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DESCRIPTION

TECHNICAL FIELD

[0001] The disclosure relates to a short-range, multiple transmission network including a
coordinator for controlling the communication between audio sources and sink units.

BACKGROUND

[0002] Currently, it is known that wireless short-range communication is possible between two
audio devices or between an audio device and multiple sink units (i.e. receivers), and
furthermore, 1s known that for coordinating communications between multiple audio sources In
a wireless short-range communication network n intermediate control device Is needed.

[0003] Furthermore, modern hearing assistance devices, such as hearing aids, typically
Include digital electronics to enhance the wearer's listening experience. However, In situations
where multiple people speak simultaneously, e.g. at a conference or lectures, a hearing
impaired will be limited in his or her participation to the discussion since today's hearing aids
are only configured to receive one audio stream at a time. Therefore, in order to improve the
istening experience for a hearing impaired, a simple system for allowing multiple audio

sources to communicate to at least a hearing device, I.e. a sink unit, simultaneously or mixed Is
needed. Such a system is disclosed in the document US2011/019646 A1

SUMMARY

[0004] An object of the present disclosure Is to provide a wireless communication system
which Is configured to coordinate multiple transmissions from a plurality of audio source units
to one or more sink units. The present disclosure provides a simple way to achieve this by
utilizing the link structure of a wireless short range communication protocol, such as Bluetooth
low energy, digital enhanced cordless telecommunications (DECT), WIFI etc.

[0005] The advantage of coordinating the multiple transmissions between the audio source
units and a sink unit Is that the sink unit I1s able to receive simultaneously or in parallel
communication from the plurality of the audio source units.

[0006] The advantage of utilizing the link layer of a communication frame in order to establish
communication between a plurality of audio source members and at least a sink unit via the
communication frame of the coordinator is that the establishment is less complexed compared
to known solution within this area.
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[0007] Objects and advantages of the present disclosure are achieved by the present
disclosure and drawings, and by the accompanying claims.

[0008] The present disclosure further at least provides an alternative to the known systems.

[0009] An object of the present disclosure i1s achieved by a wireless communication system
comprising a first audio source unit and at least a second audio source unit each comprising; a
connection management Interface for connecting to a network topology, a protocol
management Interface, a management link and a communication link, and during a
configuration period the first audio source unit may be configured to listen for a notification
packet via the management link, and, based on a first criteria, the first audio source unit may
be configured to establish, via the protocol management interface, a communication group and
a respective communication frame. Furthermore, where the first audio source unit may be a
coordinator of the communication group, the coordinator may then be configured to establish
notification packets in the communication frame, and the notification packets may then be
transmitted via the management link assigned to a first time interval in the communication
frame. During the configuration period, the second audio source unit may be configured to
listen for a notification packet received? via the management link of the second audio source
unit, the second audio source unit receives at least the notification packet and may be
configured to extract, via a protocol management iInterface Ilink, Iinformation of the
management link of the coordinator from the received notification packet, and the second
audio source unit may then be configured to transmit an ID information via the management
ink of the coordinator of the communication group, and where the coordinator may be
configured to assign a second time Interval for a communication link of the second audio
source unit in the communication frame, the second audio source unit may then be configured
to become an audio source member of that communication group. During a data
communication period the second audio source member may be configured to communicate
via the communication link of the audio source member at the second time interval in the
communication frame to a sink unit.

[0010] A further object of the present disclosure Is achieved by a wireless communication
system comprising a first audio source unit and at least a second audio source unit each
comprising; a connection management interface for connecting to a network topology, a
protocol management interface, a management link and multiple communication links, and
during a configuration period the first audio source unit may be configured to listen for a
notification packet via the management link, and based on a first criteria, the first audio source
unit may be configured to establish via the protocol management interface a communication
group and a respective communication frame. Furthermore, where the first audio source unit
may be a coordinator of the communication group, the coordinator may then be configured to
establish notification packets in the communication frame, and the notification packets may be
transmitted via the management link assigned to a first time interval in the communication
frame. During the configuration period, the second audio source unit may be configured to
isten for a notification packet via the management link of the second audio source unit, the
second audio source unit may receive at least the notification packet and may extract, via a
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protocol management interface link, information of the management link of the coordinator
from the received notification packet, and the second audio source unit may then be
configured to transmit an ID information via the management link of the coordinator of the
communication group, and where the coordinator assigns multiple other time interval for the
communication links of the second audio source unit in the communication frame, the second
audio source unit may become an audio source member of that communication group. During
a data communication period the second audio source member may be configured to
communicate via the multiple communication links of the audio source member at the given
time Intervals in the communication frame to a sink unit.

[0011] The maximum number of communication links assigned to one audio source member
may be between 2 and 5, 2 and 10, 2 and 20, or 2 and 40.

[0012] Throughout the present disclosure it will be understood that the communication links
and the management links may be based on a wireless link, such as Bluetooth low energy,
customized Bluetooth low energy or any kind of a Bluetooth link.

[0013] It 1Is an advantage that a sink unit may be configured to communicate with multiple
audio source units since the sink unit, e.g. a hearing device, Is able to receive multiple audio
streams from multiple audio source units. For example, the hearing device may for example
receive audio streams from one or more intermediate streaming devices for a communication
device, and/or one or more wireless microphones, and/or one or more intermediate devices for
a television.

[0014] It 1s an advantage that the wireless communication system according to the present
disclosure allows multiple audio source units to communicate with at least a sink unit, so that
the sink unit may receive multiple audio streams or embedded data from the multiple audio
source units simultaneously or mixed with a short time delay between the audio streams. For
example, the sink unit, e.g. being a hearing device, may receive audio streams from one or
more intermediate streaming device configured to stream an audio signal between a second
streaming device/a communication device and a hearing device, and/or one or more wireless
microphones, and/or one or more Iintermediate streaming device configured to stream an
audio signal between a television and a hearing device. Furthermore, the Intermediate
streaming device may be used for controlling program shifts and volume of the hearing device.

[0015] Furthermore, the wireless communication system according to the present disclosure
allows for example a hearing device to adapt to several different audio streaming environments
without requiring any Interaction from the user of the hearing device. Examples on how a
typical user would organize a set of audio source units In different audio streaming
environments Is outlined below.

[0016] Stationary audio source units, such as streaming devices streaming sound from a
television, should have the highest prioritization level such that such a stationary, intermediate
device always act as a coordinator. If more than one TV, having such a streaming device, Is
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turned on, the user may select the desired one via an interface in the hearing device or in an
external device, such as a remote control or a mobile phone. The Intermediate streaming

device may optionally be built into the TV directly or be a device connected externally to the
TV, either wired or wirelessly.

[0017] Mobile audio source units, such as wireless microphones (e.g. partner or table), should
be on the second highest prioritization level because these are battery powered and paired
with a communication group coordinated by an intermediate device connected to a TV,
meaning that they will join the communication group as audio source members to when a TV Is
on and designated as the coordinator of that communication group - otherwise they will launch
their own network with one microphone as the coordinator. If a TV Is discovered afterwards
(background scanning), the communication group coordinated by one of the wireless
microphones will be teardown by the intermediate device for a TV and the intermediate device
establish a new communication group which it becomes the coordinator of and inform the
audio source members to join (the wireless microphones).

[0018] Personal single audio source unit, such as the intermediate streaming device for a
communication device, should be on the lowest prioritization level and paired with both the
stationary and mobile audio source units in the same communication group coordinated by a
an intermediate device for a TV. Thus, If the phone rings while the user is listening to the TV
and at the same time conversing with his or her spouse via a wireless microphone, then the
Intermediate streaming device for the phone, e.g. a smartphone, will just join the
communication group and the communication frame established by the coordinator (The
Intermediate device for the TV In this specific situation), and await that the user accept the call.
When the user has accepted the call, the audio streaming received via the intermediate
streaming device for a communication device may be streamed to the hearing device or other
sink units while the audio streams from the other audio source members (the mobile audio
source units and/or the stationary audio source units) are muted.

[0019] An audio source unit, e.g. the first audio source unit or the second audio source unit,
may be an audio streaming device configured to stream audio and/or embedded data via a
wireless Interface to one or more another units, for example, a hearing device. The audio
source unit may be a wireless microphone, a mobile phone, an Iintermediate device for
streaming audio from mobile phone to a hearing device, an intermediate device for streaming

audio from for streaming audio to a hearing device or other suitable audio sources streaming
audio and/or embedded data.

[0020] A sink unit may for example be a device which Is able to decode audio streams or
embedded data into an acoustic signal and provide the acoustic signal into an ear of a user of

the sink unit. In the context of the present disclosure, the sink unit may preferably be a hearing
device, such as a hearing aid or a headset.

