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1 Introduction

This contribution proposes H.264 back channel syntax to provide feedback information from the decoder side to the encoder side Note that even though the back channel syntax is specified in the form of SEI message, VCEG has not yet decided how to convey the message. 

The proposed back channel message has the following characteristics:

· Long term reference pictures are considered.
· Picture level and macroblock level losses can be signaled.
· The loss of consecutive frames / part of frames is possible.
· Any geometry of macroblock loss can be described using 3 possible representations depending on this geometry.
· Data partitioning is considered.
· Sequence and picture parameter set are considered.
Interlace coding is not considered.
More than one instance of the defined feedback messages can be aggregated as each SEI NAL unit may contain one or more SEI message payloads. 

2 Back channel message 

2.1 Syntax

	back_channel_msg( payloadSize ) {
	C
	Descriptor

	
msg_type
	5
	ue(v)

	
if( msg_type = = 0 ) { // last good reference picture
	
	

	

long_term_ref_flag 
	5
	u(1)

	

last_good_ref_pic_id
	5
	u(v)

	
} 
	
	

	
else if ( msg_type = = 1 ) { // picture-level loss
	
	

	

num_lost_ref_pics_minus1
	5
	ue(v)

	

first_lost_ref_pic_frame_num
	5
	u(v)

	
}
	
	ue(v)

	
else if( msg_type = = 2 ) { // macroblock-level loss
	
	

	

ref_pic_frame_num
	5
	u(v)

	

data_partition_idc
	5
	u(2)

	

lost_mb_map_type
	5
	ue(v)

	

num_mb_sets_minus1
	5
	ue(v)

	

if( lost_mb_map_type  = =  0 ) 
	
	

	


for( i = 0; i < num_mb_sets_minus1; i++ ) {
	
	

	



mb_run_length_minus1[ i ]
	5
	ue(v)

	



mb_set_lost_flag[ i ]
	5
	u(1)

	


}
	
	

	

else if(lost_mb_map_type  = =  1 )
	
	

	


for( i = 0; i < num_mb_sets_minus1; i++ ) {
	
	

	



mb_top_left[ i ]
	5
	ue(v)

	



mb_bottom_right[ i ]
	5
	ue(v)

	


}
	
	

	

else if( lost_mb_map_type  = =  2 ) 
	
	

	


for( i = 0; i < PicSizeInMBs; i++ )
	
	

	



mb_set_lost_flag[ i ]
	5
	ue(v)

	
}
	
	

	
else if ( msg_type = = 4 ) { // parameter set incorrectness
	
	

	

num_ incorrect_seq_parameter_set_minus1
	5
	ue(v)

	

for( i = 0; i < = num_seq_parameter_set_minus1; i ++) 
	
	

	


incorrect_seq_parameter_set_id[ i ]
	5
	ue(v)

	

num_pic_ incorrect_parameter_set_minus1
	5
	ue(v)

	

for( i = 0; i < = num_pic_parameter_set_minus1; i ++) 
	
	

	


incorrect_pic_parameter_set_id[ i ]
	5
	ue(v)

	
}
	
	

	
else if ( msg_type = = 5 )  // separate parameter set CRC
	
	

	

num_seq_parameter_set_crc_minus1
	5
	ue(v)

	

for( i = 0; i < = num_seq_parameter_set_minus1; i ++) {
	
	

	


seq_parameter_set_id[ i ]
	5
	ue(v)

	


seq_parameter_set_crc[ i ]
	5
	u(16)

	

}
	
	

	

num_pic_parameter_set_crc_minus1
	5
	ue(v)

	

for( i = 0; i < = num_pic_parameter_set_minus1; i ++) {
	
	

	


pic_parameter_set_id[ i ]
	5
	ue(v)

	


seq_parameter_set_crc[ i ]
	5
	u(16)

	

}
	
	

	
}
	
	ue(v)

	
else if ( msg_type = = 6 )  // all parameter sets CRC
	
	

	

crc_all_parameter_sets
	5
	u(16)

	}
	
	


2.2 Semantics 

msg_type indicates the type of the feedback message, as shown in the following table. 

	msg_type
	back channel message

	0
	To signal the latest reference picture that has been correctly decoded

	1
	To signal the one or more consecutive reference pictures that are entirely or partially lost

	2
	To signal the lost macroblocks of one reference picture

	3
	To request a “reset” from the encoder as if no in-band data has even been transmitted (all the parameter sets in-band transmitted should be resent, an IDR picture should be sent)

