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(57) Abstract: Role switch between wirelessly paired mastet/slave devices may be performed without perceived glitches in audio.
The devices negotiate an anchor point, such as a point in time or a point in relation to other events, for performing the role switch.
To prepare for the role switch prior to the anchor point, the devices communicate a variety of information, such as information for
communicating with the host device after the role switch and information for bit processing after the role switch. The slave device may
use such information to serve in the master role, without the host knowing that a role switch occurred.
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SEAMLESS ROLE SWITCH FOR TRUE WIRELESS EAR BUDS

BACKGROUND

[0001] Full wireless earbuds are two earbuds that connect to each other wirelessly. Typically such full
wireless earbuds follow a relay format or a sniff format. In the relay format, one earbud serves a master
role, and the other earbud serves a slave role. The master earbud receives audio from a host, e.g., a
mobile phone or other audio playback device, then relays the audio to the slave earbud. In the sniff
format, one earbud is a primary earbud, and the other earbud is a secondary earbud. The primary earbud
receives and acknowledges audio packets from the host, while the secondary earbud only receives audio,
or “sniffs,” without any acknowledgement to the host. If the secondary earbud loses packets, it will ask
the primary earbud to re-transmit the packets.

[0002] Role switch between two earbuds happens when the roles of earbuds change. For example, for
relay format earbuds, the master becomes the slave, and the slave becomes the master. For sniff format
earbuds, the primary earbud becomes secondary, and the secondary earbud becomes primary.

[0003] Wireless earbuds in relay format typically have a first asynchronous connection-less (ACL) link
between the host device and the master earbud, where the master earbud is a Bluetooth slave in this ACL
link. A second ACL link exists between the master eartbud and the slave earbud. In this second ACL
link, the master earbud is the Bluetooth master, and the slave earbud is the Bluetooth slave.

[0004] In this format, it is very difficult to achieve seamless role switch. For example, most, if not all,
profiles in the ACL link between the master earbud and the host device need to be transferred to the slave
earbud silently, so that after role switch the new master earbud can continue receiving audio packets.
Further, a Bluetooth role switch is also required as the old master earbud becomes the new slave earbud,
while the old slave earbud becomes new master earbud, because the master earbud should also be the
Bluetooth master to be efficient at Bluetooth transmission. Practically, the master and slave role switch
requires the master bud to first ask the host device {e.g., smartphone) to suspend audio playing and to
then disconnect from the host. The slave bud then establishes a connection with the host device and
becomes the new master bud. Then new master will then establish connection with the new slave and
relay phone audio content to the new slave. By then the role switch is considered to be finished, and the
apdic can resume.  However, since audio needs to be stopped during this process without user
intervention, the vser will hear an audio ghitch and consider the earbuds to have poor audio quality. This
is particularly true in situations where role switch may occur more frequently.

BRIEF SUMMARY

[0005] Role switch may be desirable if, for example, the slave earbud has better received signal strength,
if the master earbud is running on lower battery than the slave, if the master earbud is taken out of the
user’s ear or put in a case, etc. The present disclosure provides for a role switch between paired
accessories, such as earbuds, in a way that is seamless to avoid audio glitching. The role switch between

the accessories may be unknown to the host device.
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[0006] One aspect of the disclosure provides a wireless accessory device, including a wireless
communication interface adapted for communication with a host device and a second wireless accessory
device, a memory, and one or more processors in communication with the memory. The one or more
processors may be configured to execute a first set of operations to role switch from a master mode to a
slave mode, the first set of operations comprising negotiating an anchor point for role switch, sending
logical link information for communicating with the host device to the second wireless device, sending
bit processing information to the second wireless device, performing role switch at the negotiated anchor
point, and receiving packets relayed through the second wireless device after the anchor point.

[0007] The anchor point may be a point in time of predetermined length in the future, wherein the
predetermined length corresponds to an amount of time needed for sending the logical link information
and sending the bit processing information. In other examples, the anchor point may correspond to a
particular event, such as obtaining a particular status or transmission of a packet. According to some
examples, sending the bit processing information may include exchanging cyclic redundancy check and
header error check states with the second wireless device. The bit processing information may include,
for example, decoder states. The one or more processors may further send an adaptive frequency
hopping (AFH) channel map.

[0008] According to some examples, the one or more processors may be further configured to execute a
second set of operations to role switch from the slave mode to the master mode. Such second set of
operations may include negotiating a second anchor point for role switch, receiving logical link
information from the second device for communicating with the host device, receiving bit processing
information from the second wireless device, assuming the master mode at the negotiated anchor point,
receiving packets directly from the host device after the switch anchor point, and relaying the received
packets to the second device.

[0009] Another aspect of the disclosure provides a method for role switching from a slave role to a
master role. The method may include negotiating, using one or more processors, an anchor point for role
switch, receiving logical link information from a wirelessly paired device in the master role, the logical
link information for communicating with the host device, receiving, from the wirelessly paired device in
the master role, bit processing information, establishing direct communication with the host device using
the received logical link information, at or after the anchor point, and receiving packets directly from the
host device after the switch anchor point.

