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Abstract
This contribution proposes two modifications to ECM-6.0.
The first proposed modification is to add prediction to the signaling of the RPLs in the SPS. The method utilizes that the L0 and L1 picture references of an entry in the SPS list of RPLs are limited to the L0 and L1 picture references of the previous entry plus a reference to the previous picture. 
The second proposed modification is to make the NAL unit header in ECM 1 byte rather than 2 bytes for the 16 most common NAL unit types when the layer_id value is equal to 0.
For both modifications, the proponents report a CTC average luma BD-rate of −0.01/−0.11%/−0.13% for AI/RA/LDB.
The slice data and therefore also all decoded sample values is asserted to be unaffected by the proposal. The proponents claim that the decoding run-time is reduced by the proposal but that the difference is very small.
The proponents report that for RA CTC, the method gives −0.63% on Class D and −0.37% on Class F (not part of the CTC average).
With only the NAL unit header modification, the proponents report a CTC average luma BD-rate of −0.01/−0.03%/−0.07% for AI/RA/LDB. The proponents claim that the savings are expected to scale with the number of slices used per picture.
In version 2 of this contribution, a simulation result excel file was attached with the contribution and in version 3 some errors were corrected and complexity details were added.
Introduction
The HEVC specification includes reference picture sets (RPSs) that are used both for DPB management and signaling of reference picture lists L0 and L1. An HEVC SPS may contain a list of RPSs, and such an RPS can be referred to by a slice header. The HEVC slice header then includes a syntax element short_term_ref_pic_set_idx that specifies which entry in the SPS list of RPSs to use for the current slice.
The RPS signaling in HEVC includes a mechanism for predicting an entry in the SPS list of RPSs from another, previously signaled, entry. This prediction is enabled when the inter_ref_pic_set_prediction_flag in HEVC is equal to 1. Further information on this prediction mechanism can be found in [1] and [2].
The VVC specification uses reference picture lists (RPLs) rather than RPSs. The RPLs in VVC are similar to RPSs, but signals the L0 and L1 lists more directly. As in HEVC, the RPLs can be signaled in the SPS with a syntax element. In VVC this is done by the rpl_idx[ i ] syntax element in the picture header or slice header. It specifies which L0 and L1 list to use for a picture. VVC does not include prediction of RPLs as HEVC does for RPSs.
ECM has inherited the RPL method from VVC and uses a very similar syntax.
Proposal
This contribution proposes two modifications to ECM-6.0.
The first proposed modification is to add prediction to the signaling of the RPLs in the SPS. The method is similar to the HEVC method for predicting RPSs, and utilizes that the L0 and L1 picture references of an entry in the SPS list of RPLs are limited to the L0 and L1 picture references of the previous entry plus a reference to the previous picture. 
The second proposed modification is to make the NAL unit header in ECM 1 byte rather than 2 bytes for the 16 most common NAL unit types when the layer_id value is equal to 0.
Details of each proposed method is described next.
Inter-RPL
Let RplList be the list of RPLs in the SPS and let RPL be the entry in RplList containing an L0 and L1 list.
This contribution proposes adding prediction to the signaling of the RplList. For a current RPL, the decoder will maintain a list of picture references used by the previously signaled RPL, add the previous picture to this list, and use decoded index values in this list to construct the L0 and L1 lists for the current RPL. Simplified, the syntax for prediction looks as shown in Table 1.

[bookmark: _Ref115953921]Table 1 – Conceptual RPL prediction syntax
	seq_parameter_set_rbsp( ) {
	

		...
	

		sps_inter_rpl_num_ref_pic_lists
	ue(v)

		for ( rplIdx = 1 ; rplIdx < sps_inter_rpl_num_ref_pic_lists ; rplIdx ++ ) {
	

			for( lx = 0; lx < 2 ; lx++ ) {
	

				sps_num_ref_entries[ lx ]
	se(v)

				for ( j=0 ; j< num_ref_entries[ lx ] ; j++)
	

					sps_inter_rpl_idx[ lx ][ rplIdx ][ j ]
	u(v)

			}
	


sps_inter_rpl_num_ref_pic_lists is the number of RPLs in RplList.
sps_num_ref_entries[ lx ] is the number of entries for LX (L0 or L1).
sps_inter_rpl_idx[ lx ][ rplIdx ][ j ] is the index to the list of picture references identifying the value for LX[ j ] in the rplIdx’th entry of RplList.

