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SYSTEM AND METHODS FOR ARBITRATING COMMUNICATIONS

BY COLLOCATED COMMUNICATION CIRCUITRY

RELATED APPLICATIONS

[0001] This application is an International Application of U.S. Patent Application
Number 16/143,032, filed on September 26, 2018, which claims the priority benefit of U.S.
Provisional Application No. 62/689,948, filed June 26, 2018, which are incorporated herein by

reference in their entirety.

TECHNICAL FIELD

[0002] The subject matter relates to the field of wireless communications. More
specifically, but not by way of limitation, the subject matter discloses techniques for arbitrating

communications by collocated communication circuitry.

BACKGROUND

[0003] Some communication systems include collocated communication circuitry to
transfer data via in accordance with multiple wireless communications protocols. For example,
some communication systems include a radio that utilizes Wireless Local Area Network
(WLAN) communication protocol (e.g., Wi-Fi based on IEEE 802.11 standards), a radio that
utilizes Bluetooth (BT) communication protocol (e.g., based on BT SIG standards), and a radio
that utilizes Zigbee (ZB) communication protocol (e.g., based on IEEE 802.15.4 standards),

where the radios are all in close proximity to one another. Collocated radios operating
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simultaneously in adjacent or overlapping radio frequency (RF) spectrums can reduce operating
ranges and/or lower throughput. At the expense of power consumption, arbitration techniques
may be implemented by such communication systems to improve performance by managing

each radio’s access to transmission media.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Some embodiments are illustrated by way of example and not limitation in the
figures of the accompanying drawings in which:

[0005] FIG. 1 is a block diagram illustrating a wireless communication network, in
accordance with various embodiments;

[0006] FIG. 2 is a block diagram illustrating communication circuitry of a
communication system, in accordance with embodiments;

[0007] FIG. 3 is flow diagram illustrating a method of providing arbitration, in
accordance with embodiments;

[0008] FIG. 4 is a block diagram illustrating a communication system, in accordance
with embodiments;

[0009] FIG. 5 is a flow diagram illustrating a method of packet transfer arbitration by a
WLAN subsystem, in accordance with an embodiment;

[0010] FIG. 6 is a flow diagram illustrating a method of packet transfer arbitration by a
BT subsystem, in accordance with embodiments; and

[0011] FIG. 7 is a block diagram illustrating an electronic device, in accordance with

embodiments.
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DETAILED DESCRIPTION

[0012] Systems and methods for arbitrating communications by collocated
communication circuitry are described. In the following description, for purposes of
explanation, numerous examples and embodiments are set forth in order to provide a thorough
understanding of the claimed subject matter. It will be evident to one skilled in the art that the
claimed subject matter may be practiced in other embodiments. Some embodiments are now
briefly introduced and then discussed in more detail along with other embodiments beginning
with FIG. 1.

[0013] When multiple communication circuitry (e.g., radios) are operating concurrently
or simultaneously in proximity to one another, coexistence problems can arise. This can lead to
performance degradation, which is manifested, for example, in reduced operating range and/or
lower throughput. Coexistence problems can range in severity and may arise from, without
limitation, collocated radios operating in overlapping frequency spectrums (e.g., WLAN, BT,
and ZB in 2.4 GHz range), collocated radios operating in adjacent frequency spectrum (e.g.,
cellular such as Long-Term Evolution (LTE) band 7 and band 40), and/or harmonics and inter-
modulation distortion among collocated radios.

[0014] Collaborative coexistence techniques provide a methodology by which
communication circuitry for multiple communication protocols can be collocated on a device
(e.g., a small form-factor device). Coexistence solutions can be implemented at the chip level,
the board level, the software level (e.g., firmware), and/or through antennas. In example
embodiments, mitigation of coexistence problems may be achieved by optimizing hardware such
as board layout of RF signal routing and component placement, e.g., antenna isolations, cellular

RF and RFIC components, WLAN, BT, global positioning system (GPS), and ZB RFIC and RF
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components, and by using filters in the receivers and transmitters. Coexistence solutions may
also be achieved through PHY/Software optimization such as time domain multiplexing of radios
with time synchronization of radio frames using, for example, 2-wire and/or 3-wire coexistence
interfaces.

[0015] An objective of arbitration is to maintain acceptable operating ranges and
throughput. Arbitration logic can facilitate coexistence by deciding which communication
subsystem should be granted access to the transmission medium during a particular period.
Arbitration algorithms may include, without limitation, IEEE 802.15.2 Packet Traffic Arbitration
(PTA). In current techniques, the role of arbitrator is implemented by one of the multiple
collocated communication circuitry (e.g., a Wi-Fi subsystem) and in order for the arbitration
logic to be available to perform arbitration, certain power domains of the communication
circuitry may never be allowed to power down. The level of power consumed by the always on
communication circuitry that runs the arbitration logic drains power, which is especially
impactful in a battery powered communication devices such as those used in the IoT.