[0021] The role of the coordinator may be to coordinate the communication of audio streams
and/or embedded data between multiple audio source members and one or more sink units.
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By coordinating the communication from the audio source members to the sink units, each
sinks unit may receive multiple audio streams or embedded data from multiple audio source
members resulting in that the user of the sink unit may listen to the multiple audio streams
simultaneously or mixed, e.g. at individual or fixed mixing levels.

[0022] The coordinator may communicate with the one or more sink units by transmitting audio
streams and/or data. Additionally or alternatively, the coordinator may forward audio streams
and/or embedded data from one or more audio source members to one or more sink units.

[0023] The coordinator may receive |D information from an audio source unit that wish to be a
member of the communication group, and the coordinator is configured to assign the
respective audio source unit to a respective time interval, different from the time interval of the
management link (and of the notification packet) of the communication frame, and the audio
source unit then becomes a member of that communication group. The communication frame
established by the coordinator may be a MAC frame.

[0024] The communication frame may comprise time intervals, or time slots, for one or more
communication links of each audio source member and/or a coordinator. Furthermore, the
communication frame may comprise management links of each audio source member and a
coordinator. For example, the properties of the communication frame may be arranged such
that the first event in the communication frame may be a management link. Thus, once an
audio source unit detects a notification packet received via the management link of the audio
source unit, it may then be possible for the audio source unit to establish communication frame
synchronization and listen to a management link of a coordinator of the communication group.

[0025] Furthermore, the communication frame comprises communication links of audio source
members of the respective communication group and/or the coordinator of the respective
communication group. The communication links may be used for communicating audio
streams and/or data. The number of communication links in the communication frame may be
extracted from the notification packet transmitted by the coordinator.

[0026] VWhen an audio source unit has detected a notification packet and the respective
coordinator assigns the audio source unit to a time interval in the communication frame, the
audio source unit becomes an audio source member of that respective communication group
coordinated by the coordinator, a pairing between the coordinator and an audio source
member may then be initialized. From the pairing, the audio source member may receive static
setup information which reveals the event layout of the entire communication frame, 1.e. the
anchor point of the remaining events (i.e. the timing of the communication links of the
coordinator and other audio source members of that respective communication group) in the

communication frame are offset from the already established anchor point of the management
ink.

[0027] The audio source member may have multiple communication links. By having two
communication links the audio source member may be configured to stream audio In stereo
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and/or embedded data in parallel to one or more sink units.

[0028] The management link provides several management tasks such as:

» A potential audio source member may request usage of one or more available time
Intervals inside the communication frame to one or more communication links, and which
may be granted via for example a management packet transmitted to the audio source
member via the management link of both the audio source member and the coordinator.

e An audio source member may occasionally return information about reception quality
(bad frequency channels) to the coordinator.

e The coordinator may decide to leave the communication group and handover the
management link to an audio source member of that communication group. This may
require duplex communication between the two devices.

[0029] The management link may provide a return link where one or more audio source
members may communicate to the coordinator.

[0030] By having a single communication link, the communication frame may Include a
connection event for the communication link which comprises, for example at least three
packets. The time duration of the connection event may be equal or below 1000 us pr. time
Interval, but the connection event may span several time intervals wherein the event may
comprise several packets, such as 1 to 5 packets, or 1 to 10 packets or above 10 packets. The
first packet in the connection event, e.g. the management link, may be a time synchronization
point, used for Indication of synchronization status between for example two communication
inks of an audio source member. A global frequency hopping may be between connection
event to connection event of the communication link, and a local frequency hopping may be
between packet to packet within the connection event.

[0031] The notification packet may be located between connection events and points to the
next coming connection event, I.e. the notification packet may comprise: the link information to
the management link of the coordinator, three time variant parameters: a current value of the
event counter, a time Interval offset to the next communication link, and a state of the global
frequency hopping.

[0032] The audio source member, or the coordinator, may have two communication links for
communicating audio streams and/or data. The communication frame may be similar to the
communication frame comprising a single communication link for each audio source member
but with additional properties, such as;

e [he communication frame may comprise two connection events for each audio source
member,

» Both connection events may comprise a first packet used for synchronization point. The
second synchronization point may be needed if only the second communication link Is
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received.

» Both communication links may have identical setup parameters, such as number of
retransmissions, packet interval, etc.,

e Both communication links may be advertised In the same notification packet. This
requires the three time variant parameters to be linked as:

= Same connection event counter value for both communication links In the same
communication frame,

» A time offset in between the two connection events may be an integer number of 1000
us time interval,

 The global frequency hopping may be chained together, i.e. the state of the global
frequency hopping i1s partially based on the same seed values (event counter and ID
Information) such that only one set of values needs to be published Iin the notification
packet in order to find both communication links.

* Thus, the time and frequency of the first synchronization point must be adjusted by the
time interval offset and frequency hopping offset published in the notification packet.

[0033] An audio source member may only be member of one communication group. The audio
source member may be informed by the notification packet the addresses of all the other audio
source members In the communication group. However, the audio source member can be

paired with several devices to join different communication groups In different streaming
sessions.

[0034] An audio source member may not be aware of audio source units that are not part of
the communication group. However, these other audio source units can still participate in the
communication frame If they are paired with the communication group by transmitting theirs 1D
Information via a management link to the coordinator of that communication group.

[0035] The communication groups may be divided into prioritization levels going from high to
low. One communication group at a lower level can be paired with another group at a higher
level, I1.e. all the audio source members of the communication group at a lower level are aware
of the ID information of the other audio source members of the other communication group
with a higher prioritization level, but not opposite.

[0036] If an audio source member of a low level communication group finds an active higher
level communication group via its management interface and its protocol management
Interface, then the audio source member will join the communication group with a higher level
Instead of starting its own communication group.

[0037] An audio source member of a lower level communication group will look for other
communication groups In the background via the management link and the protocol
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management interface. |If a higher level communication group may be detected, then the audio
source member may inform the coordinator of the low level communication group to join the
high level communication group. This may require a confirmation from the coordinator of the
high level communication group (e.g. by assigning the audio source member a time interval In
a communication frame established by the coordinator of the high level communication group)
and/or a confirmation that all audio source members of the lower level communication group
can see the coordinator of the higher level communication group.

[0038] The concept of pairing Is just to make one audio source device unit aware of the |D
Information of another audio source unit. The following three pairing scenarios may occur:

e Pairing between two audio source members and/or between an audio source member
and a coordinator, where the pairing information of the audio source member may be
transferred to the other audio source member via the management link of both members
or to the coordinator via the management link of both the member and the coordinator.

e Pairing a new audio source member with audio source members of an already
established communication group may be done by all audio source members
transferring simultaneously, or with a short delay, their ID information to the new audio
source member. Thus, any audio source member must be able to deliver the needed
pairing information. In this pairing scenario there is a need to deal further with the new
audio source member or members after pairing. One solution could be to update a
group status parameter that afterwards may be published by the coordinator, e.g. via the
management link, such that paired devices can request the latest pairing information If
they are out of date.

 Pairing between a higher level communication group and a lower level communication
group, both communication groups comprising a plurality of audio source members,
without the need to do pairing individually for each audio source member of the lower
level communication group. This may be accomplished when one audio source member
from each communication group interexchange all pairing information of the remaining
audio source members of the respective communication group, and the audio source
member receiving the pairing information distributes the pairing information to the other
audio source members of the respective communication group.

[0039] The coordinator may utilize the management link for creating communication group and
announce the communication group to other audio source units. VWhen an audio source unit
requests to join the communication group as member, then the audio source unit shall connect
to the coordinator via the management link and announce its identity by transferring its |D
Information. The coordinator will assign the audio source member a time interval in the
communication frame and a dynamic address which may used for future link management
purposes.

[0040] The coordinator shall on regular basis publish the identity (pairing information) of
connected audio source members, via notification packets transmitted via the management
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link, to sink units informing the availability of the audio source members. VWWhen theses audio
source members show up In the sink unit's source option, then they should be paired and the
communication between the audio source members and the sink unit may begin.

[0041] The configuration period may be defined as being the period where an audio source
unit requests an available communication group by listening for a notification packet. The
configuration period may be set to a time value.

[0042] The coordinator may assign a time interval for a second communication link which may
be for the coordinator or another audio source member.

[0043] The coordinator may have a communication link, and the coordinator may be
configured to transmit and or receive audio streams and data.

[0044] The coordinator may be configured to coordinate via the communication frame the
communication between a plurality of audio source members of the communication group and
at least a sink unit such that the at least one sink unit may be configured to receive
communications from the plurality of audio source members. The user of the sink unit may
experience a mix of audio streams.

