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BLUETOOTH INTRODUCTION SEQUENCE THAT REPLACES
FREQUENCIES UNUSABLE DUE TO OTHER WIRELESS TECHNOLOGY
CO-RESIDENT ON A BLUETOOTH-CAPABLE DEVICE

Claim of Priority
[0001] The present Application for Patent claims priority to
Provisional Application No. 61/256,198 filed October 29, 2009, assigned

to the assignee hereof and hereby expressly incorporated by reference

herein.
BACKGROUND
Field
[0002] The present work relates generally to wireless

communication and, more particularly, to avoiding frequency
interference from another wireless communication technology co-

resident in a Bluetooth product.

Background

[0003] The following documents are incorporated herein by
reference: U.S. Patent No. 7 035 314; and Specification of the Bluetooth
System (v3.0 + HS).

[0004] Bluetooth technology uses the 2.4GHz Industrial, Scientific
and Medical (ISM) band which is available worldwide. Other
technologies use bands immediately above or below the 2.4GHz band.
These other technologies (e.g. LTE, WiMAX, 4G technologies) may be
added into the same physical product as Bluetooth technology, so
isolation may be needed to protect the Bluetooth receiver from
interference caused by transmissions from the added technologies.
Depending on relevant filter characteristics, some frequencies may not
be usable for Bluetooth reception during intervals when the added

technologies are transmitting. As a result, the incidence of Bluetooth
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paging or inquiry failures may become unacceptably high to the end

user.

[0005] Some known solutions use priority signaling to disable the
added technology transmitter(s) to prevent interference with operation of
the Bluetooth receiver. However, Bluetooth page scanning requires a 1%
duty cycle, and the corresponding disabling of the added technology
could degrade that technology’s throughput and, potentially, the
throughput of an entire cell site. Other known solutions extend the
timeout periods for Bluetooth paging and/or inquiry by up to 4 times

the normal period.

[0006] It is desirable in view of the foregoing to provide for
techniques that protect a Bluetooth receiver from interference caused by
transmissions associated with added technologies, while avoiding

disadvantages of known solutions.

SUMMARY

[0007] Exemplary embodiments of the present work identify
one or more Bluetooth frequencies that are unusable for a Bluetooth
introduction sequence due to operation of other wireless technology co-
resident on a Bluetooth-capable device. One or more usable frequencies
are then substituted for the one or more unusable frequencies to permit
the introduction sequence to proceed. Some embodiments select the
one or more usable frequencies from a known set of usable frequencies
in the current Bluetooth frequency train. Some embodiments use a
frequency re-mapping process to select the one or more usable

frequencies from the current Bluetooth frequency train.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 illustrates frequency pairs for the A frequency

train used by conventional Bluetooth devices.

[0009] Figure 2 illustrates steps of the conventional Bluetooth

paging sequence.

[0010] Figure 3 diagrammatically illustrates a  wireless
communication system according to exemplary embodiments of the

present work.

[0011] Figure 4 illustrates operations that may be performed by
the inquiry processing portion of Figure 3 according to exemplary

embodiments of the present work.

[0012] Figure 5 illustrates operations that may be performed by
the inquiry processing portion of Figure 3 according to further

exemplary embodiments of the present work.

[0013] Figure 6 diagrammatically illustrates a frequency hopping

re-mapper according to exemplary embodiments of the present work.

[0014] Figure 7 illustrates operations that may be performed by
the paging processing portion of Figure 3 according to exemplary

embodiments of the present work.

[0015] Figure 8 illustrates operations that may be performed by
the paging processing portion of Figure 3 according to further

exemplary embodiments of the present work.

[0016] Figure 9 illustrates operations that may be performed by
the paging processing portion of Figure 3 according to further

exemplary embodiments of the present work.
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DETAILED DESCRIPTION

[0017] The detailed description set forth below in connection with
the appended drawings is intended as a description of various
embodiments of the present work and is not intended to represent the
only embodiments in which the present work may be practiced. The
detailed description includes specific details for the purpose of providing
a thorough understanding of the present work. However, it will be
apparent to those skilled in the art that the present work may be
practiced without these specific details. In some instances, well known
structures and components are shown in block diagram form in order to
avoid obscuring the concepts of the present work. The word
“exemplary” is used herein to mean “serving as an example, instance, or
illustration.” Any embodiment described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other

embodiments.

