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1 [bookmark: _Toc500433706][bookmark: _Toc505350239]Introduction

The objectives for the RAOT work item [1] include:
· Analyse potential acoustic safety implications, considering the expected exposure times and levels.
· Based on the safety analysis, specify recommendations and/or requirements.

The present document addresses these objectives.

2 [bookmark: _Toc505350240]Safety analysis
2.1 [bookmark: _Toc505350241]General

The well-established RLR ‑13 dB is our baseline. It has been used for a long time (measured at silent conditions) and it could be used also for noisy conditions. It might however be over-restrictive since
· The total time spent on calls has been reduced in recent years, reducing the overall exposure from telephones
· Regardless of whether the mentioned reduced exposure time is taken into account or not, only a minor part of the total calling time is expected to take place in high-noise conditions.

What are the prerequisites for the level adaptation beyond RLR -13 dB to occur?
· Voice call
· Handset mode
· Noisy location
· User doesn’t move to silent location for the call

(For the headset mode, both earbuds are often used (diotic listening). This will make already ‑13 dB, with normal downlink speech level, be perceived as very loud and it is less likely that the user would have an incentive to go to maximum volume.)

2.2 [bookmark: _Toc505350242]Dose estimation

If tolerating that UE:s introduce a higher gain in noisy conditions, what are the safety implications?

In noise-induced hearing impairment risk assessment, using the well-established 3 dB exchange rate, the sound dose can be estimated as the integral over the exposure time of the squared A-weighted diffuse-field corrected instantaneous sound pressure (see IEC [2] equation 1):




For constant r.m.s. sound pressure, we can simplify to



, where T is the exposure duration and PA is the A-weighted diffuse-field-corrected r.m.s. sound pressure


If a noise-adaptive receive gain is applied during noisy conditions, the total dose can be estimated:



, where subscript n indicates noisy conditions and s indicates silent conditions

We have, for estimation purposes, assumed that 10% of the total calling time is spent in scenarios triggering level adaptation, using the handset mode.

2.3 [bookmark: _Toc505350243]Risk criteria 

Since there is plenty of research and regulations about noise-induced hearing impairment at work, it may be helpful to compare with damage risk criteria and limits used in that domain, being cognisant of that such research is dominated by factory noise and not speech.

Regulations for workplaces vary with country and for different purposes (e.g. different action levels). A survey over various countries from 1997 in [8] showed equivalent continuous sound level regulation values between 80 and 90 LEX,8h, where 85dBA LEX,8h was a common limit. Although things may have evolved since then, we still see limits in the range 80-90 LEX,8h.The European Union specifies [10] exposure limit 87, upper exposure action value 85 and lower exposure action value 80 LEX,8h.

For this document, we have selected two criteria, namely 80 and 85dBA LEX,8h.

The measure LEX,8h is based on 8 hours per working day, hence 40 hours per week. Note that dose requirements for telephony are only applicable to work-related settings in specifications like e.g. ITU-T P.360:

“Daily Noise Exposure is a time-weighted-average (TWA) of A-weighted noise exposure.
Conventionally, it is for a normal 8-hour workday. It applies only to work-related environment,
e.g., contact centre.”

, so the criteria do not apply in general for mobile phone usage. Also, in e.g. contact centres the exposure times are longer and levels lower, compared to the case we study here (max volume with a mobile phone). As mentioned, we note that the original research is largely from factory noise, not speech. But the criteria are used here as a benchmark in terms of dose.
2.4 [bookmark: _Toc505350244]Exposure time

Regarding the typical call minutes, it varies regionally and from year to year, a few data points have been gathered, where the OECD report [8] might be of special interest due to the wide coverage.
· The average number of outgoing voice call minutes for the UK for years 2012-2013 was ~175 minutes per month according to [5]. 
· The minutes of use per customer per month for EE for year 2015 was 194 (prepaid) and 286 (postpay) [6]
· Monthly outgoing voice traffic for year 2011 ranging from 78 (Germany) to 356 (USA) [7]
· Monthly mobile voice minutes per subscriber for years 2009-2011 (OECD average) 134 [8]

If adjusting for (outgoing+incoming) and adjusting to weekly basis, and considering 90% of the total calling time being handset-mode calls, we get an average of
· 72.5 minutes per week [5]
· 80.4 minutes per week [6]
· 118.5 minutes per week [6]
· 32.3 to 147.6 minutes per week [7]
· 55.5 minutes per week [8]

2.5 [bookmark: _Toc505350245]Simulation

See Figure 1, for estimating how the dose would increase due to an automatic receive gain. Only voice-call-induced sound dose is considered here. The users will of course subject themselves to other sound exposure (other than voice call speech). However, this is the case also when authorities set limits for occupational settings or for leisure (e.g. portable music players within the EU). We use the criteria in the same way here, but as a benchmark. Summing up total exposure is considered to be outside the scope of this work item.

It is for simplicity assumed that the maximum volume control setting would be kept also when in silent conditions.

We can note that if RLR -17 dB is tolerated during noisy conditions, and the weekly call time is below ~3.5-4 hours, the exposure from voice calls is still below the most conservative damage risk criterion 80 dBA LEX,8h. The higher criterion 85dBA LEX,8h (commonly used) is also indicated below.


[image: ]
[bookmark: _Ref502756589]Figure 1 Simulation of a UE having RLR -13, -15, -17 and -19 dB in noisy conditions while having -13 in silent conditions. It is assumed that the user spends 10% of the call time in scenarios which trigger level adaptation. The dashed curves indicate two commonly used damage risk criteria, for occupational health, e.g. dose=40*10^((80-94)/10)=1.6 Pa2h (lower dashed curve). Examples of reported call times (adjusted for handset mode) are indicated with X, the larger one for the OECD average reported 2013.

2.6 [bookmark: _Toc505350246]Basis for calculations

The diffuse-field corrected level into the ear for RLR=‑13 dB with nominal speech received from the B-party, is estimated to 95.5 dBSPL (see appendix of S4-180055) un-weighted 100-8000 Hz. The difference between the unweighted and A-weighted level is 3.3 dB for 100-8000 Hz (based on the P.501 speech file used for testing), thus the A-weighted level is estimated to 92.2 dB(A). Considering talking and listening, we estimate 50% of the time is listening to downlink speech. We then get 92.2-3=89.2 dB(A) on average. It is then simulated to further boost the level by 2, 4 or 6 dB during 10% of the total calling time.

In practice, the dose during silent conditions would likely be lower than in this conservative estimation, because:
· people would likely prefer a lower level in silent conditions, and would accomplish this by volume control or deliberate acoustic leak, in fact RLR 2 dB is the assumed nominal level in 3GPP and ITU specifications.
· many phones have considerable margin to the limit RLR -13 dB, so this sensitivity is not even possible to reach in many cases
3 [bookmark: _Toc505350247]Conclusion

It is not expected that users every week, year after year, spend substantial amounts time making calls in high background noise. It is suggested that the RLR limit in noisy conditions is set to ‑17 dB (handset and headset modes, maximum volume control).
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