PRIORITIZING SHORT-RANGE WIRELESSPACKETSFOR TIME-
SENSITIVE APPLICATIONS

FIELD

[0001] The present application relates to wireless comoations, including
techniques for wireless communication between es®lstations and accessory devices

in a wireless networking system.

DESCRIPTION OF THE RELATED ART

[0002] Wireless communication systems are rapidly growingusage. Further,
wireless communication technology has evolved fvaice-only communications to also
include the transmission of data, such as Inteamet multimedia content. A popular
short/intermediate range wireless communicationdzted is wireless local area network
(WLAN). Most modern WLANSs are based on the IEER.8Q standard (or 802.11, for
short) and are marketed under the Wi-Fi brand nawieAN networks link one or more
devices to a wireless access point, which in twavides connectivity to the wider area
Internet.

[0003] In 802.11 systems, devices that wirelessly conteeeach other are referred to
as “wireless stations”, “stations”, “mobile stat&in“user devices” or STA or UE for
short. Wireless stations can be either wirelessgpoints or wireless clients (or mobile
stations). Access points (APs), which are alserretl to as wireless routers, act as base
stations for the wireless network. APs transmid aeceive radio frequency signals for
communication with wireless client devices. APs aso typically couple to the Internet
in a wired fashion. Wireless clients operating am 802.11 network can be any of
various devices such as laptops, tablet deviceartgpmones, or fixed devices such as
desktop computers, video game systems, or othertamment devices.

[0004] Another popular short range wireless communicastendard is Bluetooth
(“BT”), including the Bluetooth Low Energy (“BTLE”) protocol. Bluetooth



communications are particularly popular for conimgrtwireless devices to various
accessory devices, such as headsets, headphoaakersp keyboards, mice, trackpads,
styluses, remote controls, game controllers, weéardbvices (e.g., smart watches or
smart glasses), home automation devices, etc. @ittetmay also be used to provide
communications between wireless devices, such adtréam audio/video content for
display from a mobile device to a smart televisiaigital media player, or other
entertainment device; or to transfer user filesotirer data directly between wireless
devices.

[0005] Wi-Fi and Bluetooth both occupy a section of thé& @Hz ISM frequency band.
As Bluetooth-enabled accessories become increggimglific for use in communicating
with Wi-Fi-enabled wireless stations, congestiontlo$ frequency band also increases.
This may lead to increased communications latemsy,scheduling constraints and

interference cause communications packets to layelor retransmitted.

SUMMARY

[0006] Embodiments described herein relate to systemsnagttiods of prioritizing
time-sensitive Bluetooth communications.

[0007] Some embodiments relate to methods for commungatata packets between an
accessory device and a client station. The cliatiom may establish communications
with a plurality of accessory devices, determinattiiommunications with a first
accessory device of the plurality of accessoryak/are time-sensitive communications,
and prioritize the communications with the firstcassory device in response to the
determining that the communications with the fmstessory device are time-sensitive
communications. The communications with the firstessory device may include
Bluetooth Low Energy (BTLE) communications.

[0008] The client station may determine that the commuitioa with the first accessory
device are time-sensitive by determining that thst faccessory device is a remote
control configured to control the client statiorheTclient station may further determine

that a microphone of the remote control is actioe receiving voice commands. The



client station may further determine that the comitations with the first accessory
device include audio data.

[0009] The client station may determine that the commuitioa with the first accessory
device are time-sensitive by determining that ih& ficcessory device is a stylus. The
client station may further determine that the stykiin a low-latency mode.

[0010] The client station may determine that the plurabtyaccessory devices includes
at least a threshold number of accessory devides.pFioritizing the communications
with the first accessory device may be further @esponse to the determining that the
plurality of accessory devices includes at leastthineshold number of accessory devices.
[0011] The prioritizing the communications with the fitcessory device may further
include scheduling one or more packets of the comcations with the first accessory
device during successive connection intervals, aiherone or more packets of
communications with another accessory device ofptheality of accessory devices are
delayed to allow for the scheduling the one or npaekets of the communications with
the first accessory device.

[0012] The client station may determine that communicationth another accessory
device of the plurality of accessory devices inelddlvanced Audio Distribution Profile
(A2DP) packets, wherein the prioritizing the comncations with the first accessory
device includes pausing the A2DP packets untiffilsé accessory device has completed
sending its available data. Alternatively, or aiddially, the prioritizing the
communications with the first accessory deviceudek reducing a data rate of the A2DP
packets.

[0013] The prioritizing the communications with the fietcessory device may include
extending a data packet size for one or more BTaékets of the communications with
the first accessory device.

[0014] The client station may receive a communication padtom the first accessory
device. In response, the client station may trahamiacknowledgement packet. The first
accessory device may be configured to remain iraetive state until receiving the

acknowledgement packet.



[0015] Some embodiments relate to wireless stations, asiche client station described
above, configured to perform any of the steps tioas described herein.

[0016] Some embodiments relate to computer-readable metiging software
instructions executable by one or more processbeswareless communications device
to cause the wireless communications device tooparfany of the steps or actions

described herein.

[0017] This Summary is intended to provide a brief ovamigf some of the subject
matter described in this document. Accordinglywill be appreciated that the above-
described features are merely examples and shatldenconstrued to narrow the scope
or spirit of the subject matter described hereirmiy way. Other features, aspects, and
advantages of the subject matter described herdiinb&come apparent from the

following Detailed Description, Figures, and Claims

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A better understanding of the present subject mate be obtained when the
following detailed description of the embodimergsconsidered in conjunction with the
following drawings.

[0019] Figure 1 illustrates an example WLAN communicatgystem, according to

some embodiments;

[0020] Figure 2 illustrates an example simplified bloclagtiam of a WLAN Access

Point (AP), according to some embodiments;

[0021] Figure 3 illustrates an example simplified bloclagtam of a client station,

according to some embodiments;

[0022] Figure 4 illustrates an example simplified blockgliam of an accessory device,
according to some embodiments;

[0023] Figure 5 illustrates an example scenario in whickirgless client station may

demand low latency communications with accessonjcds in a congested wireless

environment, according to some embodiments;



[0024] Figures 6-9 provide example timing diagrams for samications between a
client station and a remote control, accordingoimes embodiments;

[0025] Figure 10 illustrates an example scenario in wiaickireless client station may
demand low latency communications with accessonjcds in a congested wireless
environment, according to some embodiments;

[0026] Figure 11 illustrates an example state diagramefacution by an example
stylus, according to some embodiments;

[0027] Figure 12 illustrates an example of a Wi-Fi sigmadluding a series of data
frames without frame aggregation, according to sembodiments;

[0028] Figure 13 illustrates an example of a Wi-Fi sigmadluding a series of data
frames with frame aggregation, according to somecehments;

[0029] Figure 14 illustrates experimental performance atiaristics of a Wi-Fi station
implementing features for prioritizing time-sengiti packets, according to some
embodiments;

[0030] Figures 15A and 15B illustrate scenarios in whicFLB packets are processed
as low-priority packets and as high-priority paskiet a congested wireless environment,
according to some embodiments; and

[0031] Figures 16A through 16C illustrate example Blugtootommunication

scenarios between a master device and a slaveeg@cicording to some embodiments.

[0032] While the features described herein are suscepbblarious modifications and
alternative forms, specific embodiments thereof sttewn by way of example in the
drawings and are herein described in detail. d¢wshbe understood, however, that the
drawings and detailed description thereto are mnided to be limiting to the particular
form disclosed, but on the contrary, the intent®to cover all modifications, equivalents
and alternatives falling within the spirit and seayf the subject matter as defined by the

appended claims.

DETAILED DESCRIPTION
Acronyms




[0033] Various acronyms are used throughout the preseslicapon. Definitions of
the most prominently used acronyms that may apijpeaughout the present application
are provided below:

[0034] AP: Access Point

[0035] AZ2DP: Advanced Audio Distribution Profile

[0036] BT: Bluetooth

[0037] BTLE: Bluetooth Low Energy

[0038] MAC: Media Access Control

[0039] TX: Transmission/Transmit

[0040] RX: Reception/Receive

[0041] LAN: Local Area Network

[0042] WLAN: Wireless LAN

[0043] RAT: Radio Access Technology

Terminology
[0044] The following is a glossary of terms used in thscbbsure:

[0045] Memory Medium — Any of various types of non-transjt memory devices or
storage devices. The term “memory medium” is ideghto include an installation
medium, e.g., a CD-ROM, floppy disks, or tape deyia computer system memory or
random access memory such as DRAM, DDR RAM, SRABIDERAM, Rambus RAM,
etc.; a non-volatile memory such as a Flash, magneddia, e.g., a hard drive, or optical
storage; registers, or other similar types of mgmnadements, etc. The memory medium
may include other types of non-transitory memorynva#l or combinations thereof. In
addition, the memory medium may be located in st fmomputer system in which the
programs are executed, or may be located in a dedifierent computer system which
connects to the first computer system over a nétwarch as the Internet. In the latter
instance, the second computer system may providgrgm instructions to the first
computer for execution. The term “memory mediungynnclude two or more memory

mediums which may reside in different locationg, ,an different computer systems that



are connected over a network. The memory medium st@re program instructions
(e.g., embodied as computer programs) that mayé&euéed by one or more processors.
[0046] Carrier Medium — a memory medium as described gbawevell as a physical
transmission medium, such as a bus, network, anther physical transmission medium
that conveys signals such as electrical, electrowtag or digital signals.