[0018] As is well known in the art, Bluetooth technology uses a
mechanism called inquiry for discovering neighboring devices. Inquiry
uses a fixed frequency hopping pattern (containing 32 frequencies) that
is derived from the clock of the inquiring Bluetooth device (the device
performing inquiry), and the General Inquiry Access Code (GIAC). The
inquiring device transmits two ID packets on two inquiry frequencies
and then listens for a response on two inquiry response frequencies.
The device performing inquiry scanning (the discoverable device)
conversely listens for the ID packets on a frequency from the complete
set of inquiry frequencies, and responds on an inquiry response
frequency that corresponds to the inquiry frequency used for listening.
The inquiry frequency and the inquiry response frequency used by the
discoverable device are thus related as a frequency pair. The inquiry
frequency and the inquiry response frequency of that frequency pair are
also respectively referred to herein as the first and second frequencies of

the pair.
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[0019] Figure 1 shows the frequency pairs for the A frequency
train in Bluetooth technology. The frequency values are shown in an
abbreviated format, the actual value in GHz being 2400 plus the value
shown. Each frequency in the upper row is an inquiry frequency on
which the discoverable device listens for the ID packets, i.e., the
aforementioned first frequency. Each frequency in the lower row is an
inquiry response frequency on which the discoverable device responds
when it receives an ID packet, i.e., the aforementioned second
frequency. The first frequencies (also referred to as Rx frequencies) and
the second frequencies (also referred to as Tx frequencies) are paired,
such that first frequency 2457 GHz is paired with second frequency
2436 GHz, first frequency 2473 GHz is paired with second frequency
2464 GHz, etc.

[0020] If some frequencies in the 2.4 GHz band are not usable due
to interference from other resident wireless technologies, the inquiry
process will become progressively less reliable as the number of
unusable frequencies increases. For example, if all Rx frequencies
(upper row in Figure 1) above 2454 GHz are unusable, it can be seen
from Figure 1 that only eight of the 16 frequencies pairs in the A train
would be usable pairs. This would result in frustrated users because
many devices could not be successfully discovered by the inquiry
process. The range of usable frequencies may impact the Tx and Rx
frequencies differently, such that one frequency of a pair may be usable,
while the other frequency is not. For example, all of the Tx frequencies

may be usable, while some of the Rx frequencies are not.

[0021] Referring to Figure 2, the conventional Bluetooth paging
sequence (for connection set up) is similar to the Bluetooth inquiry
sequence, except that, in addition to an initial listen and response
introduction sub-sequence (shown as steps 1 and 2) executed by the

page scanning device, the paging sequence includes a second listen and
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response sub-sequence (shown as steps 3 and 4) executed by the page
scanning device. Also in paging, the frequency hopping pattern
(containing 32 frequencies) is derived from the paging device’s clock and
the paged device’s Bluetooth device address (BD_ADDR), and is thus
fixed for each device based on its device address, rather than being the
same for all devices as in inquiry. Like inquiry, paging would be
significantly impaired by an unusable frequency pair circumstance such
as described above with respect to Figure 1. In particular, two usable
frequency pairs are needed for successful completion of steps 1-4 in
Figure 2. The packet transmitted in step 3 of Figure 2 is known as a
Frequency Hopping Synchronization (FHS) packet.

[0022] Figure 3 diagrammatically illustrates a  wireless
communication system according to exemplary embodiments of the
present work. The system of Figure 3 includes a wireless
communication device 31 having provided therein a Bluetooth portion
32 according to exemplary embodiments of the present work, and one or
more other (e.g., LTE, or WiMax or other 4G) wireless technology
portions shown generally at 33. The portions 32 and 33 are coupled to
transceiver facilities shown generally at 34, for wireless communication
with one or more other wireless communication devices shown generally
at 35. The Bluetooth portion 32 of the device 31 includes an improved
inquiry processing portion 36 and an improved paging processing
portion 37. As described below, these processing portions 36 and 37
mitigate problems in circumstances such as described above where

some frequencies are unusable.

[0023] In various embodiments, the device(s) indicated at 35 may
variously include one or more further instances of the device 31, either
fixed or mobile, one or more conventional Bluetooth capable devices,
either fixed or mobile, and various combinations thereof. The device(s)

at 35 may also include one or more (fixed or mobile) devices without
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Bluetooth capability, but capable of communication with one or more of

the other wireless technology portions at 33.

[0024] Figure 4 illustrates operations that may be performed by
the inquiry processing portion 36 when the device 31 executes inquiry
scanning according to exemplary embodiments of the present work. At
41, the Rx/Tx frequency pair for inquiry is calculated in conventional
fashion. It is then determined at 42 whether this pair is a usable pair
under the present operating conditions of the device. The usable pairs
are readily identified from known information about any other wireless
technology portion(s) of the device that are currently operating. If the
calculated frequency pair is determined to be usable at 42, then inquiry
proceeds from 42 in conventional fashion. If the calculated frequency
pair is not usable at 42, then a usable frequency pair from within the
same frequency train is selected at 43, after which the inquiry sequence
proceeds conventionally. Some embodiments randomly select the
usable pair at 43 from among the usable pairs in the frequency train.
Some embodiments select the next-in-time usable pair in the frequency
train. Some embodiments purposely select a usable pair available later

in the frequency train than the next-in-time usable pair.

