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1.	Introduction
For the IVAS project [1] the permanent document IVAS-6 (Selection Deliverables) [2] specifies which information the companies shall provide on their candidate coder to facilitate decision by SA4. One of the items includes an analysis covering the Design Constraints [3].
2.	Design Constraint Fulfilment
2.1	Sampling Frequency and Audio Bandwidth
	Requirement
	Fulfilment

	The encoder and decoder/renderer shall support 16, 32, and 48 kHz sampling rates in all operation modes.
	The encoder and decoder support operation at 16kHz, 32kHz, and 48kHz at all IVAS and EVS operation modes.

	The encoder and decoder shall support 8 kHz sampling when EVS conformant processing according to TS 26.444 is used.
	When in EVS mode, the candidate IVAS codec also supports operation at 8kHz sampling rate.

	The encoder shall support input signals with different input signal bandwidth (NB, WB, SWB, and FB) with frequency masks as defined for EVS.
	The candidate IVAS encoder can operate on different input signal bandwidths (NB, WB, SWB, FB) and their respective frequency masks as defined for EVS.



2.2	Diegetic and Non-diegetic audio
	Requirement
	Fulfilment

	The IVAS codec shall support diegetic input audio.
	The candidate IVAS codec generally assumes that input audio is diegetic.

	In addition, the IVAS codec shall support direct headphone presentation for one-channel non-diegetic audio (with application of associated panning gain provided at the decoder/renderer) and two-channel (stereo or binaural) non-diegetic audio.
	In the case of one-channel audio the signal can be panned for headphone presentation (with application of associated panning gain provided at the decoder/renderer). Non-diegetic rendering is supported by default for two-channel audio (stereo or binaural) coding modes.


2.3	Encoder Input Formats
	Requirement
	Fulfilment

	The encoder shall support the following input formats, where the format is explicitly signalled to the encoder:
	The IVAS candidate encoder supports all required input formats with signalling provided to the encoder. 

	Channel-based audio, including mono (1.0), stereo (2.0), surround (5.1 and 7.1), surround + height (5.1+4 and 7.1+4)
	The encoder supports channel-based audio including mono (1.0), stereo (2.0), surround (5.1 and 7.1), surround + height (5.1+4 and 7.1+4); in addition, 5.1+2 is supported

	Binaural audio
	The encoder supports binaural audio

	Scene-based audio (Ambisonics): FOA, HOA2 and HOA3.
	The encoder supports scene-based audio (Ambisonics) up to order 3; in addition to spheric scene-based audio also planar scene-based audio is supported where just the planar components are coded

	Note: ACN component ordering and SN3D normalization.
	Scene-based audio is assumed to use ACN component ordering and SN3D normalization

	Metadata-assisted spatial audio according to definition in Annex A.
	The encoder supports the Metadata-assisted spatial audio format defined in Annex A of IVAS-4 [3].

	Object-based audio, with support for 1-4 individual mono object streams with associated metadata (specified in Annex C).
	The encoder supports object-based audio with support for 1-4 individual mono object streams with associated metadata (as specified in Annex C of IVAS-4 [3]).


2.4	IVAS renderer
	Requirement
	Fulfilment

	Proponents shall provide a renderer solution as part of their IVAS candidate, including an interface specification to the renderer as part of the selection deliverables.
	The IVAS candidate includes a renderer solution. The renderer solution is used within the decoder and can also operate separately. The final interface specification to the renderer will be provided after selection (as defined in clause 3.1 of IVAS-6 [2], the draft API is part of the source code package and defined in lib_rend.h .


2.5	Output Formats
	Requirement
	Fulfilment

	The IVAS codec shall support the following output formats for the corresponding input format, where the output format is explicitly signalled to the decoder/renderer:
	The IVAS candidate solution supports all output formats for the corresponding input format as required in IVAS-4 [3] and detailed in Table 1. The output format is explicitly signalled to the decoder/renderer.



