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Abstract
DDR bandwidth has become increasingly a bottleneck for chip designs targeted for HD/UHD video applications. However, in the current HM3.0 design PUs down to 4x4 block size can have its own reference index, which essentially increases the decoder memory bandwidth requirements when compared to AVC. A simple algorithm is tested to qualify the benefit of having the reference index granularity down to 4x4 blocks. In the tested algorithm all the 8x4, 4x8 and 4x4 PUs are fixed to having reference index equal to zero, and reference index is not encoded into bitstream for sub-8x8 blocks. The simulation results reveal that the loss by constraining the reference index for sub-8x8 blocks to zero is fairly limited. On average BD-rate increase of 0.3% in RA-HE, 0.5% in RA-LC, 0.2% in LB-HE and 0.4% in LB-LC, respectively, is observed for common test conditions with four reference frames. It is recommended to conduct further study on this topic for reduction of memory bandwidth requirements of motion compensation.

1 Introduction
In the AVC design an 8x8 block is constrained to having same frame index, and the total reference block size is limited to a maximum of 576 bytes regardless of number of vectors an 8x8 block has. Such a constraint helps reduce memory bandwidth requirements for motion compensation on the decoder side. As video resolutions always grow faster than the DDR bandwidth increase, DDR bandwidth has become increasingly a bottleneck for chip designs targeted for HD/UHD video applications. Therefore, it is important that the HEVC design can take the DDR bandwidth constraint into consideration to facilitate cost-effective HEVC solutions in the future.   

However, in the current HEVC design 4x4, 8x4 or 4x8 blocks in an 8x8 region can point to different reference frames, which essentially increases the decoder memory bandwidth requirements as compared to AVC. Hence, the trade-off between coding efficiency and memory bandwidth should be carefully studied for the granularity of reference frame index.

2 Proposed Algorithm

In this contribution a simple algorithm has been tested to quantify the benefit of having the reference index down to 4x4 blocks. In the proposed algorithm all the 8x4, 4x8 and 4x4 PUs are fixed to having reference index equal to ZERO (ref_idx = 0) for motion compensation regardless of number of reference frames. The reference index is not encoded into bitstream for sub-8x8 blocks. The modifications are also introduced to merge/skip MVP list construction process, in which the neighboring spatial PUs with non-zero ref_idx are treated as unavailable and reference indices for temporal MVP derivation is set equal to 0 if the current PU has size of 4x4, 4x8 or 8x4.
3 Test Settings and Conditions

The simulations of this document have used HM3.0 software, the common test conditions and reference configurations specified in [1] are followed except for number of reference frames. Both four reference frames (common test conditions) and two reference frames are tested. The simulation platform at Texas Instruments is LSF equipped with Intel(R) Xeon(R) CPU X5570 64 bits Linux machines of various frequencies.
4 Experimental results

The test results are summarized in Table 1 (4 reference frames) and Table 2 (two reference frames). As shown in Table 1, for common test conditions in which four reference frames are used, the BD-rate increase relative to HM3.0 anchor is 0.3% in RA-HE, 0.5% in RA-LC, 0.2% in LB-HE and 0.4% in LB-LC, respectively.  The BD-rate is almost same for common test conditions with two reference frames, difference is only in RA-LC in which the loss is reduced to from 0.5% to 0.4%. 
The detailed results can be found in Table 1 and Table 2 the attached spreadsheets. The run time may not be accurate.
	 
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.1 
	0.4 
	0.2 
	0.3 
	0.4 
	0.2 

	Class B
	0.1 
	0.1 
	0.0 
	0.2 
	0.1 
	0.1 

	Class C
	0.4 
	0.5 
	0.6 
	0.7 
	0.5 
	0.7 

	Class D
	0.8 
	0.7 
	0.7 
	0.9 
	0.7 
	0.7 

	Class E
	 
	 
	 
	 
	 
	 

	All
	0.3 
	0.4 
	0.4 
	0.5 
	0.4 
	0.4 

	Enc Time[%]
	95%
	92%

	Dec Time[%]
	100%
	96%

	 
	Low delay
	Low delay LC

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.2 
	0.2 
	-0.1 
	0.2 
	0.2 
	0.5 