In addition, the proposal includes the following to reduce the bit-cost further:
· One L0 flag and one L1 flag for each RPL that specifies whether automatically generated L0 and L1 lists will be used. If so, the corresponding sps_inter_rpl_idx[ lx ][ rplIdx ][ j ] syntax elements are not present.
· A delta QP for each RPL that is later added to slice_qp_delta
· Signaling the log2 of the GOP size which may be used to derive POC delta values between RPL entries which are needed to maintain the list of picture references.
· Delta coding of sps_num_ref_entries[ lx ]
1-byte NAL unit headers
The VVC NAL unit header, shown in Table 2 is inherited as-is in ECM. The NAL unit header is always 2 bytes long.
[bookmark: _Ref115952463]Table 2 – ECM-6.0 NAL unit header
	nal_unit_header( ) {
	Descriptor

		forbidden_zero_bit
	f(1)

		nuh_reserved_zero_bit
	u(1)

		nuh_layer_id
	u(6)

		nal_unit_type
	u(5)

	[bookmark: _Hlk25324839]	nuh_temporal_id_plus1
	u(3)

	}
	


We propose to use a 1-byte NAL unit header for the 16 most common NAL unit types when layer_id is equal to 0. For other NAL unit types and when layer_id is not equal to 0, a 2-byte NAL unit header is used. The proposed NAL unit header syntax is shown in Table 3 and Table 4.
[bookmark: _Ref115955834]Table 3 – Proposed NAL unit header, first byte
	nal_unit_header( ) {
	Descriptor

		zero_tid_required_flag
	u(1)

		nuh_temporal_id_plus1
	u(3)

		vcl_flag
	u(1)

		nal_unit_type_lsb
	u(2)

		nuh_extension_flag
	u(1)



[bookmark: _Ref116302887]Table 4 – Proposed NAL unit header, second optional byte
		...
	Descriptor

		if nuh_extension_flag {
	

			nuh_layer_id_plus1
	u(6)

			nal_unit_type_bit
	u(1)

			nuh_reserved_zero_bit
	u(1)

		}
	

	}
	



The proposed NAL unit header was previously proposed for VVC in JVET-O0237 [3].
The NAL unit type is derived as NalUnitType = (zero_tid_required_flag << 4) + (vcl_flag << 3 ) + ( nal_unit_type_bit << 2 ) + nal_unit_type_lsb.
The 16 NAL unit types that use a 1-byte NAL unit header when layer_id is equal to 0 are:
non-VCL:
· NAL_UNIT_PPS
· NAL_UNIT_PH
· NAL_UNIT_PREFIX_APS
· NAL_UNIT_SUFFIX_APS
· NAL_UNIT_DCI
· NAL_UNIT_SPS
· NAL_UNIT_EOS
· NAL_UNIT_EOB
VCL:
· NAL_UNIT_CODED_SLICE_TRAIL
· NAL_UNIT_CODED_SLICE_STSA
· NAL_UNIT_CODED_SLICE_RADL
· NAL_UNIT_CODED_SLICE_RASL
· NAL_UNIT_CODED_SLICE_IDR_W_RADL
· NAL_UNIT_CODED_SLICE_IDR_N_LP
· NAL_UNIT_CODED_SLICE_CRA
· NAL_UNIT_CODED_SLICE_GDR
Experimental results
Experiment 1 – SPS NAL unit sizes
The SPS NAL unit size was investigated. The size depends on the picture size as shown in Table 5. As can be seen, the proposal saves approximately half of the SPS bits.

[bookmark: _Ref113435840]Table 5 – RA SPS NAL unit sizes in bits
	Picture size
	ECM-6.0
	Proposed

	3840x2160
	2192
	1104 (-49.6%)

	1920x1080
	2184
	1104 (-49.5%)

	1280x720
	2184
	1104 (-49.5%)

	832x480
	2176
	1096 (-49.6%)

	416x240
	2168
	1088 (-49.8%)


Experiment 2 – Full proposal
The BD-rate savings depends on the bitrate and the frequency of SPSs in the bitstream. The tables below show the CTC results. Encoding and decoding runtime figures are not reliable.

[bookmark: _Ref113435943]Table 6 – AI simulation results
	
	All Intra Main10 

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	94%
	100%

	Class A2
	0.00%
	0.00%
	0.00%
	99%
	101%

	Class B
	-0.01%
	-0.01%
	-0.01%
	98%
	103%

	Class C
	-0.01%
	-0.01%
	-0.01%
	86%
	83%

	Class E
	-0.02%
	-0.02%
	-0.02%
	86%
	97%

	Overall 
	-0.01%
	-0.01%
	-0.01%
	93%
	96%

	Class D
	-0.04%
	-0.03%
	-0.04%
	100%
	100%

	Class F
	-0.02%
	-0.01%
	-0.01%
	91%
	96%

	Class TGM
	0.00%
	0.00%
	0.00%
	105%
	104%



Table 7 – RA simulation results
	
	Random Access Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	-0.04%
	-0.04%
	99%
	88%

	Class A2
	-0.04%
	-0.04%
	-0.04%
	96%
	90%

	Class B
	-0.09%
	-0.09%
	-0.09%
	96%
	105%

	Class C
	-0.22%
	-0.21%
	-0.21%
	84%
	86%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.11%
	-0.10%
	-0.10%
	93%
	93%

	Class D
	-0.63%
	-0.62%
	-0.62%
	101%
	95%

	Class F
	-0.37%
	-0.35%
	-0.36%
	93%
	96%

	Class TGM
	-0.12%
	-0.12%
	-0.12%
	100%
	108%



Table 8 – LDB simulation results
	
	Low delay B Main10 

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.04%
	-0.04%
	-0.04%
	97%
	96%

