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Abstract: 
The Acoustic Sensitivity Reporting and Sound Dose (ASR) feature reports sound-exposure information (dosimetry) to track users’ exposure to loud sounds.
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Millions of people are at risk of hearing loss caused by prolonged listening to portable media players (PMPs) at loud levels. Since 2015, the World Health Organization (WHO) has hosted an annual Make Listening Safe Consultation. The European Committee for Electrotechnical Standardization (CENELEC) standard EN 50332-3 [1] and the International Telecommunication Union (ITU) standard ITU-T H.870 [2] promote safe listening while using PMPs. The following standards educate the user about the sound level of their source device and the associated cumulative exposure (dose):
WHO Safe Listening Devices and Systems: a WHO-ITU standard [5]
EN IEC 62368-1 [6] https://standards.cencenelec.eu/dyn/www/f?p=CENELEC:110:::::FSP_PROJECT,FSP_ORG_ID:75763,1257189&cs=129794624260E61198ADFED68C1B55643	Comment by Estrada, Andrew: No need to repeat the URL. Deleted. 
EN 50332-3: [1]
Global standard for safe listening video gameplay and esports, a WHO-ITU standard [7]	Comment by Estrada, Andrew: Added 2 additional references for completeness. 	Comment by Estrada, Andrew: Question for TP. Why isn’t the live link for references 7 and 8 displayed in a blue font like the others?
IEC 62368-1:2023 [8]
The standards require a PMP to calculate a cumulative, seven-day rolling dose based on the momentary exposure levels (MEL) calculated according to the definition found in IEC62368-1 [6]; when the PMP has calculated that the user reaches a defined sound-dose allowance, the PMP shall send the user an alert or notification. Some example implementations also visualize a live view of the sound pressure level (SPL) and the current time remaining to reach this sound-dose allowance.
If the PMP does not have any knowledge about the headphones, it will have to make some conservative decisions on the loudness of the output. This will have an undesirable result for the end user (e.g., a 3 dB difference can halve/double the exposure time). ASR seeks to improve the user experience by providing the PMP with a more-accurate estimate of the sound level reaching the end user.
This is not a Bluetooth specification, therefore, the established Bluetooth SIG specification language conventions for use of the words shall, shall not, must, should, should not, may, and can do not apply to this document.
[bookmark: _Toc207794206]Statement of problem or need
[bookmark: _Toc452709958][bookmark: _Toc787162][bookmark: _Ref11492169]ASR supports the WHO’s Make Listening Safe initiative to reduce the risk of hearing loss due to unsafe practices by better informing users of their sound exposure and potential consequences. However, its function goes beyond simply reporting headphone acoustic sensitivity to a PMP–it also proposes to reduce the risk of hearing loss due to unsafe practices by better informing users of their sound exposure and potential consequences. 
To do so, we propose the following:
a) Assume that one’s smart device (by far the most dominant PMP today) is the appropriate place to accumulate a rolling sound-dose estimate–regardless of the source of the Bluetooth Low Energy (LE) Audio Streams–and inform users as unsafe limits are approached.

b) Allow for headphones that estimate or measure sound dose and report that sound exposure to the PMP. Headphones, due to their location on the head, and being the final rendering device, have access to more information about rendering decisions (e.g., any audio compressor) and can provide much more accurate sound-exposure information than can be estimated from the player’s analysis of sent signals and the current volume setting. For example, because the fit of the seal to the ear can substantially change the acoustic sensitivity, seal tests have already started to appear and can factor into dose estimates (see Section 2.1).
c) Headphones that multipoint connect are commonly used with multiple sources. If they can also assess dose, this provides a means to add to the phone’s rolling-dose tally that the dose increments from listening sessions using sources other than the PMP (see Section 2.1).
d) Include the possibility of headphones that can log sound exposure from the combination of sound played by the headphone and ambient sound, potentially as reduced by the headphone (see Section 2.1).
Conceptually, this idea could be generalized to other quantities that are assessed by dose, which is common in public health (examples: radiation, airborne particulates, chemical exposures). It could also include other quantities that can be measured by sensors and polled via Bluetooth by reading devices on a regular basis; possibilities might include air-quality sensors around a city or parking meters that log the percent of time they are used. 
However, while using Bluetooth to enable secure wireless logging of dosimetry and usage data by low-cost low-power sensors is possible, it is too speculative at this time to propose generalizing to that case, so we have limited the proposed extensions to sound-exposure dose.



