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SENSOR-BASED TOUCH INQUIRY CONTROL
BACKGROUND

1. Field of Invention:

[0001] The present invention relates to wireless communication, and in particular, to

facilitating connection establishment between closely situated apparatuses.

2. Background:

[0002] The ability of apparatuses to communicate wirelessly has progressed beyond the
simple conveyance of voice information to encompass a multitude of electronic data types. For
example, emerging wireless-enabled apparatuses may exchange textual data (e.g., text messages,
emails, etc.), machine-readable data files, multimedia files, directional data, Internet-related data
such as a webpage, etc. Electronic data may be conveyed over various wireless mediums, such
as via long-range cellular architectures like Code Divisional Multiple Access (CDMA), Global
System for Mobile communications (GSM), etc., via short-range wireless networking engaged
over Bluetooth, wireless local area networking (WLAN), etc., or via direct device-to-device

interactions over very short distances such as in instances of Near Field Communication (NFC).

[0003] The forms of communication available to wircless-enabled apparatuses may cach
have benefits making them appropriate for certain situations. For example, short-range wireless
communications may operate in unregulated bandwidth between two or more apparatuses cither
directly or through a local master apparatus. Communication conducted via such mediums (e.g.,
Bluctooth, WLAN, ctc.) may have benefits in that localized data transfers may occur relatively
quickly with the ability to ensure data integrity and security during the transfer. For example,
short-range wireless communication may allow for wireless-enabled peripherals (e.g., keyboards,
headsets, etc.) to be employed with mobile wireless communication apparatuses for enhancing
user experience. Such activity may occur alone or along with data (e.g., business cards, pictures,
videos, sound files, etc.) being exchanged amongst these apparatuses without the need for

support from long-range wireless networks that may be unavailable in some areas (e.g., indoors).

[0004] However, in addition to the above benefits, short-range wireless communications
may also entail some configuration burden. As opposed to long-range wireless communications

that may utilize a fixed configuration profile that may be recognized by any cell in the network,
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short-range wireless communications may need to be configured on a network-to-network basis.
Therefore, users of apparatuses engaging in short-range wireless communication must have some
knowledge of the configuration procedure in order to establish a short-range wireless connection,
and even if the user has the requisite knowledge, the time and/or effort expended by the user in

setting up the wireless connection may impact negatively on the overall experience of the user.

SUMMARY

[0005] Various example embodiments of the present invention may be directed to a
method, apparatus, computer program product and system for sclectively expediting connection
establishment between apparatuses. In accordance with at least one embodiment of the present
invention, an apparatus may sense a first change in the disposition of the apparatus, and may
initiate device discovery based on the first sensed change. A determination may then be made in
the apparatus as to whether another apparatus encountered by the apparatus during device
discovery satisfies a predetermined response criteria. The apparatus may then select the other

apparatus if it is determined that the other apparatus satisfies the predetermined response criteria.

[0006] In at least one example implementation, sensing the first change in apparatus
disposition may comprise at least one of sensing that the apparatus is moving in a first direction,
that the apparatus is accelerating or that the apparatus has become proximate to an object. The
selection of another apparatus discovered during device discovery may comprise, for example,
expediting wireless connection establishment between the apparatus and the selected apparatus.
In accordance with at least one embodiment of the present invention, the apparatus may sense at
least one additional change in apparatus disposition, and may alter the device discovery based on
the at least one additional change. For example, the apparatus sensing at least one additional
change may comprise sensing that the apparatus is moving in a direction different from the first
direction, that the apparatus is decelerating, that the apparatus has stopped and/or that the
apparatus is no longer proximate to the object. Moreover, the apparatus altering device

discovery may comprise at least one of restarting or terminating the device discovery.

[0007] It may also be possible that no apparatus is selected during device discovery in
that no apparatus encountered during device discovery is determined to satisfy the predetermined

response criteria. If no apparatus is selected, identity information corresponding to any other
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apparatuses that were encountered during device discovery may be displayed on the apparatus.
For example, the identity information may be displayed on the apparatus in a list format. The
apparatus identity information may be listed in order by strength of signals received from each of

the other apparatuses.

[0008] The foregoing summary includes example embodiments of the present invention
that are not intended to be limiting. The above embodiments are used merely to explain selected
aspects or steps that may be utilized in implementations of the present invention. However, it is
readily apparent that one or more aspects, or steps, pertaining to an example embodiment can be
combined with one or more aspects, or steps, of other embodiments to create new embodiments
still within the scope of the present invention. Therefore, persons of ordinary skill in the art
would appreciate that various embodiments of the present invention may incorporate aspects

from other embodiments, or may be implemented in combination with other embodiments.

DESCRIPTION OF DRAWINGS

[0009] The invention will be further understood from the following description of

various example embodiments, taken in conjunction with appended drawings, in which:

[0010] FIG. 1A discloses example apparatuses, systems, configurations, ctc. that may be

utilized when implementing the various embodiments of the present invention.

[0011] FIG. 1B discloses further detail regarding an example apparatus configuration that

may be utilized when implementing the various embodiments of the present invention.

[0012] FIG. 2 discloses an example touch activity in accordance with at least one

embodiments of the present invention.

[0013] FIG. 3 discloses an example user interface display indication in accordance with

at least one embodiment of the present invention.

[0014] FIG. 4 discloses an example of wireless connection establishment in accordance

with at least one embodiment of the present invention.

[0015] FIG. 5 discloses an example ID packet transmission in accordance with at least

onc embodiment of the present invention.
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[0016] FIG. 6 discloses an example of signal strength measurement in accordance with at

least one embodiment of the present invention.

[0017] FIG. 7 discloses another example of signal strength measurement in accordance

with at least one embodiment of the present invention.

[0018] FIG. 8 discloses a modified example user interface display indication in

accordance with at least one embodiment of the present invention.

[0019] FIG. 9 discloses an example Bluetooth communication stack in accordance with

at least one embodiment of the present invention.

[0020] FIG. 10 discloses an example host communication interface (HCI) command in

accordance with at least one embodiment of the present invention.

[0021] FIG. 11 discloses an example event in accordance with at least one embodiment

of the present invention.

[0022] FIG. 12 discloses example short and long interval inquiries in accordance with at

least one embodiment of the present invention.

[0023] FIG. 13A discloses an example multiradio control system in accordance with at

least one embodiment of the present invention.

[0024] FIG. 13B discloses an example of wireless communication medium control based

on a prioritization operation in accordance with at least one embodiment of the present invention.

[0025] FIG. 14 discloses an example of other modules that may be comprised within an
apparatus, the other modules including sensors in accordance with at least one embodiment of

the present invention.

[0026] FIG. 15A discloses examples of motion-related activitics that may create sensor
input in an apparatus, the sensor input being usable for controlling touch inquiry in accordance

with at least on embodiment of the present invention.

[0027] FIG. 15B discloses further examples of motion-related activities that may create
sensor input in an apparatus, the sensor input being usable for controlling touch inquiry in

accordance with at least on embodiment of the present invention.
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[0028] FIG. 15C discloses further examples of motion-related activities that may create
sensor input in an apparatus, the sensor input being usable for controlling touch inquiry in

accordance with at least on embodiment of the present invention.

[0029] FIG. 16 discloses examples of proximity-related activities that may create sensor
input in an apparatus, the sensor input being usable for controlling touch inquiry in accordance

with at least on embodiment of the present invention.

[0030] FIG. 17 discloses a flowchart of an example communication process in

accordance with at least one embodiment of the present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0031] While the invention has been described below in terms of a multitude of example
embodiments, various changes can be made therein without departing from the scope of the

invention, as described in the appended claims.
I. Example system with which embodiments of the present invention may be implemented

[0032] An example of a system that is usable for implementing various embodiments of
the present invention is disclosed in FIG. 1A. The system comprises elements that may be
included in, or omitted from, configurations depending, for example, on the requirements of a

particular application, and therefore, is not intended to limit present invention in any manner.

[0033] Computing device 100 may be, for example, a laptop computer. Elements that
represent basic example components comprising functional elements in computing device 100
are disclosed at 102-108. Processor 102 may include one or more devices configured to execute
instructions. In at least one scenario, the execution of program code (e.g., groups of computer-
executable instructions stored in a memory) by processor 102 may cause computing device 100
to perform processes including, for example, method steps that may result in data, events or other
output activities. Processor 102 may be a dedicated (e.g., monolithic) microprocessor device, or

may be part of a composite device such as an ASIC, gate array, multi-chip module (MCM), etc.

[0034] Processor 102 may be clectronically coupled to other functional components in
computing device 100 via a wired or wireless bus. For example, processor 102 may access

memory 104 in order to obtain stored information (e.g., program code, data, ctc.) for use during
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processing. Memory 104 may generally include removable or fixed imbedded memories (e.g.,
non-transitory computer readable storage media) that operate in a static or dynamic mode.
Further, memory 104 may include read only memories (ROM), random access memories
(RAM), and rewritable memories such as Flash, EPROM, ctc. Examples of removable storage
media based on magnetic, electronic and/or optical technologies are shown at 100 1/O in FIG.
1A, and may serve, for instance, as a data input/output means for computing device 100. Code
may include any interpreted or compiled computer language including computer-executable
instructions. The code and/or data may be used to create software modules such as operating

systems, communication utilities, user interfaces, more specialized program modules, ctc.

