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1 Introduction

At SA4#53, work was started on a TR for the study item “Surround Sound Codec Extension for PSS and MBMS” (see S4-090378). A number of use cases were illustrated by means of block diagrams. In order to further clarify these block diagrams it is proposed to add descriptive text as outlined in the following section.
2 Use cases

Below the use cases section of the TR for the study item “Surround Sound Codec Extension for PSS and MBMS” (see S4-090378) is given. The marked sections are currently not part of the TR. It is proposed to add these sections into the next revision of the TR.
1. Surround sound over headphones 

Binaural/Stereo post-processing may or may not be part of the surround sound decoder (see Figure 1 and Figure 2). Figure 1 illustrates a block diagram in case the binaural or stereo post-processing is not part of the surround decoder. A server transmits surround sound bit-streams via PSS or MBMS protocols/services. The bit-streams can e.g. be obtained by offline encoding or via real-time online encoding. The UE first decodes the received surround bit-stream to a surround signal. The resulting surround signal is processed by binaural or stereo downmix post-processing to produce a stereo signal. The resulting signal can be represented on headphones. 
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Figure 1 – Signal flow for use case 1 where binaural and stereo downmix post-processing is not part of the surround sound decoder. The surround bit-stream is decoded inside the UE to a surround signal. This surround signal is input to a binaural and stereo downmix post-processor that produces a representation of the surround signal for headphone reproduction.
Figure 2 provides a block diagram in case the binaural post-processing is part of, i.e., integrated into the surround decoder. Only difference with regard to Figure 1 is that the surround bit-stream is not first decoded to a full surround signal prior to binaural post-processing. Instead the steps of surround decoding and binaural decoding are integrated into a single binaural surround decoder.
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Figure 2 - Signal flow for use case 1 where binaural processing is part of the surround sound decoder. The surround bit-stream is decoded inside the UE directly to produce a representation of the surround signal for headphone reproduction.

2. Surround sound over loudspeakers

In case the surround sound is to be played back over loudspeakers a number of scenarios can be considered. These scenarios are outlined below.
2.1 Decoding and rendering on a UE
A first loudspeaker scenario is illustrated in Figure 3. In this use case the surround bit-stream is first decoded in the UE to a surround sound signal. Then, in a next step a separate rendering process is applied to map the surround sound signal onto the particular loudspeaker configuration attached to the UE. It is to be noted that the amount of channels after surround decoding can be different from the amount of channels after the rendering process.
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Figure 3 - Signal flow for use case 2.1. The surround bit-stream is decoded inside the UE. The resulting surround signal is input to a rendering block inside the UE that produces a representation of the surround signal for loudspeaker reproduction.

2.2 Decoding and rendering on a non-3GPP device connected to a UE
Another loudspeaker scenario is illustrated in Figure 4. In this scenario the UE acts as an interface to a non-3GPP device. It therefore does not decode the surround bit-stream. The surround decoding and (optional) rendering is performed on the connected non-3GPP device.
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Figure 4 - Signal flow for use case 2.2. The surround bit-stream is transported via the UE. The surround bit-stream is decoded in a non-3GPP device where also rendering takes place to produce a representation of the surround signal for loudspeaker reproduction.

2.3 Decoding on a UE and rendering on a non-3GPP device connected to a UE
Finally, a third loudspeaker scenario is illustrated in Figure 5. In this case the surround bit-stream is decoded inside the UE. Then, via an interface provided by the UE the surround audio data is provided to a non-3GPP device where (optional) rendering takes place.
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Figure 5 - Signal flow for use case 2.3. The surround bit-stream is decoded inside the UE. The resulting surround sound audio data is transported via the UE to a non-3GPP device. The non-3GPP device renders the surround sound signal to a representation of the surround signal for loudspeaker reproduction.
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