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1. Introduction
This contribution proposes two approaches of “Levels of Sensor/Data Fusion” for TR 22.916. The use of discretized “Levels” for communications among a group of robots can alleviate the traffic burden and improve the efficiency of conversation (i.e., request and response) among a group of robots. 

2. Proposal
It is proposed to add the following text to Annex in 3GPP TR 22.916.

>>>>> 1st Change <<<<<
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2] 	3GPP TS 22.104, "Service requirements for cyber-physical control applications in vertical domains; Stage 1".
[3] 	3GPP TS 22.261, "Service requirements for the 5G system; Stage 1".
[4] 	3GPP TS 22.263, "Service requirements for video, imaging and audio for professional applications (VIAPA); Stage 1".
[5] 	Next G Alliance Report: 6G Applications and Use Cases, May 2022; https://www.nextgalliance.org/wp-content/uploads/dlm_uploads/2022/07/NGA-Perspective-Brochure-V6.pdf
[6] 	K.-D. Lee, "A Smart Network of Service Robots: Technical Challenges and Design Considerations, " IEEE Communications Magazine, pp. 28-34, August 2021.
[7] 	K.-D. Lee and C. Gray-Preston, "Everyday Living Assisted by 6G Applications and Solutions," IEEE Wireless Communications Magazine, October 2022.
[8]	W. Zhuang, Y. Shen, L. Li, C. Gao and D. Dai. “Develop an Adaptive Real-Time Indoor Intrusion Detection System Based on Empirical Analysis of OFDM Subcarriers.” Sensors (Basel, Switzerland). 2021 Mar;21(7):2287


[y2] 	Multimodal Fusion for Objective Assessment of Cognitive Workload: A Review, September 2019 IEEE Transactions on Cybernetics PP(99):1-14, DOI:10.1109/TCYB.2019.2939399
[y3]	Data Fusion and IoT for Smart Ubiquitous Environments: A Survey, April 2017IEEE Access PP(99):1-1, DOI:10.1109/ACCESS.2017.2697839

 
[y6] 	NIST, AUTONOMY LEVELS FOR UNMANNED SYSTEMS (ALFUS) FRAMEWORK
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=823618

>>>>> 2nd Change <<<<<

[bookmark: definitions][bookmark: _Toc119920039]Annex <A> (informative):
<Levels of Fusion>

A.1	Levels of Fusion 
A.1.0	Description
The use of “levels of fusion” [y2,y3,y6]is expected to help the United Nations Sustainability Development Goals (SDGs) in several aspects.
Providing that the 6G technology enablers are designed in resource-efficient ways for various types of resources (e.g., radio resources, network resources, material, such as battery related), such considerations can also help provide affordable 6G services in the society, especially when certain groups of residents, patients, public-safety officers, or underrepresented need the communication services the most at a critical point in time in their everyday living.

A.1.1	A Six-Level Approach
This approach is based on U.S. Department of Defense Joint Directors of Laboratories (JDL) Data Fusion Subgroup. Each of the following six levels of fusion progressively adds meaning at higher levels of abstraction and involves more analysis (Reference: NIST [y6]):
1. Level 0 - organize. This is the initial processing accomplished at or near the sensor that organizes the collected data into a usable form for the system or person who will receive it.
2. Level 1 - identify/correlate. This level takes new input and normalizes its data; correlates it into an existing entity database, and updates that database. Level 1 Fusion tells you what is there and can result in actionable information.
3. Level 2 - aggregate/resolve. This level aggregates the individual entities or elements, analyzes those aggregations, and resolves conflicts. This level captures or derives events or actions from the information and interprets them in context with other information. Level 2 Fusion tells you how they are working together and what they are doing.
4. Level 3 - interpret/determine/predict. Interprets enemy events and actions, determines enemy objectives and how enemy elements operate, and predicts enemy future actions and their effects on friendly forces. This is a threat refinement process that projects current situations (friendly and enemy) into the future. Level 3 Fusion tells you what it means and how it affects your plans.
5. Level 4 - assess. This level consists of assessing the entire process and related activities to improve the timeliness, relevance, and accuracy of information and/or intelligence. It reviews the performance of sensors and collectors, as well as analysts, information management systems, and staffs involved in the fusion process. This process tells you what you need to do to improve the products from Fusion Levels 0-3.
6. Level 5 - visualize. This process connects the user to the rest of the fusion process so that the user can visualize the fusion products and generate feedback/control to enhance/improve these products.

A.1.2	A Three-Level Approach
A three-level approach was proposed in [y2] as follows. In terms of data processing, multi-modal fusion is typically implemented at three different levels of abstractions: 

1. Sensor level: Fusion module processes raw data captured from different sources. If multiple sensors are measuring the same physical aspect, a single feature vector to represent the phenomena under analysis can be directly combined. However, if sensor data represents different phenomena, the data fusion should be completed in a later stage.
2. Feature level: Sensor data is represented by feature vectors. Features are extracted from different sources independently. The fusion module then combines the feature vectors from each module into a single fused feature vector. 
3. Decision level: Features are extracted from each source independently and passed to a corresponding classification module to make their own decision. The Fusion module then consolidates these decisions into one final classification decision.
4. Hybrid models: These models can include more than one level of Fusion. For example, features from two modalities can be combined together to construct one feature set for classification model, the decisions of this classification model are then combined with decisions from a second classification model that is trained using features from a third modality.


[image: ]
[bookmark: _GoBack]Fig. A.1-1. A three-level approach for data fusion (source: [y2] IEEE).
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