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Abstract
[bookmark: OLE_LINK361][bookmark: OLE_LINK362]This document provides description for core experiment 11 (CE11). The objective of CE11 is to investigate the various methods for supporting gradual random access (GRA) in VVC and implementation of those methods on top of VTM reference software.
The methods to be investigated comprises the following categories:
1. Encoder restriction only method
2. Virtual boundaries based method
3. Coded region based method
4. Distributed hidden picture method
Introduction 
The tests to be investigated in CE11 are as follow:
	Test #
	Description
	Source
	Tester
	Crosschecker

	CE11-1
	GRA is supported by applying restriction to encoder operation such that there is nothing needs to be changed in the decoder.
	JVET-N0080
	Fujitsu
	Huawei

	CE11-2.1.a
	Apply motion vector restriction in encoder and use the following tools in the decoder: virtual boundaries, CIP at picture level.
	JVET-N0080/ JVET-N0391
	VITEC
	KDDI

	CE11-2.1.b
	The same as 11-2.1.a with the following change:
· CIP only at the refreshed region.
	JVET-N0080, JVET-N0391
	VITEC
	Huawei

	CE11-2.1.c
	The same as 11-2.1.b with the following change:
- treating the virtual boundary of refreshed region as picture boundary.
	JVET-N0080, JVET-N0391
	VITEC
	Fujitsu

	CE11-2.2
	The same as 11-2.1.c with the following change:
· virtual boundaries and CIP activated through a specific intra refresh signalization.
· Parsing of derivable flags are bypassed.
	JVET-N0391
	VITEC
	Fujitsu

	CE11-3.1
	Coded region based method in which refreshed region and un-refreshed region are in different tile groups.
	JVET-N0115
	Huawei
	VITEC

	CE11-3.2
	Coded region based method in which refreshed region and un-refreshed region are in different sub-pictures.
	JVET-N0310
	Nokia
	Huawei

	CE11-4
	GRA is supported as follows:
· GRA picture is coded as a non-IRAP picture.
· IRAP picture is coded in multiple NAL units and distributed across pictures within the GRA period
	JVET-N0116
	Huawei
	Nokia


CE11 test descriptions 
CE11-1 encoder restriction only in JVET-N0080
The functionality of GRA is achieved by encoder-only schemes. That is;
· Vertical intra-coded stripe moving from left to right
· In-loop filter across a tile boundary is allowed.
· Redundant intra-coded stripe at a refresh boundary for avoiding contamination from a dirty region to a clean region.
· Restricted intra prediction mode at a refresh boundary
· Restricted MV for all PU in a clean region
· Disabling TMVP at a recovery point picture


