in which, periodically, the nodes wake up to sample the wireless channel for any
signal, and if a signal is present they remain in an active mode to receive the message. In this
regard, the signal may followed by -a message, the type of which-indicates the action or
actions that are required to be performed by the awakened node after the wakeup, and in
certain instances it may be essential that the type is known correctly by the awakened node
before the actual packet exchange. Since a node may be simultaneously awakened by

multiple nodes in the network, there is a chance that interference and/or collisions may occur.

SUMMARY OF THE INVENTION

According to an exemplary embodiment and/or exemplary method of the present invention, a

particular type of tone, or a pattern of tones, is sent after the wakeup tone and before any
packet exchange to indicate the particular action or actions that are required to be performed
by the awakened node. Here, for example, the particular frequency of the tone may indicate a
type of the message. In this way, the awakened node may determine the message type even

when there are multiple transmitters sending at the same time.

An exemplary embodiment of the present invention is directed to a method of operating a
wireless network, the method including sending a wakeup tone, periodically waking up from
a sleep mode to listen for the wakeup tone, upon receiving the wakeup tone, listening for at
least one second tone, the at least one second tone being one of (i) a tone in a frequency

different from the wakeup tone and (ii) a pattern of tones including at least one frequency
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different from the wakeup tone, and upon receiving the at least one second tone, performing

an action based on the at least one second tone.

Another exemplary embodiment of the present invention is directed to 2 method of operating

a wireless network, in which the at least one second tone indicates a message type.

Yet another exemplary embodiment of the present invention 1s directed to a method of
operating a wireless network, in which the action includes at least one of receiving a first
message, sending the wakeup tone to another node in the wireless network and transmitting a

second message.

Still another exemplary embodiment of the present invention is directed to a method of

operating a wireless network, in which the second message includes a sensor reading.

Yet another exemplary embodiment of the present invention is directed to a method of
operating a wireless network, in which the wakeup tone is sent simultaneously by more than

one node of the wireless network.

Still another exemplary embodiment of the present invention is directed to a method of
operating a wireless network, in which the at least one second tone includes a tone

transmitted from each of at least two nodes of the wireless network.

Yet another exemplary embodiment of the present invention is directed to a method of
ope'rating‘ a wireless network, in which the at least one second tone includes a first tone and a
second tone transmitted simultaneously, the first tone being transmitted by a first node and

the second tone being transmitted by a second node.

Still another exemplary embodiment of the present invention is directed to a method of
operating a wireless network, in which the at least one second tone includes a first pattern of
tones and a second pattern of tones transmitted simultaneously, the first pattern being

transmitted by a first node and the second pattern being transmitted by a second node.
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Yet another exemplary embodiment of the present invention is directed to a method of

operating a wireless network, in which the first pattern is different from the second pattern.

An exemplary embodiment of the present invention is directed to a wireless network, which
includes a receiver node that includes an arrangement to receive a plurality of tones each at a
predefined frequency, an energy storage arrangement, and a control arrangement to operate
the receiver node in a sleep mode to conserve energy, the receiver node being configured to
periodically wake ﬁp from the sleep mode to listen for a wakeup tone, and upon receiving the
wakeup tone, listening for at least one second tone, the at least one second tone being one of
(i) a tone in a frequency different from the wakeup tone and (i1) a pattern of tones in at least

one frequency different from the wakeup tone.

Another exemplary embodiment of the present invention is directed to a wireless network, in
which the receiver node further includes an arrangement to perform an action based on the at

least one second tone.

Yet another exemplary embodiment of the present invention is directed to a wireless network,

in which the receiver node includes at least one of a sensor and an actuator.

Still another exemplary embodiment of the present invention is directed to a wireless
network, which includes at least one transmitter node to transmit the wakeup tone and the at

least one second tone.

Yet another exemplary embodiment of the present invention is directed to a wireless network,
in which the at least one transmitter node includes at least two transmitter nodes, at least one
of which transmits the wakeup tone, and each of which simultaneously transmit at least one
further tone distinct from one another to collectively form the at least one second tone A

received by the receiver node.

Still another exemplary embodiment of the present invention is directed to a wireless
network, in which the at least two transmitter nodes include a first transmitter node that

transmits the at least one further tone as a single tone at a first predefined frequency, and a
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second transmitter node that transmits the at least one further tone as a single tone at a second

predefined frequency different from the first predefined frequency.

