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FIG. 1

(57) Abstract: Method for transmitting data from a resource-constrained transmitter to a receiver in a wireless network, compris-
ing the following steps: -the resource-constrained transmitter (21a, 21b, 21¢) sending a channel request message to the receiver,
-in response to the request, the receiver (22) determining communication channel availability based on the result of a sensing step
and broadcasting channel information, -the resource-constrained transmitter (21a,21b, 21c¢) listening to the information and trans-
mitting data on the corresponding channel, wherein the sensing step is performed by the receiver betore or after receiving channel
request from the transmitter. The invention also relates to a wireless network.
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METHOD FOR TRANSMITTING DATA IN A WIRELESS NETWORK, AND
WIRELESS NETWORK THEREFOR

FIELD OF THE INVENTION

The present invention relates to a method for transmitting data in a wireless network.
More precisely, the present invention relates to a method for establishing a communication
link between a resource-constrained transmitter and a receiver in such a network.

This invention is, for example, relevant for body sensor networks or personal area

networks.

BACKGROUND OF THE INVENTION

Wireless sensor networks are being increasingly used to realize applications in
domains like healthcare monitoring, building automation and lighting, or wireless
connectivity and controls. This, in parallel with the explosive growth of wireless applications
and services, has led to a scarcity of available licensed spectrum for allocation. To deal with
the need to improve utilization of radio spectrum, more flexible spectrum sharing models like
secondary spectrum sharing are being considered. As a consequence, an increasing portion of
next-generation wireless networks will likely operate on secondary basis on licensed
spectrum. Such operation refers to the situation where a secondary system is allowed to
operate on the same radio spectrum that has been allocated to a licensed system (also referred
to as a primary system). The secondary system is constrained to operate under the condition
that its transmission does not result in harmful interference to the primary system beyond a
certain specified limit. This requirement can be met by spectrum sensing, which involves the
determination that a channel is vacant before it can be used by the secondary system.

Devices included in Personal area networks, or in body sensor networks, that operate
on secondary basis on licensed spectrum require operating protocols carrrying out sensing
features.

Body sensor networks comprise many sensor nodes, used for measuring physiological
parameters and for transmitting them to a sensor hub or gateway. The topology of such
networks is generally asymmetric, since sensor nodes are required to be energy-efficient,
while the sensor hub, or gateway, can be more complex with greater hardware and software
capabilities. Moreover, in these networks, the data flow is largely from the sensor nodes to
the hub or gateway.

Several sensing protocols have been proposed, wherein, if a communication link is to

be established between a pair of transmitter-receiver on a secondary basis, the transmitter
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first performs sensing to determine whether or not a licensed system signal is active on the
channel. If the channel is found vacant, the transmitter can begin communication with the
receiver. These protocols, wherein the receiver has no role in sensing, may be termed
transmitter-centric. It has been noticed that, if such protocols are highly efficient in some
wireless networks, they appear as being problematic when it comes to body sensor networks.

Indeed, in body sensor networks, sensor nodes, which are required to transmit
information to a sensor hub, or gateway, must have a long life-time as compared to their
resource capacity, since these nodes are generally intended to be placed on a human body,
and thus can not carry out large batteries, and can not be wirely powered either. Accordingly,
having each sensor node perform periodic sensing, as required in a transmitter-centric
network, is highly energy-consuming for sensor nodes, and require frequent replacement or
load of these nodes, which is almost incompatible with correct operation of body sensor
networks.

Moreover, in the context of solutions for achieving secondary spectrum access in the
2.36-2.4 GHz band which is being proposed for medical body area networks, it can be noted
that radios based on the IEEE 802.15.4 Physical/MAC layer may be reused with suitable
protocol modifications. In the current standard specification, a sporadic channel assessment is
adopted instead of continuously sensing the medium. Once an empty channel is found, the
network is setup on that channel. Different radios contend for that channel through carrier
sense multiple access protocols or variations of it. Such a mechanism is suitable for
coexistence in unlicensed spectrum. However it is problematic if used for secondary
spectrum access, due to regulatory constraints on interference avoidance to licensed systems.
It is an object of the invention to use the proposed protocol as a MAC modification such that
in combination with the 802.15.4 PHY, the radios may be used to meet regulatory constraints

of secondary spectrum use.

