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Discussion
Background information 

The definition of communication service availability and communication service reliability have been captured in TS 22.104. 
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Observation #1: Both definitions of communication service availability and communication service reliability have no clear indication whether a communication service refers to a communication network or a logical communication link. 

Communication service is also described in TS 22.104, and the network perspective of a 5G system is illustrated in figure 5.1-1 of TS 22.104 (copied below for convenience). 
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It is further stated that the Communication Service in figure 5.1-1 may be implemented between a UE on the one side and a network server on the other side, or between a UE on the one side and a UE on the other side.
Observation #2: the description above gives clear indication that a communication service refers to a logical communication link. 

The discussion below aims to confirm the understanding stated in observation #2. 

 

Example 1: motion control use cases 

The motion control use case #1 are used as an example to understand the meaning of “Communication Service”. The motion control use cases and requirements are captured in the annex of TS 22.104 (copied below for convenience).
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Deployment assumptions for Motion Control use case #1 

Based on the current assumptions and progress made for 5G system design in 3GPP, we can consider a simple deployment scenario of use case #1 of motion control system. In this scenario, the motion controller is wired and connected to the 5G core network (i.e. UPF), and up to 20 sensors/actuators are implemented as UEs or connected to up to 20 UEs. For each UE, the communication service is equivalent to the case where the Communication Service is implemented “between a UE on the one side and a network server on the other side”.

Question #1
According to the current definition of the Communication Service, is it correct to assume the Communication Service Availability of a UE in this motion control system refer to the logical communication link between this UE and the controller? 

Question #0 

According to the description of the “Deployment assumptions for Motion Control use case #1”, is the “Communication Service Availability” defined per UE (i.e. for each one of the ~20 sensors/actuators)? Or there is one metric “Communication Service Availability” for the whole motion control system comprising of the ~20 sensors/actuators? 
Answers
The service performance requirements in TS 22.104 are related to the communication service as defined by figure 5.1-1 of TS 22.104 and the text below it, i.e. the communication service is between a server and a UE or between two UEs and it includes only the components that are within the 5G system (i.e. between ingress and egress CSIF). 
The communication service does not assume any grouping of UEs that together form an application. The “# of UEs” column in the tables in TS 22.104 was only introduced to give an indication of the UE density that would need to be served within a given service area (e.g. to understand the kind of capacity demand it puts on the 5G system).

It would be impossible to design (from a standards point of view) a 5G system that fulfills the requirements for an arbitrary topology of controllers, actuators/sensors that depend on each other in arbitrary ways (a production line is typically composed of multiple control loops; if any one fails , the whole production line stops). The 5G system has no knowledge of how the devices outside the 5G system are arranged/grouped into a particular application. So all requirements in TS 22.104 are for each individual logical communication link; not for the whole system. Then how you build a complete solution with multiple control loops and any mix of applications that use 5G is a matter of solution design.

OT companies also indicated that in future there might be different classes of devices, sensors or actuators, some of which might not require as dependable communication services others. Therefore, such communication services will have weaker requirements. If such communication services become unavailable for a certain amount of time, the entire application does not necessarily have to stop. Note that the communications service availability is per communication service (i.e. the logical communication link realising the communication service) and it is not per device or even per production cell.
Observation #3: the service performance requirements in TS 22.104 are for each individual logical communication link; not for the whole system. 

Observation #4: the “# of UEs” in the tables in TS 22.104 is intended to give an indication of the UE density that would need to be served within a given service area (e.g. to understand the kind of capacity demand it puts on the 5G system). 

Example 2: Mobile robots use cases 

The mobile robots use cases are used as an example to understand the meaning of the service performance requirement “communication service reliability”, and its relationship with “communication service availability”. The motion control use cases and requirements are captured in the annex of TS 22.104 (copied below for convenience).
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Observation #5: for the 4 mobile robots use cases, despite the fact that all cases share the similar communication service availability requirement (i.e. > 99,9999%), they have different communication service reliability requirements. 

OT companies explained that the communication service reliability requirement (e.g. mean time between failure) depends on the operation characteristics of the corresponding (e.g. factory automation) application. For example, periodic communication in use case two is for video-operated remote control. Such communication is critical for the factory automation application therefore the stringent communication service reliability is required. In the use case four, on the other hand, the communication is used for real-time streaming data transmission (video data) from a mobile robot to the guidance control system. Such communication is considered less critical for the automation application therefore the communication service reliability requirement is relaxed.
Observation #6: the communication service availability requirement has no direct relationship with the communication service reliability requirements. The communication service reliability requirements depend on the operation characteristics of the corresponding (e.g. factory automation) application. Typically the communication service that is critical for the automation application has stringent communication service reliability requirement.

