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Abstract
This document reports on the simulation results of Core Experiment 1 (CE-1), which investigates a preLPC tool originally proposed in [1] for ACoM use cases and lossless audio coding in H.BWC-5.0. The tool introduces an LPC-based pre-whitening stage that is applied to the residual signal of a block-based prediction prior to subsequent transform-domain processing. CE-1 was conducted under modified lossless test conditions covering both the existing H.BWC datasets and additional ACoM use cases. The results indicate that the coding gains are mainly concentrated in the ACoM subset, while the legacy H.BWC operating point remains unchanged when the tool is disabled. Based on these observations, the preLPC tool is proposed for integration into the H.BWC specification as an optional ACoM-oriented coding mode under explicit signaling. This integration is a prerequisite for its use in the MPEG ACoM Reference Model, where the tool has already been selected as a candidate technology [1].
Software and configurations
The proposed changes were evaluated under modified Common Test Conditions (CTC) using H.BWC-5.0. For CE-1, only lossless coding was evaluated. Two result sets were generated.
1) H.BWC-only bypass check:
In this set, the configuration parameter 'cgps_allow_prelpc_flag' was set to 0 for all configuration files. This test was used to verify that the legacy H.BWC operating point remains unchanged when the tool is disabled.
2) Combined H.BWC + ACoM evaluation:
In this set, the configuration parameter 'cgps_allow_prelpc_flag' was set to 1 for all configuration files. This test was used to evaluate the coding impact of the proposed tool when explicit preLPC enable signaling is available.
The CE-1 testing followed the modified conditions specified in [2], which extended the existing H.BWC datasets with additional ACoM-oriented content and configuration files.
It should be noted that one file, I75.dat, from the INCART (ECG) dataset was missing from the HHI FTP site. Therefore, this file was omitted from the evaluation, and the corresponding rows were removed from the result set. The same procedure is requested for the cross-check. Since the INCART dataset consists of 74 remaining files after the exclusion of I75.dat, the impact of omitting a single file on the overall dataset statistics is considered negligible. Cross-check of the CE-1 results has been arranged with Fraunhofer HHI. The cross-check results will be presented and discussed during the 79th VCEG meeting.


Experimental results
The experimental results are summarized in the following four tables.

Table 1. Lossless coding results for joint channel coding, H.BWC-only bypass check 
(cgps_allow_prelpc_flag = 0).
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	
	BWC

	MIT (ECG)
	0.00%
	101%
	97%

	INCART (ECG)
	0.00%
	100%
	102%

	CHBMIT (EEG)
	0.00%
	102%
	101%

	NMR55 (EEG)
	0.00%
	101%
	83%

	NMR57 (EEG)
	0.00%
	102%
	105%

	TILT ILLUSION (EEG)
	0.00%
	104%
	112%

	Ozdemir (EMG)
	0.00%
	102%
	101%

	PTT (PPG)
	0.00%
	100%
	100%

	WristPPG (PPG)
	0.00%
	105%
	100%

	Average
	0.00%
	102%
	100%



Table 2. Lossless coding results for independent channel coding, H.BWC-only bypass check 
(cgps_allow_prelpc_flag = 0).
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	
	BWC

	MIT (ECG)
	0.00%
	101%
	102%

	INCART (ECG)
	0.00%
	100%
	101%

	CHBMIT (EEG)
	0.00%
	98%
	96%

	NMR55 (EEG)
	0.00%
	98%
	85%

	NMR57 (EEG)
	0.00%
	98%
	109%

	TILT ILLUSION (EEG)
	0.00%
	104%
	104%

	Ozdemir (EMG)
	0.00%
	101%
	100%

	PTT (PPG)
	0.00%
	100%
	97%

	WristPPG (PPG)
	0.00%
	104%
	98%

	Average
	0.00%
	100%
	99%




Table 3. Lossless coding results for joint channel coding, combined H.BWC + ACoM (cgps_allow_prelpc_flag = 1). The "Overall" row is computed as the mean over both the BWC and ACoM subsets (18 datasets total).
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	
	BWC

