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1. Introduction
There are increasing demands for video services delivered not only through wired networks but also through wireless networks in which the terminals are constantly moving, resulting in the network conditions varying as the time and location of the terminals move and change. The variation of the network conditions may also result in varying packet error rates, throughputs, and packet delays that may easily distort the media data delivery and may result in video users having bad experiences. Moreover, the terminals in broadcast services cannot be adapted individually when they enter difficult reception conditions; thus, they can experience abrupt service severances with consecutive or burst packet errors. In order to prevent these errors, a minimum level of acceptable quality should be guaranteed by providing graceful degradation that can be realized using the view scalability in the video or the differentiation of the transmission robustness in different sections of the video streams, which is referred to as unequal error protection (UEP; e.g. base layer or I frame in a GoP must be protected for minimum level of service; see Figure 1) [1]. The proposed redundancy for the minimum level of service can be below 1%. Moreover, the amount of redundancy can be controlled. 

[bookmark: _GoBack]This contribution proposes a method and the header formats that are suitable for exclusive OR (XOR) operational application layer forward error correction (AL-FEC) for graceful degradation using UEP that have small costs in terms of redundancies and low operational complexities according to the XOR operation. One drawback of using the proposed method is its delay; however, this method is effective for stored video broadcasting and real time broadcasting that allows a few seconds delay. For example, one application that can tolerate delays is the 1D interleaved parity FEC defined in Request for Comments (RFC) 6015 distributed by the Internet Engineering Task Group (IETF) [2]. Another application is the hybrid AL-FEC defined in the Digital Video Broadcasting (DVB)-IPTV as an optional method in which the 1D interleaved parity FEC is used for the outer layer of the FEC (the base or first layer) while the Raptor code FEC is used for the inner layer of the FEC (the enhancement or second layer) in order to synergistically improve both FECs by using the iterative back and forth method [3]. 

The proposed method is similar to the method described in references [2] or [3] in that the method uses the XOR operation to generate parities, but there are significant differences as follows. The proposed method can have less than 1% redundancy for a minimum level of service and it can provide a double protection effect through the doubling of the XOR operation for each target packet or frame (see Figures 1 and 2). Moreover, the proposed method provides more powerful loss recovery for the XOR operation because it uses only two operands for the XOR operation while references [2] or [3] use three or more operands.

2. Double XOR Operational AL-FEC for Graceful Degradation in MBMS
Figure 1 shows the conceptual encoding timing diagram for the XOR operational AL-FEC for graceful degradation in a MBMS system. For example, an XOR FEC packet (e.g. F3) can be generated via the XOR operation of two basic frames (e.g. I frames such as i11 and i51) located in two different group of pictures (GoPs; e.g. GoP-1 and GoP-5). The XOR FEC packet can be located at the end of the GoP that is located in a suitable position above the two GoPs. All other XOR FEC packets can be generated and located using the same method as that for F3 as described above. In hybrid AL-FEC described in the previous section the Raptor style AL-FEC functions as an inner AL-FEC while the XOR FEC functions as an outer AL-FEC. If a loss packet does not appear, then the receiver can ignore the XOR FEC packets located at the last position of the GoP in the same manner as they ignore the Raptor style AL-FEC packets.

In order to calculate the amount of increased redundancy for the XOR AL-FEC in graceful degradations using scalable video coding (SVC), the following SVC data can be prepared. Undoubtedly, the following numeric can be adapted to suit various needs, but it can be assumed this as an example of a practical case. The test stream consists of four layers: a 320 x 240 ‘Base Layer’ (L0), a 640 x 480 ‘Enhanced Layer’ Q0 (L1), a 640 x 480 ‘Enhanced Layer’ Q1 (L2), and a 640 x 480 ‘Enhanced Layer’ Q2 (L3). The bitrates were 476 kbps for L0, 301 kbps for L1, 2600 kbps for L2, and 5559 kbps for L3; thus, the total rate was 8936 kbps. Given this numeric, the portion of the base layer in the total stream is below five percent (i.e. 476/8936 = 5%). However, this percent can be adjusted for the capacity of the last position in a GoP in MBMS.



