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1 Introduction

This document presents further use cases for SVC, which add new feature or increases the reliability and efficiency of video transmission within MBMS/PSS services. The presented use cases can be combined with the use case of support for heterogeneous devices as presented in S4-090217 and S4-090282.
2 Layered Transmission with SVC (MBMS)
The layered structure of SVC allows for transmission of the video in separate network streams. This can be used to offer services for conditional access, coverage extension with UEP or graceful degradation behaviour.

2.1 Extended Service Coverage and Graceful Degradation
A service coverage extension can be achieved with the layered structure of SVC by an unequal error protection (UEP), where the more important base layer has a stronger protection than the enhancement layer. Such a UEP scheme can be applied by 3GPP systems using e.g. different transmission powers, different modulation schemes, and different code rates of the link layer or application layer forward error correction (FEC) and allow the coverage of bad reception areas with a reduced base layer quality but no additional cost.
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Figure 2: Coverage extension with SVC using unequal error protection (UEP)

The rate saving introduced by the use of SVC could be exemplary used for a stronger unequal error protection as similarly presented in [1]. This would strengthen the robustness of the video service compared to a H.264/AVC Simulcast transmission. Figure 3 depicts such an example, where a QVGA/VGA service is provided using H.264/AVC Simulcast with protection (Simulcast/Protection) and without protection but higher video bit-rate and quality (Simulcast/No protection) and using SVC with additional and higher protection (Scalable Protection) due to the bit-rate saving compared to simulcast. All settings in total require the same bit-rate. The scalable bit-stream is protected by an unequal error protection (UEP) and transmitted over a simulated DVB-H channel.
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Figure 3: Increase service robustness compared to H.264/AVC Simulcast by stronger unequal error protection due to rate saving with SVC [1]
2.2 Layer-aware FEC (L-FEC)

New FEC algorithms like the Layer-aware FEC [2] exploit the layered coding structure of an SVC stream and increase the correction efficiency for the base layer significantly. The Layer-aware FEC approach generates the redundancy symbols across all dependent layers instead of generating those symbols for each layer separately. Therefore, redundancy symbols of less important layers can also be used for error correction of the more important layers, as depicted in Figure 4. The L-FEC redundancy symbols protect both, the base and the enhancement layer. Using the L-FEC, in this example, the base layer is protected not only by one redundancy symbol but by two redundancy symbols without any increase in bit-rate.
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Figure 4: Increased protection of lower layers through Layer-aware FEC [2]
Such a scheme can be easily applied to the systematic Raptor FEC within MBMS [4], since just a slight extension of the LT-encoding matrix and the pre-coding matrix (to keep the systematic behaviour [2]) is required. Figure 5 depicts the extension of the LT-encoding matrix. While the redundancy symbols of the base layer (Layer 0) are generated as usual, the redundancy symbols (ESs) of the enhancement layer (Layer 1) are computed over its source symbols (SSs) also incorporating the source symbols of the base layer (Layer 0).
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Figure 5: Extension of the LT-Code matrix for Layer-aware Raptor FEC [2]
Further details on the Layer-aware Raptor FEC can be found in [2]. The results in Figure 4 show, that with exactly the same bit-rate, the Layer-aware FEC approach outperforms a standard UEP approach (compare with “Scalable/Protection” in Figure 3) and further strengthens the reliability of the transmission of SVC.
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Figure 6: Results for UEP vs. Layer-aware FEC with SVC [2]
2.3 Conditional Access

SVC can be used to provide a conditional access service in a very efficient way, similar to as shown in [1]. As depicted in Figure 1, a server can provide a free low quality (QVGA) service and a second encrypted high quality layer (VGA). The latter one is only accessible via a premium service account. 
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Figure 1: Conditional Access with SVC

3 Rate Shaping with SVC (PSS)

SVC makes it easier to adapt the rate by simply dropping parts of the stream instead of bit stream switching with H.264/AVC or very inefficient trans-coding [6]. Such a rate shaping with SVC could be done at the server or at a proxy in between the server and the user equipment in order to move processing load from the server into the 3G network or onto its edges. This significantly saves computational, communication and storage overhead at the server and eases the control of the server. Moreover, business is created for companies providing wireless adaptation services by providing these proxy functionalities. SVC allows for another kind of rate adaption 
Using the coding structure of the medium grain scalability (MGS) as depicted in Figure 2, parts of the enhancement layer can be dropped while still providing a standard conform bit-stream. Dropping packets of the enhancement layer reduces the bit-rate and the video quality gracefully.
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Figure 7: MGS coding structure

Figure 9 compares such a rate shaping with MGS with the temporal scalability option of H.264/AVC (see [5]). Although MGS requires in average 10% bit-rate overhead compared to H.264/AVC it allows to adapt the bit-rate to a much wider rate, as H.264/AVC does. The dropping operation is very simple and there is only one file required at the server as depicted in Figure 8.
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Figure 8: Required pre-encoded files at the media server
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Figure 9: Rate Shaping with MGS scalability vs. H.264/AVC temporal scalability [5]
4 Optimized access to Internet video services (MBMS/PSS)

Future 3GPP users will access pre-encoded videos from services such as www.youtube.com or live Internet TV. As it cannot be expected, that such services take care about the special needs of a 3GPP system, the 3GPP system itself would have to take care about the appropriate delivery quality and/or bit-rate. Such a stream forwarding and manipulation would be very inefficient with single layer video codecs as trans-coding is a very expensive in terms of required equipment investments and inefficient in terms of coding efficiency. In future scenarios SVC will allow Internet services to forward a bunch of substreams to the 3GPP system. A proxy inside or at the edge of the 3GPP system may extract the appropriate stream to optimally serve the needs of the user.
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Figure 10: Access to internet service with SVC still allows controlling the video quality without the need of inefficient trans-coding
5 Summary
In addition to the efficient support of different device capabilities, where SVC can save up to 20% of the required bit-rate (as shown in S4-090281), the introduction of SVC in MBMS or PSS introduces a huge flexibility to the 3GPP system. The presented use cases or the combination of them with the support of heterogeneous devices (as shown in S4-090217) fully exploits the possibilities of a scalable coding and introduces new business segments as e.g. conditional access, rate shaping. A suitable protection mechanisms further increases the reliability of the service.

6 Proposal

We propose to include the above use cases to the technical report “Study on Improved Video Support for MBMS and PSS”. We also propose to add the following requirement to the working assumptions:

· Release 9 shall enable layered transmission and layered protection of scalable video coding to support use cases like heterogeneous devices, conditional access, coverage extension, graceful degradation or combinations of the aforementioned use cases.
· Release 9 shall support extensions for transport and protection mechanisms to allow enhanced efficiency and robustness for layered transport of scalable video coding.
· Release 9 shall enable Rate shaping methods of scalable video coding at servers or media aware network elements.
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