[0016] In embodiments, power consumption can be lessened through the provision of
arbitration functionality by different communication circuitry during selected periods. For
example, arbitration logic may be disposed on two out of three communication subsystems of a
communication system. First arbitration logic running on a first communication subsystem may
arbitrate for communication by all three communication subsystems when the first
communication subsystem is operating in a first mode comprising a first power consumption.
When the first communication subsystem is to transition to operating in a mode comprising a
lower power consumption, second arbitration logic running on the second communication

subsystem can take over to arbitrate for communications by the second communication
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subsystem and a third communication subsystem. As a result, the first communication
subsystem is allowed to consume less power by shutting down certain of its power domains for
the periods that they are not needed.

[0017] Embodiments described herein can reduce power consumed by a communication
system by sharing or delegating the arbiter role (e.g., through a handover and takeback protocol)
among any number of collocated communication subsystems while providing throughput and
quality of service comparable to those provided by single arbiter, collocated communication
subsystems that must always remain on to provide arbitration.

[0018] The detailed description below includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show illustrations in
accordance with embodiments. These embodiments, which are also referred to herein as
“examples,” are described in enough detail to enable those skilled in the art to practice
embodiments of the claimed subject matter. The embodiments may be combined, other
embodiments may be utilized, or structural, logical, and electrical changes may be made without
departing from the scope of what is claimed. The following detailed description is, therefore, not
to be taken in a limiting sense, and the scope is defined by the appended claims and their
equivalents.

[0019] FIG. 1 is a block diagram illustrating a wireless communication network 100, in
accordance with various embodiments. FIG. 1 is shown to include a communication system 102
wirelessly communicating with peer devices 170, 180, and 190. The communication system 102
includes collocated communication circuitry 110, 130, and 160 coupled to antennas 125, 145,
and 175 via a bus system 101. The bus system 101 may include inter-chip busses, intra-chip

busses, coexistence busses, or any other communication line to connect circuits. In various
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embodiments, some or all of the communication circuitry 110, 130, and 160 may be disposed on
a common substrate (e.g., a system on a chip) or on different substrates. Alternatively or
additionally, one or more of the communication circuitry 110, 130, and 160 may be disposed on
a same or discrete integrated circuit (IC) chip(s).

[0020] Although the communication system 102 is shown to include three antennas, the
communication system 102 may include fewer or greater that three antennae without departing
from the claimed subject matter. For example, in some embodiments, the communication system
102 may include one or more antenna array (e.g., a phased array) including any number of
antennae (e.g., six or eight) while in other embodiments, the communication system may include
as little as one antenna shared among the communication circuitry 110, 130, and 160. Further,
an antenna may by exclusively paired with communication circuitry or shared among the
communication circuitry.

[0021] In an embodiment, each communication circuitry 110, 130, and 160 represents a
communication subsystem configured to facilitate communication according to a communication
protocol. For example, each communication circuitry 110, 130, and 160 and a corresponding
antenna 125, 145, and/or 175 may communicate using overlapping frequency spectra (e.g.,
WLAN, BT, and ZB in 2.4 GHz range) and/or using adjacent frequency spectra (e.g., cellular
protocols such as LTE band 7 and band 40). In embodiments, each peer device 170, 180, and
190 wirelessly communicates with a corresponding communication circuitry 110, 130, and 160
using a corresponding overlapping and/or adjacent frequency spectra. Peer devices 170, 180,
and 190 may include any type of electronic device capable of wirelessly communicating with the
communication system 102.

[0022] In an embodiment, each communication circuitry 110, 130, and 160 and its
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corresponding antennae 125, 145, and/or 175 operate in overlapping and/or adjacent RF
spectrums, raising coexistence problems that affects quality of service and can reduce operating
range and/or lower throughput. If an arbitrator role were to be provided by only one of the
communication circuitry 110, 130, and 160, power domains of that communication circuitry
would need to remain powered on even when the communication circuitry is not actively
communicating. The level of power consumed by always on communication circuitry drains
power, which is especially disadvantageous in a battery powered communication device such as
one used in the IoT. Embodiments that mitigate such power consumption are discussed with
respect to FIG. 2.