Figure 1: Layout of intra-coded stripe in CE11-1
CE11-2.1.a in JVET-N0080/JVET-N0391 
The method to be tested for supporting GRA is achieved by a combination of encoder-only and one normative change.
The encoder-only modification includes:
· Forcing of Intra CU according to a given cycle.
· Virtual boundary between clean and dirty region which are signalized with a new PPS at each picture. The filters are disabled cross these boundaries.
· Motion vectors constraints such that the prediction in clean region didn’t use any dirty pixels.
The additional normative change is enabling of Constrained Intra Prediction (CIP) at picture level.
CE11-2.1.b in JVET-N0080/JVET-N0391 
The method to be tested for supporting GRA is achieved with the same as 2.1.a with in addition the Constrained Intra Prediction tool with switching within a picture such that it is enabled only for intra refresh region.
CE11-2.1.c in JVET-N0080/JVET-N0391 
The method to be tested for supporting GRA is achieved with the same as 2.1.b with in addition the virtual boundary which are treated as picture boundary.
CE11-2.2 in JVET-N0391 
The method to be tested for supporting GRA is achieved with the same as 2.1.c with the CIP and virtual boundary tools which are enabled thanks to the signalization proposed in JVET-N0391:
· SPS level :
· sps_intra_refresh_enabled_flag
· PPS level :
· pps_intra_refresh_mode 
· pps_intra_refresh_size
· pps_intra_refresh_delta_qp   
· Tile-group level :
· tile_group_intra_refresh_direction 
· tile_group_intra_refresh_position
In addition, at least the following flags are not transmitted for CU derived as intra refresh CU : pred_mode_flag and cu_skip_flag
CE11-3.1 in JVET-N0115 
The method to be tested for supporting GRA is summarized as follows:
· GRA picture and pictures that follow the associated GRA picture in decoding are coded with at at least two tile groups: one tile group for refresh region and one tile group for un-refreshed region.
· A flag called refreshed_region_flag to specify whether a tile group is part of refreshed region or not is signalled in the tile group header. All tile groups having refreshed_region_flag equal to 1 cover a connected region. A tile group with refreshed_region_flag can be of type I- (i.e., intra tile group) or B- or P- (i.e., inter tile group). Each picture starting from the GRA picture to the last picture in the GRA period contains at least one tile group with refreshed_region_flag equal to 1. A GRA picture contains at least one tile group with refreshed_region_flag equal to 1 that is intra codedProgressive intra refresh for GRA is performed based on intra coding of entire tile groups.
· The boundaries of the refreshed region in a picture are derived based on the values of the refreshed_region_flag in the tile groups of the picture 
· When the current block in the current picture is in a tile group with refreshed_region_flag equal to 1 and the reference block is in a reference picture that contains un-refreshed region, a boundary of the refreshed region in a reference picture is treated as if it were a picture boundary in decoding of the current block referring to that reference picture for inter prediction, by applying the modified TMVP derivation and interpolation processes.
· Loop filter between refreshed region and un-refreshed may be disallowed.
CE11-3.2 in JVET-N0310 
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[bookmark: _Ref534208554][bookmark: _Hlk534210880]Figure 2. Example of the proposed sub-picture based gradual random access
The proposal is summarized as follows:
1. Pictures from the random access point (inclusive) to the recovery point (exclusive) have two sub-pictures, a refresh sub-picture and a "“dirty"” sub-picture. The size of the refresh sub-picture increases from the random access point towards the recovery point.
2. full_pic_ref_flag is included in the PPS. When equal to 0, the sub-picture with the index (in decoding order, within the referenced coded picture) that has the same index as the current sub-picture in the current picture is extracted and used as reference for inter prediction. When equal to 1, the entire reference picture is used as reference for inter prediction of the current sub-picture.
3. full_pic_ref_flag is equal to 0 in the active PPS for the refresh sub-picture. Thus, only the previous refresh sub-pictures are used as reference for prediction of the current refresh sub-picture. The boundaries of the refresh sub-pictures are treated like picture boundaries.
4. full_pic_ref_flag is equal to 1 in the active PPS for the "“dirty"” sub-picture. Thus, a "“dirty"” sub-picture can use samples from both "“dirty"” sub-picture and refresh sub-pictures for deriving prediction blocks of inter prediction.
CE11-4 in JVET-N0116 
The method to be tested for supporting GRA is summarized as follows:
· A new VCL NAL unit type DDR_NUT is defined for DDR pictures.
· A DDR picture shall have TemporalId equal to 0.
· DDR picture is coded as B-picture (i.e. trailing picture)
· A picture for which each VCL NAL unit has nal_unit_type equal to IDR_NO_LP and didr_pic_flag (in the tile group header) equal to 1 is a DIDR picture. A picture with nal_unit_type equal to IDR_NO_LP and didr_pic_flag equal to 0 is a usual IDR picture.
· A DIDR picture is associated with a DDR picture and vice versa.
· An associated pair of DIDR picture and DDR picture are coded presentations of the same picture, and they have the same value of picture order count.
· A DIDR picture is coded with intra prediction only and coded with at least two VCL NAL units.
· The VCL NAL units of a DIDR picture are distributed among a set of access units starting from the access unit containing the associated DDR picture, up to but not including any subsequent access unit that is a DDR access unit or an IRAP access unit.
· A DIDR picture is for inter prediction reference only and not for output.
· When all NAL units of a DIDR picture is received, decoder decodes the DIDR and marks all reference picture in the DPB as "“unused for reference"”
Test conditions
Each test shall be conducted with the following conditions:
1. Use low-delay B configuration in current common test condition (CTC) (i.e., encoder_lowdelay_vtm.cfg) with the following changes:
a. The first picture is coded as an IDR picture
b. The GOP size is 1. Each picture refers up to 4 immediate preceding pictures in decoding order
c. For test sequences with 60 fps, a GRA picture is inserted every 60 pictures
d. For test sequences with 50 fps, a GRA picture is inserted every 50 pictures
e. For test sequences with 30 fps, a GRA picture is inserted every 30 pictures
f. For test sequences with 20 fps, an GRA picture is inserted every 20 pictures
g. IntraQPOffset and QPoffset are set equal to 0
2. Maximum GRA refresh period is 1 second
3. SEIDecodedPictureHash is set to 1
Anchor bitstreams shall be encoded with the following conditions:
1. Use low-delay B configuration in current common test condition (CTC) (i.e., encoder_lowdelay_vtm.cfg) with the following changes:
a. The first picture is coded as an IDR picture
b. The GOP size is 1. Each picture refers up to 4 immediate preceding pictures in decoding order
c. For test sequences with 60 fps, an IDR picture is inserted every 60 pictures
d. For test sequences with 50 fps, an IDR picture is inserted every 50 pictures
e. For test sequences with 30 fps, an IDR picture is inserted every 30 pictures
f. For test sequences with 20 fps, an IDR picture is inserted every 20 pictures
g. IntraQPOffset and QPoffsetQpoffset are set equal to 0
2. SEIDecodedPictureHash is set to 1
Evaluation criteria
For reporting the performance, the following information shall be provided:
1. BD-rate performance excluding the first IDR picture and pictures that follows it until either the second IDR picture (i.e., for anchor) or the first GRA picture (i.e., for test).
2. Bit-rate variation of the bitstreams.
3. Exact match at a recovery point picture. The source code for testing this functionality is found in JVET-N0080. Crosscheckers are requested to check this at least once per test point and report where the check is performed (i.e., at which POC value) and if the result is exact match or not.

SW integration guideline
All tests are required to be implemented on top of VTM-5.0. The timeline may be adjusted based on the availability of VTM-5.0.
Timeline
	T1
	17 April 2019
	Finalize CE description

	T2
	15 May 2019
	Deliver software packages and begin initial cross-checking

	T3
	05 June 2019
	Software frozen, testers provide full results, and final crosschecking begins

	T4
	19 June 2019
	Submit contribution documents with respective texts and test result


Note: The above timeline is tentative and may be updated based on discussion in the reflector.
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