[bookmark: _Toc207794207][bookmark: _Ref190017418][bookmark: _Ref190017500]User scenario
The following subsection describes the user scenario associated with this functional requirement document.
0. [bookmark: _Toc24992235][bookmark: _Ref190015795][bookmark: _Ref190015826][bookmark: _Ref190015859][bookmark: _Ref190015882][bookmark: _Toc207794208][bookmark: _Toc452987200][bookmark: _Toc23134828]User scenario A: Cumulative sound dose estimate
Samantha regularly uses four different pairs of Bluetooth headphones: 
One for her commute
One for working at her desk at work
One for gaming
One for working out
[bookmark: _Toc189832423][bookmark: _Toc189832441][bookmark: _Toc190017529][bookmark: _Toc189832424][bookmark: _Toc189832442][bookmark: _Toc190017530]She relies on her mobile phone’s health application to monitor her audio exposure to make sure she’s not at risk of noise-induced hearing loss. By using a mobile phone and headphones that support ASR, she feels confident that the information displayed in her health application is accurate, even when she uses different headphones. Figure 2.1 shows an example of earbuds that calculate dose data to send back to a smartphone.
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[bookmark: _Ref209515704]Figure 2.1: Using smart earbuds with a smartphone providing audio
Figure 2.2 shows a scenario which separates the monitoring and the source functions into two devices. In this example the smartphone monitors dose data and the TV sources the audio. 
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Earbuds (sinkReporter)
 
TV (Audio Source)
 

[bookmark: _Ref209516167]Figure 2.2: Using smart earbuds to listen to a television with the smartphone reporting exposure warnings
In the previous figures the Monitor is taking over the PMP responsibilities as defined in the hearing health standards presented in the Overview section. Whenever the weekly audio dosage is met, Samantha will be notified that she was listening to unsafe intervals (see definition of radiation sources RS1, RS2, RS3 in [8]) and without acknowledgment the Monitor will set the Reporter output to not exceed RS1.
[bookmark: _Toc207182452][bookmark: _Toc207792323][bookmark: _Toc207792835][bookmark: _Toc207794209][bookmark: _Toc189832425][bookmark: _Toc189832443][bookmark: _Toc189832461][bookmark: _Toc190017531][bookmark: _Toc190021846][bookmark: _Toc207794210]Functional requirements
This section defines the functional requirements derived from the user scenario in Section 2 and the initial assessment of the relative priority by the Working Group (WG) for inclusion of the requirements in the initial version of the specification.
The requirements in Table 3.1 do not represent whether the requirements are mandatory or optional for a given implementation, rather they indicate whether the requirements are mandatory or optional to be in the initial version of the specification.
Requirements that are mandatory (M) are agreed by the WG to be in the initial version of the specification, while requirements that are classified as recommended (R) or optional (O) are not strictly required in the initial version of the specification. In one example, R and O requirements can be skipped because of lack of feature development within the specification. In another example, R and O requirements can be removed from the specification if there is insufficient IOP support. Any R or O requirements that are not included in the initial release of the specification can be considered for inclusion in a subsequent release. Note that the WG may modify this assessment at early stages of specification development, but must provide a justification. The definitions of M, R, and O are described in Table 3.1.
	Requirement
Number
	User
scenario(s)
	Requirements of resulting specification
	Relative Priority

	1
	A
	The specification will define a method for the sink Reporter to inform the source/logger if it is capable of measuring the Momentary Exposure Levels (MELs).	Comment by Jonathan Tanner: It would be useful to define or provide a reference of the definition of what a MEL is. Possibly in the user scenario or here?	Comment by Vlad Popa: Added definition with reference to the standard in the Overview section
	M

	2
	A
	The specification will define a method for the audio source to start/stop MEL calculation.The specification will define a method for a dose-measurement-capable sink to decline to measure dose during the current listening session.
	MO

	3
	A
	The specification will define a method for a dose-measurement-capable Reporter to decline the request to start measuring dose during the current listening session.The specification will define a method for the source to start/stop MEL calculation.The specification will define a method for the source to start/stop MEL calculation.
	OM

	4
	A
	The specification will describe a way for the Reporting device to send to the Monitorto transport dose information (MEL values) each second.	Comment by Aschehoug, Leif-Alexandre: Shouldn't there be also a requirement to be able to retrieve MEL values recorded in the sink in case the sink cannot send these 'live'? For example if the sink is playing sound from another source than the PMP and the PMP is out of range from the sink. 	Comment by Estrada, Andrew: Currently, the FRD has no requirement for delayed retrieval of MEL values. The spec will define a way to send MEL values with a timestamp. Implementations could send those delayed in time. We could consider standardizing for a future revision. 	Comment by Jonathan Tanner: ...for the sink device to send to the PMP/Monitor... Is this accurate and a good clarification to make?	Comment by Estrada, Andrew: Accepted. And corrected. 
	M

