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1 Introduction
For the transmission of video streams over a broadcast system like MBMS typically an application layer FEC is employed to increase the service robustness. 3GPP specifies the Raptor code as an application layer solution for streaming and file download in Annex B of 3GPP TS 26.346 [1].
When transmitting a multi layer codec such as SVC or even MVC (Multi View Coding), using the current Raptor specification, the repair symbols would be generated separately for each layer. The idea of the Layer-Aware FEC (LA-FEC) [2] is to generate redundancy by following existing dependencies within the media stream. Using such a FEC scheme, encoded symbols of less important layers can be jointly used with encoded symbols of more important layers for recovering the source symbols of all participating layers. LA-FEC increases the robustness of more important layers without increasing the required bitrate.
This document shows, which modifications are required to integrate the LA-FEC approach into the existing Raptor specification within 3GPP. Further it shows exemplary simulation results in a mobile broadcast scenario (TU6 channel model with fast and slow fading).
2 LA-FEC approach
To illustrate the principle of the LA-FEC approach, Figure 1 and Figure 2 compares the encoding and decoding process of a standard FEC and the LA-FEC (modifications are marked green) using a simple parity check code. In this example there are two quality layers where Layer 1 depends on Layer 0 due to inter-layer prediction within the media stream. There are three source bits and two parity bits for each layer.

For encoding (Figure 1), the parity bits are computed by a simple XORing process of the source bits. Using a standard FEC, the XORing process is only applied within the current layer, whereas using LA-FEC, the XORing process is extended across layers following existing dependencies. Hence the parity bits of Layer 1 are generated over the source bits of both layers, Layer 0 and Layer 1, and can further be used for error correction of both layers together with the parity bits of Layer 0. The source and parity bits are combined to a codeword and transmitted over an error prone channel.
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Figure 1: Encoding for standard and LA-FEC
In the outlined decoding example (Figure 2), there are three transmission errors within the codeword of Layer 0 marked by “?” and there are no errors in Layer 1. Using a standard FEC, there are not enough parity bits within Layer 0. Therefore it cannot be corrected. Although Layer 1 is successfully received, it cannot be used due to the missing dependencies in Layer 0. Using the LA-FEC, the parity bits of Layer 1 can be used together with the parity bits of Layer 0 for correcting Layer 0. In the given example, only with LA-FEC both layers can be corrected.
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Figure 2: Decoding of standard FEC and LA-FEC. Using LA-FEC the parity bits of both layers can be used for a combined decoding.
The improvement in base layer protection comes at the expense of a reduced protection of the enhancement layer. With LA-FEC, the enhancement layer cannot be independently corrected of the base layer. Nevertheless, due to the existing dependencies within the SVC video stream, in such cases where the base layer is lost, the enhancement layer data cannot be used anyway. Therefore, LA-FEC never performs worse than the standard FEC in terms of video quality.
3 Integration into existing Raptor Specification
3.1 State of the art

In 3GPP, the encoding process of the Raptor code is specified in Annex B of 3GPP TS 26.346 [1]. This specification devides the encoding process into two steps, the Intermediate (Precoding) symbol Generation (see B.5.2) followed by the LT encoding (see B.5.3). These two steps are illustrated in Figure 3. The first step generates the precoding symbols (PSs) from the source symbols (SSs). The second steps takes the precoding symbols as input and calculates the encoded symbols (ESs) using an LT-Coding process.
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Figure 3: Raptor encoding process as specified in Annex B of 3GPP TS 26.346 [1]
3.2  Layer-Aware extension of the Raptor Code
To apply the Layer-Aware approach to the Raptor specification in 3GPP, the Precoding process and the LT-Encoding process must be extended to all dependent media layers. Note that the required extensions does not affect the base layer symbol generation and therefore allows a backward compatible introduction. The required extensions uses the existing algorithms for Intermediate Symbol Generation, and LT Encoding and Generators as specified in TS 26.346, leaving the specification and the defined constraints of the algorithms untouched.
Figure 4 and Figure 5 illustrate the required extensions for the first and the second encoding step of a potential second media layer (Layer 1) which depends on Layer 0. Note that for the first layer (Layer 0) the encoding process remains unchanged following the illustration in Figure 3.
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Figure 4: First step (precoding) of the Raptor encoding process with extended matrix for the second layer (First layer see Figure 3). The LA-FEC extension keeps the systematic behavior of the layer-aware Raptor code.
To keep the systematic behaviour of the Raptor code for Layer 1, it’s precoding matrix must be extended to Layer 0 as shown in Figure 4 (changes marked with green). The precoding symbols of Layer 0 (PSs0) can be taken from the precoding process of Layer 0. The extension matrix GLT0* is exactly the same as the extension matrix used for the LT-encoding process (see Figure 5). With that extension, the precoding symbols of Layer 1 (PSs1) are modified in such a way, that the following LT-Encoding process (see Figure 5) generates a systematic code.
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Figure 5: Second step (LT-Encoding) of the Raptor encoding process with extended LA-FEC matrix for the second layer (First layer see Figure 3). The LA-FEC extension additionally connects the encoded symbols (ESs) of Layer 1 to Layer 0, following the existing dependencies within the media stream.
Finally, the extension of the LT-Encoding process introduces the Layer-Aware approach. The extended LT-Encoding matrix (see Figure 5) introduces additional connections of the encoded symbols of Layer 1 to Layer 0, following the existing dependencies within the media stream. Therefore, the ESs of Layer 1 can now be used together with the ESs of Layer 0 (see Figure 3) for a combined decoding as exemplary shown in Figure 2.
4 Simulation scenario and settings
The simulations in the following section are based on a broadcast scenario where two device capabilities, namely QVGA and VGA, are supported by a single DVB-H service by using SVC (see Figure 6).

