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1 Introduction
At the 5th JCT-VC meeting in Geneva, several changes were adopted into the HM design regarding Inter, Skip, and Merge modes. As the major modification, the MV derivation for Skip mode has been replaced from AMVP to Merge-based.
Some input documents were proposed to modify further the set of predictors and their derivation. This CE has two major goals that are to evaluate these modifications with the new HM design, and try to unify the set of predictors and their derivations.
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3 List of experiments and testers
	Experiment
	Tester1
	Tester2

	Anchor (HM3.0 with Bug #146 Fixed)
	N/A
	N/A

	UNI01
	Samsung
	Qualcomm

	UNI02
	Samsung
	Qualcomm

	UNI03
	Qualcomm
	MediaTek

	SP01
	TI
	Mitsubishi Electric

	SP02
	TI
	Mitsubishi Electric

	SP03
	TI
	Samsung

	SP04
	MediaTek
	Samsung

	SP05
	Mitsubishi Electric
	TI

	SP06
	LGE
	TI

	SP06S1
	TI
	Samsung

	SP06S2
	TI
	Samsung

	SP07
	Mitsubishi Electric
	Fujitsu

	SP08
	JVC KENWOOD
	TI

	SP09
	Mitsubishi Electric
	LGE

	SP10
	JVC KENWOOD
	MediaTek

	SP11
	JVC KENWOOD
	MediaTek

	SP12
	Mitsubishi Electric
	HHI

	SP13
	I2R
	TI

	SP14
	TI
	Huawei

	OPT01
	Fujitsu
	Mitsubishi Electric

	OPT02
	Qualcomm
	Panasonic

	OPT03
	MediaTek
	Fujitsu

	PART01
	NTT DOCOMO
	MediaTek

	PART02
	MediaTek
	NTT DOCOMO

	PART03
	NTT DOCOMO
	MediaTek

	PART04
	MediaTek
	NTT DOCOMO

	PART05
	NTT DOCOMO
	MediaTek

	PART06
	MediaTek
	NTT DOCOMO

	PART07 (withdrawn)
	NTT DOCOMO
	MediaTek

	PART08 (withdrawn)
	MediaTek
	Sony

	PART09 (withdrawn)
	NTT DOCOMO
	MediaTek

	PART10 (withdrawn)
	MediaTek
	I2R

	PART11 (withdrawn)
	NTT DOCOMO
	MediaTek

	PART12
	MediaTek
	NTT DOCOMO

	PART13
	TI
	I2R

	PART14
	MediaTek
	NTT DOCOMO

	PART15
	MediaTek
	NTT DOCOMO

	PART16
	MediaTek
	TI

	PART17
	NTT DOCOMO
	MediaTek

	PART18
	TI
	HHI

	ROB01
	Canon
	Microsoft

	ROB02
	Canon
	Microsoft

	ROB03
	MediaTek
	Canon

	ROB04
	MediaTek
	Canon

	ROB05
	TI
	Huawei


4 Tests to be conducted
4.1 Unification of AMVP and Merge candidate lists

During the 5th JCT-VC meeting, the study of unified solutions for candidate positions for AMVP and Merge was encouraged. In these experiments, possibilities of unification based on AMVP or Merge will be investigated using HM3.0 software. 
Summary of relevant contributions and corresponding tests to be conducted are listed as follows:
JCTVC-E481 BoG report of CE9: MV coding and Skip/Merge operations [B. Bross, J. Jung (BoG chairs)]
It should be investigated whether the AMVP positions can be used for the Merge candidate list and whether the Merge positions can be used for the AMVP candidate list. The related experiments are UNI01 (AMVP-based) and UNI02 (Merge-based).
JCTVC-E396 Unified motion vector predictor selection for Merge and AMVP [Y. Zheng, W.-J. Chien, M. Karczewicz (Qualcomm)]
In this contribution, it was proposed to use a unified motion vector predictor selection method for Merge mode and AMVP. This method aligns the motion vector predictor selection procedure by searching fixed neighboring blocks in Merge and AMVP. It is proposed to test the unified motion vector predictor selection method for Merge mode and AMVP on top of HM3.0. The related experiment is UNI03.
4.2 Simplification of MVP list construction
It was identified during the 5th JCT-VC meeting that there should be a need of further investigations on simplification of MVP list construction process in AMVP and Merge mode of HM3.0 in order to reach more optimized design in terms of achieving better trade-off between coding efficiency and complexity. It is noted that the simplification of MVP list construction should contribute to improvement to parsing throughput. From these perspective, the following tests will be conducted as a category of this new CE9. Considering that all of the specified tests contribute to complexity reduction on MVP list construction process in HM3.0, the focus of this test category is set to evaluate whether each tested simplification does not affect coding efficiency relative to HM3.0 design.
Summary of relevant contributions and corresponding tests to be conducted are listed as follows:
JCTVC-E481 BoG report of CE9: MV coding and Skip/Merge operations [B. Bross, J. Jung (BoG chairs)]
· Disabling spatial MVP scaling process for smaller PUs

