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1. Introduction
The IVAS standard was selected in 2023. To fulfil their related obligations, the proponents of the IVAS codec candidate (from IVAS Public Collaboration) described how the solution meets, [1], [2], the IVAS design constraints [3].
Among the design constraints are limits on maximum complexity, including computational complexity and memory requirements. In addition to the requirements (maximum limits), there were agreed optional complexity points that can, e.g., support IVAS devices with more complexity-constrained operation and capabilities. The optional complexity points are not yet fully defined for IVAS.
The current input document provides discussion on the IVAS design constraints on complexity, namely Levels, and the related implications for IVAS codec including its deployment scenarios and proposes a way forward to allow for successful immersive voice and audio services based on the IVAS standard.
At recent Audio SWG telco on 29 April 2024 it was agreed for IVAS Levels to follow the “onion principle”, i.e., providing at a higher level always the full lower-level functionality. Furthermore, it was agreed that a minimum core set functionality is to be defined. The core set can be understood to correspond with Level 1 capability.

2. IVAS design constraints: Complexity, Levels
2.1 IVAS-4 background and IVAS Levels status
IVAS-4 design constraints [3] defines the following:

	Complexity
	Complexity/memory limits are defined in levels. 
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.
In addition, the EVS interoperability mode should not require substantially increased complexity or memory compared to standard EVS.
The following level-independent ROM and PROM constraints apply:
· ROM, PROM <= 10 * EVS
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%. 
Complexity level shall be provided to encoder / decoder / renderer during codec initialization.
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.
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 Levels can be comprehensively defined only when the IVAS fixed-point implementation is available. The corresponding specification, TS 26.251, is currently scheduled for being available to send for approval from the SA4 May meeting. Therefore, it is premature to discuss the final definition of IVAS Levels at the present time.
In general, IVAS codec complexity consists of encoder-side and decoder-side operations. IVAS Levels are defined for end-to-end operation, “(encoder/decoder/renderer total) excluding JBM and other supplementary operations”.
2.2 Discussion
In a typical use case, e.g., an immersive one-to-one call or teleconferencing, we have encoding and decoding on the same device, making the general approach in IVAS-4 relevant. However, IVAS includes several operations, e.g., based on different encoder input formats, and therefore symmetric operation as assumed above can be atypical. For example, in many cases there can be very different capabilities for the two (or more) participants. The way to define the Levels in IVAS-4 can therefore be considered as a baseline complexity calculation that does not necessarily provide insight for practical IVAS implementations and deployment scenarios.
According to the understanding of the source, IVAS codec fulfils the design constraint for Level 3 including provision at all levels of decoding any IVAS bitstream and rendering it to an output format that may be level dependent. For example, encoding of mono (EVS) and decoding of any IVAS bitstream to mono output fulfils this for a practical implementation. However, it is noted that mono upstream and mono output decoding/rendering is not the user experience expected from immersive voice and audio services.
Optional Levels 1 and 2 are to be defined upon availability of the fixed-point codec. In view of the source, this is highly desirable to make IVAS attractive and implementable on a wide range of UEs and end-user devices thus meeting the WID objective [4] without unduly compromising quality and IVAS capabilities.
2.3 On provision of more granular Levels
The source is open to, e.g., more granular definition of Levels, where there may be good justification. One such justification can be the challenge of implementing IVAS on chipsets and ability to deploy the codec/services in a more granular fashion. For example, IVAS Level 1 (<= 3 x EVS) may already be considered a challenging step up from EVS complexity, and Level 2 assumes doubling the computational capability with no capability level in between. Therefore, e.g., a device capable of 5 x EVS computational complexity would still be limited to Level 1 (or core set). This may risk limiting QoE and delaying some IVAS deployments unnecessarily. 
For example, to tackle this issue, IVAS Levels could simply be defined based on EVS with higher granularity than what IVAS-4 captures: e.g., x3, x4, x5, x6, x7, x8, x9, and x10.
At the same time, it is important to maintain Levels as a simple concept and avoid confusion in the market that a significantly higher number of Levels can potentially create. Therefore, introducing additional Levels beyond Levels 1-3 could also be considered when fixed-point implementation is available. Additional Levels could thus be based on functional gains rather than chipset capability.