[0045] The first criteria may be that the first audio source unit does not receive a notification
packet within the configuration period, or the first criteria may be that the first audio source unit
receives a notification packet from a coordinator, the notification packet may be prioritized by
the first audio source unit according to a prioritization scheme, and the first audio source unit

may then be configured to reject the notification packet if the prioritization of the notification
packet is not acceptable of the first audio source unit.

[0046] The prioritization may be based on the type of coordinator, e.g. i1s it an intermediate
device for a TV, a wireless microphone, a mobile phone, an intermediate streaming device for
a communication device, or the mobility of the coordinator etc. Additionally, the prioritization
may be based on the signal quality (e.g. RSSI) of the coordinator, the number of audio source
member In the respective communication group, number of sink units connected to the
communication group etc. These information may be available via the notification packet.

[0047] The first audio source unit and the second audio source unit, i.e. an audio source unit,
may each comprise a data interface configured to generate audio streams and/or embedded
data for being communicated to the sink unit via the communication link.

[0048] Furthermore, the data interface may also be configured to receive and forward wireless
audio streams and/or embedded data via the communication link to sink units or the
coordinator.

[0049] The coordinator may be configured to merge the communication group with a second
communication group when at least an audio source member of the communication group
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detects a second coordinator of the second communication group via the management link
and the protocol management interface. VWhen the audio source member has informed the
coordinator about the second communication group, the coordinator may be configured to
command the audio source member to transfer to the second communication group via the
management link by forwarding the |D information of the audio source member to the second
coordinator. Alternatively, when the audio source member has informed the coordinator about
the second communication group the coordinator may be configured to command the audio
source member to transfer to the second communication group via the management link by
forwarding the ID information of the audio source member to the second coordinator when the
coordinator has communicated a merging request to the second coordinator via the
management link and receives an accept on the merging signal from the second coordinator.
Alternatively, when the audio source member has informed the coordinator about the second
communication group the coordinator may be configured to command the audio source
member to transfer to the second communication group, and the audio source member may
be configured to transfer its ID information to the second coordinator.

[0050] A further aspect of the present disclosure relates to a coordinator of a communication
group configured to coordinate communication between a plurality of audio source members of
a communication group and at least a sink unit in a network topology. The coordinator may
comprise; a connection management Interface, a protocol management Interface, a
management link, provided in a communication frame established by the coordinator, and
where the coordinator may be connected to the network topology via the connection
management interface. During a configuration period the coordinator may be configured to
establish notification packets including link information of the management link via the protocol
management interface and to transmit the notification packets via the management link
assigned to a first time interval in the communication frame, and if receiving ID information
from at least one audio source unit via the management link in response to one or more of the
notification packets, the coordinator may be configured to assign a second time interval for the
communication link of the audio source unit in the communication frame, wherein the audio
source unit is an audio source member of the communication group.

[0051] An additional object of the present disclosure Is achieved by a coordinator of a
communication group configured to coordinate communication between a plurality of audio
source members of a communication group and at least a sink unit in a network topology. The
coordinator may comprise; a connection management interface, a protocol management
Interface, a management link provided In a communication frame established by the
coordinator, and where the coordinator may be connected to the network topology via the
connection management interface. During a configuration period the coordinator may be
configured to establish notification packets including link information of the management link
via the protocol management interface and transmit the notification packets via the
management link assigned to a first time interval, and if receiving |D information from at least
one audio source unit, via the management link, in response to one or more of the notification
packets, the coordinator may be configured to assign respective time Iintervals for respective
communication links of the audio source unit In the communication frame, wherein the audio
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source unit is an audio source member of the communication group.

[0052] In general, the notification packets may be transmitted periodically or randomly, I.e. the
coordinator may assign the notification packets to the communication frame periodically or
randomly.

[0053] Additionally, during a data communication period the second audio source member may
be configured to communicate via the communication link(s) at the given time interval(s) in the
communication frame to the sink unit.

[0054] The coordinator may have one or more communication links for communicating audio
streams and/or embedded data to a sink unit.

[0055] The coordinator may receive a notification packet from a second coordinator of a
second communication group via the management link, and according to a prioritization
scheme, the coordinator may be configured to leave the communication group and join the
second communication group as an audio source member of the second communication group
when transmitting an ID information via the management link to the second coordinator, and
the second coordinator confirms by assigns the coordinator a time interval in a communication
frame established by the second coordinator.

[0056] The coordinator may be configured to transmit a coordinator request to an audio
source member of the communication group via the management link, and if the coordinator
receives an accept from the audio source member In response to the coordinator request, the
audio source member may then be appointed as the coordinator of the communication group.

[0057] A further object of the present disclosure I1s achieved by an audio source member of a
communication group coordinated by a coordinator, and where the audio source member may
be configured to communicate to at least a sink unit. The audio source member comprises; a
connection management interface, a protocol management interface, a management link and
at least one communication link, provided in a communication frame generated by the
coordinator, and where the audio source member may be connected to the network topology
via the connection management interface. During a configuration period the audio source
member may be configured to receive a notification packet via the management link and
extracts via the protocol management interface link information of the management link of the
coordinator of a communication group from the received notification packet. The audio source
member may then be configured to transmit its |ID information Iin response to the received
notification packet via the management link, and the at least one communication link of the
audio source member may be assigned by the coordinator to a time interval In the
communication frame, and during a data communication period the audio source member may
be configured to communicate to the at least sink unit via the at least one communication link.

[0058] An additional object of the present disclosure is achieved by an audio source member
of a communication group coordinated by a coordinator, and where the audio source member
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may be configured to communicate to at least a sink unit. The audio source member may
comprise; a connection management Interface, a protocol management Interface, a
management link and multiple communication links, provided in a communication frame
generated by the coordinator, and where the audio source member may be connected to the
network topology via the connection management interface. During a configuration period the
audio source member may be configured to receive a notification packet via the management
link and extract via the protocol management interface link information of the management link
of the coordinator of a communication group from the received notification packet. The audio
source member may then be configured to transmit its ID information In response to the
received notification packet via the management link, and each of the multiple communication
links of the audio source member may be assigned by the coordinator to a time interval In the
communication frame, and during a data communication period the audio source member may
be configured to communicate to the at least sink unit via the multiple communication link.

[0059] The audio source member may communicate to the sink unit mixed or simultaneously
with other audio source members of the same communication group.

[0060] The audio source member may comprise a data interface configured to generate audio
streams and/or embedded data for being communicated to the at least sink unit via the
communication link(s).

[0061] The communication link may be based on Bluetooth low energy communication
protocol, Bluetooth communication protocol, or a customized Bluetooth (low energy)
communication protocol.

[0062] The management link may be based on Bluetooth low energy communication protocol,
Bluetooth communication protocol, or a customized Bluetooth (low energy) communication
protocol.

[0063] A plurality of audio source members may be configured to communicate to the at least
one sink unit where the audio streams and/or data are streamed simultaneously or with a time
delay between each audio streams/data of each audio source member. The user of the sink
unit, being for example a hearing device, 1s then able to hear all the users of the audio source
members at the same. This Is ideal in a conference situation where the user will like to be part
of a discussion between the talkers (e.g. a talker using a wireless microphone being a member
of a communication group established by one of the talkers) at the conference.

[0064] The audio source member may be a combination of a sink unit and an audio source
unit, the audio source member may then be configured to communicate/transmit and receive
audio streams. The audio source member may be; an intermediate streaming device, such as
a router, transponder, relay etc. or a hearing device.

[0065] The audio source member may be configured to be a coordinator of the communication
group when accepting a coordinator request transmitted by the coordinator of the
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communication group via the management link.

[0066] A further object of the present disclosure 1s achieved by a method for coordinating
communication between a plurality of audio source members of a communication group and at
least a sink unit in a network topology, during a configuration period a first audio source unit
may be configured to:

e connecting to a network topology via a connection management interface,
e listening for a notification packet via a management link,
o establishing a communication group based on a first criteria, and the first audio source

unit Is a coordinator of the communication group,
e establishing notification packets via a protocol management interface and transmitting

the notification packets via the management link assigned a first time interval In a
communication frame established by the coordinator, and

during the configuration period a second audio source unit may be configured to:

e connecting to a network topology via a connection management interface,

o |istening for a notification packet via a management link,

e recelving the notification packet via the management link including link information to the
management link of the coordinator of the communication group in the communication

frame,
e transmitting ID information via the management link to the coordinator, and

during the configuration period the coordinator may be configured to:

e assigning a second time Interval for a communication link of the second audio source
member In the communication frame, and the second audio source unit iIs becoming a
second audio source member of the communication group, and

during a data communication period the second audio source member may be configured to:

e communicating via the communication link to one or more sink units.