Figure 1. Conceptual encoding timing diagram for the XOR operational AL-FEC for graceful degradation in MBMS systems.

Figure 2 shows the encoding and generation of the XOR operational AL-FEC for graceful degradation when the SVC base layer is protected by the XOR FEC. For example, the ‘Base_6,0’ packet in the center of the figure can be protected using double FECs (e.g. FEC-4 and FEC-8), which is called forward loss protection (FLP) and backward loss protection (BLP) as expressed in equations (1) and (2) where the subscript 6 in these equations indicates the GoP-6 and subscript 0 indicates the base layer (see Figure 2).

FEC-4 = Base_6,0 (XOR) Base_2,0 			(FLP)			         	(1)
FEC-8 = Base_6,0 (XOR) Base_10,0 			(BLP)			         	(2)

The resulting XOR FECs, FEC-4, and FEC-8, from the FLP and BLP for ‘Base_6,0’ are located at the end of GoP-4 and GoP-8, respectively in the source blocks. Undoubtedly, the XOR FEC generation at the start and end positions of the GOPs are somewhat different from those in the middle positions as shown in Figure 2 (e.g. GoP-1, GoP-2, etc.). 



Figure 2: Encoding and generation of the XOR operational AL-FEC for graceful degradation when the SVC base layer is applied



The XOR operation is performed in bit-wise manner, thus the length of the two operands of the XOR should be the same, but the length of the SVC basic frames are usually different (e.g. as per the I frames lengths of i11 and i51 in Figure 1). Therefore, as Figure 3 illustrates, there are two methods for aligning the lengths of the two operands: one is joining several consecutive frames and cutting them (join and cut method), and the other is padding the shorter frame to the longer frame (padding method). In the join and cut method, an I frame can be joined with consecutive P or B frames in advance video coding (AVC). However, in the padding method, the shorter I frame can be padded to make it the same length as its longer counterpart. As an example, Figure 3 shows the join and cut method for the GoP-2 and GoP-6, and the corresponding header format is shown in Figure 4(a); whereas Figure 4(b) illustrates the padding method in an XOR AL-FEC header format example.





Figure 3: Two methods for aligning the lengths of the two operands: one joins several consecutive frames and cuts them (join and cut method), and the other pads the shorter frame to make it the same 
as the longer frame (padding method)




Figure 4: Examples of the header format for the XOR operational AL-FEC for graceful degradation


Figure 5 shows a loss recovery example for consecutive packet losses (e.g. GoP-4 to GoP-7) for the losses of the XOR-FEC packets as well as for the information packets using the XOR AL-FEC for graceful degradation. This situation can occur frequently when the client terminal enters in a tunnel, moves behind buildings, and enters other difficult reception areas. As shown in the figure, only the base layers protected by the XOR-FEC can be recovered; thus, the video quality is lower than that with full layers (e.g. base and enhanced layers 1, 2, 3). However, it can protect display disconnections and thus enhance the service quality and user experience. The recovery processes for the base layer in the loss packets can be performed using following equations (see also Figure 5).

Base_4,0 = Base_2,0 (XOR) FEC-2 		(FLP)  			                        (3)
Base_5,0 = Base_1,0 (XOR) FEC-3 		(FLP)			                        (4)
Base_6,0 = Base_10,0 (XOR) FEC-8 		(BLP)   		                        (5)
Base_7,0 = Base_11,0 (XOR) FEC-9 		(BLP)			                        (6)





Figure 5: Loss recovery example for consecutive packet losses for the XOR-FEC packets as well as for the data packets using the XOR operational AL-FEC for graceful degradation.


Figure 6 shows a loss recovery example for the XOR operational AL-FEC for graceful degradation in a hybrid AL-FEC. In the figure, the XOR AL-FEC acts as an outer AL-FEC and is assisted by the Raptor style AL-FEC acting as an inner AL-FEC. If the outer XOR-FEC packet cannot recover the loss packets, the inner Raptor style AL-FEC recovers the XOR-FEC packet and then it enables the outer one to recover the base layer packets, as shown in the figure.