	5
	A
	The specification will describe a way for a MonitorPMP to receive dose information calculated from another audio source.	Comment by Jonathan Tanner: I think this is mixing up PMP and Monitor from the diagrams in the user scenario. Is this meant to be the Monitor and this is saying that the PMP is acting as a Monitor for dose information from another source? I think this requirement is somewhat confusing since the Smartphone whether it be a PMP or Monitor is simply receiving dose information from the sink. Maybe it is important for the Smartphone to be able to uniquely identify the source that is associated with the dose information? In which case I think that is the requirement to capture here.	Comment by Vlad Popa [2]: I agree, we are mixing PMP and monitor. In this case we should use monitor.
We do not want to specify which device is the actual source when computing the MEL values. Requirement 8 classifies the source type (environment/playback)
Adjusted wording
	O

	6	Comment by Estrada, Andrew: May need to modify this requirement or add a new requirement to align with clause 10.6.5.3 of EN standard 62368-1	Comment by Vlad Popa [2]: we believe this should be clause 10.6.3.2	Comment by Vlad Popa: Adjusted the requirement to also include the limiting functionality to RS3	Comment by Vlad Popa [2]: Discuss whether we actually need this since devices could have the RS3 limitation as a global implementation (not configurable)	Comment by Vlad Popa [2]: Added separate requirement	Comment by Estrada, Andrew: RS3 doesn’t seem to match the requirement we want here. Modified requirement #9 to state more directly the 100 dB(A) and 180 seconds mentioned in section 10.6.5.3 of EN62368-1). 
	A
	The specification will describe a way to put the device Reporter in a mode that assures it is staying in the “safe” RS1 (e.g., under 80 dB(A)) 	Comment by Aschehoug, Leif-Alexandre: shouldn't this be 'sink' instead of 'the device'? That would make this requirement consistent with the rest of the table.	Comment by Estrada, Andrew: Accepted and corrected. 	Comment by Jonathan Tanner: add definition or reference	Comment by Vlad Popa: added referemce tp standard definition in user scenario
	M

	7
	A
	The specification will describe a way for Reporting devices to reportmeasure the environmental levels, if the sink Reporter is able to record these values.	Comment by Jonathan Tanner: does this mean describe how sink devices measure environmental levels?	Comment by Estrada, Andrew: Revised. Ideally, the Bluetooth spec will refer to a measurement method specified by an external spec (like CENELEC or IEC or ITU). It will be up to implementations (probably) to comply with those external guidelines. Bluetooth will focus on the over-the-air reporting part. Modified the text to clarify. 	Comment by Jonathan Tanner: is this the background dose levels contributed by the environment?	Comment by Estrada, Andrew: Yes. This includes all audio that reaches the user’s hearing but is not contributed by the audio stream. 	Comment by Estrada, Andrew: To do: should we define “environmental levels” in this FRD?
	M

	8
	A
	The specification will describe which dose information originates from the audio source’s playback output and which is from the environment.
	M

	9
	A
	The specification will describe a way to put the Reporter in a mode that assures it is staying below 100 dB(A) (see section 10.6.5.3 EN62368-1)	Comment by Estrada, Andrew: The way this requirement is written puts all the responsibility on the headphone side. 180 seconds of integration time, depending on the sample rate, could require a lot of memory in the headphone. 
Another way to meet this requirement is for the Monitor / Audio Source to use the MEL dose reports from requirement #4 to integrate over time and reduce the level as needed. 	Comment by Vlad Popa: Added a more conservative approach by leaving out the iintegration over 180 seconds. If we have a way to keep the device under 100dB(A) the CENELEC requirement will be met automatically	Comment by Aschehoug, Leif-Alexandre: shouldn't this be 'sink' instead of 'the device'? That would make this requirement consistent with the rest of the table.	Comment by Estrada, Andrew: Accepted and corrected. 
	O


[bookmark: _Ref11493063]Table 3.1: Functional requirements from user scenarios
M = Mandatory to include in the resulting specification in the initial release; required for a minimum viable product (MVP). An MVP is defined as a new product or major new feature that includes the minimum capabilities required to be a viable customer solution.
R = Recommend including in the resulting specification in the initial release; not required for an MVP; higher priority than O.
O = Optional to include in the resulting specification in the initial release; lowest priority.
[bookmark: _Toc207794211]Generic requirements	Comment by Estrada, Andrew: Let’s try to reduce the number of terms to the minimum possible. Maybe just Sink, Source, and Monitor? But is Source the dose source or the audio source? Need clear terms for the following entities:
Source of audio
Dose measurer
Receiver of audio
Monitor (destination of the dose measurements)

