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1. Introduction
Use case and solutions for Graceful Degradation in bad signal reception area is described in current TR26.904[1]. However the solutions are effective only when some essential signal may still be received by the UE. In an event when the signal is completely blocked, such as in a tunnel or in shadowing area, the UE may experience heavy data loss, and flickering or freezing of screen may be resulted in. A straight-forward method to overcome such burst loss is applying interleaving technique to spread out the loss across long period of time and recover the loss. The trade-off is that it will require large size de-interleaving buffer, in consequence, the initial start-up time (i.e. channel zapping time) will be unbearably large. 
For example, in order to spread out 2 seconds of burst loss and make the overall loss rate less than 10%, it will require at least 20 seconds (=2/20) of buffering and interleaving. This also means that at least 20 seconds of stream switching time will be required.
This document presents an efficient Burst Resilient Coding (BRC) method using scalable video coding. This method does not require large buffering or interleaving. The aim of this method is to protect low-bit rate important data, such as SVC base layer, voice or control messages, from burst loss, hence low quality video or voice may continuously be played out. Our preliminary evaluation result showed that the proposed FEC coding method enhances resilience to burst loss without increasing transmission bit rate or stream switching time.
2. Burst Resilient Coding Method
Figure 1 describes the proposed Burst Resilient Coding (BRC) method using the timing diagram of frames.
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Figure 1. Burst Resilient Encoding
In Figure 1, it is assumed that the size of GoP is 6 frames (=4 enhancement + 2 base), and the FEC protection period is 1 GoP (=0.5 seconds). Therefore the FEC source blocks (FEC Block-1 ~ FEC Block-5) are produced at every period of GoP.
It is also assumed that the intended maximum length to protect from burst loss is L, which is 2 GoP length in the figure. In order to protect low bit-rate data, such as SVC base layer in the example, the data distanced for L length are fetched and redundantly inserted into current source block to calculate the FEC data. For example in the figure, the FEC Block-1 ~ FEC Block-5 are initially produced using the GoP frames. In addition to this, the base layer data of i31 and p32 in the GoP-3 is inserted into FEC Block-1 (forward direction), and also optionally into FEC Block-5 (backward direction), if 2*L length bi-directional protection is required. Both the forward and backward protection can be used, or either one of them is selectively applied. FEC calculation, such as Raptor coding, is performed using the source blocks to produce the FEC data.
Note that the redundantly inserted base layer data (e.g. i31 and p32) are used only for FEC calculation. When the video frames and FEC data are transmitted via radio link, i31 and p32 are removed from the FEC Block-1 and FEC Block-5, and the base layer data are transmitted only once in their own GoP-3 period, t9~t12. Therefore, this method does not increase the transmission bit rate. The FEC coding ratio (=k/n) is slightly increased due to the redundantly inserted base layer data, however the overall resilience to burst loss is enhanced with the redundancy.
Figure 2 describes the recovery process in an event when burst loss occurs during the period of GoP-3 transmission.
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Figure 2 Burst Loss Recovery
In Figure 2, it is assumed that the UE is capable of buffering the video frames at least for L period (or 2*L period if both the forward and backward protection were configured). When the burst loss of GoP-3 is detected, the UE builds FEC Block-1 from the buffer. The FEC Block-1 contains GoP-1 frames and FEC-1 data, however i31 and p32 are empty due to the loss. The UE performs Raptor decoding and recovers i31 and p32, and substitutes low quality video at the frame time of t9 ~ t12. When the backward protection was configured, the UE waits for receiving GoP-5 and builds FEC Block-5 so as to recover i31 and p31.
It is noted when an enhancement frame is damaged, the original source block must be rebuilt. Therefore, both the current base frames and base frames in L time late (or advancing) GoP must be collected together to build the FEC source block and perform Raptor decoding. 