[0025] Figure 5 illustrates operations that may be performed by
the inquiry processing portion 36 when the device 31 executes inquiry
scanning according to further exemplary embodiments of the present
work. At 51, the Rx frequency is calculated in conventional fashion. If
the calculated Rx frequency is determined to be usable at 52, then the
corresponding Tx frequency is determined at 53. If that Tx frequency is

usable at 55, then inquiry proceeds in conventional fashion.

[0026] If the calculated Rx frequency is not usable at 52, then the
Rx frequency is remapped to a usable frequency at 54 using, for
example, techniques described below with respect to Figure 6.

Operations then proceed to 53.
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[0027] If the Tx frequency is determined at 55 to be unusable, then
the next usable Tx frequency is selected at 56 from the set of usable
frequencies in the train, and is used together with the determined Rx

frequency to proceed with inquiry.

[0028] In some embodiments (illustrated by broken line in Figure
5), if the Tx frequency is unusable at 55, then the Tx frequency is
remapped to a usable frequency at 57 using, for example, techniques
described below with respect to Figure 6. Inquiry then proceeds with

the determined Rx and Tx frequencies.

[0029] Figure 6 diagrammatically illustrates a frequency hopping
re-mapper according to exemplary embodiments of the present work. In
some embodiments, the inquiry and paging processing portions 36 and
37 of Figure 3 include the re-mapper of Figure 6. In some
embodiments, the inquiry and page portions share the re-mapper. The
Mod Ma and Mod Mg sections 61 and 62 translate the current digital
value of the device’s clock (CLK) signal into modulo Ma and modulo Mg
values, respectively, where Ma is the number of usable values of CLK for
the A frequency train, and Mg is the number of usable values of CLK for
the B frequency train. The modulo Ma value and the modulo Mg value
serve as pointers for indexing into respective look-up tables 63 and 64
of the known usable values of CLK for the A and B frequency trains,
respectively. These usable values of CLK are readily determined from
the known usable frequencies, due to the conventional relationship
between the frequencies and the CLK values. Depending on which of
the A and B frequency trains is currently in use, a usable CLK value,
CLKa’ or CLKR’, obtained from the corresponding table is selected by a
selector 65 for input to a conventional Bluetooth hop selector 66. The
hop selector 66 operates in response to the selected one of CLKa’ or
CLKg’ (instead of in response to CLK as it normally would), and thereby

determines a re-mapped, usable frequency k. The signal UAP/LAP is
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the conventional Bluetooth signal representing the upper and lower
parts of the device address. (Recall Bluetooth page scan frequencies are

based on CLK and the device address.)

[0030] Figure 7 illustrates operations that may be performed by
the paging processing portion 37 when the device 31 executes paging
according to exemplary embodiments of the present work. At 71, a
usable Rx/Tx frequency pair for page scanning is determined, for
example, as described above with respect to Figure 4 or Figure 5 for
inquiry scan operation. The determined frequency pair is then used at
72 for page scan. Thereafter, the paging sequence (i.e., steps 3-6 in

Figure 2) continues in conventional fashion at 73.

[0031] As indicated above, it is generally known in the art to use
priority signaling to disable resident interferers during Bluetooth
activity. Exemplary embodiments of the present work provide novel
uses of priority signaling as described below with respect to Figures 8

and 9.

[0032] Figure 8 illustrates operations that may be performed by
the paging processing portion 37 when the device 31 executes paging
according to further exemplary embodiments of the present work.
Figure 8 shows that, after page scan is completed at 72 in Figure 7,
operations proceed to 81, where it is determined if the FHS packet is
successfully received (see also step 3 in Figure 2). If so, the paging
response sequence continues (i.e., from step 4 in Figure 2) in
conventional fashion at 82. If the FHS packet has not been received at
81, it is determined at 83 whether an attempt limit has been reached. If
not, then the next attempt to receive the FHS packet occurs at 81. If
the attempt limit is reached at 83, that is, if one, two or three (in
various embodiments) receive attempts are unsuccessful, then a priority

signal (see also 39 in Figure 3) is asserted at 84. The priority signal
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disables the known interferer, thereby permitting successful receipt of

the FHS packet at 85, after which the paging sequence continues at 82.

