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Abstract

In HM-4.0-dev, when independent tiles are used, SAO and ALF processes still can cross tile boundaries, which make tile-independent decoding not possible. In this proposal, non-cross-tiles loop filtering is proposed. Simulation results reported show the non-cross-tiles loop filtering causes 0-0.1% and 0.1% bit rate increases when 2 and 4 tiles are used, respectively, in comparison with cross-tiles loop filtering.
1 Introduction
In High-Efficiency Video Coding test model version 4.0-dev (HM-4.0-dev), there are two kinds of settings for tiles: dependent tiles and independent tiles [1]. For independent tiles, encoding and decoding LCUs (e.g. MV prediction, intra prediction, entropy coding) of one tile do not need data from any other tile. Moreover, when CABAC is used as entropy coding method, CABAC probabilities will be re-initialized at the first LCU of each tile to ensure that tiles can be processed independently. Ideally, independent tiles can be regarded as sub-pictures and can achieve fully parallel decoding in a picture. However, in the current independent tiles, SAO and ALF are always allowed to cross tile boundaries, which make decoding process for tiles not fully independent. If the decoder is capable of parallel multi-tile decoding, cross-tile loop filtering will reduce the processing throughput. Therefore, non-cross-tiles loop filtering is desirable for independent tiles. The rest of this contribution is organized as follows. The proposed non-cross-tiles loop filtering will be described in Section 2, simulation results will be shown in Section 3, and conclusions will be given in Section 4.
2 Proposed method
As shown in Table 1 and Table 2, when independent tiles are used, one flag loop_filter_across_tile_flag in both sequence parameter set (SPS) and picture parameter set (PPS) is proposed to indicate whether the loop filtering process is non-cross-tiles or cross-tiles. If non-cross-tiles loop filtering is used, which means loop_filter_across_tile_flag is 0, one tile cannot use pixels of other tiles for loop filter operations. One flag tile_control_present_flag is added into PPS, which has the same purpose of tile_info_present_flag to not send loop_filter_across_tile_flag in PPS if not necessary. The non-cross-tiles boundary processing is exactly the same as non-cross-slices boundary processing in HM-4.0.
1. For deblocking filter, the pixels at tile boundaries are bypassed.

2. For SAO, if one pixel may use the pixel at different tile, the SAO operation for this pixel is skipped.
3. For ALF, if the leaf CU is at tile boundary, padding is used to prevent from using pixels of other tiles. The padding operations follow the order: padding vertical edges first and then padding horizontal edges.
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3 Simulation results

The proposed non-cross-tiles loop filtering is implemented on HM-4.0-dev (rev. 1420). High efficiency all intra (HE-AI), high efficiency random access (HE-RA), high efficiency low delay B (HE-LDB), low-complexity all intra (LC-AI), low-complexity random access (LC-RA) and low-complexity low delay B (LC-LDB) in common test conditions were tested according to JCTVC-F900 [2]. Two experiments are conducted for different numbers of tiles when non-cross-tiles loop filtering is used.
The first experiment is for the case of 2 tiles with vertical tile boundaries. The anchor is HM-4.0-dev (Rev. 1420) with the same settings of 2 independent tiles. The simulation results are shown in Table 2. Compared with anchor, the luma BD-rates of the proposed non-cross-tiles loop filtering are 0%, 0.1%, 0%, 0%, 0%, and 0% for HE-AI, HE-RA, HE-LDB, LC-AI, LC-RA, and LC-LDB, respectively.
The second experiment is for the case of 4 tiles with only vertical tile boundaries. The anchor is HM-4.0-dev (Rev. 1420) with the same settings of 4 independent tiles. The simulation results are shown in Table 3. Compared with anchor, the luma BD-rates of the proposed non-cross-tiles loop filtering are 0.1%, 0.1%, 0.1%, 0.1%, 0.1%, and 0.1% for HE-AI, HE-RA, HE-LDB, LC-AI, LC-RA, and LC-LDB, respectively.
4 Conclusions

MediaTek proposed non-cross-tiles loop filtering for independent tiles. When independent tiles are used, one flag in SPS and PPS is proposed to indicate whether non-cross-tiles loop filtering is used or not. The non-cross-tiles boundary processing is exactly the same as non-cross-slices boundary processing. For 2-tile and 4-tile cases, it is reported that 0-0.1% bit rate increases are observed when non-cross-tiles loop filtering is used.
5 Patent rights declaration(s)
MediaTek Inc. may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
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Table 2.  Proposed syntax change in PPS


pic_parameter_set_rbsp( ) {�
Descriptor�
�
	pic_parameter_set_id�
ue(v)�
�
	seq_parameter_set_id�
ue(v)�
�
	tile_info_present_flag�
u(1)�
�
  tile_control_present_flag�
u(1)�
�
	if (tile_info_present_flag == 1) {�
�
�
		num_tile_columns_minus1 �
ue(v)�
�
		num_tile_rows_minus1�
ue(v)�
�
		if (num_tile_columns_minus1  != 0 || num_tile_rows_minus1 != 0) {�
�
�
			tile_boundary_independence_idc�
u(1)�
�
			uniform_spacing_idc�
u(1)�
�
			if (uniform_spacing_idc != 1) {�
�
�
				for (i=0; i<num_tile_columns_minus1 ; i++)�
�
�
					column_width[i]�
ue(v)�
�
				for (i=0; i <num_tile_rows_minus1; i++)�
�
�
					row_height[i]�
ue(v)�
�
			}�
�
�
		} �
�
�
	}�
�
�
  if(tile_control_present_flag) {�
�
�
	if (num_tile_columns_minus1  != 0 || num_tile_rows_minus1 != 0) {�
�
�
      tile_boundary_independence_flag�
u(1)�
�
      if(tile_boundary_independence_flag == 1) {�
�
�
        loop_filter_across_tile_flag�
u(1)�
�
      }�
�
�
    }�
�
�
  }�
�
�
	entropy_coding_mode_flag�
�
�
…�
�
�









Table 3.  Results of non-cross-tiles loop filtering with 4 tiles
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�
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Table 1.  Proposed syntax change in SPS


seq_parameter_set_rbsp( ) {�
Descriptor�
�
	profile_idc�
u(8)�
�
	reserved_zero_8bits  /* equal to 0 */�
u(8)�
�
	level_idc�
u(8)�
�
	seq_parameter_set_id�
ue(v)�
�
	max_temporal_layers_minus1�
u(3)�
�
	pic_width_in_luma_samples�
u(16)�
�
	pic_height_in_luma_samples�
u(16)�
�
	num_tile_columns_minus1 �
ue(v)�
�
	num_tile_rows_minus1�
ue(v)�
�
	if (num_tile_columns_minus1  != 0 || num_tile_rows_minus1 != 0) {�
�
�
		tile_boundary_independence_idc�
u(1)�
�
		uniform_spacing_idc�
u(1)�
�
		if (uniform_spacing_idc != 1) {�
�
�
			for (i=0; i<num_tile_columns_minus1 ; i++)�
�
�
				column_width[i]�
ue(v)�
�
			for (i=0; i <num_tile_rows_minus1; i++)�
�
�
				row_height[i]�
ue(v)�
�
     }�
�
�
     tile_boundary_independence_flag�
u(1)�
�
     if(tile_boundary_independence_flag == 1) {�
�
�
      loop_filter_across_tile_flag�
u(1)�
�
		}�
�
�
	}�
�
�
	bit_depth_luma_minus8�
�
�
	bit_depth_chroma_minus8�
�
�
  ……�
�
�
}�
�
�









Table 2.  Results of non-cross-tiles loop filtering with 2 tiles
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�


�
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