Yet another exémpla.ry embodiment of the present invention is directed to a wireless network,

-in which the at least two transmitter nodes include a first transmitter node that transmits the at

least one further tone as plurality of tones in a first pattern, and a second transmitter node that
transmits the at least one further tone as a plurality of tones in a second pattern different from

the first pattern.

Still another exemplary embodiment of the present invention is directed to a wireless node,
which includes a power storage arrangement, and an arrangement to receive a plurality of
tones each at a predefined frequency, the wireless node being configured to periodically listen
for a wakeup tone, and upon receiving the wakeup tone, listening for at least one second tone,
the at least one second tone being one of (i) a tone in a frequency different from the wakeup
tone and (ii) a pattern of tones that includes at least one frequency different from the wakeup

tone.

Still another exemplary embodiment of the present invention is directed to a wireless node,

which includes an arrangement to perform an action based on the at least one second tone.

Yet another exemplary embodiment of the present invention is directed to a wireless node, in
which the at least one second tone includes a first tone and a second tone transmitted
simultaneously, the first tone being transmitted by a first node and the second tone being

transmitted by a second node.

Still another exemplary embodiment of the present invention is directed to a wireless node, in
which the at least one second tone includes a first pattern of tones and a second pattern of
tones transmitted simultaneously, the first pattern being transmitted by-a first node and the

second pattérn being transmitted by a second node.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an exemplary wireless node, which operates according to alternating sleep

and wake cycles.
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Figure 2 shows an exemplary wakeup schedule for an energy constrained node of a wireless

sensor network.

Figure 3A shows an arrangement of exemplary nodes of an exemplary wireless network, and

how the exemplary nodes might communicate messages to one another.

Figure 3B shows an exemplary schedule to wakeup the exemplary nodes of Figure 3A, and

how the exemplary schedule effects the transmissions of messages between the nodes.

. Figure 4 shows an exemplary embodiment to use a type tone.

Figure 5 shows an exemplary embodiment to use a pattern of tone to indicate a message type.
Figure 6 shows an exemplary method for operating a wireless network.

DETAILED DESCRIPTION

A wireless sensor network may be defined, for example, as a distributed system of
nodes/motes each equipped with a radio transceiver, a microcontroller and one or more
sensors and/or actuators. The nodes in such a network may be small and inexpensive, and
consequently the resources provided with each node may be necessan'ly' limited. For
example, the wireless nodes of a network may be equipped with a limited energy source, in

particular, the wireless nodes may be battery-operated.

Figure 1 shows an exemplary wireless node 100, which operates according to alternating
sleep and wake cycles. The exemplary wireless node 100 includes a radio transceiver 101, a
sensor and/or actuator 102, a microcontroller 103 and a battery 104. The radio transceiver
101 enables the exemplary wireless node 100 to send and/or receive wireless transmissions.
The sensor and/or actuator 102 senses a condition, and/or actuates a movement of an element.
The microcontroller 103 controls the radio transceiver 101 and the sensor and/or actuator
102, or other aspects of the exemplary wireless node 100. The battery 104 provides energy to

power the components of the exemplary wireless node 100.
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The design of a wireless sensor network for energy constrained nodes may be dictated by
longevity concerns. One approabh to increase the longevity of a wireless sensor network
with energy constrained nodes is to use a sleep schedule where the nodes operate in a low-

power or sleep mode for most of the time, periodically waking up to check for activity.

Figure 2 shows an exemplary wakeup schedule for an energy constrained node of a wireless
sensor network, in which the node operates in the sleep mode most of the time, and which

periodically wakes up for a brief time period to take a sample.

Channel Sniffing and Wakeup

The nodes in a wireless network may wake up from time to time and scout the channel for
activity. This may be performed, for example, by listening to the channel for a very short
period of time and measuring the received signal strength. If the signal stfength exceeds a
predetermined threshold, the node may remain awake in an attempt to receive a-possible
transmission, otherwise the node may power itself down to conserve energy. Such a process

is sometimes referred to as “sniffing the channel”.

The length of the sniffing period and the energy consumed while performing a wakeup may
determine the longevity of the network. In practice, the sniffing length is determined, at least
in part, by several hardware limitations such as the warm up time of the radio, and the
minimum time required to reliably detect a signal in the channel. The sniffing period may be

on the order of hundreds of micro-seconds to a few milliseconds.