· Only for 4x4 PUs (SP01)
· PUs smaller than or equal to 8x8 (SP02)
· Fixed the ref_idx to zero for merge-skip mode for parallel ME and other methods (SP03)
· Parallel derivation of the left, top, and temporal MVP candidates (SP04).
JCTVC-E064 Improvement to AMVP/Merge process [Y. Itani, S.-I. Sekiguchi, K. Asai, T. Murakami (Mitsubishi Electric)]
This contribution proposed two minor changes to AMVP/Merge process for their further optimization. 
Modification A: to apply MV scaling process to the first available PU only when no candidate can be found during the MVP list construction, which was used in HM2.0. This portion of the contribution corresponds to a simplification of the newly adopted HM3.0 design of AMVP MVP list construction, where multiple MV scaling processes may happen during its process.
Modification B: to disable the use of temporal MVP in AMVP and Merge process for PUs smaller than or equal to 8x8. This was motivated by the fact that temporal MV predictor is decimated with motion data storage reduction, which may result in the use of inaccurate temporal predictor for small PUs even though both encoder and decoder need to check it for MVP list construction.

In this context, the following tests regarding this contribution will be conducted for investigation of simplification of HM3.0 AMVP/Merge process.
SP05: Application of modified MVP scaling process of HM3.0 AMVP process with the modification A

As a variant of JCTVC-E064, it is proposed to apply MV scaling process only if there is no MVP candidate, which doesn’t need scaling for all positions to be scanned. Following test will be also conducted for investigation of simplification of HM3.0 AMVP/Merge process by reducing the occurrence of MVP scaling.
SP06: MVP candidates with different reference pictures are regarded only when no MVP candidate with a same reference picture can be found for all positions to be scanned. This test is jointly proposed by LGE and Mitsubishi Electric.
SP07-09: Application of limited use of temporal MVP in HM3.0 AMVP and Merge process with the modification B by changing the PU size threshold ranging among 4x4(SP07), 8x4,4x8(SP08), and 8x8(SP09).
It is noted that the specification conceptually includes what should be tested with JCTVC-E097.

SP10-12: Temporal MVP which is restricted by PU size is allowed to be referred in motion estimation (ME). It is noted in JCTVC-E118.