[0067] An additionally object of the present disclosure Is achieved by a method for coordinating
communication between a plurality of audio source members of a communication group and at
least a sink unit In a network topology, during a configuration period a first audio source unit
may be configured to:

e connecting to a network topology via a connection management interface,

o |istening for a notification packet via a management link,

e establishing a communication group based on a first criteria, and the first audio source
unit Is a coordinator of the communication group,

e establishing notification packets via a protocol management interface and transmitting
the notification packets via the management link in a communication frame established
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by the coordinator, and
during the configuration period a second audio source unit may be configured to:

o connecting to a network topology via a connection management interface,

o listening for a notification packet via a management link,

e receiving the notification packet via the management link including link information to the
management link of the coordinator of the communication group in the communication
frame,

o transmitting ID information via the management link to the coordinator, and

during the configuration period the coordinator may be configured to:

e assigning a time interval for each multiple communication links of the second audio
source member In the communication frame, and the second audio source unit Is
becoming a second audio source member of the communication group, and

during a data communication period the second audio source member may be configured to:

e communicating via the communication links to one or more sink units.

[0068] Additionally, or alternatively, the coordinator may assign a time Interval for a
communication link to itself, 1.e. the communication link 1s for the coordinator.

[0069] The communication link and/or the management link may be based on a short range

wireless network technology, e.g. Bluetooth low energy, Bluetooth Basic Rate/Enhance Data
Rate (BR/EDR), or WIFI.

[0070] The network topology may be based on a short range wireless network technology, e.g.
Bluetooth low energy, Bluetooth Basic Rate/Enhance Data Rate (BR/EDR), or WIFI.

[0071] If the audio source unit (an audio source member or a coordinator) has multiple
communication links, each link may be based on different short range wireless network
technologies.

[0072] Each audio source member of the communication group may be ranked by the
coordinator of the communication group, and If the coordinator leaves the communication
group the audio source member having the highest ranking may be designated the coordinator
of the communication group.

[0073] The coordinator may be configured to dynamically vary the data capacity of the
respective time interval based on the size of an audio streams packet and/or embedded data
packet transmitted by the audio source member.
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[0074] The coordinator may be configured to assign a time interval for each communication
link of a plurality of communication links for an audio source member.

[0075] The audio source member may be an audio source unit in the form of:

e a wireless microphone,

e an audio streamer comprising Bluetooth or Bluetooth low energy interface

e an Iintermediate device for a TV, wherein the intermediate device comprises a Bluetooth
low energy Interface,

e a hearing device, or

e any devices which are configured to communicate audio streams to one or more sink
units.

[0076] A coordinator of a communication group Is configured to coordinate communication
between a plurality of audio source members of the same communication group and at least a
sink unit in a network topology, the coordinator may comprise,;

e a connection management interface,

e a protocol management interface,

e a management link provided in a communication frame established by the coordinator,
and

where the coordinator may be connected to the network topology via the connection
management interface, and during a configuration period the coordinator may be configured to
establish notification packets including link information of the management link via the protocol
management interface and to transmit the notification packets via the management link, and if
receiving ID Information from at least one audio source unit via the management link In
response to one or more of the notification packets, the coordinator may be configured to
assign a time interval for a communication link of the audio source unit in the communication
frame, and the coordinator may be configured to publish ID information of one or more audio
source member of the communication group, via the management link, to one or more sink
units, and the notification packet includes link information of the management link.

[0077] A sink unit may be configured to wirelessly communicate with a plurality of audio source
members of a communication group, wherein the sink unit may comprise;

e a connection management interface,
e a protocol management interface,
» a management link and a communication link, and

where when the sink unit is connected to the network topology via the connection management
Interface the sink unit may then be configured to receive a notification packet via the
management link and extract via the protocol management interface link information of the
management link of the coordinator of a communication group, the sink unit may then be
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configured to receive ID Iinformation, via the management link, of one or more audio source
members of the communication group, and the sink unit may then be configured to
communicate with plurality of audio source members of the communication group.

[0078] The ID information may comprise pairing information of a respective audio source
member and/or a respective coordinator.

[0079] The sink unit may be configured to select one or more audio source members either
manually or automatically via a user interface of an external device, e.g. a mobile phone.

[0080] In any embodiments, the coordinator may assign multiple communication links to itself
and/or multiple communication links to one or more audio source members.

[0081] By for example having two communication links it may be possible to stream a stereo
signal to the receiver, 1.e. the sink unit.

[0082] A further object of the present disclosure 1s achieved by a method for coordinating
communication In a wireless network topology, where the communication in the wireless
network topology includes communication between a plurality of audio source members of a
communication group and at least a sink unit, wherein the plurality of audio source members
Includes a first audio source unit and a second audio source unit, the first audio source unit
may be configured to communicate via a first communication frame, and during a configuration
period the first audio source unit may be configured to:

e connecting to the wireless network topology via a connection management interface In
the first communication frame,

o listening for a notification packet in the wireless network topology via a management link
In a link layer of the first communication frame, and wherein the management link may
be linked to the connection management interface,

e establishing a communication group In the wireless network topology based on a first
criteria, wherein the first criteria may be based on that the first audio source unit does
not receive a notification packet within the configuration period, and the first audio
source unit is a coordinator of the communication group,

o establishing notification packets via a protocol management interface Iin the first
communication frame and transmitting the notification packets via the management link
assigned to a first time interval in the first communication frame.

[0083] The second audio source unit may be configured to communicate via a second
communication frame, and during the configuration period the second audio source unit may
be configured to:

e connecting to the wireless network topology via a connection management interface In
the second communication frame,
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e |istening for a notification packet via a management link in a link layer of the second
communication frame, wherein the management link may be linked to the connection
management interface and to the management link of the first audio source unit,

o recelving the notification packet transmitted by the coordinator via the management link,
and the notification packet includes link information to the management link of the
coordinator of the communication group in the first communication frame,

e transmitting an |ID information via the management link to the coordinator by using the
ink iInformation

[0084] During the configuration period the coordinator may be configured to assigning the
second audio source unit to a communication link In a second time Interval of the first
communication frame by using the ID information of the second audio source unit, and the
second audio source unit Is a second audio source member of the communication group, and
during a data communication period the second audio source member may be configured to
communicating via the communication link to at least a sink unit.

[0085] The advantage of the coordinating of the communication Iin the wireless network
topology Includes communication between the plurality of audio source members of a
communication group and at least a sink unit, is that the at least sink unit is able to receive
multiple communications simultaneously, in parallel or mixed from the audio source members.
Thereby, the user of the sink unit is able to receive vocal sounds recorded by the audio source
members In a conference manner, 1.e. the user of the sink unit is able to listen to a discussion
between the users of the audio source members.

[0086] An even further object of the present disclosure Is achieved by a wireless
communication system configured to establish a communication between a plurality of audio
source members of a communication group and at least a sink unit in a wireless network
topology, wherein the plurality of audio source members includes a first audio source unit and
a second audio source unit, wherein the first audio source unit comprises:

e a connection management interface In a first communication frame configured to
connect the first audio source unit to the wireless network topology,

e a management link In a link layer of the first communication frame, wherein the
management link may be linked to the connection management interface, and wherein
the first audio source unit may be configured to listen for a notification packet via the
management link during a configuration period, and wherein

the first audio source unit may be configured to establish a communication group In the
wireless network topology based on a first criteria, wherein the first criteria may be based on
that the first audio source unit does not receive a notification packet within the configuration
period, and the first audio source unit may be a coordinator of the communication group, and
wherein the coordinator may be configured to establish notification packets via a protocol
management interface in the first communication frame and transmitting the notification
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packets via the management link assigned to a first time interval Iin the first communication
frame. The second audio source unit comprises:

e a connection management interface in a second communication frame configured to
connect the second audio source unit to the wireless network topology,

e a management link in a link layer of the second communication frame, wherein the
management link may be linked to the connection management interface and to the
management link of the first audio source unit, and wherein the second audio source
unit may be configured to listen for a notification packet via the management link during
the configuration period, and wherein

the second audio source unit is configured to receive the notification packet, transmitted by the
coordinator, via the management link during the configuration period, and the notification
packet Includes Ilink iInformation to the management link of the coordinator of the
communication group In the first communication frame, and the second audio source unit Is
configured to transmit an |ID information via the management link to the coordinator by using
the link information, and during the configuration period the coordinator i1s configured to assign
the second audio source unit to a communication link in a second time interval of the first
communication frame by using the ID information of the second audio source unit, and during
a data communication period the second audio source member I1s configured to communicate
via the communication link to at least a sink unit.