	4
	To signal that a number of sequence or picture parameter sets are incorrect according to the decoder’s knowledge

	5
	To signal the separate CRC information for a number of sequence or picture parameter sets

	6
	To signal the CRC information of all the sequence and picture parameter sets including the un-initialized ones


long_term_ref_flag indicates whether the reference in question is a long-term reference picture (when equal to 1) or a short-term reference picture (when equal to 0). 

last_good_ref_pic_id indicates the frame_num (when long_term_ref_flag is equal to 0) or long_term_frame_idx (when long_term_ref_flag is equal to 1) of the last correctly decoded reference picture. 

num_lost_ref_pics_minus1 plus 1 indicates the number of consecutive reference pictures that have been entirely or partially lost. 

first_lost_ref_pic_frame_num indicates the frame_num of the first reference picture in the consecutive reference pictures that have been entirely or partially lost.

ref_pic_frame_num indicates the frame_num of the reference picture whose macroblock based loss map is transmitted by the current message. 
data_partition_idc indicates all data (when data_partition_idc is equal to 0), data partition A (when data_partition_idc is equal to 1), data partition B (when data_partition_idc is equal to 20) or data partition C (when data_partition_idc is equal to 3) of the macroblocks signaled in the current message is lost. 

lost_mb_map_type indicates the type of the macroblock set map. Type 0 specifies macroblock sets containing macroblocks consecutive in raster scan order, type 1 specifies one or more sets of macroblocks covering rectangular regions and one macroblock set covering the leftover region, type 2 specifies an explicit assignment of each macroblock to a macroblock set. 
num_mb_sets_minus1 plus 1 indicates the number of macroblock sets in the macroblock loss map. 

mb_run_length_minus1[ i ] plus 1 indicates the number of consecutive macroblocks in raster scan order in the ith macroblock set. 
mb_top_left[ i ] and mb_bottom_right[ i ] specify the macroblock addresses of the top-left and bottom-right macroblocks, respectively, of the rectangular region represented by the ith macroblock set. These rectangular regions are lost.
mb_set_lost_flag[ i ] indicates whether the macroblocks contained in the ith macroblock set are lost (when the value is equal to 1) or not (when the value is equal to 0). 
num_ incorrect_seq_parameter_set_minus1 plus 1 indicates the number of sequence parameter sets that are incorrect. 

seq_ incorrect_parameter_set_id[ i ] indicates the seq_parameter_set_id of the ith incorrect sequence parameter set.

num_ incorrect_pic_parameter_set_minus1 plus 1 indicates the number of picture parameter sets that are incorrect. 

pic_ incorrect_parameter_set_id[ i ] indicates the pic_parameter_set_id of the ith incorrect picture parameter set.

num_seq_parameter_set_crc_minus1 plus 1 indicates the number of cyclic redundancy check (CRC) codes in the current message for sequence parameter sets. A CRC code is calculated for the sequence parameter set NAL unit in question. 

seq_parameter_set_id[ i ] indicates the seq_parameter_set_id of the sequence parameter set whose CRC code is signaled by seq_parameter_set_crc[ i ].

seq_parameter_set_crc[ i ] indicates the ith CRC code in the current message for sequence parameter sets.

num_pic_parameter_set_crc_minus1 plus 1 indicates the number of cyclic redundancy check (CRC) codes in the current message for picture parameter sets. A CRC code is calculated for the picture parameter set NAL unit in question.

pic_parameter_set_id[ i ] indicates the pic_parameter_set_id of the picture parameter set whose CRC code is signaled by pic_parameter_set_crc[ i ].

pic_parameter_set_crc[ i ] indicates the ith CRC code in the current message for picture parameter sets.

crc_all_parameter_sets indicates the CRC code of all the 32 sequence parameter sets and 256 picture parameter sets. The data based on which the CRC code is calculated is the concatenation of all the 32 sequence parameter sets NAL units (in increasing order of seq_parameter_set_id) and then all the 256 picture parameter sets (in increasing order of pic_parameter_set_id). For any sequence parameter set or picture parameter set that has never been received, the NAL unit is assumed to be one octet with the value being equal to the seq_parameter_set_id or pic_parameter_set_id.

3 Some guidelines for decoder and encoder operations

· A feedback message should be sent as soon as a loss or an error is detected. 

· The reception of a redundant slice SHOULD be considered as that the covered macroblocks (MBs) of the corresponding primary picture are received. It is the encoder’s duty not to send redundant slices of bad quality compared to the primary pictures. 