[0023] FIG. 2 is a block diagram illustrating communication circuitry 110, 130, and 160
of a communication system 200, in accordance with embodiments. The communication circuitry
110, 130, and 160 are shown to be coupled to one another via coexistence interfaces 205, 207,
and/or 209. The communication circuitry 110 is shown to include a central processing unit
(CPU) 212, a signal processor 216, memory system 213, and a transceiver 214. The CPU 212 is
to execute communication circuitry 110 operations based on instruction stored within the
memory system 213. The transceiver 214 is to couple with an antenna (not shown) and
facilitates transmitting and receiving of RF signals by the communication circuitry 110.

[0024] In embodiments, when operating as a receiver, the transceiver 214 filters and
mixes received RF signals with a local oscillator signal to down-convert the desired frequency
(e.g., or channel) to an intermediate frequency. In an embodiment, the down-conversion process
provides the intermediate frequency as complex I and Q signals which are sampled and digitized
by an analog to digital converter of the transceiver 214. A phase estimator of the transceiver 214

may perform calculations to estimate the phase of the RF signal for the time it was received at
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the antenna using the I and Q values, and forward the phase value to a demodulator of the
transceiver, which forwards a decoded sequence of 1s and Os to the signal processor for further
processing (e.g., packet processing). When operating as a transmitter, the transceiver 214
generally performs the operations in reverse, receiving a sequence of 1s and Os from the signal
processor, modulating the signal, and outputting an analog signal for transmission by an antenna.

[0025] The signal processor 216 provides packet processing in accordance with the
communication protocol supported by the communication circuitry 110. For example, the signal
processor 216 may execute software and/or algorithms to process various layers of a protocol
stack to implement a communication protocol such as Wi-Fi, BT, ZB, or any other
communication protocol. The first arbitration logic 218 of the signal processor 216 is to arbitrate
media access requests of the communication circuitry 110, 130, and 160. In an embodiment, the
first arbitration logic 218 is set to provide arbitration services when certain power domains of the
communication circuitry 110 are being powered to support communication circuitry 110
operations (e.g., other than arbitration operations). Example power domains of the
communication circuitry 110 are indicated by dashed lines in FIG. 2. For example, the first
arbitration logic 218 may provide arbitration if a transceiver power domain of the
communication circuitry 110 is being powered to support occurring and/or imminent
transmission or receipt. In some embodiments, the first arbitrator logic 218 is implemented by
firmware, microcode, or other instructions stored in the memory system 213. Alternatively, the
first arbitration logic 218 may be implemented by hardware circuitry or a combination of
hardware circuitry and software.

[0026] The CPU 232, memory system 233, and transceiver 234 of the communication

circuitry 130 and the CPU 262, memory system 263, and transceiver 264 of the communication
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circuitry 160 may be the same or similar to the CPU 212, the memory system 213, and
transceiver 214 of the communication circuitry 110. The signal processor 236 of the
communication circuitry 130 is shown to include a second arbitration logic 238. The second
arbitration logic 238 of the signal processor 236 is to arbitrate media access requests of the
communication circuitry 130 and 160. In an embodiment, the second arbitration logic 238
provides arbitration when it is determined that certain power domains of the communication
circuitry 110 are not required to be a powered mode. For example, the second arbitration logic
238 may be set to arbitrate based on the transceiver power domain of the communication
circuitry 110 not needing to be powered due to transmit and/or receive inactivity. In some
embodiments, the second arbitration logic 238 is implemented by firmware, microcode, or other
instructions stored in the memory system 233. Alternatively, the second arbitration logic 238
may be implemented by hardware circuitry or a combination of hardware circuitry and software.
Although the signal processor 266 is not shown to include arbitration logic in FIG. 2, other
embodiments may include third arbitration logic without departing from the claimed subject
matter.

[0027] FIG. 3 is a flow diagram illustrating a method of providing arbitration, in
accordance with embodiments. The method 300 can be performed by processing logic
comprising hardware (circuitry, dedicated logic, etc.), software (such as is run on a general-
purpose computing system or a dedicated machine), firmware (embedded software), or any
combination thereof. In various embodiments, the method 300 may be performed as shown and
described with respect to FIG. 2.

[0028] For example, at block 302 during operation of the communication circuitry 110 in

a first operating mode comprising first power consumption, the method 300 includes using the

10
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communication circuitry 110 to perform packet arbitration for wireless communications by the
communication circuitry 110, the communication circuitry 130, and the communication circuitry
160.