SUMMARY OF THE INVENTION

It is an object of the invention to propose a method for establishing a communication
link between a resource-constrained transmitter and a receiver that overcomes the above-
mentioned major drawbacks.

It is another object of the invention to propose a method suitable for use with low-

power body sensor nodes.
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Yet another object of the invention is to propose a method that can be used as a MAC
modification such that, in combination with the 802.15.4 PHY, the radios may be used to
meet regulatory constraints of secondary spectrum use.

Another aspect of the invention relates to a wireless network comprising at least one
resource-constrained transmitter and one receiver able to carry out a method according to the
invention.

Thus, the invention proposes a receiver-centric protocol, wherein a network can be
correctly operated without requiring any role of a resource-constrained transmitter in the
sensing and determination of channel availability for communication.

Accordingly, the invention proposes a method for transmitting data from a resource-
constrained transmitter to a receiver in a wireless network, comprising the following steps:

- the resource-constrained transmitter sending a channel request message to the receiver,

- in response to the request, the receiver determining communication channel availability
based on the result of a sensing step and broadcasting channel information,

- the resource-constrained transmitter listening to the information and transmitting data on
the corresponding channel,

wherein the sensing step is performed by the receiver before or after receiving channel

request from the transmitter.

The wireless network is, for example, a health monitoring network, and the resource-
constrained transmitter is a body sensor node whose task is to monitor patient vital signs and
transmit this data to a receiver, which is a sensor hub or gateway.

Body sensor nodes are characterized in that they offer restricted resources, in terms of
power, and memory. This invention is not limited to the case where the network comprises
only one node, but is suitable for any number of nodes.

Several embodiments are proposed for a method according to the invention. These
embodiments will be described later with more details in connection with drawings.

In a first embodiment, the step of sensing the network is performed periodically by
the receiver during predetermined sensing slots.

In this embodiment, in a particular configuration, the step of sending a channel
request is performed before expiration of a short delay after a sensing slot. In yet another
particular configuration, the method comprises the step for the receiver, of going into a power
saving mode until next sensing slot in case no channel request is received at expiration of the
short delay. These two features make it possible to reduce the amount of energy spent by the

receiver, in providing specific slots wherein the receiver is supposed to be receiving channel
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requests from a transmitter. Apart from these slots, the receiver is not supposed to receive
any message, and then can stop listening to the communication channels, thus saving energy.

In a second embodiment of the invention, the step of sensing the network is
performed upon receiving a channel request from the resource-constrained transmitter. This
embodiment has the advantage of reducing energy spending, because the sensing action is
performed only when necessary. However, the first embodiment is highly advantageous in
case where the transmitter regularly transmits data, because it allows saving time, since the
sensing step is already performed when data has to be transmitted.

To further save energy in this second embodiment, in a particular configuration the
step of sending a channel request is performed during one of regular pre-allocated time slots
known by the receiver, which means that the receiver only has to listen during particular
slots, and can enter into a power saving mode after a pre-allocated time slot, in case no
request is received, until the next pre-allocated time slot.

In all embodiments, the determination of channel availability by the receiver is
performed by taking into account transmission characteristics of the resource-constrained
transmitter, and of other devices in the network.

These and other aspects of the invention will be apparent from and will be elucidated

with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail, by way of example, with
reference to the accompanying drawings, wherein:
- Fig. 1 shows a wireless network wherein a method according to the invention is carried
out.
- Fig. 2 is a timing diagram of a first embodiment of a method according to the invention,
- Fig. 3 is a timing diagram of a second embodiment of a method according to the

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for transmitting data from a resource-
constrained transmitter to a receiver, in a wireless network. In the present description we
consider a wireless sensor network topology typical in patient monitoring applications,
depicted in Figure 1. A number of body sensor nodes (21a, 21b, 21¢) monitor patient vital

signs and communicate measured information over a short-range wireless link to a sensor
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hub/gateway 22. The sensor hub 22 then transmits the gathered results to a processing unit
23.