	Class C
	0.3 
	0.2 
	0.3 
	0.4 
	0.4 
	0.4 

	Class D
	0.4 
	0.3 
	0.8 
	0.8 
	0.9 
	1.1 

	Class E
	0.1 
	0.4 
	0.4 
	0.1 
	0.3 
	0.8 

	All
	0.2 
	0.3 
	0.3 
	0.4 
	0.5 
	0.7 

	Enc Time[%]
	92%
	89%

	Dec Time[%]
	98%
	96%


Table 1.  BD-rate comparison relative to HM3.0 anchor for four reference frames
	 
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.1 
	0.2 
	0.3 
	0.3 
	0.4 
	0.2 

	Class B
	0.1 
	0.1 
	0.1 
	0.2 
	0.2 
	0.1 

	Class C
	0.5 
	0.5 
	0.6 
	0.6 
	0.5 
	0.5 

	Class D
	0.7 
	0.6 
	0.7 
	0.8 
	0.7 
	0.7 

	Class E
	 
	 
	 
	 
	 
	 

	All
	0.3 
	0.3 
	0.4 
	0.4 
	0.4 
	0.4 

	Enc Time[%]
	97%
	95%

	Dec Time[%]
	98%
	91%

	 
	Low delay
	Low delay LC

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.1 
	0.1 
	0.0 
	0.2 
	0.2 
	0.3 

	Class C
	0.2 
	0.4 
	0.4 
	0.4 
	0.4 
	0.4 

	Class D
	0.3 
	0.4 
	1.0 
	0.6 
	0.8 
	1.0 

	Class E
	0.2 
	-0.1 
	0.4 
	0.3 
	0.2 
	-0.3 

	All
	0.2 
	0.2 
	0.4 
	0.4 
	0.4 
	0.4 

	Enc Time[%]
	92%
	92%

	Dec Time[%]
	97%
	91%


Table 2.  BD-rate comparison relative to HM3.0 anchor for two reference frames

5 Conclusions and recommendations
The simulation results reveal that the benefit of having reference index granularity down to 4x4 PU level is fairly limited. It is recommended to conduct further study on this topic for reduction of memory bandwidth requirements of motion compensation.
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WD text changes for
7.3.6 Coding unit Syntax 

7.3.7 Prediction unit syntax 

8.4.2.1.2 Derivation process for spatial merging candidates

8.4.2.1.3 Derivation process of reference indices for temporal merging candidate

Replace 7.3.6 Coding unit Syntax 

With

	coding_unit( x0, y0, log2CUSize ) {
	Descriptor

	
if( entropy_coding_mode_flag && slice_type  !=  I )
	

	

skip_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	
if( skip_flag[ x0 ][ y0 ] )
	

	

prediction_unit( x0, y0, log2CUSize, log2CUSize, 0 , 0 )
	

	
else {
	

	

if( !entropy_coding_mode_flag ) {
	

	


if( slice_type == I && log2CUSize == Log2MinCUSize )
	

	



intra_part_mode
	u(1)

	

} else if( slice_type  != I  | |  log2CUSize  = =  Log2MinCUSize )
	

	


pred_type
	u(v) | ae(v)

	

x1 = x0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

y1 = y0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

if( PartMode == PART_2Nx2N ) {
	

	


prediction_unit( x0, y0, log2CUSize, log2CUSize, 0 , 0, 0 )
	

	

} else if( PartMode == PART_2NxN ) {
	

	


prediction_unit( x0, y0, log2CUSize, log2CUSize – 1, 0 , 









log2CUSize > Log2MinCUSize, 

                                       log2CUSize == 3 )
	

	


prediction_unit( x0, y1, log2CUSize, log2CUSize – 1, 1 , 0,  

                                       log2CUSize == 3  )
	

	

} else if( PartMode == PART_Nx2N ) {
	

	


prediction_unit( x0, y0, log2CUSize - 1, log2CUSize, 0 , 









log2CUSize > Log2MinCUSize,

                                       log2CUSize == 3  )
	