[0029] In an embodiment, the use of the communication circuitry 110 to perform packet
arbitration includes receiving by the first arbitration logic 218, a request signal, and a priority
signal from one or more of the communication circuitry 130 and the communication circuitry
160, executing an arbitration algorithm, and providing a grant signal or a deny signal to the one
or more of the communication circuitry 130 and communication circuitry 160 based on a result
of executing the arbitration algorithm. In an embodiment, the arbitration logic 218 is
implemented by executing firmware by the CPU 212. The firmware may be stored at least in
part by the memory system 213.

[0030] At block 304, the method 300 includes switching the communication circuitry 110
from operating in the first operating mode to operating in the second operating mode. In
embodiments, power consumption in the first operating mode is greater than power consumption
in the second operating mode. In various embodiments, switching to the operation in the second
operating mode results in consuming less power than the operation in the first operating mode.
In embodiments, operating the communication circuitry 110 in the second operating mode
includes operating one or more portions of power domains (e.g., the CPU 212, the memory
system 213, the transceiver 214, and/or the signal processor 216) of the communication circuitry
110 in a sleep mode (e.g., a non-powered or a reduced power mode).

[0031] Switching to operating in the second operating mode may be responsive to the
communication circuitry 110 detecting an inactivity of the communication circuitry 110. For

example, detecting the inactivity of the communication circuitry 110 may include detecting that

11
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the transceiver 214 is not transmitting or receiving certain traffic or traffic types (e.g., an absence
of traffic or absence of desired traffic), RF signals, and/or detecting an inactivity of other blocks
within the communication circuitry 110. Responsive to the detection of inactivity, the arbitration
logic 218 may provide handover data or a handover signal to switch from performing arbitration
by the arbitration logic 218, of the communication circuitry 110, to performing arbitration by the
arbitration logic 238, of the communication circuitry 130. Alternatively or additionally,
arbitration logic 218 may provide handover data including state information, context
information, and/or arbitration rules to the arbitration logic 238 related to performing arbitration.

[0032] At block 306, during operation of the communication circuitry 110 in the second
operating mode comprising the second power consumption, the method 300 includes using the
communication circuitry 130 to perform packet arbitration for wireless communications by the
communication circuitry 130 and the communication circuitry 160.

[0033] In embodiments, using the communication circuitry 130 for the performing of
packet arbitration includes receiving by the arbitration logic 238 a request signal and a priority
signal from the communication circuitry 160, executing an arbitration algorithm, and providing a
grant signal or a deny signal to the communication circuitry 160 based on a result of executing
the arbitration algorithm. In embodiments, arbitration logic 238 is implemented by executing
instructions by the CPU 232. At least a portion of the firmware may be stored by the memory
system 233. In embodiments, where the communication circuitry 110 is operating in a lower
power consumption mode and the communication circuitry 130 uses a lower complexity
arbitration algorithm (e.g., to arbitrate among two rather than three), the performing of packet
arbitration by the communication circuitry 130 consumes less power than the performing of

packet arbitration by the communication circuitry 110. In this way, embodiments conserve

12
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power (e.g., battery power) for IoT or other communication devices. In an embodiment,
responsive to arbitration logic 218 detecting activity of the communication circuitry 110 (e.g.,
transceiver 214 transmitting or receiving, a presence of traffic or desired traffic), the first
arbitration logic 218 may generate a second handover data or signal (e.g., a takeover signal) to
switch from performing arbitration by the communication circuitry 130 to performing arbitration
by the communication circuitry 110. At that point arbitration logic 238 may provide handover
data including state information, context information, and/or arbitration rules to the arbitration
logic 218 related to performing arbitration.

[0034] FIG. 4 is a block diagram illustrating a communication system 400, in accordance
with embodiments. FIG. 4 is shown to include a printed circuit board 401 including an IC chip
402 coupled to an IC chip 414 via coexistence interface 407. The IC chip 402 is shown to
include a WLAN subsystem 404 (e.g., Wi-Fi communication circuitry) that includes a primary
PTA 406 coupled via coexistence interface 405 to a BT subsystem 408 (e.g., Bluetooth
communication circuitry) that includes a secondary PTA 410. The coexistence interfaces 405
and 407 may be the same or similar to the coexistence interfaces 205, 207, and/or 209 of FIG. 2.

[0035] The selector 412 (e.g., a switch function) is to alternately couple shared
antenna(s) 413 to the WLAN subsystem 404 and to the BT subsystem 408. In an embodiment,
the WLAN subsystem 404 includes circuitry that is the same or similar to the communication
circuitry 110 of FIG. 2. The BT subsystem 408 may include circuitry that is the same or similar
to the communication circuitry 130 of FIG. 2. The IC chip 414 is shown to be coupled to the IC
chip 402 via the coexistence interface 407. The IC chip 414 is shown to include the ZB
subsystem 416 (e.g., ZB communication circuitry), which is coupled to one or more antennas

417. In an embodiment, the ZB subsystem 416 may include circuitry that is the same or similar

13
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to the communication circuitry 160 of FIG. 2.