	MIT (ECG)
	0.21%
	99%
	98%

	INCART (ECG)
	0.73%
	67%
	99%

	CHBMIT (EEG)
	-0.08%
	175%
	104%

	NMR55 (EEG)
	-0.02%
	173%
	84%

	NMR57 (EEG)
	0.02%
	147%
	104%

	TILT ILLUSION (EEG)
	0.01%
	180%
	110%

	Ozdemir (EMG)
	0.08%
	61%
	95%

	PTT (PPG)
	0.18%
	36%
	100%

	WristPPG (PPG)
	0.03%
	44%
	101%

	Average
	0.13%
	109%
	99%

	
	ACoM

	UC1
	-0.04%
	127%
	105%

	UC3
	0.01%
	102%
	88%

	UC5
	0.00%
	62%
	107%

	UC9-Circor
	0.12%
	74%
	95%

	UC9-CoughVID
	-0.70%
	40%
	99%

	UC9-KAUH
	-3.41%
	116%
	122%

	UC10
	-1.07%
	81%
	108%

	UC11
	-1.40%
	72%
	128%

	UC12-SongDescriber
	-2.50%
	101%
	126%

	Average
	-1.00%
	86%
	109%

	Overall 
	-0.43%
	98%
	104%


Table 4. Lossless coding results for independent channel coding, combined H.BWC + ACoM 
(cgps_allow_prelpc_flag = 1).
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	
	BWC

