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Introduction
As the SI “Surround Sound Codec Extension for PSS and MBMS” approaches its completion and the results of listening test are released, we would like to re-emphasize the key issues not resolved during the progress of this SI and outline the areas to be studied further.

Summary of Experiments
For Test 1, we reserve our opinion on the understanding of the testing results [1]. This experiment assumes the use cases which correspond to “Rendering on a non-3GPP device connected to a UE,” described in clause 4.2.2 and 4.2.3 of [2]. Having been involved in the business of handsets and audiovisual equipments with surround sound capability, we believe that many alternative transmission mechanisms to deliver 5.1 contents are available, which easily beat these use cases or PSS/MBMS in terms of both cost and quality by large margins [3]. On the other hand, the three use cases, described in clause 4.1 and 4.2.1 of [2], will deserve further attention.
For Test 2, we believe that the variances in the user response to the results rendered with the same HRTF would have been observed by other participating companies too. This was envisioned as early as in [4] and standardized interface to update HRTF or head-tracking was proposed as the measure to address the variances [5]. However, we believe that similar sources for such variances can occur from the headphones since the frequency response of typical headphones are influenced by the earpiece shape and cord length, which are likely to impact significantly the quality of surround sound using HRTF.
Server-controlled update of HRTF as proposed in [5] should be able to consider these factors if such updates are to be effective. In [6], we introduced an example of the head-tracking device but whether this kind of device can be implemented for UEs or how walking users would react to the audio transmitted via these devices still remains to be clarified.
Other Considerations
Below we summarize several aspects of supporting surround sound for the UE environments.
	Title
	Questions / Suggestions

	Key Benefits
	Benefit and cost of providing surround sound need to be evaluated for each method. Determining the key design objective, for example, ease of acoustic calibration or quality improvement, can be a basic step.

	Objective Measurements of “Surround” Quality
	With UE speakers typically fixed, vendors have to assure the quality of audio services. In case of speech, such an assurance will be achieved by meeting [7] and [8]. Are there any objective methods or acoustic measurements to discriminate between Mono and Stereo or between Stereo and Surround on the UE environments?

	Complexity
	Complexity needs to be constrained only after the quality target and the proportion of UEs that support surround sound are determined.

	Impact with Terminal Acoustics  Specifications
	Will there be any impact in [7] and [8] if surround sound is introduced? The quality target should be reasonable for UE environments.

	Other Acoustic Effects
	Surround is usually only a feature provided by typical terminals’ audio software package. If additional bandwidth is assigned, can other acoustic effects such as those labelled as Jazz, Rock, Studio, Heavy, and Pop can be enhanced too?

	Speakers
	If surround sound is to be standardized for 3GPP, configurations for 2 ~ 4 speakers will be more reasonable to consider than the prohibitive 5.1. The distance, location, size and depth of the speakers need to be at least recommended. If objective measures are defined to identify qualified UEs, the threshold values need to be provided too.


Conclusion
We believe that this SI provided a good opportunity to consider the many factors related to providing surround sound on the UE environments. Although many concerns raised during the two-year-long discussions still remain unanswered, the questions and suggestions summarized above can be used in the discussions on the way forward for surround sound.
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