3. Complexity and QoE for EVS and IVAS
3.1 Discussion
The EVS codec [5] is relatively simple in its operation as the codec operates only on mono input and mono output. There is no rendering stage as part of the solution. However, there are still several operating points, based on EVS Primary and AMR-WB IO modes, bitrates, and signal bandwidth. All these operations result in different computational complexities. The quality scales with bitrate and the bandwidth increase to SWB and FB has also a significant quality benefit, especially for generic audio and music. Regardless of all this, the output remains mono. Effect of computational complexity on user experience can therefore be relatively simple to understand just by looking at numbers.
On the other hand, the IVAS codec supports several main encoder inputs in addition to mono (EVS) operation. The main encoder inputs can furthermore have multiple minor configurations, e.g., multi-channel input alone can be understood as five different formats: 5.1, 7.1, 5.1+2. 5.1+4, and 7.1+4. This is relevant, since these formats can result in different computational complexity and/or audio quality, e.g., at a given single bitrate. On the encoder side, the multiple input formats make the complexity-to-experience mapping significantly more difficult to understand than what was the case with EVS.
For IVAS, it is particularly important to consider also the decoder-side operation to determine the quality of experience (QoE) characteristics of a codec operating point. IVAS supports several different decoding/rendering operations: mono, stereo, binaural (with and without head-tracking, with and without room acoustics simulation), flexible loudspeaker setups (incl. 5.1, 7.1, 5.1+2. 5.1+4, and 7.1+4), and support for external rendering based on input format pass-through. The decoding/rendering complexity to different outputs varies significantly, and this is also based on the encoder input format or coded format.
In principle, the receiver should not care what format the encoder side is transmitting in terms of quality. It is generally up to encoder side to decide which of available formats and operations is best/most suitable based on its capabilities (and, e.g., network configuration). For example, a high-end receiving device can decode and render the incoming bitstream to most suitable or desired output for presentation. 
High-end devices may thus have no issue negotiating suitable operating points in any IVAS scenario.
Based on the above comparison between EVS and IVAS, the complexity-to-experience mapping of IVAS operations however appears a significant challenge. IVAS should be attractive for a wide range of devices, and QoE should not be compromised unnecessarily due to lower-capability device participating a call.
It is important to consider the effect of codec complexity further to enable reasonable operating point selection also when, e.g., mid-tier and low-tier IVAS devices are used. It seems clear from the above that knowledge about output or rendering target and capabilities are important in determining the actual QoE that is achieved with IVAS in many situations.

3.2 Parameters and operations impacting IVAS complexity
The following parameters and operations impact IVAS operation complexity:
· Encoding:
· Encoder input format
· Potential pre-rendering operations
· Bitrate
· Audio bandwidth
· DTX on/off (effect mostly on average complexity, battery life)
· Decoding/rendering:
· Encoder input format
· Bitrate
· Audio bandwidth
· Output format
· DTX on/off (effect mostly on average complexity, battery life)
· Packet loss concealment
· JBM
· Note: Specifically not part of IVAS Levels definition in IVAS-4

It seems that the main parameters/operations affecting complexity and QoE per above discussion should be considered in IVAS operating point selection. These include encoder input format, bitrate, audio bandwidth, and output format.

3.3 On simplifying Levels definition for IVAS codec
IVAS provides a wide range of operations. It can potentially be interesting to try to simplify this range of codec operations available at each IVAS Level. For example, in [6] this is considered by defining IVAS Levels based on allowed bitrates.
Coder complexity predominantly scales with number of transport signals, which goes hand in hand with bitrate for some IVAS formats. However, there are differences across formats. For example, stereo always consists of two input channels, and mono-MASA has a single transport channel across the IVAS bitrate range. In many cases, any common bitrate limit is arbitrary. For example, in some cases a low bitrate operation can be close to the worst-case complexity for that input. On the other hand, such bitrate limits will clearly limit the achievable quality. As also supported by [7], sufficient flexibility based on device implementations is necessary, which is not achieved by general limitations based, e.g., only on bitrate.
Another consideration relates to IVAS being an extension of EVS. The EVS algorithm operates at bitrates between 5.9VBR and 128 kbps, including the EVS AMR-WB IO rates. EVS operation is furthermore defined by bandwidth (NB, WB, SWB, and FB). EVS primary bitrates from 13.2 kbps up are shared with IVAS primary operation. According to source’s knowledge, current EVS deployments utilize at least rates 9.6-24.4 kbps. On the other hand, IVAS brings immersive features and quality, where higher bitrates for numerous use cases are attractive. IVAS deployments can therefore in some cases increase interest also in higher EVS rates, including bitrates up to 128 kbps.
As an extension of EVS, IVAS provides full EVS operation. IVAS should also not be unnecessarily limited below the features of EVS. For example, IVAS Level 1 operation (maximum 3x EVS) of a single ISM, which roughly corresponds with EVS coding, should be similarly supported as EVS coding itself. Even at minimum this suggests 128 kbps FB operation. There are many other similarly motivated cases, e.g., stereo operation (2 channels at maximum 3x EVS). There is a significant risk of market confusion on IVAS capabilities if limits below expected EVS standard capabilities are set. In conclusion, it appears it is not possible to make sweeping generalizations of IVAS operations to simplify IVAS Level definitions beyond actual implementation complexities. In particular, bitrate limitations seem arbitrary and hurting the implementation/deployment.
Therefore, the source is not in support of bitrate-based definition of IVAS Levels as proposed, e.g., in [6]. Attempts should instead focus on enabling efficient negotiation to achieve maximizing QoE for wide range of devices. Furthermore, an attractive core set (Level 1) should be enabled to always have reasonable fallback for IVAS implementations.