Figure 6: Loss recovery example for the XOR operational AL-FEC for graceful degradation in a hybrid 
AL-FEC: the XOR AL-FEC is an outer AL-FEC that is being assisted by an Raptor 
style AL-FEC as an inner AL-FEC


3. Conclusion
This contribution proposes a method and suitable header formats for the exclusive OR (XOR) operational application layer forward error correction (AL-FEC) for graceful degradation using a UEP that has small costs in terms of redundancies and low operational complexities through the implementation of the XOR operation. The simple examples presented in this contribution demonstrate that the proposed method can work well in burst loss situations; furthermore, with this method and header format, it is possible to use various types of XOR AL-FECs. 


References

[1] 3GPP TR 26.9xy V0.1.0 (2011-08), “Mobile 3D Video Coding (Release 11).”
[2] Begen, A., “RTP Payload Format for 1-D Interleaved Parity”, RFC 6015, October 2010.
[3] Begen, A. and T. Stockhammer, "Guidelines for Implementing DVB-IPTV Application-Layer Hybrid FEC Protection", Work in Progress, December 2009.
1

oleObject1.bin
�

Frame Time


t1


t2


t3


t4


t5


t6


t7


t8


t9


t10


t11


t12


t13


t14


t15


t16


t17


t18


t19


t20


GoP-1


GoP-2


GoP-3


GoP-4


GoP-5


Packet Time


Enhancement


Base


I11


B12


P13


B14


i11


p12


FEC


F1


I21


B22


P23


B24


i21


p22


F2


I31


B32


P33


B34


i31


p32


F3


XOR


I41


B42


P43


B44


i41


p42


F4


I51


B52


P53


B54


i51


p52


F5


�

B12�

�

P13�

I11


�

B14�

i11


p12�

F1


�

�

B32�

I31


�

P33�

�

B34�

i31


p32�

F3


�

...�

...�


image2.emf
Frame Time

t1 t2

t3 t4

t5 t6

t7 t8

t9t10

t11t12

t13t14

t15t16 t17t18

t19t20

GoP-1 GoP-2 GoP-3 GoP-4 GoP-5

Packet Time

Packet

(Conceptual)

Enh3,2

Enh3,1

Bas3,0

Enh1,2

Enh1,1

Bas1,0

Enh5,2

Enh5,1

Bas5,0

Enh2,2

Enh2,1

Bas2,0

Enh4,2

Enh4,1

Bas4,0

GoP-6 GoP-7 GoP-8 GoP-9 GoP-10

Enh8,2

Enh8,1

Bas8,0

Enh6,2

Enh6,1

Bas6,0

Enh10,2

Enh10,1

Bas10,0

Enh7,2

Enh7,1

Bas7,0

Enh9,2

Enh9,1

Bas9,0

FEC-1

XOR

FEC-2

XOR

FEC-3

XOR

FEC-4

XOR

FEC-5

XOR

FEC-6

XOR

FEC-7

XOR

FEC-8

XOR

FEC-9

XOR

FEC-10

XOR

P-FEC

packet 

...

...

...

... ...

...


oleObject2.bin
Frame Time


t1


t2


t3


t4


t5


t6


t7


t8


t9


t10


t11


t12


t13


t14


t15


t16


t17


t18


t19


t20


GoP-1


GoP-2


GoP-3


GoP-4


GoP-5


Packet Time


Packet
 (Conceptual)


Enh3,2


Enh3,1


Bas3,0


Enh1,2


Enh1,1


Bas1,0


Enh5,2


Enh5,1


Bas5,0


Enh2,2


Enh2,1


Bas2,0


Enh4,2


Enh4,1


Bas4,0


GoP-6


GoP-7


GoP-8


GoP-9


GoP-10


Enh8,2


Enh8,1


Bas8,0


Enh6,2


Enh6,1


Bas6,0


Enh10,2


Enh10,1


Bas10,0


Enh7,2


Enh7,1


Bas7,0


Enh9,2


Enh9,1


Bas9,0


FEC-1


XOR


FEC-2


XOR


FEC-3


XOR


FEC-4


XOR


FEC-5


XOR


FEC-6


XOR


FEC-7


XOR


FEC-8


XOR


FEC-9


XOR


FEC-10


XOR


P-FEC
packet 


...�

...�

...�

...�

...�

...�


image3.emf
P-frame I-frame

Packet 0

GoP 2

FEC Symbols

...