[0036] In a particular embodiment, an arbiter role can be provided during a first period
by the primary PTA 406 and during a second period by the secondary PTA 410. The primary
PTA 406 and the secondary PTA are implemented on the same IC chip and the WLAN
subsystem 404 and BT subsystem 408 are shown to share one or more antennas 413. In other
embodiments, the WLAN subsystem 404, the primary PTA 406, the BT subsystem 408, the
secondary PTA 410, and/or the ZB subsystem may be disposed on the same or different PCBs
and/or ICs without departing from the claimed subject matter.

[0037] In an embodiment, the IC chip 402 includes an integrated single-chip combo
solution that implements collaborative coexistence hardware mechanisms and algorithms to
enable WLAN, BT, and ZB subsystems to operate concurrently and/or simultaneously. The IC
chip 402 arbitrates as described herein for maximization of medium access time, throughput, and
audio quality. In an embodiment, collaborative coexistence between WLAN, BT, and ZB
subsystems may be implemented by the primary PTA 406 and the secondary PTA 410 in
connection with IEEE 802.15.2 PTA and through the coexistence interfaces 405 and 407,
respectively. The primary PTA 406 and the secondary PTA 410, using PTA’s prioritization
approaches between data types and applications and/or other arbitration algorithms, pursue
optimum performance for the particular circumstances and design constraints of the
communication system. Through embodiments described herein, overall quality for
simultaneous voice, video, and data transmission on an embedded system can be achieved while
reducing power consumption compared prior PTA implementations.

[0038] FIG. 5 is a flow diagram illustrating a method of packet traffic arbitration by a

WLAN subsystem, in accordance with embodiments. The method 500 can be performed by
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processing logic comprising hardware (circuitry, dedicated logic, etc.), software (such as is run
on a general-purpose computing system or a dedicated machine), firmware (embedded software),
or any combination thereof. In various embodiments, the method 500 may be performed as
shown and described with respect to FIG. 4.

[0039] At block 502, the WLAN subsystem 404 including the primary PTA 406 is
powered on and begins operation in a first mode. At block 504, the WLAN subsystem 404 is
active by default and operates in a first power consumption mode. The primary PTA operates to
arbitrate for packet transfer requests by the WLAN subsystem 404, the BT subsystem 408, and
the ZB subsystem 416.

[0040] At block 506, the primary PTA 406 monitors whether the WLAN subsystem 404
is active or inactive. Responsive to a determination at block 506 that the WLAN subsystem 404
is active, the primary PTA continues to assume the arbiter role. Responsive to a determination at
block 506 that the WLAN subsystem 404 is inactive, at block 508, the primary PTA 406 of the
WLAN subsystem 404 generates a PTA handover signal and transfers the handover signal to the
BT subsystem 408 via the coexistence interface 405. Alternatively or additionally, WLAN
subsystem 404 may provide handover data including state information, context information,
and/or arbitration rules to the BT subsystem 408 related to performing arbitration.

[0041] At block 510, the primary PTA 406 determines whether the handover signal has
been received and acknowledged by the BT subsystem 408 to verify that the arbiter role has
successfully been accepted or taken over by the BT subsystem 408. If the handover is not
successful, the primary PTA 406 may retransmit the handover signal to the BT subsystem 408.
In an embodiment, the primary PTA 406 verifies take over by the secondary PTA 410 based on

an acknowledgement signal received from the secondary PTA 410 via the coexistence interface
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405. Atblock 512, responsive to a signal (e.g., sleep signal from the primary PTA 406), the
WLAN subsystem 404 switches to operating in a second mode (e.g., a sleep mode) that
consumes less power than operating in the first mode of block 504.

[0042] At block 514, the primary PTA 406 determines whether the WLAN subsystem
404 is active or not. If the primary PTA 406 determines that the WLAN subsystem 404 is not
active, the WLAN subsystem 404 remains in the sleep mode indicated in block 512. If the
primary PTA 406 determines that the WLAN subsystem 404 is active, responsive to signal (e.g.,
a wake signal from the primary PTA 406), the method proceeds back to block 504 where the
WLAN subsystem 404 operates in the first power consumption mode and the primary PTA 406
re-assumes the arbiter role. In an embodiment, the primary PTA 406 also generates a takeback
signal and provides it to the secondary PTA 410 of the BT subsystem 408 to provide notice of
the takeback. The BT subsystem 408 may provide handover data including state information,
context information, and/or arbitration rules to the WLAN subsystem 404 related to performing
arbitration.