[0010] Yet another aspect of the disclosure provides a method for role switching from a master mode to
a slave mode, including negotiating, by one or more processors of a first device operating in the master
mode, an anchor point for role switch, sending, by the one or more processors, logical link information
for communicating with a host device to a second device operating in the slave mode, sending, by the one
or more processors, bit processing information to the second device, performing role switch to the slave
mode at the negotiated anchor point, and receiving packets relayed through the second device after the

anchor point.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a block diagram illustrating an example system according to aspects of the disclosure.
[0012] Fig. 2 is an example pictorial diagram of the system of Fig. 1.

[0013] Figs. 3A-F are pictorial diagrams illustrating role switching according to aspects of the
disclosure.

[0014] Fig. 4 is a block diagram illustrating an example packet header according to aspects of the
disclosure.

[0015] Fig. 5 is an example flow diagram illustrating an example bit processing procedure according to
aspects of the disclosure.

[0016] Fig. 6A is an example circuit diagram of a register for generating HEC states according to
aspects of the disclosure.

[0017] Fig. 6B is an example circuit diagram of a register for generating CRC states according to aspects
of the disclosure.

[0018] Fig. 7 is an example circuit diagram of a register for data whitening according to aspects of the
disclosure.

[0019] Fig. 8 is an example sequence diagram illustrating role switch according to aspects of the
disclosure.

[0020] Fig. 9 is a functional block diagram illustrating an example system according to aspects of the
disclosure.

[0021] Fig. 10 is a flow diagram illustrating an example method according to aspects of the disclosure.
DETAILED DESCRIPTION

[0022] The present disclosure provides for role switch between earbuds, or other paired wireless
accessories having mastet/slave roles, in a way that is transparent to the host device. No audio pause or
disconnection is needed during the switch process. Accordingly, the switch may be performed with
perceptible continuity of audio streaming.

[0023] A first wireless accessory device, such as a first earbud, in a master role requests to serve as
master to both a host device and a second device in a slave role. In this regard, the first device can be a
master clock for both a host connection between the first device and the host, and a device connection
between the first device and the second device. Both of the first and second devices listen to the host.
The first device in the master role receives audio contents from the host, and relays the audio contents to
the second device in the slave role. The second device in the slave role also listens to the host device,
between receiving relayed audio from the master, to monitor the signal strength between the second
(slave) device and the host. The second (slave) device does not need to directly receive audio contents
from the host.

[0024] When the first device in the master role observes its signal strength drop below a preset
threshold, it sends a message to the second device to request its signal strength. If the second device in
the slave role has better signal strength than the first device for a predefined period of time, the first

device may request a role switch with second device.
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[0025] When the role switch procedure starts, the first device in the master role does not need to ask the
host device to suspend audio or disconnect from the host device. Rather, the first and second devices
communicate information. In particular, the first and second devices agree on a predetermined switch
anchor point, such as a point in time for performing the role switch. The first device in the master role
further provides an audio link header for communicating the host device to the second device in the slave
role. In this regard, the second device can use the audio link header to communicate with the host device
beginning at the switch anchor point. The first and second devices further exchange cyclic redundancy
check (CRC) and header error check (HEC) states from different randomization kernels. This allows for
continuity of bit processing. The first device further provides its alternative frequency hopping (AFH)
channel map to the second device. This may be performed any time the AFH channel map changes, such
that the second device may listen to the host to determine its updated signal strength with respect to the
host. After the role switch, when the second device has become the new master, audio decoder states
may be sent from the first device (the old master) to the second device (the new master). This may allow
for continuous decoding of audio packets on the second device in the new master role.

[0026] Fig. 1 illustrates an example system 100 including a host device 105 communicatively coupled to
first accessory device 110. The first accessory device 110 may be one of a pair of accessory devices,
such as earbuds, wireless speakers, etc. The first device 110 may be operating in a master role. As such,
in addition to being coupled to the host device, the first device 110 is further communicatively coupled to
second accessory device 120, which is operating in a slave role.

[0027] The connection between the devices 105, 110, 120 may be, for example, short range wireless
pairing, such as Bluetooth. For example, host device 105 may be coupled to first device 110 via a host
communication link 152, such as a first asynchronous connection-less (ACL) link, a synchronous
connection-oriented (SCO) link, etc. The first device 110 may be coupled to the second device 120 via a
relay communication link 154, such as second ACL link.

[0028] Fig. 2 illustrates an example of the system of Fig. 1, wherein the host device is a mobile phone
203, the first device operating in the primary role is a first earbud 210, and the second device operating in
the secondary role is a second earbud 220. Host communication link 252 exists between the phone 205
and the first earbud 210, while relay communication link 254 exists between the first earbud 210 and the
second earbud 220.

[0029] While the host device in this example is illustrated as a mobile phone, it should be understood
that the host device may be any of various types of devices adapted to transmit audio signals. For
example, the host device may be a tablet, smart watch, game system, music player, laptop, personal
digital assistant device, or any other computing device. Similarly, the first and second accessories, while
here shown as earbuds 210, 220, may in other examples be any combination of speakers or other audio
devices, video output displays, etc. The first and second accessories may be paired during a time of
manufacture, or may be sold separately and paired later by a user.

