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[Ed. Notes:

· Modifications relative to JVT-E146d0

· Semantics of nal_storage_idc clarified to state that all pictures with value different to zero are stored in the decoded picture buffer, and not just the ones used as reference pictures. This is because pictures that are stored only for re-ordering can not be discarded by a dumb network element as they affect the operation of the sliding window. A parameter mark_as_used_for_prediction is added to ref_pic_buffer_management( ) to indicate whether the stored picture should be marked as “used for prediction”.

· Renamed the reset mmco command as “mark all pictures as unused for prediction”, and added an mmco command “remove all pictures from buffer”.

· Removed all references to short term buffer and long term buffer, and renamed reference picture buffer as decoded frame buffer.

· Changed operation of the short term picture buffering to be frame based rather than field based.

· Clarified operation of sliding window. Three definitions are provided. A selection will need to be made.

End Ed. Notes]

0.1.1 Slice header syntax

slice_header( ) {
Category
Descriptor


pic_parameter_set_id
4
ue(v)


frame_num
4
u(v)


pic_structure
4
ue(v)


first_mb_in_slice
4
u(v)


slice_type_idc
4
ue(v)


if( pic_order_cnt_type  = =  0 )





pic_order_cnt
4
u(v)


else if( pic_order_cnt_type  = =  1 )





delta_pic_order_cnt
4
se(v)


if( redundant_slice_flag )





redundant_pic_cnt
4
ue(v)


if( slice_type_idc  = =  BiPred )





direct_spatial_mv_pred_flag
4
u(1)


num_ref_idx_active_override_flag
4
u(1)


if( num_ref_idx_active_override_flag ) {





if( slice_type_idc  = =  Pred  | |  slice_type_idc  = =  SPred  | |  



slice_type_idc  = =  BiPred ) {






num_ref_idx_l0_active_minus1
4
ue(v)




if( slice_type_idc  = =  BiPred )







num_ref_idx_l1_active_minus1
4
ue(v)



}




}




ref_idx_reordering( )
4



if( ( weighted_pred_flag  &&  


( ( slice_type_idc  = =  Pred )  | |  ( slice_type_idc = = SPred ) ) )  | |


( weighted_bipred_explicit_flag  &&  


( slice_type_idc  = =  BiPred ) ) )





pred_weight_table( )
4



ref_pic_buffer_management( )
4



slice_qp_delta
4
se(v)


if( slice_type_idc  = =  SPred  | |  slice_type_idc  = =  SIntra ) {





if( slice_type_idc  = =  SPred )






sp_for_switch_flag
4
u(1)



slice_qp_s_delta  
4
se(v)


}




if( filter_parameters_flag  = =  1 ) {





disable_deblocking_filter_flag
4
u(1)



if( !disable_deblocking_filter_flag ) {






slice_alpha_c0_offset_div2
4
se(v)




slice_beta_offset_div2
4
se(v)



}




}




if( num_slice_groups_minus1 > 0  &&  


mb_allocation_map_type >= 4  &&  


mb_allocation_map_type <= 6)





slice_group_change_cycle
4
u(v)

}



0.1.1.1 Reference index reordering syntax

ref_idx_reordering( ) {
Category
Descriptor


if( slice_type( )  ! =  Intra && slice_type( )  ! =  SIntra ) { 





ref_idx_reordering_flag_l0
4
u(1)



if( ref_idx_reordering_flag_l0 ) {






do {







remapping_of_pic_nums_idc
4
ue(v)





if( remapping_of_pic_nums_idc  = =  0  | |





remapping_of_pic_nums_idc  = =  1 )








abs_diff_pic_num_minus1
4
ue(v)





else if( remapping_of_pic_nums_idc  = =  2 )








long_term_pic_idx
4
ue(v)




} while( remapping_of_pic_nums_idc  ! =  3 )





}




}




if( slice_type( )  = =  BiPred ) {





ref_idx_reordering_flag_l1
4
u(1)



if( ref_idx_reordering_flag_l1 ) {






do {







remapping_of_pic_nums_idc
4
ue(v)





if( remapping_of_pic_nums_idc  = =  0  | |





remapping_of_pic_nums_idc  = =  1 )








abs_diff_pic_num_minus1
4
ue(v)





else if( remapping_of_pic_nums_idc  = =  2 )








long_term_pic_idx
4
ue(v)




} while( remapping_of_pic_nums_idc  ! =  3 )





}




}



}



0.1.1.2 Prediction weight table syntax

pred_weight_table( ) {
Category
Descriptor


luma_log_weight_denom
4
ue(v)


chroma_log_weight_denom
4
ue(v)


for( i =0; i <= num_ref_idx_l0_active_minus1; i++ ) {





luma_weight_flag_l0
4
u(1)



if( luma_weight_flag_l0 ) {






luma_weight_l0[ i ]
4
se(v)




luma_offset_l0[ i ]
4
se(v)



}





chroma_weight_flag_l0
4
u(1)



if( chroma_weight_flag_l0 )






for( j =0; j < 2; j++ ) {







chroma_weight_l0[ i ][ j ]
4
se(v)





chroma_offset_l0[ i ][ j ]
4
se(v)




}




}




if( slice_type( )  = =  BiPred ) {





for( i = 0; i<= num_ref_idx_l1_active_minus1num; i++ ) {






luma_weight_flag_l1
4
u(1)




if( luma_weight_flag_l1 ) {







luma_weight_l1[ i ]
4
se(v)





luma_offset_l1[ i ]
4
se(v)




}






chroma_weight_flag_l1
4
u(1)




if( chroma_weight_flag_l1 )







for( j = 0; j < 2; j++ ) {








chroma_weight_l1[ i ][ j ]
4
se(v)






chroma_offset_l1[ i ][ j ]
4
se(v)





}





}





num_custom_bipred_weights
4
ue(v)



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






if( num_ref_idx_l0_active_minus1> 0 )







irp_l0
4
xe(v)




if(num_ref_idx_l1_active_minus1 > 0 )







irp_l1
4
xe(v)




luma_weight_bipred_l0[ irp_l0 ][ irp_l1 ]
4
se(v)




luma_weight_bipred_l1[ irp_l0 ][ irp_l1 ]
4
se(v)




luma_offset_bipred[ irp_l0 ][ irp_l1 ]
4
se(v)




chroma_weight_flag_bipred[ irp_l0 ][ irp_l1 ]
4
u(1)




if ( chroma_weight_flag_bipred[ irp_l0 ][ irp_l1 ] )







for( j = 0; j < 2; j++ ) {








chroma_weight_bipred_l0[ irp_l0 ][ irp_l1 ][ j ]
4
se(v)






chroma_weight_bipred_l1[ irp_l0 ][ irp_l1 ][ j ]
4
se(v)






chroma_offset_bipred[ irp_l0 ][ irp_l1 ][ j ]
4
se(v)




