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(54) Discovery of a wireless communication device

(57) A technique for wireless communication is pro-
vided. According an example embodiment, the technique
comprises selectively operating a wireless communica-
tion means in said apparatus in one of a first state and a
second state in dependence of sufficiency of operating
power available for the apparatus, wherein said first state
is an operational state where the wireless communication
means is discoverable and connectable by other devices
and wherein said second state is an operational state
where the wireless communication means is discovera-
ble but not connectable by other devices, determining
whether sufficient operating power is available for an ap-
paratus, and operating the wireless communication
means in said first state in response to said determination
being affirmative and otherwise operating the wireless
communication means in said second state.
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Description

TECHNICAL FIELD

[0001] The example and non-limiting embodiments of
the present invention relate to device discovery for wire-
less communication.

BACKGROUND

[0002] Establishing a wireless connection between two
devices, including e.g. steps of device discovery, device
selection and connection setup is in many occasions a
complicated operation. Multitude of different communi-
cation techniques, communication protocols and user-
interface components for controlling use of these tech-
niques/protocols may make it uncomfortable or even dif-
ficult for a user of a device to successfully perform the
steps required for establishing a connection.
[0003] Therefore, in many usage scenarios automated
or semi-automated procedures that control availability of
a device for a wireless connection and information trans-
fer with other devices significantly improve the user ex-
perience. Moreover, for many accessory devices that
may be designed to operate completely independently
of control by a human user or with very infrequent control
by a human user, availability of an automated or semi-
automated procedure for controlling the wireless availa-
bility may be a necessary requirement.
[0004] However, such an automated or semi-automat-
ed procedure may face challenges especially when ap-
plied in devices that need to rely on limited availability of
operating power.

SUMMARY

[0005] According to an example embodiment, an ap-
paratus for wireless communication is provided, the ap-
paratus comprising wireless communication means and
control means. The control means is configured to se-
lectively cause the wireless communication means to op-
erate in one of a first state and a second state in depend-
ence of sufficiency of operating power available for the
apparatus, wherein said first state is an operational state
where the wireless communication means is discovera-
ble and connectable by other devices wherein and said
second state is an operational state where the wireless
communication means is discoverable but not connect-
able by other devices. The control means is further con-
figured to determine whether sufficient operating power
is available for the apparatus and to cause the wireless
communication means to operate in said first state in
response to said determination being affirmative and oth-
erwise cause the wireless communication means to op-
erate in said second state.
[0006] According to another example embodiment, a
method is provided, the method comprising selectively
operating a wireless communication means in said ap-

paratus in one of a first state and a second state in de-
pendence of sufficiency of operating power available for
the apparatus, wherein said first state is an operational
state where the wireless communication means is dis-
coverable and connectable by other devices and wherein
said second state is an operational state where the wire-
less communication means is discoverable but not con-
nectable by other devices. The method further comprises
determining whether sufficient operating power is avail-
able for an apparatus and operating the wireless com-
munication means in said first state in response to said
determination being affirmative and otherwise operating
the wireless communication means in said second state.
[0007] According to another example embodiment, a
computer program is provided, the computer program
comprising computer readable program code configured
to cause performing, when said program code is run on
a computing apparatus, a method comprising selectively
operating a wireless communication means in said ap-
paratus in one of a first state and a second state in de-
pendence of sufficiency of operating power available for
the apparatus, wherein said first state is an operational
state where the wireless communication means is dis-
coverable and connectable by other devices and wherein
said second state is an operational state where the wire-
less communication means is discoverable but not con-
nectable by other devices, determining whether sufficient
operating power is available for an apparatus, and oper-
ating the wireless communication means in said first state
in response to said determination being affirmative and
otherwise operating the wireless communication means
in said second state.
[0008] The computer program referred to above may
be embodied on a volatile or a non-volatile computer-
readable record medium, for example as a computer pro-
gram product comprising at least one computer readable
non-transitory medium having program code stored ther-
eon, the program which when executed by an apparatus
cause the apparatus at least to perform the operations
described hereinbefore for the computer program ac-
cording to an example embodiment of the invention.
[0009] The exemplifying embodiments of the invention
presented in this patent application are not to be inter-
preted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise" and its derivatives
are used in this patent application as an open limitation
that does not exclude the existence of also unrecited fea-
tures. The features described hereinafter are mutually
freely combinable unless explicitly stated otherwise.
[0010] Some features of the invention are set forth in
the appended claims. Aspects of the invention, however,
both as to its construction and its method of operation,
together with additional objects and advantages thereof,
will be best understood from the following description of
some example embodiments when read in connection
with the accompanying drawings.
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BRIEF DESCRIPTION OF FIGURES

[0011] The embodiments of the invention are illustrat-
ed by way of example, and not by way of limitation, in
the figures of the accompanying drawings.

Figure 1 schematically illustrates some components
of a device according to an example embodiment.

Figure 2 illustrates example structure applied for ad-
vertising data and scan response data in the Blue-
tooth low energy (BLE) protocol.

Figure 3 schematically illustrates some components
of a device according to an example embodiment.

Figure 4 illustrates a method according to an exam-
ple embodiment.