[0030] In some instances, it may be desirable for the first and second accessories to switch roles. For

example, the earbud serving in the primary role may have a lower quality signal strength connection with
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the host as compared to a possible connection between the host and the device in the secondary role. In
the arrangement of Fig. 2, the first earbud 210 is subject to cross-body path loss with respect to the host
device 103, because the host device 105 is being held on an opposite side of the user’s body. The second
earbud 220, in contrast, is on a same side of the user’s body as the host device 105. Accordingly, the
second earbud 220 is subject to less cross-body path loss than the first earbud 210.

[0031] Figs. 3A-E illustrate an example of the role switch. In Fig. 3A, the second device 220 operating
in the slave mode evaluates a potential connection 356 between the host 205 and the second device 220.
For example, the second device 220 may listen in on transmissions between the host 205 and the first
earbud 210 over the host communication link 252. For each transmission, the second earbud 220 may
determine signal quality metrics for the potential connection 356, and forward such metrics to the first
earbud 210 over the relay link 254. Examples of such metrics may include RSSI, average signal strength,
etc. The first earbud 210 may similarly determine such metrics for its communications over the host link
252. The first earbud 210 may forward its determined metrics to the second earbud 220. Accordingly,
the earbuds 210, 220 can negotiate whether to switch roles based on a comparison of the signal quality
metrics. According to some examples, the decision whether to switch roles may be further based on
other conditions, such as battery levels of the first and second devices, etc. For example, the device
serving in the master role may consume more power than the device serving in the slave role.
Accordingly, when a battery of the master device drains to a predetermined level, for example, it may be
desirable to switch roles with the slave device.

[0032] While in some examples the decision whether to swap roles may be made by both the first and
second devices 210, 220, in other examples the decision may be made by only one or a subset of the
devices. For example, the second earbud 220 may forward the signal quality metrics for the potential
connection 356 to the first earbud 210, which compares it to its own metrics and decides whether to
initiate a role switch. Alternatively, the first earbud 210 may forward its determined metrics to the
second earbud 220, which performs the comparison and determines whether to initiate a role change.
[0033] As further shown in Fig. 3A, when the first and/or second devices 210, 220 decide to swap roles,
the first and second devices communicate information. In particular, the first and second devices 210,
220 communicate to determine a predefined switch anchor point. The predefined switch anchor point
may be a future point in time when the devices will switch roles. The future point in time may be a time
when the first and second devices have completed preparation for the switch, a time when the switch will
have a least impact on audio quality, or any combination of these or other facts.

[0034] As shown in Fig. 3B, the first device 210 in the master role further provides an audio link header,
for communicating with the host device 203, to the second device 220 in the slave role. In this regard,
the second device 220 can use the audio link header to communicate with the host device 205 beginning
at the switch anchor point.

[0035] As shown in Fig. 3C, the first and second devices further exchange cyclic redundancy check
(CRC) and header error check (HEC) states from different randomization kernels. This allows for

continuity of bit processing. This is described further below in connection with Figs. 5-7.
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[0036] As shown in Fig. 3D, the first device further provides its alternative frequency hopping (AFH)
channel map to the second device. This may be performed any time the AFH channel map changes, such
that the second device may listen to the host to determine its updated signal strength with respect to the
host.

[0037] In Fig. 3E, the first and second devices 210, 220 have switched roles, such that the second device
220 is serving the master role. For example, the first and second devices 210, 220 may have reached the
switch anchor point. As such, the second device 220 begins communicating with the host device 205
using the audio link header obtained in Fig. 3B. Because the second device 220 is using the same logical
link address from the packet header from the first device 210, the host 205 may be unaware that it has
begun communicating with a different device.

[0038] In Fig. 3F, when the second device has become the new master, audio decoder states may be sent
from the first device 210 (the old master) to the second device 220 (the new master). This may allow for
continuous decoding of audio packets on the second device 220 in the new master role.

[0039] Fig. 4 illustrates an example packet header 400 for short range wireless communications, such as
Bluetooth. The packet header 400 may include a plurality of bits in a plurality of different fields. For
example, such fields may include a logical transport (LT _ADDR) field 410, a type field 420, a flow field
430, an automatic repeat request number (ARQN) field 440, a sequence number field 450, and a header
error check (HEC) field 460. It should be understood that these are merely examples of the fields
included in the packet header 400, and that in other examples additional, fewer, or different fields may be
included in the packet header.

[0040] The LT_ADDR field 410 refers to the host communication link between the host device and the
master accessory device. For example, each accessory device may receive a default logical transport
when it is paired with the host device. Each logical transport may include one or more logical links, for
example, which may be distinguished by a logical link identifier.

[0041] The first device in the master role passes an audio link header, such as the header 400, for
communicating with the host device to the second device in the slave role. Such link header may be
passed between a time of a last packet from the host device to the master bud and a time of the switch
anchor point. The second device may use the LT _ADDR field 410 to communicate over the logical
transport. In this way, the second device can become master and act as the master starting at the switch
anchor point. For example, the first and second devices may share the logical transport in that either
device assumes communication over the logical transport, using the LT_ADDR from the packet header,
when it is serving in the master role. The host device may be unaware of which device — the first or the
second — is communicating over the logical transport at a given time, and may not notice a switch.

