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Abstract: this contribution describes a use case where the home robot cope with open environments and provide users with better intelligent services, assisted by the timely perception service via the 6G network.
---------- Use Case template ----------
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* * * Next Change * * * * (all new text)

W.x
Use case on home robots
W.x.1
Description

In 6G era home robots will engage in household chores based on preconfigured models, such as sweeping the floor, vacuuming, folding clothes, washing dishes, and organizing rooms. They will also take care of family members by monitoring health data, reminding medication, and dialling emergency calls. Additionally, they will socialize and entertain with humans while interacting with other smart devices to create a more intelligent ecosystem. All of this aims to bring us a more convenient, comfortable, and safe family life.
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Figure W.x.1-1: Home robot performs specific tasks based on pre-trained models
As shown in Figure 2, the working principle of the robot includes two main components: perceive and action. "Perceive" refers to the process of sensor data from, such as, cameras or radar, for the input to a large model and obtaining perception result. "Action" refers to the process of taking perception result and task as input to a large model and obtaining action parameters to control the joints of the robot to complete the corresponding action. 
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Figure W.x.1-2: The perception-action loop of a home robot
In the case of specific tasks in specific scenarios, the perception model can be deployed locally on the robot as its size is not large. However, for general tasks in open environments, the perception model needs to achieve the perception ability similar to an adult human brain towards the world. The number of neurons in an adult human brain is approximately 100 billion [B], and the current model size for complex logical reasoning and task orchestration in laboratory or limited environments, the model size is also generally on the order of 100B. Due to cost and size limitations, robots are unable to locally implement perception functions for free and open environments.
The 6G network will be equipped with powerful computing resources and can deploy perception models, enabling it to provide perception services to robots in open environments whenever necessary.
This use case aims to provide timely perception and action guidance via the 6G network, assisting robots cope with complex real-world environments and provide users with better intelligent services.
W.x.2
Pre-conditions

The Operator X offers comprehensive 6G services for robots, including communication, computing power, and AI services. Relevant resources have been deployed in the network to facilitate services like large model inference, assisting robots in delivering enhanced performance in complex environments. 
Lily purchases a robot to assist with various house chores. The robot exhibits a certain degree of localized intelligence. By equipping it with one or more advanced models, the robot can better understand the owner's basic needs by controlling its body joints. For example, it can help with household chores, take care of family members' well-being, engage in social interactions and entertainment with humans, as well as interact seamlessly with other smart devices.
Lily has subscribed to specific 6G services (communication, computing power, and AI services) for her robot. Therefore, the robot is able to access to 6G services, such as perception service.

The robot has two perception modes as shown in fig.3: 
· Perception mode a) for specific task locally in robot; and

· perception mode b) for general task in open environments via 6G network. 
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Figure W.x.2-1: Two perception modes of a home robot: (a) perform local perception for specific task, and (b) perform perception for general task in open environments via 6G network
When a robot is instructed by its owner to start general tasks in an open environment, it will request the perception service for the open environment from the 6G network, and, the robot will interact with 6G more frequently the 6G network, which helps ensure safer behaviour through perception services. 
W.x.3
Service Flows

Step 1: One day, while on a shopping trip with Lily and her child, the home robot carried a newly purchased wine glass that Lily had carefully selected. At this time, the robot follows Lily, moves when Lily moves and stops when Lily stops, holding the newly purchased wine glasses. Therefore, it is Perception mode a), and only the local model on the robot is needed to work, as shown in Figure 4(a). However, when an urgent phone call interrupted their outing, and Lily tells the robot that she is going to take a call and asks the robot to watch the child. The robot finds that taking care of the child is a general task in an open environment, so it switches to perception mode b), which the robot cannot support locally, as shown in Figure 4(b).
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Figure W.x.3-1: The robot switches perception mode from perception node a) to perception mode b) f after lily’s instruction 
Step 2: The home robot requests the perception service for general task in open environments from the 6G network and frequently sends locally collected important information to the 6G network.

Step 3: (Perception) The 6G network utilizes the sensing data transmitted by the robot, optionally incorporating environmental information from 6G network itself, as input for the model inference.  When the 6G network perceives a normal situation, and it will not interrupt robot’s current task, as shown in Fig.5(a); when the 6G network perceives a dangerous situation, such as, the ball suddenly falls from the child's hand and rolls to the side of the road while the child runs to pick up the ball just before a car approaches, it generates corresponding behaviour guidance, as shown in Fig. 5(b).
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Figure W.x.3-2: The perception-action loop when a normal situation or dangerous situation is detected by the 6G network, respectively
Step 4: The 6G network delivers ACK or the perception result from 6G network response to the home robot.
Step 5: (Action) The robot uses local perception result or perception result from the 6G network, along with the task, as input to the local large model to output action parameters for action. The actions corresponding to a dangerous situation detected by the 6G network may include, for example:

Action 1: Drop the box containing the cup;

Action 2: Move towards the child while emitting an alarm sound;

Action 3: Pick up the child and move to a safe area;

Action 4: Explain to Lily what happened and why the box containing the cup was dropped.
W.x.4
Post-conditions

If the robot relies solely on local model inference, it may encounter system crashes in overly complex situations. Alternatively, if it only considers executing the previous command from the female owner, it may pose a danger to the child. However, by providing timely perception and action guidance through the 6G network, the requirements for the robot's local intelligence level can be reduced. Users can purchase a robot at a lower price and obtain high-intelligence robot services that can more easily adapt to complex real-world environments.

W.x.5
Existing features partly or fully covering the use case functionality
Currently, 3GPP systems only provide communication services, and there is no functionality to provide computing power and AI as a service.
W.x.6
Potential New Requirements needed to support the use case
[PR W.x.6.-1] The 3GPP core network shall be able to provide AI service (e.g., real-time model inference) to the subscriber.

NOTE 1: 
As the 6G network architecture is still unknown, the “3GPP core network” means a centralized domain of the 3GPP network where this requirement applies.
[PR W.x.6.-2] The 3GPP core network shall be able to provide a mechanism to expose AI service related capabilities (e.g. real-time model inference) to the subscriber.
[PR W.x.6.-3] The 3GPP core network shall be able to support efficient mechanism for one or more UEs to transmit local information to 6G network for the AI service (e.g., real-time model inference).
[PR W.x.6.-4] The 3GPP core network shall be able to support mechanism to guarantee the quality of service for the AI service (e.g., accuracy and the latency of the real-time model inference).
* * * End of Changes * * *
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