[0035] One or more interfaces 106 may also be coupled to various components in
computing device 100. These interfaces may allow for inter-apparatus communication (¢.g., a
software or protocol interface), apparatus-to-apparatus communication (e.g., a wired or wireless
communication interface) and even apparatus to user communication (¢.g., a user interface).
These interfaces allow components within computing device 100, other apparatuses and users to
interact with computing device 100. Further, interfaces 106 may communicate machine-readable
data, such as electronic, magnetic or optical signals embodied on a computer readable medium,
or may translate the actions of users into activity that may be understood by computing device
100 (e.g., typing on a keyboard, speaking into the receiver of a cellular handset, touching an icon
on a touch screen device, etc.). Interfaces 106 may further allow processor 102 and/or memory
104 to interact with other modules 108. For example, other modules 108 may comprise one or

more components supporting more specialized functionality provided by computing device 100.

[0036] Computing device 100 may interact with other apparatuses via various networks
as further shown in FIG. 1A. For example, hub 110 may provide wired and/or wireless support
to devices such as computer 114 and server 116. Hub 110 may be further coupled to router 112
that allows devices on the local arca network (LAN) to interact with devices on a wide area
network (WAN, such as Internet 120). In such a scenario, another router 130 may transmit
information to, and receive information from, router 112 so that devices on each LAN may
communicate. Further, all of the components depicted in this example configuration are not
necessary for implementation of the present invention. For example, in the LAN serviced by

router 130 no additional hub is needed since this functionality may be supported by the router.
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[0037] Further, interaction with remote devices may be supported by various providers of
short and long range wireless communication 140. These providers may use, for example, long
range terrestrial-based cellular systems and satellite communication, and/or short-range wireless
access points in order to provide a wireless connection to Internet 120. For example, personal
digital assistant (PDA) 142 and cellular handset 144 may communicate with computing device
100 via an Internet connection provided by a provider of wireless communication 140. Similar
functionality may be included in devices, such as laptop computer 146, in the form of hardware
and/or software resources configured to allow short and/or long range wireless communication.
Further, any or all of the disclosed apparatuses may engage in direct interaction, such as in the
short-range wireless interaction shown between laptop 146 and wireless-enabled apparatus 148.
Example wireless enabled apparatuses 148 may range from more complex standalone wireless-

enabled devices to peripheral devices for supporting functionality in apparatuses like laptop 146.

[0038] Further detail regarding example interface component 106 disclosed with respect
to computing device 100 in FIG. 1A is now discussed regarding FIG. 1B. As previously set
forth, interfaces 106 may include interfaces both for communicating data to computing apparatus
100 (e.g., as identified at 150) and other types of interfaces 170 including, for example, user
interface 172. A representative group of apparatus-level interfaces is disclosed at 150. For
example, multiradio controller 152 may manage the interoperation of long range wircless
interfaces 154 (e.g., cellular voice and data networks), short-range wireless interfaces 156 (e.g.,
Bluctooth and WLAN networks), close-proximity wireless interfaces 158 (e.g., for interactions
where clectronic, magnetic, clectromagnetic and optical information scanners interpret machine-
readable data), wired interfaces 160 (e.g., Ethernet), etc. The example interfaces shown in FIG.
IB have been presented only for the sake of explanation herein, and thus, are not intended to
limit the various embodiments of the present invention to utilization of any particular interface.
Embodiments of the present invention may also utilize interfaces that are not specifically

identified in FIG. 1B.

[0039] Multiradio controller 152 may manage the operation of some or all of interfaces
154-160. For example, multiradio controller 152 may prevent interfaces that could interfere with
cach other from operating at the same time by allocating specific time periods during which each
interface is permitted to operate. Further, multiradio controller 152 may be able to process

environmental information, such as sensed interference in the operational environment, to select
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an interface that will be more resilient to the interference. These multiradio control scenarios are
not meant to encompass an exhaustive list of possible control functionality, but are merely given

as examples of how multiradio controller 152 may interact with interfaces 154-160 in FIG. 1B.
II. Example apparatus interaction

[0040] The conveyance of electronic information is no longer bound by the requirement
of being first encoded on physical media for transfer. For example, data may go from creation to
distribution to consumption by an end user without ever touching a game cartridge, compact disk
(CD), digital video disk (DVD), etc. The removal of the physical medium as an intermediary has
influenced the evolution of emerging electronic apparatuses in that traditional resources used for
accessing (c.g., reading from and/or writing to) physical media are disappearing. This evolution

has placed a new focus on the efficiency and case-of use for device-to-device communication.

[0041] While wired communication may still provide for the reliable conveyance of data
between stationary devices, mobile apparatus users demand flexibility without the encumbrances
of cables, physical media, etc. While long-range wireless communication mediums may be able
to route information between apparatuses, communication does not occur directly between the
apparatuses (¢.g., it is routed through the cellular base station architecture), which may result in
costs to a user for access to a provider’s licensed bandwidth, delays caused by indirect routing
and traffic on the provider’s network, and possible inaccessibility due to long-range wireless data
networks not always being available (¢.g., indoors). Alternatively, short-range wireless networks
may be deemed a better solution in that they provide relatively quick and secure device-to-device

communication.

[0042] However, short-range wireless communication may require initial configuration.
This configuration may involve a user manipulating various menus in an apparatus in order to
trigger communication modes that allow apparatuses participating in the wireless interaction to
obtain communication configuration information needed for accessing the other apparatuses. For
example, apparatuses communicating via Bluetooth may initially go through a “discovery” and
then “pairing” processes during which participating apparatuses obtain apparatus identification,
security, channel hopping, etc. information that is usable when accessing other apparatuses.

These configuration activities take time and skill to complete, which may run contrary to
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growing user expectation for more immediate and automatic communication operations when

utilizing their mobile apparatuses.
III. Example apparatus interaction

[0043] In accordance with at least one embodiment of the present invention, an example
wireless interaction is disclosed in FIG. 2 that, from the viewpoint of a user, may be desirable in
that it may greatly simplify information exchanges. In the example shown in FIG. 2, two users
may desire to wirelessly exchange electronic data between their mobile apparatuses. In step 200
the users may “touch” their apparatuses together, which may trigger some configuration to occur,
and thus result in short-range wircless communication being established between the apparatuses
in step 202. Touching, at least for the purposes of the current disclosure, does not require that
the apparatuses actually come into physical contact with each other. Holding the apparatuses in
close proximity for a short duration of time may be enough to trigger operations, after which the
apparatuses may be separated and utilized within the communication range of whatever wireless
communication medium is being utilized in order to support apparatus interaction. Such wircless
interaction may be implemented utilizing various types of short-range wireless communication.
While a multitude of wireless communication mediums are available, the various embodiments
of the present invention disclosed herein use Bluctooth for the sake of explanation. The use of
Bluetooth in the following disclosure is intended only as an example, and thus, other short-range

wireless communication mediums may be employed in implementing the various embodiments.

[0044] Bluetooth is an example of a short-range communications technology that was
originally intended to replace the cable(s) connecting portable and/or fixed electronic devices,
but has grown to facilitate more general wireless communication between various apparatuses.
Some of the key features of Bluetooth are robustness, low power consumption and low cost.
Many of the features set forth in the Bluctooth core specification are optional, allowing for
product differentiation. Existing Bluetooth interaction is based an inquiry method for device
discovery, wherein an apparatus inquires about other apparatuses within transmission range and
other devices interested in interacting with the inquiring apparatus respond to the inquiry. More
specifically, an apparatus performing an inquiry scan is discoverable in that it may respond to

inquiry packets that were transmitted from other devices in the inquiry state (e.g., trying to find
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discoverable devices). The inquiring device and any responding devices may then proceed to

form a wireless network (e.g., a Bluetooth piconet) via which apparatus interaction is conducted.

[0045] During the inquiry process, when lower-level communication control resources in
the inquiring apparatus receive a response from another apparatus, such as a frequency hopping
synchronization (FHS) packet, the “found” apparatuses are typically reported to the host (e.g.,
upper-level processing resources in the inquiring apparatus). Even though multiple response
messages may be received from cach responding apparatus, it is recommended that the controller
report cach apparatus to the host only once. An example user interface (UI) operation for this
process is disclosed in FIG. 3. In UI 300 the inquiry process has just started and two devices
have responded. In UI 300 the inquiry process is complete and all responding apparatuses are

displayed in the list, wherein cach apparatus responding to the inquiry is listed only once.

[0046] In accordance with the various embodiments of the present invention, a usability
problem may exist that may impede implementation of the touch system in that all apparatuses
within range of the inquiring apparatus may respond to an inquiry. Given existing operations,
the user of the inquiring apparatus would then have to recognize which responding apparatus is
intended for the touch operation by recognizing its name as listed, for example, in UI 302.
Identification may not be straightforward for the user due to, for instance, two or more
responding apparatuses having the same default name (e.g., a name given to the device by the
manufacturer that was not changed by the user), or the user of the inquiring apparatus not
owning the target apparatus (c.g., as in the example of FIG. 2 where the second apparatus in the
touch operation is owned by another user). The inquiring apparatus user would then be forced to
ask the user of the second apparatus for the name of the target apparatus, which may not be

known to many users.