[0042] Fig. 5 illustrates a packet bit stream formation process. To continue bit processing, cyclic
redundancy check (CRC) and header error check (HEC) states from different randomization kernels are
exchanged between the first and second devices. Each header may have an HEC to check the header
integrity. The HEC may be, for example, an 8-bit word generated by an HEC generator, such as shown in

Fig. 6A below. Before generating the HEC, the HEC generator is initialized with an 8-bit value, such as
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by using addresses or other information related to the first device, the second device, or packets sent
therebetween. The generated HEC is checked, and if the HEC does not check, the entire packet may be
discarded.

[0043] Packet bit streams may be formed using the CRC and HEC, such as shown in Fig. 5. For
example, a payload of a packet is input, and after the payload CRC has been added, a header is added in
front of the payload. The contents of the header are protected by HEC. For transmitting packets, the
packet may be encrypted and then whitened. The encryption may be any of a variety of forms of
encryption, such as AES-CCM, etc. Whitening may, for example, randomize the the bit sequence such
that its spectrum is almost like white noise. The result may then be encoded and transmitted to a radio
frequency (RF) interface. For example, after the payload has been processed and the header has been
added to the physical layer (PHY) packet, the PHY packet may be sent to an RF chain to do digital
modulation and RF carrier modulation such that it can be transmitted at a predefined frequency. For
receiving packets, the packets may be decoded, de-whitened, and decrypted to do CRC checking.

[0044] A state of the CRC and HEC changes with every packet that comes in. For example, the CRC
and HEC may be generated by feeding information from the received packet into one or more seed
control registers, such as a first linear feedback shift register (LFSR) to generate the updated CRC, and a
second LFSR to generate the HEC.

[0045] Fig. 6A illustrates an example of a first LFSR circuit generating the HEC. Data, such as header
bits, is input into the LFSR, for example with least significant bit first. After all header bits go through
the LFSR, the read out from the LFSR is the HEC.

[0046] Fig. 6B illustrates an example of a second LFSR circuit generating the CRC. Data, such as
packet payload bits, is input into the LFSR, for example with least significant bit first. For example, a 16
bit LFSR for the CRC may be constructed similarly to the LFSR for the HEC. According to some
examples, the 8 left-most bits may be initially loaded with an 8-bit UAP while the 8 right-most bits may
be reset to zero. Switch S is set in position 1 while the data is shifted in. After the last bit has entered the
LFSR, the switch is set in position 2, and the register’s contents may be transmitted from right to left.
The read out from the registers is the CRC.

[0047] The CRC and HEC may have different initial values at a beginning of first link establishment. As
long as the latest state of the CRC/HEC can be written into the seed control register, the process can be
carried out on master and slave buds that have switched roles without the host device knowing.

[0048] Fig. 7 illustrates an example LFSR for data whitening. An original seed value for the whitening
may be obtained from the master clock. Since the master bud, slave bud, and host device are all
synchronized to the master clock, the whitening process does not require the master and slave buds to
exchange extra state information.

[0049] The encryption may require information to be exchanged between the master and slave buds. To
avoid this, before the role switch between the buds, the master bud can ask the host device for a role
switch to stop encryption. This master bud and host role switch can be scheduled at the same time for

master bud and slave bud role switch time to avoid additional time consumption for disabling the
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encryption. After the role switch, the new master bud can ask the host device to resume the encryption. In
this way, all encryption seeds may start from an initial state such that the master and slave earbuds do not
need to exchange the encryption engine states. If the role switch procedure takes longer than an
approximate time interval between two audio packet deliveries from the host to an earbud, the master
device can respond with a negative acknowledgement (NACK) to the host device. This is so even if the
master device already received the packet, but wants to provide more time for completion of starting or
stopping the encryption.

[0050] In order to let the second device communicate at the correct channel to the host device, the first
device sends its alternative frequency hopping (AFH) channel map to the second device whenever the
AFH channel map changes. The second device, before becoming master, may use the AFH channel map
to listen to the host device, such as to update its measured signal strength with respect to the host device.
If before the switch anchor point, the AFH channel map changes again in the first device, the first device
sends the new AFH channel map to the second device before the switch anchor point, such that the
second device can jump to the correct channel to communicate to the host device. In other examples, the
first device may send the updated AFH channel map to the second device after the anchor point. The
timing of whether the updated channel map is sent before or after the anchor may depend on, for
example, whether the host will send a packet to the master at or soon after the anchor point.

[0051] After role switch, audio packets should be continuously decoded on the second device in its new
master role. Accordingly, audio decoder states may be sent from the first device (old master) to the
second device (new master). Depending on the codec used, this can lead to different amounts of data to
be transferred. For example, different codecs may have encoder states of different complexity of encoder
stat. By way of example only, an Advanced Audio Coding (AAC) codec may have a higher complexity
as compared to a low complexity sub-band (SBC) codec. Accordingly, the codec state transfer may
require different amounts of data depending on the codec. A simplified version is to put the decoder on
the second device (new master) in the initial state. When the first packet comes in to the second device in
its new master role, it will be decoded as if the decoder is from a fresh start. The decoder needs a frame
to ramp up and give full scaled pulse-code modulation (PCM) stream. Ramping up in the middle of an
audio stream will cause the audio stream to be silent for a short period. However, the first and second
devices may understand that the short period of silence is because of the decoder initialization.
Accordingly, for some types of traffic, the second device in its new master role can turn on a packet loss
concealment (PLC) algorithm to smooth out the data at the beginning of the output of the decoder for the
first frame that comes in from the host device to the second device (new master).