Parity frame 4:



P-frame B-frame B-frame

Packet 1 Packet 2 Packet 4 Packet 5

B-frame

Packet 3

P-frame I-frame

Packet 26

B-frame

Packet 27 Packet 28

B-frame

Packet 29

GoP 6

GoP Pairs

For XOR operation

(e.g., GoP-2 and GoP-6, 

GoP-3 and GoP-7,  etc.)

FEC Header

: Headers

Attach to the end of 

GoP-4 


oleObject3.bin
�

P-frame�

I-frame


GoP Pairs
For XOR operation
(e.g., GoP-2 and GoP-6, GoP-3 and GoP-7,  etc.)


Attach to the end of GoP-4 �

P-frame�

Packet 0�

GoP 2


FEC Symbols�

�

...�

Parity frame 4:�

B-frame�

B-frame�

Packet 1�

Packet 2�

Packet 4�

Packet 5�

B-frame�

Packet 3�

P-frame�

I-frame


Packet 26�

B-frame�

GoP 6


Packet 27�

Packet 28�

B-frame�

Packet 29�

FEC Header�

�

: Headers�

�

�

�

�

�

�

�

�

�

�


image4.emf
Num Packet=3 Packets 0, 1, 26

Packet 0 Length for XOR

Packet 1 Length for XOR

Packet 26 Length for XOR

Num Packet=2 Packets 0, 26

Packet 0 Length for XOR

Packet 26 Length for XOR

(a) Join and Cut Method                                           (b) Padding Method


oleObject4.bin
�

Num Packet=3�

Packets 0, 1, 26�

Packet 0 Length for XOR�

Packet 1 Length for XOR�

Packet 26 Length for XOR�

Num Packet=2�

Packets 0, 26�

Packet 0 Length for XOR�

Packet 26 Length for XOR�

(a) Join and Cut Method                                          (b) Padding Method�


image5.emf
Frame Time

t1 t2

t3 t4

t5 t6

t7 t8

t9t10

t11t12

t13t14

t15t16 t17t18

t19t20

GoP-1 GoP-2 GoP-3 GoP-4 GoP-5

Packet Time

Packet

(Conceptual)

Enh3,2

Enh3,1

Bas3,0

Enh1,2

Enh1,1

Bas1,0 Bas5,0

Enh2,2

Enh2,1

Bas2,0 Bas4,0

GoP-6 GoP-7 GoP-8 GoP-9 GoP-10

Enh8,2

Enh8,1

Bas8,0 Bas6,0

Enh10,2

Enh10,1

Bas10,0 Bas7,0

Enh9,2

Enh9,1

Bas9,0

FEC-1

XOR

FEC-2

XOR

FEC-3

XOR

FEC-8

XOR

FEC-9

XOR

FEC-10

XOR

P-FEC

packet 

... ... ... ... ...


oleObject5.bin
Frame Time


t1


t2


t3


t4


t5


t6


t7


t8


t9


t10


t11


t12


t13


t14


t15


t16


t17


t18


t19


t20


GoP-1


GoP-2


GoP-3


GoP-4


GoP-5


Packet Time


Packet
 (Conceptual)