}





}




}



}



0.1.1.3 Reference picture buffer management syntax

ref_pic_buffer_management( ) {
Category
Descriptor


if( nal_storage_idc ! = 0 ) {





mark_as_used_for_prediction
4 | 7
u(1)


}




ref_pic_buffering_mode
4 | 7
u(1)


if( ref_pic_buffering_mode  = =  1 )





do {






memory_management_control_operation
4 | 7
ue(v)




if( memory_management_control_operation  = =  1  | |




memory_management_control_operation  = =  3 )







difference_of_pic_nums_minus1
4 | 7
ue(v)



 
if(  memory_management_control_operation  = =  2  | |






memory_management_control_operation  = =  3 )







long_term_pic_idx
4 | 7
ue(v)




if( memory_management_control_operation  = =  4 )







max_long_term_pic_idx_plus1
4 | 7
ue(v)



} while( memory_management_control_operation  ! =  0  &&





 memory_management_control_operation  ! =  5  &&





 memory_management_control_operation  ! =  6)



}



0.1.2 NAL unit semantics

nal_storage_idc equal to 0 signals that the content of the NAL unit belongs either to a picture that is not stored in the decoded picture buffer, SEI data or Filler data. [Ed.Note: Not sure that the extension by SEI data or Filler Data here is right, but the point is these other types should be mentioned here.] nal_storage_idc shall not be 0 for sequence parameter set or picture parameter set NAL units. If nal_storage_idc is 0 for one slice or data partition NAL unit of a particular picture, it shall be 0 for all slice and data partition NAL units of the picture. nal_storage_idc greater than 0 signals that the content of the NAL unit belongs to a decoded picture that is stored in the reference picture buffer. [Ed.Note: resolve ambiguity between stored decoded and coded data.]

0.1.2.1 Picture parameter set RBSP semantics

pic_parameter_set_id the picture parameter set identifier to be used for reference. The value of pic_parameter_set_id shall be in the range of 0 to 63, inclusive.
seq_parameter_set_id refers to the sequence parameter set that is used with this picture parameter set.
entropy_coding_mode equal to zero indicates VLC and CAVLC (see subclause Error! Reference source not found.), whereas value one indicates CABAC (see subclause Error! Reference source not found.). If CABAC is indicated, the ae(v) entropy coding is used for the assigned syntax elements.

motion_resolution equal to zero indicates 1/4 luma sample accurate motion resolution, and equal to one indicates 1/8 luma sample accurate motion resolution.

adaptive_block_size_transform_flag equal to zero indicates usage of 4x4 transforms for the luma residual, and equal one indicates usage of transforms of size 4x4, 4x8, 8x4, and 8x8 for the luma residual. Clause Error! Reference source not found. specifies modifications as indicated in clause Error! Reference source not found. that are related to syntax, semantics, and decoding process.

num_slice_groups_minus1 the number of slice groups is equal to num_slice_groups_minus1 + 1. If num_slice_groups_minus1 is zero, all slices of the picture belong to the same slice group.

NOTE – One slice group means that no flexible macroblock ordering is applied. If num_slice_groups_minus1 is greater than zero, flexible macroblock ordering is in use.  

mb_allocation_map_type the macroblock allocation map type is present only if num_slice_groups_minus1 is greater than 0. This parameter indicates how the macroblock allocation map is coded. The value of this syntax element shall be in the range of 0 to 6, inclusive. 

mb_allocation_map_type 0 is used to indicate interleaved slices. 

mb_allocation_map_type 1 is used to indicate a dispersed macroblock allocation. 

mb_allocation_map_type 2 is used to explicitly assign a slice group to each macroblock location in raster scan order.

mb_allocation_map_type 3 is used to indicate one or more “foreground” slice groups and a “leftover” slice group. 

mb_allocation_map_types 4, 5 and 6 are used to indicate changing slice groups. num_slice_groups_minus1 shall be 1, when mb_allocation_map_type is 4, 5 or 6. 

If mb_allocation_map_type is 0, the run_length syntax element follows for each slice group. It indicates the number of consecutive macroblocks that are assigned to the slice group in raster scan order. After the macroblocks of the last slice group have been assigned, the process begins again from the first slice group. The process ends when all the macroblocks of a picture have been assigned. 

NOTE - Example: To signal macroblock row interleaving in a QCIF picture (where all even numbered macroblocks are in slice group 0, and all odd numbered macroblocks are in slice group 1), the number of slice groups is two and run_length is 11 for both slice groups.

If mb_allocation_map_type is 1, the macroblock allocation map is formed using the following formula, where n is the number of columns in the picture (in macroblocks) and p is the number of slice groups to be coded. Specifically, macroblock position x is assigned to slice group S according to Equation 7-5.

S(x) = ((x % n) + ((floor(x / n) * p) / 2)) % p
(7-5)

If mb_allocation_map_type is 2, slice_group_id identifies a slice group of a macroblock. The size of the slice_group_id parameter shall be the minumum number of bits required for a fixed-length code to uniquely identify the number of slice groups. [Ed. Note: I’m sure this can be specified more clearly; I think this is the intention, but I do not see it specified anywhere.]

NOTE - slice_group_id is repeated as often as there are macroblocks in the picture.

If mb_allocation_map_type is 3, top_left_mb and bottom_right_mb are specified for each slice_group_id except for the last one. The top_left_mb specifies the top-left corner of a rectangle and bottom_right_mb specifies the bottom-right corner. top_left_mb and bottom_right_mb are indicated as macroblock addresses. The foreground slice group contains the macroblocks that are within the indicated rectangle and that do not belong to any slice group having a smaller slice_group_id. The last slice_group_id is dedicated for the leftover slice group, which contains the macroblocks that are not covered by the foreground slice groups. The leftover slice group shall not be empty. The size of the top_left_mb and bottom_right_mb parameters shall be NumBitsInMbAddress.

If mb_allocation_map_type is 4, 5 or 6, mb_allocation_map_type and slice_group_change_direction indicate the refined macroblock allocation map type according to Table 7‑2. The macroblock allocation map is generated each time the decoder starts decoding of a new picture as described in subclause Error! Reference source not found..