[0052] Fig. 8 provides an example sequence diagram illustrating a sequence of event leading up to,
during, and following the role switch between the first and second devices. It should be understood that
this is merely an example, and that in other examples the order of events may differ or events may occur
simultaneously.

[0053] As shown, the host device 105 transmits packets to the first device 110 serving in the master role,

which relays the received packets to the second device 120 serving in the slave role. The first and second
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devices 110, 120 measure and exchange metrics, such as signal strength vis-a-vis the host device, battery
life, etc. Depending on the metrics, the first and second devices negotiate whether to perform a role
switch, and if so further negotiate a switch anchor point.

[0054] The first and second devices 110, 120 may continue to receive and relay packets from the host
105 as they prepare for role switch prior to the anchor point. In preparation for the role switch, the first
device 110 may send a packet header including logical link information for communicating with the host
device. For example, the packet header may be sent prior to the audio data packets relayed from the host
device. The logical link information may be, for example, a LT_ADDR field.

[0055] The first and second devices 110, 120 exchange HEC and CRC status information. Further, the
first device 110 sends its AFH channel map. While the map is illustrated as being sent before the anchor
point, it may be sent after the anchor point in other examples. Moreover, it should be understood that the
HEC/CRC information and AFH channel map may be sent at multiple times, such as each time they are
updated.

[0056] At the anchor point, the first and second devices 110, 120 perform role switch, such that the
second device 120 becomes the master with respect to the first device 110 and the first device 110
becomes the slave. Accordingly, the second device 120 may begin communicating directly with the host
105 using the logical link information received in the packet header.

[0057] The first device 110 may send decode information to the second device 120 for decoding packets
received at the second device 120 from the host 105. Accordingly, the second device 120 may serve in
the master role, and receive packets from the host 105 and relay the packets to the first device 110.

[0058] Fig. 9 illustrates an example of internal components of the first device 110 and second device
120. While a number of internal components are shown, it should be understood that additional or fewer
components may be included. By way of example only, the devices may include components typically
found in playback devices, such as speakers, microphones, etc. The devices may be, for example,
wireless accessories, such as earbuds, speakers, displays, etc. The devices are primarily described below
with respect to the first device 110. While the second device 120 may be similar or identical to the first
device 110 in some examples, in other examples the second device 120 may be a different type of device.
Additionally or alternatively, the second device 120 may have different internal components.

[0059] The first device 110 may include one or more processors 916, one or more memories 912, as well
as other components. For example, the computing device 110 may include one or more sensors 918,
wireless pairing interface 919, and a battery 917.

[0060] The memory 912 may store information accessible by the one or more processors 916, including
data 914 instructions 915 that may be executed or otherwise used by the one or more processors 916. For
example, memory 912 may be of any type capable of storing information accessible by the processor(s),
including a computing device-readable medium, or other medium that stores data that may be read with
the aid of an electronic device, such as a volatile memory, non-volatile as well as other write-capable and
read-only memories. By way of example only, memory 912 may be a static random-access memory

(SRAM) configured to provide fast lookups. Systems and methods may include different combinations
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of the foregoing, whereby different portions of the instructions and data are stored on different types of
media.

[0061] The data 914 may be retrieved, stored or modified by the one or more processors 916 in
accordance with the instructions 915. For instance, data 914 may include short range wireless
communication profiles, such as Bluetooth profiles. The data 914 may further include buffered packets,
such as an audio buffer with packets received from a host device. Although the claimed subject matter is
not limited by any particular data structure, the data may be stored in computing device registers, in a
relational database as a table having a plurality of different fields and records, XML documents or flat
files. The data may also be formatted in any computing device-readable format.

[0062] The instructions 915 may be any set of instructions to be executed directly (such as machine
code) or indirectly (such as scripts) by the one or more processors 916. For example, the instructions
may be stored as computing device code on the computing device-readable medium. In that regard, the
terms "instructions" and "programs" may be used interchangeably herein. The instructions may be stored
in object code format for direct processing by the processor, or in any other computing device language
including scripts or collections of independent source code modules that are interpreted on demand or
compiled in advance. Functions, methods and routines of the instructions are explained in more detail
below.