[0047] Computer System — any of various types of compubingrocessing systems,
including a personal computer system (PC), maindrammputer system, workstation,
network appliance, Internet appliance, personataligssistant (PDA), television system,
grid computing system, or other device or comboratiof devices. In general, the term
"computer system" can be broadly defined to encesaay device (or combination of
devices) having at least one processor that exegguctions from a memory medium.
[0048] Mobile Device (or Mobile Station) — any of variotypes of computer systems
devices that are mobile or portable and which perfaireless communications using
WLAN communication. Examples of mobile devices ud# mobile telephones or smart
phones (e.g., iPhone™, Android™-based phones)taidt computers such as iPad™,
Samsung Galaxy™, etc. Various other types of devigeuld fall into this category if
they include Wi-Fi or both cellular and Wi-Fi commcation capabilities, such as laptop
computers (e.g., MacBook™), portable gaming devidesy., Nintendo DS™,
PlayStation Portable™, Gameboy Advance™, iPhongi®itable Internet devices, and
other handheld devices, as well as wearable desiggsas smart watches, smart glasses,
headphones, pendants, earpieces, etc. In gerreraérm “mobile device” can be broadly
defined to encompass any electronic, computing/oartdlecommunications device (or
combination of devices) which is easily transportgda user and capable of wireless
communication using WLAN or Wi-Fi.

[0049] Wireless Device (or Wireless Station) — any of @as types of computer
systems devices that performs wireless communitaitising WLAN communications.
As used herein, the term “wireless device” may rrééea mobile device, as defined
above, or to a stationary device, such as a statjowireless client or a wireless base
station. For example a wireless device may be gpg of wireless station of an 802.11

system, such as an access point (AP) or a cliatibst(STA or UE). Further examples



include televisions, media players (e.g., AppleTWRbku™, Amazon FireTV™, Google
Chromecast™, etc.), refrigerators, laundry machitiesmostats, and so forth.

[0050] Accessory Device — any of various types of electratevices configured to
communicate with a wireless device, as defined apasing a short- or medium-range
wireless communication protocol to enhance the lwéipes of the wireless device. An
accessory device may communicate with a wirelesacédeusing any of various
communications protocols, such as Wi-Fi or BludtooExamples of accessory devices
include headsets, headphones, speakers, keybouaits, trackpads, styluses, remote
controls, game controllers, wearable devices (srggrt watches or smart glasses), home
automation devices, etc.

[0051] WLAN — The term "WLAN" has the full breadth of idinary meaning, and at
least includes a wireless communication networkR&T that is serviced by WLAN
access points and which provides connectivity thhotlnese access points to the Internet.
Most modern WLANS are based on IEEE 802.11 starsdandl are marketed under the
name “Wi-Fi”. A WLAN network is different from a dalar network.

[0052] Processing Element — refers to various implemeartatof digital circuitry that
perform a function in a computer system. Additibngrocessing element may refer to
various implementations of analog or mixed-sigrainibination of analog and digital)
circuitry that perform a function (or functions) e computer or computer system.
Processing elements include, for example, circsitsh as an integrated circuit (IC),
ASIC (Application Specific Integrated Circuit), pans or circuits of individual
processor cores, entire processor cores, indiviguatessors, programmable hardware
devices such as a field programmable gate arraysfyPand/or larger portions of
systems that include multiple processors.

[0053] Automatically — refers to an action or operationfpened by a computer
system (e.g., software executed by the computetersysor device (e.g., circuitry,
programmable hardware elements, ASICs, etc.), withiser input directly specifying or
performing the action or operation. Thus the teaut8matically” is in contrast to an
operation being manually performed or specifiedthiy user, where the user provides

input to directly perform the operation. An autoibgtrocedure may be initiated by input



provided by the user, but the subsequent acticaisate performed “automatically” are
not specified by the user, i.e., are not perforrfrednually”, where the user specifies
each action to perform. For example, a user filloug an electronic form by selecting
each field and providing input specifying infornmati (e.g., by typing information,
selecting check boxes, radio selections, etcilliisgf out the form manually, even though
the computer system must update the form in regptmthe user actions. The form may
be automatically filled out by the computer systetmere the computer system (e.g.,
software executing on the computer system) analgfzedields of the form and fills in
the form without any user input specifying the aeswo the fields. As indicated above,
the user may invoke the automatic filling of thenfip but is not involved in the actual
filling of the form (e.g., the user is not manuatlyecifying answers to fields but rather
they are being automatically completed). The presgpecification provides various
examples of operations being automatically perfarineresponse to actions the user has
taken.

[0054] Configured to — Various components may be descriaged‘configured to”
perform a task or tasks. In such contexts, “camBgd to” is a broad recitation generally
meaning “having structure that” performs the taskasks during operation. As such, the
component can be configured to perform the taskh ewhen the component is not
currently performing that task (e.g., a set of gleal conductors may be configured to
electrically connect a module to another moduleenewhen the two modules are not
connected). In some contexts, “configured to” niw@ya broad recitation of structure
generally meaning “having circuitry that” perforitine task or tasks during operation. As
such, the component can be configured to perfosrtabk even when the component is
not currently on. In general, the circuitry thatrrhs the structure corresponding to
“configured to” may include hardware circuits.

[0055] Various components may be described as performirtgsk or tasks, for
convenience in the description. Such descriptglraild be interpreted as including the
phrase “configured to.” Reciting a component ikatonfigured to perform one or more
tasks is expressly intended not to invoke 35 U.8.Q@12, paragraph six, interpretation

for that component.



Figure 1 — WLAN System

[0056] Figure 1 illustrates an example WLAN system aceggdd some embodiments.
As shown, the exemplary WLAN system includes onenore wireless client stations or
devices, or user equipment (UEs), 106A-106N, swcmabile devices, set-top boxes,
media devices, game consoles, etc., that are emafigo communicate over a wireless
communication channel 142 with an Access Point (AB2, such as a Wi-Fi access
point. The one or more wireless client station§ frtay communicate with the AP 112
according to any of various communication standasdsh as the various IEEE 802.11
standards. The AP 112 may communicate via a waedvireless communication
channel 150 with one or more other electronic des/imot shown) and/or a network 152,
such as the Internet. Additional electronic devicegh as the remote device 154, may
communicate with components of the WLAN systemttia network 152. For example,
the remote device 154 may be another wirelesstditation.

[0057] In some embodiments, at least one client statidgh(&@., 106N) is configured
to communicate directly with one or more neighbgriclient stations (e.g., 106B),
without use of the access point 112.

[0058] As shown, the exemplary WLAN system also includes or more accessory
devices 108 that are configured to communicate awsireless communication channel
144 with one or more of the wireless client staid®6. The one or more accessory
devices may communicate with the client stations llsing any of various
communications standards, such as the various BEEL1 standards or the Bluetooth
standards.

[0059] One or more of the client station 106, the acceastd12, and/or the accessory
device 108 may be configured to prioritize timesséve communications with one or

more other wireless communications devices as ibescfurther below.

Figure 2 — Access Point Block Diagram
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[0060] Figure 2 illustrates an exemplary block diagranamfaccess point (AP) 112. It
is noted that the block diagram of the AP of Fig@ris only one example of a possible
system. As shown, the AP 112 may include processaf4 which may execute program
instructions for the AP 112. The processor(s) 20#y mlso be coupled to memory
management unit (MMU) 240, which may be configutedeceive addresses from the
processor(s) 204 and translate those addressesdtiiohs in memory (e.g., memory 260
and read only memory (ROM) 250) or to other circwit devices. Note that processor(s)
204 may include one or more processing elementsis,Tprocessor(s) 204 may include
one or more integrated circuits (ICs) that are iguméd to perform the functions of
processor(s) 204. In addition, each integrateduttirmay include circuitry (e.g., first
circuitry, second circuitry, etc.) configured torfmem the functions of processor(s) 204.
[0061] The AP 112 may include at least one network po@ Zhe network port 270
may be configured to couple to a wired network pralide a plurality of devices, such
as client stations 106, access to the Internet.ekkample, the network port 270 (or an
additional network port) may be configured to ceup a local network, such as a home
network or an enterprise network. For example @@ may be an Ethernet port. The
local network may provide connectivity to additibnatworks, such as the Internet.
[0062] The AP 112 may include at least one antenna 234 .atlteast one antenna 234
may be configured to operate as a wireless travesicand may be further configured to
communicate with client station 106 via wirelessoaunication circuitry (or radio) 230.
The antenna 234 communicates with the wireless aamwation circuitry 230 via
communication chain 232. Communication chain 23% imalude one or more receive
chains, one or more transmit chains or both. Thelesds communication circuitry 230
may be configured to communicate via Wi-Fi or WLABLg., 802.11. Any 802.11
protocol may be used, including 802.11a, b, gcnaad ax. The wireless communication
circuitry 230 may also, or alternatively, be configd to communicate via various other
wireless communication technologies, including, but limited to, Long-Term
Evolution (LTE), LTE Advanced (LTE-A), Global Systefor Mobile (GSM), Wideband
Code Division Multiple Access (WCDMA), CDMA2000,cet for example when the AP

is co-located with a base station in case of alstedl| or in other instances when it may
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be desirable for the AP 112 to communicate viaotsridifferent wireless communication
technologies.
[0063] The AP 112 may include hardware and software compisnfor prioritizing

time-sensitive communications as described furbietow.