[0087] The first audio source unit and the second audio source unit each comprises a data
Interface In the first communication frame and the second communication frame, respectively,
wherein the data interface i1s configured to generate audio streams and/or embedded data for
being communicated to the sink unit via the communication link for the second audio source
member and via a second communication link assigned to a third time interval in the first
communication frame for the coordinator.

[0088] The first criteria is alternatively based on that the first audio source unit receives a
notification packet from a coordinator, the notification packet is prioritized by the first audio
source unit according to a prioritization scheme, and the first audio source unit Is then

configured to reject the notification packet if the prioritization of the notification packet is not
acceptable of the first audio source unit.

[0089] The coordinator may be configured to merge the communication group with a second
communication group when at least an audio source member of the communication group
receives another link information from a second coordinator of the second communication
group via the management link, and when the audio source member has transmitted the
another link information to the coordinator via the management link;

e the coordinator may be further configured to command the audio source member to
transfer to the second communication group by forwarding the |ID information of the
audio source members of the communication group to the second coordinator via the
management link by using the another link information, or
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e when the coordinator has communicated a merging request to the second coordinator
via the management link and receives an accept on the merging request from the
second coordinator, the coordinator may be further configured to command the audio
source member to transfer to the second communication group via the management link
by forwarding the ID information of the audio source member to the second coordinator
by using the another link information, or

e the coordinator may be further configured to command the audio source member to
transfer to the second communication group, and the audio source member Is
configured to transfer its |ID information to the second coordinator by using the another
link iInformation.

[0090] The coordinator may be configured to coordinate via the first communication frame the
communication between a plurality of audio source members of the communication group and
at least a sink unit by assigning a communication link to each of the audio source members In
the first communication frame, the at least sink unit may be configured to receive
communications from the plurality of audio source members via the communication links in the
first communication frame.

[0091] The coordinator may be configured to coordinate communication between a plurality of
audio source members of the communication group and at least a sink unit in a network
topology, the coordinator comprises;

e a connection management interface in a first communication frame configured to
connect the coordinator to the wireless network topology,
a management link in a link layer of the first communication frame, wherein the
management link Is linked to the connection management interface, and wherein the
coordinator Is configured to listen for a notification packet via the management link
during a configuration period,

and during the configuration period the coordinator is configured to establish notification
packets Including link information of the management link via the protocol management
Interface and transmit the notification packets via the management link assigned to a first time
Interval in the communication frame, and if receiving ID information from at least one audio
source unit via the management link in response to the transmitted notification packets, the
coordinator Is configured to assign a second time interval for a communication link of at least
the audio source unit in the communication frame, and the at least audio source unit I1Is an
audio source member of the communication group.

[0092] The coordinator may receive a notification packet from a second coordinator of a
second communication group via the management link, and according to a prioritization
scheme, the coordinator may be configured to leave the communication group and join the
second communication group as an audio source member of the second communication group
when transmitting an ID information via the management link to the second coordinator, and
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the second coordinator confirms by assigning the coordinator a time Interval In a
communication frame established by the second coordinator.

[0093] The prioritization scheme may be related to how an audio source unit/member or a
coordinator prioritize a communication group. If for example the communication group
comprises a plurality of audio source members being a mix of audio television streamers,
smartphones and microphones, and a second communication group may comprise a plurality
of audio source members being smartphones only, and if the coordinator or the audio source
unit/member will only be part of a communication group comprising only smartphones may
prioritize the second communication group higher than the first communication group. In this
example, If the audio source unit/member or the coordinator receives notification packets from
the coordinators of the two communication groups then the receiver will decide to join the
second communication group due to the prioritization.

[0094] The coordinator may be configured to transmit a coordinator request to an audio
source member of the communication group via the management link, and if the coordinator
receives an accept from the audio source member In response to the coordinator request, the
audio source member is then appointed as the coordinator of the communication group.

[0095] A plurality of audio source members of the communication group may be configured to
communicate to the at least sink unit simultaneously or in parallel.

[0096] An additional object of the present disclosure is achieved by an audio source member
of a communication group coordinated by a coordinator in a wireless network topology, and
where the audio source member may be configured to communicate to at least a sink unit, the
audio source member comprises;

e a connection management interface in a communication frame configured to connect the
audio source unit to the wireless network topology,

e a management link in a link layer of the communication frame, wherein the management
link may be linked to the connection management interface and to a management link of
another audio source unit or the coordinator, and wherein the audio source unit may be
configured to listen for a notification packet via the management link during a
configuration period, and wherein

the audio source unit may be configured to receive the notification packet transmitted by a
coordinator via the management link during the configuration period, and the notification
packet includes link information to the management link in a communication frame of the
coordinator, and the audio source unit may be configured to transmit an |ID information via the
management link to the coordinator by using the link information, and during the configuration
period the audio source unit may be an audio source member of the communication group
when the coordinator assigns the audio source unit to a communication link in a second time
Interval of the communication frame of the coordinator by using the ID information of the audio
source unit, and the audio source unit is an audio source member of the communication group,
and during a data communication period the audio source member Is configured to
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communicate via the communication link to at least a sink unit.

[0097] The audio source member may comprise a data interface configured to generate audio
streams and/or embedded data for being communicated to the at least sink unit via the
communication link.

[0098] The communication link may be based on Bluetooth low energy communication
protocol.

[0099] The audio source member i1s a combination of a sink unit and an audio source unit, the

audio source member Is then configured to communicate and receive audio streams, the audio
source member IS;

e an intermediate streaming device, such as a router, transponder, relay etc.,
e a hearing device.

[0100] The audio source member may be configured to be a coordinator of the communication

group when accepting a coordinator request transmitted by the coordinator of the
communication group via the management link.

BRIEF DESCRIPTION OF DRAWINGS

[0101] The aspects of the disclosure may be best understood from the following detailed
description taken in conjunction with the accompanying figures. The figures are schematic and
simplified for clarity, and they just show details to improve the understanding of the claims,
while other details are left out. Throughout the description and figures the same reference
numerals are used for identical or corresponding parts. The individual features of each aspect
may each be combined with any or all features of the other aspects. These and other aspects,
features and/or technical effect will be apparent from and elucidated with reference to the
lllustrations described hereinafter in which:

Fig. 1, illlustrates a flow diagram of a method for coordinating communication between a
plurality of audio source members of a communication group,

Figs. 2A - 2B, illustrates an example of a coordinator,

Figs. 3A - 3B, Illustrates an example of an audio source member and a sink unit, respectively,
Fig. 4, illustrates an example of a wireless communication system,

Fig. 5 lllustrates an example of a wireless communication system,

Fig. 6 lllustrates a situation including an audio source unit becoming a coordinator,
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Figs. /A and /B lllustrates a situation where a sink unit receives audio streams and (or
embedded data directly or indirectly from multiple audio source members,

Fig. 8 lllustrates a specific situation including multiple coordinators,
Fig. 9 lllustrates a situation including multiple communication groups and sink units,

Fig. 10 illustrates a situation with multiple coordinators and the ability of the coordinator to
coordinate and control a communication group.

DETAILED DESCRIPTION

[0102] The detailed description set forth below Iin connection with the appended drawings Is
Intended as a description of various configurations. The detailed description includes specific
details for the purpose of providing a thorough understanding of various concepts. However, it
will be apparent to those skilled in the art that these concepts may be practiced without these
specific details. Several aspects of the apparatus and methods are described by various
blocks, functional units, modules, components, circuits, steps, processes, algorithms, etc.
(collectively referred to as "elements”). Depending upon particular application, design
constraints or other reasons, these elements may be implemented using electronic hardware,
computer program, or any combination thereof.

[0103] The electronic hardware may include microprocessors, microcontrollers, digital signal
processors (DSPs), field programmable gate arrays (FPGAs), programmable logic devices
(PLDs), gated logic, discrete hardware circuits, and other suitable hardware configured to
perform the various functionality described throughout this disclosure. Computer program shall
be construed broadly to mean instructions, instruction sets, code, code segments, program
code, programs, subprograms, software modules, applications, software applications, software
packages, routines, subroutines, objects, executables, threads of execution, procedures,
functions, etc., whether referred to as software, firmware, middleware, microcode, hardware
description language, or otherwise.

[0104] In the present context, a hearing device Is concelved as a hearing aid that is adapted to
Improve or augment the hearing capability of a user by receiving an acoustic signal from a
user's surroundings, generating a corresponding audio signal, possibly modifying the audio
signal and providing the possibly modified audio signal as an audible signal to at least one of
the user's ears. The "hearing device” may further refer to a device such as an earphone or a
headset adapted to receive an audio signal electronically, possibly modifying the audio signal
and providing the possibly modified audio signals as an audible signal to at least one of the
user's ears. Such audible signals may be provided in the form of an acoustic signal radiated
INnto the user's outer ear, or an acoustic signal transferred as mechanical vibrations to the
user's inner ears through bone structure of the user's head and/or through parts of middle ear
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of the user or electric signals transferred directly or indirectly to cochlear nerve and/or to
auditory cortex of the user.

