3GPP TSG SA WG4 #128	                                                                                S4-241024
Jeju, Korea, 20th - 24th May 2024                                                                                                
	
	
	




Source:	Fraunhofer IIS
Title:	Definition of IVAS complexity levels 
Document for:	Discussion and Agreement 	
Agenda Item:	7.6

Introduction
In the last Audio SWG online meeting on April 29th, the topic of defining the IVAS complexity levels was discussed. Different views of four companies were presented and various comments/concerns were expressed. The source has carefully considered all perspectives, concerns, and comments. In this contribution, a consolidated proposal is presented that, in the source's opinion, addresses the main issues identified during the previous discussion.
Proposal 
The consolidated proposal is shown in the following graphs, where the onion principle, as already considered for EVS, is followed, i.e. Level 2 is a superset of Level 1; Level 3 is a superset of Level 2. Encoder/ Decoder are considered separately as in [1].
Encoder
The proposal for encoder remains as in [2], namely, to be considered dependent on the bitrate and the underlying transport channels.
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During the discussion in the last SWG call, but also in [3] concerns were raised, that the bitrate limitation approach of the levels seems arbitrary and would bring confusion regarding the IVAS capabilities. The source would like to address these concerns with the following observations:
Level 1 devices are anticipated to be UEs with limited hardware capacity, primarily designed for basic voice communication scenarios. According to selection tests referenced in [4], audio quality is already reasonably high for speech with input formats like Stereo and MASA at 64kbps, with saturation occurring from 96kbps onwards. It is important to note that audio quality is quite satisfactory at lower mid-bitrates (48 to 80kbps), even for more complex audio scenes or music. 
Level 1 UEs will most likely facilitate early deployment of IVAS, operator network capacity however, is not expected to be exceeding 80kbps for audio voice communication, at least not in the near future
The definition and ultimately the deployment of Level 1 devices should not be regarded  as a representation of IVAS codec capabilities but rather as a support mechanism for less capable devices.
Decoder / Renderer 
For the decoder/renderer as already discussed in the previous contribution [2], more flexibility for the implementation should be considered. 
The fundamental principle is that a device shall support decoding of any bit stream to provide a basic experience, and for an immersive experience, it shall support up to the bit rate boundaries as defined for the encoder. The immersive experience depends on the output format configuration of a terminal, leading to varying computing and memory requirements. Such a paradigm ensures that an immersive experience can always be guaranteed even at Level 1, while also providing full interoperability. 
The table below shows the definition of the levels for the decoder/renderer as a minimum set of capabilities that the UE shall support.
Table 1 - Decoder level definition
	Output formats/ Bitrate range
	
	13.2 - 80 
	96 - 192
	256 - 512

	
	
	
	
	

	Mono
	
	Level 1
	Level 1
	Level 1

	Stereo
	
	Level 1
	Level 2
	Level 3

	Immersive
	
	Level 1
	Level 2
	Level 3



The key points of the proposal that need to be outlined are:
Decoding of all bitstreams
As was defined for the design constraints in [5], it is important that all level bitstreams should be consumed from the decoder at any given device, independent of level. As can be seen in the table above, at least the capability of mono output should always be feasible. This implies that if a device encounters bitstreams that are more complex to decode, its encoder should switch to a simpler, less complex encoding mode.  Example: Level 1 UE decoder decodes a MC 7.1+4 bitstream at 512kbps to mono output - encoder falls back to mono. 
This asynchronous mode of operation aligns with the basic use-cases envisioned today: the sending device captures and transmits a complex immersive scene while the receiver reproduces and renders the scene in the UE's configured output format. The receiver however responds using a non-immersive mono encoding mode, as voice is likely the expected response and because spatial capturing and spatial reproduction are currently not common in the marketplace.
Flexibility of supported capabilities and level complexity
The complexity requirements depend mainly on a device's supported output format configuration. It is at the discretion of a manufacturer which immersive output formats to support based on the device's audio reproduction and compute/memory capabilities, it shall however support at least one immersive format beyond stereo. This leaves design freedom and enables new device categories and form factors that cannot yet be foreseen by the committee. 
An indicative assessment of the complexity, based on the measurements in WMOPS for the floating-point code presented already in [2], would be: 

Table 2 - Complexity assessment in WMOPS
	
	Level 1
	Level 2
	Level 3

	Mono 
	122.57
	219.89
	251.0

	Stereo 
	209.22
	278.68
	278.68

	Binaural 
	229.54
	339.25
	578.09

	EXT 
	297.18
	373.17
	554.83

	7_1_4 
	320.59
	385.53
	594.74

	Binaural room 
	351.54
	588.73
	802.65



Conclusion
A consolidated proposal on defining the IVAS complexity levels was presented. It adheres to the onion principle and clearly defines separate expectations for encoders and decoders/renderers based on bitrate and output format capabilities. This approach ensures that even Level 1 devices, which have limited hardware capacities, can deliver a satisfactory basic audio experience and have the potential for immersive experiences within their bitrate constraints. 
The proposal also emphasizes flexibility in implementation, allowing manufacturers to decide on the immersive output formats their devices will support, based on the device’s audio reproduction and computational/memory capabilities. By ensuring that all devices, regardless of level, can decode any bitstream for at least a mono output, the proposal guarantees interoperability and accessibility across a wide range of devices. 
Additionally, the complexity and memory requirements laid out in the proposal provide an example of what the guidelines for manufacturers could look like, helping them design devices that meet the IVAS standard while also allowing room new device categories. This proposal, therefore, not only addresses the immediate needs but also sets a robust framework for the future development and deployment of audio devices under the IVAS standard.
It is proposed to agree to this proposal on defining the levels and incorporate it in TS 26.250. Additionally, this should provide a basis on how the overall complexity should be presented, as a guideline for deployment in the TR 26.997, pending the completion of complexity and memory measurements based on the IVAS BASOP code. 
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