· If frame_num_gap_allowed_flag equals to 1, the decoder SHOULD use other ways, e.g. using the sub-sequence SEI message, instead of frame_num, to detect reference picture loss.

· In case a SPS or PPS is reported being incorrect, and the SPS or PPS has been updated before the encoder side receives the feedback report, the latest updated SPS or PPS should be sent to the decoder side. 

4 Description of loss scenarios and corresponding BC message

These examples are intended to explain how the losses of macroblocks can be described with the proposed message.

Let’s assume that the encoder has 6 reference frames, 4 short terms, 2 long terms in the reference list as described in the figure below. The BC messages are sent to the encoder as soon as the decoder detects a loss. 
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4.1 Scenario 1: Loss of a complete frame (short term)
Let’s assume that ST7 is lost. 

· 2 messages are sent by the decoder:

· msg_type = 1

· num lost_ref_pics_minus1 = 1

· first_lost_ref_pic_frame_num = 7

· msg_type = 0

· long_term_ref_flag = 0

· first_lost_ref_pic_frame_num = 8

· The encoder is able to encode the current frame using LT1, ST4, ST5, LT2.

4.2 Scenario 2: Loss of an entire frame (long term)

Let’s assume that LT2 is lost.

· 2 messages are sent by the decoder:

· msg_type = 1

· num lost_ref_pics_minus1 = 1

· first_lost_ref_pic_frame_num = 6

· msg_type = 0

· long_term_ref_flag = 0

· first_lost_ref_pic_frame_num = 7

· The encoder is able to encode the current frame using LT1, ST4, ST5. 

4.3 Scenario 3: Loss of several consecutive frames
Let’s assume that ST4, ST5, LT2, ST7 are lost.
· 2 messages are sent by the decoder:

· msg_type = 1

· num lost_ref_pics_minus1 = 4

· first_lost_ref_pic_frame_num = 4

· msg_type = 0

· long_term_ref_flag = 0

· first_lost_ref_pic_frame_num = 8

· The encoder knows that frame ST3 is no more in the reference list, but LT1 (which was encoded before ST3) still belongs to the reference list. Thus; the encoder is able to encode the current frame using LT1.

4.4 Scenario 4: Loss of parts of a frame: consecutive macroblocks
· Let’s assume parts of ST7 are lost
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· Message:

· msg_type = 2

· ref_pic_frame_num = 7

· data_partition_idc = 0

· lost_mb_map_type = 0

· num_mb_sets_minus1 = 3          

· mb_run_length_minus1[0] = 100

· mb_set_lost_flag[0] = 0

· mb_run_length_minus1[1] = 99

· mb_set_lost_flag[1] = 1

· mb_run_length_minus1[2] = 70

· mb_set_lost_flag[2] = 0

· MB between 100 and 199 are lost. The encoder is able to encode the current frame using LT1, ST4, ST5, LT2, and parts of ST7 and ST8 (taking into account that errors in frame 7 might have been spread all over ST7 and ST8, due to both spatial and temporal predictions). 

4.5 Scenario 5: Loss of parts of a frame: non consecutive macroblocks
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· Let’s assume parts of ST7 are lost - loss of top-left > bottom-right macroblocks

· Message:

· msg_type = 2

· ref_pic_frame_num = 7

· data_partition_idc = 0

· lost_mb_map_type = 1

· num_mb_sets_minus1 = 2   

· mb_top_left[0] = ‘A’

· mb_bottom_right[0] = ‘B’

· mb_top_left[1] = ‘C’

· mb_bottom_right[1] = ‘D’

· The encoder is able to encode the current frame using LT1, ST4, ST5, LT2, and parts of ST7 and ST8 (taking into account that errors in frame 7 might have been spread all over ST7 and ST8, due to both spatial and temporal predictions).

4.6 Scenario 6: Loss of parts of a frame: non consecutive macroblocks
· Let’s assume parts of ST7 are lost – any geometrical loss

· Message:

· msg_type = 2

· ref_pic_frame_num = 7

· data_partition_idc = 0

· lost_mb_map_type = 2

· num_mb_sets_minus1 = -
· mb_set_lost_flag[0] = 0

· …

· mb_set_lost_flag[n] = 1

· The encoder is able to encode the current frame using LT1, ST4, ST5, LT2, and parts of ST7 and ST8. 
_1196667296.vsd
LOST AREA



_1196668379.vsd
LOST AREA


A


B


C


D



_1196665500.vsd
LT1


ST3


ST4


ST5


LT2


ST7


ST8


Current frame (to be encoded)


Available ref frame


Not available ref frame