[0105] The hearing device Is adapted to be worn In any known way. This may include 1)
arranging a unit of the hearing device behind the ear with a tube leading air-borne acoustic
signals or with a receiver/ loudspeaker arranged close to or Iin the ear canal such as in a
Behind-the-Ear type hearing aid or a Recelver-in-the Ear type hearing aid, and/ or 1) arranging
the hearing device entirely or partly in the pinna and/ or in the ear canal of the user such as In
an In-the-Ear type hearing aid or In-the-Canal/ Completely-in-Canal type hearing aid, or i)
arranging a unit of the hearing device attached to a fixture implanted into the skull bone such
as In Bone Anchored Hearing Aid or Cochlear Implant, or Iv) arranging a unit of the hearing
device as an entirely or partly implanted unit such as in Bone Anchored Hearing Aid or
Cochlear Implant.

[0106] A hearing device may be part of a "hearing system”, which refers to a system
comprising one or two hearing devices, disclosed In present description, and a "binaural
hearing system"” refers to a system comprising two hearing devices where the devices are
adapted to cooperatively provide audible signals to both of the user's ears. The hearing system
or binaural hearing system may further include auxiliary device(s) that communicates with at
least one hearing device, the auxiliary device affecting the operation of the hearing devices
and/or benefitting from the functioning of the hearing devices. A wired or wireless
communication link between the at least one hearing device and the auxiliary device Is
established that allows for exchanging information (e.g. control and status signals, possibly
audio signals) between the at least one hearing device and the auxiliary device. Such auxiliary
devices may Include at least one of remote controls, remote microphones, audio gateway
devices, mobile phones, public-address systems, car audio systems or music players or a
combination thereof. The audio gateway Is adapted to receive a multitude of audio signals
such as from an entertainment device like a TV or a music player, a telephone apparatus like a
mobile telephone or a computer, a PC. The audio gateway Is further adapted to select and/or
combine an appropriate one of the received audio signals (or combination of signals) for
transmission to the at least one hearing device. The remote control is adapted to control
functionality and operation of the at least one hearing devices. The function of the remote
control may be implemented in a smart phone or other electronic device, the smart phone/
electronic device possibly may run an application that controls functionality of the at least one
hearing device.

[0107] In general, a hearing device includes 1) an input unit such as a microphone for receiving
an acoustic signal from a user's surroundings and providing a corresponding Input audio
signal, and/or 1) a receiving unit for electronically receiving an input audio signal. The hearing
device further includes a signal processing unit for processing the input audio signal and an
output unit for providing an audible signal to the user in dependence on the processed audio
signal.

[0108] The input unit may Include multiple input microphones, e.g. for providing direction-
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dependent audio signal processing. Such directional microphone system Is adapted to
enhance a target acoustic source among a multitude of acoustic sources In the user's
environment. In one aspect, the directional system i1s adapted to detect (such as adaptively
detect) from which direction a particular part of the microphone signal originates. This may be
achieved by using conventionally known methods. The signal processing unit may include
amplifier that 1s adapted to apply a frequency dependent gain to the input audio signal. The
signal processing unit may further be adapted to provide other relevant functionality such as
compression, noise reduction, etc. The output unit may include an output transducer such as a
loudspeaker/ receiver for providing an air-borne acoustic signal transcutaneously or
percutaneously to the skull bone or a vibrator for providing a structure-borne or liquid-borne
acoustic signal. In some hearing devices, the output unit may include one or more output
electrodes for providing the electric signals such as in a Cochlear Implant.

[0109] It should be appreciated that reference throughout this specification to "one
embodiment” or "an embodiment” or "an aspect” or features included as "may"” means that a
particular feature, structure or characteristic described in connection with the embodiment Is
Included In at least one embodiment of the disclosure. Furthermore, the particular features,
structures or characteristics may be combined as suitable in one or more embodiments of the
disclosure. The previous description Is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects will be
readily apparent to those skilled in the art, and the generic principles defined herein may be
applied to other aspects.

[0110] The claims are not intended to be limited to the aspects shown herein, but is to be
accorded the full scope consistent with the language of the claims, wherein reference to an
element In the singular is not intended to mean "one and only one"” unless specifically so
stated, but rather "one or more.” Unless specifically stated otherwise, the term "some" refers to
one or more.

[0111] Accordingly, the scope should be judged In terms of the claims that follow.

[0112] Fig. 1 illustrates a flow diagram of a method for coordinating communication between a
plurality of audio source members organized in a communication group and at least one sink
unit In a network topology. During a configuration period a first audio source unit may be
configured to connecting to a network topology via a connection management interface (10A),
istening for a notification packet via a management link (10B), establishing a communication
group based on a first criteria (10C), and the first audio source unit is a coordinator of the
communication group (10D), establishing notification packets via a protocol management
Interface and transmitting the notification packets via the management link assigned a first time
Interval iIn a communication frame established by the coordinator (10E). Furthermore, during
the configuration period (10F) a second audio source unit may be configured to connecting to
a network topology via a connection management interface (10G), listening for a notification
packet via a management link (10H), receiving the notification packet via the management link
Including link information to the management link of the coordinator of the communication
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group In the communication frame (101), transmitting ID information via the management link
to the coordinator (10J). Additionally, during the configuration period (10K) the coordinator may
be configured to assigning a second time interval for a communication link of the second audio
source member In the communication frame (10L), and the second audio source unit Is
becoming a second audio source member of the communication group (10M). Furthermore,
during a data communication period (10N) the second audio source member may be
configured to communicating via the communication link to one or more sink units (100).

[0113] Fig. 2A and 2B show a coordinator 20 of a communication group configured to
coordinate communication between a plurality of audio source members of a communication
group and at least a sink unit in a network topology via a communication frame 30 generated
by the coordinator 20. In this particular example, the coordinator 20 comprises a connection
management interface 21 and a protocol management interface 22. Furthermore, the
coordinator 20 comprises a management link 23 provided in the communication frame 30,
where the coordinator 20 i1s connected to the network topology (not shown in Fig. 2A) via the
connection management interface 21.

[0114] In Fig. 2A, It I1s seen In the communication frame 30 that the connection management
Interface 21 Is iIn one example configured to request the protocol management interface 22 via
the request input 26 to launch a wireless communication, e.g. a Bluetooth stream setup or a
Bluetooth low energy stream setup. The protocol management interface 22 is configured to
establish notification packets and forwarding 29 the notification packets to the management
ink 23 which Is assigned by the protocol management interface 22 to a time interval in the
communication frame 30. The contain of the notification packets may for example be an event
count for the next coming communication link of an audio source member and link information
for the management link 23 of the coordinator.

[0115] In Fig. 2B, the coordinator 20 is further configured to transmit audio stream and/or
embedded data via a data interface 25 which is configured to transfer the audio stream 27
and/or the embedded data 28 to the protocol management interface 22. The protocol
management interface 22 attaches then a Bluetooth protocol entity (e.g. an audio stream
socket) to an audio port 33 and a data port 34 of the communication link 24 reshaping a
payload of the Bluetooth audio stream protocol so that the payload comprises both the audio
stream and/or the embedded data. In another example the payload may only comprise the
audio stream.

[0116] In Fig. 2B the communication frame has been divided into an upper layer 31 and a link
layer 32, wherein the upper layer 31 comprises the connection management interface 21 and
the protocol management interface 22, and alternatively, the data interface 25. The link layer
comprises the management link 23 and the communication link 24.

[0117] In Figs. 2A and 2B, during a configuration period the coordinator may receive |D
Information from at least one audio source unit, via the management link 23, In response to a
notification packet transmitted by the coordinator via the management link 23. Via the protocol
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management interface 22 the coordinator assigns a communication link of the audio source
unit within the communication frame to a time interval different from the time interval of the
notification packet, and the audio source unit becomes an audio source member of the
communication group.

[0118] In other examples the notification packet may be transmitted to the audio source unit
via a notification link which is assigned to another timer interval different from the time interval
of the management link.

[0119] The implementation of the data interface 25 is an alternatively.

[0120] Fig. 3A shows an example of an audio source unit 11 being able to communicate to at
least a sink unit and a coordinator. In the audio source member 11 the protocol management
Interface 22B may receive a notification packet via the management link 23 and in responds to
the received notification packet the protocol management interface 22B i1s configured to
transmit an |ID information to the respective coordinator of the respective notification packet via
the management link 23. The coordinator 20 updates the notification packet including one or
more assigned time interval(s) to one or more communication links 24 of the audio source unit
11. The audio source unit 11 1s now a member of the communication group established by the
coordinator, 1.e. the audio source unit IS now an audio source member 11.