PMP is an important term because it is used in the CENELEC documents. Bluetooth doesn’t need to use the same term but we should explain which Bluetooth role is the PMP. 	Comment by Vlad Popa [2]: Using reporter, Audio Source, Monitor. Also specified that audio source can be collocated with monitor.
Within the context of acoustic sensitivity reporting and sound dose, we define the list of roles (each row is a set of “synonyms”):
· Sink, bud, rReporter, dose measurer, renderer
· Source, player, tablet, TV, Auracast™, phone, source of audioAudio Source
· Monitor, PMP, accumulator, phone, dose integrator, exposure integrator, contains UI (place where a warning is rendered visually or acoustically)
The sink is responsible to compute the sound-dose data based on the input received from the source; this data will be sent to the monitor for processing.
TThe reporter is responsible to compute the sound-dose data based on the input received from the audio source; this data will be sent to the monitor for processing. It is possible that the audio source and monitor responsibilities are collocated within the same device.
The sink reporter streams MEL values at regular intervals to the monitor. The MEL values are calculated according to the definition found in IEC62368-1 [6].There are no real-time constraints for the delivery of MEL values. For a reliable sound dose computing system, it is essential that the sink reporter will not batch MEL values that will lead to a change larger than 1 percent of the computed sound dose (CSD). In case of a MEL value that exceeds 100 dB (A), entering radiation source 3 range (RS3) levels, it is required to inform the monitor within the next second that can render a warning and ensure compliance with Section 10.6.3.3 in IEC62368-1 [6].
Table 3.2 describes how the specification is required to address each of the generic functional requirements. Requirements that do not apply to the specification are labeled “Not Applicable”.
	Generic
Requirements
	Other requirements of resulting specification not included in Table 3.1

	Transport
	LE and Basic Rate/Enhanced Data Rate (BR/EDR)

	Security
	Encryption required. The peripheral manufacturer may require man-in-the-middle (MITM) protection or Secure Connection.

	Privacy
	There are no privacy requirements added or removed by the feature.

	Power
	A modest (i.e., single-digit percent) power impact is likely for the use presented here.

	Multi-profile
	This specification is meant to work in parallel with all the other LE audio and BR/EDR audio profiles.

	Backward compatibility
	If the additional information provided is not used, the feature is invisible to older devices (i.e., there are no backward compatibility issues).

	Interoperability
	The new proposed changes described here do not impede or prevent any existing uses. They add information that is used for a new feature when devices on each side implement ASR. There are no interoperability issues.

	Concurrency
	For the dose reporting, a very low bandwidth signal (one value per second) will be streaming in a different direction than the audio being rendered. This will take a small amount of the available isochronous traffic.


[bookmark: _Ref6918909]Table 3.2: Generic functional requirements
[bookmark: _Toc207794212][bookmark: _Toc787178]Expected impact areas
This section describes the proposed feature’s expected impact on a variety of potential areas.
The following describes how the feature is expected to impact each area listed in Table 4.1 (including the impact to the overall Bluetooth ecosystem). Changes that are not expected to impact an area are labeled “No impact expected”.
	Impact Area
	Expected impact of the proposed feature

	Effective throughput
	A peripheral device like a headphone using this feature would periodically send information over the air to a central device. The amount of data is small and the period might be on the order of once per second. Therefore, the reduction on effective throughput will be minimal for the devices involved. 

	Network density
	Minimal impact expected due to the small amount of data and low duty cycle. 

	Devices per network
	No change to the network capacity available to existing Bluetooth devices. 

	Range/ coverage
	This feature uses existing Bluetooth Core Specification features with no change that would impact range or coverage. 

	Average power consumption
	The periodic exchange of information will increase the average power consumption of devices using this feature. The increase will be minimal due to the small data size and low transfer-duty cycle. 

	Peak power consumption
	The peak power consumption of devices using this feature should remain unchanged. This feature makes no change to the PHY or RF signal levels and therefore no change to peak transmit or receive power consumption. 

	Coexistence
	Devices using this feature use imperceptibly more airtime than those same devices not using this feature, and therefore will suffer a negligible degradation in coexistence with Bluetooth and non-Bluetooth devices. However, it is unlikely that end users will perceive any difference in performance due to the small amount of data, low duty cycle, and flexible scheduling of data transmissions. 