Enh3,2


Enh3,1


Bas3,0


Enh1,2


Enh1,1


Bas1,0


Bas5,0


Enh2,2


Enh2,1


Bas2,0


Bas4,0


GoP-6


GoP-7


GoP-8


GoP-9


GoP-10


Enh8,2


Enh8,1


Bas8,0


Bas6,0


Enh10,2


Enh10,1


Bas10,0


Bas7,0


Enh9,2


Enh9,1


Bas9,0


FEC-1


XOR


FEC-2


XOR


FEC-3


XOR


FEC-8


XOR


FEC-9


XOR


FEC-10


XOR


P-FEC
packet 


...�

...�

...�

...�

...�


image6.emf
Frame Time

t1 t2

t3 t4

t5 t6

t7 t8

t9t10

t11t12

t13t14

t15t16 t17t18

t19t20

GoP-1 GoP-2 GoP-3 GoP-4 GoP-5

Packet Time

Packet

(Conceptual)

Enh3,2

Enh3,1

Bas3,0

Enh1,2

Enh1,1

Bas1,0

Enh5,2

Enh5,1

Bas5,0

Enh2,2

Enh2,1

Bas2,0

Enh4,2

Enh4,1

Bas4,0

GoP-6 GoP-7 GoP-8 GoP-9 GoP-10

Enh8,2

Enh8,1

Bas8,0

Enh6,2

Enh6,1

Bas6,0

Enh10,2

Enh10,1

Bas10,0

Enh7,2

Enh7,1

Bas7,0

Enh9,2

Enh9,1

Bas9,0

FEC-1

XOR

FEC-2

XOR

FEC-3

XOR

FEC-4

XOR

FEC-5

XOR

FEC-6

XOR

FEC-7

XOR

FEC-8

XOR

FEC-9

XOR

FEC-10

XOR

P-FEC

packet 

...

...

...

... ...

Recover by Inner 

FEC (e.g., Raptor 

style)

Ret. 3

Recover by Inner 

FEC (e.g., Raptor 

style)


oleObject6.bin
Frame Time


t1


t2


t3


t4


t5


t6


t7


t8


t9


t10


t11


t12


t13


t14


t15


t16


t17


t18


t19


t20


GoP-1


GoP-2


GoP-3


GoP-4


GoP-5


Packet Time


Packet
 (Conceptual)


Enh3,2


Enh3,1


Bas3,0


Enh1,2


Enh1,1


Bas1,0


Enh5,2


Enh5,1


Bas5,0


Enh2,2


Enh2,1


Bas2,0


Enh4,2


Enh4,1


Bas4,0


GoP-6


GoP-7


GoP-8


GoP-9


GoP-10


Enh8,2


Enh8,1


Bas8,0


Enh6,2


Enh6,1


Bas6,0


Enh10,2


Enh10,1


Bas10,0


Enh7,2


Enh7,1


Bas7,0


Enh9,2


Enh9,1


Bas9,0


FEC-1


XOR


FEC-2


XOR


FEC-3


XOR


FEC-4


XOR


FEC-5


XOR


FEC-6


XOR


FEC-7


XOR


FEC-8


XOR


FEC-9


XOR


FEC-10


XOR


P-FEC
packet 


...�

...�

...�

...�

...�

Recover by Inner FEC (e.g., Raptor style)


Ret. 3


Recover by Inner FEC (e.g., Raptor style)



image1.emf
Frame Time

t1 t2

t3

t4

t5 t6

t7

t8

t9 t10

t11

t12

t13 t14

t15

t16 t17 t18

t19

t20

GoP-1 GoP-2 GoP-3 GoP-4 GoP-5

Packet Time

Enhancement

Base

I11 B12

P13 B14

i11

p12

F1

I21 B22

P23

B24

i21

p22

F2

I31 B32

P33 B34

i31

p32

F3

I41 B42

P43

B44

i41

p42

F4

I51 B52

P53 B54

i51

p52

F5 FEC

XOR

B12

I11

P13

B14

i11 p12

F1

B32

I31

P33

B34

i31 p32

F3

...

...



1


 


 


3GPP TSG


-


SA4 


#6


6


 


Tdoc S4


-


110


918


 


7


-


1


1


 


November


, 


201


1, 


Je


j


u Island


, 


South Korea


 


 


Agenda item:


 


 


 


7


 


Source:


 


 


 


ETRI


 


Title: 


 


 


 


Double XOR Operational AL


-


FEC for Graceful Degradation


 


in MBMS


 


Document for


 


 


Discussion


 


1


. 


