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1. Introduction
3D video mobile services require high channel capability and bandwidth in contrast to 2D services. However, under poor channel condition, it is very difficult to guarantee quality of service for 3D video services. From time to time, for certain periods of time, communication becomes almost impossible so that the receiver experiences burst loss of packets.  Even for the case, service should be continued by converting full 3D video service to low quality service such as low quality 2D video service. This document presents a use case of graceful degradation against burst loss in MBMS. 
2. Use Case

Mobile network conditions are time-varying as time and location changes. In order to guarantee quality of video service under the low signal strength area, 3D video service quality may have to be lowered  even by converting to 2D video service.  Also if users want to be provided 2D services, they should be able to convert to 2D service immediately. One important objective of current study item M3DVC (Mobile 3D Video Coding) is to continue evaluation of the video coding technologies regarding the potential service requirements [1]. For the 2D cases, use case and solutions for Graceful Degradation in bad signal reception area is described in current TR26.904 [2]. 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. 

Use case: The UE may encounter burst packet loss, which is much more severe than usual random packet loss which can be protected by FEC (Forward Error Correction). 3D services are continued even in very poor quality of service. 

Figure 1: Examples of Burst Loss Case
3. Working Assumption
· Channel condition is time-varying in terms of available bitrate, packet loss rate, and packet delay. Sometimes, communication is almost impossible for very short periods. · 3D video contents can be encoded in scalable fashion so that a 3D video contents can be encoded into multiple streams of different significance. 
· Multiple streams of a 3D video content can be delivered by using multiple channels which are different logically or physically. 


4. Solution

This section presents an efficient Burst Resilient Coding (BRC) method using scalable video coding. A case of scalable 2D video service is explained and the concept can be extended for 3D video service under the working assumption that a 3 D video content is encoded into multiple bitstream of different significance. This method does not require large buffering or interleaving to overcome heavy burst loss. A straight-forward method to overcome 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. 
The aim of this method is to protect low-bit rate important data, such as SVC base layer, voice or control messages, from heavy burst loss, hence low quality video or voice may continuously be played out. 

Figure 2 describes the proposed Burst Resilient Coding (BRC) method using the timing diagram of frames.
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Figure 2. Burst Resilient Encoding

In Figure 2, 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 3 describes the recovery process in an event when burst loss occurs during the period of GoP-3 transmission.
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Figure 3 Burst Loss Recovery

In Figure 3, 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. 

5. Summary 
When UE goes to poor signal area, it needs to change 3D service to 2D video service adaptively. In the area such as tunnel or shadowing area, heavy burst loss which the signal is completely blocked may occur. The burst resilient coding method has been presented as one solution to overcome the situation. 

6. Proposal 

In this document, use case and solution based on scalable coding technique are presented. Based on the discussion, we propose that the technical report includes the follows such as one use case and 3 working assumptions.  

· Use case: The UE may encounter burst packet loss, which is much more severe than usual random packet loss which can be protected by FEC(Forward Error Correction). 3D services are continued even in very poor quality.

· Working assumption 1: Channel condition is time-varying in terms of available bitrate, packet loss rate, and packet delay. Sometimes, communication is almost impossible for very short periods. 
· Working assumption 2: 3D video contents can be encoded in scalable fashion so that 3D video contents can be encoded into multiple streams of different significance. 
· Working assumption 3: Multiple streams of a 3D video content can be delivered by using multiple channels which are different logically or physically. 

References

[1] S4-110548, “3GPP™ Study Item Description”
[2] 3GPP TR 26.904 V1.0.0 (2010-12), “Improved Video Coding Support (Release 10).”
1

image2.png




image3.wmf

image4.wmf

image5.png




image6.wmf

image7.png




image8.wmf

image9.wmf

image10.png




image11.png
FameTime |t1 2 t3 t4 |65 6 &7 8 |9 w0 w1 ez |u3 w4 a5 46 |a7 s a9 w0 |en
GoP-1 GoP-2 GoP-3 Gop-4 GoP-5
O o AONNY b AN el AORY oy (e ]
Enhancement [[11 B12 P13 B14 |21 B22 P23 B24 |31 B32 P33 B34 141 B42 P43 B44 |51 B52 P53 BS4
o (i ] T T T/JK T
T i \T T 14 T I T N N
Base i1 pl2 21 p22 41 p42 i51 ps2

L = burst protection length

111

B12

P13

B14

forward

i11

FEC-1

-L

p12 insertion

S ———— e ——

L = burst protection length

FEC Block -

1

T T 1 151

i i 852
! ! Ps3

i i backward B54)

| | iserion 51 p52
I : -
i |

1 1 >
S -

G FEC3
FEC Block - 3 FEC Block - 5




image12.png
FameTime |61 t2 e3¢ |65 t6 &7 8 |19 #10 e11 12 |13 114 e15 t16 |t17 118 t19 t20 |e21
Gop-1 Gop-2 Gop-4 ‘ GoP-5
O o fw Y lalaN f'/w RN O f'/n r'\\\q =lan ~ K]
Enhancement [[11 B12 P13 B14 |21 B22 P23 B24 4 141 B42 P43 B44 [IS1 BS2 P53 BS4
o (i T /]\ T/JK T
T‘/ \,T T/ T N ( N
Base i1 p12 21 p22 i41 p42 i51 pS2
! L = burst protection length L = burst protection length
v Fht—————— = v
11 i ] I51
B12 i i B52
P13 | Do | P53
B14 forward il i_ | t i backward B54
i1 p12 recovery ! T recovery i51 ps2
| |
- : I -
! |
fFmmmooosm- 4
FEC-1 | FEC2 | FEC-3

FEC Block - 1 FEC Block - 3 FEC Block - 5




image1.wmf