[0047] In an existing solution to this problem the inquiring apparatus may measure the
signal strength (e.g., Received Signal Strength Indication or RSSI) of each response message,
which may be used in ordering the responding devices in UI 302 so that the apparatus with the
highest measured signal strength is listed first (e.g., wherein the measured signal strength may
correlate to the distance between the inquiring apparatus and the responding devices). However,
this solution does not provide reliable results in that the measurement is limited to the first time

the response message was received (e.g., since only one response is reported for ecach apparatus),
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and thus, the listing in UI 302 may be inaccurate for moving apparatuses such as shown in the
touch example of FIG. 2. Further it may happen that, due to the irregularities in the wireless
communication medium, the signal strengths of a single transmission might provide false results.
Another possible solution may be to implement another form of wireless interaction having a
substantially shorter transmission range such as radio frequency (RF) or infrared (IR), wherein
communication over the secondary shorter wireless medium may serve as an indicator that the
apparatuses arc within touch range. However, an obvious barrier to implementing this approach
is that hardware/software resources must be implemented to support a second form of wireless

interaction that consumes space, power and processing, which are limited in mobile apparatuses.
IV. Example touch implementation

[0048] The various embodiments of the present invention do not suffer from the above
deficiencies, and thus, may be able to implement continuous sensing for device-to-device touch
operations all within a single wireless communication medium. Touch operations, in at least one
example implementation, may sense when apparatuses are being held or moved closer together
and may trigger automated wireless connection establishment between only apparatuses that are
within close proximity of each other. In particular, features that are available in the Bluetooth
Specification 4.0 in regard to extended inquiry response (EIR) may be leveraged, wherein EIR
responses shall be reported to the host multiple times during an inquiry scan. These features may
also be enabled for apparatuses not configured to transmit EIR packets by requesting that these
apparatuses arc reported to a host more than once, which is allowed by the specification but not

typically implemented.

[0049] In the example of Bluetooth, inquiring apparatuses transmit ID packets that may
be scanned by discoverable apparatuses. Discoverable apparatuses may then respond to the ID
packets by transmitting an FHS packet. Discoverable apparatuses may further transmit an EIR
packet after the FHS packet to deliver additional information including, for example, apparatus
name, transmission (Tx) power, etc. An example wireless interaction is disclosed in FIG. 4. The
default duration of a Bluetooth inquiry scan is 11.25ms when performing a standard scan and
22.5ms when performing an interlaced scan. The default value for an inquiry scan interval is
2.56s. In the example of FIG. 4, the master-to-slave slot time may be 625us, and the total

master-to-slave and slave-to-master slot time may be 1250us. An inquiry may be performed in
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order to find discoverable devices within transmission range. Apparatuses in a discoverable
mode that receive inquiry packets (e.g., ID packets, typically having a duration of 68us) may
transmit a response including a FHS packet. The FHS packet may comprise at least Bluetooth
address, device class, whether an extended inquiry response follows, page scan mode and clock
phase. Clock offset and address information may be utilized by inquiring devices to estimate
channel information, hop(k), so that communication may be continued on future channels, hop
f(k+1), in accordance with a frequency hop pattern. Estimating hop pattern information may
allow the inquiring apparatus to follow the hops of the responding apparatus in order to establish

a network connection with the responding apparatus.

[0050] An EIR procedure may also be executed by apparatuses responding to the inquiry.
An extended inquiry response procedure may include the transmission of an EIR packet that may
provide miscellancous information above what is delivered in the basic inquiry response (e.g., in
an FHS packet). An EIR packet may typically comprise information regarding, for example,
services offered by the apparatus or some vendor specific information. The impending
transmission of an EIR packet may be indicated by an EIR indicator bit that is set in the FHS
packet. For example, device discovery may be expedited by user-friendly names not being sent
in FHS packets, and thus, in order to show a user-friendly name for a discovered device the name
must be provided in an EIR packet (e.g., unless the Bluetooth address is already mapped to the
user-friendly name in the device memory). If it is indicated in an FHS packet that an EIR packet
follows (e.g., the EIR bit is set), EIR packet transmission may commence in the next slave-to-
master slot and may further extend over up to five (5) slots. EIR packets are asynchronous

connectionless link (ACL) packets of type DM1, DM3, DMS5, DHI1, DH3 or DHS.

[0051] Certain behaviors may be built into apparatuses in order to facilitate discovery.
For example, in order to avoid repeated collisions between devices that simultancously wake up
in the same inquiry hop channel, a device shall back-off for a random period of time. Thus, if an
apparatus receives an ID packet and responds by transmitting an FHS packet, it shall gencrate a
random number, RAND, between 0 and MAX RAND. MAX RAND may be 1023 for scanning
intervals > 1.28s. For scanning intervals < 1.28s, MAX RAND may be as small as 127. Profiles
that use a special dedicated inquiry access code (DIAC) may select a MAX RAND > 1023 even
when the scanning interval is > 1.28s. Discoverable apparatuses may return to a CONNECTION
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or STANDBY state for the duration of at least RAND timeslots. Before returning to the
CONNECTION or STANDBY state, the device may go through the page scan sub-state.

[0052] After at least RAND timeslots, a discoverable apparatus shall add an offset of “1”
to the phase in the inquiry hop sequence (e.g., the phase has a 1.28s resolution) and then retum to
the inquiry scan sub-state again. If a discoverable apparatus is triggered again, it shall repeat the
procedure using a new RAND. The offset to the clock accumulates each time an FHS packet is
returned. During a probing window, a discoverable apparatus may respond multiple times, but
on different frequencies and at different times. Reserved synchronous slots should have priority
over response packets, wherein if a response packet overlaps with a reserved synchronous slot, it
shall not be sent but waits for the next inquiry message. If a device has EIR data to transmit but
the EIR packet overlaps with a reserved synchronous slot, the FHS packet may be sent with the
EIR bit set to zero in accordance with the Bluetooth specification v4.0, incorporated herein by

reference.

[0053] In view of the above, inquiry responses can be received by an inquiring apparatus
within roughly 80 to 640ms, depending on the inquiry scan interval of discovered devices. The
random back-off for devices using scanning interval <1.28s is from 0 to 79,375ms and for other
apparatuses (e.g., utilizing the default inquiry interval) is from 0 to 639,375ms. In view of these
operating characteristics, collecting responses from all apparatuses within communication range
in an ideal (e.g., error-free) environment, the inquiry sub-state may have to last for 10.24s unless
the inquiring apparatus receives enough responses and aborts the inquiry sub-state earlier. In
some instances (¢.g., in an error-prone environment), the inquiring apparatus may also extend the
inquiry sub-state to increase the probability of receiving all responses. As a consequence of an
extended inquiry state and relatively short back-off times, multiple responses may be received

from some or all of the responding apparatuses.

[0054] As mentioned above, more recent Bluetooth specifications are evolving to
incorporate features that may be utilized in accordance with at least one embodiment of the
present invention. For example, Section 7.1.1 of the Bluetooth Specification v4.0, entitled
“Inquiry Command,” states that “A device which responds during an inquiry or inquiry period
should always be reported to the Host in an Inquiry Result event if the device has not been

reported earlier during the current inquiry or inquiry period and the device has not been filtered
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out using the command Set Event Filter. If the device has been reported carlier during the
current inquiry or inquiry period, it may or may not be reported depending on the
implementation (depending on if earlier results have been saved in the BR/EDR Controller and
in that case how many responses that have been saved). It is reccommended that the BR/EDR
Controller tries to report a particular device only once during an inquiry or inquiry period. When
reporting discovered devices to the host, the RSSI parameter measured during the FHS packet by
cach responding device may be returned.” Moreover, section 7.7.38 entitled “Extended Inquiry
Result Event” states “...If an extended inquiry response packet from the same device is correctly
received in a later response, another event shall be generated.” Thus the lower-level
communication controller may generate events for every an EIR packet it receives, regardless
whether the inquiry response has already been reported. It is this constant event generation that
may prove beneficial to implementing automated communication configuration and linking in

various example implementations.

[0055] For example, four apparatuses 500-506 may be within communication range of
cach other as disclosed in FIG. 5. Apparatuses 500-506 may all be capable of communicating
utilizing the same wireless communication medium (e.g., Bluctooth). In an example usage
scenario, the user of apparatus 500 may desire to exchange data (e.g., business cards, pictures,
music or multimedia files, etc.) with apparatus 506. Apparatus 500 may then enter an inquiry
mode where ID packets are transmitted. The ID packet can be general inquiry access code

packets (GIAC) or DIAC packets. Apparatuses 502-506 may then receive these ID packets.