4. Negotiating and selecting IVAS operating points
4.1 Discussion
While the IVAS Level (complexity) constrains the operation of each device individually (a complexity-constrained device may, e.g., lack capability to encode at specific encoder input at higher bitrates and/or decode certain outputs for a given bitstream), the IVAS Level (complexity) of a single device affects the user experience for both (all) parties of an immersive audio call. This is because each device generally runs an encoder and a decoder/renderer simultaneously.

As mentioned above, high-end IVAS devices, e.g., those providing Level 3 capability, may have no issue negotiating suitable operating points in any IVAS scenario.  When at least one of the devices on call is a constrained device (e.g., Level 1 or Level 2 capability), however, special consideration is required to achieve configuration that allows best possible operating point selection for both (all) participants. Firstly, user experience for audio rendering and playback of a complexity-constrained device may be degraded if the complexity requirement of the incoming bitstream is unsuitably high. On the other hand, the user experience for audio rendering and playback of the corresponding upstream can be degraded if the complexity-constrained device needs to select lower encoding operation than what it can capture and encode (e.g., mono (EVS) instead of stereo). For example:

· If a Level 3 bitstream is received by a core set (Level 1) device, rendering may need to be limited to mono. Level 1 UE then provides a user experience similar to EVS.
· If Level 3 bitstream rendering to mono is very demanding for the core set (Level 1) device, it may be able to allocate relatively little complexity to encoding and need to provide a mono upstream to Level 3 device. Level 3 UE now provides a user experience similar to EVS.
· At worst, as a result, both IVAS device users have mono playback on an IVAS call due to complexity constraints for a single device.

Thus, negotiation without indicating the constraints of the UEs involved in the session can lead to a suboptimal user experience for one or both UEs, even in a case where a single device has the constraint.
Based on the above example, knowing both the IVAS Level and intended output format (rendering) is necessary to select the encoder operation in a way that guarantees high QoE. The actual impact of the two parameters is somehow based on their combination.
The achievable quality level of IVAS is a complex measure; however, this can be simplified. We can define the IVAS quality expectation via different Immersion Steps – IS (or immersion levels, but let’s avoid discussing two levels with different meaning).
The immersion step is a property of both the encoder or the bitstream it creates, i.e., what does this bitstream enable, and the decoder/renderer or the produced output, i.e., how is the bitstream consumed.
Based on the encoder audio format, any IVAS bitstream can be characterized by three distinct IS:
· Enc IS 1: mono,
· Enc IS 2: stereo, and
· Enc IS 3: spatial.
where “stereo and spatial” are understood to provide the new immersive IVAS experiences and “mono” corresponds with EVS operation.
On the receiving side, we can define, e.g., four IS as follows:
· Dec IS 1: mono rendering,
· Dec IS 2: stereo rendering,
· Dec IS 3: binaural rendering, and
· Dec IS 4: multi-channel loudspeaker rendering.
where “binaural rendering and multi-channel loudspeaker rendering” both provide a spatial experience, however the two can be different in terms of complexity, as already noted in [6].
We can summarize the encoder (bitstream) and decoder/renderer (rendering, output) IS combinations:
	Encoder input format
	Encoder IS
	Output/rendering
	Decoder IS

	Spatial:
SBA, MASA, MC, ISM, OSBA, OMASA
	3
	MC loudspeaker
	3b

	
	
	Binaural
	3a

	
	
	Stereo
	2

	
	
	Mono
	1

	Stereo
	2
	Stereo
	2

	
	
	Mono
	1

	Mono:
EVS
	1
	Mono
	1


Note: 3a and 3b can indicate two different types of spatial experience with different associated complexities.