Table 7‑2– Refined macroblock allocation map type

mb_allocation_map_type
slice_group
_change_direction
Refined macroblock allocation map type

4
0
Box-out clockwise

4
1
Box-out counter-clockwise

5
0
Raster scan

5
1
Reverse raster scan

6
0
Wipe right

6
1
Wipe left

slice_group_change_rate_minus1 is the minimum non-zero number of macroblocks by which the size a slice group can change from one picture to the next. The SliceGroupChangeRate variable is specified as follows:

SliceGroupChangeRate = slice_group_change_rate_minus1 + 1
(7-6)

The decoded value of slice_group_change_rate_minus1 shall be in the range of 0 to MaxMbAddress – 1, inclusive.

num_ref_idx_l0_active_minus1 specifies the number of reference pictures minus 1 in the reference list 0 that are used to decode the picture.

num_ref_idx_l1_active_minus1 specifies the number of reference pictures minus 1 in the reference list 1 that are used to decode the picture.

weighted_pred_flag equal to zero indicates that weighted prediction is not applied to P and SP slices.  weighted_pred_flag equal to one indicates that weighted prediction is applied to P and SP slices.

weighted_bipred_explicit_flag equal to zero indicates that explicit weighted prediction is not applied to B slices. weighted_bipred_explicit_flag equal to one indicates that explicit weighted prediction is applied to B slices. weighted_bipred_explicit_flag shall be zero if weighted_bipred_implicit_flag is one.

weighted_bipred_implicit_flag equal to zero indicates that implicit weighted prediction is not applied to B slices. weighted_bipred_implicit_flag equal to one indicates that implicit weighted prediction is applied to B slices.weighted_bipred_implicit_flag shall be zero if weighted_bipred_explicit_flag is one.

slice_qp_minus26 specifies the value of the default QPY for the macroblocks in an I, SI, P, SP, or B slice as specified in Equation 7-7. The value of this syntax element shall be in the range of -26 to +25, inclusive.  

slice_qp_s_minus26 specifies the value of the default QSY for the macroblocks in a SP or SI slice as specified in Equation 7-8. The value of this syntax element shall be in the range of -26 to +25, inclusive.  

redundant_slice_flag indicates the presence of the redundant_pic_cnt [Ed.Note: pic or slice ?] parameter in all slice headers referencing the picture parameter set.

vui_pic_parameters_flag equal to zero specifies that default parameter values for the vui picture parameters shall be applied. [Ed.Note: mention Annex E]

0.1.3 Slice header semantics

pic_parameter_set_id indicates the picture parameter set in use.

frame_num labels the frame. frame_num shall be incremented by 1 for each coded picture in decoding order, in modulo MAX_FN operation, relative to the frame_num of the previous stored frame in decoding order.  An IDR picture shall have frame_num equal to 0.  Both fields of a frame shall have the same frame number. The decoding order of primary coded pictures shall be non-decreasing in frame number order. For non-stored pictures with the same frame number, the decoding order shall be non-decreasing in picture order count. The frame_num serves as a unique ID for each frame stored in the reference picture buffer.  Therefore, a frame cannot be kept in the buffer after its frame_num has been used by another frame unless it has been assigned a long-term frame index as specified below.  No frame_num of a frame to be added to the reference picture buffer shall equal to any other among the short-term frames in the reference picture buffer.  A decoder which encounters a frame number on a current frame having a value equal to the frame number of some other short-term stored frame in the reference picture buffer should treat this condition as an error.

A picture including a memory_management_control_operation equal to 5 (Mark all pictures as “unused for prediction”) or a memory_management_control_operation equal to 6 (“Remove all pictures from buffer”) shall have frame_num as described above, but after processing of the memory_management_control_operations, shall be considered to have frame_num equal to 0.

pic_structure identifies the picture structure according to Table 7‑4.
Table 7‑4 – Meaning of pic_structure

Value of pic_structure
Meaning

0
Progressive frame picture

1
Top field picture

2
Bottom field picture

3
Interlaced frame picture, whose top field precedes its bottom field in time.

4
Interlaced frame picture, whose bottom field precedes its top field in time.

Note that when top field and bottom field pictures are coded for a frame, the one that is decoded first is the one that occurs first in time.

first_mb_in_slice specifies the macroblock address of the first macroblock contained in this slice. The size of the first_mb_in_slice parameter is NumBitsInMbAddress. The value of first_mb_in_slice shall be in the range of 0 to MaxMbAddress, inclusive.

If macroblock-adaptive frame/field decoding is in use, first_mb_in_slice contains a macroblock pair address rather than a macroblock address and the number of macroblocks included in a slice shall be an even number.

slice_type_idc indicates the coding type of the slice according to Table 7‑5.

Table 7‑5 – Meaning of slice_type_idc

Value of slice_type_idc
Prediction type of slice
(slice type)

0
Pred (P slice)

1
BiPred (B slice)

2
Intra (I slice)

3
SPred (SP slice)

4
SIntra (SI slice)

Table 7‑6specifies, which macroblock prediction types are allowed when a slice type is decoded.

Table 7‑6 – Allowed macroblock prediction types for slice_type_idc

Prediction type of slice
(slice type)
Allowed macroblock prediction type

Pred (P slice)
Intra, Pred

BiPred (B slice)
Intra, Pred, BiPred

Intra (I slice)
Intra

SPred (SP slice)
SPred, Intra

SIntra (SI slice)
SIntra, Intra

If adaptive_block_size_transform_flag  = =  1, the use of SI slices and SP slices is not allowed.
pic_order_cnt carries the picture order count coded in modulo MaxPicOrderCnt arithmetic. An IDR picture shall have pic_order_cnt equal to 0. The size of the pic_order_cnt parameter is log2_max_pic_order_cnt_minus4 + 4 bits.

delta_pic_order_cnt signals the picture order count difference compared to the expected picture order count as described in subclause Error! Reference source not found..

redundant_pic_cnt is 0 for coded slices and data partitions belonging to the primary representation of the picture contents. The redundant_pic_cnt is greater than 0 for coded slices and data partitions that contain redundant coded representation of the picture contents. There should be no noticeable difference between the co-located areas of the decoded primary representation of the picture and any decoded redundant slices. Decoded slices having the same redundant_pic_cnt shall not overlap. Decoded slices having a redundant_pic_cnt greater than 0 may not cover the entire picture area.

direct_spatial_mv_pred_flag specifies the method used in the decoding process to determine the prediction values direct prediction. If direct_spatial_mv_pred_flag is set to 0, then direct mode motion parameters are calculated from the picture order count as described in subclause Error! Reference source not found.. Otherwise, if this flag is set to 1, then direct mode motion parameters are calculated using the spatial motion vector prediction technique as described in subclause Error! Reference source not found..

num_ref_idx_active_override_flag equal to zero indicates that the num_ref_idx_l0_active_minus1 and num_ref_idx_l1_active_minus1 specified in the referred picture parameter set are in effect. num_ref_idx_active_override_flag equal to one indicates that the num_ref_idx_l0_active_minus1 and num_ref_idx_l1_active_minus1 specified in the referred picture parameter set are overridden by the following values in the slice header.

num_ref_idx_l0_active_minus1 specifies the number of reference pictures minus 1 in the reference picture list 0 that are used to decode the slice.

num_ref_idx_l1_active_minus1 specifies the number of reference pictures minus 1 in the reference picture list 1 that are used to decode the slice.