DESCRIPTION OF SOME EMBODIMENTS

[0012] An approach for device discovery, device se-
lection, connection creation and connection establish-
ment that does not require user interaction may be re-
ferred to an automated connection establishment proce-
dure or technique. Along similar lines, an approach for
the same where only limited user interaction is required
(e.g. initiation of the procedure) may be referred to as a
semi-automated or partially automated connection es-
tablishment procedure or technique.
[0013] While an automated or semi-automated con-
nection establishment typically results in an improved us-
er-experience, for some type of devices an automated
or semi-automated connection establishment may be a
necessary requirement for some use cases. An example
in this regard is a sensor device that is configured to
measure a value of an environmental parameter in its
location and to transmit, over a wireless link, the meas-
ured value(s) to other devices that seek to gain access
to the measured value(s).
[0014] Figure 1 schematically illustrates a first device
110 and a second device 130 as components or entities
of a wireless communication arrangement 100 in order
to depict an exemplifying framework for one or more em-
bodiments of the present invention. The communication
arrangement 100 may be considered to represent a use
case where an automated or semi-automated connection
establishment technique is applied in order to establish
a wireless link between the devices 110, 130 and possibly
also to transfer information between the devices 110,
130.
[0015] While depicted with an example including a sin-
gle first device 110 and a single second device 130, the
communication arrangement 100 may comprise, for ex-
ample, a plurality of second device 130-1, 130-2, ..., 130-
n. Therefore, in the following the term second device 130,
when used in the singular form, is applied to jointly refer
to any of the one or more second devices 130-i (e.g. to

the second device 130-1, 130-2 or 130-3) unless explic-
itly stated otherwise. In context of the communication ar-
rangement 100, the first device 110 may be arranged to
operate as a discoverable device, while each of the sec-
ond devices 130 may be arranged to operate as a dis-
covering device.
[0016] The first device 110 may be provided as a mo-
bile device or a fixed device or part thereof, e.g. as a
wearable accessory (sensor) device (such as a heart rate
monitor) or as a sensor device installed in its operation
environment in a fixed manner. Figure 1 further schemat-
ically illustrates some components of an exemplifying first
device 110 that may be relevant for the description of
some embodiments of the present invention. The first
device 110 comprises a wireless communication portion
112 for wireless communication with other devices. The
wireless communication portion 112 comprises one or
more wireless communication apparatuses. A wireless
communication apparatus of the wireless communication
portion 112 may be also considered as a wireless com-
munication means. A wireless communication apparatus
of the wireless communication portion 112 may enable,
for example, wireless communication with other devices
using a short-range wireless communication technique
or protocol that provides a point-to-point or point to multi-
point wireless connection with another device. The first
device 110 is hence capable of communicating with other
devices that are equipped with communication apparatus
using the same technique/protocol, e.g. with the second
device 130.
[0017] The first device 110 further comprises a proc-
essor 116 and a memory 115 for storing data and com-
puter program code 117. The first device 110 may further
comprise user I/O (input/output) components 118 that
may be arranged, possibly together with the processor
116 and a portion of the computer program code 117, to
provide a user interface for receiving input from a user
of the first device 110 and/or providing output to the user
of the first device 110. The processor 116 may be ar-
ranged to control operation of the first device 110 e.g. in
accordance with the computer program code 117 stored
in the memory 115 and possibly further in accordance
with the user input received via the user I/O components
118 and/or in accordance with information received via
the wireless communication portion 112. The memory
115 and a portion of the computer program code 117
stored therein may be further arranged to, with the proc-
essor 116, to provide a control function for controlling
operation of a wireless communication apparatus of the
wireless communication portion 112, possibly together
with a control portion or a control function that may be
provided within the respective wireless communication
apparatus (which will be described later in this text).
These control functions may be, separately or jointly, re-
ferred to as control means (of the first device 110). The
first device 110 may comprise further components or por-
tions in addition to those depicted in Figure 1.
[0018] The second device 130 is typically, but not nec-
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essarily, provided as a mobile device or part thereof. Fig-
ure 1 further schematically illustrates some components
of an exemplifying second device 130 that may be rele-
vant for the description of some embodiments of the
present invention. The second device 130 comprises a
wireless communication portion 132 similar to the wire-
less communication portion 112. Hence, a wireless com-
munication apparatus of the wireless communication
portion 132 may, for example, enable the short-range
wireless communication with the first device 110 and/or
with other devices equipped with communication means
using the same technique/protocol.
[0019] The second device 130 further comprises a
processor 136 and a memory 135 for storing data and
computer program code 137. The second device 130
may further comprise user I/O (input/output) components
138 that may be arranged, together with the processor
136 and a portion of the computer program code 137, to
provide a user interface for receiving input from a user
of the second device 130 and/or providing output to the
user of the second device 130. The processor 136 may
be arranged to control operation of the second device
130 in accordance with the computer program code 137
stored in the memory 135 and possibly further in accord-
ance with the user input received via the user I/O com-
ponents 138 and/or in accordance with information re-
ceived via the wireless communication portion 132. The
memory 135 and a portion of the computer program code
137 stored therein may be further arranged, with the proc-
essor 136, to provide a control function for controlling
operation of a wireless communication apparatus of the
wireless communication portion 132, possibly together
with a control portion of a control function that may be
provided within the respective wireless communication
apparatus (which will be described later in this text).
These control functions may be, separately or jointly, re-
ferred to as control means (of the second device 130).
The second device 130 may comprise further compo-
nents or portions in addition to those depicted in Figure 1.
[0020] As described in the foregoing, each of the wire-
less communication portions 112, 132 comprises one or
more respective wireless communication apparatuses.
A wireless communication apparatus may be provided
e.g. as a respective chipset and/or as a respective com-
munication module. For clarity and brevity of description,
each wireless communication apparatus comprised in
the wireless communication portion 112, 132 may be
considered as a single logical entity that may also be
capable of processing at least some of the information
received via the wireless connection and/or at least some
of the information that is to be transmitted via the wireless
connection without external control from other compo-
nents of the respective device 110, 130 (e.g. from the
processor 116, 136, respectively). In an embodiment, a
wireless communication apparatus of the wireless com-
munication portion 112, 132 comprises e.g. a wireless
transceiver portion for wireless communication and a
control portion (or a control function) for controlling op-