Figure 3 — Client Station Block Diagram

[0064] Figure 3 illustrates an example simplified blockgtam of a client station 106.
According to various embodiments, client statio® 19ay be a user equipment device
(UE), a mobile device or mobile station, and/orieelgss device or wireless station. As
shown, the client station 106 may include a systamchip (SOC) 300, which may
include portions for various purposes. The SOC B@&Y be coupled to various other
circuits of the client station 106. For examples thient station 106 may include various
types of memory (e.g., including NAND flash 310)¢c@nector interface (or dock I/F)
320 (e.g., for coupling to a computer system, dablarging station, television, Ethernet,
etc.), the display 360, cellular communication @ity 330 such as for LTE, GSM, etc.,
and/or short to medium range wireless communicatioouitry 329 (e.g., Bluetooth
and/or WLAN circuitry). The client station 106 méyrther include one or more smart
cards 370 that include SIM (Subscriber Identity Mi@J functionality, such as one or
more UICC(s) (Universal Integrated Circuit Card(sgards 370. The cellular
communication circuitry 330 may couple to one orenantennas, such as antennas 335
and 336 as shown. The short to medium range wge@simunication circuitry 329 may
also couple to one or more antennas, such as @s%eBA7 and 338 as shown.
Alternatively, the short to medium range wirelessnmunication circuitry 329 may
couple to the antennas 335 and 336 in additionrtmstead of, coupling to the antennas
337 and 338. The short to medium range wirelessnaamication circuitry 329 may
include multiple receive chains and/or multiplensmit chains for receiving and/or
transmitting multiple spatial streams, such as mudtiple-input multiple output (MIMO)
configuration.

[0065] As shown, the SOC 300 may include processor(s) \BAZh may execute
program instructions for the client station 106 afigplay circuitry 304 which may

12



perform graphics processing and provide displayhagy to the display 360. The
processor(s) 302 may also be coupled to memory geanent unit (MMU) 340, which
may be configured to receive addresses from theegswr(s) 302 and translate those
addresses to locations in memory (e.g., memory 88] only memory (ROM) 350,
NAND flash memory 310) and/or to other circuits @evices, such as the display
circuitry 304, cellular communication circuitry 33ghort range wireless communication
circuitry 329, connector interface (I/F) 320, anddesplay 360. The MMU 340 may be
configured to perform memory protection and padgetdranslation or set up. In some
embodiments, the MMU 340 may be included as a @ouf the processor(s) 302.

[0066] As noted above, the client station 106 may be gonéd to communicate
wirelessly with one or more accessory devices.dxample, the client station 106 may
be configured to communicate with the one or mareessory devices according to a
Bluetooth RAT, as shown in Figure 1.

[0067] As described herein, the client station 106 majuohe hardware and software
components for implementing the features describeckin. Specifically, the client
station 106 may include hardware and software compis for prioritizing time-
sensitive communications as described further bekaw example, the processor 302 of
the client station 106 may be configured to impletygart or all of the features described
herein, e.g., by executing program instructionsestamn a memory medium (e.g., a non-
transitory computer-readable memory medium). Aléuely (or in addition), processor
302 may be configured as a programmable hardwareegit, such as an FPGA (Field
Programmable Gate Array), or as an ASIC (Applicat®pecific Integrated Circuit).
Alternatively (or in addition) the processor 302tbé client station 106, in conjunction
with one or more of the other components 300, 304, 310, 320, 239, 330, 335, 336,
337, 338, 340, 350, 360, and 370 may be configtweshplement part or all of the
features described herein.

[0068] In addition, as described herein, processor 302 malude one or more
processing elements. Thus, processor 302 maydeame or more integrated circuits

(ICs) that are configured to perform the functiaisprocessor 302. In addition, each
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integrated circuit may include circuitry (e.g., stircircuitry, second circuitry, etc.)

configured to perform the functions of processo8(4.

[0069] Further, as described herein, cellular communioatiwcuitry 330 and short

range wireless communication circuitry 329 may eexitude one or more processing
elements. Thus, each of cellular communicationudiry 330 and short range wireless
communication circuitry 329 may include one or moregrated circuits (ICs) that are
configured to perform the functions of cellular goomication circuitry 330 and short
range wireless communication circuitry 329, respett. In addition, each integrated
circuit may include circuitry (e.g., first circutr second circuitry, etc.) configured to
perform the functions of cellular communicationcaitry 330 and short range wireless
communication circuitry 329. Each integrated ditramay further include memory

storing software instructions to be executed bypitoeessing elements.

Figure 4 — Accessory Device Block Diagram

[0070] Figure 4 illustrates an example simplified blockgtiam of an accessory device
108. As shown, the accessory device 108 may includgstem on chip (SOC) 400,
which may include portions for various purposese T8OC 400 may be coupled to
various other circuits of the accessory device Has.example, the accessory device 108
may include various types of memory (e.g., inclgdMAND flash 410), a connector
interface (or dock I/F) 420 (e.g., for coupling docomputer system, dock, charging
station, television, Ethernet, etc.), input/outgF) interfaces 460, short to medium
range wireless communication circuitry 429 (e.gydBooth and/or WLAN circuitry),
and/or sensors 470. The short to medium range eggetommunication circuitry 429
may couple to one or more antennas, such as asté®7aand 438 as shown. The short
to medium range wireless communication circuitry@ 48ay include multiple receive
chains and/or multiple transmit chains for recegvand/or transmitting multiple spatial
streams, such as in a multiple-input multiple oti(diMO) configuration.

[0071] As shown, the SOC 400 may include processor(s) WiBizh may execute
program instructions for the accessory device T0& processor(s) 402 may also be

coupled to memory management unit (MMU) 440, whaealy be configured to receive
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addresses from the processor(s) 402 and tranklage taddresses to locations in memory
(e.g., memory 406, read only memory (ROM) 450, NANE3h memory 410) and/or to
other circuits or devices, such as the short ramgeless communication circuitry 429,
connector interface (I/F) 420, and/or I/O interlacé60. The MMU 440 may be
configured to perform memory protection and padetaranslation or set up. In some
embodiments, the MMU 440 may be included as a @ouf the processor(s) 402.

[0072] The I/O interfaces 460 may include one or more my af numerous input
and/or output interfaces, such as display scraensh screens, buttons, switches, dials,
speakers, microphones, haptic feedback generatamseras, etc. The sensors 470 may
include one or more of any of numerous sensord) agdorce sensors, pressure Sensors,
motion sensors, gyroscopes, accelerometers, coemassermometers, barometers,
photodetectors, chemical sensors, proximity detsc#ic.

[0073] As noted above, the accessory device 108 may bigguoed to communicate
wirelessly with one or more client stations. Foa®ple, the accessory device 108 may
be configured to communicate with the one or mdient stations according to a
Bluetooth RAT, as shown in Figure 1.

[0074] Various accessory devices may differ significaftyn other accessory devices
in form and function. It should be understood thataccessory device 108 may include
any combination or subset of the features showkigare 4.

[0075] As described herein, the accessory device 108 melpyde hardware and
software components for implementing the featurescdbed herein. Specifically, the
accessory device 108 may include hardware and adftwomponents for prioritizing
time-sensitive communications as described furtiedow. For example, the processor
402 of the accessory device 108 may be configuoednplement part or all of the
features described herein, e.g., by executing prognstructions stored on a memory
medium (e.g., a non-transitory computer-readablmaong medium). Alternatively (or in
addition), processor 402 may be configured as gramomable hardware element, such
as an FPGA (Field Programmable Gate Array), or msA8IC (Application Specific
Integrated Circuit). Alternatively (or in additiorihe processor 402 of the accessory

device 108, in conjunction with one or more of ttker components illustrated may be
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configured to implement part or all of the featudescribed herein as being performed
by an accessory device.

[0076] In addition, as described herein, processor 402 malude one or more
processing elements. Thus, processor 402 maydeahme or more integrated circuits
(ICs) that are configured to perform the functiaisprocessor 402. In addition, each
integrated circuit may include circuitry (e.g., stircircuitry, second circuitry, etc.)
configured to perform the functions of processo4(34.