	MIT (ECG)
	0.15%
	103%
	96%

	INCART (ECG)
	0.14%
	103%
	96%

	CHBMIT (EEG)
	-0.17%
	179%
	96%

	NMR55 (EEG)
	-0.04%
	188%
	92%

	NMR57 (EEG)
	-0.05%
	168%
	93%

	TILT ILLUSION (EEG)
	0.01%
	214%
	96%

	Ozdemir (EMG)
	0.14%
	71%
	94%

	PTT (PPG)
	0.02%
	62%
	97%

	WristPPG (PPG)
	-0.10%
	76%
	101%

	Average
	0.01%
	129%
	96%

	
	ACoM

	UC1
	-0.03%
	107%
	114%

	UC3
	0.01%
	68%
	97%

	UC5
	0.00%
	32%
	93%

	UC9-Circor
	0.13%
	42%
	96%

	UC9-CoughVID
	-0.69%
	19%
	98%

	UC9-KAUH
	-2.66%
	86%
	117%

	UC10
	-0.93%
	52%
	107%

	UC11
	-1.47%
	58%
	129%

	UC12-SongDescriber
	-2.07%
	89%
	134%

	Average
	-0.86%
	62%
	109%

	Overall 
	-0.42%
	95%
	103%


Observation and summary
The H.BWC-only bypass check with cgps_allow_prelpc_flag set to 0 shows that the proposed changes do not affect the legacy H.BWC operating point when the tool is disabled. The observed average coding impact in this condition is negligible, which confirms that the existing decoding and coding behavior is preserved in the disabled state.
When cgps_allow_prelpc_flag is enabled and the combined H.BWC + ACoM evaluation is performed, the coding gains are mainly concentrated in the ACoM subset. This behavior is consistent with the intended design of the tool. For audio-oriented content, residual signals after block-level prediction may still exhibit short-term temporal correlation. The proposed preLPC stage reduces this correlation before subsequent transform-domain processing, thereby improving the regularity of the residual representation and the effectiveness of entropy coding.
In contrast, the existing H.BWC biomedical datasets show negligible or marginal bitrate changes when preLPC is enabled (average BR-R of +0.13% for joint channel coding, Table 3). However, since preLPC is signaled as an optional mode via cgps_allow_prelpc_flag, these datasets effectively operate at the same performance as the baseline when the flag is disabled, as confirmed by the bypass check results in Tables 1 and 2, where all BR-R values are 0.00%. The observed marginal increase when enabled reflects encoder-side decisions to activate preLPC on blocks for which it is not beneficial; this behavior can be mitigated by encoder-side threshold control without any specification change. The proposed preLPC mode is therefore targeted at ACoM-oriented content while remaining fully transparent to the legacy H.BWC operating point when disabled.
Based on the CE results, it is recommended to integrate the preLPC tool into the H.BWC specification as an optional ACoM-oriented coding mode under explicit signaling (cgps_allow_prelpc_flag). The tool provides meaningful bitrate reduction for ACoM-oriented content (average BR-R of −1.00% for joint channel coding, −0.86% for independent channel coding across ACoM use cases), while the legacy H.BWC operating point is fully preserved when the tool is disabled, as confirmed by the bypass check results. ETRI therefore requests that the preLPC tool be adopted into the next version of the H.BWC software and the draft specification.
Regarding encoding time, the proposed encoder employs a content-adaptive early termination strategy within the RDO loop. When preLPC is enabled, the encoder monitors per-channel mode selection history and adaptively prunes the set of RDO candidates tested for subsequent blocks. Specifically, prediction mode candidates (including preLPC directions and BM/LM presearch) that have not been selected over a sustained period on a given channel are temporarily excluded from the candidate set. This reduces the effective number of RDO iterations for signal classes where certain prediction paths are consistently unfavourable, leading to encoding times below 100% for several sequences (e.g., INCART 67%, PTT 36% in Table 3 joint channel coding). It should be noted that the early termination strategy operates strictly at the encoder-side candidate selection level and does not alter the set of coding modes available to the final RDO decision; therefore, it has no impact on the resulting coding efficiency. Additionally, certain mode combinations that are expected to yield redundant results (e.g., preLPC with linear-fit block prediction) are excluded from the candidate set by design.
Conversely, for datasets where the encoder cannot establish a stable mode preference, i.e., where the preLPC path is intermittently selected without sustained dominance, the early termination conditions are not met, and the full candidate set (including forward and backward preLPC directions) continues to be evaluated. Combined with the additional LPC analysis overhead, this results in elevated encoding times for certain biomedical datasets (e.g., CHBMIT, NMR55, TILT ILLUSION), as reflected in the preLPC activation statistics in Table 9-1 of the Appendix. This overhead is confined to the preLPC-enabled configuration and does not affect the legacy H.BWC operation.
It should be noted that the early termination strategy described above is strictly an encoder-side optimization that does not introduce any modification to the bitstream syntax or the normative decoding process. Under the H.BWC framework, while certain aspects of the encoder are normative (e.g., bitstream conformance constraints), the RDO search strategy itself remains a non-normative encoder design choice. Furthermore, the original CfP document for MPEG ACoM explicitly classifies encoding time as an informative metric rather than a normative requirement. Accordingly, encoder-side refinements of this nature, which preserve full bitstream conformance and do not alter the decoding specification, fall within the expected scope of encoder optimization. The thresholds governing the candidate pruning may be further tuned in future encoder refinements without any impact on bitstream conformance or interoperability.
Top-level tool description
The proposed preLPC tool [1] is a residual-domain pre-processing stage that is applied on a per-block basis. When enabled and selected for a block, the encoder applies linear predictive filtering directly to the residual signal prior to transform-domain processing. At the decoder, the corresponding inverse preLPC operation is applied to the decoded residual prior to reconstruction.
The tool is controlled by a two-level signaling structure. A CGPS-level enable parameter, cgps_allow_prelpc_flag, determines whether preLPC signaling is present for the current coding configuration. If this enable parameter is set, a block-level prelpc_flag indicates whether the current block uses the preLPC mode. For blocks using preLPC, an additional prelpc_direction_flag signals the selected prediction direction. This structure ensures that the tool is fully bypassed when disabled and only affects those blocks for which explicit preLPC signaling is present.
Figure 1 provides a top-level view of the decoder-side behavior of the proposed tool. If cgps_allow_prelpc_flag is not enabled, the legacy residual coding path is followed without any preLPC-related signaling or processing. If the CGPS-level enable is active, a block-level prelpc_flag determines whether the current block uses the proposed mode. For blocks with prelpc_flag equal to 1, the decoder parses the corresponding preLPC-related syntax, including prelpc_direction_flag, and applies inverse preLPC filtering to the decoded residual prior to the remaining reconstruction process.
[image: D:\Dropbox\Dropbox\00_ETRI\5_6 표준화\2604_Ibiza\VCEG\blockdia.png]
Fig. 1. Top-level decoder-side signaling and processing flow for the optional preLPC mode.
Syntax changes in the draft specification text version 5
To support the proposed tool as an independently signaled block-adaptive mode, a syntax restructuring was introduced.
In an earlier design, prelpc_direction_flag was placed directly inside linear_predictive_filtering_data() and was conditioned only on the CGPS-level flag cgps_allow_prelpc_flag. However, this structure is not sufficient for decoding in practice. The reason is that cgps_allow_prelpc_flag is a channel-group-level control parameter and does not provide a block-level indication of whether the current LPC-related syntax refers to the conventional LPF sample prediction mode or to the proposed preLPC residual mode.
More specifically, the decoder enters linear_predictive_filtering_data() only when sample_pred_mode == SPRM_LPF. If a block uses preLPC while not using the conventional LPF sample prediction mode, there is no syntax trigger for entering linear_predictive_filtering_data(). As a result, prelpc_direction_flag becomes unreachable.
To resolve this issue, a two-level signaling structure is adopted.
First, a block-level prelpc_flag is appended at the end of the block prediction data syntax and is conditioned on cgps_allow_prelpc_flag.
Second, the invocation condition for linear_predictive_filtering_data() is extended from 'sample_pred_mode == SPRM_LPF' to 'sample_pred_mode == SPRM_LPF || prelpc_flag'.
Third, inside linear_predictive_filtering_data(), the preLPC-specific signaling is conditioned on prelpc_flag rather than on the CGPS-level enable flag alone. In this case, prelpc_direction_flag is signaled for the preLPC mode, while the conventional LPF-specific branches such as lpf_delta_coding_flag and lpf_prev_ch_flag are not used for that path.
This syntax restructuring is the minimum change required to make preLPC decodable as an independently signaled block-adaptive mode, while preserving the existing LPF syntax path and maintaining backward-compatible behavior for the legacy mode.
The complete modified syntax tables are provided in the attached CE-1 specification text document. The syntax difference can be seen in the following:
Channel group parameter set syntax
	channel_group_parameter_set( ) {
	Descriptor

