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Abstract
This contribution presents derivation a portion of least significant bits of Picture Order Counter (POC) based on Temporal Layer ID in video coding in the Versatile Video Coding (VVC) and other video coding standards. The usage of Temporal ID value for derivation of the least significant bits of POC LSB when dyadic hierarchical picture order structure is used in temporal sub-streams. Two methods are proposed the first simple method allows to derive one LSB bit of POC, the second method provide more reduction of signaling of POC LSB value. One SPS flag “dyadic_temporal_nesting_flag” is proposed to support this derivation of POC LSB value basing on Temporal ID value. Additional conditional check in signalling of HRD parameter signaling is proposed based on the value of dyadic_temporal_nesting_flag flag.
Introduction
A temporal layer concept in VVC is very similar to the temporal layer concept for temporal scalability in H.265/HEVC and in H.264/AVC Annex G and available in the base specification. Each picture has an associated temporal level identifier TID. Random access pictures are specified to always have TID = 0. With the concept of temporal layers, extracting a coded video sequence of lower temporal resolution from a given video sequence can be simply achieved by discarding all NAL units with TID larger than a selected value.
The relation of the pictures in terms of ordering is expressed by the picture order count (POC). The POC value is an index number that defines the output position of the current picture in the coded video sequence (CVS). The POC value is specifically used to identify the picture in the decoded picture buffer. For identification purpose, the value of POC is required to be strictly increasing with the output order of the coded pictures. The POC value of IDR pictures is specified to always be equal to 0.
For an efficient representation, the POC value is not directly coded in the syntax. Instead, it is represented by a least significant part POC_LSB which is encoded in the slice segment header.
Problem description
[bookmark: _Hlk19611913]In a large majority of use case scenarios the distribution of temporal layer IDs among pictures is dyadic in order to support very efficient approach of bi-directional inter prediction with hierarchical structure of pictures (SOP). It can be noted that in most of scenarios the temporal Id value have a correlation with least significant bits of POC. For example, pictures with even POC values have Highest temporal ID and odd pictures have lower temporal IDs. It means that at least the last bit of POC value is equal to result of logical equation (TID = = Highest TID).
With the tiling and slicing of the picture and at high resolutions video for parallelization purposes or for supporting sub-bitstream extraction or other cases the amount of slices is growing. Resolution could be as high as 8K resolution (7680×4320) or even higher with possible partitioning on 60x34 = 2040 independent tiles/slices (in some cases slice could be lower than tile and one tile could contain more than one slices). The picture rate could be also high enough like 120 fps (higher fps usually requires parallelization and high granularity of tiles). In provided example the one extra bit in slice header will lead to overhead of 245 Kbit/s. Moreover, higher fps lead to reduction of residual data due to better prediction of neighbor pictures in temporal domain thus increasing the portion of HLS in stream. The well-known scenario for such applications is video surveillance with mostly unchanged content. Those use cases make the weight of HLS and particularly slice header portion in bit-stream noticeable.
The purpose of this proposal is to reduce the overhead coming from redundancy between POC and TID values.
Solution A
As described in example of previous paragraph the last bit of POC value could be derived from TID value according to the formula POC_by_TID_bits = (TID = = Highest TID). In order to be sure that the distribution of TIDs is meet the conditions for usage of this formula the new flag “dyadic_temporal_nesting_flag” is proposed to signal in SPS:
7.3.2.3 Sequence parameter set RBSP syntax

	seq_parameter_set_rbsp( ) {
	Descriptor

		sps_decoding_parameter_set_id
	u(4)

		sps_video_parameter_set_id
	u(4)

		sps_max_sub_layers_minus1
	u(3)

		sps_reserved_zero_5bits
	u(5)

		profile_tier_level( sps_max_sub_layers_minus1 )
	

	…
	u(1)

		dyadic_temporal_nesting_flag
	u(1)

		log2_max_pic_order_cnt_lsb_minus4_minus_poc_by_tid_len
	ue(v)

		if( sps_max_sub_layers_minus1 > 0 )
	

			sps_sub_layer_ordering_info_present_flag
	u(1)

