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The current FCD specifies (Table A-1) that it is required for Levels 3.1 that Direct and Bi-predictive blocks should have a minimum size of 8x8. Even though for Bi-predictive blocks such a restriction is rather straightforward since such can be controlled through the motion parameters transmitted, it is not as obvious for Direct mode since its mode structure relates to the mode structure of its co-located block in the first list1 reference picture. Even though a method to allow the Temporal Direct Mode to conform to such restriction was proposed in JVT-C115r3 and adopted in the standard, such a method has not yet been adopted for the Spatial Direct Mode thus in a sense disallowing the usage of this mode within such levels.

In this document, we extend the concept of JVT-C115r3 to also apply for the spatial direct mode, thus also allowing Spatial Direct Mode to conform to the requirements of Table A-1. In brief, similar to the temporal direct case, only motion information from the “edge” blocks within a macroblock (Figure 1) are considered during the zero partitioning process for selecting the motion parameters. Such process is done regardless to whether the direct prediction is single list or bi-predictive. We need to point out that an additional benefit of this method is the requirement to store only ¼ of the information for performing zero partitioning. Processing for zero partitioning can also be reduced by an equivalent amount.
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Figure 1. Consideration of Motion from the Edge  blocks for zero partitioning of the Spatial Direct Mode
Since we propose using such limitation for both spatial and direct mode we also recommend changing the flag specified in the text from direct_temporal_constrained_flag to direct_prediction_constrained_flag or direct_constrained_flag. The text for this flag should be changed to:
direct_prediction_constrained_flag specifies the constrains applied  in the decoding process to determine the prediction values of direct prediction. Subclause 8.6.1.4.2 describes direct prediction and how the motion parameters are calculated based on the value of direct_prediction_constrained_flag.  If this flag is equal to 1 then 4x4, 4x8, and 8x4 partition sizes are not allowed in direct mode macroblocks. 
Furthermore the text for spatial direct should be changed as follows. 

8.6.1.4.2.2 Derivation process for spatial direct luma motion vector and reference picture index prediction mode

Input to this process is/are ??? [Ed.Note: specify input to this process]

Output of this process is/are ??? [Ed.Note: specify output of this process]

When direct_spatial_mv_pred_flag is equal to 1, spatial direct mode is used to derive the luma motion vectors and reference picture indices for skipped macroblocks and macroblocks with mb_type Direct_16x16 or macroblock partitions with sub_mb_type Direct_8x8.

The first step in the Spatial direct luma motion vector and reference picture index prediction mode is the determination of the  reference picture index for each list (list 0 and list 1), RefIdxL0[ i ] and  RefIdxL1[ i ]. The same process is used for macroblocks coded using the Direct_16x16 macroblock type, and sub-macroblocks coded using the Direct_8x8 sub-macroblock type. 

The reference picture indices for the neighbouring blocks A, B, C, and D within the current slice for the current luma macroblock E, for both Direct_16x16 macroblock and Direct_8x8 sub-macroblock types, as described in subclause 8.5.1.1 and shown in Figure 8‑8, shall be used to determine the reference picture index for each list.  As in 8.4.1.1, the reference index of block D is only used if block C is not available in the current slice. The reference picture index for each list (list 0 and list 1) shall be the minimum reference picture index among the reference picture indices used from the same list for the prediction or bi-prediction of the neighbouring blocks.  If no neighbouring blocks are present within the current slice that use prediction from the same list, either for prediction or bi-prediction, the reference index for that list shall be interpreted as not existing.

If the reference index exists for either list, decision of the associated motion vector values for that list for each 4x4 block of the current macroblock depends on the coded parameters of the co-located macroblock in the first picture in list 1, if both macroblocks are in frame or field mode. If direct_prediction_constrained_flag is equal to 0, then the co-located 4x4 block is used, otherwise, if direct_prediction_constrained_flag is set to 1, then the 4x4 corner block within the co-located 8x8 sub-macroblock that has the same decode number as its 8x8 sub-macroblock is used in place of the co-located 4x4 block. 

If the current macroblock is coded in field mode and the co-located macroblock in the first list 1 picture in frame mode, only the same parity lines and their associated motion parameters of the co-located macroblock are considered. Otherwise, if current macroblock is in frame mode and the macroblock in the first list 1 picture is in field mode, then the corresponding frame mode picture containing the first list 1 picture is considered, if such exists. If direct_prediction_constrained_flag is set to 1 only information from the 4x4 corner blocks within each 8x8 sub-macroblock that has the same decode number as its 8x8 sub-macroblock is considered. 

If the reference index of either list for the current block is zero, the associated list 1 picture is a short-term picture, and if all lines of the co-located 4x4 block exist and were predicted using list 0 prediction, reference picture index 0 and motion vector components in the range of -1 to 1 in sub-pixel units, inclusive, then the motion vector for this 4x4 block is set to (0, 0). Otherwise, the associated candidate motion vector for each list shall be obtained, using the 16x16 block motion vector prediction, as described in subclause 8.5.1.2.2 by using the reference picture index of each list.

If both candidate reference picture indices exist, then the block is predicted as a bi-prediction block using the corresponding reference picture index and associated motion vector for each list. Otherwise, if a reference picture index exists for only one of the two lists, the block shall be predicted by single-list prediction using the reference picture index and associated motion vector for the existing list. Finally, if neither reference picture index exists, bi-prediction shall be used with reference picture index zero and associated motion vector (0, 0) for both lists.