	[bookmark: _Hlk191041744]	cgps_channel_group_parameter_set_id
	u(8)

	[bookmark: _Hlk192163689]…
	…

			cgps_allow_verbatim_coding
	u(1)

		cgps_allow_zero_lsb_flag
	u(1)

		cgps_allow_prelpc_flag
	u(1)


[bookmark: _Toc415475819][bookmark: _Toc423599094][bookmark: _Toc423601598][bookmark: _Ref23239590]Independent frame syntax
	independent_frame( ) {
	Descriptor

		if_channel_group_parameter_set_id
	u(8)

	[bookmark: _Hlk192085885]	if( NumChannelGroups > 1 )
	

	[bookmark: _Hlk192085968]		if_channel_group_id
	u(v)

		for( ch = 1; ch < NumChannels[ if_channel_group_id ]; ch++ ) {
	

			if_mean_per_channel[ ch ]
	u(16)

		}
	

		if( cgps_allow_cross_channel_pred_flag )
	

			for( ch = 1; ch < NumChannels[ if_channel_group_id ]; ch++ )
	

				for( n = 0; n  <=  cgps_allow_cc_pred_mult_hyp_flag; n++ )
	

					CrossChannelPredInputChDistMinus1[ ch ][ n ] = 0
	

		if( cgps_allow_block_matching_pred_flag )
	

			for( ch = 0; ch < NumChannels[ if_channel_group_id ]; ch++ )
	

				for( n = 0; n  <=  cgps_allow_bm_pred_mult_hyp_flag; n++ ) {
	

					BlockMatchingPredOffsetMinusBlocksSize[ ch ][ n ] = 0
	

					Log2BlockMatchingPredBlockSize[ ch ][ n ] = 0
	

				}
	

		if( cgps_allow_lpf_flag ) {
	

			LPFMaxNumWeights = 16
	

			for( ch = 0; ch < NumChannels[ if_channel_group_id ]; ch++ )
	

				for( n = 0; n  <=  LPFMaxNumWeights; n++ ) {
	

					LPFWeightsPred[ ch ][ n ] = 0
	

				}
	

		}
	

		if (cgps_allow_prelpc_flag ) {
	

			PRELPCMaxNumWeights = 3
	

			for( ch = 0; ch < NumChannels[ if_channel_group_id ]; ch++ ) {
	

				for( n = 0; n  <= PRELPCMaxNumWeights; n++ ) {
	

					PRELPCWeightsPred[ ch ][ n ] = 0
	

				}	
	

	        }
	

	    }
	

	if( cgps_length_signal_mode_flag )
	

			if_indep_num_samples_per_channel_minus1
	u(32)

		if( cgps_ctx_init_flag )
	

			if_ctx_init_mode
	u(1)


