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1 Introduction
During the post SA4#127-bis-e Audio SWG telco held on 29 April, 2024, the IVAS level issue was discussed and it was agreed that:
· Onion principle shall apply, support of a higher level always implies support of a lower level
· Note: The implication of the onion principle will depend on decision of how levels are defined.
· A minimum core set needs to be defined (level 1), what features to include are TBD
· A receiver of level 1 needs to be able to decode what a sender of level 1 produces
In order to proceed further, the source presents some thoughts on this topic and proposes an approach for consideration.
2 Discussions
As mentioned before in our previous contributions [1] on this topic, IVAS offers a large number of operational modes that require different complexity figures to implement [2]. In addition, certain flexibilities and/or user preferences will impact the choice of optimum operating mode for a given condition [3]. Some considerations are reiterated below:
· Encoder and decoder/renderer will most likely run on the same UE, therefore when the encoder takes more MIPS and memory, the decoder/renderer will have less MIPS and memory available, vice versa. Adopting a mechanism that allows both users of a call to get the best possible user experience on both directions is highly desirable. 
· Due to MIPS and memory limitations, a UE might be able to do more than Level 1 features but not quite the entire Level 2 features.
· Due to battery life or desire on saving battery burn rate, users might want to intervene the operating mode decisions. In such a case, the UE’s MIPS/Memory limitations are effectively altered artificially and will only be able to support a reduced set of the core set features, i.e., “A receiver of level 1 needs to be able to decode what a sender of level 1 produces” might not be verified. 
· Future UEs and/or peripherals like attachable SBA microphones, more complex external renderer running on the same UE, pass through mode that offloads complexity to multi-channel headphones with rendering capabilities, etc. They will change the availability of MIPS and memory for IVAS operations, increase or decrease features that can be supported.
In short, despite the best effort to populate the Level 1/Level 2 features, the needs to allow implementation variations above and beyond that of the Levels do exist, and it will be counter productive to limit such implementation flexibilities. 
3 Immersive Audio Service Options
Instead of using hardware capability oriented levels to group IVAS features into various subsets, it might be beneficial to use immersive audio service options to group similar features together.
Keep Level 1 as an entry level immersive audio service option:
· The core set consists of:
· Encoder formats: Mono, Stereo, MASA, FOA/HOA and (TBD) up to certain bitrates
· Decoder output formats: Mono, Stereo and Binaural
· A UE capable of offering more than the core set features should explicitly signal to the other UE the additional features
· Either UE in a call can signal to the other party once there are configuration changes that requires an operating mode renegotiation
Define Level 2 as the principal immersive audio service option:
· The core set consists of:
· Entire Level 1 features, following the onion principle
· Adding some more complex modes that bring enhanced performances to users (TBD)
· UE capable of offering more than the core set features should explicitly signal to the other UE the additional features
· Either UE in a call can signal to the other party once there are configuration changes that requires an operating mode renegotiation
Label Level 3 as an advanced immersive audio service option: 
· The core set consists of:
· Entire Level 2 features
· And all other features that IVAS supports
· Either UE in a call can signal to the other party once there are configuration changes that requires an operating mode renegotiation

4 Proposal
It is proposed to group the IVAS features into various immersive audio service options, and to adopt the negotiation process suggested by the source in [1] that is also incorporated as Annex to the current contribution for determining the most suitable Tx/Rx operating modes.
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Annex

This annex contains the proposed negotiation process in SA4aA240027.

· [bookmark: _Hlk150074101]Each UE that supports IVAS will maintain two tables based on the UE's capabilities: an IVAS codec mode configuration table, which can be refreshed according to the UE’s status, and a supported codec coding rate set table.
· The IVAS codec mode configuration table indicates all combinations of IVAS encoding and decoding signal types and the highest bit rates that the UE can support. Codec mode and highest bit rate combinations that a UE can support are limited by the overall chip capabilities, and there will only be fixed combinations, i.e., if encoding direction takes more hardware resources, then the corresponding decoding direction would have less available capabilities.
· Each UE will have a default IVAS codec configuration table when it leaves the factory. Depending on factors such as the chip computing power and memory size of the UE, the IVAS codec configuration table may be different for different UE platforms.
· Since the types of IVAS input signals that UEs can encode are also related to some external factors, for example, only when a UE is attached to FOA or HOA acquisition equipment that it makes sense to support FOA/HOA encoding. Also, when the UE’s battery status is low, some high-complexity encoding/decoding modes might be less desirable to be used. This requires the mobile terminal to dynamically update its own IVAS codec configuration table to reflect the current suitable capabilities of the UE.