Wakeup Schedule

The time at which each node in the network “sniffs” the channel may be determined by a
wakeup schedule. Here, for example, the wakeup schedule may be deterministic or random.
Moreover, the wakeup schedule may also be different for one or more nodes of the network.
In this regard, having differing schedules may provide different delay guarantees for the

messages in the network.

Figures 3A and 3B.show exemplary nodes A through H of an exemplary wireless network
300, and an exemplary schedule 301 to wakeup the exemplary nodes A through H. In
particular, Figure 3A shows how the exemplary nodes A through H of the exemplary wireless

6
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network may communicate with each other. For example, Figure 3A shows the following:
node A can communicate directly with nodes B and C; node B can communicate directly
with nodes D and E; node C can communicate directly with nodes A, D and E; node D can
communicate directly with nodes B, C, F and G; node E can communicate directly with
nodes B, C, F and G; node F can communicate directly with nodes D, E and H; node G can
communicate directly with nodes D, E and H; and node H can communicate directly with
nodes F and G. Such a relationship is shown in Figure 3A by shaded arrows between the

nodes.

Figure 3A also shows (via a dashed line) the transmission of a message from node A to node
H, and the transmission of a message from node H to node A. In particular, the message
transmitted frorﬁ node A to node H is first transmitted frorﬁ node A to node B, and then
tran_smitted from node B to node D, and then transmitted from node D to node F, and then
_tranérr;it;ed from node F to node H. Similarly, but not in identical fashion, the message
transmitted from node H to node A is first transmitted from node H to node G, and then
transmitted ﬁom node G to node D, and then transmitted from node D to node B, and then
transmitted from node B to node A. Here, it is noted that the path of the two transmitted

messages between nodes A and H is different, although not restricted as such.

Figure 3B shows an exemplary wakeup schedule 301 for each of the exemplary nodes A
through H. Here, a square box representsvthe time at which the particular exemplary node
Samples the channel. In this regard, an unfilled white square box indicates that at the sample

time there was no activity to be performed by the exemplary node and therefore the

exemplary node immediately returned sleep, while a filled black square box indicates that at

the sample time there was an activity (e.g., message transmission and/or receipt)to be

performed, and therefore the exemplary node stayed awake to perform the activity.

Figure 3B also shows (via dashed lines) the wakeup sequence timing required for the transfer
of the messages depicted in Figure 3A. Here, the first dashed line representing the wakeup
sequence timing required for the message transferred from node A to node H first intersects a
sample period for node A, and thereafter intersects the next sample period for node B, and
thereafter intersects the next sample period for node D, and thereafter intersects the next
sample period for node F, and thereafter intersects-the next sample period for node H. The

second. dashed line representing the wakeup sequence timing required for the message
7
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transferred from node H to node A first intersects a sample period for node H, and thereafter
intersects the next sample period for node G, and thereafter intersects the next sample period
for node D, and thereafter intersects the next sample period for node C, and thereafter

intersects the next sample period for node A.

It is noted, for example, with respect to Figure 3B that the two dashed lines intersect the same

" sampling period for node D. This represents an example scenario where node D is awakened

by two different nodes for two different reasons. That is, node D is awakened by node B to
pass along a message to node F, and, at the same time, node D is awakened by node G to pass

along a message to node C.

Message Type

As demonstrated above, a node in the network may be awakened for different reasons and by
different nodes in the network. According to one exemplary embodiment, the type of the
message that follows the wakeup tone may determine the actions that need to be performed

by the awakened node after the wakeup.

Determining the type of the message may be essential in many cases, and may change the
way the message is received and/or decoded by the node. Depending on the application

scenario, the type of the message may include transmitter information (e.g., who has

" awakened the node), the message route (e.g., who the node should forward the message to),

the data content or packet length (e.g., what size of packet should the node expect), or even
the priority level of message (e.g., how important the message is). For example, the type of
the message may indicate the message route, so that the node knows that for the next step
which of its neighbors should be awakened. Another example is the case of messages from
mobile nodes. Messages from mobile nodes may have a different format and/or may be on a

different frequency channel.