[0063] The one or more processors 916 may be microprocessors, logic circuitry (e.g., logic gates, flip-
flops, etc.) hard-wired into the device 110 itself, or may be a dedicated application specific integrated
circuit (ASIC). It should be understood that the one or more processors 916 are not limited to hard-wired
logic circuitry, but may also include any commercially available processing unit, or any hardware-based
processors, such as a field programmable gate array (FPGA). In some examples, the one or more
processors 916 may include a state machine. The processors 916 may be configured to execute the
instruction 915 to, for example, perform a method such as described below in connection with Fig. 10.
[0064] The one or more sensors 918 may include any of a variety of mechanical or electromechanical
sensors for detecting conditions relevant to a role switch. Such sensors may include, for example, an
accelerometer, gyroscope, switch, light sensor, barometer, audio sensor (e.g., microphone), vibration
sensor, heat sensor, radio frequency (RF) sensor, etc. In this regard, the device 110 may detect
conditions indicating that the device should switch roles with its paired device. As one example, the
sensors may detect received signal strength, and may compare the received signal strength to that of the
paired device. The device 110 and its paired device may thus negotiate whether to switch roles. As
another example, the sensors may detect other parameters, such as battery life, signal quality, movement,
etc.

[0065] The short range wireless pairing interface 919 may be used to form connections with other
devices, such as paired second device 120 or a host device, such as a mobile phone providing the audio
packets. The connection may be, for example, a Bluetooth connection or any other type of wireless

pairing. By way of example only, each connection may include an ACL link.
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[0066] Although FIG. 9 functionally illustrates the processor, memory, and other elements of device 110
as being within the same block, it will be understood by those of ordinary skill in the art that the
processor and memory may actually include multiple processors and memories that may or may not be
stored within the same physical housing. For example, memory 912 may be a volatile memory or other
type of memory located in a casing different from that of computing device 110. Moreover, the various
components described above may be part of one or more electronic devices.

[0067] In this example, the second device 120 has an internal architecture similar to that of the device
110. For example, the second device 120 includes a memory 922 storing data 924 and instructions 925
which may be executed by one or more processors 926. The second device 120 further includes a battery
927, sensors 928, a communication interface 929, such as a Bluetooth interface, etc. While the second
device 120 is shown as executing a different set of instructions 925 than the instructions 915 of the first
device 110, it should be understood that both devices 110, 120 may be programmed to perform role
switch from primary to secondary and from secondary to primary.

[0068] As mentioned above, the instructions 915 and 925 may be executed to perform a seamless role
switch. The role switch may be performed at a negotiated anchor point, and may be performed without
notifying, updating, or otherwise involving the host device.

[0069] Fig. 10 is a flow diagram illustrating an example method 1000 of performing a role switch
between a first wireless accessory and a second wireless accessory. As mentioned above, the first and
second devices may be any of a number of types of devices. For example, the first and second devices
may be a pair of earbuds, surround sound speakers, etc. While the operations are illustrated and
described in a particular order, it should be understood that the order may be modified and that operations
may be added or omitted.

[0070] In blocks 1005, 1010, the first and second devices negotiate whether to switch roles. For
example, one or both devices may compare their signal strength or other conditions measured by the first
and second devices. When the devices determine that role switch should be performed, the devices
further negotiate a switch time anchor point. The anchor point may be selected based on, for example, a
predetermined delay allowing enough time for preparation for the role switch, a random time, a time
when role switch would have a least impact on signal quality, or any of a variety of other factors.

[0071] In block 1015, the first device sends logical link information, which is received by the second
device in block 1020. The logical link information may be sent in, for example, a packet header. For
example, the logical ink information may be included in a LT_ADDR field of the packet header. The
logical link information may be the information used by the first device to communicate with a host
device. By sharing the information with the second device, the first device allows the second device to
use the logical link information to communicate with the host device after role switch.

[0072] In blocks 1025,1030, the first and second devices exchange HEC/CRC states, thereby enabling
continued bit error processing after role switch.

[0073] In block 1035, the first device sends AFH channel map, which is received by the second device
in block 1040. In block 1045, the first device sends decoder states, which are received by the second
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device in block 1050. Such decoder states may be used by the second device after role switch to decode
packets received from the host device.

[0074] When the devices reach the predetermined switch anchor point, they may switch roles.
Accordingly, in block 1060, the second device begins communicating directly with the host device using
the logical link information received in block 1020. The first device transitions to a slave role. As such,
packets received at the second device from the host are relayed to the first device. The host device may
be unaware that the role switch occurred.

[0075] The foregoing systems and methods are advantageous in that they provide for role switch without
perceivable glitches in audio. As such, master/slave roles between paired devices may be switched as
frequently as would be beneficial without compromising audio quality. Such switching may have to
preserve battery life, improve audio quality (e.g., as a result of improved signal strength), etc.

[0076] Unless otherwise stated, the foregoing alternative examples are not mutually exclusive, but may
be implemented in various combinations to achieve unique advantages. As these and other variations and
combinations of the features discussed above can be utilized without departing from the subject matter
defined by the claims, the foregoing description of the embodiments should be taken by way of
illustration rather than by way of limitation of the subject matter defined by the claims. In addition, the
provision of the examples described herein, as well as clauses phrased as "such as," "including" and the
like, should not be interpreted as limiting the subject matter of the claims to the specific examples; rather,
the examples are intended to illustrate only one of many possible embodiments. Further, the same

reference numbers in different drawings can identify the same or similar elements.
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CLAIMS

1. A wireless accessory device, comprising:

a wireless communication interface adapted for communication with a host device and a second
wireless accessory device;

a memory;

one or more processors in communication with the memory, the one or more processors
configured to execute a first set of operations to role switch from a master mode to a slave mode, the first
set of operations comprising:

negotiating an anchor point for role switch;

sending logical link information for communicating with the host device to the second wireless
device;

sending bit processing information to the second wireless device;

performing role switch at the negotiated anchor point; and

receiving packets relayed through the second wireless device after the anchor point.