	Robustness
	Devices using this feature will be no more or less robust than those same devices not using this feature. This feature makes no change to existing Bluetooth mechanisms designed to improve robustness. 

	Topology limitations and restrictions
	This feature is expected to follow the standard topology developed for LE Audio. Peripheral devices like headphones and earbuds can send periodic audio-exposure reports to central devices like phones and laptops. The feature introduces no new limitations, restrictions, or capabilities to that existing topology. 

	Impact on existing specification features
	The proposed feature is designed to work within the overall LE Audio architecture. Devices are expected to use this feature in combination with existing LE Audio specifications to stream audio at a desirable volume without exceeding safe listening levels and with fewer disruptive warnings to the end user. Therefore, the feature will have a positive impact on existing specifications. 

	Test and qualification tools
	The feature introduces no changes to Bluetooth radio frequency (RF) or protocol. It may require support from PTS to test correct usage of discovery and reporting mechanisms.

	Regulatory
	This proposed feature has no regulatory impact. It makes no change to existing Bluetooth transmit power, access mechanisms, or transports.

	Third-party content references
	The resulting specification is expected to reference safe listening documents from CENELEC [1] and possibly IEC [6].


[bookmark: _Ref12366329]Table 4.1: Expected impact areas
[bookmark: _Toc207794213]Member commitment
The purpose of the information in this section is to understand if there is sufficient member commitment to develop the specification and corresponding prototypes. This is not intended to indicate product plans by the supporting members.
The following Associate and/or Promoter member companies will commit to contributing in a Working Group to develop a specification based on the requirements of this Functional Requirements Document (FRD). A minimum of two Associate or Promoter member companies (although a minimum of three is encouraged) must agree to commit to participate in the completion of the resulting specification. If an Adopter member plans to upgrade to an Associate member level to participate in the specification development, this should also be indicated.
	Member company
	Member level
	Level of commitment
	Email address

	Apple Inc.
	Promoter
	Reviewer 
	TBD

	Google LLC
	AssociatePromoter
	Author, Contributor
	Vlad Popa
pvlad@google.com 

	Bose Corporation
	Associate
	Contributor, Reviewer 
	Rasmus Abildgren
rasmus_abildgren@bose.com

	Plantronics Inc.
	Associate
	Contributor, Reviewer
	Scott Walsh
scott.walsh@hp.com

	Sony Group Corporation
	Associate
	Reviewer
	Andrew Estrada
andrew.estrada@sony.com

	Jason HillyardSynaptics
	Associate
	Reviewer
	Jason Hillyard
jason.hillyard@synaptics.com


Table 5.1: Supporting member companies
The following Associate and/or Promoter and/or Adopter member companies will commit to developing a prototype in support of specification validation. Minimum coverage as defined in Section 4.2.2.2 of the Specification Management Process Document (SMPD) [3] for the anticipated specification type is required for each anticipated role.
	Member company
	Member level
	Server 
	Client

	Apple Inc.
	Promoter
	Pending	Comment by Aschehoug, Leif-Alexandre: Not sure what 'pending' means in this context? Are the Member companies planning on confirming this before the FRD gets approved? Otherwise there is only one supporting company which is not enough...
	Comment by Estrada, Andrew: Added a 2nd company. Still trying to get more, but 2 independent platforms meets the minimum threshold for a profile. 
	Pending

	Bose Corporation
	Associate
	Yes
	Yes

	Googlr LLCGoogle LLC
	AssociateAssociate
	YesPending
	YesPending

	Plantronics Inc.
	Associate
	Pending
	Pending

	Amazon
	Associate
	Yes
	 Yes


Table 5.2: Associate and/or Promoter and/or Adopter member companies
[bookmark: _Toc207794214]Commitment from Working Groups to use proposed feature in higher-level specifications
Not Applicable.

[bookmark: _Toc207794215]Proposed Working Group
The development of the specification(s) based upon this FRD is proposed to be assigned to the Audio, Telephony and Automotive Working Group. In the event this proposed assigned Working Group is different from the group that drafted this FRD, the proposed Working Group is to be notified before the FRD is submitted to the Bluetooth Architecture Review Board (BARB) so that it can review the FRD, agree to the assignment, and participate in the applicable BARB meeting.
Upon approval of this FRD by BARB, any member who wishes to participate in the development should join the proposed Working Group on the Bluetooth Groups & Committees page.
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