[0077] Further, as described herein, short range wiralessmunication circuitry 429
may include one or more processing elements. Thalmrt range wireless
communication circuitry 429 may include one or moregrated circuits (ICs) that are
configured to perform the functions of short ramgeeless communication circuitry 429.
In addition, each integrated circuit may includecuitry (e.g., first circuitry, second
circuitry, etc.) configured to perform the functaf short range wireless communication
circuitry 429. Each integrated circuit may furtheclude memory storing software

instructions to be executed by the processing al&sne

Bluetooth/Wi-Fi Use Cases

[0078] The number and variety of accessory devices utgiBluetooth to communicate
with wireless stations is increasing. This is legdio increased congestion and latency
for communications in the 2.4 GHz ISM band, whistused by Bluetooth and Wi-Fi. At
the same time, many newer accessory devices dehiginer levels of performance than
previous generations of accessory devices.

[0079] Previously, when designing wireless environmentd aireless stations, the
following assumptions were typical:

[0080] A wireless station usually has one shared antdandoth Wi-Fi and
Bluetooth, so Wi-Fi and Bluetooth must implememntdisharing (TDD).

[0081] A wireless station usually attempts to connecthvahly one Bluetooth

device at any given time.
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[0082] A wireless station acts as a Bluetooth slave (darobled device) when it is
connected to a Bluetooth headset, if the Bluetbathdset initiates the connection. The
mobile device will typically not request a role ot

[0083] A Bluetooth headset should keep the highest pyido minimize the
latency. Regardless of the operating conditiorheflieadset, it is assumed to have a need

to maintain a high data rate.

[0084] BTLE uses a best effort approach, as the dataoissent on a fixed
schedule.
[0085] The minimum available channels are not as string@nBTLE as for

classical Bluetooth, because a BTLE device isyikelbe in a remote area.

[0086] A BTLE packet is small, as it includes only a snahount of data. A
typical example may be a packet from a sensor, as@hhealth sensor.

[0087] The preceding assumptions have sometimes resultedcampromised
performance in wireless environments. Moreover, seheassumptions do not
accommodate the increasing demands on functionpandrmance of mobile stations
and accessory devices. For example, use casesa®ping in which a wireless station
(even a mobile station) may maintain multiple Bagth connections simultaneously.
Additionally, BTLE is no longer limited to small pkets, such as those from sensors.
Instead, BTLE is being used (e.g., either with ahaut a length extension feature) for
higher-data-rate applications, such as transmittiegl-time voice commands from
accessory devices. Furthermore, BTLE is being ts&dnsmit extremely time-sensitive
data, such as the previously mentioned voice cordmastylus input, and/or game
controller input.

[0088] Table 1 illustrates data rates that may be achiesgay various configurations
of BTLE.
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Packet
Repetition L2CAP
Total Packet Rate including | Application
Symbol Rate | Data Length | Overhead | Length with 2*TIFS + 80 us | Data Rate
overhead for 1 Msps and | (Overhead
44 us for 2 removed)
Msps Ack
1 Msps 27 bytes 14 bytes 41 bytes = 328 us 708 us 305 kbps
2 Msps 27 bytes 15 bytes 42 bytes = 168 us 512 us 422 kbps
1 Msps +
Length 251 bytes 14 bytes 265 bytes = 2120 us | 2500 us 803 kbps
Extension
2 Msps +
Length 251 bytes 15 bytes 266 bytes = 1064 us | 1408 us 1426 kbps
Extension

Table 1: BTLE (1 Msps and 2 Msps) Packet Size

[0089] Figure 5 illustrates an example scenario in whidhig&al media player 502 (e.g.,
an Apple TV, by Apple Inc.), or other computing or entertaimnelevice, may
demand low latency communications with accessowycds in a congested environment.
The digital media player 502 may be or include sangple of a client station 106. The
digital media player 502 may be configured to pdevaudio/video data from various
sources to a television 504, e.g., via a wired ioeless connection. As one example, the
digital media player 502 may provide audio/videtad®om the Internet, e.g., via an AP
506. In some instances, the digital media play& Mm@y communicate with the AP 506
using Wi-Fi. As another example, the digital megliayer 502 may provide audio-video
data from a local device, such as a laptop com@Q8r tablet computer 510, or smart
phone 512. In some instances, the digital medigepl&02 may communicate with a
local device using Wi-Fi and/or Bluetooth.

[0090] The digital media player 502 may additionally, dematively, communicate
wirelessly with one or more accessory devices, aging Bluetooth. As shown in Figure
5, the digital media player 502 may wirelessly caminate with a remote control 514,
keyboard 516, headphones 518, and/or game com&rdd20, among other possible

accessory devices.

18



[0091] A user may expect or demand low latency in comnatios with one or more
of these accessory devices. For example, a gameollen 520 may transmit to the
digital media player 502 signals representing useuts (e.g., button presses) for
controlling a game running on the digital mediaypla502. High latency in such
communications may result in a degraded user expeziin the game, as the inputs are
received late.

[0092] As another example, the remote control 514 maystréinto the digital media
player 502 signals representing physical user spgetg., button presses, trackpad
gestures, motion gestures) and/or voice commandsdatrolling the digital media
player 502. For example, the remote control 514 meljde a microphone for accepting
speech from a user. The remote control 514 magrmdrthe speech to the digital media
player 502, which may interpret the speech, or tviniay transmit the speech to a remote
server (not shown) for interpretation, e.g., via &P 506. The digital media player 502
and/or the remote server may include digital aaststunctionality (e.g., Siri, by Apple
Inc.) configured to respond to the interpreted spesuch as by executing commands at
the digital media player 502 (e.g., playback cdntcommands, content search
commands), performing Internet searches, intergpgiith network-based functions (e.g.,
communication functions, home automation functipres. The user may expect or
demand that such responses to verbal commands oatihout noticeable delay.
Therefore, high latency in communications betwelea temote control 514 and the
digital media player 502 may result in an unsatisfey user experience.

[0093] Figures 6-9 provide examples of communications rigninvolving a remote
control, such as the remote control 514 descriled@ Figure 6 illustrates scheduling of
BTLE and Wi-Fi communications by the digital megiayer 502. As shown, a BTLE
connection interval between the remote control &id the digital media player 502 may
be 15 ms. BTLE communications between the two @svimay include one or more
BTLE TX/RX pairs. For example, the digital mediapér 502 may transmit a first BTLE
packet 602, including polling and/or acknowledgem@&CK) of a previously received
BTLE packet. The first BTLE packet may be receilmdthe remote control 514. As
shown, the first BTLE packet may have a duratior8@fus. Following an inter-frame
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space (IFS), which may have a duration of 150hesyémote control 514 may transmit a
second BTLE packet 604, including data. The se®nRdE packet may be received by
the digital media player 502. As shown, the sed®hHE packet may include 27 bytes of
data, and may have a duration of 328 us. The seBdhé packet may be followed by
another IFS, which may have a duration of 150 imsisTa BTLE TX/RX pair may have
a total duration of 708 us.

[0094] Following the one or more BTLE TX/RX pairs, some alt of the time
remaining in the BTLE connection interval may bewged by Wi-Fi communications.
For example, the BTLE connection interval shownFigure 6 includes four BTLE
TX/RX pairs, occupying a total of 2.8 ms, followdny Wi-Fi communications,
occupying the remaining 12.2 ms of the connectidarval. The Bluetooth transceivers
in the remote control 514 and/or the digital mepl@yer 502 may transition to a sleep
state during this portion of the connection intéreag., to reduce power consumption. It
should be understood that the timings shown inféiguare exemplary, and other timings
may be used.

[0095] Figure 7 illustrates scheduling of several BTLE mection intervals in which the
remote control 514 is used without voice data.dohsa scenario, including one BTLE
TX/RX pair (such as the TX/RX pair 702) in each eection interval may be sufficient
to communicate data representing physical usertsnfelg., button presses, trackpad
gestures, motion gestures). However, audio inuah fs voice commands, may include
substantially more data. Figure 8 illustrates saled of several BTLE connection
intervals in which the remote control 514 is usethwoice input. As shown in Figure 8,
this scenario may communicate four BTLE TX/RX padsring some connection
intervals, to accommodate the additional data sspréng the voice input. In some
scenarios, some connection intervals may incluge BTLE TX/RX pairs. For example,
as illustrated in Figure 8, every fourth packetars empty packet. Figure 9 illustrates
scheduling of several BTLE connection intervalsvimch the remote control is used with
both physical user inputs and voice input. As shawrFigure 9, this scenario may

communicate up to six BTLE TX/RX pairs each coniwgcinterval, to accommodate the
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total input data. In each scenario of Figures Zefne or all of the time remaining in the
BTLE connection intervals may be occupied by Weédmmunications (not shown).
[0096] Figure 10 illustrates another example scenario hiclva tablet computer 1002
(e.g., an iPall") or other touch device may demand (or require) l@tency
communications with one or more accessory devinea tongested environment. As
shown in Figure 10, the tablet computer 1002 magridaclude an example of a wireless
client station 106. The tablet computer 1002 maymaonicate with one or more other
wireless stations in a WLAN. For example, the edlsbmputer 1002 may communicate
with an AP 1004, e.g., a gateway to communicaté tie Internet. The tablet computer
1002 may communicate with the AP 1004 using, &\j-Fi. As another example, the
tablet computer 1002 may provide data, such asoaudeo data, to a local device, such
as a digital media player 1006 or laptop compu@81 The tablet computer 1002 may
communicate with the local device 1006 using onemore wireless communication
protocols, such as Wi-Fi or Bluetooth.