[0043] FIG. 6 is a flow diagram illustrating a method of packet transfer arbitration by a
BT subsystem, in accordance with embodiments. The method 600 can be performed by
processing logic comprising hardware (circuitry, dedicated logic, etc.), software (such as is run
on a general-purpose computing system or a dedicated machine), firmware (embedded software),
or any combination thereof. In various embodiments, the method 600 may be performed as
shown and described with respect to FIG. 4.

[0044] At block 602, the BT subsystem 408 is powered on. At block 604, the BT
subsystem 408 operates in a first mode under which the secondary PTA 410 is inactive with

respect to performing arbitration. At block 606, the secondary PTA 410 determines whether the
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primary PTA 406 of the WLAN subsystem 404 has provided a handover signal. If the secondary
PTA 410 does not detect the handover signal, the secondary PTA 410 continues being inactive
with respect to arbitration. If the secondary PTA 410 detects the handover signal, the secondary
PTA 410 responds to the primary PTA 406 with an acknowledgement signal to verify that the
secondary PTA 410 will assume the role of arbitrator (e.g., to allow the WLAN subsystem 404
and primary PTA 406 to consume less power in a sleep mode).

[0045] At block 608, the secondary PTA 410 provides arbitration for packet transfers on
the medium based on requests by the BT subsystem 408 and the ZB subsystem 416. At block
610, the secondary PTA 410 determines whether the WLAN subsystem 404 has provided a
takeback signal. Until the secondary PTA 410 detects the takeback signal, the secondary PTA
410 continues to provide arbitration. Based on detecting the takeback signal, the method returns
to block 604 where the BT subsystem 408 is operational for packet transfer but the secondary
PTA 410 no does not provide arbitration.

[0046] FIG. 7 is a block diagram illustrating an electronic device 700, in accordance with
embodiments. The electronic device 700 may fully or partially include and/or operate the
example embodiments of the communication circuitry 110, communication circuitry 130, and/or
the communication circuitry 160 of FIG. 2 and/or the PCB or FIG. 4. The electronic device 700
may be in the form of a computer system within which sets of instructions may be executed to
cause the electronic device 700 to perform any one or more of the methodologies discussed
herein. The electronic device 700 may operate as a standalone device or may be connected (e.g.,
networked) to other machines. In a networked deployment, the electronic device 700 may
operate in the capacity of a server or a client machine in server-client network environment, or as

a peer machine in a P2P (or distributed) network environment.
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[0047] The electronic device 700 may be an Internet of Things (IoT) device, a server
computer, a client computer, a personal computer (PC), a tablet, a set-top box (STB), a VCH, a
Personal Digital Assistant (PDA), a mobile telephone, a web appliance, a network router, switch
or bridge, a television, speakers, a remote control, a monitor, a handheld multi-media device, a
handheld video player, a handheld gaming device, or a control panel, or any other machine
capable of executing a set of instructions (sequential or otherwise) that specify actions to be
taken by that machine. Further, while only a single electronic device 700 is illustrated, the term
“device” shall also be taken to include any collection of machines that individually or jointly
execute a set (or multiple sets) of instructions to perform any one or more of the methodologies
discussed herein.

[0048] The electronic device 700 is shown to include processor(s) 702. In embodiments,
the electronic device 700 and/or processors(s) 702 may include processing device(s) 705 such as
a System on a Chip processing device, developed by Cypress Semiconductor Corporation, San
Jose, California. Alternatively, the electronic device 700 may include one or more other
processing devices known by those of ordinary skill in the art, such as a microprocessor or
central processing unit, an application processor, a host controller, a controller, special-purpose
processor, DSP, an application specific integrated circuit (ASIC), a field programmable gate
array (FPGA), or the like. Bus system 701 may include a communication block (not shown) to
communicate with an internal or external component, such as an embedded controller or an
application processor, via communication device(s) 709 and/or bus system 701.

[0049] Components of the electronic device 700 may reside on a common carrier
substrate such as, for example, an IC die substrate, a multi-chip module substrate, or the like.

Alternatively, components of the electronic device 700 may be one or more separate ICs and/or
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discrete components.