For example, the UE-A has the two tables as below:

UE-A codec mode configuration table (signal type and highest bit-rate)
	
	Combination1
	Combination2
	Combination3

	Decoding mode
	Mono
	Stereo
	FOA

	
	13.2
	32
	48

	Encoding mode
	Mono
	Mono
	Mono

	
	24.4
	16.4
	13.2

	
	Stereo
	Stereo
	Stereo

	
	32
	24.4
	16.4

	
	FOA
	FOA
	

	
	48
	24.4
	




UE-A codec coding rate set table
	Mono
	9.6
	13.2
	16.4
	24.4

	Stereo
	13.2
	16.4
	24.4
	32

	FOA
	24.4
	32
	48
	



And UE-B has the two tables as:
UE-B codec mode configuration table
	
	Combination1
	Combination2
	Combination3
	Combination4

	Decoding mode
	Mono
	Stereo
	FOA
	HOA2

	
	13.2
	32
	48
	64

	Encoding mode
	Mono
	Mono
	Mono
	Mono

	
	24.4
	16.4
	16.4
	9.6

	
	Stereo
	Stereo
	Stereo
	

	
	32
	24.4
	13.2
	

	
	FOA
	FOA
	
	

	
	32
	24.4
	
	




UE-B codec coding rate set table
	Mono
	9.6
	13.2
	16.4
	24.4

	Stereo
	13.2
	16.4
	24.4
	32

	FOA
	24.4
	32
	48

	HOA2
	32
	64
	




 
1.UE-A sends an INVITE request to UE-B, the SDP in the request includes its two tables. 
-	bit-rate-list: includes the codec coding rate set table, each codec has its bit rate list, for example, (mono, 9.6|13.2|16.4|24.4) means mono codec support 9.6/13.2/16.4/24.4kbps;
-	signal-list: includes codec mode configuration table, each combination for decoding and encoding codec are using square brackets to seperate, for example, [(mono/13.2), (mono/24.4, stereo/32, foa/48)] shows the combination1 of UE-A shown as above table.
2.UE-B decides according to the local policy whether to negotiate based on its own encoding capability or its own decoding capability. Take encoding capability negotiation as an example:
1 Since the most performing encoding mode supported by UE-B is FOA@32, and the decoding modes of UE-A includes FOA@48 or less, it is determined that the encoding mode of UE-B, and decoding of UE-A, is FOA, with operating bit rate at equal or less than 32;
2 Determine the intersection of encoding rates of the FOA modes supported by the UE-A and the UE-B to be 24.4 and 32;
3 Once the decoding mode is determined to be FOA for UE-A, one can find the best performing encoding mode for UE-A is Stereo@24.4. It is determined that the decoding mode for UE-B, and the encoding mode of UE-A, is Stereo;
4 Determine the intersection of coding rates of Stereo modes supported by the UE-A and the UE-B to be 13.2, 16.4.
3. UE-B sends 18X or 200 OK to UE-A, the response includes the negotiation result for the decoding and encoding codec mode. For example:
-	signal-result: includes the decoding and encoding codec mode from UE-B perspective, for example, {(stereo,13.2|16.4) ,(foa,24.4|32)} means UE-B will use STEREO as decoding codec with bit rate 13.2 and 16.4, FOA as encoding codec with bit rate 24.4 and 32.
4. UE-B answers the call, UE-A and UE-B communicate with each other.
5. UE-A encodes IVAS with STEREO codec and sends to UE-B.
6. UE-B encodes IVAS with FOA codec and sends to UE-A.
[bookmark: _GoBack]A clear advantage of this approach is that it allows to dynamically identify the most performing mode for communication between two particular UEs.
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UE-A
1.INVITE
m=audio 49152 RTP/AVP 100 96
a=rtpmap:100 IVAS/8000 
a=fmtp:100 bit-rate-list={(mono, 9.6|13.2|16.4|24.4), (stereo, 13.2|16.4|24.4|32),(foa, 24.4|32|48)}; signal-list={[(mono/13.2), (mono/24.4, stereo/32, foa/48)], [(stereo/32), (mono/16.4, stereo/24.4, foa/24.4)], [(foa/48), (mono/13.2, stereo/16.4)]}
UE-B

3.18X/200
m=audio 49154 RTP/AVP 100 96
a=rtpmap:101 IVAS/8000 
a=fmtp:101 signal-result={(stereo,13.2|16.4)，(foa,24.4|32)}
2.Choose the decoding and encoding mode based on the SDP offer received from UE-A and the capability of the UE-B


5. Encode STEREO codec
6. Encode FOA codec
4.UE-B answers, UE-A and UE-B communicate with each other
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