Proposal

Based on the discussions above, please approve the corresponding CRs of clarification updates. 
communication service availability: percentage value of the amount of time the end-to-end communication service is delivered according to an agreed QoS, divided by the amount of time the system is expected to deliver the end-to-end service according to the specification in a specific area.


NOTE 2:	The end point in "end-to-end" is assumed to be the communication service interface.


NOTE 3:	The communication service is considered unavailable if it does not meet the pertinent QoS requirements. If availability is one of these requirements, the following rule applies: the system is considered unavailable if an expected message is not received within a specified time, which, at minimum, is the sum of maximum allowed end-to-end latency and survival time.


NOTE 4:	This definition was taken from TS 22.261 [2].


communication service reliability: ability of the communication service to perform as required for a given time interval, under given conditions.


NOTE 5:	Given conditions would include aspects that affect reliability, such as: mode of operation, stress levels, and environmental conditions.


NOTE 6:	Reliability may be quantified using appropriate measures such as mean time between failures, or the probability of no failure within a specified period of time.


NOTE 7:	This definition is based on IEC 61907 [7].
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Figure 5.1-1: Network perspective of 5G system 
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Figure A.2.2.1-1: Schematic representation of a motion control system


Table A.2.2.1-1: Service performance requirements for motion control


Use case #�
Characteristic parameter�
Influence quantity�
�
�
Communication service availability: target value in %�
Communication service reliability: mean time between failures�
End-to-end latency: maximum�
Service bitrate: user experienced data rate�
Message size [byte]�
Transfer interval: lower bound�
Transfer interval: upper bound�
Survival time�
UE speed�
# of UEs�
Service area (note)�
�
1�
99,999 to 99,99999�
~ 10 years


�
< transfer interval value�
–�
50�
500 μs – 500 ns�
500 μs + 500 ns�
500 μs�
≤ 72 km/h�
≤ 20�
50 m x 10 m x 10 m�
�
2�
99,9999 to 99,999999�
~ 10 years�
< transfer interval value�
–�
40�
1 ms – 500 ns�
1 ms + 500 ns�
1 ms�
≤ 72 km/h�
≤ 50�
50 m x 10 m x 10 m�
�
3�
99,9999 to 99,999999�
~ 10 years�
< transfer interval value�
–�
20


�
2 ms – 500 ns�
2 ms + 500 ns�
2 ms�
≤ 72 km/h�
≤ 100�
50 m x 10 m x 10 m�
�
NOTE:	Length x width x height.�
�
�
�






Table A.2.2.3-1: Service performance requirements for mobile robots


Use case #�
Characteristic parameter�
Influence quantity�
�
�
Communication service availability: target value in %�
Communication service reliability: mean time between failures�
End-to-end latency: maximum�
Service bitrate: user experienced data rate�
Message size [byte]�
Transfer interval: lower bound�
Transfer interval: target value (note)�
Transfer interval: upper bound�
Survival time�
UE speed�
# of UEs�
Service area�
�
1�
> 99,9999�
~ 10 years�
< target transfer interval value�
–�
40 to 250�
 – < 25 % of target transfer interval value�
1 ms to 50 ms�
+ < 25 % of target transfer interval value�
target transfer interval value�
≤ 50 km/h�
≤ 100�
≤ 1 km2�
�
2�
> 99,9999�
~ 1 year�
< target transfer interval value�
–�
15 k to 250 k�
– < 25 % of target transfer interval value�
10 ms to 100 ms�
+ < 25 % of target transfer interval value�
target transfer interval value�
≤ 50 km/h�
≤ 100�
≤ 1 km2�
�
3�
> 99,9999�
~ 1 year�
< target transfer interval value�
–�
40 to 250�
– < 25 % of target transfer interval value�
40 ms to 500 ms�
+ < 25 % of target transfer interval value�
target transfer interval value�
≤ 50 km/h�
≤ 100�
≤ 1 km2�
�
4�
> 99,9999�
~ 1 week�
10 ms�
> 10 Mbit/s�
–�
–�
�
–�
–�
≤ 50 km/h�
≤ 100�
≤ 1 km2�
�
NOTE:	The transfer interval is not so strictly periodic in these use cases. The transfer interval deviates around its target value within bounds. The mean of the transfer interval is close to the target value.�
�



Use case one


Periodic communication for the support of precise cooperative robotic motion control (transfer interval: 1 ms), machine control (transfer interval: 1 ms to 10 ms), co-operative driving (10 ms to 50 ms).


Use case two


Periodic communication for video-operated remote control.


Use case three


Periodic communication for standard mobile robot operation and traffic management.


Use case four


Real-time streaming data transmission (video data) from a mobile robot to the guidance control system.
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