Table 1: Required input/output format combinations (marked with “x”) and additionally supported input/output format combinations (marked with “a”)
	
	
	Decoder Output Format

	
	 
	Multi-Channel Pass-Through
	Binaural Audio
	Stereo
	Mono
	Multi-Channel Custom up to 16 speakers
	Scene-based audio at same or lower order
	Object-based audio
	Meta
data-assisted spatial audio

	Encoder Input Format
	Multi-channel 7.1+4
	x
	x
	x
	x
	x
	 a
	 
	 

	
	Multi-channel 5.1+4
	x
	x
	x
	x
	x
	 a
	 
	 

	
	Multi-channel 7.1
	x
	x
	x
	x
	x
	 a
	 
	 

	
	Multi-channel 5.1
	x
	x
	x
	x
	x
	 a
	 
	 

	
	Binaural Audio
	 
	x
	
	x
	 
	 
	 
	 

	
	Stereo
	 
	 
	x
	x
	 a
	 
	 
	 

	
	Mono
	 
	 
	 
	x
	 
	 
	 
	 

	
	Scene-based audio
	 
	x
	x
	x
	x
	x
	 
	 

	
	Object-based audio
	 
	x
	x
	x
	x
	 a
	x
	 

	
	Metadata-assisted spatial audio
	 
	x
	x
	x
	x
	a 
	 
	x

	
	Combined Object- and Scene-based audio
	
	a
	a
	a
	a
	a
	
	

	
	Combined Object- and Metadata-assisted spatial audio
	
	a
	a
	a
	a
	a
	
	


Table 1: Required input/output format combinations (marked with “x”) and additionally supported input/output format combinations (marked with “a”)
2.6	Self-contained IVAS bitstream frames
	Requirement
	Fulfilment

	The decoder shall be able to decode an IVAS bitstream frame without additional encoder side information (e.g. information on the input audio format).
	The IVAS candidate decoder can decode an IVAS bitstream frame without additional encoder side information.


2.7	Interface to external rendering
	Requirement
	Fulfilment

	The IVAS decoder shall support provision of the respective audio input format as output format to an external renderer.
	All input formats that were provided to the encoder can be emitted for later processing by an external renderer. It would then be the responsibility of the external renderer to render them to one of the output formats such as 5.1 or binaural audio for headphone reproduction. The renderer interface to be provided (see above) is able to process unrendererd audio as emitted by the decoder.


2.8	Bit Rates
	Requirement
	Fulfilment

	When input is a monaural signal without spatial metadata, the IVAS codec shall operate at bit rates of EVS (including all EVS Primary and AMR-WB IO modes). 
	In case of EVS conformant processing, bit rate support is identical to the EVS codec. 

	 When input is a stereo signal and EVS interoperable operation is supported (see Backward interoperability), the bit-rates of the EVS bitstream representing a mono downmix shall be from 9.6 kbit/s to 24.4 kbit/s.
	When the input is a stereo signal and EVS interoperable operation is chosen, the bit-rates of the EVS bitstream representing a mono downmix range from 9.6 kbit/s to 24.4 kbit/s.

	In other cases: the IVAS codec shall operate at least at bit rates of 13.2, 16.4, 24.4, 32, 48, 64, 80, 96, 128, 160, 192, 256, 384, 512 kb/s.
	The IVAS candidate solution operates at the bit rates defined in IVAS-4, i.e. ranging from 13.2-512kbps, depending on the coded format as defined in Table 2.

	The size of the SID frames shall not exceed 120 bits.
	SID frame size for EVS interoperable operation is unchanged relative to EVS (48 bits for EVS primary SID). The size of a SID frame for IVAS operation is 104 bits.




	format
kb/s
	EVS 
Native
	EVS
 AMR-WB IO
	IVAS 
Stereo
	IVAS 
ISM
	IVAS SBA/MASA/MC/ISM+SBA/ISM+MASA

	5.9
	x
	 
	 
	 
	 

	6.6
	 
	x
	 
	 
	 

	7.2
	x
	 
	 
	 
	 

	8
	x
	 
	 
	 
	 

	8.85
	 
	x
	 
	 
	 

	9.6
	x
	 
	 
	 
	 

	12.65
	 
	x
	 
	 
	 

	13.2
	x
	 
	x
	x (1 ISM)
	x

	14.25
	 
	x
	 
	 
	 

	15.85
	 
	x
	 
	 
	 

	16.4
	x
	 
	x
	x (1-2 ISM)
	x

	18.25
	 
	x
	 
	 
	 

	19.85
	 
	x
	 
	 
	 

	23.05
	 
	x
	 
	 
	 

	23.85
	 
	x
	 
	 
	 

