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1. Introduction
The video-source layers generated by scalable video coding (SVC) have different significance. Forward error correction (FEC) is applied to combat wireless channel error with the manner of unequal error protection (UEP) usually. However the more added FEC bit in rateless codes (i.e., raptor code) can make the communication condition worse by the additional parity bits. This document proposes a network coding (NC) scheme to provide UEP for different priority level of SVC data transfer without additional resources. 

It is difficult that optimized UEP for individual users in multicast and broadcast. Thus, important base layer (BL) in SVC requires a more robust protection. We enhance any type of FEC performance by using proposed NC method in wireless transmission systems.

2. Prioritized Network Coding
For Cooperative Multi-Point (CoMP) transmission scheme [1], in general, each source points (e.g. eNB or Remote Radio Head (RRH)) cooperate to reduce inter-cell interference (ICI). However, frame timing synchronization among source points is required [2], which adds more complexity in communication system. This document considers spatial multiplexing (SM) coding for CoMP in case that synchronization is unavailable. When SM is applied for scalable video, enhanced layers (ELs) need base layer (BL) for decoding itself. If BLs transmitted from each source points can not be decodable at UE, received ELs can not be decodable even if ELs are successfully transferred. 

This document proposes an NC method to recover more significant video-layers than less ones by send the previous data using XOR operation. If EL data and XOR-ed data are successfully transmitted, we can decode more significant data (e.g., the BL) using both two data. This XOR-typed NC enhances graceful degradation under same channel error condition because it does not require additional bits to transmit.
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Figure 1: The prioritized NC scheme for SVC to provide UEP.

The SM based CoMP using prioritized NC operations (XOR) in Figure 1 is a target system. One of the source points transmits data using Galois Field Network Coding (GFNC) [3]. For example, the video data divided into three layers (one Base Layer (BL), two enhancement layers (EL1, EL2)). One of the source points does network coding as follows: BL, BL
[image: image2.emf]EL1 and BL
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[image: image4.emf]EL2. And it is sent to the UE. After the XOR-operated data are transmitted to UE, and then UE decodes the data received from source points. Decoding process uses simple XOR operation.
3. Working Assumption
· The SVC stream consists of several source layers from the first layer to the M-th layer in decreasing order of importance in terms of video quality.
· Each source points for CoMP cannot be synchronized.

· UE is equipped with multiple receiving antennas for spatial multiplexing.

4. Simulation and Analysis

A source node (e.g., eNB) generates video data and the assumed relay node (e.g., RRH) is located in any middle of source nodes and destination (i.e., UE). The transmission between nodes is assumed as Rayleigh flat fading channel and OFDM system. All nodes have two antennas for the transmission and receiving. Simulation environment is shown at Table 1.
Table 1. Simulation Parameters

	Parameter
	Value
	Parameter
	Value

	Video sequence
	Football
	Channel Coding
	Convolutional coding

(Code rate = 1/2)

	Codec
	H.264 SVC – JSVM v.9.19.7
	FFT size
	64

	GOP
	16
	Channel length
	8

	Resolution
	352x288 (CIF)
	Cyclic prefix 
	7

	Layer
	BL     QP = 38   FR = 30

EL1    QP = 34   FR = 30

EL2    QP = 30   FR = 30
	Decoder
	Viterbi 

	Channel
	Rayleigh flat fading
	MIMO
	Spatial Multiplexing

	Modulation
	QPSK
	
	


Figure 2 illustrates the bit error rate (BER) of relay-based cooperative MIMO-OFDM system which considering dependency of SVC data. It compares the BER performance of non-coding (indicated as ‘Traditional BL/EL1/EL2’) and prioritized NC (‘Proposed BL/EL1/EL2’) for SVC video layers. Figure 2 shows the overall BER of BL, EL1, EL2 for the two compared methods under spatial multiplexing scheme. It indicates that the prioritized NC for SVC layered video techniques has superior performance. Figure 3 shows the corresponding PSNR performance of each scheme which is calculated by the BERs in Figure 2. The prioritized NC has better performance than non-coded case over all channel condition (i.e., SNR). The PSNR in the SNR range of 3~15dB, performance gains can be found. In particular, SNR 7~11dB section shows an average PSNR gain of 7.
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	Figure 2. BER comparison of network coding scheme and non-coded scheme.
	Figure 3. PSNR comparison of network coding scheme and non-coded scheme.


5. Summary 
When the SVC data is transmitted over wireless communication channels, UEP concept is helpful for the graceful degradation. The FEC scheme requires additional redundancy, but it makes the transmission condition worse. On the contrary of FEC methods, the prioritized NC method does not require additional bit data. For an improvement of FEC in wireless relay systems, a prioritized NC is proposed to transmit the SVC video-layers in order to improve video quality for the SVC data in the viewpoint of graceful degradation. 

6. Proposal 
In this document, use case and solution based on scalable coding technique are presented. Based on the discussion, we propose the following use case and working assumptions.  
· Use case: Prioritized NC in Figure 1 is used to improve and stabilize the quality of SVC layered video. The UEP by prioritized NC is based on the significance of SVC layers. 
· Working assumption 1:  The SVC stream consists of several source layers from the first layer to the M-th layer in decreasing order of importance in terms of video quality.

· Working assumption 2: Each source points for CoMP cannot be synchronized

· Working assumption 3: UE is equipped with multiple receiving antennas for spatial multiplexing.
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