[0097] The tablet computer 1002 may additionally, or aléively, communicate
wirelessly with one or more accessory devices, aging Bluetooth. As shown in Figure
10, the tablet computer 1002 may wirelessly comuatei with iBeacol! devices 1010,
headphones 1012, wearable devices 1014 (e.g., smadches, smart glasses), home
automation sensors 1016, health and fitness seriit8, keyboards 1020, and/or
styluses 1022 (such as Apple Peltilby Apple Inc.), among other possible accessory
devices.

[0098] A user may expect or demand low latency in commatimos with one or more
of these accessory devices. For example, a userexgaact a stylus 1022 to draw on a
touch screen of the tablet computer 1002 withotitaeable lag; i.e., without a noticeable
gap between the tip of the stylus 1022 and a Igiagbdrawn, while the stylus 1022 is
being moved in relation to the touch surface. Inowes examples of a stylus 1022, the
stylus may produce force data (e.g., from a foeseser on its tip), orientation data (e.g.,
from a gyroscope), and/or motion data (e.g., fronaecelerometer), among other data.
In some scenarios, the stylus 1022 may transmitesomall of this data to the tablet
computer 1002, e.g., via Bluetooth. Additional,atetl data may be produced by the
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tablet computer 1002, such as position data reptiege where the stylus 1022 is
contacting the touch screen of the tablet compl®82. Communications between the
tablet computer 1002 and the stylus 1022 may alstude a sync signal, for use in
synchronizing data produced by the stylus 1022 wattiesponding data produced by the
tablet computer 1002. In some scenarios, the taoletputer 1002 may display a line,
drawn in real time on a graphical user interfac®IjGof the tablet computer 1002, in
response to receiving and processing the data peddby the stylus 1022. Therefore,
high latency in communicating such data may causelay in drawing the line, resulting
in a degraded user experience.

[0099] Figure 11 illustrates a state diagram for executipran example stylus, such as
the stylus 1022. The state machine of Figure Hdesgned to promote power-savings in
the stylus 1022, while remaining responsive to uisput. In an Active state 1110, the
stylus 1022 may communicate with the tablet comput®02 via BTLE, with a
connection interval of, e.g., 15 ms. The stylus2l@2ay communicate with the tablet
computer 1002 during every connection interval atternatively, during any connection
interval in which the stylus 1022 and/or the tabtsimputer 1002 has data to
communicate, resulting in a latency of O conneciintervals. For example, in some
scenarios, the tablet computer 1002 may transmyina signal during every connection
interval. Similarly, the stylus 1022 may transmiteoor more packets including data
representing force data during every connectiogrvat.

[00100] While in the Active state 1110, the stylus 1022 retyl112, detect that the tip
of the stylus 1022 has been raised, e.g., fromtdbeh surface of the tablet computer
1002. For example, the force sensor of the styl22 Inay indicate that no force is being
applied. In response to determining that the tighef stylus 1022 has been raised, the
stylus 1022 may transition to a Ready state 1112¢heé Ready state 1120, the stylus 1022
may communicate with the tablet computer 1002 fesguently, e.g., to reduce power
consumption. For example, the tablet computer 108¢ transmit the sync signal during
every fourth connection interval (i.e., every 60)mas opposed to during every
connection interval, as in the Active state 1110thie Ready state 1120, the stylus 1022
may not have data to transmit to the tablet com@62.
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[00101] While in the Ready state 1120, the stylus 1022 rag$;122, detect that the tip of
the stylus 1022 has been placed on the touch sudadche tablet computer 1002 or
otherwise oriented in a writing position. For exdmphe force sensor of the stylus 1022
may indicate that a force is being applied. In oase to determining that the tip of the
stylus 1022 has been placed on the touch surface atherwise “tip down,” the stylus
1022 may transition to the Active state 1110. Thhs,stylus 1022 may transition from
the Ready state 1120 to the Active state 1110 im8®@r less from detecting that the tip
of the stylus 1022 has been placed on the toudhcior otherwise oriented “tip down.”
[00102] While in the Ready state 1120, the stylus 1022 ragy,124, determine that an
idle trigger has occurred. For example, the idlgger may include the stylus 1022
having remained in the Ready state 1120 for a firstletermined amount of time, such
as 5 minutes. As another example, the idle triggay include the stylus 1022 having
been stationary for the first predetermined amaifntime, e.g., as determined by a
gyroscope and/or accelerometer. As another exartimeidle trigger may include the
touch screen of the tablet computer 1002 beingethioff. In some scenarios, a status of
the touch screen may be transmitted by the tablapater 1002, to allow the stylus 1022
to make such a determination. In response to detisrgnthat the idle trigger has
occurred, the stylus 1022 may transition to an sdéte 1130. In the Idle state 1130, the
stylus 1022 may communicate with the tablet compl®®2 even less frequently than in
the Ready state 1120. For example, the conneatienval may be increased in length,
e.g., to 112.5 ms. The tablet computer 1002 maysinit the sync signal during every
connection interval (i.e., every 112.5 ms). In kille state 1130, the stylus may not have
data to transmit to the tablet computer 1002.

[00103] While in the Idle state 1130, the stylus 1022 nay] 132, detect that the stylus
1022 has been moved, e.g., using the gyroscop@raadctelerometer. In response to
determining that the stylus 1022 has been movedstylus 1022 may transition to the
Ready state 1120.

[00104] While in the Idle state 1130, the stylus 1022 nmaty, 1134, determine that a
standby trigger has occurred. For example, thedbtatrigger may include the stylus

1022 having remained in the Idle state 1130 foe@sd predetermined amount of time,
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such as 10 minutes. As another example, the stanidjger may include the stylus 1022
having been stationary for the second predetermameolunt of time, e.g., as determined
by the gyroscope and/or accelerometer. In respomsgetermining that the standby
trigger has occurred, the stylus 1022 may transitm a Standby mode 1140. In the
Standby mode 1140, the stylus 1022 may disconmnewct the tablet computer 1002. For
example, the stylus 1022 may terminate the BTLEisaswith the tablet computer 1002.
[00105] While in the Standby mode 1140, the stylus 1022,maayl142, detect that the
stylus 1022 has been moved, e.g., using the gypesand/or accelerometer. In response
to determining that the stylus 1022 has been mawedstylus 1022 may transition to the
Ready state 1120.

[00106] It should be understood that the timings shownigufeé 11 are exemplary, and
other timings may be used.

[00107] It may be understood that in the preceding useasu®) for Bluetooth packets
containing time-sensitive data, communicating treeckets outside of the expected
schedule (e.g., bumping a packet to a later coiureatterval) may result in a degraded
user experience. As the 2.4 GHz frequency bandrbesancreasing congested, such as
according to the preceding use scenarios, schegslioh time-sensitive packets becomes

more difficult.

Simultaneous Bluetooth/Wi-Fi Communications

[00108] In some scenarios, a wireless client station, sagckhe client station 106, may
improve user experience by reducing wireless cdmayes by scheduling Wi-Fi
communications and Bluetooth communications to psouaultaneously.

[00109] As a first example, the client station 106 may scie Wi-Fi RX operations to
coincide with Bluetooth RX operations. In many gsenarios, the client station 106 may
receive significantly more data than it sends. Theseiving both Wi-Fi signals and
Bluetooth signals simultaneously may substantig@tjuce scheduling conflicts. In some
scenarios, the client station 106 may schedule MRX operations and Bluetooth RX

operations to coincide in response to determinivag both the Wi-Fi RX signal and the
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Bluetooth RX signal are sufficiently strong (e.gach has an RSSI value meeting a
specified threshold).

[00110] As a second example, the client station 106 maylement Wi-Fi frame
aggregation in response to determining that Bluatdmandwidth is below a certain
threshold. Figures 12-13 illustrate the advantafjé¥i-Fi frame aggregation.

[00111] Figure 12 illustrates an example of a Wi-Fi sigmadluding a series of data
frames without frame aggregation. As illustrategeader (e.g., an AP, such as the AP
112) may transmit a Request-to-Send frame (RT8pvied by the series of data frames
(e.g., MAC frames). Following each data frame, tender waits to receive an
acknowledge frame (ACK) confirming receipt of thatal frame before transmitting the
next data frame. A receiver (e.g., a client statsuch as the client station 106) may
respond to the RTS by transmitting a Clear-to-S&ade (CTS). The receiver may
respond to each data frame by sending an ACK. Tkash device transitions at
relatively short intervals between transmitting aadeiving. In some scenarios, such as
when Bluetooth bandwidth meets or exceeds a cetttagshold, the sender and receiver
may perform Wi-Fi communications without frame aggation, as illustrated in Figure
12, without unacceptably impacting Bluetooth laienc

[00112] Figure 13 illustrates an example of a Wi-Fi sigmadluding a series of data
frames with frame aggregation. As illustrated, seader may transmit a RTS, followed
by a series of aggregation frames, which may eaclude a plurality of data frames.
Thus, each aggregation frame may include an eqnvamount of data as a plurality of
the data frames of Figure 12. Following each aggieg frame, the sender waits to
receive a block acknowledge frame (B-ACK) confirmireceipt of each of the data
frames included in the aggregation frame befonestratting the next aggregation frame.
The receiver may respond to the RTS by transmitir@TS. The receiver may respond
to each aggregate frame by sending a B-ACK. Thus,receiver may transmit less
frequently than in the scenario of Figure 12, ahd tata may be transferred more
efficiently, as less time is wasted in transitianetween TX and RX states.