slice_qp_delta specifies the value of the QPY for the macroblocks in the slice unless modified by the value of delta_qp in the macroblock layer. From this value, the initial QPY parameter for the slice is computed as:

QPY = 26 + slice_qp_minus26 + slice_qp_delta
(7-7)

The initial decoded QPY parameter shall be in the range of 0 to 51, inclusive. The value of QPY is initialised to the above result and this value is used for the decoding of each macroblock in the slice unless updated by a delta_qp sent in the macroblock layer.

sp_for_switch_flag indicates the decoding process to be used to decode the SP slice.

slice_qp_s_delta is signalled for SP and SI slices. The QSY parameter for the slice is computed as:

QSY = 26 + slice_qp_s_minus26 + slice_qp_s_delta
(7-8)

The value of QSY shall be in the range of 0 to 51, inclusive.  This value of QSY is used for the decoding of all macroblocks in the slice.

disable_deblocking_filter_flag equal to zero specifes that the deblocking filter shall be applied to the edges controlled by the macroblocks within the current slice. If disable_deblocking_filter_flag is 1, Filter_Offset_A and Filter_Offset_B shall both be inferred to be equal to -51. If not present in the slice header the value of this field shall be inferred to be zero.

slice_alpha_c0_offset_div2 specifies the offset used in accessing the α and C0 deblocking filter tables for filtering operations controlled by the macroblocks within the slice. The decoded value of this parameter shall be in the range from -6 to +6, inclusive. From this value, the offset that shall be applied when addressing these tables is computed as:

Filter_Offset_A = slice_alpha_c0_offset_div2 << 1

If not present in the slice header the value of this field shall be inferred to be zero unless disable_deblocking_filter_flag is 1.

slice_beta_offset_div2 specifies the offset used in accessing the β deblocking filter Table for filtering operations controlled by the macroblocks within the slice. The decoded value of this parameter shall be in the range from -6 to +6, inclusive. From this value, the offset that is applied when addressing the β Table of the deblocking filter is computed as:

Filter_Offset_B = slice_beta_offset_div2 << 1

If not present in the slice header the value of this field shall be inferred to be zero unless disable_deblocking_filter_flag is 1.

slice_group_change_cycle ( SliceGroupChangeRateindicates the number of macroblocks in slice group 0. The size of the slice_group_change_cycle field is Ceil(Log2(Ceil(MAX_MB_LOCATION ( SliceGroupChangeRate))). The maximum value of slice_group_change_cycle is Ceil(MAX_MB_LOCATION ( SliceGroupChangeRate).

0.1.3.1 Reference index reordering semantics

The syntax elements remapping_of_pic_nums_idc, abs_diff_pic_num_minus1, and long_term_pic_idx specify the change from the default reference index lists to the reference index lists used for decoding the slice.

ref_idx_reordering_flag_l0 indicates whether the syntax elements remapping_of_pic_nums_idc, abs_diff_pic_num_minus1, and long_term_pic_idx are present for specifying the reference index list 0.

ref_idx_reordering_flag_l1 has the same semantics as ref_idx_reordering_flag_l0 except that the reordering of the reference index list 1 is specified instead of the reference index list 0.

remapping_of_pic_nums_idc together with abs_diff_pic_num_minus1 and long_term_pic_idx indicates which of the reference pictures are re-mapped. The restrictions and the mapping to the code number are specified in Table 7‑7. The number of signalling remapping_of_pic_nums_idc is limited to the num_ref_idx_l0_active_minus1 + 1.

Table 7‑7 – remapping_of_pic_nums_idc operations for re-mapping of reference pictures

Value of remapping_of_pic_nums_idc
Re-mapping Specified

0
abs_diff_pic_num_minus1 is present and corresponds to a negative difference to add to a picture number prediction value

1
abs_diff_pic_num_minus1 is present and corresponds to a positive difference to add to a picture number prediction value

2
long_term_pic_idx is present and specifies the long-term index for a reference picture

3
End loop for re-mapping of reference picture set relative indexing default order

abs_diff_pic_num_minus1 plus 1 indicates the absolute difference between the picture number of the picture being remapped and the picture number prediction value.

long_term_pic_idx indicates the long-term picture index of the picture being remapped. In the case of frame-structured pictures, it shall be less than max_long_term_pic_idx_plus1; while in the case of field-structured pictures, it shall be less than 2 x max_long_term_pic_idx_plus1.

0.1.3.2 Reference picture buffer management semantics

The syntax elements mark_as_used_for_prediction, ref_pic_buffering_mode, memory_management_control_operation, difference_of_pic_nums_minus1, long_term_pic_idx, and max_long_term_pic_idx_plus1 specify the buffering of a stored decoded picture into the decoded frame buffer. Further, the decoded frame buffer can be modified by marking pictures as unused, by assigning long-term pictures indices and by resetting of the decoded frame buffer. The syntax elements mark_as_used_for_prediction, ref_pic_buffering_mode, memory_management_control_operation, difference_of_pic_nums_minus1, long_term_pic_idx, and max_long_term_pic_idx_plus1 shall be identical for all coded slices of a coded picture.
mark_as_used_for_prediction, when equal to 1, indicates that the currently decoded picture is stored in the decoded frame buffer and is marked as “used for prediction”; and when equal to 0, indicates that the currently decoded picture is stored in the decoded frame buffer and is marked as “unused for prediction”.
ref_pic_buffering_mode specifies the buffering mode of the currently decoded picture and specifies how the decoded frame buffer is modified after the current picture is decoded.  The values for ref_pic_buffering_mode are specified in Table 7‑8.

Table 7‑8 – Interpretation of ref_pic_buffering_mode

Value of ref_pic_buffering_mode
Reference picture buffering mode specified

0
Sliding window buffering mode; A simple buffering mode providing a first-in first-out mechanism for pictures that are marked as “used for prediction” and not assigned a long-term index

1
Adaptive buffering mode; A more flexible buffering mode than sliding window buffering mode providing syntax elements that allow pictures to be marked as “unused for prediction”, to assign long-term pictures indices, and to reset the decoded frame buffer.

memory_management_control_operation specifies a control operation to be applied to manage the decoded frame buffer.  The memory_management_control_operation parameter is followed by data necessary for the operation specified by the value of memory_management_control_operation. memory_management_control_operation commands do not affect the buffer contents or the decoding process for the decoding of the current picture. They specify the necessary buffer status for the decoding of subsequent coded pictures.  The values and control operations associated with memory_management_control_operation are specified in Table 7‑9.



If the current picture is not stored in the decoded frame buffer, that is, if nal_storage_idc is 0, the value of the memory_management_control_operation shall not contain any of the following types of memory_management_control_operation commands:

a)
A mark all pictures as “unused for prediction” memory_management_control_operation command,

b)
A remove all pictures from the buffer memory_management_control_operation command,

c)
Any memory_management_control_operation command which marks any other picture as “unused for prediction” that has not also been marked as “unused for prediction” in the ref_pic_buffer_management()of a prior stored picture, or

c)
Any memory_management_control_operation command which assigns a long-term index to a picture that has not also been assigned the same long-term index in the ref_pic_buffer_management()of a prior stored picture.