The body sensor nodes, corresponding to the above-mentioned resource-constrained
transmitters, have restricted capabilities in terms of power and memory. Indeed, such sensors
are generally small devices, intended for being wirelessly placed on a human body, and thus
they have to be power-independent, and to have a small size.

In existing networks, communication between the sensor nodes and the sensor hub is
performed by using a protocol compliant with IEEE 802.15.4. However, it is an object of the
present invention to propose sensing protocols to be performed on a secondary spectrum
basis, e.g. in the 2.36-2.4 GHz.

Communication between the sensor hub 22 and the remote processing unit 23 is
performed via a wireless link, for example via a telemetry link or a WLAN.

We will now describe two specific embodiments of a method according to the
invention. These embodiments will be described with reference to the time diagrams of
figures 2 and 3.

In a first embodiment, shown in figure 2, the sensor hub regularly performs sensing of
the vicinity, during predetermined “sensing” slots, in order to determine channels that might
be available for communication between body sensor nodes of the network, and the receiver.
The body sensor nodes have the task of monitoring patient vital signs and of transmitting this
data on a regular basis, or when some abnormality in patient condition is noted, requiring
immediate alert. Then, when there is a need for transmitting data to the sensor hub (event
“Trigger”), a Channel Request (Ch_Req) beacon is transmitted to the sensor hub. This
transmission may be done in time division multiple access, in slot 4 that is preallocated to the
sensor node.

The body sensor node is aware of when the sensing slots are scheduled, and then
sends the Ch_Req only immediately after a sensing slot. On the sensor hub side, the sensing
slot is followed by a time slot 1, wherein possible Ch_Req beacons are received by body
sensor nodes. If a Ch Req is actually received by the Sensor hub during slot 1, then the
available channel information allocations to requesting sensor nodes, possibly including time
resource for transmission, are broadcast in the form of a Ch_Alloc beacon, during slot 2. The
determination of channel availability by the sensor hub may take into account the
transmission characteristics of the primary systems, i.e. the licensed devices operating in the

same vicinity, as well as other unlicensed devices, such as body sensor nodes.
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The Ch_Alloc beacon is listened to by the sensor nodes during slot 5. Upon receiving
this information, the sensor node transmits its data using the allocated resource block 6,
corresponding to a listening slot 3 for the sensor hub.

In case no Ch Req is received during slot 1, then the sensor hub may goes into a
silent power saving mode till the next sensing slot.

In an advantageous embodiment, the sensing slots are scheduled with a periodicity
such that the QoS latency requirement of the body sensor nodes transmission is satisfied.
Sensing with such a periodicity also means that the sensor hub performs sensing even if there
is no Ch Req. This can lead to unnecessary energy consumption at the sensor hub in case
when sensor nodes are seldom triggered.

In order to provide a method suitable for this particular case, a second embodiment of
a method according to the invention is proposed. This second embodiment will be described
in connection with the time diagram shown on Figure 3.

In this second embodiment, the sensor hub does not perform regularly sensing. Then,
when a body sensor node needs to transmit data (event “Trigger” in the diagram), a Channel
Request (Ch Req) is transmitted from the body sensor node to the sensor hub. This
transmission is performed in slot 14, which is preallocated to the sensor node. This
preallocated slot 14 corresponds to a slot 11 during which the sensor hub is into receiving
mode. The receiver, i.e. the sensor hub, reacts to a Ch_Req by performing sensing (“Reactive
sensing”) to determine channel availability. As in the first embodiment, the determination of
channel availability may take into account the transmission characteristics of the primary
systems as well as other body sensor networks in the vicinity. After having performed the
sensing step, the sensor hub boradcasts a Ch_Alloc beacon comprising the available channel
information allocations to requesting sensor nodes. This boradcasting is done during slot 12,
immediately following the “Reactive sensing” slot. The sensor node listens to the Ch_Alloc
beacon over slot 15. Upon receipt of the beacon, the sensor node transmits its data by means
of the allocated resource block 16.