Generally, preference order of IVAS operation could be achieved by minimizing reduction of immersion steps due to complexity constraint (IVAS Level). For example:
	Encoder input format
	Encoder IS
	Output/rendering
	Decoder IS

	Spatial
	3
	MC loudspeaker
	3b

	Spatial
	3
	Binaural
	3a

	Spatial
	3
	Stereo
	2

	Stereo
	2
	Stereo
	2

	Spatial
	3
	Mono
	1

	Stereo
	2
	Mono
	1

	Mono
	1
	Mono
	1



4.2 Way forward for IVAS negotiation
IVAS negotiation and operating point selection should be performed in a way that no unnecessary quality/QoE limitations (such as those observed above) take place. While IVAS is a single joint solution, not all UEs are expected, e.g., to support all IVAS encoder input formats (operations). Rather it could be expected that device form factor, overall capabilities, and targeted use cases will affect which formats, e.g., a manufacturer favours. The negotiation and operating point selection should thus offer sufficient flexibility to not lead to fragmentation of the IVAS solution and instead allow for highest achievable quality. The different complexities of various formats need to be addressed in a way that QoE is not compromised.
The source considers that this cannot be reliably achieved without including the IVAS Level information (or equivalent indication of complexity-related limitation) in the negotiation. Furthermore, indication of the preferred or targeted output format or rendering approach is similarly required. Selection of the IVAS operating point should be based on the combination of these (in addition to the parameters relevant also on the encoder-side) to allow considering also the receiver QoE. This is a first step in guaranteeing that any IVAS call with at least one complexity-constrained participant is not compromised in quality in one or both directions.
4.3 Potential approaches
It is appreciated that there may be several alternative methods to select the operating points based on the understanding of each participant’s constraints, capabilities, and preferences. 
The approach most suitable for IVAS can be based, e.g., on deterministic logic based on the offered parameters (operating points), pre-determined sets of operating points (e.g., tables of operating points that may be dynamic), or other UE specific implementations. 
One potential approach is as follows:
· UE first defines a list of the operating points that are possible under the device/channel constraints. For example, UE considers which audio inputs it has available and what are the possible bitrates for the session. The UE offers this set, e.g., in preference order, indicating also its IVAS Level and output format. (The offer defines the possible Encoder IS.)
· UE then receives an answer from a receiving UE, comprising a subset of the offered operating points, e.g., in preference order, and including the IVAS Level and output format of receiving UE. (The answer defines the possible Decoder IS of receiver UE.)
· UE determines encoder operating point from the subset (offer answer) enabling highest possible IS for receiver.
We note the practical implementation of the above can take different forms. The approach guides to select operating point with highest possible IS for receiver (as suitable for receiving UE target rendering/output). In a simple one-to-one call, the same / similar process is carried out by both UEs.
In [7], it is argued to allow for sufficient flexibility for device manufacturers to deploy IVAS in a gradual way. This can be achieved, e.g., by defining on the device suitable tables of IVAS operating points of supported/preferred encoding and decoding modes. According to the understanding of the source, the approach discussed in the current input achieves this through the operating point sets, where the device-specific preference order of the operating points can be dynamically updated based, e.g., on the device tables. The dynamic updates allow, among other things, optimal mode selection when device battery status is low and lower complexity operation may be preferred.
5. Core set definition
According to view of the source, the IVAS core set (Level 1) can be defined based on the codec solution implementation complexity as measured based on the upcoming fixed-point implementation. The core set (Level 1) shall furthermore be defined such that at minimum it includes all IVAS non-combined formats at suitable audio bandwidths and bitrate ranges that can each be format specific. For example, stereo bitrates of core set (Level 1) can cover a wider range than bitrates for 7.1+4 multi-channel.
In order to make the core set (Level 1) attractive, it can be considered whether the exact Level limits as given in IVAS-4 [3] are followed or whether the boundaries are motivated more also based on functionality.
This definition does not preclude combined formats (OMASA, OSBA); however, priority is to make sure support can be provided at least for the non-combined formats. Combined formats that fit the complexity requirement can thus be included.
According to agreed onion principle, Level 2 will fully support core set (Level 1) and will additionally support some features that are not supported by the core set (Level 1). Same principle holds for Level 3.
6. Conclusion and proposal
This input document discusses IVAS Levels (computational complexity) and their impact on QoE in a two-way immersive voice and audio call. It is apparent that QoE for all parties in a call can be degraded when IVAS Levels and the targeted output formats are not communicated and considered in negotiation and operating point selection.
The source considers IVAS Level indication an essential parameter for negotiating IVAS operating points. This allows providing immersive voice and audio services with the high quality and flexibility that the IVAS codec truly enables for a wide range of UEs. In addition, the source considers that the following parameters are required: encoder input format, bitrate, audio bandwidth, and output format.
The source proposes to agree on defining a codec negotiation approach based on these above requirements. 
Furthermore, the source proposes to agree on the core set definition principles of section 5.
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