	　
	4x4
	8x4/4x8
	8x8
	16x8/8x16
	16x16
	32x16/16x32
	32x32
	64x32/32x64
	64x64

	SP07
	×
	○
	○
	○
	○
	○
	○
	○
	○

	SP08
	×
	×
	○
	○
	○
	○
	○
	○
	○

	SP09
	×
	×
	×
	○
	○
	○
	○
	○
	○

	SP10
	△
	○
	○
	○
	○
	○
	○
	○
	○

	SP11
	△
	△
	○
	○
	○
	○
	○
	○
	○

	SP12
	△
	△
	△
	○
	○
	○
	○
	○
	○


○ means temporal MVPs are used both in candidate lists and in ME. △ means temporal MVPs are used only in ME. × means temporal MVPs are NOT used in candidate lists or ME.
JCTVC-E097 Temporal predictor restriction harmonized with motion vector compression [H. Takehara, S. Fukushima (JVC KENWOOD)]
It is proposed to test reducing the maximum number of access times to the temporal predictor in parsing process on decoder by harmonizing the partition size of using the temporal predictor with the partition size of the motion vector storage. The related experiments are SP07-12.
JCTVC-E102 Skip/Merge simplification with reduced candidate set [Y. H. Tan, C. Yeo, Z. Li (I2R)]
JCTVC-E102 proposed that the Merge-Skip mode uses only a subset of Merge motion candidates (left and top). In this CE, different configurations of the reduced candidate set will be tested to study its effect on coding performance in HM 3.0. The related experiment is SP13.
JCTVC-E115 Evaluation results on merge mode in HM2.0 [M. Zhou (TI)]
It is proposed to test removing the temporal MVP from the merge MVP list and see if it can lower the pruning complexity and enhance the parsing robustness without harming the coding efficiency. The related experiment is SP14.
JCTVC-E481 BoG report of CE9: MV coding and Skip/Merge operations [B. Bross, J. Jung (BoG chairs)]
In the current AMVP list construction, the motion data are scanned for the left side neighbours followed by the scanning for the top side neighbours. For neighboring PUs of left or top side, motion data of same reference picture and same list are scanned first for all PUs, followed by motion data scanning of same reference picture and different list, different reference picture and same list, different reference picture and different list PU by PU. In the proposed test of motion data scanning order, motion data of same reference picture and same list, and same reference picture and different list are scanned first for all the PUs of left or top side, followed by a motion data scanning of different reference picture and same list, different reference picture and different list for all PUs. (SP06S1)
On top of SP06S1, it is proposed that only a maximum number of one spatial MVP scaling is allowed for the entire AMVP list construction process. That is, once the spatial MVP scaling is used, no more spatial MVP scaling will be allowed even if the scaled spatial MVP candidate is the first candidate of the AMVP list, or it is the second candidate but has same value as the first MVP candidate in the list. (SP06S2)
4.3 Optimization of MV prediction
During the 5th JCT-VC meeting, it was reported by a contribution that a new type of MV scaling process and an additional MVP could further improve coding efficiency. On this aspect, the following tests will be conducted as a category of this new CE9. The focus of this test category is to evaluate whether each tested configuration can achieve better performance and complexity trade-off than that of HM3.0 design. The complexity to be reported by this test shall also be compared with related tests defined in Section 4.1, as well as HM3.0 anchor.
Summary of relevant contributions and corresponding tests to be conducted are listed as follows:
JCTVC-E062 Improvement on simplified motion vector prediction [K. Kazui, S. Shimada, J. Koyama, A. Nakagawa (Fujitsu)]
The contribution JCTVC-E062 by Fujitsu proposed the change of the deviation process of spatial motion vector predictor candidates for AMVP mode and Merge mode. Specifically, the change consists of the alternative scheme for deriving priority of spatially-neighbouring motion vectors according to their reference indexes and directions, and the swapping process of the indexes the of motion vector predictor candidates. It is recommended to evaluate the impact of the proposed change on the coding efficiency and complexity. The related experiment is OPT01.
JCTVC-E343 Extended motion vector prediction for bi-predictive mode [Y. Zheng, W.-J. Chien, M. Karczewicz (Qualcomm)]
In this contribution, it was proposed to add an extended motion vector prediction method for bi-predictive mode. In bi-predictive mode of HM2.0, the motion vector predictor candidate sets of each reference picture lists (list 0 and list 1) were independently built in AMVP. In this contribution, the decoded motion vector of list 0 was scaled according to the POC distance. The scaled motion vector of list 0 can be used as a motion vector predictor of list 1 based on the local motion smoothness constraint. It is suggested to test this extended motion vector prediction for bi-predictive mode on top of HM3.0. The related experiment is OPT02.
JCTVC-D125 Improved advanced motion vector prediction [J.-L. Lin, Y.-P. Tsai, Y.-W. Huang, S. Lei (MediaTek)]
In JCTVC-D125 Section 2.2, it was proposed to improve the MVP candidate order. In this experiment, possibility of adaptive re-order method for MVP candidates will be tested. The relative experiment is OPT03.
4.4 Evaluation of partial Merge
During the 5th JCT-VC meeting, it was reported by a contribution that for a CU with Nx2N or 2NxN partition type, the encoder complexity as well as coding efficiency change were observed similar for either inferring the 1st PU to merge or inferring the second PU to merge. Additionally, it was raised to apply the inferred merge to all CU level. On this aspect, the following test will be conducted as a category in this new CE9. The focus of this test category is to evaluate whether each tested configuration can achieve better performance.
JCTVC-E085 Method and syntax for partial CU merge [S. Liu, X. Zhang, S. Lei (MediaTek)]
This contribution discussed a method for partial CU merge, in specific related to the 2nd PU of an Nx2N or 2NxN CU that is greater than SCU. The second PU of such a CU is forced to merge and thus no merge_flag is required. It is proposed to test the following combinations on HM3.0. The related experiments are PART01-12 and PART14-17.