[0121] The audio source unit or the audio source member Is further configured to establish a
communication group If not receiving a notification packet or if the notification packet represent
a communication group with a prioritization level that is lower than the prioritization level of the
audio source member or with a prioritization level which the audio source unit or member 11

does not accept.

[0122] The audio source member 11 i1s further configured to transmit audio stream and/or
embedded data via a data interface 25 which is configured to transfer the audio stream 27
and/or the embedded data 28 to the protocol management interface 22B. The protocol
management interface 22B attaches then a Bluetooth protocol entity (e.g. an audio stream
socket) to an audio port 33 and a data port 34 of the communication link 24 reshaping a
payload of the Bluetooth audio stream protocol so that the payload comprises both the audio
stream and/or the embedded data.

[0123] The audio source member 11 may receive a notification packet via the management
ink 23, and the protocol management interface 22B is configured to synchronize the Bluetooth
protocol entity of the audio source member 11 to the assigned time interval(s) of one or more
communication links.

[0124] Fig. 3B shows an example of a sink unit 40 where a protocol management interface
22C Is configured to receive a notification packet via the management link 24 and determine
the timing of a communication link of an audio source member within a communication frame
established by the coordinator transmitting the notification packet. By determining the timing of
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the communication link of the audio source member, the sink unit may then be synchronized to
receive a Bluetooth audio stream protocol from the audio source member and decode the
audio stream from the Bluetooth audio stream protocol via the data interface 25.

[0125] The sink unit may receive multiple notification packets which then leads the sink unit to
be synchronized to multiple communication links of multiple audio source members. The sink
unit may then be able to listen to multiple audio source members simultaneously or mixed.

[0126] Fig. 4 shows a wireless communication system 1 including a coordinator 20 and an
audio source member 11. In this particular example both the coordinator 20 and the audio

source member 11 are communicating via a management link 23 and/or a communication link
24.

[0127] The streaming of audio stream and/or embedded data to a sink unit is provided via one
or more communication links 14.

[0128] Both the coordinator 20 and the audio source member 11 may have multiple
communication links. By having multiple communication links transferring of stereo signal or
high capacitive audio signal from the coordinator or the audio source member is possible. This
example is not shown In Fig. 4.

[0129] In another example the coordinator 20 may be an intermediate device for a television
and the audio source member 11 may be a mobile phone or a phone streamer device
configured to stream a signal from a mobile phone to a hearing device. The coordinator may
have assigned at least two communication links to itself for streaming a stereo signal to a sink
unit (e.g. a hearing aid device). The stereo signal needs two communication links.

[0130] Fig. 5 shows a wireless communication system 1 including a coordinator 20, an audio
source member 11 and a sink unit 40. In this particular example the coordinator may be a first
microphone used by a first school teacher, the audio source member may be a second
microphone used by a second school teacher and the sink unit may be a single hearing aid
used by a hearing impaired person.

[0131] The sink unit could be replaced with two sink units, and the two sink units could be for
example a binaural hearing aid system used by a hearing impaired.

[0132] In the example shown In Fig. 5, the coordinator 20 transmit a notification packet via the
management link and the audio source unit 11 receives the notification packet via the
management link and analyses the notification packet via the protocol management interface
22B for avallable communication links In the communication frame 30 and the type of the
communication group generated by the coordinator. If the type Is acceptable to the audio
source unit 11 and at least one communication link Is available the audio source unit 11
transmit its ID information to the coordinator via the management link and a request on a
number of communication links for use In communicating with the sink unit 40 and the
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coordinator 20. The coordinator 20 receives the ID Iinformation and assigns the requested
number of communication links 24 in the communication frame 30 to the audio source unit 11.
The audio source unit 30 becomes an audio source member 11 of the communication group.

[0133] The notification packet transmitted by the coordinator is received by the sink unit. The
sink unit analysis via the protocol management interface 22C the notification packet to see
whether the type of the communication group iIs acceptable and to see whether there are any
communication links occupied by at least the coordinator 20 and/or the audio source member
11. If the type Is acceptable and at least one communications link Is occupied the sink unit
starts to receive the audio stream and/or embedded data from the respective communication
ink(s) In the communication frame of the coordinator. The sink unit decodes the received
audio streams, and for example a hearing impaired using a hearing aid device Is able to listen
what the first teacher and the second teacher are saying.

[0134] Fig. 6 shows an audio source unit 11 searching for a notification packet. The audio
source unit does create a communication group 13 of which it becomes a coordinator 20 of
since It did not receive any notification packet or since it received a notification packet from a
coordinator but the notification packet did not have the correct prioritization according to a
prioritization scheme of the audio source unit 11.

[0135] The coordinator i1s now able to communicate via a communication link 24 to the sink
unit 40.

[0136] Fig. /A shows a communication group 13 established by the coordinator 20, and the
communication group 13 comprises two audio source members 11A and 11B. The coordinator
and the two audio source members communicate with a sink unit 40 via respective
communication links (24A - 24C).

[0137] Fig. 7B shows a communication group established by the coordinator 20, and the
communication group 13 comprises two audio source members 11A and 11B communicating
via the coordinator to the sink unit 40. In this example, the coordinator 20 receives audio
streams and/or embedded data from the respective audio source members (11A, 11B) via
communication links (24A and 24B) assigned by the coordinator, and the coordinator assigns
one or more communication links 24C to itself, 1.e. the coordinator, and the sink unit i1s able to
receive the audio streams and/or embedded data via the communication links 24C.

[0138] In this particular example, the coordinator could be a router configured to receive and
forward the audio streams and/or embedded data from audio source members to one or more
sink units.

[0139] Fig. 8 illustrates a situation where an audio source unit 11 receives multiple notification
packets via a management link 23, but none of the notification packets did come from a
communication group with the wanted priority and/or none of the notification packets did have
an avallable communication link. Therefore, the audio source unit creates a communication
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group of which it becomes a coordinator 20D of.

[0140] Fig. 9 Illustrate a situation where the coordinator 20A Is coordinating via the
communication frame 30 the communication between a plurality of audio source members
(11A, 11B) of the communication group 13A and at least a sink unit (40A, 40b, 40D) such that
the at least sink unit (40A, 40b, 40D) is configured to receive communications from the plurality
of audio source members simultaneously or mixed.

[0141] A second communication group 13B Is coordinated via a second coordinator 20B, and
within the second communication group the audio source members (11C, 11D) are configured
to communicate and receive audio streams via communication links. In this particular example,
the audio source member may be an Intermediate streaming device, such as a router,
transponder, relay etc., or a hearing device.

[0142] Fig. 10 illustrates a situation with three communication groups (13A, 13B, 13C). Each
communication group has a coordinator (20A, 20B, 20C) and at least two audio source
members (11A - 11F). Each communication group has a priority which is different from the
other communication groups.

[0143] Fig. 10 illustrates a situation wherein the coordinator 20C merges the communication
group 13C with a second communication group 13B since at least an audio source member
11E of the communication group 13C has detected a second coordinator 20C of the second
communication group 13B via the management link 23, and alternatively, with the protocol
management interface. The audio source member 11E informs the coordinator 20C about the
second communication group 13B and the coordinator 20C commands the audio source
member 11E to transfer to the second communication group 13B via the management link 23
by forwarding the ID information of the audio source member 11E to the second coordinator
20B. In another example, the coordinator 20C may command the audio source member 11E to
transfer to the second communication group 13B via the management link 23 by forwarding
the ID information of the audio source member 11E to the second coordinator 20B when the
coordinator 20C has communicated a merging request to the second coordinator 20C via the
management link 23 and receives an accept on the merging signal from the second
coordinator 20B. Alternatively, the coordinator 20C may command the audio source member
11E to transfer to the second communication group 13B, and the audio source member 11E
may then transfer its |ID information to the second coordinator 20B.