[bookmark: _Ref205561912]Prediction trafo block data syntax
	prediction_trafo_data_block ( ) {
	Descriptor

		for( ch = 0; ch < numChannels; ch++ ) {
	

			if( cgps_allow_block_matching_pred_flag  | |  ( cgps_allow_cross_channel_pred_flag &&
				( ch & DepChMask ) > 0 ) )
	

				block_matching_or_cross_channel_pred_flag
	ae(ch)

			if( block_matching_or_cross_channel_pred_flag ) {
	

				if( cgps_allow_block_matching_pred_flag && 
				cgps_allow_cross_channel_pred_flag
				&&  ( ch & DepChMask ) > 0 )
	

					cross_channel_pred_flag 
	ae(ch)

				if( cross_channel_pred_flag )
	

					cross_channel_prediction_data( ch )
	

				else
	

					block_matching_prediction_data( ch )
	

			} else
	

				block_pred_mode
	ae(ch)

			if( cgps_allow_prelpc_flag )
	

				prelpc_flag
	aep()

			if( block_matching_or_cross_channel_pred_flag  | |
				( block_pred_mode  = =  BPM_OFF ) ) {
	

				sample_pred_mode( ch )
	

				if( spred_lpf_flag  | |  prelpc_flag)
	

					linear_predictive_filtering_data( ch )
	

			}
	


Linear predictive filtering data syntax
	linear_predictive_filtering_data( ch ) {
	Descriptor

			if( prelpc_flag )
	

			prelpc_direction_flag
	aep()

		if( ( ch & DepChMask ) > 0  &&
			cgps_lpf_allow_prev_ch_flag && !prelpc_flag )
	

			lpf_prev_ch_flag
	ae(ch)

		if( lpf_prev_ch_flag ) {
	

			lpf_prev_ch_idx
	aep()

			lpf_prev_ch_weight_abs
	aep()

			if( lpf_prev_ch_weight_abs > 0 )
	

				lpf_prev_ch_weight_sign_flag
	aep()

		}
	

		if ( !prelpc_flag )
	

			lpf_delta_coding_flag
	ae(ch)

		lpf_num_weights_idx
	ae(ch)


The key modified functions are: block_prediction_data(), linear_predictive_filtering_data(), and the CGPS-level parameter table. A summary of added syntax elements is given below:
cgps_allow_prelpc_flag  u(1)  [CGPS level]
prelpc_flag                   aep()  [block level, if cgps_allow_prelpc_flag==1]
prelpc_direction_flag   aep()  [block level, if prelpc_flag==1]
Suggested editor’s note on syntax changes
The following points summarize the intended specification updates.
- A block-level prelpc_flag is added to block prediction data under the condition that cgps_allow_prelpc_flag is equal to 1.
- The decoder invocation condition for linear_predictive_filtering_data() is extended to include the case prelpc_flag == 1.
- Within linear_predictive_filtering_data(), the signaling of prelpc_direction_flag is controlled by prelpc_flag.
- The conventional LPF-specific syntax branches are retained for the existing LPF mode and are bypassed for the preLPC path as appropriate.
Patent rights declaration(s)
ETRI 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).
References
[1] Byeongho Jo et al., “Lossless Audio Coding in the ETRI ACoM CfP Response: Overview and Comparative Performance Analysis,” Document VCEG-BZ24, ISO/IEC JTC1/SC29/WG6/M75474, January 2026.
[2] Christof Fersch and Jonathan Pfaff, “CE descriptions for H.BWC (planned T.261),” Document VCEG-BZ28-v1, January 2026.


Appendix: PreLPC Usage Statistics
To provide additional insight into the behavior of the proposed tool, preLPC usage statistics were collected for the ACoM use cases. These statistics describe the block activation ratio of the preLPC mode and the distribution of the selected prediction direction.
The results show that the preLPC activation ratio varies significantly across use cases. This indicates that the tool is used in a content-adaptive manner and that its coding benefit is concentrated in signal classes for which residual short-term correlation remains relevant after block-level prediction.

Table 5. PreLPC activation ratio and direction statistics by use case.
	Use Case
	PreLPC Activation Ratio
	LPC Forward Ratio
	LPC Backward Ratio

	UC1
	0.42
	0.49
	0.51

	UC3
	0.01
	0.50
	0.50

	UC5
	0.00
	0.17
	0.83

	UC9 (CirCor)
	0.04
	0.41
	0.59

	UC9 (CoughVID)
	0.07
	0.25
	0.75

	UC9 (KAUH)
	0.45
	0.09
	0.91

	UC10
	0.40
	0.35
	0.65

	UC11
	0.41
	0.34
	0.66

	UC12
	0.81
	0.31
	0.69
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