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1 Introduction
In 3GPP TSG-SA WG4 Meeting #47 MPEG Surround was presented [2] as possible solution to provide backward compatible surround sound for Mobile TV using the PSS and MBMS service. In the discussion a couple of comments were raised. Specifically it was asked to outline more details on the 

· computational complexity of MPEG Surround

· required signalling using RFC 3016 and RFC 3640

· benefits of the binaural operation, justified by listening tests 

This contribution will outline the computational complexity of MPEG Surround, the transport and required signalling. Currently data, including test results, are gathered on the benefits of the binaural operation and will be presented in the next TSG SA4 meetings. 

2 MPEG Surround computational complexity
The computational complexity of the MPEG Surround binaural processing in the decoder is dependent on the configuration of the main building blocks to achieve the surround sound effect, namely the HRTF processing and the signal de-correlation (reverb). Hence, the decoding complexity depends on how exactly these building blocks are implemented. Typical numbers for a specific configuration can be obtained for different MPEG Surround levels and are given in the MPEG Surround [1] standard. Although these numbers cannot be translated directly into real-world numbers, they can give some relative comparison to the complexity figures that are given in the MPEG-4 Audio standard [3] for a stereo HE-AAC decoder. Real world figures of HE-AAC and MPEG Surround for an optimized ARM implementation will be made available in the next TSG SA4 meetings.
	
	HE-AAC Decoder, stereo
	HE-AAC Decoder, stereo + MPS 2.0 (binaural)
	HE-AAC Decoder, stereo + MPS 5.1

	High Quality
	9 MOPS, 10 kWords
	15 MOPS, 13 kWords
	28 MOPS, 23 kWords

	Low Power
	7 MOPS, 8 kWords
	9 MOPS, 9 kWords
	15 MOPS, 17 kWords


Table 1 MPEG Surround computational complexity and RAM usage figures

3 Transport and signalling

From a high level perspective MPEG Surround data can be divided into configuration data contained in the SpatialSpecificConfig() and the SpatialFrame() that contains the MPEG Surround payload. The configuration data can be signalled in-band (cf Figure 1) e.g. within a SacDataFrame() which is carried inside the MPEG-2/4 AAC extension_payload() or out-of-band if the SpatialSpecificConfig() is transmitted to the decoder e.g. by SDP means. SpatialFrames may be transmitted as separate audio access units besides the encoded stereo stream or they may be embedded into the stream itself if e.g. an AAC fill_element is used.


[image: image1]
Figure 1 Transport and Signalling of MPEG Surround data within an AAC fill_element
PSS uses the RTP transport and SDP signalling described in RFC3016 whereas MBMS relies on RFC3640 transport. 
Although the solutions to support the transport of MPEG Surround are aligned as much as possible, there are slight deviations. Therefore PSS and MBMS are discussed separately in the sections below.

3.1 MBMS 

3.1.1 Transport of MPEG Surround
RFC 3640 defines the transmission of raw audio access units within RTP packets. As such the MPEG Surround payload can be embedded into audio access units within the stream itself, i.e. using an AAC fill_element. As AAC decoders are required to skip fill_elements they don't implement, the transport of the MPEG Surround data can be achieved in a way fully backwards compatible with RFC 3640. 

A different option would utilize the use of two separate RTP streams, one specifically dedicated to MPEG Surround data. This solution would enable the network to drop the MPEG Surround stream in cases when no recipient capable of decoding MPEG Surround is present, hence reducing the overhead due to the unneeded MPEG Surround data. 
On the downside the latter scenario is not typical for today’s content distribution and imposes additional complexity on MBMS servers and clients. Moreover, as the MPEG Surround payload is much lower than the HE-AAC bitrate in typical 3GPP scenarions the overall packet header overhead versus the complexity increase due to different concatenation schemes on both streams must be observed carefully. Finally synchronization issues and possible packet losses of a single stream could cause undesired effects. 
Both options are illustrated in the figure below:
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Figure 2 Possible transport options of MPEG Surround data for MBMS
3.1.2 Signalling of MPEG Surround
All MPEG Surround specific configuration data is contained in the SpatialSpecificConfig(). This can be embedded and carried within the payload (in-band signalling - cf. figure 1) or within SDP (out-of-band signalling). While the first option is possible today, it has some drawbacks in terms of overhead and breaks with the out-of band signalling approach defined by RFC 3640. As out-of band signalling is in general preferable since the decoder can be initialized with the proper settings right away, a signalling possibility of the SpatialSpecificConfig() in SDP is clearly desirable. As this is not possible with the parameters currently defined in RFC 3640 new parameters need to be defined to convey this information. This possibility is explicitly allowed in RFC 3640, compliant terminals skip parameters that they don’t understand.
3.1.3 MBMS conclusions
Based on the discussion above it is proposed to use the embedded transport of MPEG Surround data within the AAC fill_element as shown on the left hand side in figure 2 as the transport format for MPEG Surround. An out of band signalling option aligned with RFC3640 shall be defined that is capable of transmitting the SpatialSpecificConfig() in SDP.

3.2 PSS

3.2.1 Transport and Signalling of MPEG Surround 

RFC 3016 defines the transmission of audio access units encapsulated in LATM (Low overhead Audio Transport Multiplex) in RTP. Besides the options discussed for MBMS, a different solution would be possible since MPEG Surround payload can also be multiplexed with AAC audio access units using different LATM layers (cf figure 3, right hand side). This can be used for out-of-band signalling and to the carry the MPEG Surround payload. The out-of-band signalling can be achieved since the StreamMuxConfig(), carried by the SDP config parameter, contains the SpacialSpecificConfig() if two LATM layers are used. Multiplexing the MPEG Surround payload and the AAC audio access units within LATM is straightforward and can be performed as separate access units in independent layers (right hand side scenario as shown in figure 3). Since multiple LATM layers have not been used in the past it is however unclear how existing implementations actually handle this scenario.

The same approach as proposed for RFC3640 w.r.t. transport and signalling can be used for RFC 3016 as well. Additional optional SDP parameters can be defined by updating RFC3016 and therefore an additional parameter that carries the SpatialSpecificConfig() besides the StreamMuxConfig() can be defined.
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Figure 3 Possible transport options of MPEG Surround data for PSS
3.2.2 PSS conclusions
Based on the discussion above it is proposed to use the embedded transport of MPEG Surround data within the AAC fill_element as shown on the left hand side in figure 3 as the transport format for MPEG Surround. Only a single LATM layer shall be used to ensure interoperability with existing implementations. Since out of band signalling is mandated for PSS by TS 26.234, RFC 3016 shall be updated to include an out of band signalling option to carry the MPEG Surround configuration data.
4 Conclusion
This contribution addresses some of the open issues that were raised in the last TSG SA4 meeting. It gives a first overview on the computational complexity of MPEG Surround and shows how MPEG Surround data and configuration can be transported and signalled using the mechanisms available in the MBMS and PSS service. 
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