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Introduction
In this contribution, we outline typical development and testing procedures for surround sound equipments and explain their key differences from those of UEs. Based on these observations, we propose to include the following texts and figures in the design requirements and testing methodology in the TR being drafted during SS_PSS_MBMS [1].

Development Procedures for Surround Sound Equipments
Audio equipments offering surround sound are in general developed and tested based on the following steps:
1. Vendor A of proprietary surround sound codecs or audio postprocessors provides the SDK, i.e., reference source codes and decoder software, test vector, and detailed information on the required testing conditions, to vendor B of surround sound equipments.
2. After initial developments, vendor B sends the sheets containing the preliminary testing results to vendor A. If passed, proceed to step 3. If not, re-develop and return to step 2.
3. Vendor B sends some embedded systems or testing platforms to vendor A for further testing. If passed, proceed to step 4. If not, re-develop and return to step 3.
4. Audio decoders or postprocessors, approved by vendor A, are combined by vendor B with other elements constituting surround sound systems for further testing and development.

Note that the responsibility of vendor A on the quality of surround sound ends at step 3. Although the completed equipments are typically accompanied by information on recommended speaker positioning and setup, vendor B does not have to be completely responsible for the quality since:
· Since the output from optical storage media or other forms of memory drives high-powered speakers with high bit-rate, almost error-free, independent audio streams, even with low-cost audio equipments, quality of surround sound can be acceptable in general.
· Elements constituting surround sound systems can be purchased independently.
· Even in case vender B provides decoders and speakers together, positioning of speakers and corresponding variances in the quality are regarded as the responsibility of the users.
Situations for UEs with Surround Sound

We believe that unfortunately, in typical UE environments, none of the above conditions are valid:
· UEs are not linked to speakers with cables but physically contain them, whose relocation is not allowed in general.
· UEs are equipped with smaller, fewer and more densely-located speakers, which are feed with lower bit rate audio stream.
· Audio quality is further limited by hostile transmission conditions of PSS/MBMS.
From these fundamental differences, in the development and testing of surround sound for UEs, vendor A usually co-works with vendor B in step 1 ~ 4 and also takes the responsibility of testing and approving an acceptable level of quality.
Proposed Texts and Figures
We propose the following texts and figures to be included in the clause 6 Testing methodology of the TR. As shown in Figure [x], a set of parameters, External_Width, Internal_Width, and Height specify the dimension of UEs’ acoustic environments. This set of parameters can be applied to typical UE types with two speakers. Usual display sizes of UEs are 2~2.6 inchs (diagonal) with aspect ratio of 4:3, such as QVGA (320x240), or 2.6~3.7 inches with aspect ratio of 5:3, such as WQVGA(400x240) and WVGA (800x480).
External_Width, Internal_Width, and Height are not constraints or target values to be met in the testing, but determination of appropriate values of the parameters shall be one of the objectives of the testing. From the experiences of developing surround sound UEs with proprietary technologies, we believe that there might be a lower bound to each parameter such that surround sound, even at a reduced quality, cannot be realized if any parameter exceeds the bound. In addition, not only the packet loss from PSS/MBMS, but also the influences of background noise shall be considered in the testing to evaluate their impact on the quality of surround sound.
*** Start change 1 ***
6.x
Specifications of Loudspeaker Setup

Loudspeaker configurations for the subjective testing, using two speakers, shall be specified with three parameters: External_Width, Internal_Width, and Height. The values or ranges of the parameters are required to be determined from the testing such that the quality difference of surround sound is identifiable from those of conventional audio contents. This set of parameters can be applied to typical UE types such as Bar, Clamshell, and Slider, as shown in Figure [x1], which illustrates the definition of each parameter. If specifying the dimension of UEs’ acoustic environments with the three parameters is not enough to guarantee a satisfactory quality level, further restrictions can be proposed as: (1) a set of procedures that test objectively the terminal acoustic characteristics for surround sound, and (2) the required results for each test. In cases more than two speakers are used as shown in Figure [x2], size of the speakers and their relative distances and directions shall be specified correspondingly. Note that in these cases, it is not necessary that the speakers be located on the same plane.
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Figure [x1] – Speaker layout for typical types of UEs. External_Width, Internal_Width, and Height specify the dimension of of UEs’ acoustic environments.
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Figure [x2] – Speaker layout for UEs with more than two speakers.
*** End change 1 ***
Background
The texts and figures are proposed to specify the physical dimension of terminal acoustic characteristics while providing a rough estimation of the size of UEs considered appropriate to support surround sound. We observed that realizing surround sound with UEs’ acoustic limitations requires careful design and time-consuming acoustic calibration by experts. For certain types of UEs, neither surround nor stereo might be possible, due to, for example, insufficient distances between speakers or their acoustic capability. These constraints need to be identified at the testing, which corresponds to the objectives of this SI, as proposed follows [1]:
· Identify and document relevant use cases for surround sound in 3GPP

· identify suitable testing methodology for surround sound in relevant use cases of the PSS and MBMS services 

· define subjective minimum performance criteria that would need to be met in order to motivate the consideration of a surround audio coding extension for adoption by 3GPP 

· define design constraints that would need to be met by a  surround audio codec extension method for adoption by 3GPP
· validate the user benefits and the feasibility of the deployment of surround sound for the PSS and MBMS services according to the defined minimum performance criteria, bitrate and design constraints for all the use cases (such as surround sound speaker set-up and headphone decoding mode) through evaluation of at least one example of surround sound coding methods which may be MPS.
In [2], [3], terminal acoustic characteristics for telephony and speech and video telephony terminal acoustic test specification for narrowband and wideband services are defined. If necessary, similar specifications of acoustic characteristics for surround sound should be defined to guarantee a minimum level of quality.
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