eration of the respective wireless transceiver portion and
for processing information received/transmitted via the
respective wireless transceiver portion. Such a control
function may be provided by hardware means, by soft-
ware means or by a combination of hardware means and
software means. As an example in this regard, the wire-
less communication apparatus may comprise a memory
and a processor, and a computer program code stored
in the memory may be arranged to, with the processor,
provide the control function for controlling operation of
the respective wireless communication apparatus either
independently or jointly with the control function provided
by the memory 115, 135, the computer program 117, 137
and the processor 116, 136 of the respective device 110,
130.
[0021] The wireless connection between a wireless
communication apparatus of the wireless communication
portion 112 and a respective wireless communication ap-
paratus of the wireless communication portion 132 may
be provided by employing a suitable short-range wireless
communication technique or protocol. The term short-
range wireless communication as used herein refers to
a wireless communication technique or protocol that en-
ables typical operating range in the scale of tens of me-
ters, e.g. up to 100 meters. However, especially in an
indoor environment, the operating range of such short-
range wireless communication technique/protocol may
be significantly shorter e.g. due to walls and other sta-
tionary structures as well as furniture etc. that are likely
to partially block or interfere with the radio communication
between wireless communication portions. On the other
hand, in favorable conditions in outdoor use the operating
range may extend to several hundreds of meters.
[0022] Examples of such wireless techniques/proto-
cols include the Bluetooth (BT) Basic Rate / Enhanced
Data Rate (BR/EDR) and the Bluetooth Low Energy
(BLE) protocols, both specified e.g. in the Bluetooth
Specification Version 4.1, Covered Core Package ver-
sion 4.1 (publication date 3 December 2013), incorporat-
ed herein by reference in its entirety. In the following, this
document is referred to as a Bluetooth Specification.
[0023] While a number of short-range wireless com-
munication techniques/protocols known in the art are ap-
plicable in the framework of the communication arrange-
ment 100, in the following some aspects of various em-
bodiments of the present invention are described with
references to the BLE protocol and, therefore, a brief
overview of the BLE operation is provided in the following.
[0024] BLE operates in the unlicensed 2.4 GHz ISM
band, in the same manner as the BR/EDR variant of the
Bluetooth protocol suite. BLE supports packets from 10
octets to a maximum of 47 octets, thereby providing a
low duty cycle. BLE employs a frequency hopping trans-
ceiver with many frequency hopping spread spectrum
(FHSS) carriers, with a gross air data rate of 1 Megabit
per second (Mb/s).
[0025] BLE is designed for applications that do not re-
quire high data rates and/or low latency, but which may
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benefit from a very-low power idle mode, from a simple
device discovery, and from usage of short data packets.
BLE protocol allows a star network topology in connec-
tions, where one device may serve as a master for a
plurality of slave devices. The master device dictates the
connection timing and communication operations of the
one or more slave devices.
[0026] BLE communicates over a total of 40 radio fre-
quency (RF) channels, separated by 2 MHz. Data com-
munication between BLE devices occurs in 37 pre-spec-
ified data channels of the 40 RF channels, while the re-
maining 3 channels of the 40 RF channels are advertising
channels used by devices to advertise their presence
and capabilities. A physical channel is sub-divided into
time units known as events, and information between
BLE devices is transmitted in packets that are positioned
in these events. There are two types of events: advertis-
ing events and connection events. Data connection
transmissions occur in connection events once a point-
to-point connection is established between the master
device and a slave device. In the BLE protocol, a slave
device may provide data through BLE communication to
the master device to which it is connected and vice versa.
In addition to transferring data in connection events, it is
also possible to transmit data in BLE advertising events
(as will be described in the following).
[0027] The BLE protocol defines a unidirectional con-
nectionless broadcast mode on the advertising channels.
A TDMA based polling scheme is used in which one de-
vice transmits a packet at a predetermined time and,
when connected, a corresponding device responds with
a packet after a predetermined interval. Devices that
transmit advertising packets on the advertising Physical
Layer (PHY) channels are referred to as advertisers or
advertising devices. Devices that receive advertising on
the advertising channels without immediate intention to
connect to the advertising device are referred to as scan-
ners or scanning devices.
[0028] Transmissions on the advertising PHY chan-
nels occur in advertising events. At the start of each ad-
vertising event, the advertiser sends an advertising pack-
et corresponding to an advertising event type. Depending
on the type of the advertising packet, the scanner may
make a request to the advertiser on the same advertising
PHY channel which may be followed by a response from
the advertiser on the same advertising PHY channel. The
advertising PHY channel changes on the next advertising
packet sent by the advertiser in the same advertising
event. The advertiser may end the advertising event at
any time during the event. The first advertising PHY chan-
nel is used at the start of the next advertising event.
[0029] Devices that wish to establish a connection to
another device listen for connectable advertising pack-
ets. Such devices are referred to as initiators or initiator
devices. If the advertiser is using a connectable adver-
tising event, an initiator may make a connection request
using the same advertising PHY channel on which it re-
ceived the connectable advertising packet. The adver-

