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1. Background, Societal and Economic Needs
In Release 19, the FS_SOBOT study has addressed the anticipated roles of emerging mobile/wireless communications systems in enhancing operational models for a kind of intelligent cyber-physical systems, so-called a group of network-enabled service robots with ambient intelligence, with a particular focus on two primary collaboration modes within a group operation framework. Ensuring consistent communication availability is crucial for optimizing the performance of robot groups. Additionally, identifying potential gaps and challenges highlights the importance of timely sharing of event-related information necessary to support more complex and advanced scenarios, citing relevant studies and normative requirements. The objective of the previous study was to analyse potential gaps and challenges relevant to the 3GPP 5G system in supporting groups of service robots across various usage scenarios, considering spectrum utilization and the diverse needs of the robotics industry. The following are summaries of collected use cases in TR 22.916:

· 3D Map Construction (5.1): Energy-efficient robots collaborate to map areas in cleaning, disinfection, and agriculture, adapting to environmental conditions for accuracy while managing resources efficiently.
· Strengthening Security (5.2): Robots and security personnel collaborate for patrolling, target identification, and alarm reporting, ensuring rapid response through synchronized transmission to enhance security.
· Intelligent Data Fusion (5.3): Robots collaborate for real-time data fusion, efficiently sharing information based on fusion levels, including underwater sensor networks.
· Visual Sensors in Service Robots (5.4): Robots equipped with visual sensors focus on indoor surveillance and transportation, detecting incidents and sharing data to enhance situational awareness.
· Robots in Care Communities (5.5): Robots assist in crime prevention, emergencies, and care in communities, improving safety and support.
· Voicebots for Accessibility (5.6): Voicebots assist individuals in accessing services through speech-to-text processing and voice calls.
· Geo-surface Sensing and Computing (5.7): Geo-surface sensing applications utilize Multi-access Edge Computing (MEC) for navigation and interaction.
· Mining Robotics (5.8): Robots fulfill diverse roles in mining, enhancing safety and efficiency in extreme conditions.
However, along with the observed and anticipated population aging (Reference: United Nations: Population Ageing), there are specific areas where the telecom industry can still generate value by carefully architecting and designing next-generation communication systems. These systems should be capable of supporting the operations of local and remote physical systems, whether autonomous or semi-autonomous with communication support, and with or without human intervention.
The following areas are still evolving within the context of next-generation mobile communications and applications, offering benefits for end-users, including both human users and non-human users (e.g., IoT or Internet of intelligent things) (Reference: ATIS Next G Alliance):
· Living: Smart assisted-living, travel, and shopping.
· Experience: Robotic-assisted entertainment.
· Critical Roles: Smart agriculture, public safety, and disaster relief.
· Societal Goals: Safety measures for workers in extreme conditions.
Given the compelling scenarios and diverse requirements, it is recommended to conduct further research to thoroughly examine and document the support provided by 3GPP 5G and/or next-generation systems for groups of service robots across various usage scenarios.
According to the 3GPP Stage 1 Workshop on IMT2030 Use Cases, there is a strong emphasis on 'population aging,' which might lead to a significant labor shortage in society, especially in areas such as everyday living, education, healthcare, manufacturing, logistics, and transportation (both ground and aerial mobility). Motivated by such driving factors in significant geographical regions worldwide, it is important to study what portion of the future market opportunity the telco ecosystem could contribute to.

NOTE: Extreme networking conditions, in-vehicle, machine-to-machine intelligent multimodal communication (M2Mim), UAM



2. Topics of Interests
The potential topics in the area of the so-called 'Internet of Smart and Collaborative Physical Systems' (which includes, but is not limited to, Intelligent Transportation Systems, connected vehicles, remote-controlled ground/aerial vehicles/robots, and collaborative operations of vehicle groups or robot groups, such as collaborative robots/cobots and networks of service robots) are to further evaluate the outcomes of the Release 19 Study and to identify use cases and aspects related to efficient communication services and cooperative operations for the Internet of Smart and Collaborative Physical Systems in various areas and industry verticals that were not previously covered, including: 
· collaborative robots (cobots): functional requirements and KPIs to support cooperative networking among cobots (as a UE, a UE relay, mobile base station relay, and base station)
· urban air mobility (UAM): UAM mission-specific network resource selection, efficient management of communication routes among communication nodes accessible in a given 3D network
· efficient communication support for delivery robots sharing public roads with vehicles and pedestrians
· multimodal sensor sharing within a group of smart and collaborative physical systems when all, some or none of the robots are connected to a third party server (e.g., edge/cloud)
NOTE 1: For sharing, it is assumed that each substream of multimodal sensor data has different time-bound requirements at the application layer.
· 
· efficient communication support for sensor fusion using multiple robotic applications: 
· service continuity of an indirect network connection using multiple indirect network connection paths for a single traffic flow (both functional aspects and KPIs related to various levels of applications needs), 
· exposure of information between application layer and communications layer (e.g., over a single path or multiple paths), 
· communication interruption that degrades application-layer performance (e.g., sensor fusion, real-time data collection and dissemination) when all, some or none of multiple robots playing sensing roles are served by 3GPP networks
NOTE 2: The term “sensor fusion” includes fusion of data/input from multisensory applications and multimodal applications.
NOTE 3: The case of “multiple robotic applications” includes machine-type communication where machines / robots have partial or full functionality of automation themselves.
· efficient communication support for wide-area sensing (e.g., monitoring farmland, wildlife using aerial robotic applications using UAVs) with intelligence across different communication entities
· support of scalable and efficient use of communication resources needed for stable operation of multiple service robots especially when a large number of service robots are present 
NOTE 4: It is intended to cover aspects and scenarios that are not covered by prior study.
· KPIs for the respective categories of use cases
· aspects related to security, privacy and charging
 
NOTE 5: The set of the aforementioned topics encompasses various types of vehicles, vehicular applications, factory/commercial robots and/or robotic applications, as in the previous research activity (including 3GPP R19 FS_SOBOT), such as ground robots, aerial robots, and underwater robots (including those under the ground or on the water surface).

