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Abstract: This paper proposes use cases for Smart Prosthesis and Its Safety Model. The Smart Prosthesis and its control function are connected to the 5G network. When the network is poor to a certain extent, the network will notify the control application the current network quality, the control application sends out an alarm and turns on the safety mode to retain only the most basic functions of the prosthesis.  In order to avoid dangerous situations such as when A wears a smart prosthesis for running or doing some large-scale exercises, the network status becomes poor or the network is suddenly disconnected, but the prosthesis   and its control function do not aware of the current network quality, causing the prosthesis to suddenly fail, and A suddenly falls under the drive of the motion inertia. When the network situation becomes better, the network will also notify the application of the current network status, and the application will release the prosthetic safety mode to provide high-quality services. 
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5.X	Smart Prosthesis and Its Safety Model
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]5.X.1	Description
Amputation constantly brings a lot of concerns for individuals, their families, and society[x1]. In the US, an estimate of 2 million individuals live with limb loss and based on projections, this number is said to increase to about 3.6 million by the year 2050 [x2]. Amputations, particularly of the lower limb, have already been a worldwide problem.
The smart prosthesis is equipped with a variety of sensors to perceive the user's posture and actions, and is controlled based on bionics to provide corresponding power to assist the user in walking, thereby reducing user fatigue and avoiding secondary injuries. At the same time, smart prostheses can be combined with neural engineering and allow the wearer to operate together through human intent and automated algorithms. When high flexibility is required, humans control movement. When high robustness is required, through the use of artificial intelligence, machine learning is performed on the gait data obtained by the sensor to better perceive the user's intention and environmental changes, and adaptively adjust the prosthesis to adapt to the gait characteristics of each user, to help users walk more easily and naturally.
The sensor mounted on the smart prosthesis can convert the residual nerve of the residual limb of the mobile phone amputee into a nerve signal and convert it into a motion signal to judge the human movement trend. At the same time, the smart prosthesis can sense the pressure, roughness, force angle, etc. of the connection between the residual limb and the prosthesis through the sensor, thereby adjusting the comfort of the connection between the prosthesis and the residual limb and the flexibility of the joints of the prosthesis, and assist in identifying the movement state of the body.
Smart prostheses can store user usage data in the cloud by connecting to servers on the cloud. Both smart prostheses and cloud servers are connected to the 5G network. Users can download prosthetic control applications on smart terminals such as mobile phones and computers to monitor the status of the prosthesis in real time, including power, loss, working status, etc.
When the network is good, the intelligent prosthesis will start the high-performance state, and the sensitivity and accuracy of the prosthesis will be high. When the network status is poor, the prosthetic control application detects the network status, it will activate the safe mode, such as reducing the sensitivity of the prosthesis, and only protect the most basic functions of the prosthesis. The prosthesis can also active the local mode, and the application can control the smart prosthesis through some instructions stored locally.
This contribution takes the smart prosthetic as an example, it will also apply to other wearable devices in the personal Internet.

[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]5.X.2	Pre-conditions
A is a leg amputee patient who has recently been fitted with a smart prosthesis. The smart prosthesis is made according to its original limbs, and can be monitored and controlled by the corresponding prosthetic limb control software on the mobile phone. The prosthesis can capture the residual neurons of A and recognize A's posture, movement, etc., and analyse A's movement trend through artificial intelligence, thereby assisting A's action. The smart prosthesis and the mobile phone equipped with the control application need to be connected to the 5G network. The information of smart prosthesis on haptic, movement and other sensor will be sent to application server via different data flows. The smart prosthesis application has told the 5G network about the flow information regarding the normal working of the prosthesis when the application subscribed the service, and network can identify these flows are related. The smart prosthesis can upload user data to a cloud server, and the prosthetic control application can download user data from the cloud, and can control the actions of the prosthesis by sending instructions.
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]5.X.3	Service Flows
1.A wears smart prosthetic connected to 5G network, and prosthesis works in normal mode.
2. Network sensed QoS of one or several flows of this service is not being satisfied.
3. Network sends notification of network status to prosthetic control application 
4. The prosthesis control application adjusts the motion parameters according to the network conditions and reduces the prosthetic motion mode. When the network is poor to a certain extent, the network will notify the control application the current network quality, the control application sends out an alarm and turns on the safety mode to retain only the most basic functions of the prosthesis. The motion accuracy of the prosthesis will be reduced, and the user experience will be correspondingly worse. The user can operate the basic functions of the prosthesis through the prosthesis control application
5. When the network situation becomes better, the network will also notify the application of the current network status, and the application will release the prosthetic safety mode to provide high-quality services
[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]5.X.4	Post-conditions
The prosthesis worn by A can switch the operating state of the prosthesis according to the status of the network, and issue an alarm in advance. Avoid dangerous situations such as when A wears a smart prosthesis for running or doing some large-scale exercises, the network status becomes poor or the network is suddenly disconnected, but the prosthesis   and its control function do not aware of the current network quality, causing the prosthesis to suddenly fail, and A suddenly falls under the drive of the motion inertia.
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]5.X.5	Existing features partly or fully covering the use case functionality
[bookmark: _GoBack]TS23.501 has QoS adjustment for single stream which can refer to alternative QoS, but there is no adjustment for multi-stream situation, where internal group identifier may be need for multiple flows within one service. 
5.X 6	Potential New Requirements needed to support the use case
	
	modality
	reliability
	latency
	Packet size
	rate

	Smart Prosthesis and Its Safety Model
	Haptic
	[99.9] (without haptic compression encoding)
[99.999] (with haptic compression encoding)
	10-20ms
	2-8b/DoF
	1k-4k packets/s (without haptic compression encoding);
100-500 packets/s, (with haptic compression encoding)

	
	Movement
	[99.9%]
	200ms- 500ms
	
	

	
	Sensor
	[99.999%]
	<5ms
	
	< 1Mbps



[PR 5.X.6-1] 5G system shall support a mechanism for a 3rd party application to subscribe to network quality changes (include network quality decreases and increases) of data flows within one tactile and multi-modality communication service.
[PR 5.X.6-2] 5G system shall support adjustment according to a 3rd party application’s QoS requirements to data flows within one tactile and multi-modality communication service according to the network quality changes.
[PR 5.X.6-3] The 5G network system shall support a mechanism for a 3rd party application to provide information about UEs or data flows grouping information within one tactile and multi-modality communication service.