[image: image6.emf]VGA device

V

G

A

Q

V

G

A

QVGA device

H

.

2

6

4

/

A

V

C

S

V

C

DVB-H


Figure 6: Support of different device capabilities (QVGA+VGA) using SVC in a DVB-H broadcast system.

The simulation scenario consists on a Typical Urban 6-taps (TU6) channel model with a constant Doppler (i.e. user velocity), but with the average Carrier-to-Noise Ratio (CNR) varying dynamically following a correlated lognormal deviation (resembling shadowing characteristics). The TU6 channel models the time variant small-scale fluctuations of the received signal due to receiver mobility (fast fading), and it was proven to be representative for DVB-H mobile reception for Doppler frequencies above 10 Hz (i.e., vehicular reception) [1]. We consider the DVB-H physical layer transmission mode: FFT size 8K, OFDM symbol guard interval (GI) 1/4, modulation 16-QAM and code rate 1/2, which provides a channel capacity of around 10 Mbps. The shadowing is characterized by a standard deviation of 5.5 dB and a correlation distance of 20 m (the spatial correlation follows a first-order exponential model). 
The video encoding was performed using the JSVM 9.1 version. A simple rate control was employed to achieve an approximately constant service rate. We used a restricted version of the scalable high profile, where CABAC and 8x8 transform feature had been switched off. The random access point (RAP) interval is 1.1 seconds. The test sequence “Soccer” with duration of 30 seconds was selected for simulations. For SVC, we encoded two scalable layers. In particular, a base layer which provides QVGA at 15 frames per second (fps), and an enhancement layer increasing the quality up to VGA at 30 fps. The SVC stream is compared with a single layer stream which provides VGA at 30 fps and a slightly lower quality in terms of PSNR. The PSNR measurement was used for evaluation of the video quality. In case of frame losses, freeze frame error concealment is used, where the last decoded picture is just copied. For SVC, in case only the enhancement layer gets lost, the up scaled QVGA layer was used for PSNR calculation. A summary of the encoding parameters for SVC and simulcast can be found in Table 1.
Table 1: Encoding parameters for single layer and SVC stream

	
	Quality
	bit rate
	PSNR VGA

	SVC
	

	H.264/AVC

Base layer
	QVGA 15fps
	421 kbps
	37.6 dB

29.1 dB (up scaled)

	SVC

Enhancement layer
	VGA 30fps
	679 kbps
	35.1 dB

	Single layer 
	

	H.264/AVC
	VGA 30fps
	998 kbps
	34.9 dB


With the selected encoding, the additional QVGA service comes with an overhead compared to single layer VGA of 11% using SVC. The two quality layers are transmitted in two different bursts, the second immediately following the other. Figure 7 illustrates such a scheduling, where the red arrows show the layer dependencies and thew green show the additional protection introduced by the LA-FEC. The source block size for FEC generation is aligned to the RAP frequency of 1.1 seconds.
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Figure 7: Transmission of base (QVGA@15fps) and enhancement layer (VGA@30fps) in different time-sliced bursts, the second immediately following the other.

5 Simulation results

The simulations in this section employ a video broadcast  over a TU6 DVB-H taking slow fading (Shadowing) into account. The overall service bit rate (including source and parity data) had been fixed to 1682 kbps. The code rates for the different resolutions were adjusted in order to fully utilize the available service bit rate (depending on the media bit rate) and different code rates (equal (EEP) and unequal error protection (UEP)) were chosen. The most promising settings are summarized in Table 2. The single layer curve was included as a reference. The performance of the different settings over the TU6 channel including shadowing is presented in Figure 8 in terms of PSNR and in Figure 9 in terms of erroneous seconds ration (ESR). The ESR measure shows the ratio with frame loses. For layered transmission the ESR only takes losses in the base layer into account.
Table 2: The best code rate (CR) distribution across layers (QVGA+VGA) at a fixed service bit rate of 1682 kbps. 

	
	CR QVGA
	CR VGA

	AVC SingleLayer (VGA)
	0.6074
	0.6074

	SVC Raptor EEP    (QVGA+VGA)
	0.6720
	0.6720

	SVC Raptor UEP    (QVGA+VGA)
	0.6300
	0.7100
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Figure 8: Average PSNR value for a VGA receiver using different FEC and LA- FEC settings in comparison to a single layer AVC setting at a fixed bit rate of 1682 kbps in a TU6 channel including shadowing at a Doppler Frequency of 10Hz and a FEC source block length aligned to the RAP interval of 1.1s.
The results in Figure 8 show, that for standard FEC the UEP setting performs better than the EEP. Using LA-FEC the best performance is the EEP setting, which outperforms the standard FEC UEP setting. Considering PSNR over C/N, the LA-FEC EEP setting shows almost the same performance than the single layer (AVC Raptor) setting. In terms of ESR, (see Figure 9), this LA-FEC EEP even shows a better performance than the AVC Raptor.
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Figure 9: Average Erroneous Second Ration value of the different FEC schemes at a Doppler frequency of 10Hz in a TU6 channel taking into account fast fading.

6 Summary and Proposal
In the given exemplary simulations for a DVB-H channel, Layer-Aware FEC (LA-FEC) improves the performance of the SVC broadcast service. With LA-FEC, the SVC (QVGA+VGA) services performance comes very close to the single layer H.264/AVC (VGA) curve and even outperforms the single layer curve in terms of ESR. However, it has to be proven, that a similar performance can be reached within the 3GPP MBMS system.

It has been shown, that the Layer-aware FEC can be easily integrated in the existing Raptor specification [1].
We propose to integrate the LA-FEC approach into a potential new work item for Improved video services as a promising and possibly required complement to layered video transmission, e.g. SVC. 
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