Table 7‑9 – Memory management control operation (memory_management_control_operation) values

Value of 

memory_management_control_operation
Memory Management Control Operation
Associated Data Fields Following

0
End memory_management_control_operation Loop
None (end of ref_pic_buffer_management())

1
Mark a short-term picture as “Unused for prediction”
difference_of_pic_nums_minus1

2
Mark a long-term picture as “Unused for prediction”
long_term_pic_idx

3
Assign a long-term index to a picture
difference_of_pic_nums and long_term_pic_idx

4
Specify the maximum long-lerm picture index
max_long_term_pic_idx_plus1

5
Mark all pictures as “Unused for prediction”
None

6
Remove all pictures from the buffer
None

difference_of_pic_nums_minus1 is used to assign a long-term index to a short term reference picture or to mark a short-term reference picture as “unused for prediction”.

long_term_pic_idx is used to assign a long-term index to a short term reference picture or to mark a long-term reference picture as “unused for prediction”.

max_long_term_pic_idx_plus1 minus 1 indicates the maximum index allowed for long-term reference frames (until receipt of another value of max_long_term_pic_idx_plus1). The decoder shall initially infer that max_long_term_pic_idx_plus1 is 0 until some other value has been received.

0.1.4 Decoder process for management and use of the decoded frame buffer

0.1.4.1 General

The decoder stores decoded pictures in the decoded frame buffer as indicated by the bitstream. Pictures are stored for prediction of pictures that are subsequent to the current picture in decoding order and/or because their output time is later than their decode time. A picture that is stored for prediction, referred to as a reference picture, is marked as “used for prediction”, and is labelled as either a short term reference picture, in which case it is identified by its frame_number, or is labelled as a long term reference picture, in which case it is identified by its long term index. A picture that is not stored for prediction is labelled as “unused for prediction”. Each stored picture is associated with an output time indication. Pictures are removed from the decoded frame buffer when they are marked as “unused for prediction” and their output time indication is earlier than or equal to the current time.

Reference pictures are addressed through reference indices. When decoding a P or SP slice there is a single list (list 0) of reference picture indices. When decoding a B slice there is a second list (list 1) in addition to list 0 that lists the reference pictures in an order that is independent of the ordering of list 0. Prediction of a block in a B slice may be based on pictures from one or both lists. 

At the beginning of decoding of each slice, the default index order is created using picture numbers and long term indices. This default index order is mapped to an index order according to the remapping_of_pic_nums_idc, abs_diff_pic_num_minus1, and long_term_pic_idx fields. The decoder employs these (remapped) indices when referencing a picture for motion compensation on the macroblock layer. Consequently, each picture has both a default index and a remapped index.

0.1.4.2 Picture Numbering

Picture numbers are used in the decoding process for management and use of the decoded frame buffer for both changing the default indices and for controlling the contents of the decoded frame buffer using memory management control operations.

In frame structured pictures, the picture number, PN, of a frame that has frame number FN, is given by PN = FN

In field structured pictures, the picture number, PN, of a field that has frame number FN, is given by PN = 2 x FN if the field is a top field, and is given by PN = 2 x FN + 1 if the field is a bottom field.


Long term picture indices are also used in the decoding process for management and use of the decoded frame buffer. Long term picture indices are used for assigning a long term index to a short term reference picture, marking a long term reference picture as “unused for prediction”, and for changing the default indices of pictures that have been assigned a long term index.

In frame structured pictures, the long term picture number, LTPN, of a frame that has long-term frame index LTFI, is given by LTPN = LTFI

In field structured pictures, the long term picture number, LTPN, of a field that has long-term frame index LTFI, is given by LTPN = 2 x LTFI if the field is a top field, and is given by LTPN = 2 x LTFI + 1 if the field is a bottom field.

In frame-structured pictures, the parameter MAX_PN is specified to equal MAX_FN, and in field-structured pictures, the parameter MAX_PN is specified to equal 2 x MAX_FN.

0.1.4.3 Default index orders

0.1.4.3.1 General

A reference index is a relative index into a list of reference indices to indicate which reference picture out of the decoded frame buffer is used for motion compensation.  When decoding a P or SP slice, there is one such list of reference indices, called the first reference index list.  When decoding a B slice, there may be two reference indices used per block each pointing into a separate list of reference indices which are called the first reference index list and second reference index list.

The first reference index list and the second reference index list have default mappings to the pictures numbers in the decoded frame buffer as specified below. 

0.1.4.3.2 
Default index order for P and SP slices in frames

The default index order for list 0 prediction of P and SP slices in frames is for the short-term reference frames to precede the long-term reference frames in the reference indexing order.  Within the set of short-term reference frames, the default order is for the frames to be ordered starting with the most recently-decoded reference frame and proceeding through to the short term reference frame that was decoded first (i.e. in decreasing order of frame_num in the absence of wrapping of the frame_num value).  Within the set of long-term reference frames, the default order is for the frames to be ordered starting with the frame with the smallest long-term index and proceeding to the frame with largest long-term index.

A field that is stored in the decoded frame buffer and is marked as “used for prediction” for which the opposite parity field is not stored in the decoded frame buffer or is stored but marked as “unused for prediction” shall not be included in the default index order, shall not be remapped, and shall not be used for prediction in frames.

For example, assuming no wrap of the frame_num field, if the decoded frame buffer contains three short-term reference frames with frame_num equal to 300, 302, and 303 and two long-term reference frames with long-term frame indices 0 and 3, all being marked as “used for prediction”, the default index order is:

default index 0 refers to the short-term reference frame with frame_num 303,

default index 1 refers to the short-term reference frame with frame_num 302,

default index 2 refers to the short-term reference frame with frame_num 300,

default index 3 refers to the long-term reference frame with long-term frame index 0, and

default index 4 refers to the long-term reference frame with long-term frame index 3.

0.1.4.3.3 Default index order for P and SP slices in fields
In the case that the current picture is field-structured, each field of the stored reference frames is identified as a separate reference picture with a unique index. Thus field structured pictures effectively have at least twice the number of pictures available for referencing. The calculated decoding order of reference fields alternates between reference pictures of the same and opposite parity, starting with fields that have the same parity as the current field-structured picture. Figure 8‑6 shows the case of the first field in a field-structured picture pair, while Figure 8‑7 shows the case of the second field. If one field of a reference frame was not decoded or not stored or stored but marked as “unused for prediction”, the decoding order calculation shall ignore the missing field and instead index the next available stored reference field of the respective parity in decoding order. When there are no more short term reference fields of the respective parity, default indices shall be allocated to the not yet indexed fields of the other parity starting with the most recently decoded such field and progressing to the first decoded such field.
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Figure 8‑1 – Default reference field number assignment when the current picture is the first field coded in a frame
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Figure 8‑2 –  Default reference field number assignment when the current picture is the second field coded in a frame

0.1.4.3.4 Default index order for B slices in frames

The organisation of short term reference pictures in the default order for B slices depends on output order, as given by PicOrderCnt.