[0056] In FIG. 6 apparatuses 502-506 may transmit packets responding to the ID packets
received in FIG. 5. In particular, apparatuses 502 and 506 may transmit an EIR (e.g., an FHS
packet followed by an EIR packet), while apparatus 504 may only transmit an inquiry response
(IR) including just an FHS packet. The host in apparatus 500 may receive EIR events triggered
by the responses of apparatuses 502 and 506, but not 504. In accordance with at least one
embodiment of the present invention, this lack of EIR event reporting for apparatus 504 may be
utilized as an initial filter for excluding apparatus 504 as a potential touch apparatus (e.g.,
apparatuses that do not transmit EIR packets are not touch apparatuses). However, it is
important to note that other embodiments of the present invention may be configured for
apparatuses that do not have the ability to send EIR packets. A system where a lack of EIR

response is utilized as a filter is just one example.
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[0057] The reported EIR events may include RSSI measurement values as shown, for
example, with respect to apparatuses 502 and 506. From the RSSI values the host in apparatus
500 may detect when a device is most likely in “touching range” (e.g., within a distance from the
inquiring apparatus that indicates touching-related operations should be executed). For example,
there can be predetermined response criteria including one or more events indicating that an

apparatus is within touching range is required to verify that the device is close enough.

[0058] It may also be possible to determine when apparatuses are being moved closer to
the other apparatus in order to “touch” apparatuses, or alternatively, when an inquiring apparatus
is being moved closer to other apparatuses. An example of the first instance is disclosed in FIG.
7. In the disclosed example a Bluetooth controller in apparatus 500 may receive multiple inquiry
responses from apparatuses 502 to 506. The response from apparatus 504 does not provide an
EIR, and so Bluetooth controller may only report the first of a multiple of responses to host
software stack as HCI Inquiry Event that may contain RSSI of the received response. This may
allow apparatus 500 to handle the response in a “standard” manner, wherein the apparatus is
displayed in UI 302 in order based on the sensed RSSI. In instances where EIR responses are
received (e.g., from apparatuses 502 and 506), the Bluetooth controller may report each received
EIR as a HCI EIR Event. This becomes important where apparatus 506 in FIG. 7 is being moved
closed to apparatus 500. Because the controller also reports an RSSI for each EIR response, it is
easy to track the changing RSSI levels and the movement of apparatus 506. When the measured
RSSI satisfies predetermined response criteria (¢.g., including the RSSI being measured to be at
or above a predetermined level), the corresponding apparatus may be selected for touch-related
operations (e.g., expedited connection establishment). In accordance with at least one
embodiment of the present invention, apparatus sensor information (¢.g., movement or
acceleration sensors in the apparatus) may be utilized to determine when, for example, an
inquiring apparatus has stopped moving, which may indicate in the apparatus is when touch
measurements may be taken (e.g., when the user of the apparatus has stopped moving the
apparatus towards another apparatus in order to touch the two apparatuses). Apparatuses having

high enough RSSI in this position may be selected for touch-related processing.

[0059] In FIG. 7 apparatus 500 is an inquiring device. Apparatuses 502 and 506 respond
with EIR and apparatus 504 responds with the normal IR. The BT controller of apparatus 500

reports these responses to its host which also has Touch selection software running. Typical
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response criteria, as shown in FIG. 7, may include RSSI values being sensed above certain fixed
threshold value, like -30dBm. Sensing a response packet having -30dBm will then trigger device
selection while -31dBm will not. It may also be possible that responding apparatuses may send
Tx power information in EIR packet, as this is an existing feature in the Bluetooth specification
v4.0. In instances where Tx power information is available in the EIR packet, the predetermined
response criteria may include an adjustable RSSI threshold value that accounts for the Tx power.
For example, the threshold value may be set at 30dBm below the EIR Tx power, so that if the Tx
power level in an FHS packet is +20dBm then the threshold value that will trigger selection will
be the FHS packet being measured at -10dBm, or 30dBm below of Tx power level. Secondly, to
ensure that apparatuses are maintained in close proximity, the predetermined response criteria
may require that more than one EIR must have a sensed RSSI for the corresponding FHS packet
at or above a threshold value. In addition different thresholds could be used for different phases,
for example, first the threshold value may be set above -45dBm to select one or more candidate

apparatuses and then second, finally deciding the threshold value may be set above -30dBm.

[0060] Another filtering factor for selecting apparatuses for touch operations may be
based on services available in a responding apparatus. For example, EIR packets may contain
service level information, and so only responses above certain measured signal strength level and
from device(s) supporting certain types of BT services (¢.g. RSSI above -30dBm and OBEX file
transfer supported) may be sclected for touch-related operations. Multiple apparatuses (e.g. two
apparatuses next to each other) may be selected, triggering expedited connection establishment
between the inquiring device and the two selected apparatuses. It may also be possible to select
multiple devices by touching them one after another, wherein all addresses that satisfy the
predetermined response criteria (¢.g., that have an RSSI above set threshold) may be selected in

order. In this way you can easily select a distribution group containing more than one apparatus.

[0061] It may also be important for a responding apparatus to make sure that an inquiring
apparatus is within touching range, and not some other device that is far away, in order to ensure
that communication is established with the desired apparatus. There are several possibilities for
checking touch proximity. A connection between the devices may be created after the touch and
responding apparatuses determine if the sensed RSSI levels meet predetermined response criteria
corresponding to a close proximity device. The responding apparatus may utilize vendor specific

commands that provide RSSI information for the particular connection. If it is determined that
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the predetermined response criteria have been satisfied, data may be accepted from the inquiring
apparatus. Otherwise the connection can be refused. Operating using this type of check may
cause some delay in the connection establishment process because the apparatuses have to be in
close proximity all the time. It may be also possible for a responding apparatus equipped for
touch operations to be configured to measure the RSSI of all received ID packets in certain
instances (¢.g., when a touch mode is active). Having this information at the outset would speed
up the process as the connection does not have to be established before checking the RSSI of ID
packets received from a particular inquiring apparatus (e.g., the responding apparatus does not
transmit response messages to the particular inquiring apparatus). In accordance with at least
one embodiment of the present invention, a touch mode may be initiated by the motion of
touching the devices. In particular, the motion may be registered by acceleration sensor, which
may activate the touch mode by performing steps such as activating Bluetooth in the apparatus
and putting the apparatus in a visible Bluetooth pairing mode for a certain duration (e.g., 10s).
The inquiring apparatus may then transmit ID packets received by the responding apparatus

which accepts the connection (e.g., if it is determined to satisfy predetermined response criteria).

[0062] FIG. 8 discloses an example user interface response in accordance with at least
one embodiment of the present invention. Similar to FIG. 3, UI 800 displays the beginning of
the inquiry process when information is first being received by an inquiring apparatus. Some of
the response apparatuses (¢.g., “Nokia N900” and “x61s”) are already being discovered and
displayed for the user at this stage. In UI 802, a touch apparatus has been identified. In
accordance with the previously disclosed example implementations, some determination has
occurred within the inquiring apparatus that resulted in a finding that the responding apparatus
“Nokia N900” meets the predetermined response criteria, which has resulted in the apparatus
being selected for touch operations. In this example touch operations includes expedited
connection establishment, which is shown in UI 802 where an indication is presented to the user
that the apparatus “Nokia N900” will be automatically connected to the inquiring apparatus
within 4 seconds. It is important to note that UI 802 and the particular indications presented
therein are merely for the sake of explanation in the present disclosure. The various
embodiments of the present invention are not limited specifically to the activities disclosed in

FIG. 8, and thus, other actions related to wireless connection establishment between two or more
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apparatuses may also be executed as a result of determining that the responding apparatus

satisfies the predetermined response criteria.
V. Example device discovery interval configuration

[0063] In accordance with at least one embodiment of the present invention, selective
connection establishment may be expedited between apparatuses. While Bluetooth has been
utilized principally for the sake of explanation herein, the various embodiments of the present
invention are not limited only to being implemented using Bluetooth wireless communication.

Other wireless communication mediums having similar characteristics may also be employed.

[0064] For example, touch operations may utilize signal strength (e.g., as indicated as
part of Bluetooth device discovery or Bluetooth “inquiry” response events) to identify close
proximity apparatuses. Events are signals that may be generated from a Bluetooth controller
(c.g., in a Bluetooth radio integrated circuit or “chip”) and transmitted to the host (e.g., the
upper-level processing resources of the apparatus) to indicate issues encountered by the
Bluctooth controller. An example of these entities is disclosed with respect to apparatus 900 in
FIG. 9. Bluetooth may be visualized as a series of protocol steps (e.g., depicted as a protocol
stack) when transmitting/receiving using Bluetooth. The protocol stack may include elements
tasked with conveying information from the system level to the physical layer where it may be
transmitted wirelessly to another device. The host, which in accordance with this disclosure
comprises at least the upper levels of the protocol stack as shown at 902, may interact with the
Bluctooth controller (¢.g., more generally “radio”) that comprises at least the lower portion of the
protocol stack as shown at 910 via host control interface (HCI) 908. In at least one example
implementation, host 902 may exist as software executed by processing resources within
apparatus 900, while Bluetooth controller 910 may be implemented as a combined hardware and

software based solution (e.g., as an integrated circuit).