It is noted, for example, that a node may be awakened at the same time by multiple nodes for
multiple purposes. For example, a mobile node and stationary node may awaken a node at
the same time. It may be essential, therefore, that the node determine why it has been

awakened even when it is simﬁltaneously awakened by multiple nodes.
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Using the Type Tone after the Wakeup Tone
According to an exemplary embodiment of the present invention, a “type tone” (or more
generally a pattern of type tones) is transmitted immediately after the wakeup tone to indicate

the type of the message and essentially the reason that the node has been awakened.

Figure 4 shows an exemplary embodiment of using a type tone. A transmitter sends a
wakeup tone (at the time that the receiver is sampling the channel) in the wakeup frequency,
and shortly thereafier the transmitter follows the wakeup tone with the “type tone”.
According to an exemplary embodiment, the frequency on which the type tone is sent

indicates the type of the message.

At the receiver side, the node samples the channel (in the wakeup frequency) regularly and/or
periodically. If a high signal is detected, the node stays in the receive mode and switches to
different frequencies and samples different tone frequencies. In Figure 4, for example, the
node samples three different frequencies, each of which corresponds to a different message
type. Inthis way, the receiver can determine the type of the message. Essentially, the
presence of a high si gnal'ih a pre-specified frequency channel is used to communicate the

type of the message to the receiver.

An advantage of using the type tone after the wakeup tone is its resilience to a collision
condition. Since the receiver only checks the signal power, the collision of different
transmitters may not have any effect on the signal. That is, if two nodes send two tones at the
same time, the received power is only increased at the receiver. Additionally, if the node is
awakened by multiple nodes for different message types, the node may detect all the different .

types and then act accordingly based on the priority level assigned to different message types.

Pattern of Tones
According to another exemplary embodiment, instead of using a single tone, a pattern of
tones in different frequencies may be used to indicate different message types. Such an

exemplary method may be helpful when there are many different types.

Figure 5 shows an exemplary embodiment of using a pattern of tone to indicate a message
type. Here, the pattern is a sequence of two type tones, each of which is selected from three

possible tones. The receivers sample for the three possible frequencies during each tone

9
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period. Hence, a total of 3 x 3 =9 different types is provided using this exemplary model.
By increasing the length of the tone pattern the probability of false wakeups may be reduced.
That is, the probability that noise or interference awaken the node and create a correct

message type pattern.

As can be seen in Figure 5, the exemplary embodiment of the present invention allows a node
to simultaneously receive messages from multiple nodes of the network without collisions
occurring. That is, with the exemplary method of the present invention, messages received

simultaneously by a node may be easily distinguished.

A Combined Approach
Figure 6 shows an exemplary-method 600 for operating a wireless network. In this regard,

the wireless network may be, for example, a network like the exemplary wireless network

300 shown in Figure 3A. The exemplary method 600 is described as follows.

In step S601, a wakeup tone is sent a node in the wireless network. In this regard, the node

may be, for example, a wireless sensor node and/or an actuator node, which may or may not

be constrained as to a certain resource (e.g., a battery-operated node). In particular, the node

may be selected, for example, from one or more the exemplary nodes A through H shown in
Figure 3A. Moreover, the wakeup tone may be sent exclusively by a single node of the
wireless network, or altématively, the wakeup tone may be sent simultaneously By more than

one node of the wireless network.

In step S602, the node is periodically woken up from a sleep mode to listen for the wakeup
tone. Here, for example, the node may be woken up according to a particular schedule, such

as the exemplary wakeup schedule 301 shown in Figure 3B.

In step S603, upon receiving the wakeup tone, the node listens for at least one second tone,
the at least one second tone being one of (i) a tone in a frequency different from the wakeup
tone and (ii) a pattern of tones including at least one frequency different from the wakeup
tone. Here, for example, the at least one second tone may indicate a message type. In this
regard, the at least one second tone may include tones sent exclusively by a single node of the
wireless network, or alternatively, the at least one second tone may includes tones transmitted

from each of at least two separate nodes of the wireless network. For example, the at least
10 ' '
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one second tone may include a first tone and a second tone transmitted simultaneously, the
first tone being transmitted by a first node and the second tone being transmitted by a second
node. In this regard, thQ at least one second tone may include, for example, a first pattern of
tones and a second pattern of tones transmitted simultaneously, the first pattern being
transmitted by a first node and the second pattern being transmitted by a second node.