[0050] The memory system 704 may include volatile memory and/or non-volatile
memory which may communicate with one another via the bus system 701. The memory system
704 may include, for example, random access memory (RAM) and program flash. RAM may be
static RAM (SRAM), and program flash may be a non-volatile storage, which may be used to
store firmware (e.g., control algorithms executable by processor(s) 702 to implement operations
described herein). The memory system 704 may include instructions 703 that when executed
perform the methods described herein. Portions of the memory system 704 may be dynamically
allocated to provide caching, buffering, and/or other memory based functionalities.

[0051] The memory system 704 may include a drive unit providing a machine-readable
medium on which may be stored one or more sets of instructions 703 (e.g., software) embodying
any one or more of the methodologies or functions described herein. The instructions 703 may
also reside, completely or at least partially, within the other memory devices of the memory
system 704 and/or within the processor(s) 702 during execution thereof by the electronic device
700, which in some embodiments, constitutes machine-readable media. The instructions 703
may further be transmitted or received over a network via the communication device(s) 709.

[0052] While a machine-readable medium is in some embodiments a single medium, the
term "machine-readable medium" should be taken to include a single medium or multiple media
(e.g., a centralized or distributed database, and/or associated caches and servers) that store the
one or more sets of instructions. The term "machine-readable medium" shall also be taken to
include any medium that is capable of storing or encoding a set of instructions for execution by
the machine and that cause the machine to perform any one or more of the example operations

described herein. The term "machine-readable medium" shall accordingly be taken to include,
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but not be limited to, solid-state memories, and optical and magnetic media.

[0053] The electronic device 700 is further shown to include display interface(s) 706
(e.g., aliquid crystal display (LCD), touchscreen, a cathode ray tube (CRT), and software and
hardware support for display technologies), audio interface(s) 708 (e.g., microphones, speakers
and software and hardware support for microphone input/output and speaker input/output). The
electronic device 700 is also shown to include user interface(s) 710 (e.g., keyboard, buttons,
switches, touchpad, touchscreens, and software and hardware support for user interfaces).

[0054] The above description is intended to be illustrative, and not restrictive. For
example, the above-described embodiments (or one or more aspects thereof) may be used in
combination with each other. Other embodiments will be apparent to those of skill in the art
upon reviewing the above description. In this document, the terms “a” or “an” are used, as is
common in patent documents, to include one or more than one. In this document, the term “or”
is used to refer to a nonexclusive or, such that “A or B” includes “A but not B,” “B but not A,”
and “A and B,” unless otherwise indicated. In the event of inconsistent usages between this
document and those documents so incorporated by reference, the usage in the incorporated
reference(s) should be considered supplementary to that of this document; for irreconcilable
inconsistencies, the usage in this document supersedes the usage in any incorporated references.

[0055] Although the claimed subject matter has been described with reference to specific
embodiments, it will be evident that various modifications and changes may be made to these
embodiments without departing from the broader spirit and scope of what is claimed.
Accordingly, the specification and drawings are to be regarded in an illustrative rather than a
restrictive sense. The scope of the claims should be determined with reference to the appended

claims, along with the full scope of equivalents to which such claims are entitled. In the
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appended claims, the terms “including” and “in which” are used as the plain-English equivalents
of the respective terms “comprising” and “wherein.” Also, in the following claims, the terms
“including” and “comprising” are open-ended; a system, device, article, or process that includes
elements in addition to those listed after such a term in a claim are still deemed to fall within the
scope of that claim. Moreover, in the following claims, the terms “first,” “second,” and “third,”
etc. are used merely as labels and are not intended to impose numerical requirements on their
objects.

[0056] The Abstract of the Disclosure is provided to comply with 37 C.F.R. §1.72(b),
requiring an abstract that will allow the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will not be used to interpret or limit the

scope or meaning of the claims.

21



WO 2020/005395 PCT/US2019/031368

CLAIMS

What is claimed is:

1. A method comprising:

during operation of first communication circuitry in a first operating mode comprising
first power consumption, using the first communication circuitry, performing packet arbitration
for wireless communications by the first communication circuitry, second communication
circuitry, and third communication circuitry; and

during operation of the first communication circuitry in a second operating mode
comprising second power consumption, using the second communication circuitry, performing
packet arbitration for wireless communications by the second communication circuitry and the

third communication circuitry.

2. The method of claim 1, wherein the first power consumption is greater than the second

power consumption.

3. The method of claim 2, wherein the operation of the first communication circuitry in

the second operating mode comprising the second power consumption comprises operating one

or more power domains of the first communication circuitry in a sleep mode.

4. The method of claim 1, wherein the using of the first communication circuitry

includes using Wi-Fi communication circuitry.
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5. The method of claim 4, wherein the using of second communication circuitry includes

using Bluetooth communication circuitry.