[0144] Fig. 10 illustrates another example, where the coordinator 20A receives a notification
packet from a second coordinator 20C of a second communication group 13C via the
management link 23, and according to a prioritization scheme the coordinator 20A iIs
configured to leave the communication group 13A and join the second communication group
13C as an audio source member 11G of the second communication group 13C when
transmitting an ID information via the management link 23 to the second coordinator 20C, and
the second coordinator 20C confirms by assigning the coordinator 20A(11G) a time Interval In
a communication frame established by the second coordinator 20C.
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[0145] Fig. 11 lllustrates another example, the coordinator 20A transmits a coordinator request
to an audio source member 11A of the communication group via the management link 23, and
the coordinator 20A recelves an accept from the audio source member 11A In response to the

coordinator request, the audio source member 11A i1s then appointed as a new coordinator
20D of the communication group 13A.
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Patentkrav

1. Tradlgast kommunikationssystem, der er konfigureret til at etablere en
kommunikation mellem en flerned af audiokildeelementer (11) for en
kommunikationsgruppe og i det mindste en slave-enhed (40) i en tradl@s
netveerkstopologi, hvor flerheden af audiokildeelementer indbefatter en farste
audiokildeenhed o0og en anden audiokildeenhed, hvor den farste
audiokildeenhed omfatter:

o et farste forbindelsesforvaltningsinterface 1 en ferste kommunikationsramme,
der er oprettet af en koordinator (20) for kommunikationsgruppen, og det farste
forbindelsesforvaltningsinterface er konfigureret til at forbinde den ferste
audiokildeenhed til den tradl@se netveerkstopologi,

» en ferste forvaltningsforbindelse | et forbindelseslag (32) for den ferste
kommunikationsramme, hvor den farste forvaltningsforbindelse er forbundet til
det forste forbindelsesforvaltningsinterface, og hvor den farste
audiokildeenhed er konfigureret til at lytte efter en meddelelsespakke via den
ferste forvaltningsforbindelse under en konfigurationsperiode, og hvor

den ferste audiokildeenhed er konfigureret til at etablere en
kommunikationsgruppe i den tradl@se netveerkstopologi, der er baseret pa et
forste kriterium, hvor det farste kriterium er baseret pa, at den farste
audiokildeennhed Ikke modtager en meddelelsespakke Inden for
konfigurationsperioden, og hvor den farste audiokildeenhed er koordinatoren
for kommunikationsgruppen, og hvor koordinatoren er konfigureret til at
etablere meddelelsespakker via et protokolforvaltningsinterface | den farste
kommunikationsramme og overfere meddelelsespakkerne via den ferste
forvaltningsforbindelse, der er tildelt et ferste tidsinterval |1 den ferste
kommunikationsramme, 0g

hvor den anden audiokildeenhed omfatter:

et andet forbindelsesforvaltningsinterface 1 en anden kommunikationsramme,
der er oprettet af en koordinator for kommunikationsgruppen, og det andet
forbindelsesforvaltningsinterface er konfigureret til at forbinde den anden
audiokildeenhed til den tradl@se netveerkstopologi,

 en anden forvaltningsforbindelse | et forbindelseslag for den anden
kommunikationsramme, hvor den anden forvaltningsforbindelse er forbundet
il det andet forbindelsesforvaltningsinterface og til den ferste
forvaltningsforbindelse for den ferste audiokildeenhed, og hvor den anden
audiokildeenhed er konfigureret til at lytte efter en meddelelsespakke via den
anden forvaltningsforbindelse under konfigurationsperioden, og hvor
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2

den anden audiokildeenhed er konfigureret til at modtage meddelelsespakken,
der overf@ares af koordinatoren, via den ferste forvaltningsforbindelse under
konfigurationsperioden, 0g meddelelsespakken iIndbefatter
forbindelsesinformation til den farste forvaltningsforbindelse for koordinatoren
af kommunikationsgruppen | den farste kommunikationsramme, og den anden
audiokildeenhed er konfigureret til at overfere en |ID-information via den anden
forvaltningsforbindelse til koordinatoren ved anvendelse af
forbindelsesinformationen, og under konfigurationsperioden er koordinatoren
konfigureret til at tildele den anden audiokildeenhed til en
kommunikationsforbindelse 1 et andet tidsinterval for den ferste
kommunikationsramme ved anvendelse af |ID-informationen for den anden
audiokildeenhed, og under et datakommunikationstidsrum er det andet
audiokildeelement konfigureret til at kommunikere via den tildelte
kommunikationsforbindelse til 1 det mindste slave-enheden, hvor det ferste
kriterium alternativt er baseret pa, at den ferste audiokildeenhed modtager en
meddelelsespakke fra koordinatoren, hvor meddelelsespakken prioriteres af
den ferste audiokildeenhed | overensstemmelse med et prioriteringsskema, og
den ferste audiokildeenhed konfigureres derefter til at afvise
meddelelsespakken, hvis prioriteringen af meddelelsespakken 1kke er
acceptabelt for den farste audiokildeenhed.

2. Tradlgst kommunikationssystem ifelge krav 1, hvor den farste
audiokildeenhed og den anden audiokildeenhed hver omfatter et datainterface
| henholdsvis den ferste kommunikationsramme o0g den anden
kommunikationsramme, hvor datainterfacet er konfigureret til at generere
audiostreamme og/eller indlejret data, der kommunikeres til slave-enheden via
kommunikationsforbindelsen for det andet audiokildeelement og via en anden
kommunikationsforbindelse, der er tildelt til et tredje tidsinterval | den ferste
kommunikationsramme for koordinatoren.

3. Tradlast kommunikationssystem ifalge et hvilket som helst af kravene 1 til
2, hvor koordinatoren er  konfigureret til at sammenflette
kommunikationsgruppen med en anden kommunikationsgruppe, nar i det
mindste et audiokildeelement for kommunikationsgruppen modtager en anden
forbindelsesinformation fra en anden koordinator for den anden
kommunikationsgruppe via forvaltningsforbindelsen, ole nar
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audiokildeelementet har overfert den anden forbindelsesinformation tlil
koordinatoren via forvaltningsforbindelsen;

- koordinatoren er konfigureret til instruere audiokildeelementet til at overfare
til den anden kommunikationsgruppe ved at videresende |ID-informationen for
audiokildeelementerne af kommunikationsgruppen til den anden koordinator
via  forvaltningsforbindelsen ved anvendelse af den  anden
forbindelsesinformation, eller

- nar koordinatoren har kommunikeret en sammenfletningsanmodning til den
anden koordinator via forvaltningsforbindelsen og modtager en accept pa
sammenfletningsanmodningen fra den anden koordinator, koordinatoren er
konfigureret til instruere audiokildeelementet til at overfere til den anden
kommunikationsgruppe via forvaltningsforbindelsen ved at videresende |D-
INformationen af audiokildeelementet til den anden koordinator ved
anvendelse af den anden forbindelsesinformation, eller

- koordinatoren er konfigureret til instruere audiokildeelementet til at overfare
til den anden kommunikationsgruppe, og audiokildeelementet er konfigureret
til at overfare dets ID-Information til den anden koordinator ved anvendelse af
den anden forbindelsesinformation.

4. Tradlzst kommunikationssystem ifalge et hvilket som helst af kravene 1 til
3, hvor koordinatoren er konfigureret til at koordinere, via den ferste
kommunikationsramme, kommunikationen mellem en flerhed af
audiokildeelementer for kommunikationsgruppen og |1 det mindste en slave-
enhed ved at tildele en kommunikationsforbindelse til hvert af
audiokildeelementerne | den farste kommunikationsramme, hvor | det mindste
slave-enheden er konfigureret til at modtage kommunikationer fra flerheden af
audiokildeelementer via kommunikationsforbindelserne 1 den farste
kommunikationsramme.

5. Tradlast kommunikationssystem ifalge et hvilket som helst af kravene 1 til
4. hvor koordinatoren modtager en meddelelsespakke fra en anden
koordinator for en anden kommunikationsgruppe via forvaltningsforbindelsen,
og | overensstemmelse med et prioriteringsskema er koordinatoren
konfigureret til at forlade kommunikationsgruppen og tilslutte sig den anden
kommunikationsgruppe som et audiokildeelement for den anden
kommunikationsgruppe, nar den overferer en ID-information via
forvaltningsforbindelsen til den anden koordinator, og den anden koordinator
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bekreefter ved at tildele koordinatoren et tidsinterval 1 en
kommunikationsramme, der er etableret af den anden koordinator.

6. Tradlzst kommunikationssystem ifalge et hvilket som helst af kravene 1 til
S, hvor koordinatoren er konfigureret til at overfere en koordinatoranmodning
Ll et audiokildeelement for kommunikationsgruppen via
forvaltningsforbindelsen, og hvis koordinatoren modtager en accept fra
audiokildeelementet som reaktion pa koordinatoranmodningen, udnasevnes
audiokildeelementet derefter som koordinator for kommunikationsgruppen.

7. Tradlest kommunikationssystem ifalge et hvilket som helst af kravene 1 til
6, hvor en flerhed af audiokildeelementer for kommunikationsgruppen er
konfigureret til at kommunikere samtidigt eller parallelt til 1 det mindste slave-
enheden.

8. Tradlast kommunikationssystem ifalge et hvilket som helst af kravene 1 til
/, hvor den farste audiokildeenhed og/eller den anden audiokildeenhed er et
hareapparat.
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