[00113] In some scenarios, the client station 106 may imple Wi-Fi frame
aggregation only in response to determining thae®loth bandwidth is below a certain
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threshold, to ensure that each Bluetooth conneati@nval contains sufficient open time
(i.e., time when no Bluetooth communications areuogng) to allow for a Wi-Fi
aggregate frame.

[00114] As a third example, the client station 106 may dyically modify Wi-Fi
transmit power in response to determining that ®log communications are occurring.
For example, in a scenario in which the clientigtatl06 has scheduled Wi-Fi RX
operations to coincide with Bluetooth RX operatioassending Wi-Fi station (e.g., an
AP, such as the AP 112) may expect the clientostatD6 to transmit an ACK or B-ACK
in response to one or more data frames receivetéglient station 106, while the client
station 106 is still receiving Bluetooth communiocas. The client station 106 may
determine a reduced (e.g., a minimum) power lehalt tmay be used to reliably
communicate with the sending Wi-Fi station, and rmagsmit the ACK or B-ACK at the
determined reduced power level. This may reducentieeference caused to the ongoing
Bluetooth communications.

[00115] As a fourth example, the client station 106 mayrdomte channel use between
Wi-Fi communications and concurrent Bluetooth comioations. For example, a Wi-Fi
radio within the client station 106 (e.g., withlretwireless communication circuitry 329)
may provide to a Bluetooth radio within the cliesthtion 106 (e.g., within the wireless
communication circuitry 329) timing and/or chanrieformation of current and/or
upcoming Wi-Fi communications. For example, the fVrkadio may identify a set of
channels that will be occupied during an identifiwthdow of time. In response to
receiving the timing and/or channel informatione tBluetooth radio may implement a
channel-hopping schedule configured to skip channelccupied by Wi-Fi
communications. For example, the implemented cHamogping schedule may exclude
the identified set of channels during the identifigindow of time. This may preserve
real-time frequency diversity between the Wi-Fi coumications and the Bluetooth
communications, which may reduce interference betvike two.

[00116] Figure 14 illustrates experimental performance attaristics of a Wi-Fi station
implementing the features described in the pregettinr examples. Specifically, Figure

14 illustrates throughput (in Mbps) received at aRiVstation across a range of signal
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attenuation. Curve 1402 illustrates Wi-Fi throughpceived by the Wi-Fi station in the
absence of Bluetooth signals. Curve 1404 illussratéd-Fi throughput received by the
Wi-Fi station while the Wi-Fi station concurrenttpmmunicated via Bluetooth with a
BTLE remote control, a Bluetooth headset, and ae®loth game controller. Figure 14
illustrates that the preceding four examples impra¥i-Fi performance over the prior art
in environments congested with Bluetooth commurocat that might otherwise
substantially reduce Wi-Fi throughput.

Reduced BTLE Delay

[00117] When packets are available to be received or trateshbetween a client station,

such as the client station 106, and one or moreratireless devices, the client station
106 may schedule transmission of the packets batsksghst in part on prioritization of
packet types or sources. For example, within atBhtd connection interval, the client
station may assign to each accessory device ormaooe time slots for TX and RX
communications. If a high-priority accessory devieguires additional communication
time, the client station may reallocate one or nmsdoés from a lower-priority accessory
device.

[00118] In the past, some types of Bluetooth packets haen lireated as low-priority
packets. For example, BTLE packets have histoyichkten treated as low-priority
packets because they have typically been useddimtime-sensitive applications, such
as sensor data. However, this may lead to unadueptatency if the BTLE packets
include time-sensitive data, such as voice commandsylus input.

[00119] In some scenarios, a wireless client station, sagckhe client station 106, may
improve a user experience by reducing delay of BphaEkets generally, or high-priority
BTLE packets in particular. The client station 10y identify packets as high-priority
packets in any of a variety of ways. In some sdesathe client station 106 may treat all
packets from a certain accessory device, or ainertass of accessory devices, as high-
priority. For example, the client station 106 magat packets from a remote control, a
stylus, or a game controller as high-priority. ther scenarios, the client station 106 may
treat packets from a certain accessory device,aari@in class of accessory devices, as
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high-priority if certain conditions are met. Forample, the client station 106 may treat
packets from a stylus as high priority while th@us is in a low-latency mode, such as
the Active state and/or Ready state, as definesgleabath regard to Figure 11. Similarly,
the client station 106 may treat packets from aotentontrol as high-priority while a
microphone of the remote control is active for reiog voice commands. In other
scenarios, the client station 106 may treat packetsgh-priority if the packets include a
specified type of data, such as voice data, draffgackets are configured according to a
specified Bluetooth profile. In yet other scenaritiee client station 106 may treat all
BTLE packets as high-priority.

[00120] In some embodiments, the client station may treakets as high-priority if a
specified one of the foregoing criteria, or anycfeed combination of the foregoing
criteria, are satisfied, and may not treat pacstkigh-priority (e.g., may treat packets as
low-priority) if the specified criteria are not sdted. In some embodiments, the client
station 106 may treat packets as high-priority,oatiog to any one or more of the
foregoing criteria, in response to determining thia® 2.4 GHz frequency band is
congested. For example, the client station may paekets as high-priority in response
to determining that at least a threshold numbeacokessory devices are communicating
via Bluetooth with the client station 106, or irethicinity of the client station 106.

[00121] Table 2 lists several examples of how delay maydaeiced for high-priority

packets, any or all of which may be used singlyna@ombination.

Option 1 BT remote/voice command packets have idjeelist BT FW
priority for all BT packets

Option 2 When voice commands and A2DP are activieeat BT host

same time, pause A2DP

Option 3 Reduce A2DP data rate BT host

Option 4 Extend data packet size for BTLE BT FW

Option 5 Never deny any BTLE remote/voice command Wi-Fi ucode

packets
Option 6 Remote will not go to sleep until it reces ACK BT FW in remote
from client station

Table 2: Options for Reducing BTLE Latency and ioying Connectivity Robustness
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[00122] As a first option, the client station 106 may pitiee high-priority Bluetooth
packets while scheduling reception of packets. dmes embodiments, the prioritized
Bluetooth packets may be BTLE packets. Figures 15B-illustrate effects of this first
option.

[00123] Figures 15A-15B illustrate a variety of communioas received by the client
station 106, as time progresses from left to rigist.shown, one or more BTLE packets
(1510-1518) may be available to be received orstratted by the client station 106
during each Bluetooth connection interval. The ades illustrated are consistent with
the scenario of Figure 8, in which four BTLE TX/Rjairs including voice data are
available from a remote control during each 15 ormection interval. A plurality of Wi-
Fi packets (1520-1522) and audio packets (1530)1582ch as Advanced Audio
Distribution Profile (A2DP) packets, are also aabie to be received or transmitted by
the client station 106 at various times.

[00124] Figure 15A illustrates a scenario in which BTLE kets are processed as low-
priority packets. As shown, the client station 186eives or transmits one or more BTLE
packets 1510 during a first Bluetooth connectioterival. Near the end of the first
connection interval, one or more A2DP packets 1h&@ome available, and are
transmitted by the client station 106, extendintpia second Bluetooth connection
interval. Therefore, BTLE packets 1512 are not dalexl to be received or transmitted
during the second connection interval, althougty tweuld have been scheduled to be
received or transmitted at that time in the abseidhe higher-priority A2DP packets
1530. Because A2DP packets support real-time apthgback, A2DP packets are
commonly given higher priority. Near the end of 8ezond connection interval, one or
more Wi-Fi packets 1522 become available, andereived or transmitted by the client
station 106, extending into a third Bluetooth cartima interval. Therefore, BTLE
packets 1514 are not received or transmitted dutiv third connection interval,
although they would have been scheduled to bewedear transmitted at that time in the
absence of the higher-priority Wi-Fi packets 15P2ring a fourth connection interval,
the client station 106 receives or transmits onenore BTLE packets 1516. Thus, the
client station 106 has experienced an effective B€Thnnection interval of 45 ms, rather
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than the expected 15 ms. The data that would haea cluded in the BTLE packets
1512 and/or 1514 may be dropped, or may be deléyredclusion in BTLE packets
1516 and/or BTLE packets 1518. This delay may causgelay in processing and
execution of time-sensitive input, such as voicene@ands or stylus input, which may
result in an unacceptable user experience.