The default index order for list 0 prediction of B slices in frame-structured pictures is for the short-term reference frames to precede the long-term reference frames in the reference indexing order.  Within the set of short-term reference frames, the default order is for the frames to be ordered starting with the decoded reference frame with the largest value of PicOrderCnt less than the value of PicOrderCnt of the current frame and proceeding through to the short-term reference frame that has the smallest value of PicOrderCnt; and then the frame with the largest value of PicOrderCnt greater than the value of PicOrderCnt of the current frame and proceeding through to the short-term reference frame that has the smallest value of PicOrderCnt greater than the value of PicOrderCnt of the current frame. Within the set of long-term reference frames, the default order is for the frames to be ordered starting with the frame with the smallest long-term index and proceeding to the frame with the largest long-term index.

The default index order for list 1 prediction of B slices in frame-structured pictures is for the short-term reference frames to precede the long-term reference frames in the reference indexing order.  Within the set of short-term reference frames, the default order is for the frames to be ordered starting with the decoded reference frame with the largest value of PicOrderCnt and proceeding through to the short-term reference frame that has the smallest value of PicOrderCnt. Within the set of long-term reference frames, the default order is for the frames to be ordered starting with the frame with the smallest long-term index and proceeding to the frame with the largest long-term index.

The ordinary default order specified in the previous paragraph shall be used as the default index order for list 1 prediction unless there is more than one reference picture in the set and the ordinary default index order for list 1 prediction is the same as the default index order for list 0 prediction.  In this exceptional case, the default index order for list 1 prediction shall be the ordinary default index order with the order of the first two pictures switched.

A field that is stored in the decoded frame buffer and is marked as “used for prediction” for which the opposite parity field is not stored in the decoded frame buffer or is stored but marked as “unused for prediction” shall not be included in the default index order, shall not be remapped, and shall not be used for prediction in frame-structured pictures.

0.1.4.3.5 Default index order for B slices in fields

The default index order for list 0 and list 1 prediction of B slices in field-structured pictures is as for frame-structured pictures except that it is split between even indices for same-parity fields and odd indices for opposite-parity fields.

[Ed. This needs further work to allow for the case of dangling fields in the reference buffer.]

0.1.4.4 Changing the default index orders

0.1.4.4.1 General

The syntax elements remapping_of_pic_nums_idc, abs_diff_pic_num_minus1, and long_term_pic_idx fields allow indexing into the decoded frame buffer to be temporarily altered from the default index order for the decoding of the current slice. A remapping_of_pic_nums_idc "end loop" indication indicates the end of a list of re-ordering commands.

The indices are assigned starting at zero and increasing by one for each remapping_of_pic_nums_idc field. Pictures that are not re-mapped to a specific order by remapping_of_pic_nums_idc, shall follow after any pictures having a re-mapped order in the indexing scheme, following the default order amongst these non-re-mapped pictures.

0.1.4.4.2 Changing the default index orders for short term pictures
abs_diff_pic_num_minus1 plus one indicates the absolute difference between the picture number of the picture being re-mapped and the prediction value. For the first occurence of the abs_diff_pic_num_minus1 field in ref_idx_reordering(), the prediction value is the picture number of the current picture. For subsequent occurences of the abs_diff_pic_num_minus1 field in ref_idx_reordering(), the prediction value is the picture number of the picture that was re-mapped most recently using abs_diff_pic_num_minus1.

The decoder shall determine the picture number of the picture being re-mapped, PNQ, in a manner mathematically equivalent to the following, where the picture number prediction is PNP.

if(remapping_of_pic_nums_idc = = 0)

{
/* a negative difference */

  if(PNP – abs_diff_pic_num_minus1 < 0)

    PNQ = PNP – abs_diff_pic_num_minus1 + MAX_PN - 1;

  else

    PNQ = PNP – abs_diff_pic_num_minus1;

}

else

{
/* a positive difference */

  if(PNP + abs_diff_pic_num_minus1 > MAX_PN-1)

    PNQ  = PNP + abs_diff_pic_num_minus1 – MAX_PN + 1;

  else

    PNQ  = PNP + abs_diff_pic_num_minus1 + 1;

}

The encoder shall control remapping_of_pic_nums_idc and abs_diff_pic_num_minus1 such that the decoded value of abs_diff_pic_num_minus1 shall not be greater than or equal to MAX_PN.

As an example implementation, the encoder may use the following process to determine values of abs_diff_pic_num_minus1 and remapping_of_pic_nums_idc to specify a re-mapped picture number in question, PN:

DELTA = PNQ – PNP;

if (DELTA < 0)

{


if (DELTA < -MAX_PN/2 – 1)



MDELTA = DELTA + MAX_PN;


else



MDELTA = DELTA;

}

else

{


if (DELTA > MAX_PN/2)



MDELTA = DELTA - MAX_PN;


else



MDELTA = DELTA;

}

abs_diff_pic_num_minus1 = abs(MDELTA) – 1;

where abs( ) indicates an absolute value operation.

remapping_of_pic_nums_idc is then determined by the sign of MDELTA.

The prediction value used by any subsequent abs_diff_pic_num_minus1 re-mappings is not affected by long_term_pic_idx.

0.1.4.4.3 Changing the default index orders for long term pictures

The long_term_pic_idx field indicates the index of the long term reference picture being remapped.
0.1.4.5 Overview of decoder process for decoded frame buffer management

The decoded frame buffer contains pictures that are stored either for prediction of pictures that are subsequent to the current picture in the decoding order and/or because their output time is later than their decode time.
A picture that is stored for prediction, referred to as a reference picture, is marked as “used for prediction”, and is labelled as either a short term reference picture, in which case it is identified by its frame_number, or is labelled as a long term reference picture, in which case it is identified by its long term index. A picture that is not stored for prediction is labelled as “unused for prediction”. Each stored picture is associated with an output time indication.
The decoded frame buffer is initially empty, and the value of max_long_term_pic_idx_plus1 shall initially be zero.

At subsequent times, the decoded frame buffer has capacity for max_long_term_pic_idx_plus1 frames to be marked “used for prediction” and allocated long term indices. The allocation of these indices shall be such that no more than max_long_term_pic_idx_plus1 top fields and no more than max_long_term_pic_idx_plus1 bottom fields can be marked “used for prediction” and allocated long term indices.


