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Classification of the Work Item and linked work items
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2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	800049
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	Normative work outcome summarized in 22.261
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	eCAV
	Normative work outcome summarized in 22.261, 22.104
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	EAV
	Normative work outcome on UAS in 22.125

	
	
	

	860009
	FS_AMMT
	Ongoing study on AI/ML model transfer

	
	
	

	
	
	


Dependency on non-3GPP (draft) specification: 
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Justification

The advancement of robotics application technology would bring more business opportunity in telecommunication market segments through interdisciplinary and cross-industry collaborations. Some critical communication aspect of industrial robots in the context of cyber-physical control systems has been studied so that important use cases, including those with human-machine interface (HMI), can properly be supported with a higher level of communication availability, reliability, time synchronicity and so on. As a result, the related requirements have been identified in three typical traffic classes or communication patterns in industrial environments (refer to 3GPP TS 22.104).
On the other hand, there is a growing demand in consumer electronics segments that expects a great deal of roles that service-oriented robots (or service robots) should play in order to improve the level/quality of a human user’s daily behaviours for, such as shopping, traveling and more to come upon us resulting from smart-living innovations. Some examples of service-oriented robots potentially include:

(1) serving robot that is designed to deliver food and beverage to residents of Continuing Care Retirement Community (CCRC), guests of hotels and visitors to airport lounges quickly and efficiently;
(2) porter robot that is designed to help minimize inconvenience for travellers by reducing slow service and long wait times. This robot can also facilitate express check-in and check-out service by handling payment and delivering luggage to a waiting vehicle in a fraction of the time;
(3) shopping cart robot that is designed to help customers get necessary information and get “hands free” while shopping
The characteristics and required roles of service-oriented robots to play are, in general, different from those of industrial robots:
(1) Application: { assisting human } vs. { replacing human/worker’s role }
(2) Target interacting points: { human users } vs. { (human) worker in job site operation }
(3) Target customers: { service-oriented retailors, (human) customers } vs. { manufacturing, enterprise }

(4) Technology readiness: { mature but need continuous evolution } vs. { relative more matured }

The service-oriented robots have both “independent roles” that they should play respectively and “cooperative roles” that a group of them should work and play together in coordination. Different from industrial robots or ordinary UEs (e.g., handsets), a service-oriented robot as a UE motivated to work on in this Study will be considered to have particular features of communication support in order to play “cooperative roles” and “independent roles” specific to various use case scenarios. These service-oriented robots are typically capable of moving autonomously, continuing to assist the target customer in the relevant range of proximity. Upon automated recognition of user input/request (typically via HMI) or upon their decisions on particular actions to take independently or cooperatively, which is out of the scope of 3GPP, they can initiate, hold, terminate a communication per particular task and can perform autonomic and regulated communication with their cooperative partner robots.
Service-oriented robots have characteristics including the following:

(1) Robot Control: Multi-access Edge Computing (MEC) server can remotely control (controlled mode) or authorize robots to control themselves autonomously (committed mode);
(2) Algorithmic decision making (ADM): if authorized by MEC server, robots can perform autonomous functions e.g., autonomously moving, detecting objects and audio/sound, making decisions;
(3) Human interactions: robots recognize human’s various inputs (e.g., voice/gesture, actions such as picking up an object) through the use of many sensors and present outcomes for human (e.g., audio/visual display);
(4) Learning: when robots are launched in a service zone (e.g., hotel, restaurant), it is generally assumed that an initial set of data (e.g., labels as in supervised learning) is given but they need to learn of other things in the working environment; if allowed, some data can be processed within a robot whereas other data can also be sent to a server;
(5) A service-oriented robot can take multiple tasks from multiple customers, performing a task at a time or multiple tasks in parallel (e.g., one in foreground and others in background wherever possible). Customers normally don’t have to own the device/robot or hold the subscription of mobile communication services that the robot currently uses but instead, multiple customers share a robot at the service site such as in/at Continuing Care Retirement Community (CCRC)/restaurant/shopping mall. The communication support to enable service robots to efficiently and securely perform multiple service sessions (i.e., multi-tasking) for multiple customers at the same time (e.g., one in foreground and others in background) is beneficial. 
NOTE 1: Due to the nature of robot’s physical movement that is the most significant energy consumption, a robot is designed to be able to serve multiple customers, if needed, for a subset of a moving path from origin A to destination B. Example: Porter Robot carrying multiple bags of multiple customers which intends to make a single path trip utilizing overlapped segment of a path, instead of making multiple trips.
(6) Communication: apart from learning-related data transfer, robots should be able to communicate with each other and with MEC server to play authorized roles individually or collaboratively. More specifically, when a robot detects [case#1] some event that has already happened (e.g., breakdown/collision/functional failure) or [case#2] some pre-condition that can lead to service interruption, the robot should perform necessary functions for autonomic networking so that the service interruption for a customer can be prepared to be coped with and therefore can be minimized. To support autonomic networking in communication layers, the detection result should be shared in a timely manner in the two typical cases: although case#1 can be handled efficiently by sharing information to other robots, case#2 should share a confirmation if a pre-notification of detected pre-condition has been shared so that the neighbouring robots can decide whether to ignore the received pre-notification (if confirmation is negative) or to take actions based on confirmation (if confirmation is positive). The application layer of a service robot sends such pre-notification and confirmation information to communication layer (or app enabler layer) to share the information with participating robots and/or MEC server; this info can be utilized to reconfiguration/rescheduling for service operations of other available robots (e.g., communication path change/re-establishment). The communication layer (or app enabler layer) support on this feature is not relevantly examined so far. A service robot (in the aspect of an evolved form of robots from the form of industrial robots as seen in so-called “uncanny valley”, IEEE Spectrum [1]) is expected to have more advanced features and many task sessions (e.g., multiple sessions for object detection using artificial intelligence (AI) algorithms, natural language processing (NLP), etc). It is necessary to use multiple efficient APIs for the respective task sessions which require different levels of priority (e.g., functional failure or pre-indication of functional failure from a robot can be shared with other participating robots and MEC server via communication layer with a higher priority, whereas non-critical object detection session can use an API with a lower priority).
NOTE 2: Compared to OTT support (transparent to communication layer, or obsolete from deep/efficient interactions with communication layers), communication layer-oriented support is known to be more efficient in terms of latency and computational load as not all the data need be handled in application layer.
References:
[1] https://spectrum.ieee.org/automaton/robotics/humanoids/what-is-the-uncanny-valley
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Objective

The objective of this study is to identify use cases and the related potential service requirements for 5G system support for communications in support of service-oriented robots with human interactions: 
· 
· Highly efficient support of interaction to gather application-layer information to minimize service disruptions 
· 
· 
· Communication support for a service robot authorized to serve multiple customers at the same time 
· Communication support for efficient distribution of time-sensitive information (e.g., task status information) of multiple robots (e.g., KPI related to access delay), including the task status information in various situations (e.g., one or more robots attempt to share in the event of failure or loss). 
· 
· 
NOTE 1: Functional failure of a robot (e.g., camera without communication failure) may require a communication path re-configuration (e.g., Uu to PC5, change PC5 link) among participating robots in order to continue designated coordinated operations. This study will consider different traffic scenarios related to robots operation, e.g. command and control, payload, APIs with different priority levels. 
NOTE 2: Service robots will be used to service multiple customers at the same time.  The Study will consider use cases related to 3GPP system’s provisioning identity of different customers (e.g., 3GPP identity or trusted third-party identity, stored in cloud, network, or robot) and collection of charging information for the respective customers, with or without their own UEs, receiving services via a robot.  
NOTE 3: For Security aspects, this Study will consider high level scenarios for security to protect service-oriented robot operations against malicious attacks.
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