	


prediction_unit( x1, y0, log2CUSize - 1, log2CUSize, 1 , 0,

                                       log2CUSize == 3  )
	

	

} else { /* PART_NxN */
	

	


prediction_unit( x0, y0, log2CUSize – 1, log2CUSize – 1, 0 , 0, 
                                      log2CUSize == 3  )
	

	


prediction_unit( x1, y0, log2CUSize – 1, log2CUSize – 1, 1 , 0, 
                                      log2CUSize == 3  )
	

	


prediction_unit( x0, y1, log2CUSize – 1, log2CUSize – 1, 2 , 0, 
                                      log2CUSize == 3  )
	

	


prediction_unit( x1, y1, log2CUSize – 1, log2CUSize – 1, 3 , 0 , 
                                       log2CUSize == 3 )
	

	

}
	

	
}
	

	
transform_tree( x0, y0, log2CUSize, 0, 0 )
	

	
transform_coeff( x0, y0, log2CUSize, 0, 0 )
	

	
transform_coeff( x0, y0, log2CUSize, 0, 1 )
	

	
transform_coeff( x0, y0, log2CUSize, 0, 2 )
	

	}
	


Replace 7.3.7 Prediction unit syntax 

With

	prediction_unit( x0, y0, log2PUWidth, log2PUHeight, PartIdx , 






 InferredMergeFlag , InferredRefIdx ) {
	Descriptor

	
if( skip_flag[ x0 ][ y0 ] ) {
	

	

if( NumMergeCand  >  1 )
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else if( PredMode  = =  MODE_INTRA ) {
	

	

prev_intra_luma_pred_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	

if( prev_intra_luma_pred_flag[ x0 ][ y0 ] )
	

	


if( NumMPMCand > 1 )
	

	



mpm_idx[ x0 ][ y0 ]
	u(1) | ae(v)

	

else
	

	


rem_intra_luma_pred_mode[ x0 ][ y0 ]
	ce(v) | ae(v)

	

intra_chroma_pred_mode[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else { /* MODE_INTER */
	

	

if( !InferredMergeFlag )
	

	


if( entropy_coding_mode_flag || PartMode != PART_2Nx2N )
	

	



merge_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	

if( merge_flag[ x0 ][ y0 ]  &&  NumMergeCand  >  1 ) {
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	

} else {
	

	


if( slice_type  = =  B )
	

	



inter_pred_flag[ x0 ][ y0 ]
	ue(v) | ae(v)

	


if( inter_pred_flag[ x0 ][ y0 ]  = =  Pred_LC ) {
	

	



if( num_ref_idx_lc_active_minus1  >  0 && !InferredRefIdx)
	

	




ref_idx_lc[ x0 ][ y0 ]
	ue(v) | ae(v)

	



mvd_lc[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_lc[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( LcToLx )  >  1 )
	

	




mvp_idx_lc[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	


else { /* Pred_L0 or Pred_BI */
	

	



if( num_ref_idx_l0_active_minus1  >  0 && !InferredRefIdx )
	

	




ref_idx_l0[ x0 ][ y0 ]
	ue(v) | ae(v)

	



mvd_l0[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_l0[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( L0 )  >  1 )
	

	




mvp_idx_l0[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	


if( inter_pred_flag[ x0 ][ y0 ]  = =  Pred_BI ) {
	

	



if( num_ref_idx_l1_active_minus1  >  0 && !InferredRefIdx )
	

	




ref_idx_l1[ x0 ][ y0 ]
	ue(v) | ae(v)

	



mvd_l1[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_l1[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( L1 )  >  1 )
	

	




mvp_idx_l1[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	

}
	

	
}
	

	}
	


[Ed: (BB) NumMergeCand needs to be defined. Decoding processes of neighboring blocks have to be finished to derive NumMergeCand. Same applies for NumMVPCand (TK) and NumMPMCand ]
In 8.4.2.1.2 Derivation process for spatial merging candidates