tising event is ended and connection events begin if the
advertiser receives and accepts the request for a con-
nection to be initiated. Once the connection is estab-
lished, the initiator becomes the master device in what
is referred to as a piconet and the advertising device be-
comes the slave device. Connection events are used to
send data packets between the master and slave devic-
es.
[0030] Figure 2 illustrates example structure applied
for advertising data and scan response data in the BLE
protocol. The advertising or scan response data compris-
es a significant part and a non-significant part. The sig-
nificant part carries the data and the non-significant part
contains all-zero octets and its purpose is to extend the
data if padding is needed to reach data size of 31 octets.
Only the significant part needs to be sent over the radio
link. The significant part comprises a sequence of adver-
tising data (AD) structures (represented by AD struct 1,
AD struct 2 and AD struct N in the example of Figure 2).
Each AD structure contains the length value L (one octet)
followed by the data octets (L octets). The data octets
include the AD type field (n octets, depending on the AD
type) followed by the AD data octets (L - n octets). Ad-
vertising data according to the example of Figure 2 may
be transmitted in a BLE advertising message. Advertising
data may be carried in the AdvData field of an ADV_IND
packet, of an ADV_NONCONN_IND packet or of an
ADV_SCAN_IND packet. Scan response data according
to the example of Figure 2 may be carried in the ScanRsp-
Data filed of a SCAN_RSP packet. More detailed de-
scription of the advertising data and scan response data
with the framework of BLE is provided e.g. in the Blue-
tooth Specification Volume 3, Part C, Section 11.
[0031] However, the BLE protocol outlined above and
referred to in the following serves as an illustrative and
non-limiting example in this regard, and the description
generalizes into any wireless communication protocol
where the first device 110 and the second device 130
are capable of establishing a wireless point-to-point con-
nection therebetween on basis of information carried in
packets and/or messages of advertising events transmit-
ted from the first device 110 and where these advertising
events provide information concerning the connectivity
status of the first device 110, as will be described in the
following in more detail.
[0032] In the context of the communication arrange-
ment 100, the user of the second device 130 may wish
to obtain access to certain information and/or to a certain
service available in a device of certain type that is ar-
ranged to provide such information and/or service over
a wireless connection. Throughout the example embod-
iments described herein, the first device 110 is assumed
to represent such a device, while the description of
course generalizes into the second device 130 attempt-
ing to obtain access to information and/or service in any
device that is arranged to provide the respective infor-
mation and/or service.
[0033] Figure 3 schematically illustrates some further
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components of the first device 110 according to an ex-
ample embodiment. In particular, Figure 3 (further) illus-
trates a power source 120 for providing operating power
for components of the first device 110 and sensor means
124 for collecting information using one or more sensors.
In Figure 3 connections between the power source 120
and components of the first device 110 are not shown
for improved graphical clarity of illustration.
[0034] The power source 120 may comprise e.g. one
or more replaceable (single-use) batteries and/or one or
more accumulators such as rechargeable batteries or
capacitor arrangements. The first device 110 (e.g. the
control means) may be arranged to measure (or receive
an indication of) the power reserve available in the power
source 120. The measuring (or reception) may occur sub-
stantially continuously or according to a predetermined
schedule, e.g. at predetermined intervals. Although illus-
trated in Figure 3 as part of the device 110, the power
source 120 may be alternatively provided as a compo-
nent that is external to the first device 110 but that is
electrically coupled thereto. Hence, the power source
120 may be referred to as a power source that is acces-
sible by the first device 110 for reception of operating
power.
[0035] The first device 110 may comprise an input 122
for an external power supply for reception of (further)
operating power. The input 122 may be provided as con-
nector means that is suitable for electrically coupling the
first device 110 to the external power supply. The input
122 may be electrically coupled to the power source 120,
thereby causing the power source 120 to be (re)charged
when the first device 110 is in receipt of operating power
from the external power supply via the input 122. Addi-
tionally or alternatively, the input 122 may be electrically
coupled to the processor 116 and/or one or more other
components of the first device 110 to enable direct pro-
vision of operating power thereto when the first device
110 is in receipt of operating power from the external
power supply via the input 122.
[0036] The sensor means 124 may comprise one or
more sensors that are arranged to measure values of
one or more respective environmental parameters in or
near the location of the sensor means 124 and to make
the measured value(s) available to other devices via a
wireless connection. A sensor of the sensor means 124
may be arranged to measure, for example, temperature,
air pressure, humidity, CO2 level, etc. As another exam-
ple, the sensor means 124 may comprise a sensor ar-
ranged to measure a parameter of different kind, e.g. a
heart rate or other parameter related to the physical state
of a user wearing an accessory comprising the first device
110. As a further example, the sensor means 124 may
comprise a sensor that is arranged to measure a param-
eter that is related to the position and/or movement of a
user wearing an accessory comprising the first device
110 or otherwise carrying the first device 110, e.g. the
geographical position and/or the speed of a user carrying
or wearing the first device 110.

[0037] The sensor means 124 may be arranged to
store the measured values e.g. in a memory device, e.g.
the memory 115, another memory accessible by the first
device 110 and/or a memory provided in a mass storage
device that is provided in the first device 110 or that is
otherwise accessible by the first device 110. The stored
values may hence constitute the information 123 availa-
ble at the first device 110 for retrieval by other devices
(e.g. the second device 130) over a wireless connection.
[0038] However, the sensor means 124 of Figure 3
serves as a non-limiting example concerning the source
of information 123 available (for retrieval) in the first de-
vice 110 and the first device 110 may be provided without
the sensor means 124 or the sensor means 124 may be
replaced with an information source of other type. In gen-
eral, the information 123 may comprise any static infor-
mation stored in the first device 110 and/or any dynam-
ically updated information extracted or received by the
first device 110. As an example, the information 123 may
be stored (e.g. uploaded) to the first device 110 upon
installation or (re)configuration of the first device 110. In
this regard, the first device 110 may be arranged to re-
ceive the information via a wireless or wired connection
from another device.
[0039] In order to enable transfer of information be-
tween the devices 110, 130, each of a wireless commu-
nication apparatus of the wireless communication portion
112 (in the first device 110) the respective wireless com-
munication apparatus of the wireless communication
portion 132 (in the second device 130) need to be oper-
ated in an appropriate operational state. In this regard,
a suitable combination of the following operational states
may be applied:

- a discoverable state of a wireless communication
apparatus is an operational state in which the wire-
less communication apparatus is discoverable by
other wireless communication apparatuses;

- a discovering state of a wireless communication ap-
paratus is an operational state in which the wireless
communication apparatus is attempting to discover
other wireless communication apparatuses;

- a connectable state of a wireless communication ap-
paratus is an operational state in which the wireless
communication apparatus connectable by other
wireless communication apparatuses;

- a non-connectable state of a wireless communica-
tion apparatus is an operational state in which the
wireless communication apparatus is not connecta-
ble by other wireless communication apparatuses,
while at the same time it is typically, but not neces-
sarily, discoverable by other wireless communica-
tion apparatuses;

- a connecting state of a wireless communication ap-
paratus is an operational state in which the wireless
communication apparatus is attempting to create a
connection with another wireless communication ap-
paratus;
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[0040] In general, a wireless communication appara-
tus of the wireless communication portion 112, 132 may
be operated in a single one of the operational states de-
scribed above or it may be simultaneously operated in
two or more of the operational states described above.
Operation in each of the above-defined states may be
implemented in one of a number of ways. Illustrative ex-
amples in the framework of the BLE protocol are provided
later in this text.
[0041] In the following, this text may simply refer to a
device 110, 130 operating (or being operated under con-
trol of the respective control function or control means)
in a certain operational state (e.g. in one of the states
described above) when referring to an operational state
of a wireless communication apparatus of the respective
wireless communication portion 112, 132. Along similar
lines, this text may refer to a device 110, 130 carrying
out a certain operation (e.g. receiving and/or transmitting
certain message(s), packet(s) or event(s)) when describ-
ing the act of a wireless communication apparatus of the
respective wireless communication portion 112, 132 car-
rying out said certain operation under control of the re-
spective control function or control means. This approach
is believed to improve editorial clarity and readability of
the text, while the technical meaning of these expres-
sions remains clear.
[0042] A pair of devices, e.g. the first device 110 and
the second device 130, that are within an operating range
from each other with one device operating in the discov-
erable state and the other device operating in the discov-
ering state may carry out a discovery procedure that in-
volves detecting presence of the other device as well as
requesting and acquiring information related to the con-
nection creation and establishment between the pair of
devices, related to identity of at least one of the devices
and/or information related to services available in at least
one of the devices. Along similar lines, a pair of devices
that are within an operating range from each other with
one device operating in the connectable state and the
other device operating in the connecting state may carry
out a connection creation procedure that involves detect-
ing presence of the other device as well as requesting
and acquiring (further) information related to connection
creation or establishment between the pair of devices
and/or identities of the devices. The connection creation
may further be followed by creation of a wireless link and
transfer of data between the pair of devices.
[0043] In the following, an overview of the communi-
cation and information transfer between the devices 110,
130 and some aspects of operation of each of the first
device 110 and the second device 130 is described at a
high level.
[0044] As a starting point for device discovery and po-
tential data transfer between the first device 110 and the
second device 130, the first device 110 is operating in
the discoverable state, whereas the second device 130
is operating in the discovering state. Depending on suf-
ficiency of available operating power in the first device

110, the first device 110 is at the same time also operated
in one of the connectable state and non-connectable
state. In particular, if sufficient operating power is avail-
able for the first device 110 the first device 110 is operated
in the connectable state, whereas in case sufficient op-
erating power is not available the first device 110 is op-
erated in the non-connectable state.
[0045] As an example, an indication of sufficient oper-
ating power may include a requirement that the first de-
vice 110 is in receipt of operating power from an external
power supply, such as mains electricity. In contrast, an
indication of less than sufficient operating power may in-
clude that the first device 110 is not in receipt of operating
power from an external power supply. As another exam-
ple, an indication of sufficient operating power may com-
prise a requirement that a power reserve in the power
source 120 exceeds a predefined threshold. In contrast,
an indication of less than sufficient operating power may
involve the reserve of operating power available in the
power source 120 failing to exceed the predefined thresh-
old.
[0046] As a further example, the criteria for sufficiency
of operating power may be a combination of the above
examples: a first indication of sufficient operating power
may include that the first device 110 is in receipt of op-
erating power from an external power supply and that
the power reserve in the power source 120 exceeds a
first predefined threshold, a second indication of suffi-
cient operating power may include that the first device
110 is not in receipt of operating power from an external
power supply and that the power reserve in the power
source 120 exceeds a second predefined threshold that
is higher than the first predefined threshold, whereas in
other cases the operating power may be considered to
be insufficient.
[0047] While creating and establishing a wireless link
and transmission (or exchange) of information over the
established wireless link typically results in increased
power consumption in comparison to operation in a non-
connected state, the criteria concerning availability of suf-
ficient operating power can be applied to ensure that
there is sufficient operating power to carry out the infor-
mation transfer (or exchange) and/or to ensure a suffi-
cient reserve of remaining operating power after the in-
formation transfer (or exchange).
[0048] The first device 110 may indicate its current op-
erational state by using advertising messages transmit-
ted (e.g. broadcast) therefrom over a wireless channels.
The advertising messages comprise an indication of the
current operational state of the first device 110 (or that
of the wireless communication apparatus of the wireless
communication portion 112 employed for wireless com-
munication with other devices). The advertising messag-
es may further comprise an indication of the identity as-
signed for the first device 110, e.g. an address of the
wireless communication apparatus of the wireless com-
munication portion 112 employed for wireless communi-
cation with other devices or other address or identifier
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associated with the first device 110.
[0049] The first device 110 may be arranged to transmit
advertising messages such that one or more advertising
messages are transmitted at a fixed predetermined trans-
mission interval. As another example, the first device 110
may be able to select the transmission interval in depend-
ence of sufficiency of operating power available for the
first device 110. As an example in this regard, the first
device 110 may be arranged to employ a first (low) trans-
mission interval in case the first device 110 is in receipt
of operating power from an external power supply and
to employ a second (high) transmission interval in case
the first device 110 is not in receipt of operating power
from an external power supply. As another example in
this regard, the first device 110 may be arranged to select
the employed transmission interval in dependence of an
available power reserve in the power source 120. This
selection may comprise selecting the employed trans-
mission interval between a predefined minimum trans-
mission interval and a predefined maximum transmission
interval such that decreasing power reserve results in
increasing transmission interval and vice versa.
[0050] Along similar lines, the transmission power level
applied in transmission of the advertising messages may
be selectively set in dependence of sufficiency of oper-
ating power available for the first device 110, thereby
adjusting the effective operating range of the first device
110 in dependence of the sufficiency of operating power.
As an example in this regard, the first device 110 may
be arranged to employ a first (high) transmission power
level in case the first device 110 is in receipt of operating
power from an external power supply and to employ a
second (low) transmission power level in case the first
device 110 is not in receipt of operating power from an
external power supply. As another example in this regard,
the first device 110 may be arranged to select the em-
ployed transmission power level in dependence of an
available power reserve in the power source 120. This
selection may comprise selecting the employed trans-
mission power level between a predefined minimum
transmission power level and a predefined maximum
transmission power level such that decreasing power re-
serve results in decreasing transmission power level and
vice versa.
[0051] Consequently, when detecting that the first de-
vice 110 is operating in the connectable state, the second
device 130 may switch operating in the connecting state
and proceed with requesting a wireless connection with
the first device 110 to be established. Once the first de-
vice 110 has received the connection request from the
second device 130, the wireless link between the devices
110, 130 may be created and established. Consequently,
the second device 130 may request and/or the first device
110 may transmit the information 123 available thereat
over the wireless link according to predefined protocol
provided for this purpose. Details of such protocol are
outside the scope of the present invention. This data
transfer may be considered as the second device 130