	24.4
	x
	 
	x
	x
	x

	32
	x
	 
	x
	x
	x

	48
	x
	 
	x
	x
	x

	64
	x
	 
	x
	x
	x

	80
	 
	 
	x
	x
	x

	96
	x
	 
	x
	x
	x

	128
	x
	 
	x
	x
	x

	160
	 
	 
	x
	x (2-4 ISM)
	x

	192
	 
	 
	x
	x (2-4 ISM)
	x

	256
	 
	 
	x
	x (2-4 ISM)
	x

	384
	 
	 
	 
	x (3-4 ISM)
	x

	512
	 
	 
	 
	x (4 ISM)
	x


Table 2: Supported bit rates (marked with “x”)
2.9	Algorithmic Delay
	Requirement
	Fulfilment

	The algorithmic delay shall not exceed 40 ms, excluding any HRIR/BRIR induced delay.Note: The EVS algorithmic delay is 32ms.
	The algorithmic of the IVAS candidate solution delay does not exceed 38ms (excluding any HRIR/BRIR induced delay) and is generally ranging from 32-38ms (depending on operation mode). The delay for EVS conformant processing is as EVS. Table 3 outlines algorithmic delay for different input/output format combinations.



	
	
	Decoder Output Format

	
	 
	Mono
	Stereo
	Multi-Channel
	Binaural Audio
	Scene-based audio
	Object-based audio
	Metadata-assisted spatial audio

	Encoder Input Format
	Mono
	32
	 
	 
	 
	 
	 
	 

	
	Stereo
	32
	32
	32
	 
	 
	 
	 

	
	Binaural Audio
	 32
	 
	 
	32
	 
	 
	 

	
	Multi-channel
	32
	32
	32 / 37
	32 / 37 / 38
	32 / 37
	 
	 

	
	Scene-based audio
	33
	33
	 38
	38
	38
	 
	 

	
	Object-based audio
	32
	32
	 32 / 37
	32 / 37
	32 / 37
	32 / 37
	 

	
	Metadata-assisted spatial audio
	32 / 37
	37
	 37
	37
	37
	 
	32 (Note

	
	Combined Object- and Scene-based audio
	33
	33
	38
	38
	38
	
	

	
	Combined Object- and Metadata-assisted spatial audio
	32 / 37
	37
	37
	37
	37
	
	


Note: Metadata-assisted spatial audio decoder output allows also for mono or stereo decoder output at 32ms algorithmic delay by stripping the metadata file.
Table 3: Algorithmic delay for different input/output format combinations (rounded to integer milliseconds; in case multiple values are provided they depend on bit rate)
2.10         Complexity
	Requirement
	Fulfillment

	The following level-dependent limits apply for IVAS codec operations (encoder/decoder/renderer total) excluding JBM and other supplementary operations:
-       Level 1 (if supported):
· Complexity <= 3 * EVS
· RAM <= 3 * EVS
-       Level 2 (if supported):
· Complexity <= 6 * EVS
· RAM <= 6 * EVS
-       Level 3:
· Complexity <= 10 * EVS
· RAM <= 10 * EVS
Full functionality shall be provided at the highest level. The support of the lower levels with reduced functionality is recommended.
	The EVS reference has a complexity of ~129 WMOPS and RAM requirement of ~149 kWords if evaluated with the WMC tool. This defines the Levels as follows:
Level 1: <= ~387 wMOPS and <= ~448 kWords
Level 2: <= ~773 wMOPS and <= ~895 kWords
Level 3: <= ~1288 wMOPS and <= ~1492 kWords 

The IVAS candidate codec provides its full functionality at level 3. Lower levels are generally possible, definition of those is however speculative without complexity data of the IVAS fixed-point code and thus assignment of certain operation points to lower levels is deferred.

It is also noted that the complexity and memory highly depend on the operation point, i.e., IVAS format, output audio configuration, number of input/output channels, bitrate, etc.
 
The worst-case complexity measured of the IVAS candidate, excluding JBM and other supplementary operations, is for all operation modes below the complexity limits of Level 3.
 