3. Performance Evaluation
In this section, the PSNR performance of the proposed Burst Resilient Coding (BRC) is evaluated against AVC simulcast. Harbor CIF and 4CIF sequences are encoded with the JSVM 13.1. Table 1 summarizes detail of the sample file specification.
	Codec
	AVC
	SVC

	
	AVC main
	AVC low-quality
	Enhancement Layer
	Base Layer

	Resolution /
Frame Rate
	4CIF/30Hz
	CIF/30Hz
	4CIF/30Hz
	CIF/30Hz

	PSNR [dB]
	35.6
	26.4
	35.5
	26.5

	Source File (=k)

bit-rate [kbit/s]
	4628
	1284.6
	4068.9
	1283.7

	
	5921.6
	5352.6

	FEC Rate

[kbit/s]
	592
	1161

	Output Rate (=n)

(source+FEC)
	6513.6
	6513.6

	FEC Code Rate

(=k/n)
	0.91
	0.82


Table 1. Harbor Sample Sequence
Note that the source bit-rate of H.264/AVC encoded Harbor is higher (=5921.6 kbps) than SVC (=5352.6 kbps) due to disparity of coding efficiency. Therefore, FEC packets are added accordingly to produce identical output rate (=6513.6kbps). The protection period of FEC is 1 GoP length (=0.5 seconds), of which the size of GoP is 16 frames in 30Hz frame rate. The FEC source block and Raptor coding as specified in TS 26.346[2] are applied. Following 4 cases of burst recovery are evaluated.
Case 1: AVC simulcast 
Case 2: Burst resilient AVC simulcast
Case 3: Typical SVC
Case 4: Burst resilient SVC
In the case 1, the AVC low-quality frames are transmitted with AVC main frames. In an event of burst loss, both the high quality frames and the low-quality frames are lost.

In the case 2, the similar method as Burst Resilient Coding is applied to AVC simulcast. The low-quality frames are delayed L (=3 seconds) period than AVC main frames. In an event of burst loss, the AVC main frames are substituted by undamaged low-quality frames.
In the case 3, typical method of FEC encoding on SVC stream is used. 

In the case 4, the Burst Resilient Coding as explained in section 2 is applied. The base frames are redundantly inserted into FEC source blocks of L time late GoPs. 
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Figure 3 Hypothetical Burst Loss Model

Figure 3 shows hypothetical burst loss model used in the evaluation. The loss model consists of 6 peaks of bursts of which the burst duration is 2~5 seconds. PSNR performances of the 4 recovery cases are evaluated as increasing the average background PLR (Packet Loss Rate) from 1% to 20%.
Figure 4 shows PSNR variation of the Case 3 (Typical SVC) and the Case 4 (Burst Resilient SVC) along the timeline of 226 GoP sequences. The average PLR is 10%, and FEC ratio added to the two streams are 21%. It is observed that the typical SVC stream (blue line) loses video quality completely at all 6 places of burst loss events. However the Burst Resilient SVC (red line) showed only a half drops of video quality when the burst length is less than L. 
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Figure 4  PSNR variations in the case of Burst Resilient SVC and Typical SVC
Figure 5 shows the PSNR variation of the Case 2 (Burst Resilient AVC) and the Case 4 (Burst Resilient SVC). It is observed that AVC simulcast (blue line) exhibits similar burst resilience at the burst loss events when the lost AVC frames are substituted by low-quality frames. However, due to the coding inefficiency of simulcast and relative weak protection of FEC (10%), AVC simulcast showed frequent drops of video quality. Note that the quality drops and flickering of screen becomes unbearably large as the PLR is increased. The Burst Resilient SVC (red line) showed only a few drops at the burst loss events.
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Figure 5  PSNR variations in the case of Burst Resilient SVC and Burst Resilient AVC
Figure 6 shows overall comparison of the 4 encoding cases over the range of PLR from 1% to 20%. The graph shows that average PSNR of the two cases of AVC simulcast (Case 1 and Case 2) drop completely at 15% PLR, although the Burst Resilient AVC (red dots) showed 1dB ~ 2dB higher PSNR than the typical AVC simulcast (blue dots). The other two cases (Case 3 and Case 4) of SVC maintain the initial PSNR until 10% packet loss and begin descending thereafter. 
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Figure 6
Finally it is noted that the case of AVC single layer is not considered in this evaluation because it is not feasible to apply similar burst resilient technique into single stream AVC. Interleaving technique may be used for single stream AVC, however it will require large size buffer of at least 10 times L in order to cope with burst losses of 2~5 seconds. Hence the case is precluded in this evaluation.
4. Conclusion 
In this document, use case, solution and evaluation result of Burst Resilient Coding based on scalable coding technique is presented. The evaluation results showed scalable video coding is effective to overcome burst loss when combined with the proposed Burst Resilient Coding method. It will significantly reduce flickering or freezing of screen in the shadowing area, and improve quality of user experience. Therefore, based on the discussion, we propose to include the used case, solution and evaluation result in current TR 26.904[1].
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