	Class C
	-0.08%
	-0.08%
	-0.08%
	95%
	104%

	Class E
	-0.35%
	-0.33%
	-0.33%
	92%
	98%

	Overall
	-0.13%
	-0.13%
	-0.12%
	95%
	99%

	Class D
	-0.25%
	-0.23%
	-0.24%
	93%
	92%

	Class F
	-0.19%
	-0.19%
	-0.19%
	89%
	88%

	Class TGM
	-0.07%
	-0.07%
	-0.07%
	109%
	107%



Experiment 3 – NAL unit header proposal only
To save time and compute resources these results were derived without encoding. Instead, the NAL unit headers in ECM-6.0 anchor bitstreams were rewritten and the modified bitstreams were decoded. To verify the results, classes C and D were fully encoded and decoded and the result matched the decode-only results. The savings are expected to scale by the number of slices used per picture. Decoding runtime figures are not reliable.


Table 9 – AI simulation results
	
	All Intra Main10 

	
	Over ECM-64.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	#NUM!
	93%

	Class A2
	0.00%
	0.00%
	0.00%
	#NUM!
	103%

	Class B
	-0.01%
	-0.01%
	-0.01%
	#NUM!
	99%

	Class C
	-0.01%
	-0.01%
	-0.01%
	#NUM!
	80%

	Class E
	-0.02%
	-0.02%
	-0.02%
	#NUM!
	87%

	Overall 
	-0.01%
	-0.01%
	-0.01%
	#NUM!
	92%

	Class D
	-0.04%
	-0.03%
	-0.04%
	#NUM!
	105%

	Class F
	-0.02%
	-0.01%
	-0.01%
	#NUM!
	88%



Table 10 – RA simulation results
	
	Random Access Main 10

	
	Over ECM-64.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.01%
	-0.01%
	#NUM!
	91%

	Class A2
	-0.01%
	-0.01%
	-0.01%
	#NUM!
	91%

	Class B
	-0.02%
	-0.02%
	-0.02%
	#NUM!
	96%

	Class C
	-0.05%
	-0.05%
	-0.05%
	#NUM!
	79%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.03%
	-0.03%
	-0.02%
	#NUM!
	89%

	Class D
	-0.15%
	-0.15%
	-0.15%
	#NUM!
	99%

	Class F
	-0.07%
	-0.07%
	-0.07%
	#NUM!
	85%



Table 11 – LDB simulation results
	
	Low delay B Main10 

	
	Over ECM-64.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.02%
	-0.02%
	-0.02%
	#NUM!
	102%

	Class C
	-0.04%
	-0.04%
	-0.04%
	#NUM!
	100%

	Class E
	-0.20%
	-0.19%
	-0.18%
	#NUM!
	88%

	Overall
	-0.07%
	-0.07%
	-0.07%
	#NUM!
	98%

	Class D
	-0.14%
	-0.13%
	-0.13%
	#NUM!
	94%

	Class F
	-0.11%
	-0.11%
	-0.10%
	#NUM!
	84%



Experiment 4 – Decoder run-time experiment
To estimate the decoding complexity, an experiment where the encoder was modified to repeat RPL information in the bitstream 10,000 times, and the decoder was modified to decode it. We used the following encoder and decoder commands:
EncoderApp.exe  -c cfg/encoder_randomaccess_ecm.cfg -c cfg/per-sequence/BQSquare.cfg -q 37 -i black.yuv -wdt 64 -hgt 64 --IntraPeriod=64 -f 65 -b bitstream.bit -dph 0 --ALF=0 --CCALF=0 --SAO=0 --CCSAO=0 > enc.txt
DecoderApp.exe -b bitstream.bit > dec.txt
We used a laptop and experiment results are shown in Table 12.

[bookmark: _Ref117326147]Table 12 – Decoder run-times
	
	Run-time anchor
	Run-time proposal

	Run 1
	0.454 sec.
	0.350 sec.

	Run 2
	0.452 sec.
	0.261 sec.

	Run 3
	0.417 sec.
	0.335 sec.

	Run 4
	0.453 sec.
	0.265 sec.

	Average
	0.444 sec.
	0.303 sec.


The Run-time values in the table are “Total Time:” values from the dec.txt files.
We can observe that the modified proposal was faster to decode than the anchor, possibly since the number of bits used for RPL information is much lower in the proposal.

References
[1] T. K. Tan and C. S. Boon, “AHG21: Inter Reference Picture Set Prediction Syntax and Semantics”, Joint Collaborative Team on Video Coding (JCT-VC), JCTVC-G198, 7th Meeting, Geneva, Switzerland, Nov. 2011.
[2] R. Sjoberg et al., "Overview of HEVC High-Level Syntax and Reference Picture Management," in IEEE Transactions on Circuits and Systems for Video Technology, vol. 22, no. 12, pp. 1858-1870, Dec. 2012.
[3] M. Pettersson et al., “AHG17: Compact NAL unit header”, Joint Video Experts Team (JVET), JVET-O0237, 15th Meeting, Gothenburg, Sweden, July 2019.

Patent rights declaration(s)
Ericsson 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).
	Page: 2	Date Saved: 2022-10-222022-10-17
image1.png




image2.png