	Exp.
	Which PU is restricted
	CU level
	Inferred / Encoder-only

	Anchor
	1st 2NxN PU, 1st Nx2N PU
	16x16 and larger CU sizes
	Inferred

	PART01
	1st 2NxN PU, 1st Nx2N PU
	All CU sizes
	Inferred

	PART02
	1st 2NxN PU, 1st Nx2N PU
	16x16 and larger CU sizes
	Encoder-only

	PART03
	1st 2NxN PU, 1st Nx2N PU
	All CU sizes
	Encoder-only

	PART04
	Both two 2NxN PUs, both two Nx2N PUs
	16x16 and larger CU sizes
	Inferred

	PART05
	Both two 2NxN PUs, both two Nx2N PUs
	All CU sizes
	Inferred

	PART06
	Both two 2NxN PUs, both two Nx2N PUs
	16x16 and larger CU sizes
	Encoder-only

	PART07 (withdrawn)
	Both two 2NxN PUs, both two Nx2N PUs
	All CU sizes
	Encoder-only

	PART08 (withdrawn)
	2nd 2NxN PU, 2nd Nx2N PU
	16x16 and larger CU sizes
	Inferred

	PART09 (withdrawn)
	2nd 2NxN PU, 2nd Nx2N PU
	All CU sizes
	Inferred

	PART10 (withdrawn)
	2nd 2NxN PU, 2nd Nx2N PU
	16x16 and larger CU sizes
	Encoder-only

	PART11 (withdrawn)
	2nd 2NxN PU, 2nd Nx2N PU
	All CU sizes
	Encoder-only

	PART12
	None (PU merge)
	N/A
	N/A

	PART14
	1st 2NxN PU, 1st Nx2N PU, all four NxN PUs
	16x16 and larger CU sizes for 2NxN and Nx2N, 8x8 for NxN
	Inferred

	PART15
	1st 2NxN PU, 1st Nx2N PU, all four NxN PUs
	16x16 and larger CU sizes for 2NxN and Nx2N, 8x8 for NxN
	Encoder-only

	PART16
	All four NxN PUs
	8x8 for NxN
	Inferred

	PART17
	1st 2NxN PU, 1stNx2N PU, all four NxN PUs
	All CU sizes for 2NxN and Nx2N, 8x8 for NxN
	Inferred


JCTVC-E115 Evaluation results on merge mode in HM2.0 [M. Zhou (TI)]

This contribution reported that the partial CU merge reduces the encoding time but decreases the coding efficiency by 0.4% to 0.7% in HM2.0 and limits encoder design choice. This experiment is aimed to seek a better trade-off between encoding time, coding efficiency, and encoder flexibility. In the proposed experiment, the merge flag for the 1st PU of 2N x N and N x 2N mode is always encoded. In addition to merge mode, the 1st PU has option of using regular motion vector which is obtained by motion estimation of reduced complexity (RCME). The related experiment is PART13.
	Exp.
	Which PU (1st / 2nd) is restricted
	CU level
	Inferred / Encoder-only

	PART13
	1st only
	16x16 and greater
	Encoder-only (with RCME)


In addition, the following test is also proposed for reducing encoding complexity without decoder change.