After allowing for frames that are marked “used for prediction” and allocated long term indices and frames that are marked as “unused for prediction”, the remainder of the decoded frame buffer is available for the storage of short term reference frames

nal_storage_idc equal to 1 indicates that the current picture is stored in the decoded frame buffer, and mark_as_used_for_prediction when equal to 1 indicates that it is to be marked as “used for prediction” and when equal to 0 is marked as “unused for prediction”.

The decoded frame buffer is modified as indicated by ref_pic_buffering_mode, which indicates either "Sliding Window", a first-in, first-out mechanism, or "Adaptive Memory Control", a customised adaptive buffering operation specified with memory_management_control_operation commands. A picture that is stored in the decoded frame buffer and marked as “used for prediction” can be used as a reference for prediction until it is marked as “unused for prediction” by either the "Sliding Window" or "Adaptive Memory Control" mechanism, after which it can not be used as a reference for prediction, although it will remain in the decoded frame buffer if its output time indication is later.

In frame structured pictures, memory_management_control_operation commands apply to both fields of the frame.

In field structured pictures, memory_management_control_operation commands apply to individual fields.
The decoded frame buffer is a buffer that contains frames. Each frame in the buffer may contain a top field, a bottom field, or a top and bottom field, but in the latter case, both must have the same frame_num. In a field structured picture, if a memory_management_control_operation command assigns a long term index to a field, another memory_management_control_operation command to assign the same long term index to the other field of the same frame shall be present in the same ref_pic_buffer_management( ) if that field is stored and marked as “used for prediction”.
0.1.4.6 Timing for decoded frame buffer management

{Ed. This is closely associated with the HRD text, but is included here for completeness of this document. It is an open issue of whether this section will remain here or will be moved to the HRD section and referenced from here. Also the timing terminology needs to be coordinated with the HRD terminology.}

The timing for the management of the decoded frame buffer is as follows.
Step 1:
Before the decoding of the current picture begins, the contents of the decoded frame buffer are inspected. Any frames that are marked as “unused for prediction”, and whose output time indication is later than the decoding time of the current picture, are removed from the decoded frame buffer. In the case of decoded frames consisting of fields, any frames with both fields marked as “unused for prediction”, and whose output time indications are later than the decoding time of the current picture, are removed from the decoded frame buffer.

Step 2:

The picture is then decoded.

Step 3:

The decoded frame buffer is then updated according to either the "Sliding Window" or "Adaptive Memory Control" mechanism as indicated by ref_pic_buffering_mode. In the case of "Adaptive Memory Control", the memory_management_control_operation commands are applied in the order in which they occur in the bitstream.

Step 4:

If nal_storage_idc indicates that the picture is to be stored, the picture is stored in the decoded frame buffer. If the current picture is a frame or the first stored field of a frame, there shall be a completely empty frame in the buffer into which the picture can be stored. If the current picture is the second stored field of a frame, it shall be stored in the same frame as the first field of the frame.
NOTE – If the current picture is to be stored, and space is to be made for it, the space for it to be stored in the decoded frame buffer must be made in step 1 of the current or an earlier picture. Marking a picture as “unused for prediction” in step 3 does not immediately make space for storing the current picture.
0.1.4.7 Sliding window decoded frame buffer management

The "Sliding Window" buffering mode operates as follows when nal_storage_idc indicates that the current picture is to be stored. The "Sliding Window" buffering mode performs no action on the decoded frame buffer otherwise.
In addition, the "Sliding Window" buffering mode actions are only applied to the decoded frame buffer on processing of the first stored field of a frame. No action is taken when processing the second stored field of a frame.
{Ed. A number of possible definitions are given here. It will be necessary to choose one of them – or define another! MN’s preference is for definition 2 (most preferred), then definition 1, then definition 3 (least preferred).}

{Ed. Definition 1: always mark the oldest frame as “unused for prediction”. Sliding window can not be used for building up the buffer of reference pictures – a null list of mmco commands would be used instead.}
If there are no short term reference frames in the decoded frame buffer that are marked as “used for prediction” no action is taken. Otherwise, of the short term reference frames in the decoded frame buffer that are marked as “used for prediction”, the one that was decoded first (i.e. in the absence of wrapping of the frame_num value, the frame with the smallest value of frame_num) is marked as “unused for prediction”.
{Ed. Definition 2: determine whether there is a need to mark a frame as “unused for prediction” by considering only empty frames in the decoded frame buffer. That is, if there are less than two empty frames, mark the oldest as “unused for prediction”. Advantage is that it allows buffer build up, and decouples the sliding window operation from knowledge of when pictures are to be output in the future. Disadvantage is that this is not optimal as it may result in a frame being marked as “unused for prediction” when not absolutely necessary as in the next step 1, a picture may be removed from the buffer due to its being output.}

If there are no short term reference frames in the decoded frame buffer that are marked as “used for prediction” no action is taken. If there are two or more completely empty frames in the decoded frame buffer no action is taken. Otherwise, of the short term reference frames in the decoded frame buffer that are marked as “used for prediction”, the one that was decoded first (i.e. in the absence of wrapping of the frame_num value, the frame with the smallest value of frame_num) is marked as “unused for prediction”.

{Ed. Definition 3: determine whether there is a need to mark a frame as “unused for prediction” by considering empty frames in the decoded frame buffer and the removal of frames in the next step 1 operation. Advantage is that this is near optimal. Disadvantage is that it couples the sliding window operation to knowledge of when pictures are to be output in the future.}

If there are no short term reference frames in the decoded frame buffer that are marked as “used for prediction” no action is taken. If there are two or more completely empty frames in the decoded frame buffer no action is taken. If there will be  two or more completely empty frames in the decoded frame buffer following step 1 processing for the next frame in the bitstream, or the first stored field of the next frame in the bitstream, no action is taken. Otherwise, of the short term reference frames in the decoded frame buffer that are marked as “used for prediction”, the one that was decoded first (i.e. in the absence of wrapping of the frame_num value, the frame with the smallest value of frame_num) is marked as “unused for prediction”.
NOTE – Marking a picture as “unused for prediction” does not necessarily imply removal at the following step 1, as it may be retained for subsequent output.




0.1.4.8 Adaptive Memory Control reference picture buffer management

0.1.4.8.1 General

The "Adaptive Memory Control" buffering mode allows specified or all pictures to be marked as “unused for prediction”, allows specified pictures to be allocated a long term index, allows the maximum long term index to be modified, and allows the whole buffer to be emptied, by use of memory_management_control_operation commands.

memory_management_control_operation commands are processed in the order they occur in the bitstream, and are processed after the whole picture has been decoded. When all commands have been processed, storage of the current picture is considered. When nal_storage_idc is equal to 0, the current picture is not stored in the decoded frame buffer, otherwise it is stored, initially as a short term reference picture. memory_management_control_operation commands in the bitstream shall be such that when nal_storage_idc indicates that the current picture is to be stored, that there shall be sufficient capacity in the buffer to store the current picture.

