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1 Introduction
During SA4 #54, the TR for the study item “Surround Sound Codec Extension for PSS and MBMS” was further progressed (See S4-090555). During the work on this TR use cases were discussed that include connected non-3GPP devices for decoding and/or rendering of surround sound. The uses cases require interfaces to enable the connectivity. This document brings further justification for this use case, describes interface options and should clarify the scope of the specification concerning such interfaces. Furthermore, a list of targeted delivery methods for surround sound is given. Text for section 4 and an Annex for the Draft TR is proposed.
2 Use cases involving connectivity
In the Draft TR for the Surround sound study item two use cases are defined that include connected non-3GPP devices in section 4.2.2 and 4.2.3.

2.1.1 Decoding and rendering on a non-3GPP device connected to a UE
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, see Figure below.

The following text and update of figure is proposed for section 4.2.2 of the Draft TR.

<Begin proposed change>
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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.

In this case the UE does not decode the surround sound. Instead the surround sound bit-stream is passed on to a connected device via an interface. The interface defines the transport mechanism and physical means of transporting the signal in a way that is compatible to the non-3GPP device. Therefore, the interface definition is out of the scope for a 3GPP specification. Such interfaces already exist or are emerging. Examples are given in Appendix B.
<End proposed change>
2.1.2 Decoding on a UE and rendering on a non-3GPP device connected to a UE
In this scenario the UE handles the decoding of the surround audio bit-stream. The rendering and presentation is handled by a connected device outside the 3GPP scope, see Figure below.

The following text and update of figure is proposed for section 4.2.3 of the Draft TR.

<Begin proposed change>
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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.
In this scenario the UE handles the decoding of the surround audio bit-stream. The decoded surround audio data are passed on to a connected device via an interface. The interface defines the transport mechanism and physical means of transporting the signal in a way that is compatible with the non-3GPP device. Therefore, the interface definition is out of the scope for a 3GPP specification, while the surround decoder is inside the 3GPP scope. Interfaces to transport multi-channel audio data already exist or are emerging. Examples are given in Appendix B.

<End proposed change>

3 Means of connectivity

Use cases 2.2 and 2.3 involve connected non-3GPP devices. Although the means of connectivity to these devices is outside the scope of 3GPP specification it helpful to understand the application enabled by a surround sound service and to justify the need to evaluate the benefit for these use cases. The following section provides an annex proposed to be appended to the Draft TR. 
<Begin proposed change>
Annex B: Connection between UE and external devices
B.1 UE connected to car audio head unit 

Connectivity to mobile terminals is starting to become commonplace in automotive head units. One of the main technological drivers for this is the Bluetooth specification allowing wireless transport of A/V content. It can be used for communication purposes in the Hands-Free Profile (HFP, [13]) as well as for high quality audio and video streaming using the Advanced Audio Distribution Profile (A2DP, [12]) and Video Distribution Profile (VDP, [14]). It is envisioned that, especially in the automotive environment, wireless connectivity solutions will provide a transport mechanism for all A/V content, including surround sound content between mobile and car in the near future. In this way, surround audio signals could be sent, connected to and played via the car audio system.
Other means of connectivity from the in-home use cases also apply to the automotive use case. These are listed in the following section. 
B.2 UE connected to A/V receiver or TV screen 

Connectivity of mobile terminals to home-entertainment systems is becoming more popular. This has been driven by the fact that mobile terminals are also used as personal music players and the need for simple access to the content stored on the device. In the Work Item for Improved Video Support for PSS and MBMS Services  the need for a mobile UE to deliver content to much larger external screen such as a television for playback was addressed. In a similar way audio quality needs to meet the demands of higher quality playback systems. Surround sound addresses this demand and enables user experience comparable to conventional delivery methods like DVB/DVD. 
Video content can be delivered from mobile UEs to higher resolution TV-screens by several means. Examples of currently available methods of connections are given here.

B.2.1 Audio/Video output via (mini-)HDMI from mobile UE to home TV screen

Recent high-end mobile UEs have been demonstrated with min-HDMI ports to be able to playback the content downloaded on the device for playback on a larger screen. For TV-displays and home entertainment systems, HDMI has become a widely used standard. Recent notebooks, netbooks and Mobile Internet Devices (MIDs) are also equipped with HDMI connectors. Bit-streams containing video and stereo or surround audio signals are carried on HDMI. For audio both uncompressed and compressed formats are specified for HDMI.
B.2.2 UE connected to external devices via TV-out cable

Currently, audio and video output from mobile UEs to external devices is implemented by cables, e.g. TV-out cables that connect a phone to an external display. Interfaces to drive analogue TV outputs are implemented inside the UE.
B.2.3 UE connected to A/V receiver via docking station 

When cradled in a docking station the content stored or streamed to the UE can be played back via a connected A/V receiver on the home entertainment system. This scenario applies to personal music players and mobile UEs with A/V playback functionality. Most of today’s docking stations for smartphones offer USB connection to PCs.
B.2.4 UE connected via wired and wireless network and DLNA
An increasing number of Mobile UEs can be connected to various external devices using the DLNA standard.
The UE stores content and can make it available to wired/wireless networked mobile digital media players (M-DMP), digital media renderers (DMR). E.g. audio/video content can be streamed to an external display in high resolution via Wi-Fi. Within DLNA several media formats and profiles for streaming of stereo and surround audio in the home network are defined.
<End proposed change>

4 Targeted delivery methods and bitrates
In order to clarify the delivery methods targeted in the Study item on Surround sound the follwing section is proposed for addition to section 4 of the TR.

<Begin proposed change>

4.3 Targeted delivery methods and bitrates
The delivery methods for the different uses cases of surround sound over 3GPP are listed in table 1.  
	Use case
	Decoding
	Rendering
	Streaming
	Download

	
	
	
	PSS
(RTP)
	MBMS 
(RTP)
	Progressive
(HTTP)
	MBMS
(FLUTE)

	Headphones
	on UE
	on UE
	Y
	Y
	Y
	Y

	Loudspeakers
	on UE
	on UE
	Y
	Y
	Y
	Y

	
	on UE
	on non-3GPP device
	Y
	Y
	Y
	Y

	
	on non-3GPP device
	on non-3GPP device
	FFS
	FFS
	Y
	Y


Table 1: Delivery methods for surround sound over 3GPP

The bitrates used to deliver surround sound will depend on the capabilities of the bearer, the content and the service. For streaming the typical bitrate ranges are expected to cover 32 to 64kbps. For download applications bitrates in the range 48 to 160kbps are envisioned.
<End proposed change>
5 Conclusion and Decision Proposal

This document provides additional information on the uses cases that refer to connected devices. An Annex is provided to list possible means of connectivity between UEs and other devices. Furthermore, delivery methods for surround sound over 3GPP are listed.
The authors propose to add the paragraphs proposed in this document to the next revision of S4-090555.
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