2. The wireless accessory device of claim 1, wherein sending the bit processing information
comprises exchanging cyclic redundancy check and header error check states with the second wireless

device.

3. The wireless accessory device of claim 1, wherein the bit processing information

comprises decoder states.

4. The wireless accessory device of claim 1, wherein the one or more processors further

send an adaptive frequency hopping (AFH) channel map.

5. The wireless accessory device of claim 1, wherein the one or more processors are further
configured to execute a second set of operations to role switch from the slave mode to the master mode,
the second set of operations comprising:

negotiating a second anchor point for role switch;

receiving logical link information from the second device for communicating with the host
device;

receiving bit processing information from the second wireless device;

assuming the master mode at the negotiated anchor point;

receiving packets directly from the host device after the switch anchor point; and

relaying the received packets to the second device.
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6. The wireless accessory device of claim 5, wherein receiving the bit processing
information comprises exchanging cyclic redundancy check and header error check states with the

second wireless device.

7. The wireless accessory device of claim 5, wherein the bit processing information

comprises decoder states.

8. The wireless accessory device of claim 5, wherein the one or more processors further

receive an adaptive frequency hopping (AFH) channel map.

9. The wireless accessory device of claim 1, wherein the anchor point is a point in time of
predetermined length in the future, wherein the predetermined length corresponds to an amount of time

needed for sending the logical link information and sending the bit processing information.

10. The wireless accessory device of claim 1, wherein the anchor point corresponds to a

particular event.

11. A method for role switching from a slave role to a master role, comprising:

negotiating, using one or more processors, an anchor point for role switch;

receiving logical link information from a wirelessly paired device in the master role, the logical
link information for communicating with the host device;

receiving, from the wirelessly paired device in the master role, bit processing information;

establishing direct communication with the host device using the received logical link
information, at or after the anchor point; and

receiving packets directly from the host device after the switch anchor point.

12. The method of claim 11, wherein receiving the bit processing information comprises

exchanging cyclic redundancy check and header error check states with the master device.

13. The method of claim 11, wherein the bit processing information comprises decoder
states.

14. The method of claim 11, further comprising receiving an adaptive frequency hopping
(AFH) channel map.

15. A method for role switching from a master mode to a slave mode, the method
comprising:
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negotiating, by one or more processors of a first device operating in the master mode, an anchor
point for role switch;

sending, by the one or more processors, logical link information for communicating with a host
device to a second device operating in the slave mode;

sending, by the one or more processors, bit processing information to the second device;

performing role switch to the slave mode at the negotiated anchor point; and

receiving packets relayed through the second device after the anchor point.

16. The method of claim 15, wherein sending the bit processing information comprises

exchanging cyclic redundancy check and header error check states with the second device.

17. The method of claim 15, wherein the bit processing information comprises decoder
states.

18. The method of claim 15, further comprising sending an adaptive frequency hopping
(AFH) channel map.

-15-



PCT/US2019/038182

WO 2020/256726

113

0cl
201Aa(]
Alossao0y

(one|s)
puooeg

__— PS5l

oLl
aoIna(g
Alossao0y

(Jeysen) 1sui

¢Sl

AE

Gol
201A9(] 1SOH




WO 2020/256726

210

2/13

PCT/US2019/038182

Fig. 2



PCT/US2019/038182

WO 2020/256726

3/13

d¢

‘814

0T¢

J

Jepeay

AUl olpne

ssed

pse

01¢

veE "SI

> Juiod Joyoue

" pue yoyms o)
Jayeym ajenobeN



PCT/US2019/038182

WO 2020/256726

4/13

ag ‘314

01¢

dew
[auuBYO
H4v

0Tc

J€ "3

- s9jeis DJH
1040 ebueyoxg




PCT/US2019/038182

WO 2020/256726

5/13

4¢ 814

01¢

solels
Jepoosp
olpny

0cce

01¢

3¢ 'S4




WO 2020/256726

400

6/13

LB 3

3
L <
o (]
it
-
= 3
J 4+
=
=
f@a ,,,,,,,, o
(32
<r
;= S
§ o
(&)
<

410

PCT/US2019/038182

Fig. 4



PCT/US2019/038182

G 'S4

7113

i L b A SR A rh AR 200

v

\
%l

.““wm“\“wz

[ RS P SO R

= = = ey
p § ; H
: gt S
ganeenity ma&-:.“ T&,::ﬁ
f i R i E
i e e s i e e es ety @ 3 { : i &
.. H ¢ H
: ~ e A Ei i
i B
. ; H
H i @ g R s s e e S R e H
i iras g orai soe o drs dee sl er b ! . 4 . i
: ; B o
Soeemmenite, G Yt
) H A §
m By w
P R A R R R