Moreover/still, the first pattern may be different from the second pattern

In step S603, upon receiving the at least one second tone, the node performs an action based
on the at least one second tone. Here, for example, the action may include receiving a
message, sending the wakeup tone to another node in the wireless network and/or

transmitting a message (e.g., a message that includes a sensor reading).

11
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WHAT IS CLAIMED IS:

1. A method of operating a wireless network, the method including:

sending a wakeup tone;

periodically waking up from a sleep mode to listen for the wakeup tone;

upon receiving the wakeup tone, listening for at least one second tone, the at least one
second tone being one of (i) a tone in a frequency different from the wakeup tone and (ii) a
paﬁern of tones including at least one frequency different from the wakeup tone; and

upon receiving the at least one second tone, performing an action based on the at least

one second tone.
2. The method of claim 1, wherein the at least one second tone indicates a message type.

3. The method of claim 1, wherein the action includes at least one of receiving a first
message, sending the wakeup tone to another node in the wireless network and transmitting a

second message.
4. The method of claim 3, wherein the second message includes a sensor reading.

5. The method of claim 1, wherein the wakeup tone is sent simultaneously by more than one

node of the wireless network.

6. The method of claim 1, wherein the at least one second tone includes a tone transmitted

from each of at least two nodes of the wireless network.

7. The method of claim 6, wherein the at least one second tone includes a first tone and a
second tone transmitted simultaneously, the first tone being transmitted by a first node and

the second tone being transmitted by a second node.

8. The method of claim 6, wherein the at least one second tone includes a first pattern of
tones and a second pattern of tones transmitted simultaneously, the first pattern being

transmitted by a first node and the second pattern being transmitted by a second node.

9. The method of claim 8, wherein the first pattern is different from the second pattern.

12
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10. A wireless network, comprising:

a receiver node that includes:

an arrangement to receive a plurality of tones each at a predefined frequency;

an energy storage arrangement; and

a control arrangement to operate the receiver node in a sleep mode to conserve
energy,

wherein the receiver node is configured to periodically wake up from the sleep
mode to listen for a wakeup tone, and upon receiving the wakeup tone, listening for at
least oné second tone, the at least one second tone being one of (i) a tone in a
frequency different from the wakeup tone and (ii) a pattern of tones in at least one

frequency different from the wakeup tone.

11. The wireless network of clairh 10, wherein the receiver node further includes an

_a_rr_aﬁgement to perform an action based on the at least one second tone.

12. The wireless network of claim 11, wherein the receiver node includes at least one of a

sensor and an actuator.

13. The wireless network of claim 10, further comprising:
at least one transmitter node to transmit the wakeup tone and the at least one second

tone.

14. The wireless network of claim 10, wherein the at least one transmitter node includes at
least two transmitter nodes, at least one of which transmits the wakeup tone, and each of
which simultaneously transmit at least one further tone distinct from one another to

collectively form the at least one second tone received by the receiver node.

15. The wireless network of claim 14, wherein the at least two transmitter nodes include a
first transmitter node that transmits the at least one further tone as a single tone at a first
predefined frequency, and a second transmitter node that transmits the at least one further
tone as a single tone at a second predefined frequency different from the first predefined

frequency.

13
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16. The wireless network of claim 14, wherein the at least two transmitter nodes include a
first transmitter node that transmits the at least one further tone as plurality of tones in a first
pattern, and a second transmitter node that transmits the at least one further tone as a plurality

of tones in a second pattern different from the first pattern.

17. A wireless node, comprising:

a power storage arrangement; and

an arrangement to receive a plurality of tones each at a predefined frequency,

wherein the wireless node is configured to periodically listen for a wakeup tone, and
upon receiving the wakeup tone, listening for at least one second tone, the at least one second
tone being one of (i) a tone in a frequency different from the wakeup tone and (ii) a pattern of

tones that includes at least one frequency different from the wakeup tone.

18. The wireless node of claim 17, further comprising:

an arrangement to perform an action based on the at least one second tone.

19. The wireless node of claim 18, wherein the at least one second tone includes a first tone
" and a second tone transmitted simultaneously, the first tone being transmitted by a first node

and the second tone being transmitted by a second node.
20. The wireless node of claim 18, wherein the at least one second tone includes a first

pattern of tones and a second pattern of tones transmitted simultaneously, the first pattern

being transmitted by a first node and the second pattern being transmitted by a second node.

14
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