downloading the information 123 from the first device
110.
[0052] Moreover, the established wireless link may be,
alternatively or additionally, employed for transmitting,
from the second device 130 to the first device 110, con-
figuration information, which may result in the first device
110 adjusting or re-configuring at least some aspects of
its operation. As an example in this regard, the configu-
ration information may comprise instructions concerning
operation of the sensor means 124 provided in the first
device 110, e.g. instructions to configure or adjust the
measurement interval employed by one or more sensors
of the sensor means 124 in a manner specified in the
configuration information or instructions concerning piec-
es of the information 123 that are available for retrieval
in the first device 110 to be subsequently transmitted
from the first device 110 to other devices. As a further
example, the configuration information may comprise da-
ta to be stored in the first device as the information 123
for subsequent retrieval by other devices over a wireless
connection. Such data transfer may be considered as
the second device 130 uploading the information 123 to
the first device 110.
[0053] When detecting that the first device 110 is op-
erating in the non-connectable state, the second device
130 may continue operating in the discovering state. Nev-
ertheless, in case the first device 110 is transmitting the
advertising messages, the advertising messages may
comprise predefined selected pieces of the information
123 available in the first device 110. In other words the
advertising messages may be employed to distribute a
limited subset of the information 123. Consequently, the
second device 130 may be able to receive at least part
of the information 123 available in the first device 110
even though the first device 110 is not currently connect-
able by other devices.
[0054] As an example, in case the information 123
available in the first device 110 consists of one or more
values of one or more environmental parameters meas-
ured using the sensor means 124, a limited subset of this
information provided in the advertising messages may
include measured values of only one or some of the en-
vironmental parameters and/or values of the measured
environmental parameters provided at prolonged inter-
vals and/or at lower accuracy. Typically, an advertising
message may carry a few octets of data (e.g. in the range
from 1 to 32 octets), whereas the overall data rate of the
pieces of information carried in the advertising messages
depends on the (currently) employed transmission inter-
val of the advertising messages. The advertising mes-
sages that carry the information 123 available in the first
device 110 may comprise some or all advertising mes-
sages transmitted when the first device 110 is operating
in the connectable state and/or some or all advertising
messages transmitted when the first device 110 is oper-
ating in the non-connectable state.
[0055] While delivering limited pieces of the informa-
tion 123 in the advertising messages may slightly in-
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crease the power consumption of the first device 110 in
comparison to transmitting advertising messages without
any additional data, the resulting increase in power con-
sumption can be considered to be small in comparison
to that required in creating and establishing a wireless
link to the second device 130 and transferring the full set
of information 123 thereto. Moreover, the mechanisms
of selecting the transmission interval and/or transmission
power level in dependence of sufficiency of operating
power available for the first device 110 described above
may be applied to ensure that sufficient operating power
is available (and/or that a sufficient reserve of operating
power remains) despite the limited information transfer
in the advertising messages.
[0056] As discussed in the foregoing, according to an
example embodiment, the first device 110 and the sec-
ond device 130 may be arranged to employ the BLE pro-
tocol for wireless communication between each other. In
this regard, the discoverable state of the first device 110
may comprise the BLE advertising state, whereas the
discovering state of the second device 130 may comprise
the BLE scanning state. When operating also in the con-
nectable state, the first device 110 may transmit adver-
tising messages that comprise ADV_IND packets (in re-
spective connectable undirected advertising events),
whereas when operating also in the non-connectable
state, the first device 110 may transmit
ADV_IND_NONCONN_IND packets (in respective non-
connectable undirected advertising events). The pieces
of the information 123 available in the first device 110
possibly transmitted in the advertising messages may be
included e.g. in the AdvData field of the respective ad-
vertising packets, which enables carrying up to 32 octets
(or bytes) of information (see e.g. the Bluetooth Specifi-
cation, Volume 6, Section 2.3). The overall data rate of
the pieces of the information 123 carried in the advertising
messages depends on the (currently) employed trans-
mission interval of the advertising packets.
[0057] As an example, the sufficiency of the operating
power reserve available in the power source 120 may be
partially rely on actions of a human user or operator, e.g.
such that the sufficiency of the operating power may de-
pend on the user/operator replacing (non-rechargeable)
battery or batteries of the power source 120 or connecting
the first device 110 to an external power source for re-
charging rechargeable battery or batteries of the power
source 120.
[0058] As another example, the first device 110 may
be provided with or electrically coupled to a power har-
vesting arrangement that is arranged to autonomously
harvest power and to provide the harvested power for
recharging the battery or batteries of the power source
110. As a non-limiting example of the power harvesting
arrangement, e.g. an arrangement comprising one or
more photovoltaic cells may be employed.
[0059] In the following, an example embodiment of the
present invention is described with references to a meth-
od 400 depicted by the flowchart illustrated in Figure 4.