Example maximum numbers for the most complex operation point are: 
· pass-thru mode (same input and output format) ~791 wMOPS and ~699 kWords.
· Binaural rendering (binauralized stereo output) ~1003 wMOPS and ~840 kWords
· Multi-Channel Loudspeaker rendering in 7.1.4 ~818 wMOPS and ~698 kWords
 
A detailed complexity analysis sheet is available here: https://forge.3gpp.org/rep/ivas-codec-pc/ivas-codec/-/wikis/Selection-Tests/Complexity-Evaluation

	In addition, the EVS interoperability mode should not require substantially increased complexity or memory compared to standard EVS.
	The EVS interoperability mode has a measured complexity of ~130 wMOPS and ~142 kWords memory.

	The following level-independent ROM and PROM constraints apply:
· ROM, PROM <= 10 * EVS
Storage in IVAS decoder/renderer required to support the default HRIR / BRIR set for binaural rendering is not counted in the ROM.
	The measured ROM (PROM and TROM) value of the IVAS candidate is ~506kWords as detailed in Table 4, where the EVS reference is ~214 kWords (Table 5). This measurement excludes the default HRIR/BRIR set for binaural rendering.

	The complexity/memory shall be evaluated using the WMC automated tool based on ITU-T G.191 for both CuT and reference in a consistent way for worst case. To account for measurement inaccuracies, the limits must not be exceeded with a tolerance of 10%.
	All measurements are based on the WMC automated tool available in ITU-T G.191 for both the CuT and the reference for worst case. Tolerance was not required to remain within the set limits. 

	Complexity level shall be provided to encoder / decoder / renderer during codec initialization.
	The IVAS codec candidate has a mechanism implemented to set the level at initialization. This functionality currently only supports level 3.

	The decoder/renderer at all levels shall be able to decode any IVAS bitstream and render it to an output format that may be level dependent.
	The IVAS candidate decoder/renderer currently only supports level 3 and can decode any IVAS bitstream and render it to an output format.

	As part of the selection deliverables, proponents shall provide a detailed documentation how and with which specific operation modes their IVAS candidate meets the complexity constraints of the different levels.
	The IVAS candidate meets the complexity constraints of level 3 at all operation modes.



	  
	ENC
	DEC
	COM
	REND
	TOTAL

	PROM 
	39,924
	32,516
	31,811
	n/a
	104,251

	TROM
	4,157
	1,118
	104,882
	n/a
	110,157

	TOTAL
	44,081
	33,634
	136,693
	n/a
	214,408


Table 4: Measured EVS codec ROM demand in Words32
	  
	ENC
	DEC
	COM
	REND
	TOTAL

	PROM 
	94,089
	94,153
	48,425
	94,153
	330,82

	TROM
	13,8
	4,258
	152,678
	4,258
	174,994

	TOTAL
	107,889
	98,411
	201,103
	98,411
	505,814


Table 5: Measured IVAS candidate codec ROM demand in Words32
2.11	Backward Interoperability
	Requirement
	Fulfilment

	The full EVS codec shall be part of the IVAS candidate codec solution. EVS-conformant processing according to TS 26.444 shall be used when the input to the IVAS codec is a mono signal without spatial metadata.  When multiple mono audio channels without spatial metadata are negotiated they shall all be conformant with EVS according to TS 26.444.
	The full EVS codec functionality is part of the IVAS candidate solution. Behavior relative to EVS is bit-exact (on the same platform) for the to be provided C code in floating-point, thereby meeting the conformance criterion in TS 26.444. When the input to the IVAS candidate solution is a mono signal without spatial metadata, EVS-conformant processing is used. Multiple mono audio channels without spatial metadata can be processed with several instances using EVS-conformant processing in an identical fashion as with the EVS codec.

	The IVAS encoder shall be able to produce an EVS bitstream representing a mono downmix of stereo input.
	For stereo input the IVAS candidate encoder is able to produce an EVS bitstream representing a mono downmix of stereo input.


2.12		Frame Length
	Requirement
	Fulfilment

	The candidate codecs shall operate with a frame size of 20 ms.
	The IVAS candidate solution operates with a frame size of 20ms. For rendering smaller frame sizes of 5ms granularity can be used to allow smoother head-tracked audio rendering.


2.13	Jitter Buffer Management (JBM)
	Requirement
	Fulfilment

	A JBM solution conforming to the requirements in TS 26.114, except for the functional requirement in sub-clause 8.2.2 of TS 26.114: “Speech JBM used in MTSI shall support all the codecs as defined in clause 5.2.1”, shall be provided with the candidate codecs.
	The IVAS candidate decoder includes a JBM solution conforming to the requirements of TS 26.114, except for the functional requirement in sub-clause 8.2.2 of TS 26.114: “Speech JBM used in MTSI shall support all the codecs as defined in clause 5.2.1”. 