	…
	

		rbsp_trailing_bits( )
	

	}
	



dyadic_temporal_nesting_flag equal to 1 specifies that the Temporal IDs are distributed hierarchically with dyadic dependencies. dyadic_temporal_nesting_flag equal to 0 otherwise. When dyadic_temporal_nesting_flag is present the variable PocByTidLen is set equal to the value of this flag.

log2_max_pic_order_cnt_lsb_minus4_minus_poc_by_tid_len specifies the value of the variable MaxPicOrderCntLsb that is used in the decoding process for picture order count as follows:
MaxPicOrderCntLsb = 2( log2_max_pic_order_cnt_lsb_minus4_minus_poc_by_tid_len + 4 + PocByTidLen)	(7 13)
The value of log2_max_pic_order_cnt_lsb_minus4_minus_poc_by_tid_len shall be in the range of 0 to (12 - PocByTidLen), inclusive.

sps_max_sub_layers_minus1 plus 1 specifies the maximum number of temporal sub-layers that may be present in each CVS referring to the SPS. The value of sps_max_sub_layers_minus1 shall be in the range of 0 to 6, inclusive. The variable MaxTemporalID is set equal to sps_max_sub_layers_minus1 plus 1.

slice_pic_order_cnt_lsb specifies the picture order count modulo MaxPicOrderCntLsb for the current picture. The length of the slice_pic_order_cnt_lsb syntax element is log2_max_pic_order_cnt_lsb_minus4_minus_poc_by_tid_len + 4 + PocByTidLen bits. The value of the slice_pic_order_cnt_lsb shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.

[bookmark: _Ref2060986][bookmark: _Toc15253994]8.3 Slice decoding process
[bookmark: _Ref2060993][bookmark: _Toc15253995]8.3.1 Decoding process for picture order count
Output of this process is PicOrderCntVal, the picture order count of the current picture.
Each coded picture is associated with a picture order count variable, denoted as PicOrderCntVal.
[bookmark: _Hlt22461470]When the current picture is not a CLVSS picture, the variables prevPicOrderCntLsb and prevPicOrderCntMsb are derived as follows:
· Let prevTid0Pic be the previous picture in decoding order that has nuh_layer_id equal to the nuh_layer_id of the current picture and TemporalId equal to 0 and that is not a RASL or RADL picture.
· if (dyadic_temporal_nesting_flag)
		PicOrderCntLsb = ( slice_pic_order_cnt_lsb << PocByTidLen ) + (TemporalId == MaxTemporalId)
else
		PicOrderCntLsb = slice_pic_order_cnt_lsb 
…
PicOrderCntVal is derived as follows:
PicOrderCntVal = PicOrderCntMsb + PicOrderCntLsb	(8‑2)
The value of the PicOrderCntLsb shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.

Solution B
In respect to solution A which allows to reduce signaling of POC LSB value by one bit solution B provide an enhanced formula for even more reduction of bit budget of POC LSB signaling. Proposed the following formula with text changes in respect to solution A:
dyadic_temporal_nesting_flag equal to 1 specifies that the Temporal IDs are distributed hierarchically with dyadic dependencies. dyadic_temporal_nesting_flag equal to 0 otherwise. When dyadic_temporal_nesting_flag is present the variable PocByTidLen is set equal to (MaxTemporalId – TemporalId + (TemporalId > 0))..

8.3 Slice decoding process
8.3.1 Decoding process for picture order count
Output of this process is PicOrderCntVal, the picture order count of the current picture.
Each coded picture is associated with a picture order count variable, denoted as PicOrderCntVal.
When the current picture is not a CLVSS picture, the variables prevPicOrderCntLsb and prevPicOrderCntMsb are derived as follows:
· Let prevTid0Pic be the previous picture in decoding order that has nuh_layer_id equal to the nuh_layer_id of the current picture and TemporalId equal to 0 and that is not a RASL or RADL picture.
· if (dyadic_temporal_nesting_flag)
	PicOrderCntLsb =
( slice_pic_order_cnt_lsb << PocByTidLen ) + (( (TemporalId > 0) << (POC_by_TidID_len - 1))
else
	PicOrderCntLsb = slice_pic_order_cnt_lsb 
…
PicOrderCntVal is derived as follows:
PicOrderCntVal = PicOrderCntMsb + PicOrderCntLsb	(8‑2)
The value of the PicOrderCntLsb shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.