The method 400 proceeds from the first device 110 op-
erating in the discoverable state, as indicted in block 410.
As described in the foregoing, when operating in the dis-
coverable state, the first device 110 selectively operates
the also in one of the connectable state and non-con-
nectable state in dependence of the sufficiency of the
operating available for the first device 110. In this regard,
while operating in the discoverable state, the first device
110 determines whether sufficient operating power is
available for the first device 110, as indicated in block
420. In case the determination of block 420 is affirmative,
the first device 110 operates also in the connectable
state, as indicated in block 430. In case the determination
of block 420 is non-affirmative, the first device 110 oper-
ates also in the non-connectable state, as indicated in
block 440. As described in the foregoing, the first device
110 may indicate its presence by transmitting one or more
advertising messages and at least some of these mes-
sages comprise an indication of its operational state, e.g.
the connectable state (block 430) or the non-connectable
state (block 440).
[0060] The method 400 may continue from block 430
with the first device 110, in response to receiving a con-
nection request from the second device 130, establishing
a wireless link with the second device 130, as indicated
in block 450, and transmitting the information 123 avail-
able in the first device 110 over the established wireless
link to the second device 130, as indicated in block 460.
Moreover, as described in the foregoing, In case the first
device 110 transmits the advertising messages, from
block 440 the method 400 may continue with the first
device 110 including a limited subset of the information
123 available in the first device 110 in at least in some
of the advertising messages transmitted therefrom.
[0061] The exemplifying method 400 may be varied in
a number of ways, e.g. as described in the foregoing in
more detailed description of the operation of and infor-
mation exchange between the first device 110 and the
second device 130.
[0062] Referring back to Figure 1, the processor 116
is configured to read from and write to the memory 115
and the processor 136 is configured to read from and
write to the memory 135. Although the processor 116,
136 is depicted as a single component, the processor
116, 136 may be implemented as one or more separate
components. Similarly, although the memory 115, 135 is
illustrated as a single component, the memory 115, 135
may be implemented as one or more separate compo-
nents, some or all of which may be integrated/removable
and/or may provide permanent / semi-permanent/ dy-
namic/cached storage.
[0063] The memory 115 may store the computer pro-
gram 117 comprising computer-executable instructions
that control the operation of the apparatus 110 when load-
ed into the processor 116. As an example, the computer
program 117 may include one or more sequences of one
or more instructions. The computer program 117 may be
provided as a computer program code. The processor
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116 is able to load and execute the computer program
117 by reading the one or more sequences of one or
more instructions included therein from the memory 115.
The one or more sequences of one or more instructions
may be configured to, when executed by the processor
116, cause the apparatus 110 to carry out operations,
procedures and/or functions described in the foregoing
in context of the first device 110. Hence, the apparatus
110 may comprise at least one processor 116 and at
least one memory 115 including computer program code
for one or more programs, the at least one memory 115
and the computer program code configured to, with the
at least one processor 116, cause the apparatus 110 to
perform operations, procedures and/or functions de-
scribed in the foregoing in context of the first device 110.
[0064] The memory 135 may store a computer pro-
gram 137 comprising computer-executable instructions
that control the operation of the apparatus 130 when load-
ed into the processor 136. As an example, the computer
program 137 may include one or more sequences of one
or more instructions. The computer program 137 may be
provided as a computer program code. The processor
136 is able to load and execute the computer program
137 by reading the one or more sequences of one or
more instructions included therein from the memory 135.
The one or more sequences of one or more instructions
may be configured to, when executed by the processor
136, cause the apparatus 130 to carry out operations,
procedures and/or functions described in the foregoing
in context of the second device 130. Hence, the appara-
tus 130 may comprise at least one processor 136 and at
least one memory 135 including computer program code
for one or more programs, the at least one memory 135
and the computer program code configured to, with the
at least one processor 136, cause the apparatus 130 to
perform operations, procedures and/or functions de-
scribed in the foregoing in context of the second device
130.
[0065] The computer program 117 may be provided
e.g. as a computer program product comprising at least
one computer-readable non-transitory medium having
program code stored thereon, the program code, when
executed by the apparatus 110, causing the apparatus
at least to perform operations, procedures and/or func-
tions described in the foregoing in context of the first de-
vice 110. The computer program 137 may be provided
e.g. as a computer program product comprising at least
one computer-readable non-transitory medium having
program code stored thereon, the program code, when
executed by the apparatus 130, causing the apparatus
at least to perform operations, procedures and/or func-
tions described in the foregoing in context of the second
device 130.
[0066] The computer-readable non-transitory medium
may comprise a memory device or a record medium such
as a CD-ROM, a DVD, a Blu-ray disc or another article
of manufacture that tangibly embodies the computer pro-
gram. As another example, the computer program may