Replace

…

· PartMode of the current prediction unit is PART_NxN and PartIdx is equal to 3 and the prediction units covering luma location ( xP,  yP – 1 ) ( PartIdx = 1 ) and luma location ( xP – 1,  yP – 1 ) ( PartIdx = 0 ) have identical motion parameters:

·  mvLX[ xP,  yP – 1 ]  = =  mvLX[ xP – 1,  yP – 1 ]

· refIdxLX[ xP,  yP – 1 ]  = =  refIdxLX[ xP – 1,  yP – 1 ]

· predFlagLX[ xP,  yP – 1 ]  = =  predFlagLX[ xP – 1,  yP – 1 ]

and the prediction units covering luma location ( xP – 1,  yP ) ( PartIdx = 2 ) and luma location ( xN, yN ) (Cand. N) have identical motion parameters:

·  mvLX[ xP – 1,  yP ]  = =  mvLX[ xN, yN ]

· refIdxLX[ xP – 1,  yP ]  = =  refIdxLX[ xN, yN ]

· predFlagLX[ xP – 1,  yP ]  = =  predFlagLX[ xN, yN ]
· Otherwise, availableFlagN is set equal to 1 and the variables mvLX[ xN, yN ], refIdxLX[ xN, yN ] and predFlagLX[ xN, yN ] of the prediction unit covering luma location ( xN, yN ) are assigned respectively to mvLXN, refIdxLXN and predFlagLXN.

With

· PartMode of the current prediction unit is PART_NxN and PartIdx is equal to 3 and the prediction units covering luma location ( xP,  yP – 1 ) ( PartIdx = 1 ) and luma location ( xP – 1,  yP – 1 ) ( PartIdx = 0 ) have identical motion parameters:
· mvLX[ xP,  yP – 1 ]  = =  mvLX[ xP – 1,  yP – 1 ]

· refIdxLX[ xP,  yP – 1 ]  = =  refIdxLX[ xP – 1,  yP – 1 ]

· predFlagLX[ xP,  yP – 1 ]  = =  predFlagLX[ xP – 1,  yP – 1 ]

and the prediction units covering luma location ( xP – 1,  yP ) ( PartIdx = 2 ) and luma location ( xN, yN ) (Cand. N) have identical motion parameters:

·  mvLX[ xP – 1,  yP ]  = =  mvLX[ xN, yN ]

· refIdxLX[ xP – 1,  yP ]  = =  refIdxLX[ xN, yN ]

· predFlagLX[ xP – 1,  yP ]  = =  predFlagLX[ xN, yN ]
· If  either nPSW  or nPSH is less than 8 and refIdxLX[ xN, yN ] is not equal to zero.
–
Otherwise, availableFlagN is set equal to 1 and the variables mvLX[ xN, yN ], refIdxLX[ xN, yN ] and predFlagLX[ xN, yN ] of the prediction unit covering luma location ( xN, yN ) are assigned respectively to mvLXN, refIdxLXN and predFlagLXN.

In  8.4.2.1.3 Derivation process of reference indices for temporal merging candidate

Replace

…

The variable refIdxLX is derived as follows.

· If refIdxLXA is equal to refIdxLXB and refIdxLXB is equal to refIdxLXC, the following applies.
· If  refIdxLXA is equal to -1 then refIdxLX = 0

· Otherwise refIdxLX = refIdxLXA

· Otherwise if refIdxLXA is equal to refIdxLXB, the following applies.
· If  refIdxLXA is equal to -1 then refIdxLX = refIdxLXC

· Otherwise refIdxLX = refIdxLXA

…

With 

…

The variable refIdxLX is derived as follows.

· If  either nPSW  or nPSH is less than 8 , refIdxLX = 0;
· Otherwise if refIdxLXA is equal to refIdxLXB and refIdxLXB is equal to refIdxLXC, the following applies.
· If  refIdxLXA is equal to -1 then refIdxLX = 0

· Otherwise refIdxLX = refIdxLXA

· Otherwise if refIdxLXA is equal to refIdxLXB, the following applies.
· If  refIdxLXA is equal to -1 then refIdxLX = refIdxLXC

· Otherwise refIdxLX = refIdxLXA

…
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