0.1.4.8.2 Marking short term reference pictures as “unused for prediction”
If memory_management_control_operation equals 1 (Mark a Short-Term Reference Picture as “Unused for prediction”), the specified short term reference picture is marked as “unused”, if that picture has not already been marked as “unused for prediction”.

If the current decoded picture number is PNC, difference_of_pic_nums_minus1 is used in an operation mathematically equivalent to the following equations, to calculate, PNQ, the picture number of the short term picture to be marked as “unused for prediction”.

if(PNC < difference_of_pic_nums_minus1)

  PNQ = PNC – difference_of_pic_nums_minus1 – 1 + MAX_PN;

else

  PNQ = PNC – difference_of_pic_nums_minus1 - 1;

Similarly, the encoder may compute the difference_of_pic_nums_minus1 value to encode using the following relation:

if(PNC < PNQ)

  difference_of_pic_nums_minus1 = PNC – PNQ – 1 + MAX_PN;

else

  difference_of_pic_nums_minus1 = PNC – PNQ - 1;

0.1.4.8.3 Marking of long term reference pictures as “unused for prediction”
If memory_management_control_operation equals 2 (Mark a Long-Term Reference Picture as “Unused for prediction”), a specified long term reference picture is marked as “unused for prediction”, if that picture has not already been marked as “unused for prediction”.

The field long_term_pic_idx indicates the long term picture number, LTPN, of the picture to be marked as “unused for prediction”.


0.1.4.8.4 Allocation of a long term index to a short term reference picture
If memory_management_control_operation equals 3 (Assign a Long-Term Index to a Picture), a specified short term reference picture is allocated a specified long-term index, if that picture has not already been allocated the given long-term index. If the picture specified in a long-term assignment operation is already associated with the required long_term_pic_idx, no action shall be taken by the decoder. The specified short term reference picture is no longer considered as a short term reference picture following the processing of this command, and shall not be referenced at a later point in the bitstream by reference to its picture number, except for a repetition of the long term index assignment.

If another picture is already assigned the same long-term index as the specified long-term index, the other picture is marked as “unused for prediction”. 

The short term reference picture to be assigned the long term index is identified by its picture number, which is derived from difference_of_pic_nums_minus1 as in subclause Error! Reference source not found..

A top field in the short term buffer can only be transferred to the top field of a long term frame, and a bottom field in the short term buffer can only be transferred to the bottom field of a long term frame. The long term frame number of the frame into which the short term picture is transferred is given by long_term_pic_idx.

long_term_pic_idx shall not be greater than max_long_term_pic_idx_plus1–1. If long_term_pic_idx does not satisfy this constraint, this condition should be treated by the decoder as an error.

For error resilience, the bitstream may contain the same long-term index assignment operation or max_long_term_pic_idx_plus1 specification message repeatedly.

A bitstream shall not assign a long-term index to a short-term reference picture that has been marked as “unused for prediction” by the decoding process prior to the first such assignment message in the bitstream. A bitstream shall not assign a long-term index to a picture number that has not been included earlier in the bitstream.

Once a long-term picture index has been assigned to a picture, the only potential subsequent use of the long term reference picture’s picture number within the bitstream shall be in a repetition of the long-term index assignment. long_term_pic_idx becomes the unique ID for the life of a long term reference picture.

0.1.4.8.5 Modification of the maximum long term index
If memory_management_control_operation equals 4 (Specify the Maximum Long-Term Frame Index), max_long_term_pic_idx_plus1 indicates the maximum index allowed for long-term reference frames (until receipt of another value of max_long_term_pic_idx_plus1).

If max_long_term_pic_idx_plus1 is smaller than its previous value, all frames in the decoded frame buffer having indices greater than max_long_term_pic_idx_plus1 – 1 shall be marked “unused for prediction”.

If max_long_term_pic_idx_plus1 is greater than its previous value, no immediate action on the contents of the decoded frame buffer is necessary.

NOTE - max_long_term_pic_idx_plus1 can therefore be used to mark long term reference pictures as “unused for prediction” but has no effect on short term reference pictures.

The frequency of transmitting max_long_term_pic_idx_plus1 is out of the scope of this Recommendation. However, the encoder should send an max_long_term_pic_idx_plus1 parameter upon receiving an error message, such as an Intra request message.

0.1.4.8.6 Mark all pictures as unused for prediction
If memory_management_control_operation equals 5 (mark all pictures as unused for prediction), or the current picture is an IDR picture, all reference pictures are marked as “unused for prediction”, and max_long_term_pic_idx_plus1 is set to zero. If memory_management_control_operation equals 5 (mark all pictures as unused for prediction), the picture shall be considered to have frame_num equal to 0 immediately after processing the memory_management_control_operation equal to 5.
NOTE – The decoded frame buffer may not be empty following acting on this command as pictures may be retained for later output.
0.1.4.8.7 Remove all pictures from buffer

If memory_management_control_operation equals 6 (remove all pictures from buffer), all pictures are removed from the decoded frame buffer. The current picture shall be considered to have frame_num equal to 0 immediately after processing the memory_management_control_operation.
0.1.4.9 Error resilience with decoded frame buffer management

If required_frame_num_update_behaviour_flag equals 1 the following decoded frame buffer management behaviour shall be used.

If the decoder identifies that pictures that should have been stored have not been decoded, by a gap in frame numbers, the decoder shall act as if the missing pictures had been inserted into the decoded frame buffer using the “Sliding Window” buffering mode. An index for a missing picture is called an “invalid” index. The decoder should infer an unintentional picture loss if any “invalid” index is referred to in motion compensation or if an “invalid” index is re-mapped. 

If required_frame_num_update_behaviour_flag equals 0, the decoder should infer an unintentional picture loss if one or several frame numbers are missing or if a picture not stored in the decoded frame buffer is indicated in an abs_diff_pic_num_minus1 or long_term_pic_idx field.

Note: In case of an unintentional picture loss, the decoder may invoke some concealment process. If required_frame_num_update_behaviour_flag equals 1, the decoder may replace the picture corresponding to an “invalid” index with an error-concealed one and remove the “invalid” indication. Otherwise, the decoder may insert an error-concealed picture into the decoded frame buffer assuming the “Sliding Window” buffering mode. Concealment may be conducted by copying the closest temporally preceding picture that is available in the decoded frame buffer into the position of the missing picture. The temporal order of the short-term reference pictures in the decoded frame buffer can be inferred from their picture numbers. In addition or instead, the decoder may send a forced intra update signal to the encoder by external means (for example, Recommendation H.245) if such external means is available, or the decoder may use external means or back-channel messages (for example, Recommendation H.245) to indicate the loss of pictures to the encoder if such external means is available.

[Ed. Note: This section requires further editting by someone who understands the intentions.]
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