be provided as a signal configured to reliably transfer the
computer program.
[0067] Reference(s) to a processor should not be un-
derstood to encompass only programmable processors,
but also dedicated circuits such as field-programmable
gate arrays (FPGA), application specific circuits (ASIC),
signal processors, etc.
[0068] Features described in the preceding description
may be used in combinations other than the combina-
tions explicitly described. Although functions have been
described with reference to certain features, those func-
tions may be performable by other features whether de-
scribed or not. Although features have been described
with reference to certain embodiments, those features
may also be present in other embodiments whether de-
scribed or not.

Claims

1. An apparatus for wireless communication compris-
ing wireless communication means and control
means configured to selectively cause the wireless
communication means to operate in one of a first
state and a second state in dependence of sufficien-
cy of operating power available for the apparatus,
wherein
said first state is an operational state where the wire-
less communication means is discoverable and con-
nectable by other devices, and
said second state is an operational state where the
wireless communication means is discoverable but
not connectable by other devices,
determine whether sufficient operating power is
available for the apparatus, and
cause the wireless communication means to operate
in said first state in response to said determination
being affirmative and otherwise cause the wireless
communication means to operate in said second
state.

2. An apparatus according claim 1, wherein said deter-
mination comprises determining whether a power re-
serve available in a power source accessible by the
apparatus exceeds a predefined threshold.

3. An apparatus according to claim 1 or 2, wherein said
determination comprises determining whether the
apparatus is in receipt of operating power from an
external power supply.

4. An apparatus according to any of claims 1 to 3,
wherein the wireless communication means is con-
figured to transmit, when operating in one of the first
and second states, one or more advertising messag-
es that comprise an indication of the current opera-
tional state of the wireless communication means.
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5. An apparatus according to claim 4, wherein the con-
trol means is arranged to carry out one or more of
the following:

adjust transmission interval of said one or more
advertising messages in dependence of suffi-
ciency of operating power available for the ap-
paratus; and
adjust transmission power level of said one or
more advertising messages in dependence of
sufficiency of operating power available for the
apparatus.

6. An apparatus according to claim 4 or 5, wherein in
said one or more advertising messages comprise
advertising packets in accordance with the Bluetooth
Low Energy protocol, BLE, wherein
advertising packets transmitted during operation in
the first state comprise BLE ADV_IND advertising
packets, and
advertising packets transmitted during operation in
the second state comprise BLE
ADV_NONCONN_IND advertising packets.

7. An apparatus according to any of claims 4 to 6,
wherein advertising messages transmitted during
operation at least in one of the first state and second
state comprise a limited subset of the information
available in the apparatus

8. An apparatus according to any of claims 1 to 7,
wherein the wireless communication means is con-
figured to establish, in response to receiving a con-
nection request when operating in said first state, a
wireless connection with source of said connection
request, and wherein the control means is configured
to cause the wireless communication means to per-
form at least one of the following:

transmit information available in the apparatus
to said source over the established wireless con-
nection, and
receive information related to configuration of
the apparatus from said source over the estab-
lished wireless connection.

9. An apparatus according to claim 7 or 8, wherein
the apparatus further comprises sensor means com-
prising one or more sensors for measuring values of
respective one or more environmental parameters;
and
said information available in the apparatus compris-
es one or more measured values of at least one of
said one or more environmental parameters.

10. A method comprising
selectively operating a wireless communication
means in said apparatus in one of a first state and a

second state in dependence of sufficiency of oper-
ating power available for the apparatus, wherein
said first state is an operational state where the wire-
less communication means is discoverable and con-
nectable by other devices, and
said second state is an operational state where the
wireless communication means is discoverable but
not connectable by other devices,
determining whether sufficient operating power is
available for an apparatus, and
operating the wireless communication means in said
first state in response to said determination being
affirmative and otherwise operating the wireless
communication means in said second state.

11. A method according claim 10, wherein said determi-
nation comprises determining whether a power re-
serve available in a power source accessible by the
apparatus exceeds a predefined threshold.

12. A method according to claim 10 or 11, wherein said
determination comprises determining whether the
apparatus is in receipt of operating power from an
external power supply.

13. A method according to any of claims 10 to 12, further
comprising transmitting, by the wireless communi-
cation means when operating in one of the first and
second states, one or more advertising messages
that comprise an indication of the current operational
state of the wireless communication means.

14. A method according to claim 13, further comprising
adjusting transmission interval of said one or more
advertising messages in dependence of sufficiency
of operating power available for the apparatus

15. A computer program comprising computer readable
program code configured to cause performing of the
method of any of the claims 10 to 15 when said pro-
gram code is run on a computing apparatus.

19 20 



EP 3 035 742 A1

12



EP 3 035 742 A1

13



EP 3 035 742 A1

14



EP 3 035 742 A1

15

5

10

15

20

25

30

35

40

45

50

55



EP 3 035 742 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 3 035 742 A1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Non-patent literature cited in the description

• Bluetooth Specification Version 4.1, Covered Core
Package version 4.1, 03 December 2013 [0022]

• Bluetooth Specification, vol. 3 [0030]
• Bluetooth Specification, vol. 6 [0056]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