[00125] Figure 15B illustrates a scenario in which BTLE lgte are processed as high-
priority packets. In some scenarios, all BTLE paskeay be processed as high-priority
packets, while in other scenarios, only those BPa€Ekets from certain sources, such as
from a stylus, or only those BTLE packets includaggtain types of data, such as voice
commands or stylus inputs, may be processed asphighty data. As shown, the client
station 106 receives or transmits one or more BHaEkets 1510 during the first
Bluetooth connection interval. Near the end of fingt connection interval, the A2DP
packets 1530 become available. However, the cheation 106 prioritizes the BTLE
packets above A2DP or Wi-Fi packets. Thereforectient station 106 delays the A2DP
packets 1530 until after reception or transmissibthe BTLE packets 1512. The A2DP
packets 1530 are scheduled for transmission dusimgopen portion of the second
connection interval. Such prioritization of one ¢ypf Bluetooth packets over another
type of Bluetooth packets may be performed, emgfirmware of the Bluetooth radio of
the client station 106. Near the end of the se@amhection interval, one or more Wi-Fi
packets 1522 become available, and a subset oiviHe packets 1522 is received or
transmitted by the client station 106. However, duse the BTLE packets 1514 are
prioritized above the Wi-Fi packets 1522, the dlistation 106 schedules reception or
transmission of the BTLE packets 1514 at the stérthe third connection interval,
interrupting reception or transmission of the Wiglickets 1522. The remainder of the
Wi-Fi packets 1522 is scheduled for reception angmission during an open portion of
the third connection interval. Thus, the BTLE paskare received or transmitted without
delay, while Wi-Fi packets or other Bluetooth paskare scheduled for reception or
transmission during remaining time slots. This manprove the user experience by

reducing latency in time-sensitive BTLE communioas.
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[00126] Such prioritization of Bluetooth packets over Wi-packets may include
communication between Bluetooth processing compsnemd Wi-Fi processing
components. For example, a Bluetooth baseband gsocenay communicate to a Wi-Fi
baseband processor various information, such asgiof Bluetooth connection intervals
and whether Bluetooth packets are scheduled forsingssion during a particular
connection interval. In response, the Wi-Fi basdljanocessor may interrupt reception or
transmission of Wi-Fi packets.

[00127] As a second option, the client station 106 mayrjtize high-priority Bluetooth
packets over other Bluetooth packets by disablmg @ more Bluetooth functions while
another Bluetooth function is active. For exampieresponse to determining that high-
priority Bluetooth packets are available, the dlistation 106 may temporarily disable
one or more other types of Bluetooth communicatisnsh as A2DP packets. Thus, the
other types of Bluetooth communications would nonftict with the high-priority
packets. In some embodiments, time slots previowsslgeduled for the disabled
Bluetooth communications within a connection ine¢mnay be reallocated for the high-
priority packets. In some embodiments, the cligatien 106 may additionally pause a
function acting as a source of the disabled Blugtammmunications, such as music
player software.

[00128] As a third option, the client station 106 may ptiee high-priority Bluetooth
packets over other Bluetooth packets by reducimgdata rate of the other Bluetooth
packets. For example, in response to determiniaghigh-priority Bluetooth packets are
available, the client station 106 may temporaritga@e the A2DP data with a reduced
data rate.

[00129] As a fourth option, the client station 106 may exitehe data packet size for
high-priority BTLE communications. For example, foertain types of data, such as
voice command data, the data may be included in BPlackets having a length
extension, as shown in Table 1, above. This mayltres a higher application data rate
than can be achieved using BTLE packets withoueragth extension. The length
extension may be performed, e.g., in firmware efBtuetooth radio of the client station
106.
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[00130] As a fifth option, the client station 106 may benfigured to avoid denying any
high-priority Bluetooth packets. For example, i¢ttlient station 106 is reallocating time
slots within a connection interval from low-prigripackets to high-priority packets, the
client station may be configured to not reallocatee slots allocated to other high-
priority packets. As a specific example, the clistdtion 106 may not reallocate time
slots, e.g., for Wi-Fi packets or A2DP packetgh# time slots are currently allocated to
a certain type of accessory device, such as asstyturemote control. As another
example, the client station 106 may be configuceddt reallocate time slots allocated to
a certain type of accessory device under certamaitions, such as to a stylus while the
stylus is in a low latency mode, such as the Actitage and/or Ready state, as defined
above with regard to Figure 11, or to a remote rabntvhile a microphone of the remote
control is active for receiving voice commands.

[00131] As a sixth option, an accessory device may remaiani active state following
transmission of a packet, e.g., a polling respgreseket, until it receives an ACK from
the client station 106. Figures 16A-16C illustrtte effects of this option. Figures 16A-
16C illustrate three Bluetooth communication scersabetween a master device (e.g.,
the client station 106) and a slave device (em.a@essory device), as time progresses
from left to right. Specifically, Figures 16A-16Qustrate scenarios in which the slave
device currently has no data to communicate tartbster device. In such scenarios, the
slave device may transition to a sleep state taaeghower consumption. However, if a
predetermined length of time (“timeout period”) pas during which the master device
receives no communication from the slave deviog, @ response to polling messages
from the master device, then the Bluetooth conordietween the master device and the
slave device may lapse; i.e., the master device terayinate the Bluetooth connection
with the slave device in response to determinirag tie predetermined length of time has
expired. Following termination of the Bluetooth oeation, further data transfer from the
slave device to the master device requires reéstaént of the connection, which may
introduce a noticeable delay, thus degrading thex egperience. Therefore, the slave

device may periodically transition from the sle¢qtes to an active state to transmit one or
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more packets to the master device. The slave den&ethen return to the sleep state.
This polling-response process may thus prevenBhetooth connection from lapsing.
[00132] Figure 16A illustrates an example scenario in whiehpolling-response process
is carried out successfully. As shown, the maseafiog transmits an ACK 1602. The
ACK 1602 may include acknowledgement of receiph éfame previously transmitted by
the slave device, and/or a polling request, requgst response from the slave device,
e.g., to prevent the Bluetooth connection fromilagsin response to receiving the ACK
1602, the slave device transmits a response pdB&®) 1604. The RSP 1604 may
indicate to the master device that the slave deigcstill maintaining the Bluetooth
connection with the master device. Following traission of the RSP 1604, the slave
device transitions to the sleep state for a predwted period of time (e.g., 1.2 seconds),
without waiting for additional communications frdime master device. For example, the
ACK 1602 and the RSP 1604 may be transmitted dwiBguetooth connection interval,
and the slave device may transition to the slegpe simmediately following the
connection interval, or immediately following a pon of the connection interval
scheduled for use by the slave device, or immdgi&éowing transmission of the RSP
1604.

[00133] In response to receiving the RSP 1604, the mastacel may transmit an ACK
1606, acknowledging receipt of the RSP 1604. Howetlee slave device does not
receive the ACK 1606, because the slave device ikd sleep state. The master device
periodically transmits ACK frames acknowledging ekt of the RSP 1604 and/or
requesting a response from the slave device.

[00134] In response to determining that the predetermiregnbg of time has expired, the
slave device transitions to the active state. Whnleéhe active state, the slave device
receives an ACK 1608, transmitted by the mastercdeun response to receiving the
ACK 1608, the slave device transmits another RSEO1®his process may continue in
like manner until interrupted, e.g., if either timaster device or the slave device transmits
data packets, if the connection is terminated, etc.

[00135] Figure 16B illustrates an example scenario in wiinghpolling-response process

is attempted, but wherein communication failureussc As shown, the master device
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transmits an ACK 1622, similar to the ACK 1602 ajute 16A. In response to receiving
the ACK 1622, the slave device transmits a RSP 1&#4dilar to the RSP 1604 of Figure
16A. Following transmission of the RSP 1624, thevsldevice transitions to the sleep
state for a predetermined period of time (e.g.,se@nds), without waiting for additional
communications from the master device, as in tlemago of Figure 16A. However, in
the scenario of Figure 16B, the master device doeseceive the RSP 1624, e.g., due to
interference or insufficient signal strength.

[00136] In response to not receiving the RSP 1624 withiregmected window of time,
the master device transmits a no-acknowledge pgbk&K) 1626. However, the slave
device does not receive the NAK 1626, becauseldlve slevice is in the sleep state. The
master device periodically transmits NAK framesomripg that no RSP was received,
and/or requesting a response from the slave device.

[00137] In response to determining that the predetermireembg of time has expired, the
slave device transitions to the active state. Whiléhe active state, the slave device
receives a NAK 1628, transmitted by the master @evin response to receiving the
NAK 1628, the slave device transmits another RSBO1@nd transitions back to the
sleep state. However, the master device againttailsceive the RSP 1630, and responds
by transmitting another NAK 1632. In a poor wiralemvironment (e.g., a congested,
noisy, or long-range environment) this process mantinue in like manner until the
master device determines that the timeout periosl passed without receiving a
communication from the slave device, at which tiime master device may terminate the
Bluetooth connection between the master devicetlamdlave device. Thus, the polling-
response process may fail to prevent the Bluetgotinection from lapsing in a poor
wireless scenario.