[0065] Bluetooth Profiles 904 may include various types of definitions describing, for
example, wireless communication configurations needed to access other apparatuses or standard
profiles that applications may utilize when engaging in wireless communication via Bluetooth.
Bluetooth profiles 904 for other apparatuses may be established through “pairing.” Pairing is a
process where apparatuses may participate in an initial polling/response interaction to exchange

identification and connection information that may be saved in order to expedite reconnection at
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a later time. After applications and/or target apparatuses are established, information to be sent
must be formatted for transmission. L2CAP level 906 includes at least a logical link controller
and adaptation protocol that support higher level protocol multiplexing packet segmentation and
reassembly and the conveyance of quality of service (QoS) information. Information prepared
by L2CAP level 906 may then be passed to HCI 908 as defined above. This layer may act as a
command interface to lower link manager protocol (LMP) layers (e.g., link manager (LM) 912
and link controller (LC) 914). LM 912 may establish link setup, authentication, configuration
and may perform other protocol steps pertaining to connection establishment. LC 914 may also
help to manage active links between apparatuses by handling low-level baseband protocols.
Wireless packet transmission/reception may then be facilitated through the wireless hardware
(c.g., modem, antenna, etc.) and corresponding support software associated with physical layer
(PHY) 916. The disclosed Bluetooth protocol stack may also be utilized in an order reversed
from that disclosed above in order to receive wireless transmissions. During normal operation,
Bluetooth controller 910 may generate Device discovery response events comprising RSSI
information that may help to facilitate the identification of close proximity apparatuses during

touching.

[0066] Two types of Bluctooth device discovery response events carry RSSI information:
Device discovery Response events with RSSI and Extended Device discovery Response (EIR)
events. The current Bluetooth specification does not require the generation of an event
corresponding to each time an apparatus is discovered. On the contrary, the specification
recommends that every encountered apparatus is reported only once during device discovery
(c.g., an inquiry). New EIR events may be generated for previously found apparatuses only if
previous responses corresponding to the same apparatuses were erroncous. As a result, the
behavior of Bluetooth controllers from different chip vendors is inconsistent. Some Bluetooth
radios generate EIR events every time and some do not. This is problematic as touch inquiry
requires that events including RSSI information are delivered to the host every time an apparatus
is encountered during device discovery. In particular, this is problematic from the host
prospective because not generating events every time an apparatus is encountered may cause
touch inquiry performance to degrade (e.g., it may take longer to identify apparatuses within
touch range). In existing systems there is no way to control this behavior from host side. By

default, device discovery response events are currently generated only once per device during
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device discovery, and EIR events may be generated every time, but this operation is vendor

specific and not controllable by the host.

[0067] In accordance with at least one embodiment of the present invention, the host-side
controller may set the circumstances in which Bluetooth events are generated, especially device
discovery response events. The Host may generate HCI command that may be sent to Bluetooth
controller. HCI command generation may depend on, for example, application requirements
(c.g., the activation of touch device discovery in an apparatus). For example, touch inquiry may
be utilized in near proximity file sharing applications. Example applications may utilize the
object exchange (OBEX) push profile to send multimedia files, pictures, etc. to remote device
using touch device discovery as a means to select the destination device. For example, a file
may be selected and device discovery (e.g., Bluetooth inquiry) may begin receiving RSSI
information in order to find close proximity apparatuses. This reporting may be done with
device discovery response events. Touch inquiry based on EIR events would be ideal for this
application because the apparatus name and other service information is already provided by

default in EIR events, eliminating the need for any additional information requests.

[0068] However, as described above event reporting does not necessarily happen every
time an apparatus is found. In order to get apparatuses reported every time they are encountered,
host 902 needs to indicate to Bluctooth controller 910 how this event reporting needs to be done.
An HCI command may be defined that indicates the manner in which device discovery response
event(s) may be generated, an example of which is disclosed in FIG. 10. HCI command 1000
may be sent to Bluetooth controller 910 on different occasions. For example, command 1000
may be sent to Bluctooth controller 910 when apparatus 900 is activated so that device discovery
event generation is the same for all applications. However this level of reporting may prove
unnecessary in many device discovery situations, and thus, certain operational modes may be
triggered in accordance with certain applications (¢.g., close proximity file sharing). HCI
command 1000 may contain byte settings that trigger various functionalities in Bluetooth
controller 910. In particular, bytes 5 and 6, as shown at 1002 and 1004 respectively, may control
the functionality related to event reporting. The various configurations of byte 5 may be utilized
to set event mode generation for device discovery results with RSSI events. In the example
disclosed in FIG. 10, setting byte 5 to “0” (00) may trigger Bluetooth controller 910 to operate in

a vendor default mode (e.g., a default operational mode set by the radio manufacturer). Setting
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byte 5 to “17” (01) may cause Bluctooth controller 910 to generate a report for an apparatus only
once during device discovery, and setting byte 5 to “2” (10) may cause Bluetooth controller 910
to generate an event each time a device is found during an device discovery. This last mode may
be useful during touch inquiry as apparatuses (and their corresponding measured RSSI) will be
reported continually during device discovery, allowing a quicker determination as to whether the
sensed device is within touch range, is moving into touch range, etc. Byte 6 may be utilized to
control event generation for device discovery results with EIR events. Example byte settings are
disclosed at 1004 wherein Bluetooth controller 910 may be commanded to generate events based
on a vendor default mode “0” (00), once per device discovery “1” (01) or each time an apparatus

is encountered “2” (10).

[0069] FIG. 11 discloses an example event 1100 that corresponds to command 1000. In
particular, event 1100 may be generated in response to receiving command 1000 to confirm the
current configuration of Bluetooth controller 910. Example bytes 5 and 6, as shown at 1102 and
1104 respectively, may confirm the current settings related to event generation during device
discovery. Despite being instructed by command 1000 to enter a particular operational mode, it
is possible that Bluetooth controller 910 may not (or cannot) enter the requested operational
mode. For example, it is possible that the particular Bluectooth controller 910 (e.g., embodied as
an individual chip or chipset installed in apparatus 900) does not understand the command or
support the requested operational mode. It may also be possible that apparatus 900 is not in
condition to enter the requested operational mode (e.g., may be low on power, too busy with
other wireless traffic, etc.) and may block Bluetooth controller 910 from entering the requested
mode. In addition, security, manual configuration, or other control measures may block entry
into the operational mode. This information may, in turn, be utilized to set other operational

conditions in apparatus 900, such as device discovery interval length as discussed in FIG. 12.

[0070] In FIG. 12 apparatus 900 is disclosed performing an example short interval device
discovery 1202 (e.g., short interval Bluctooth inquiry) and long interval device discovery 1204
(c.g., long interval Bluetooth inquiry). Short interval device discovery 1202 may be utilized in
order to measure the proximity of apparatuses (e.g., of apparatus 1200 during a touch inquiry) in
instances when, for example, Bluetooth controller 910 cannot set an operational mode wherein
an event is generated each time an apparatus is encountered during device discovery. As

mentioned above, such instances may occur when the command is not understood, the requested
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functionality is not available in Bluetooth controller 910, or apparatus 900 is not in condition to
enter the requested operational mode. A shorter interval may be utilized in this instance since
apparatuses arc only being reported once during each device discovery, and thus, multiple short
interval inquiries 1202 may be employed so that multiple RSSI measurements may be obtained
to determine whether encountered apparatuses are within touch range of apparatus 900 (e.g.,

their RSSI satisfies the predetermined response criteria).

[0071] On the other hand, if an operational mode may be sct in Bluctooth controller 910
wherein events are generated each time an apparatus is encountered during device discovery, a
long interval device discovery mode may then be utilized during touch device discovery. As
disclosed in FIG. 12, long interval device discovery 1204 may operate in a manner similar to the
many individual short interval device discoveries 1202 in that in both situations multiple events
may be generated based on each time apparatus 1200 is found, however, the speed at which these
events are generated, and thus the overall number of generated events, may be substantially
higher in a single long interval device discovery 1204 as compared to multiple short interval
device discoveries 1202. The speed increase realized from using long interval device discovery
1204 may result because, in practice, short interval device discovery 1202 may not be set at
much shorter than a five (5) second interval in order to accommodate event reporting for
multiple apparatuses that may be in communication range of apparatus 900. The increased speed
delivered by long interval device discovery 1204 may therefore increase touch inquiry
performance in that the determination of whether apparatuses are in touch range may occur much
faster, and thus, the overall apparatus selection and connection establishment process may be

greatly expedited.
V1. Example wireless communication medium prioritization

[0072] Further to the example embodiments of the present invention as disclosed above,
the overall performance of touch inquiry that may be realized by requesting event generation for
cach time an apparatus is encountered may be further enhanced through management of wireless
communications in the inquiring apparatus. Apparatuses employed in touch inquiry may be able
to communicate using a variety of wireless connectivity methods. For example, in addition to
Bluetooth most commonly WLAN radio is used in the same device. In many instances WLAN

and Bluetooth radio may be integrated so that they utilize same physical resources (e.g., receiver
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chain or at least same antenna). This integration may cause challenges how to control Bluetooth
and WLAN operations so that they do not interfere with cach other. Packet Traffic Arbitration
(PTA) in WLAN may act as a control mechanism to avoid this problem. PTA may receive per-
transmission transmit requests from cach wireless network stack (e.g., Bluetooth, WLAN, etc.)
and may issue transmission-confirmation signals to these stacks indicating whether transmission
may proceed. The wireless networks may exchange these discrete signals for every packet to be
transmitted, and in this manner may manage the times during which the wireless communication

mediums are allowed to be active.

