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Introduction
The IVAS codec holds significant potential for enhancing the audio experience in future mobile communication systems. However, to ensure its successful and rapid deployment across diverse devices, careful consideration must be given to complexity and memory consumption. The source finds it is crucial to define complexity levels for the IVAS codec, guided by the design constraints outlined in IVAS-4 [1]. This contribution defends the importance of this undertaking, taking into account the hardware challenges posed by mobile and handheld devices, the wide range of use cases and implementations, and the growing significance of energy efficiency in the industry's landscape.
Discussion
Complexity compared to EVS
The IVAS codec exhibits a worst case complexity that is below 10 times that of the Enhanced Voice Services (EVS) codec. This high level of complexity can pose significant challenges for mobile and handheld devices, which typically have limited processing power and memory resources. Especially for manufacturers aiming to deploy straightforward use cases like stereo capture, transmission, and playback, the complexity associated with IVAS can prove to be a prohibitive cost. 
Hardware Implementation
IVAS is envisioned to be implemented across a wide range of devices with varying hardware capabilities. By incorporating defined complexity levels, we enable adaptability of the codec to different hardware platforms that would accommodate current but also future use cases. This flexibility ensures that IVAS can be efficiently utilized across devices, including smartphones, tablets, wearables, and other emerging technologies. Complexity levels allow for optimization and customization, ensuring optimal performance and user experience depending on the capabilities of each device. 
Energy Efficiency
Energy efficiency has become a pressing concern in the telecommunications industry. There is a growing focus within 3GPP and recently also within the SA4 TSG on developing solutions that promote energy-efficient operations (see FS_MediaEnergyGREEN). By introducing complexity levels in IVAS, we can strike a balance between audio quality and energy consumption. Users and implementors can choose less complex operation modes that deliver acceptable audio quality while conserving energy. This aligns with the broader industry movement towards sustainability and reducing the carbon footprint of communication systems.
[bookmark: _Ref164980154]Complexity analysis of IVAS floating-point code
The source conducted a thorough analysis of the complexity and memory requirements of the IVAS codec. The analysis covered all combinations of input formats with basic output formats, including mono, stereo, binaural, pass through, 7_1_4, HOA3, binaural room (IR), and binaural room (reverb). The measurements were done using long test vectors provided by PC companies [2]. 
When assessing the complexity numbers, it's important to consider asymmetric implementations. Therefore, the complexity numbers of the encoder and decoder/renderer are considered separately. The figures below provide heatmaps that visualize the computational complexity of all input formats per output format. Additionally, the corresponding figure for the encoder is included for completeness.

Figure 1 - Encoder complexity overview
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Figure 2 - Decoder complexity for mono output
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Figure 3 - Decoder complexity for stereo output
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Figure 4 - Decoder complexity for binaural output
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Figure 5 - Decoder complexity for pass-through
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Figure 6 - Decoder complexity for loudspeaker output 7.1+4
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Figure 7 - Decoder complexity for HOA3 output
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Figure 8 - Decoder complexity for binaural room (IR) output
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Figure 9 - Decoder complexity for binaural room (reverb) output
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Proposal - keep it simple
From the sources perspective, it is important to establish the levels within a simple framework that strikes the right balance between codec capabilities, complexity, memory consumption, and device capabilities. It would be impractical, for instance, to define a low complexity mode that utilizes advanced codec capabilities when the hardware and playback abilities of the device are limited, preventing the content from being reproduced in a high-quality immersive manner. Therefore, a holistic approach is necessary to ensure optimal performance and quality based on the capabilities of both the codec and the device.
Based on the group's understanding, the complexity levels are meant to be determined using the available fixed-point code. However, the source believes that the discussion and initial outline of the level definition can already be accomplished by utilizing floating-point evaluations, especially when comparing them against the corresponding EVS floating-point code measurements and fixed-point code is not available to date.  From the source's perspective, the measurements of the floating-point codec provide a straightforward and fundamental understanding of the boundaries between the levels as can be seen from the figures presented in 2.4, which can effectively accommodate various device categories with different capabilities. Considering this perspective, the following can serve as a solid foundation for the level definition:

Level 1: 
	Bitrates
	<= 80 kbps

	Input formats
	all IVAS supported input formats

	Minimum output format capabilities
	mono, stereo, binaural*


* default HRIRs or comparable

Level 2: 
	Bitrates
	<= 192 kbps

	Input formats
	all IVAS supported input formats

	Minimum output format capabilities
	mono, stereo, binaural*, pass-through, CICP loudspeaker layouts up to 7.1+4


* default HRIRs or comparable

Level 3: 
	Bitrates
	all supported IVAS bitrates

	Input formats
	all IVAS supported input formats

	Output formats
	all supported IVAS output formats 



Advantages of such an approach summarize to the following:
simple tables to facilitate negotiation structure between devices to establish the best possible QoE for both devices.
the vertical approach of defining level capabilities allows for a balanced trade-off of between QoS/QoE and complexity. As an example, a Level2 or Level3 device limits the encoding bitrate when sending to a Level1 device where output is limited to mono or stereo/binaural playback. However, the Level1 device can transmit bitstreams of immersive formats, albeit with limited quality due to the encoding bitrate limitation and higher compression, nevertheless giving the possibility to the higher Level device to reproduce the incoming data in immersive playback formats, thus not compromising the QoE.  
the approach of defining the level capabilities follows the onion principle, i.e. Level 1 is a complete subset of Level 2, which again is a complete subset of Level 3. Thus, each Level 2 device also supports all Level 1 features, and each Level 3 device also supports all Level 1 and 2 features.
The complexity levels, defined in [1], primarily aimed to establish design constraints for implementation. The source suggests that the worst-case complexity for each level should be determined based on the measured worst-case encoder and decoder complexity within the boundaries specified in the tables mentioned above.
Furthermore, the source believes that some flexibility should be allowed for UEs capable of supporting additional features beyond those defined in the lower levels. However, this flexibility should be limited to the decoder/renderer side to ensure it does not impact interoperability between devices.
Conclusion
The source presented a simple, easy to understand concept for the levels based on an extensive analysis of IVAS floating-point. It is proposed to agree to this proposal and to adopt the principle approach to define the complexity levels without excessive complication.
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