[00138] Figure 16C illustrates an example scenario in whkiehpolling-response process
is attempted, and is then adjusted in responsertorunication failure, according to the
sixth option. As shown, similar to Figure 16B, thaster device transmits an ACK 1642,
prompting the slave device to transmit a RSP 164ilar to the scenario of Figure 16B,
following transmission of the RSP 1644, the slageick transitions to the sleep state for

a predetermined period of time (e.g., 1.2 seconddfhout waiting for additional
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communications from the master device, but the enaf#vice does not receive the RSP
1644, e.g., due to interference or insufficientnaigstrength. Similar to the scenario of
Figure 16B, when the slave device transitions iatke active state and receives a NAK
1648, the slave device transmits an RSP 1650, wisichot received by the master
device, prompting another NAK 1652.

[00139] As shown, in response to determining that the peeaened period of time has
again expired, the slave device transitions toattieve state. While in the active state, the
slave device receives a second NAK 1654 (i.e.,NiW&K 1654 is the second NAK
received by the slave device, although other NAKayrhave been transmitted). In
response to receiving the second NAK 1654 (i.eresponse to receiving two NAKs
consecutively), the slave device may transmit a® R656, and may then remain in the
active state to await an ACK, rather than transitig to the sleep state, as in the scenario
of Figure 16B. In the scenario of Figure 16C, thestar device does not receive the RSP
1656, and the master device therefore transmitshandNAK 1658. In response to
receiving the NAK 1658, the slave device againdmaits an RSP 1660, and remains in
the active state to await an ACK. The slave deWmes continues to transmit RSPs in
response to each subsequent NAK received, witliansitioning back to the sleep state.
In the scenario of Figure 16C, the master deviceives the RSP 1660, and responds by
transmitting an ACK 1662. In response to receivihg ACK 1662, the slave device
transitions to the sleep state for a predetermpertbd of time (e.g., 1.2 seconds). This
polling-response process, modified according todiliéh option, may thus prevent the
Bluetooth connection from lapsing, even in pooreldss environments. This may avoid
a delay in transmitting subsequent time-sensitizekpts that may be incurred by the
need to reestablish the Bluetooth connection betwke master device and the slave
device.

[00140Q] In other scenarios, the slave device may be corddio remain in the active
state (i.e., until receiving an ACK) in responsedoeiving some other number of NAKs
consecutively (as opposed to receiving two NAKSs seoutively, in the example of
Figure 16C), such as in response to receiving 1 MAR NAKSs. Alternatively, the slave

device may be configured to remain in the actiaes(i.e., until receiving an ACK)
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following each RSP, without first receiving a NARhe polling-response process,
including the modifications of the sixth option, yrtae controlled, e.g., in firmware of the
Bluetooth radio of the slave device (e.g., an esmgsdevice).

[00141] By applying one or more of the options of Tabled2lay in communicating

time-sensitive Bluetooth packets may be reducedlével that is not noticeable to a user.

[00142] Embodiments of the present disclosure may be eshiiz any of various forms.
For example some embodiments may be realized asnputer-implemented method, a
computer-readable memory medium, or a computeesysDther embodiments may be
realized using one or more custom-designed harddavéces such as ASICs. Other
embodiments may be realized using one or more anograble hardware elements such
as FPGAs.

[00143] In some embodiments, a non-transitory computeraigl@d memory medium
may be configured so that it stores program inssns and/or data, where the program
instructions, if executed by a computer systemseahe computer system to perform a
method, e.g., any of a method embodiments deschibesin, or, any combination of the
method embodiments described herein, or, any sobsety of the method embodiments
described herein, or, any combination of such dsbse

[00144] In some embodiments, a wireless device (or wiredtstson) may be configured
to include a processor (or a set of processorspamémory medium, where the memory
medium stores program instructions, where the psmreis configured to read and
execute the program instructions from the memorydiome, where the program
instructions are executable to cause the wirelesgé to implement any of the various
method embodiments described herein (or, any caatibim of the method embodiments
described herein, or, any subset of any of the askémbodiments described herein, or,
any combination of such subsets). The device magdlezed in any of various forms.
[00145] Although the embodiments above have been descibednsiderable detail,
numerous variations and modifications will becorppaent to those skilled in the art
once the above disclosure is fully appreciated ihtended that the following claims be
interpreted to embrace all such variations and fizadions.
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CLAIMS

What is claimed is:

1. A method for communicating data packets, thehowtomprising:
at a client station:

establishing communications with a plurality o€essory devices;

determining that communications with a first asoeg device of the plurality of
accessory devices comprise time-sensitive commitioinsg and

prioritizing, responsive to the determining, tleeremunications with the first

accessory device.

2. The method of claim 1, wherein the communicatiaith the first accessory device

comprise Bluetooth Low Energy (BTLE) communications

3. The method of claim 1, wherein determining thatcommunications with the first
accessory device comprises time-sensitive commuoinsafurther comprises:
determining that the first accessory device cosgsria remote control configured

to provide control input to the client station.

4. The method of claim 3, wherein determining thatcommunications with the first
accessory device comprise time-sensitive commuoitafurther comprises:
determining that a microphone of the remote cadmractive for receiving voice

commands.

5. The method of claim 3, wherein determining thatcommunications with the first
accessory device comprise time-sensitive commuoitafurther comprises:
determining that the communications with the fastessory device comprise

audio data.
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6. The method of claim 1, wherein determining thatcommunications with the first
accessory device comprise time-sensitive commtiait@further comprises:

determining that the first accessory device cosgia stylus.

7. The method of claim 6, wherein determining thatcommunications with the first
accessory device comprise time-sensitive commuoitafurther comprises:

determining that the stylus is in a low-latencydao

8. The method of claim 1, wherein prioritizing tt@mmunications further comprises:
by the client station:

determining that the plurality of accessory desicemprises at least a threshold
number of accessory devices.

9. The method of claim 1, wherein prioritizing tt@mmunications with the first
accessory device further comprises:

scheduling one or more packets of the communiegtiath the first accessory
device during successive connection intervals; and

delaying one or more packets corresponding to comcations with another

accessory device of the plurality of accessory aksui

10. The method of claim 9, wherein delaying onenore packets further comprises:
delaying one or more packets of Wi-Fi communiga&ibetween a Wi-Fi access

point and the client station.

11. The method of claim 1, wherein prioritizing t@mmunications further comprises:
by the client station:
determining that communications with another asogsdevice of the plurality of
accessory devices comprise Advanced Audio DistiobuProfile (A2DP) packets; and
pausing the A2DP packets until the first accesslenyce has completed
transmitting its available data.
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12. The method of claim 1, wherein prioritizing t@mmunications further comprises:
by the client station:

determining that communications with another asaasdevice of the plurality of
accessory devices comprise Advanced Audio DistiobuProfile (A2DP) packets; and

reducing a data rate of the A2DP packets.

13. The method of claim 1, wherein the prioritizthg communications with the first
accessory device comprises extending a data psidecfor one or more BTLE packets

of the communications with the first accessory devi

14. The method of claim 1, further comprising:
by the client station:
receiving a communication packet from the firstessory device; and
transmitting an acknowledgement packet in resptm#iee received
communication packet, wherein the first accessema is configured to remain in an

active state until receiving the acknowledgemeckpt

15. A wireless station, comprising:
at least one antenna,
at least one radio configured to perform wirelessimunication with a plurality
of accessory devices;
at least one processing element communicativelpled to the at least one radio,
wherein the at least one processing element isgurefd to cause the wireless station to:
establish communications with a plurality of essm@y devices;
determine that communications with a first acogssgevice of the
plurality of accessory devices comprise BluetoatwlEnergy (BTLE) communications

communicating input from an interface requiringlitae response; and
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prioritize, responsive to the determining, thenocaunications with the first
accessory device over communications with at leastother accessory device of the

plurality of accessory devices.

16. The wireless station of claim 15, wherein thdeast one processing element is
further configured to cause the wireless station to

delay one or more packets of Wi-Fi communicatibesveen the other accessory
device and the wireless station to allow for schieduof the time-sensitive BTLE

communications with the first accessory device.

17. The wireless station of claim 15, wherein thdeast one processing element is
further configured to cause the wireless station to

prioritize the communications with the first aceay device further in response
to determining that the plurality of accessory degicomprises at least a threshold

number of accessory devices.

18. A non-transitory computer-readable medium sgpsoftware instructions executable
by one or more processors of a wireless commupitsiiievice, wherein the instructions
are configured to cause the wireless communicatienge to:
establish communications with a plurality of acmey devices;
determine that communications with a first accesdevice of the plurality of
accessory devices comprise time-sensitive commiioinsg and
prioritize the communications with the first aceay device, wherein prioritizing
the communications with the first accessory defuicther comprises:
scheduling one or more packets of the commurmicativith the first
accessory device during successive connectionvalserand
delaying one or more packets corresponding toncomications with

another accessory device of the plurality of acmgsdevices.
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19. The non-transitory computer-readable mediuciam 18, wherein the instructions
are further configured to cause the wireless comaoations device to:
determine that communications with another acegsdevice of the plurality of
accessory devices comprise Advanced Audio DistiobuProfile (A2DP) packets; and
pause the A2DP packets until the first accessevycé has completed sending its

available data.

20. The non-transitory computer-readable mediuiclaam 19, wherein the pausing the

A2DP packets comprises pausing a function actirg ssurce of the A2DP packets.
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