[0073] Control mechanisms for multiple radios (e.g., multiradio) are currently employed
in controlling WLAN and BT operation during actual data transfer phase or during voice link
operation. Device discovery is supported such that finding apparatuses is guaranteed but the
time it takes is not considered. In touch inquiry operation search time has significant meaning in
terms of expediting connection establishment, user experience, etc., and thus, mechanisms to
expedite performance should be considered. Device discovery-related operations are not well
supported by existing PT A solutions. Some apparatuses allow inquiries to proceed even when
Bluetooth and WLAN are simultaneously active, however, in these instances the duration of the
device discovery may be long and the resulting user experience when implementing touch

inquiry is likely to be poor.

[0074] User experience when employing touch inquiry is improved by faster execution.
Existing multiradio control mechanisms do not prioritize operations for wireless communication
mediums used for touch inquiry (e.g., Bluetooth) over other wireless communication mediums
that are active in an apparatus (¢.g., WLAN). In accordance with at least one embodiment of the
present invention, a multiradio control mechanism is envisioned that may prioritize (¢.g., allocate
a substantial amount of medium access time to) a relevant wireless communication medium (e.g.,
Bluctooth) when a touch inquiry is initiated, and then after the touch inquiry is complete (e.g., at
least one apparatus has been selected) may renormalize the allocation of resources back to other

wireless communication mediums that may also be active in the inquiring apparatus.

[0075] Now referring to FIG. 13A, an example configuration is disclosed for short-range
wireless interfaces 156 that may be implemented in accordance with various embodiments of the

present invention. While WLAN radio 1300 and Bluetooth radio 1304 are disclosed for the sake
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of explanation herein, the various embodiments of the present invention are not limited to use
with only these wireless communication mediums. For example, two or more other wireless

communication mediums having similar characteristics could replace Bluetooth and WLAN.

[0076] In FIG. 13A WLAN radio 1300 may comprise PTA control block 1302 that is
configured to manage transmission/reception (Tx/Rx) scheduling between WLAN radio 1300
and Bluetooth radio 1304 via antenna switch 1306 and direct signaling to Bluetooth radio 1304.
Direct signaling may allow Bluetooth radio 1304 to provide condition (e.g., high priority traffic
indications) and time frame information to PTA control block 1302. PTA control block 1302
may utilize this information in order to allocate airtime for WLAN radio 1300 and Bluetooth
radio 1304. Different levels of priority may be assigned to various wireless operations, wherein
the highest priority level may allocate airtime to a particular wireless communication medium
exclusively by configuring antenna switch 1306 to service only a particular radio (e.g., Bluctooth
radio 1304). When a radio is being prioritized, PTA control block 1302 may continue to interact
with other active radios in the apparatus (¢.g., WLAN radio 1300) so that the “blackout” time
(e.g., the time allocated exclusively to Bluetooth radio 1304) causes as little harm as possible.
There may also be implementations where WLAN radio 1300 and Bluetooth radio 1304 have
their own antenna chains. Even with separate antennas, PTA control block 1302 may manage
Tx/Rx scheduling (e.g., through direct signaling to the radios) in order to avoid interference that

may occur if both radios 1300 and 1304 attempt to transmit from the apparatus at the same time.

[0077] In accordance with various embodiments of the present invention, different radio
prioritization schemes may be employed all with the end objective of enhancing touch inquiry
performance. An example of a radio prioritization scheme is disclosed in FIG. 13B. An activity
flow is disclosed comprising both actual Bluetooth and WLAN activity along with permitted
time periods during which activity is allowed. In the example disclosed in FIG. 13B Bluetooth
radio 1304 may indicate a period of time 1306 when touch inquiry starts and stops. During time
period 1306 WLAN may be disallowed, which avoids potential interference that could result
when both radios are active. The prioritization operation may be executed, for example, using a
vendor specific HCI command that, in simplest form, just indicates that Bluetooth operation
needs to be prioritized. When touch inquiry is initiated this HCI command may be sent to the
communication entity (¢.g., Bluetooth controller in Bluetooth radio 1304) that indicates to PTA
control block 1303 that there is high priority traffic to send via Bluetooth radio 1304. High
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priority status may override other priorities that were previously active in the apparatus. Once
touch inquiry has concluded (e.g. at least one apparatus has been selected), another command
(c.g., the same or another vendor specific HCI command) may be sent to Bluetooth radio 1304
which may set Bluetooth priority back to a default level. It may also be possible that this

command is given only after possible connectivity with the selected apparatus is established.

[0078] Another possible manner in which touch inquiry-related prioritization may be
implemented is that whenever Bluetooth is performing any device discovery it will be given high
priority status, and thus, Bluetooth can operate without disturbance. With device discovery-only
control whenever a Bluetooth device discovery in initiated Bluetooth radio 1304 may indicate to
PTA control block 1302 that high priority traffic is about to be created in Bluetooth. PTA
control block 1032 may then cause airtime to be allocated substantially for Bluetooth operation
(c.g., and all other wireless communication-related operations to be reduced or discontinued). In
performing this operation Bluetooth radio 1304 may use existing PT A signaling and to signal
both the priority and duration according to device discovery length. Priority signaling may be
built into Bluetooth radios as a standard feature or may be activated over the HCI interface in the

form of a vendor specific command.

[0079] A third scheme for prioritizing operation of a wireless communication medium
associated with touch inquiry (e.g., Bluetooth), in accordance with at least one embodiment of
the present invention, may be prioritizing Bluetooth operation when touch inquiry-related event
reporting is configured in a communication entity (e.g., when a command sent by a control entity
is acknowledged by an event sent from the communication entity). For example, when a touch
inquiry is initiated (e.g., some application starts activity that utilizes touch inquiry), Bluetooth
may be prioritized via, for example, an HCI command that is sent to Bluetooth radio 1304. The
HCI command may further trigger Bluetooth radio 1304 to signal PTA control block 1304 that
Bluctooth requires high priority access (e.g., some or all wireless airtime may be allocated to
Bluetooth while access for other wireless communication mediums is reduced or discontinued).
When touch inquiry is complete (c.g., after at least one apparatus has been selected and possibly
a connection has been established), Bluetooth priority may be reset to a default level. This may
once again be set via the Bluetooth HCI interface, followed by the Bluetooth controller setting

the priority level in Bluetooth radio 1304 to a default level. In the above disclosure it is assumed
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that the Bluetooth prioritization is done via signaling occurring via Bluetooth. It is however

possible that this indication may be signaled directly to WLAN or via another PTA mechanism.
VII. Example sensor-based touch inquiry control

[0080] Touch inquiry, described above in terms of various example implementations,
may automate the establishment of wireless connections between an inquiring apparatus and
certain other encountered apparatuses. The activation and control of touch inquiry has been
discussed as being related to applications running on an apparatus or user configuration. For
example, various applications running on an apparatus that require information from sources
external to the apparatus may cause the apparatus to initiate touch inquiry in order to select
proximate apparatuses. The apparatus performing touch inquiry may then expedite wireless
connection establishment to one or more of the selected apparatuses in order to, for example,

obtain the information required by the various applications running on the inquiring apparatus.

[0081] As discussed above, user configuration may also be employed in triggering touch
inquiries. Currently such configuration may require an apparatus user activating touch inquiry
through the manipulation of one or more menus in an apparatus. In accordance with at least one
embodiment of the present invention, touch inquiry activation may be triggered through sensing
information related to the disposition of an inquiring apparatus. For example, at least one sensor
in the apparatus may be configured to sense physical properties related to the apparatus such as,
but not limited to, motion, acceleration and proximity of the apparatus to an object (e.g., another
apparatus). Moving the apparatus changes the disposition of the apparatus, and the at least one
sensor may sense these changes. Sensed information may be used, in accordance with at least

onc embodiment of the present invention, to trigger various stages of the touch inquiry process.

[0082] An example of at least one sensor that may be employed, in accordance with at
least one embodiment of the present invention, is disclosed in FIG. 14. FIG. 14 expands upon
the other modules 108 first shown in FIG. 1A and 1B. For example, other modules 108 may
include sensors 1400. Sensors 1400 may comprise one or more components including hardware
and/or software that is configured to sense different parameters related to apparatus disposition.
As disclosed in FIG. 14, sensors 1400 may comprise various different types of sensors including,
but not limited to, motion and/or acceleration sensors 1402 and proximity sensors 1404. Motion

and/or acceleration sensors 1402 may comprise one or more components that are configured to
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sense when apparatus 100 is moving in a particular direction, the speed that apparatus 100 is
moving, when apparatus 100 is accelerating or decelerating, etc. Moreover, sensors 1404 may be
configured to sense when the apparatus has changed direction (e.g., apparatus 100 is moving in a
direction different from a previously sensed direction) and/or when the rate of acceleration or

deceleration has changed for apparatus 100 (e.g., when apparatus 100 has stopped), etc.

[0083] Proximity sensors 1404 may comprise onec or more components configured to
detect when apparatus 100 has become proximate to (¢.g., moved within a certain distance of)
another object. The distance and types of objects that may be sensed by proximity sensors 1404
may depend on the technology being employed. For example, some proximity sensors 1404 may
be more appropriate for detecting proximate electronic apparatuses based on sensing magnetic
fields (c.g., hall-effect sensors), detecting nearby metallic objects (e.g., inductive sensors) or for
detecting any proximate object based on receiving return signals that bounce off of the objects
(c.g., infrared sensors), etc. While not shown in FIG. 14, sensors 1400 may also include other
types of sensors such as internal/external temperature sensors, light/dark sensors, orientation

sensors (¢.g., electronic compass), altitude sensors, ctc.