6. The method of claim 1, wherein the third communication circuitry is selected from the
group of communication circuitries consisting of Zigbee communication circuitry, Wi-Fi
communication circuitry, Bluetooth communication circuitry, global positioning system

communication circuitry, and cellular communication circuitry.

7. The method of claim 1, wherein the using of the second communication circuitry for
the performing of packet arbitration consumes less power than the using of the first

communication circuitry for the performing of packet arbitration.

8. The method of claim 1, further comprising:

detecting an inactivity of the first communication circuitry; and
responsive to detecting the inactivity:

providing first handover data to switch from performing arbitration by the first
communication circuitry to performing arbitration by the second communication
circuitry, and

switching the first communication circuitry from operating in the first operating

mode to operating in the second operating mode.
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9. The method of claim 8, wherein detecting the inactivity of the first communication
circuitry comprises detecting an absence of traffic associated with the first communication

circuitry.

10. The method of claim 9, further comprising, responsive to detecting activity of the
first communication circuitry, providing a second handover data to switch from performing
arbitration by the second communication circuitry to performing arbitration by the first

communication circuitry.

11. The method of claim 1, wherein the using of the first communication circuitry for the
performing of packet arbitration comprises receiving by the first communication circuitry a
request signal and a priority signal from one or more of the second communication circuitry and
the third communication circuitry, executing an arbitration algorithm, and providing a grant
signal or a deny signal to the one or more of the second communication circuitry and the third

communication circuitry based on a result of executing the arbitration algorithm.

12. The method of claim 1, wherein using the second communication circuitry for the
performing of packet arbitration comprises receiving by the second communication circuitry a
request signal and a priority signal from the third communication circuitry, executing an
arbitration algorithm, and providing a grant signal or a deny signal to the third communication

circuitry based on a result of executing the arbitration algorithm.

13. A system comprising:
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first communication circuitry comprising first arbitration logic; and

second communication circuitry comprising second arbitration logic, wherein during
operation of the first communication circuitry in a first power consumption mode, the first
arbitration logic is configured to perform packet traffic arbitration for packet transfers associated
with the first communication circuitry, the second communication circuitry, and a third
communication circuitry, wherein during operation of the first communication circuitry in a
second power consumption mode, the second arbitration logic is configured to perform packet
traffic arbitration for packet transfers associated with the second communication circuitry and the

third communication circuitry.

14. The system of claim 13, further comprising a coexistence interface coupled to the
first communication circuitry and the second communication circuitry, wherein responsive to an
inactive status of the first communication circuitry, the first communication circuitry is
configured to transmit a handover signal to the second communication circuitry via the
coexistence interface and switch from operating in the first power consumption mode to
operating in the second power consumption mode, wherein the second arbitration logic is
configured to perform the packet traffic arbitration for packet transfers associated with the
second communication circuitry and the third communication circuitry, responsive to the

handover signal.

15. The system of claim 13 wherein the first communication circuitry is disposed on a

first integrated circuit chip and the third communication circuitry is disposed on a second

integrated circuit chip, wherein the second integrated circuit chip comprises a coexistence
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interface configured to couple the third communication circuitry to the first communication

circuitry and to the second communication circuitry.

16. Communication circuitry, comprising:
a transceiver configured to transmit and receive radio frequency signals;
a signal processor coupled to the transceiver and configured to process packets; and
arbitration logic coupled to the signal processor, the arbitration logic configured to:

based on transmit or receive activity by the communication circuitry, perform
packet traffic arbitration for wireless communication requests by the communication
circuitry and a plurality of other communication circuitries, and

based on transmit and receive inactivity of the communication circuitry, provide a
handover signal to signal another arbitration logic of the plurality of communication
circuitries to perform packet traffic arbitration for wireless communication requests by at

least two communication circuitries of the plurality of other communication circuitries.

17. The communication circuitry of claim 16, wherein the arbitration logic and the other

arbitration logic are disposed on a same integrated circuit chip.

18. The communication circuitry of claim 16, wherein based on transmit and receive

inactivity of the communication circuitry, the arbitration logic is further configured to provide a

sleep signal to place at least one power domain of the communication circuitry in a sleep mode.
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19. The communication circuitry of claim 18, wherein based on transmit or receive
activity of the communication circuitry, the arbitration logic is further configured to provide a
wake signal to wake up the at least one power domain of the communication circuitry from the

sleep mode.

20. The communication circuitry of claim 16, wherein the communication circuitry

comprises Wireless Local Area Network circuitry and another communication circuitry, of the

plurality of communication circuitries, comprises Bluetooth circuitry.
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