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1. Introduction

In AVC, MMCO (memory management control operation) commands are used to control the memory buffers used to store reference pictures. This ensure conformance between the encoded bitstream and a decoder having a finite amount of memory. 

2. Problems

MCTF (Motion Compensated Temporal Filtering) is different from the typical MCP (motion compensated prediction) video coding scheme such as MPEG-1/2/4/AVC in several ways. Firstly, MCTF uses hierarchical level-by-level prediction and update steps, as opposed to single level prediction used in MCP. Secondly, for MCTF residual pictures, intermediate pictures, and decoded pictures are all used as reference pictures. For MCP only the decoded pictures are used as reference pictures.
In the current JSVM [2], the lowpass picture of the previous GOP is used as a reference picture for the coding of the current GOP. During decoding, the lowpass picture has to be duplicated and stored in the memory, so that the next GOP can use it as a reference. Otherwise, the content will be overwritten once inverse MCTF is carried out. 
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The same can be said for low-delay mode operation [3], where encoding and decoding is performed partition by partition. Certain pictures in the current partition have to be duplicated and stored so that the next partition can use it as reference for inverse MCTF.
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Currently, there is no mechanism to tell the decoder which picture to duplicate and when to duplicate. To a certain extent, this problem is also mentioned in editorial remarks 8 [1].

3.  MMCO for duplication

We proposed that a new MMCO command is defined to “mark a short-term reference picture as requiring duplication”. The proposed changes to WD [1] are provided in chapter 4. 

The proposed MMCO command can be used to ensure conformance between encoded bitstream and a decoder having a finite amount of memory, for the case where the lowpass picture of the previous GOP is used as reference for the current GOP.

The proposed MMCO command can also be used to realize the low memory, low delay mode operation proposed in [3]. Optionally, it can also support multi-level prediction as proposed in [3].

4. Proposed changes to syntax/semantics/decoding process.

S.7.3.3.3 Decoded reference picture marking syntax

The specification of this subclause in AVC shall be replaced by the following specification.

	dec_ref_pic_marking( ) {
	C
	Descriptor

	
if( nal_unit_type  = =  5 ) {
	
	

	

no_output_of_prior_pics_flag
	2 | 5
	u(1)

	

long_term_reference_flag
	2 | 5
	u(1)

	
} else {
	
	

	

adaptive_ref_pic_marking_mode_flag
	2 | 5
	u(1)

	

if( adaptive_ref_pic_marking_mode_flag )
	
	

	


do {
	
	

	



memory_management_control_operation
	2 | 5
	ue(v)

	



if( memory_management_control_operation  = =  1  | |





memory_management_control_operation  = =  3  | |
                      memory_management_control_operation  = =  7  )
	
	

	




difference_of_pic_nums_minus1
	2 | 5
	ue(v)

	



if(memory_management_control_operation  = =  2  )
	
	

	




long_term_pic_num
	2 | 5
	ue(v)

	


 
if( memory_management_control_operation  = =  3  | |





memory_management_control_operation  = =  6 )
	
	

	




long_term_frame_idx
	2 | 5
	ue(v)

	



if( memory_management_control_operation  = =  4 )
	
	

	




max_long_term_frame_idx_plus1
	2 | 5
	ue(v)

	


} while( memory_management_control_operation  !=  0 )
	
	

	
}
	
	

	}
	
	


S.7.4.3.3 Decoded reference picture marking semantics

The specification of this subclause in AVC shall apply with the following modifications.

1) Replace Table 7-9 of this subclause in AVC with the following table (new MMCO command is highlighted)

	memory_management_control_operation
	Memory Management Control Operation

	0
	End memory_management_control_operation syntax element loop

	1
	Mark a short-term reference picture as
“unused for reference”

	2
	Mark a long-term reference picture as
“unused for reference”

	3
	Mark a short-term reference picture as
"used for long-term reference" and assign a long-term frame index to it

	4
	Specify the maximum long-term frame index and mark all long-term reference pictures having  long-term frame indices greater than the maximum value as "unused for reference"

	5
	Mark all reference pictures as
"unused for reference" and set the MaxLongTermFrameIdx variable to
"no long-term frame indices"

	6
	Mark the current picture as
"used for long-term reference" and sssign a long-term frame index to it

	7
	Mark a short-term reference picture as “requiring duplication”


S.8.2.5.4.7 Marking process of a short-term reference picture as “requiring duplication”
This process is invoked when memory_management_control_operation is equal to 7.

For this process, only pictures with a variable DependencyId that is equal to the value of the variable DependencyId of the current picture are considered.

Given the syntax element difference_of_pic_nums_minus1, the variable picNumX is obtained as specified in subclause 8.2.5.4.1.  

Depending on field_pic_flag the value of picNumX is used to mark a short-term reference picture as “requiring duplication” as follows.

· If field_pic_flag is equal to 0, the short-term reference frame or short-term complementary reference field pair specified by picNumX and both of its fields are marked as “requiring duplication”.

· Otherwise (field_pic_flag is equal to 1), the short-term reference field specified by picNumX is marked as “requiring duplication”. When that reference field is part of a reference frame or a complementary reference field pair, the frame or complementary field pair is also marked as "requiring duplication ", but the marking of the other field is not changed.
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