All variables used in derivation of POC LSB values are available in decoding process described in clause 8.3.1
Supplementary to this contribution the excel table with formula corresponded to solution B is attached for checking.
Supplemental modification
In case of adoption one of the solutions the following specification changes is proposed for HRD parameters signaling:
7.3.4.1 General HRD parameters syntax

	general_hrd_parameters( firstSubLayer, maxNumSubLayersMinus1 ) {
	Descriptor

		general_nal_hrd_parameters_present_flag
	u(1)

		general_vcl_hrd_parameters_present_flag
	u(1)

		if( general_nal_hrd_parameters_present_flag  | |
				general_vcl_hrd_parameters_present_flag ) {
	

			decoding_unit_hrd_params_present_flag
	u(1)

			if( decoding_unit_hrd_params_present_flag ) {
	

				tick_divisor_minus2
	u(8)

				decoding_unit_cbp_params_in_pic_timing_sei_flag
	u(1)

			}
	

			bit_rate_scale
	u(4)

			cpb_size_scale
	u(4)

			if( decoding_unit_hrd_params_present_flag )
	

				cpb_size_du_scale
	u(4)

		}
	

		for( i = firstSubLayer; i  <=  maxNumSubLayersMinus1; i++ ) {
	

			if ( !dyadic_temporal_nesting_flag )
	

				fixed_pic_rate_general_flag[ i ]
	u(1)

			if( !fixed_pic_rate_general_flag[ i ] )
	

				fixed_pic_rate_within_cvs_flag[ i ]
	u(1)

			if( fixed_pic_rate_within_cvs_flag[ i ] )
	

				elemental_duration_in_tc_minus1[ i ]
	ue(v)

			else
	

				low_delay_hrd_flag[ i ]
	u(1)

			if( !low_delay_hrd_flag[ i ] )
	

				hrd_cpb_cnt_minus1[ i ]
	ue(v)

			if( general_nal_hrd_parameters_present_flag )
	

				sub_layer_hrd_parameters( i )
	

			if( general_vcl_hrd_parameters_present_flag )
	

				sub_layer_hrd_parameters( i )
	

		}
	

	}
	


fixed_pic_rate_general_flag[ i ] equal to 1 indicates that, when HighestTid is equal to i, the temporal distance between the HRD output times of consecutive pictures in output order is constrained as specified below. fixed_pic_rate_general_flag[ i ] equal to 0 indicates that this constraint may not apply.
When dyadic_temporal_nesting_flag is equal to 1 the values of fixed_pic_rate_general_flag[ i ] for i in range from firstSubLayer to maxNumSubLayersMinus1 are all inferred to be equal to 1. Otherwise, when fixed_pic_rate_general_flag[ i ] is not present, it is inferred to be equal to 0.

This conditional signaling provides additional signaling reduction of parameters fixed_pic_rate_general_flag[ i ] and fixed_pic_rate_within_cvs_flag[ i ].

Conclusions
In this contribution, two solutions are proposed: Solution A with 1 bit POC signaling reduction and solution B with extended formula allowing to reduce overhead of signaling of POC value even more (up to MaxTemporalId bits). One SPS flag “dyadic_temporal_nesting_flag” is proposed to support this derivation of POC LSB value basing on Temporal ID value. Additional conditional check in signalling of HRD parameter signaling is proposed based on the value of dyadic_temporal_nesting_flag flag.
Specification text is provided for both solutions. Proposed to adopt one of the solutions (the solution B is recommended) to VVC draft of the specification.
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