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1 Introduction
In the past SA4 124th and 125th meeting, S4-231069 and S4-231274 were approved, which introduce two new AI use cases for real-time communication:
1. Network-based NLP on speech in audio/video call
2. Network-based Video Super Resolution in video call

It is necessary to update the architecture and call flow for real-time communication in the AI4Media PD, this contribution proposes to update clause 5.1.1 and 5.2.2 in the PD.
2 Proposed changes 
============================= First Change begin========================
[bookmark: OLE_LINK1]5.1.1 Split AI/ML model inference topologies
5.1.1.1 UE as media data source
Figure 5.1.1.1-1 depicts an example of split AI/ML model inference topology where the UE is the media data source and runs the first model subset M0 as described in scenario (a) of clause 4.1 (object recognition). Figure 5.1.1.1-2 depicts another example of a split AI/ML model inference topology where the UE is also the media data source but the network server runs the first subset M0 as described in scenario (b) of clause 4.1. Assuming that the necessary AI/ML model subsets are already available at each endpoint, figure 5.1.1.1-1 and figure 5.1.1.1-2 show the data exchanged between the different split inference endpoints, including input media data, intermediate data, and inference results.
The results can be a textual indication of the recognized object, an output score, a bounding box, enhanced media data, etc. 

[image: ] 
[bookmark: _Ref102585439]Figure 5.1.1.1-1:  Split AI/ML model inference where the UE is the media data source with first inference endpoint on the UE

[image: D:\2022\3GPP\SA4\120\To submit\Final\image001.png]
Figure 5.1.1.1-2:  Split AI/ML model inference where the UE is the media data source with first inference endpoint on the network

============================= Second Change begin========================
5.2.2	Split AI/ML operation
5.2.2.1 Basic architectures

[image: ]
Figure 5.2.2.1-1: Basic architecture for split inference between the network and UE, with media data source in the network or from the UE via the network
Figure 5.2.2.1-1 shows a simple basic architecture for split inferences between the network and the UE, as described in scenario 2b) of clause 5.2, where the media data source comes from the network, or from the network via the UEpeer user. The first part of the AI model is executed on the network side and the second part on the UE.
For the split inference (network-UE) scenario, additional components are required:
In the network:
· An AI model inference engine that receives both the network AI model subset(s), and input data, for network inference. The input data may come from the local media repository or the peer UE through the network. An intermediate data delivery function receives the partial inference output (intermediate data) from the network inference engine, and sends it to the UE via the 5GS. This delivery function may also contain functionalities related to QoS requests and monitoring, as well as those related to the optimization or compression of intermediate data.
In the UE:
· An intermediate data access function receives the intermediate data from the network via the 5GS, and sends it to the UE inference engine for UE inference. If the intermediate data delivery function performs optimization or compression on intermediate data, this function may apply the corresponding reconstruction or decompression techniques.
· The final inference output data is sent to the data destination (e.g. a media player or screen).  

[image: ]
Figure 5.2.2.1-2: Basic architecture for split inference between the UE and network, with media data source in the UE
Figure 5.2.2.1-2 shows a basic architecture for split inferences between the UE and the network, as described in scenario 2b) of clause 5.2, where the media data source originates from the UE, the first part of the inference is performed in the UE, the second part in the network. The resulting output data is finally sent back to the UE or the peer user.
For the split inference (UE - network) scenario, additional components are required:
In the UE:
· An AI model inference engine that receives both the network AI model subset(s), and input data (from a UE data source), for UE inference.
· An intermediate data delivery function receives the partial inference output (intermediate data) from the UE inference engine, and sends it to the network via the 5GS. This delivery function may also contain functionalities related to QoS requests and monitoring. If the intermediate data delivery function performs optimization or compression on intermediate data, this function may apply corresponding optimization or decompression techniques.
· An inference output access function receives the inference output data from the network via the 5GS, and sends it to the relevant data destination according to the AI media service.
In the network:
· An intermediate data access function receives the intermediate data from the UE via the 5GS, and sends it to network inference engine for network inference. If the intermediate data delivery function applies optimization or compression on intermediate data, this function may apply corresponding optimization or decompression techniques.
The final inference output data is sent to the UE or the peer user via the 5GS, through the inference output delivery function. 

