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Introduction
Samsung welcomes the start of a new SI on surround sound for PSS/MBMS [1] and hopes this SI will clarify many issues ranging from the feasibility of this technology in 3GPP services to the identification of appropriate testing methodologies. In this contribution, we would like to introduce some interesting points of view on surround sound, which is from having been deeply involved in both handset and A/V electronics businesses. We hope our experiences from both industries contribute to establishing a focused standardization path for surround sound in 3GPP.
Expected Service Quality

We believe the first step to take in the consideration of surround sound should be the estimation of the improvement in service quality it is expected to bring to PSS/MBMS. While we have little doubt on the potential of surround sound, our opinion is that the capability of UMTS networks and terminals should be carefully assessed and service quality comparable to those of fixed networks, broadcasting, or storage medium should be expected with caution.
In [2], the background of introducing surround sound was
· Enhanced user experience by offering services to receive and listen to multi-channel audio.

· binaural processing to enable surround sound on headphones on a mobile device or a stereo speaker handheld device,

· 5.1 rendering via cradle applications in the car or in the home,

· Support for multi-channel audio keeps MBMS and PSS service on par with existing broadcasting solutions,

· Increased service revenues for mobile operators who could offer multi-channel audio as an added value service on top of a normal subscription,

· Alignment of surround sound formats across different Mobile TV platforms facilitates the reuse of multi-channel content.
Although MBMS is yet to be deployed, we expect its typical bit-rate will be about 64-128 kbps [3], which is comparable to that of PSS today, but less than the bit-rate of DVB-H. Since the launch of DVB-H, we have not witnessed frequently its use cases in the home or of multi-user entertainment via cradles. In fact, we are very doubtful that 384 kbps of multimedia stream, for example, QVGA video at 15 fps and 64 kbps audio, can enable such cases satisfactorily. This would be easily understood by watching and listening to such contents with TVs or stereo speakers.
The odds of DVB-H to be able to offer service quality comparable to those of DVB-T, cable, fixed Internet, or DVD, all equipped with enough capability to offer “real” multi-channel audio and high quality video equal to or better than HD, need to be seriously evaluated. If DVB-H, with higher bit-rate and incomparably lower error-rate than those of PSS/MBMS, cannot compete, we are not sure how surround-enhanced PSS/MBMS can offer service quality similar to those of the conventional media delivery channels, which have been well-entrenched in the home use cases.
Nor is it likely that PSS/MBMS can be a serious source of vehicular entertainment, considering the built-in CD or DVD systems in many vehicles and other alternatives such as navigation systems. It might be claimed that the capability gap between PSS/MBMS and other media delivery channels will diminish as more efficient radio networks are deployed, but the bit-rate of fixed networks are increasing at even higher rates and storage media continue evolving too.
On the reuse of multi-channel content, we expect “real” multi-channel content can be reused among different platforms with similar capability, such as between DVD and PC. However, we are not so optimistic on the reuse of two-channel low-bit-rate surround content on platforms other than UEs. We have witnessed UEs equipped with TV-out or HDMI interfaces but they are mostly for the transportation of offline content. Due to the physical limitations of UEs, there might exist limitations to the service quality PSS/MBMS can actually reach, regardless of the improvement in radio or semiconductor technology.
Suggested Outcomes of SI

Following the discussions, we would like to comment on some items of Objective in [1].

· Identify and document relevant use cases for surround sound in 3GPP

One of the suggested use cases, reuse of multi-channel content seems to be overly-ambitious considering the bit-rate of PSS/MBMS. Typical UE environments should be prioritized higher than vehicular or docking-station environments, which belong to industries less closely related to 3GPP’s work scope.
· identify suitable testing methodology for surround sound in relevant use cases of the PSS and MBMS services
Noisy environments with low-cost, small speakers and earphones need to be considered too. We are also doubtful whether the equipments and procedures in [4], although used in MPEG for testing audio codecs, can represent typical use cases of PSS/MBMS. For example, speech codecs in 3GPP should be rigorously tested under scenarios where some of transmitted speech frames are lost. We believe testing error-prone services such as PSS/MBMS under unachievable conditions would make little sense.
· 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
The design constraints we would like to know at the end of this SI are, for example, the bit-rate, size, location, number and capability of speakers, and distances between UE and user and between speakers, which would enable or facilitate surround sound. Considering many UEs in the market are already equipped with displays larger than 3 inches in diagonal, the constraints are becoming less restrictive. We believe acoustic calibration can take a significant proportion of the development workload for UEs with surround sound capability. If this SI, leaded by audio experts, can provide the suggested information, the lead time for UE development will be reduced and designs unlikely to support surround sound can be avoided at an earlier stages. Note that typical equipments for surround sound are even accompanied by “speaker setup guide” that matches the sound technology employed.
· 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. 
Comparison of the quality of surround-encoded contents, conventional audio contents at similar or higher bitrates, and conventional audio contents post-processed for surround effects (more on this topic to be explained in the next section) will enable the evaluation of alternative approaches to improve audio quality and identification of surround sound’s relative advantages.
Surround Sound by Post-processing

We have been witnessing proprietary audio post-processing technologies that claim to enable various sound effects including surround. These solutions typically support diverse environments ranging from earphones to multiple speakers but do not require any special encoding. The benefits of this approach are that no change is required for operators’ content management systems, and the additional complexity and cost are only applied to the UEs that need to support surround sound.
Conclusion & Suggestion
We believe surround sound has the potential to increase the service quality of PSS/MBMS noticeably if appropriately offered. During the discussion, surround sound was once compared to SVC as an extension of existing codecs. Surround sound, from our point of view, will be influenced by the entire acoustic environments and signal processing chain of PSS/MBMS, and would not be achieved by simple codec extensions.
We have been witnessing many technologies such as MIMO and WB speech codecs whose claimed performance gains have yet to be proven without increasing the form factors of UEs excessively. Surround sound has similar aspects and “earphone-only” surround quality might not justify the need for its standardization. Our opinion is that PSS/MBMS, optimized for 3GPP networks, will address the requirements of UEs best but its service quality might not be easily transferable to other use cases or environments. We believe the cost and benefit from applying surround processing on the audio encoding and decoding chains and content management need to be compared with those of the conventional and much cheaper measure for improving audio quality such as increasing the bit-rate.
We do not expect UEs’ service quality to be comparable to those of A/V electronics equipments. Instead we want the quality of surround sound in PSS/MBMS to be promised reasonably and delivered as such at a reasonable cost. We introduced a list of questions operators and vendors alike might ask on the surround sound, which are expected to be clarified and answered during the progress of this SI.
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