Introduction


 


There are increasing demands for video services delivered not only through wired networks but also through 


wireless networks in which the terminals are constantly moving, resulting in the network conditions varying 


as 


the time and location of the terminals move and change. The variation of the network conditions may also result 


in varying packet error rates, throughputs, and packet delays that may easily distort the media data delivery and 


may result in video users h


aving bad experiences. Moreover, the terminals in broadcast services cannot be 


adapted individually when they enter difficult reception conditions; thus, they can experience abrupt service 


severances with consecutive or burst packet errors. In order to pre


vent these errors, a minimum level of 


acceptable quality should be guaranteed by providing graceful degradation that can be realized using the view 


scalability in the video or the differentiation of the transmission robustness in different sections of the 


video 


streams, which is referred to a


s unequal error protection (UEP


;


 


e.g. base layer or I frame in a GoP must be 


protected 


for m


inimum level of service


;


 


see Figure 1


) [1]. 


T


h


e


 


proposed 


redundancy


 


for 


the 


minimum level of 


service can be below 1%. Moreover,


 


the amount of redundancy


 


can be controlled


.


 


 


 


This contribution proposes 


a 


method and 


the 


header formats that are suitable for exclusive OR (XOR) 


operational application layer forward error correction (AL


-


FEC) for graceful degradation using UEP that 


have


 


small costs in terms of redundancies and low operational complexities according to the XOR operation.


 


O


ne 


drawback of using 


th


e proposed


 


method is 


its


 


delay; however, this method is effective for stored video 


broadcasting and real time broadcasting that al


lows a few seconds delay.


 


For example, one 


application that can 


tolerate delays


 


is 


the 


1D interleaved parity FEC defined in Request for Comments (RFC) 6015 distributed by 


the 


Internet Engineering Task Group (IETF)


 


[2]. Another application is 


the 


hybrid AL


-


FEC defined in 


the 


Digital 


Video Broadcasting (DVB)


-


IPTV as an optional method in which 


the 


1D interleaved parity FEC 


is 


used for the 


outer layer of 


the 


FEC (the base or first layer) while 


the 


Raptor code FEC 


is 


used for the inner layer of 


the 


FEC 


(the enh


ancement or second layer) 


in order 


to 


synergistically


 


improve


 


both 


FECs


 


by 


using 


the iterative back and 


forth method [3]. 


 


 


The proposed method is similar 


to 


the method described in 


references 


[2] or [3] 


in 


that the method uses 


the 


XOR 


operation to 


generate parities


,


 


but there are 


significant 


differences as follows. The proposed method can have 


less than


 


1% 


redundancy


 


for 


a 


minimum level of service and 


it 


can provide 


a 


double protection effect 


through 


the doubling of the


 


XOR operation 


for each 


target


 


packet


 


or frame


 


(see Figures 1 and 2)


. Moreover, the 


proposed method 


provides 


more powerful loss recovery for the XOR operation because it uses only two 


operands for the XOR operation while 


references 


[2] or [3] 


use 


three


 


or more operands.


 


 


2


. 


Double 


XOR Operational AL


-


FEC for Graceful 


Degradation in 


MBMS


 


Figure 1 shows the conceptual encoding timing diagram for the XOR operational AL


-


FEC for graceful 


degradation in a MBMS system. For example, an XOR FEC packet (e.g. F3) can be generated via the XOR 


op


eration of two basic frames (e.g. I frames such as i11 and i51) located in two different group of pictures (GoPs; 


e.g. GoP


-


1 and GoP


-


5). The XOR FEC packet can be located at the end of the GoP that is located in a suitable 


position above the two GoPs. All 


other XOR FEC packets can be generated and located using the same method 


as that for F3 as described above. 


In hybrid AL


-


FEC described in the previous section the Raptor 


style AL


-


FEC 


functions as an inner AL


-


FEC while the XOR FEC functions as an outer AL


-


F


EC. 


If a loss packet does not 


appear, then the receiver can ignore the XOR FEC packets located at the last position of the GoP in the same 
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