[0033] Figure 9 illustrates operations that may be performed by
the paging processing portion 37 when the device 31 executes paging
according to further exemplary embodiments of the present work.
Figure 9 shows that, after page scan is completed at 72 in Figure 7,
operations proceed to 91, where the Rx frequency for the FHS packet
(see also Figure 2) is determined in conventional fashion. It is then
determined at 92 whether the Rx frequency is usable. If so, the paging
sequence continues (i.e., from step 3 in Figure 2) in conventional
fashion at 93. If the Rx frequency is not usable at 92, then a priority
signal (see also 39 in Figure 3) is asserted at 94. The priority signal
disables the known interferer, after which the paging sequence

continues (from step 3 in Figure 2) at 93.

[0034] Those of skill in the art would understand that information
and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions,
commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles,

optical fields or particles, or any combination thereof.

[0035] Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed herein may be
implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented

as hardware or software depends upon the particular application and
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design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each
particular application, but such implementation decisions should not be

interpreted as causing a departure from the scope of the present work.

[0036] The various illustrative logical blocks, modules, and circuits
described in connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor, a digital
signal processor (DSP), an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components,
or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in
the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a

DSP core, or any other such configuration.

[0037] The steps of a method or algorithm described in connection
with the embodiments disclosed herein may be embodied directly in
hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM, or any
other form of storage medium known in the art. An exemplary storage
medium is coupled to the processor such the processor can read
information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the

storage medium may reside as discrete components in a user terminal.
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[0038] The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use products
that embody principles of the present work. Various modifications to
these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
disclosure. Thus, the present work is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for a Bluetooth-capable device to replace frequencies
that are unusable in a Bluetooth introduction sequence due to
operation of another wireless technology in the device, comprising:

determining a frequency pair in a current frequency train,
wherein the frequency pair consists of a listen frequency and a respond
frequency;

determining whether the frequency pair is unusable for the
introduction sequence; and

in response to a determination that the frequency pair is
unusable for the introduction sequence, selecting from the current
frequency train another said frequency pair from among a set of said

frequency pairs that are usable for the introduction sequence.

2. The method of Claim 1, wherein said selecting includes

selecting said another frequency pair randomly from said set.

3. The method of Claim 1, wherein said selecting includes
selecting said another frequency pair to be a next said frequency pair of

said set in the current frequency train.

4. The method of Claim 1, wherein said selecting includes
selecting said another frequency pair to be one of said frequency pairs
of said set that temporally follows a next said frequency pair of said set

in the current frequency train.

5. The method of Claim 1, wherein the introduction sequence is a

Bluetooth inquiry sequence.
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6. The method of Claim 1, wherein the introduction sequence is

part of a Bluetooth paging sequence.

7. The method of Claim 6, including responding to an
unsuccessful attempt to receive a Frequency Hopping Synchronization
(FHS) packet in the Bluetooth paging sequence by disabling operation of

said another wireless technology.

8. The method of Claim 7, wherein said responding includes

responding to repeated unsuccessful attempts to receive an FHS packet.

9. The method of Claim 6, including, in response to a
determination that a frequency on which an FHS packet is to be
received in the Bluetooth paging sequence is unusable, disabling

operation of said another wireless technology.

10. A method for a Bluetooth-capable device to replace
frequencies that are unusable in a Bluetooth introduction sequence due
to operation of another wireless technology in the device, comprising:

determining from a current frequency train a frequency usable as
one of a listen frequency and a respond frequency;

determining whether a frequency from the current frequency train
that corresponds to said usable frequency is usable as the other of said
listen and respond frequencies; and

in response to a determination that the corresponding frequency
is unusable as said other frequency, selecting a frequency usable as
said other frequency from a set of frequencies in the current frequency

train that are usable as said other frequency.

11. The method of Claim 10, wherein said determining a
frequency usable as said one frequency includes, in response to an
initial selection of a frequency that is not usable as said one frequency,

performing a frequency re-mapping process relative to the current
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frequency train to determine said frequency usable as said one

frequency.

12. The method of Claim 11, wherein said selecting includes
performing a frequency re-mapping process relative to the current
frequency train to determine said frequency usable as said other

frequency.

13. The method of Claim 11, wherein said selecting includes
selecting a next frequency from the current frequency train that is a

member of said set.

14. The method of Claim 10, wherein said selecting includes
performing a frequency re-mapping process relative to the current
frequency train to determine said frequency usable as said other

frequency.

15. The method of Claim 10, wherein said selecting includes
selecting a next frequency from the current frequency train that is a

member of said set.

16. The method of Claim 10, wherein the introduction sequence

is a Bluetooth inquiry sequence.