Experimental Results 

We have evaluated the performance of the proposed partitioning method for several HD sequences but also on the common conditions used for lower resolution sequences. Our results demonstrate that the loss is essentially negligible at all resolutions. As it can be seen from Table 1, for the common condition sequences at QCIF and CIF resolutions the worse case is Container with 0.24% bitrate increase or equivalently 0.012dB loss. On the average this means a bitrate increase of 0.04% or loss of 0.002DB which is negligible. Furthermore, our results in Table 2 also demonstrate that the performance of the proposed scheme on higher resolution (from CCIR-601 SD material to higher resolution HD material) remains also unaffected, justifying further the use of the proposed 8x8 partitioning for all types of material. 
On an other note, our results on interlace sequences and with MB-AFF enabled also tend to suggest that conforming our current consideration of the co-located block to the one currently used for temporal direct  (consideration of 2*y block position for frame to field, and y/2 for field to frame) would have little or no impact in the performance of spatial direct mode. Even though the above text does not contain such an amendment, such could unify and simplify the concepts of the two direct modes. We recommend though that the co-located block is considered at the block level and not the macroblock level since such was never tested and could possibly have a rather negative impact on the performance of both temporal and spatial direct modes.
Table 1. Comparison of proposed 8x8 constrained spatial direct vs. original on Common Conditions
	sequences
	frame rate
	number of frames
	QP
	PSNRY (Spat)
	Total Bits
	PSNRY (Spat8)
	Total Bits
	Spat ave. change (excel)
	Spat ave. dB gain (excel)

	Foreman
	10
	97
	28
	35.974
	644704
	35.974
	644672
	0.01%
	-0.0004

	
	
	
	32
	33.109
	388750
	33.108
	388728
	
	

	
	
	
	36
	30.388
	231702
	30.388
	231734
	
	

	
	
	
	40
	27.871
	140276
	27.871
	140276
	
	

	Container
	10
	97
	28
	36.220
	188824
	36.221
	189464
	0.24%
	-0.0122

	
	
	
	32
	33.437
	102827
	33.439
	103286
	
	

	
	
	
	36
	30.686
	60484
	30.686
	60559
	
	

	
	
	
	40
	28.142
	37948
	28.142
	37948
	
	

	News
	10
	97
	28
	36.895
	404783
	36.896
	404954
	0.01%
	-0.0005

	
	
	
	32
	33.880
	248677
	33.880
	248666
	
	

	
	
	
	36
	30.918
	149230
	30.918
	149241
	
	

	
	
	
	40
	28.178
	91091
	28.178
	91102
	
	

	Paris
	15
	148
	28
	35.594
	2839165
	35.594
	2839459
	0.02%
	-0.0008

	
	
	
	32
	32.489
	1589251
	32.489
	1589711
	
	

	
	
	
	36
	29.640
	865255
	29.641
	865657
	
	

	
	
	
	40
	26.966
	472723
	26.967
	472733
	
	

	Silence
	15
	148
	28
	35.943
	518740
	35.943
	518495
	0.02%
	-0.0007

	
	
	
	32
	33.059
	301423
	33.060
	301600
	
	

	
	
	
	36
	30.510
	170731
	30.510
	170790
	
	

	
	
	
	40
	27.987
	97083
	27.987
	97083
	
	

	Mobile
	30
	298
	28
	33.805
	11019648
	33.805
	11018817
	0.03%
	-0.0012

	
	
	
	32
	30.485
	5090807
	30.485
	5092035
	
	

	
	
	
	36
	27.534
	2431840
	27.534
	2433325
	
	

	
	
	
	40
	24.777
	1289526
	24.777
	1289546
	
	

	Tempete
	30
	256
	28
	34.772
	7843645
	34.772
	7842956
	-0.01%
	0.0004

	
	
	
	32
	31.683
	3554772
	31.683
	3553692
	
	

	
	
	
	36
	28.970
	1690601
	28.971
	1691145
	
	

	
	
	
	40
	26.444
	866965
	26.444
	867025
	
	

	total average
	
	
	
	
	
	
	
	0.05%
	-0.0022


Table 2. Comparison of proposed 8x8 constrained spatial direct vs. original (SR=48,JM5)
	sequences
	frame rate
	number of frames
	QP
	PSNRY (Spat)
	Total Bits
	PSNRY (Spat8)
	Total Bits
	Spat ave. change (excel)
	Spat ave. dB gain (excel)

	Canoa (480i)
	30
	60
	20
	42.02
	21977608
	42.02
	21976736
	-0.004%
	0.00

	F1 (480i)
	30
	60
	20
	42.56
	14001480
	42.56
	14001128
	-0.003%
	0.00

	Crew (720P)
	60
	60
	20
	42.70
	19842088
	42.71
	19846360
	0.022%
	0.01

	BigShips (720P)
	60
	60
	20
	41.39
	20866392
	41.39
	20863112
	-0.016%
	0.00

	Flamingo (1080i)
	30
	60
	20
	41.93
	125748432
	41.93
	125751520
	0.002%
	0.00

	Kayak (1080i)
	30
	60
	20
	41.67
	170386408
	41.67
	170389112
	0.002%
	0.00

	Mountain (1080i)
	30
	60
	20
	41.62
	82732720
	41.62
	82741488
	0.011%
	0.00

	total average
	
	
	
	
	
	
	
	0.002%
	0.00
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	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.
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· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;
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	Patent number(s)/status
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	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.
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