In case no Ch_Req is received by the sensor hub during slot 11, then the sensor hub
goes into a silent power saving mode till next slot 11, where it has to listen to possible
Ch_Req beacons that would be sent by a body sensor node. In a particular embodiment, slots
11, where possible Ch_Req may be received from a body sensor node, are scheduled with a
periodicity such that the QoS latency requirement of the body sensor node transmissions is

satisfied.
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The second embodiment herein described has the advantage that the sensor hub does
not need to perform sensing periodically as required in sensing protocol, but performing
sensing only when required, thus saving resources. However, the protocol of the first
embodiment is highly advantageous in configuration wherein sensor nodes regularly transmit
data.

Both embodiments present the common advantage, as compared with prior art
methods, that the sensing action is performed by the sensor hub, and not by the sensor nodes.
This makes it possible to save resources of the sensor nodes, which do not have to waste
power for this action.

The present invention is more especially dedicated to health monitoring device, but is
suitable for a variety of wireless sensor networks including body sensor networks and
personal area networks. In particular, the proposed sensing protocols may be applied to
achieve wireless connectivity on secondary basis for body sensor networks, using for
example 802.15.4 radios, to operate in new medical bands such as 2.36-2.4 GHz and will find
application in next-generation wireless patient monitoring systems.

In the present specification and claims the word "a" or "an" preceding an element
does not exclude the presence of a plurality of such elements. Further, the word "comprising”
does not exclude the presence of other elements or steps than those listed.

The inclusion of reference signs in parentheses in the claims is intended to aid
understanding and is not intended to be limiting. From reading the present disclosure, other
modifications will be apparent to persons skilled in the art. Such modifications may involve
other features which are already known in the art of radio communication and the art of
wireless networks and which may be used instead of or in addition to features already

described herein.
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CLAIMS

1. Method for transmitting data from a resource-constrained transmitter to a receiver in a
wireless network, comprising the following steps:

- the resource-constrained transmitter (21a, 21b, 21c) sending a channel request message to
the receiver,

- in response to the request, the receiver (22) determining communication channel
availability based on the result of a sensing step and broadcasting channel information, ,

- the resource-constrained transmitter (21a, 21b, 21c) listening to the information and
transmitting data on the corresponding channel,

wherein the sensing step is performed by the receiver before or after receiving channel

request (4, 14) from the transmitter.

2. Method as recited in claim 1, wherein the resource-constrained transmitter (21a, 21D,

21c) is a low-power sensor node.

3. Method as recited in claim 1 or 2, wherein the step (“Sensing”) of sensing the
network is performed periodically by the receiver during predetermined sensing

slots.

4. Method as recited in claim 3, wherein the step of sending a channel request is

performed (4) before expiration of a short delay (1) after a sensing slot.

5. Method as recited in claim 4 further comprising the step, for the receiver, of going
into a power saving mode until next sensing slot (“Sensing”) in case no channel

request is received at expiration of the short delay (1).

6. Method as recited in claim 1 or 2, wherein the step of sensing (“Reactive sensing”)
the network is performed upon receiving a channel request (Ch_Req) from the

resource-constrained transmitter.

7. Method as recited in claim 6, wherein the step of sending a channel request is
performed during one of regular pre-allocated time slots (11) known by the

receiver.
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8. Method as recited in claim 7 further comprising the step, for the receiver, of going
into a power saving mode after a pre-allocated time slot, in case no request is

received, until the next pre-allocated time slot.

9. Method as recited in any of the preceding step, wherein the determination of channel
availability is performed by taking into account transmission characteristics of the

resource-constrained transmitter, and of other devices in the network.

10. A wireless network comprising :
a resource-constrained transmitter (21a, 21b, 21¢) comprising means for measuring and
transmitting data to a receiver, and means for sending a channel request to the receiver
when data has to be transmitted, and
a receiver (22) comprising means for determining channel availability by sensing and
means for transmitting channel information to a resource-constrained transmitter upon

receipt of a channel request.
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