	Exp.
	Which PU (1st / 2nd) is restricted
	CU level
	Inferred / Encoder-only

	PART18
	None
	8x8 for NxN
	Encoder-only


4.5 Robust AMVP/Merge parsing
AMVP and Merge candidates consist not only of spatial MVP candidates but also of temporal MVP candidates from previous reference pictures. Before coding the index of the best MVP candidate, redundant MVPs are removed from the candidates set. This might cause parsing errors when previous reference pictures are lost.
During the 5th JCT-VC meeting, it was reported that the parsing issue on robustness of AMVP and Merge can be solved with small impact on the coding efficiency. It was recommended to adapt this scheme and study it in the CE9 with the adopted modifications of motion vector derivation of HM3.0.
JCTVC-E219 Robust solution for AMVP parsing issue [G. Laroche, C. Gisquet, P. Onno, E. Francois, N. Ouedraogo, J. Ricard (Canon)]
The focus of this test is to adapt the following tools with the HM3.0 design.
· Tool 1 relates to the temporal predictor derivation, and consists in forcing the availability of a temporal predictor for the Inter, Skip and Merge modes whatever the existing of this predictor. In case of non-availability of the collocated temporal predictor, neighboring corner temporal blocks are considered. Moreover, the predictor index coding depends on amount of spatial predictors before the suppression process. The related experiment is ROB01.
· Tool 2 relates to the processing of redundant candidates. Instead of removing redundant candidates, this tool replaces them by new (non-redundant) candidates. The test could include several derivation processes.
· Combination of Tool 1 and Tool2 as experiment ROB02.
JCTVC-E050 AhG Parsing Robustness: Constrained Usage of Temporal MV and MVP Candidates [J.-L. Lin, Y.-W. Chen, C.-L. Wu, Y.-P. Tsai, Y.-W. Huang, S. Lei (MediaTek)]

It is proposed to test controlling the parsing error by constraining the usage of temporal MVP candidates. In this experiment, control flags are applied in the sequence parameter set (SPS) and the slice header to constrain the use of temporal MVP candidates. The related experiment is ROB03. It is also proposed to test fixed candidate number without removing redundant candidates. When there is a duplicate candidate, it is proposed to test
1) the four temporal MVP candidates (JCTVC-D125 Section 2.1) and the scaling process of the derivations for temporal MVP candidates (JCTVC-D125 Section 2.4) to derive other substitute candidates for merge mode and merge skip;
2) the four temporal MVP candidates (JCTVC-D125 Section 2.1) and the scaling process of the derivations for temporal and spatial MVP candidates (JCTVC-D125 Section 2.3 and Section 2.4) to derive other substitute candidates for motion vector coding.

The related experiment is ROB04.
JCTVC-E118 A study on HM2.0 bitstream parsing and error resiliency issue [M. Zhou, V. Sze (TI)]
It is proposed to test disabling the temporal MVP from AMVP list and see if it can improve loss robustness without harming the coding efficiency. In the experiment the temporal MVP is retained as one of the initial candidates for motion estimation. The related experiment is ROB05.
5 Test sequences / test points / SW configuration

Simulation results will be based on sequences and common test configurations specified in the document JCTVC-E700. HM 3.0 will be used for evaluation.
All the experiments and the anchor in CE9 should include the fix of bug #146 as follows.

In TComDataCU::fillMvpCand() around line #2893 of TComDataCU.cpp:

[image: image1]
6 Definition of performance measurement criteria

6.1 Coding efficiency measurements
Measure impacts on bitrate/PSNR using provided data (4 points, BD-rate).
6.2 Complexity considerations

To provide an indicative assessment of complexity, the following numbers should be provided:

· Encoding time (compared to the default configuration)
· Decoding time (compared to the default configuration)
7 Time-line
	T1
	2011-April-16
	Final CE description

HM3.0 expected to be available on April 15

	T2
	2011-June-20
	Completion of tool integration, test configuration announcement, made software available to all CE participants
Start of cross-check

	T3
	2011-June-27
	Completion of cross-check
Reporting of all results to CE9 coordinators

	T4
	2011-July-1
	Input documents uploaded

	T5
	2011-July-4
	CE9 summary report uploaded


The 6th JCT-VC meeting will be held during July 14-22, 2011.
  if(!bAdded)�  {�    bAdded = xAddMVPCand( pInfo, eRefPicList, iRefIdx, uiPartIdxLT, MD_ABOVE_LEFT);�    if (bAdded && pInfo->iN==2 && pInfo->m_acMvCand[0] == pInfo->m_acMvCand[1])�    {�      pInfo->iN--; //remove duplicate entries


      bAdded = false;   //This line should be added !!!


    }�  }









Page: 4
Date Saved: 2011-05-20