17. The method of Claim 10, wherein the introduction sequence

is part of a Bluetooth paging sequence.

18. The method of Claim 17, including responding to an
unsuccessful attempt to receive a Frequency Hopping Synchronization
(FHS) packet in the Bluetooth paging sequence by disabling operation of

said another wireless technology.
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19. The method of Claim 18, wherein said responding includes

responding to repeated unsuccessful attempts to receive an FHS packet.

20. The method of Claim 17, including, in response to a
determination that a frequency on which an FHS packet is to be
received in the Bluetooth paging sequence is unusable, disabling

operation of said another wireless technology.

21. An apparatus for permitting a Bluetooth-capable device to
replace frequencies that are unusable in a Bluetooth introduction
sequence due to operation of another wireless technology in the device,
comprising:

means for determining a frequency pair in a current frequency
train, wherein the frequency pair consists of a listen frequency and a
respond frequency;

means for determining whether the frequency pair is unusable for
the introduction sequence; and

means responsive to a determination that the frequency pair is
unusable for the introduction sequence for selecting from the current
frequency train another said frequency pair from among a set of said

frequency pairs that are usable for the introduction sequence.

22. An apparatus for permitting a Bluetooth-capable device to
replace frequencies that are unusable in a Bluetooth introduction
sequence due to operation of another wireless technology in the device,
comprising:

means for determining from a current frequency train a frequency
usable as one of a listen frequency and a respond frequency;

means for determining whether a frequency from the current
frequency train that corresponds to said usable frequency is usable as
the other of said listen and respond frequencies; and

means responsive to a determination that the corresponding

frequency is unusable as said other frequency for selecting a frequency
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usable as said other frequency from a set of frequencies in the current

frequency train that are usable as said other frequency.

23. A wireless communication apparatus, comprising:

a Bluetooth portion;

a further portion implementing wireless technology other than
Bluetooth; and

a wireless transceiver facility coupled to said Bluetooth portion
and said further portion;

wherein said Bluetooth portion includes a processor adapted to
permit said Bluetooth portion to replace frequencies that are unusable
in a Bluetooth introduction sequence due to operation of said further
portion, said processor configured to determine a frequency pair in a
current frequency train, wherein the frequency pair consists of a listen
frequency and a respond frequency, said processor further configured
to determine whether the frequency pair is wunusable for the
introduction sequence and, in response to a determination that the
frequency pair is unusable for the introduction sequence, to select from
the current frequency train another said frequency pair from among a
set of said frequency pairs that are usable for the introduction

sequence.

24. A wireless communication apparatus, comprising:

a Bluetooth portion;

a further portion implementing wireless technology other than
Bluetooth; and

a wireless transceiver facility coupled to said Bluetooth portion
and said further portion;

wherein said Bluetooth portion includes a processor adapted to
permit said Bluetooth portion to replace frequencies that are unusable
in a Bluetooth introduction sequence due to operation of said further
portion, said processor configured to determine from a current

frequency train a frequency usable as one of a listen frequency and a
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respond frequency, to determine whether a frequency from the current
frequency train that corresponds to said usable frequency is usable as
the other of said listen and respond frequencies and, in response to a
determination that the corresponding frequency is unusable as said
other frequency, to select a frequency usable as said other frequency
from a set of frequencies in the current frequency train that are usable

as said other frequency.

25. A computer program product for permitting a Bluetooth-
capable device to replace frequencies that are unusable in a Bluetooth
introduction sequence due to operation of another wireless technology
in the device, comprising:

a computer readable medium comprising:

code for causing at least one data processor to determine a
frequency pair in a current frequency train, wherein the frequency pair
consists of a listen frequency and a respond frequency; and

code for causing the at least one data processor to
determine whether the frequency pair is unusable for the introduction
sequence and, in response to a determination that the frequency pair is
unusable for the introduction sequence, to select from the current
frequency train another said frequency pair from among a set of said

frequency pairs that are usable for the introduction sequence.

26. A computer program product for permitting a Bluetooth-
capable device to replace frequencies that are unusable in a Bluetooth
introduction sequence due to operation of another wireless technology
in the device, comprising:

a computer readable medium comprising:

code for causing at least one data processor to determine
from a current frequency train a frequency usable as one of a listen
frequency and a respond frequency;

code for causing the at least one data processor to

determine whether a frequency from the current frequency train that
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corresponds to said usable frequency is usable as the other of said
listen and respond frequencies and, in response to a determination that
the corresponding frequency is unusable as said other frequency, to
select a frequency usable as said other frequency from a set of
frequencies in the current frequency train that are usable as said other

frequency.
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