[0084] Examples of how the sensors 1400 may be employed, in accordance with at least
one embodiment of the present invention, is disclosed in FIG. 15A, 15B and 16. For example, in
FIG. 15A a sensor-based touch inquiry control mode may be triggered in an apparatus held by a
user, as shown at 1500, wherein sensing various changes in apparatus disposition may trigger
touch inquiry-related processes. This mode may be activated when the device is activated, when
certain applications are invoked on the apparatus, by manual configuration, ctc. While various
example changes in disposition are disclosed they are merely for the sake of explanation herein,

and are not intended to further limit the various disclosed embodiments of the present invention.

[0085] The examples disclosed in FIG. 15A, 15B and 16 presume that establishment of a
wireless connection between apparatuses 1500 and 1502 is desired. Two different examples of
control based on sensed apparatus movement are disclosed in FIG. 15A. In in a first example of
control pursuant to the establishment of the desired wireless connection, apparatus 1500 may be
moved from position 1504 to position 1506 as shown in FIG. 15A. This motion may be sensed
in apparatus 1500 (c.g., by motion and/or acceleration sensors 1402), and in response apparatus

1500 may initiate device discovery at 1506. In the alternative implementation also disclosed in
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FIG. 15A, apparatus 1500 may initiate discovery as soon as motion is sensed from point 1504A
towards point 1506A. Upon arriving at point 1506A, apparatus 1500 may sense the change in
apparatus disposition (¢.g., that apparatus 1500 decelerated and/or came to a complete stop), and
may alter the ongoing device discovery. For example, the sensed change in apparatus disposition
may cause apparatus 1500 to restart device discovery (e.g., restart the interval by retransmitting
discovery messages). Restarting device discovery may improve touch inquiry performance in
some instances. For example, restarting device discovery at point 1506A (e.g., at a point when
apparatus 1500 is presumed to be in close proximity to a desired target like apparatus 1502) may

lead to faster target discovery and selection when using multiple short inquiry device discovery.

[0086] As previously disclosed above, in accordance with the various embodiments of
the present invention, device discovery (e.g., Bluetooth inquiry) may comprise apparatus 1500
transmitting discovery (e.g., inquiry) messages and then receiving responses to the transmitted
discovery messages, wherein at least some of these responses may include a particular type of
response messages (¢.g., such as extended inquiry response (EIR) messages). Apparatus 1500
may also measure signal strength (e.g., RSSI) for the particular type of response messages. In
instances where apparatus 1500 cannot perform long interval device discovery as previously
described in FIG. 12 at 1204, short interval device discoveries may be continually performed as
previously described in FIG. 12 at 1202. The measurements made during device discovery may
then be employed in device selection. For example, RSSI measurements corresponding to the
particular response messages (¢.g., EIR messages) received from the apparatuses encountered
during device discovery may be compared to a predetermined response criteria (e.g., a minimum
RSSI level) in order to determine if any of the encountered apparatus should be selected. If any
of the encountered apparatuses are selected (e.g., is determined to correspond to received
response messages that satisfy the predetermined response criteria), apparatus 1500 may proceed
to expedite wireless connection establishment for the selected apparatus. Expediting wireless
connection establishment may comprise apparatus 1500 automatically establishing a wireless
connection to the sclected apparatus (c.g., to apparatus 1502). If more than one apparatus is
determined to satisfy the predetermined response criteria, it may be that an apparatus associated
with the highest measured RSSI is selected, the first encountered apparatus that is associated

with a measured RSSI determined to satisfy the predetermined response criteria is selected, etc.
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[0087] FIG. 15B discloses further examples of sensor-based touch inquiry control. For
example, device discovery and sclection may continue at point 1508 until apparatus 1500 is
moved to point 1510. The movement and/or acceleration may be sensed by sensors 1402 in
apparatus 1500, and may trigger the apparatus to alter the ongoing device discovery. Altering
the device discovery may comprise terminating device discovery as disclosed at point 1510 in
order to, for example, save power in the apparatus after the desired apparatus has been selected
(c.g., apparatus 1502). The process may then continue to FIG. 15C wherein, presumably after
apparatus 1502 has been discovered and then selected by apparatus 1500, wireless connection
establishment may proceed. Wireless connection establishment, in terms of FIG. 15C, may

comprise apparatus 1500 automatically establishing a wireless connection to apparatus 1502.

[0088] FIG. 16 discloses an example similar to FIG. 15A and 15B except implemented
using proximity sensing. In FIG. 16 apparatus 1500 may be moved towards apparatus 1502, and
in doing so the area within which apparatuses are sensed as being proximate to apparatus 1500
(c.g., as sensed by proximity sensors 1404) may move from 1600 to 1602. As proximity sensing
arca 1602 begins to encompass apparatus 1502, apparatus 1500 may start to detect the proximity
of apparatus 1502. At this point device discovery may be activated in apparatus 1500, wherein
the signal strength (e.g., RSSI) of signals (e.g. EIR messages) received from any encountered
apparatuses (¢.g., apparatus 1502) may be measured in apparatus 1500. Device discovery may
continue while apparatus 1502 remains proximate to apparatus 1500. As disclosed in FIG. 12,
and with respect to FIG. 15A, continuous device discovery may comprise repeated short interval
device discoveries when long interval device discovery is unavailable. Apparatus 1500 may then
be moved so that the location of apparatus 1502, as shown at 1602, is no longer within the arca
of proximity as sensed by apparatus 1500, as shown at 1604. This change in proximity may
trigger apparatus 1500 to initiate a device selection mode wherein if any encountered apparatuses
are selected (e.g., if any response messages corresponding to encountered apparatuses that were
received by apparatus 1500 are determined to satisfy the predetermined response criteria), then
apparatus 1500 may expedite wireless connection establishment to the selected apparatus (e.g., to

apparatus 1502), such as previously shown at 1512 in FIG. 15B.

[0089] The above example process identifies a possible situation that may occur during
touch inquiry, regardless of whether sensor-based control is being utilized. It is possible that

situations may occur where none of the encountered apparatuses are selected. More specifically,
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it may be determined that none of the responses received from apparatuses encountered during
device discovery satisfy the predetermined response criteria. In such an instance the inquiring
apparatus may return to a more conventional operational mode such as disclosed in FIG. 3. For
example, the apparatus may identify (e.g., may display identity information corresponding to) all
of the encountered apparatuses so that the apparatus user may manually select the apparatuses to
which a wireless connection should be established. For example, identity information may be
displayed on the apparatus in a list such as shown in FIG. 3 at 302. The listing may be ordered

by measured strength of signals received in the apparatus from each encountered apparatus.

[0090] A flowchart of an example process in accordance with at least one example of the
present invention is disclosed in FIG. 17. The process may initiate in step 1700 wherein, for
example, sensor-based touch inquiry control may be activated in the apparatus. Sensor-based
touch inquiry control may be activated in a variety of ways including, but not limited to, when
the apparatus is activated, when certain applications are activated on the apparatus, by manual
configuration of the apparatus, etc. The sensors may then become active for sensor-based touch
inquiry control in step 1702 in order to sense for changes in apparatus disposition. Changes in
apparatus disposition may depend on the sensors being used, and may comprise, for example,
sensing that the apparatus is moving in a first direction, sensing that the apparatus is accelerating
or sensing that the apparatus has become proximate to an object. The sensing may continue until
a determination is made in step 1704 that the disposition of the apparatus has changed. Device
discovery may then be initiated in step 1706. In accordance with at least one embodiment of the
present invention, device discovery (e.g., Bluetooth inquiry) may comprise the transmission of
discovery messages to which other apparatuses may respond. The response messages received in
the apparatus from encountered other apparatuses may comprise, for example, a particular type
of response message (c.g., EIR message), wherein signal strength (e.g., RSSI) for the particular
type of response message may be measured in the apparatus. A determination may then be made
as to whether the particular type of response messages received in the apparatus from any of the
encountered apparatuses satisfy a predetermined response criteria. The predetermined response
criteria may comprise, for example, a minimum signal strength over which the particular type of
response messages must be in order for a corresponding apparatus to be selected. An apparatus
corresponding to a received message that satisfies the predetermined response criteria may then

be selected by the apparatus.
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[0091] In accordance with at least one embodiment of the present invention discovery
may be controlled and possibly terminated in accordance with further sensor-based touch inquiry
control such as set forth in optional steps 1708-1714. For example, discovery and selection may
continue in step 1706 until a further change in apparatus disposition is sensed in optional step
1708. The process may then proceed to optional step 1710 wherein a further determination may
be made as to whether the sensed change constitutes a termination condition wherein an ongoing
device discovery and selection process should be terminated. A termination condition may be
defined as, for example, based on at least one of'a sensed motion or pattern of sensed motions
recognized in the apparatus, the sclection of at least one other apparatus, the selection of a group
of apparatuses, satisfying an application requirement in the apparatus, a manual configuration in
the apparatus, etc. If it is determined in optional step 1710 that a termination condition does not
exist, then the process may proceed to optional step 1712 wherein device discovery and selection
may be restarted. Restarting device discovery and selection may comprise, for example,
transmitting new discovery messages and restarting the device discovery interval. The process
may then return to optional step 1708 to continue device discovery and selection until another
change in apparatus disposition is sensed. If it is determined in optional step 1710 that a
termination condition does exist (¢.g., based on the sensed change in apparatus disposition), the

ongoing device discovery and sclection may be terminated in step 1714.