2.14	Rate switching
	Requirement
	Fulfilment

	The candidate codecs shall perform rate switching upon command to the encoder throughout the entire bit rate range.
	The IVAS candidate solution can perform rate switching upon command to the encoder throughout the entire bit rate range.


2.15	Packet loss concealment (PLC)
	Requirement
	Fulfilment

	A PLC solution shall be provided by the IVAS candidate codecs.
	A packet loss concealment (PLC) solution is provided by the IVAS candidate decoder for operation over networks with potential packet loss.


2.16	DTX
	Requirement
	Fulfilment

	The candidate codecs shall provide a complete VAD/DTX/CNG framework. It shall be possible to operate the codec with DTX on or DTX off.
	The IVAS candidate solution provides a complete VAD/DTX/CNG framework for all operating modes except for multi-channel format and scene-based audio at very high bit rates and combined formats. It is possible to operate the codec with DTX on or DTX off.

	SID update frames shall be sent with a frequency not exceeding once per 8 frames.
	The SID frame update interval is once per 8 frames by default, other update intervals are also supported.


2.17	Control Data For Binaural Audio Rendering
	Requirement
	Fulfilment

	The IVAS decoder/renderer shall support the provision of HRIR / BRIR filter sets as control data for binaural audio rendering. The format of HRIR / BRIR filter sets shall be documented in IVAS candidate deliverables.
	The IVAS candidate decoder/renderer supports the provision of HRIR / BRIR filter sets as control data for binaural audio rendering. The format of HRIR / BRIR filter sets will be provided after selection (as defined in clause 3.1 of IVAS-6 [2]) as part of the IVAS selection deliverables.

	The IVAS decoder/renderer shall support the default HRIR / BRIR set for binaural rendering specified in Annex B.
	The IVAS candidate decoder/renderer uses the HRIR / BRIR set for binaural rendering specified in Annex B of [3] as the default data set.

	The IVAS decoder/renderer shall support head-tracking data as control data for binaural audio rendering. The codec shall support head-tracking data in quaternions with a time resolution of 5ms.
	The IVAS candidate decoder/renderer supports head-tracking data as control data for binaural audio rendering. It supports head-tracking data in quaternions and in Euler notation with a time resolution of 5ms.


2.18	Binaural reverb
	Requirement
	Fulfilment

	The IVAS decoder/renderer shall support the generation of binaural reverb. Binaural reverb shall be generated through reverb parameters. The reverb parameters shall be described in the IVAS codec deliverables.
	The IVAS candidate decoder/renderer supports the generation of binaural reverb. Binaural reverb is generated through reverb parameters that will be documented after selection (as defined in clause 3.1 of IVAS-6 [2]) as part of the IVAS codec deliverables.


2.19	Decoder/Renderer Motion to Sound Algorithmic Delay
	Requirement
	Fulfilment

	The maximum algorithmic delay (excluding any HRIR/BRIR induced delay) from a signaled change in head orientation to the expected effect on the rendered binaural sound should be no more than 20 ms.
	The algorithmic delay (excluding any HRIR/BRIR induced delay) from a signaled change in head orientation to the expected effect on the rendered binaural depends on the particular rendering method. The theoretical algorithmic delay consists of the sampling interval of head-tracker data (assumed to be 5ms) plus renderer delay (0-5ms) and interpolation between adjacent sub-frames and is below 20ms for head-tracker data with 5ms resolution.


2.20	Output gain tolerance
	Requirement
	Fulfilment

	The IVAS candidate codecs should neither amplify nor attenuate the output signal relative to the input signal.
	The IVAS candidate solution was designed with the aim to preserve signal energy. While it does neither amplify nor attenuate the output signal relative to the input signal purposely, certain effects are unavoidable, e.g., conversion of formats may lead to signal level changes due to different spatial resolutions.


3.	Conclusion/Summary
The analysis covering the Design Constraints in [3] reveals no unmet design constraint. Thus, the IVAS candidate solution of the IVAS Public Collaboration fulfills all design constraints.
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