For both split inference scenarios, extra factors should be considered, including those such as:
· Configuration of the split inference between the network and UE. (e.g. definition and selection of the AI/ML model composition into “UE AI model subset” and “network AI model subset”)
· Resource allocation and management for network inference, including ingestion of network AI model data and media data
· Intermediate data delivery pipelines between the network and UE, in particular considering the use of 5GMS defined pipelines to stream intermediate data that is media content data.
· The functionalities of certain components in figure 5.2.1-1 and figure 5.2.2-1 may overlap, and depending on the use case a combined architecture may also be considered FFS.
· Certain components may also overlap with functions defined in 5GMS, clarifications FFS.

5.2.2.2	Basic workflows
Figure 5.2.2.2-1 shows a basic workflow for split inference between the network and UE, with media data source in the network. Steps for the procedures shown are described below.




Figure 5.2.2.2-1: Basic workflow for split inference between the network and UE, with media data source in the network
During the initialization and establishment step, it is assumed that information related to the required features and detailed configurations are exchanged and negotiated between the network and UE. Information may include those related to UE device and network capabilities (including split capabilities), AI/ML service information (e.g. service requirements, split AI/ML model descriptions), and delivery methods. Such information may be used for the selection of a suitable split AI/ML model configuration, and its associated UE and network AI model subsets, for the service.
1. The UE Application and Network Application communicate to trigger split AI model delivery, using the information from the initialization and establishment step.
2. A split AI model is selected between the UE Application and Network Application.
3. The Network Application identifies the selected UE and network AI model subsets in the AI model Repository/Provider.
4. The AI Model Inference Engine in the network receives the network AI model subset.
5. The AI Model Access Function establishes a UE AI model subset delivery session with the AI Model Delivery Function.
6. The AI Model Access Function receives the UE AI model subset.
7. In the UE, the AI Model Access Function passes the UE AI model subset to the AI model Inference Engine.
8. In the network, the Data Source passes media data to tThe network AI model Inference Engine receives media data from network Data source or peer user.
9. The network AI model Inference Engine performs network AI inferencing.
10. The Intermediate Data Access Function establishes an intermediate data delivery session with the Intermediate Data Delivery Function.
11. In the UE, the Intermediate Data Access Function receives intermediate data and passes it to the AI Model Inference Engine.
12. The AI Model Inference Engine in the UE performs AI inferencing.
13. The AI Model Inference Engine passes the inference output result to the UE Data Destination for consumption.
Figure 5.2.2.2-1 shows a basic workflow for split inference between the UE and network, with media data source in the UE.



 
Figure 5.2.2.2-2: Basic workflow for split inference between the UE and network, with media data source in the UE
During the initialization and establishment step, it is assumed that information related to the required features and detailed configurations are exchanged and negotiated between the network and UE. Information may include those related to UE device and network capabilities (including split capabilities), AI/ML service information (e.g. service requirements, split AI/ML model descriptions), and delivery methods. Such information may be used for the selection of a suitable split AI/ML model configuration, and its associated UE and network AI model subsets, for the service.
1. The UE Application and Network Application communicate to trigger split AI model delivery, using the information from the initialization and establishment step.
2. A split AI model is selected between the UE Application and Network Application.
3. The Network Application identifies the selected UE and network AI model subsets in the AI model Repository/Provider.
4. The AI Model Inference Engine in the network receives the network AI model subset.
5. The AI Model Access Function establishes a UE AI model subset delivery session with the AI Model Delivery Function.
6. The AI Model Access Function receives the UE AI model subset.
7. In the UE, the AI Model Access Function passes the UE AI model subset to the AI model Inference Engine.
8. In the UE, the Data Source passes media data to the AI model Inference Engine.
9. The UE AI model Inference Engine performs UE AI inferencing.
10. The Intermediate Data Access Function establishes an intermediate data delivery session with the Intermediate Data Delivery Function.
11. In the network, the Intermediate Data Access Function receives intermediate data and passes it to the AI Model Inference Engine.
12. In the network, the AI Model Inference Engine performs network AI inferencing.
13. The UE Data Destination receives the network AI Model Inference Engine sends the inference output result to the UE Data Destination or the peer user from the network.
3 Proposal
We propose to update clause 5.1.1 and 5.2.2 of the PD.
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