[0092] The process may then move to step 1716 wherein a determination may be made as
to whether an apparatus has been selected. If it is determined in step 1716 that an apparatus has
been selected, the process may proceed to step 1718 wherein wireless connection establishment
may be expedited with the selected apparatus. Expedited wircless connection establishment may
comprise automatically establishing a wireless connection to the sclected apparatus. The process
may then be complete in step 1720 and may reinitiate in step 1700 when, for example, sensor-
based touch inquiry control is reactivated in the apparatus. Alternatively, if is determined in step
1716 that no apparatuses were selected, then the process may proceed to step 1722 wherein
identity information for apparatuses encountered during the discovery process may be displayed
on the apparatus (c.g., so that an apparatus user may manually select the apparatuses to which
wireless connections should be established. The identity information may be displayed, for

example, in a list in order by the strength of signals received in the apparatus from each
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encountered apparatus. The process may then be complete in step 1720 and may reinitiate in

step 1700 when, for example, sensor-based touch inquiry control is reactivated in the apparatus.

[0093] The various embodiments of the present invention are not limited only to the

examples disclosed above, and may encompass other configurations or implementations.

[0094] For example, embodiments of the present invention may encompass an apparatus
comprising means for sensing a first change in apparatus disposition, means for initiating device
discovery based on the sensed first change, means for determining if another apparatus
encountered during device discovery satisfies a predetermined response criteria, and means for,
if it determined that the other apparatus encountered by the apparatus during discovery satisfies

the predetermined response criteria, selecting the other apparatus.

[0095] At least one other example embodiment of the present invention may include
clectronic signals that cause an apparatus to sense a first change in apparatus disposition, initiate
device discovery based on the sensed first change, determine if another apparatus encountered
during device discovery satisfies a predetermined response criteria, and if it determined that the
other apparatus encountered by the apparatus during discovery satisfies the predetermined

response criteria, select the other apparatus.

[0096] Accordingly, it will be apparent to persons skilled in the relevant art that various
changes in forma and detail can be made therein without departing from the scope of the
invention. The breadth and scope of the present invention should not be limited by any of the
above-described example embodiments, but should be defined only in accordance with the

following claims and their equivalents.
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WHAT IS CLAIMED:

l. A method, comprising:
sensing a first change in apparatus disposition in an apparatus;
initiating device discovery in the apparatus based on the sensed first change;
determining if another apparatus encountered by the apparatus during device
discovery satisfies a predetermined response criteria; and
ifit is determined that the another apparatus encountered by the apparatus during

discovery satisfies the predetermined response criteria, selecting the other apparatus.

2. The method of claim 1, wherein sensing the first change comprises at least one of sensing
that the apparatus is moving in a first direction, that the apparatus is accelerating, or that

the apparatus has become proximate to an object.

3. The method of claim 1, wherein selecting the other apparatus comprises expediting

wireless connection establishment between the apparatus and the selected apparatus.

4. The method of claim 1, further comprising sensing at least one additional change in
apparatus disposition in the apparatus; and
altering the device discovery in the apparatus based on the at least one additional

change.

5. The method of claim 4, wherein sensing the at least one additional change comprises at
least one of sensing that the apparatus is moving in a direction different from the first
direction, that the apparatus is decelerating, that the apparatus has stopped, or that the

apparatus is no longer proximate to the object.

6. The method of claim 2, wherein altering the device discovery comprises at least one of

restarting the device discovery or terminating the device discovery.
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The method of claim 1, further comprising if the other apparatus is not selected,
displaying identity information corresponding to any other apparatuses encountered

during device discovery on the apparatus.

The method of claim 7, wherein the identity information is displayed on the apparatus by
listing the identity information for each of the other apparatuses encountered by the

apparatus in order by strength of signals received from each of the other apparatuses.

A computer program product, comprising computer executable program code recorded
on a non-transitory computer readable storage medium, the computer executable program
code comprising:

code configured to cause an apparatus to sense a first change in apparatus
disposition;

code configured to cause the apparatus to initiate device discovery based on the
sensed first change;

code configured to cause the apparatus to determine if another apparatus
encountered during device discovery satisfies a predetermined response criteria; and

code configured to cause the apparatus to, if it is determined that the other
apparatus encountered by the apparatus during discovery satisfies the predetermined

response criteria, select the other apparatus.

The computer program product of claim 9, wherein the code configured to cause the
apparatus to sense the first change comprises code configured to cause the apparatus to at
least one of sense that the apparatus is moving in a first direction, that the apparatus is

accelerating, or that the apparatus has become proximate to an object.

The computer program product of claim 9, wherein the code configured to cause the
apparatus to sclect the other apparatus comprises code configured to cause the apparatus
to expedite wireless connection establishment between the apparatus and the selected

apparatus.
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The computer program product of claim 9, further comprising code configured to cause
the apparatus to sense at least one additional change in apparatus disposition; and
code configured to cause the apparatus to alter the device discovery based on the

at least one additional change.

The computer program product of claim 10, wherein the code configured to cause the

apparatus to sense the at least one additional change comprises code configured to cause
the apparatus to at least one of sense that the apparatus is moving in a direction different
from the first direction, that the apparatus is decelerating, that the apparatus has stopped,

or that the apparatus is no longer proximate to the object.

The computer program product of claim 12, wherein the code configured to cause the
apparatus to alter the device discovery comprises code configured to cause the apparatus

to at least one of restart the device discovery or terminate the device discovery.

The computer program product of of claim 9, further comprising code configured to
cause the apparatus to, if the other apparatus is not selected, display identity information
corresponding to any other apparatuses encountered during device discovery on the

apparatus.

The computer program product of claim 15, wherein the identity information is displayed
on the apparatus by listing the identity information for each of the other apparatuses
encountered by the apparatus in order by strength of signals received from each of the

other apparatuses.

An apparatus, comprising:

at least one processor; and

at least one memory including executable instructions, the at least one memory
and the executable instructions being configured to, in cooperation with the at least one
processor, cause the apparatus to perform at least the following:

sense a first change in apparatus disposition;
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initiate device discovery based on the sensed first change;

determining if another apparatus encountered during device discovery
satisfies a predetermined response criteria; and

if it is determined that the other apparatus encountered by the apparatus
during discovery satisfies the predetermined response criteria, selecting the other

apparatus.

The apparatus of claim 17, wherein the at least one memory and the executable
instructions being configured to, in cooperation with the at least one processor, cause the
apparatus to sense the first change comprises the at least one memory and the executable
instructions being configured to, in cooperation with the at least one processor, cause the
apparatus to at lcast one of sense that the apparatus is moving in a first direction, that the

apparatus is accelerating, or that the apparatus has become proximate to an object.

The apparatus of claim 17, wherein the at least one memory and the executable
instructions being configured to, in cooperation with the at least one processor, cause the
apparatus to sclect the other apparatus comprises the at least one memory and the
executable instructions being configured to, in cooperation with the at least one

processor, cause the apparatus to expedite wireless connection establishment between the

apparatus and the selected apparatus.

The apparatus of claim 17, further comprising the at least one memory and the executable
instructions being configured to, in cooperation with the at least one processor, cause the
apparatus to sense at least one additional change in apparatus disposition; and

alter the device discovery based on the at least one additional change.

The apparatus of claim 18, wherein the at least one memory and the executable
instructions being configured to, in cooperation with the at least one processor, cause the
apparatus to sensc the at least one additional change comprises the at least one memory
and the executable instructions being configured to, in cooperation with the at least one

processor, cause the apparatus to at least one of sense that the apparatus is moving in a
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direction different from the first direction, that the apparatus is decelerating, that the

apparatus has stopped, or that the apparatus is no longer proximate to the object.

The apparatus of claim 20, wherein the at least one memory and the executable
instructions being configured to, in cooperation with the at least one processor, cause the
apparatus to alter the device discovery comprises the at least one memory and the
executable instructions being configured to, in cooperation with the at least one
processor, cause the apparatus to at least one of restart the device discovery or terminate

the device discovery.

The apparatus of claim 17, further comprising the at least one memory and the executable
instructions being configured to, in cooperation with the at least one processor, cause the
apparatus to, if the other apparatus is not selected, display identity information
corresponding to any other apparatuses encountered during device discovery on the

apparatus.

The apparatus of claim 23, wherein the identity information is displayed on the apparatus
by listing the identity information for each of the other apparatuses encountered by the

apparatus in order by strength of signals received from each of the other apparatuses.

A system, comprising:

an apparatus; and

other apparatuses;

the apparatus sensing a first change in apparatus disposition and initiating device
discovery based on the sensed first change; and

the apparatus further determining if another apparatus encountered during device
discovery satisfies a predetermined response criteria, and if it is determined that the other
apparatus encountered by the apparatus during discovery satisfies the predetermined

response criteria, selecting the other apparatus.
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