WO 2020/256726




PCT/US2019/038182

WO 2020/256726

8/13

V9

‘814

(i 497D U e

4
&
k

E

Lami W -

&

e

a

o
32 0

o

i

LOHSO




PCT/US2019/038182

WO 2020/256726

9/13

g9 ‘514

7

o
~

» 7

T
S
i
9

m.w..m

g

atd




WO 2020/256726 PCT/US2019/038182

1013

Fig. 7

S

Ry

& z




PCT/US2019/038182

WO 2020/256726

1113

—p- Si¥0ed pafelal

g b4

sjexoed Aejal g aAI900Yy - SAIS09Y s1%08d
soe)s Jopoosp ywsuels |
aAI808Y < SOJE}S
Japoosp puss
emsoem e eee s oo sieoieie s st
Jepeay '
woJj yul| [edl60] ’
Buisn 1soy HOHMS S1od ’
/M Wwod uibag - '
JUiod Joyouy '
H n_wmw_z.mmmvm_ - dew
’ ‘Ud H4V puss
93H O3H
/0¥0 %cmcoxmA Jomo abueyox3
Jepesy Jopeayy
MUl| @AIe00Y = SUI| PUBS
s}eoed paAe|al
o809y < Aeje. sjexoed
2 oAle0oy Jwsuel |
juiod Joyoue ¥ P Juiod Joyoue g
youms a|odJ sjenobeN Uoums 9]0 sjeljobaN
sousw mmcmcoxmA p SOLJW sBUBYOXS
9 alnses 9 alnses\
s1oMoed poAe|al
oNoOoy - Aeja. sjexoed
PEINEREN Jwsues |
0clL oLl S0l
991A2Q ¢ 921A9(Q L }SOH




PCT/US2019/038182

WO 2020/256726

1213

6 b4

uoneILNWLWOD ssajaiim abuel-Loyg

626 9oBUAUI

8z6 (s)losusg

126
Kspeg

9¢6
(s)iossaoold

yum Wwwod uibeg - ulod JO0YoUE 18 Youms 8|0y

sale)s OIH/OUD abueyox3g
uoIjeLLIOUI YUl [ED160] BAI908Y
YouMms 9joJ Joj juiod Joyoue ajenobaN

a0IAap 181} 0} Aejal pue }Soy Wolj sjayoed aAlaDay e

ojul juij [eaibo| Buisn 1soy

sale)s Joploap aAlo0ay
dew jsuueyd H4y aAI908y

ao1Aap

(4s1sew) 1541} ybnolay) pahejal siaxoed anlgosy e

GZ6 suononisu|

sojels
O3dH/OYO

dew |suueys H4VY

¥Z6 Bjed

Z2z6 Mowspy

0¢l ®3dlAegd ¢

616 90BLIS1UI UOEDIUNWILIOD
ssajalim abuel-Loyg

816 (s)iosussg

Ll6

916

fiopegq (s)sossaooud

82IASP PUODSS WOJ pake|al sjeyoed

Buinlieosl uibaq pue iod JOYSUE 1B YolMS 8|0y
$9)R)S PO0oap puUSg

dew [auueyd H4y pussg

sajels O3H/OYD abueyoxgy

uonewloy

YouMms 9ol Joj Julod Joyoue ajenobaN

puooas 0} Ajal pue }soy wo
G16 suonon

ur sl [esibol puss

(ene|s) a01A8p
1) sioxoed aAlgoey e
11su|

sojels
O3dH/OYO

dew [suueyds Hiy

¥16

eleq

Z16 Aoway

0Ll ®3dlAeQ 1




WO 2020/256726 PCT/US2019/038182
1% Device 2" Device
1010
1005-.. | Negotiate role switch and i . Negotiate role switch and anchor |/
k > _ it
anchor point point
1015.__
Send logical link info —— . 1020
T Receive logical link info -
5
10257 1030
Exchange HEC/CRC states < > Exchange HEC/CRC states
¥
1035
.. SendAFH channel map .
T  Receive AFH channel map 1040
¥
1045
S Send decoder states . .
R ~~._1050
TR Receive decoder states

¥

Establish communication with . 1060
host using logical link info )

Fig. 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/038182

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W84/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figures 5-6

10 March 2016 (2016-03-10)

28 November 2013 (2013-11-28)
figures 3B, 4A

paragraph [0088] - paragraph [0092]

X US 9 462 109 Bl (FRAZIER FIELDS TANEKA L 1-18
[US] ET AL) 4 October 2016 (2016-10-04)

A US 2016/073188 Al (LINDEN OLLE [SE] ET AL) 1-18

A US 2013/316642 Al (NEWHAM ADAM E [US]) 1-18

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 February 2020

Date of mailing of the international search report

13/02/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Petit, Sebastian

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2019/038182
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 9462109 Bl 04-10-2016  NONE
US 2016073188 Al 10-03-2016  NONE
US 2013316642 Al 28-11-2013 (N 104335642 A 04-02-2015
EP 2856808 Al 08-04-2015
W 201349905 A 01-12-2013
US 2013316642 Al 28-11-2013
US 2018199282 Al 12-07-2018
US 2019182765 Al 13-06-2019
WO 2013180859 Al 05-12-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report

