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6.2 Considerations on the commonalities of performances targets among use cases
6.3.1 Time to first fix (TTFF)

Many of the reported use cases target a TTFF better than 10 second. The “Emergency call” use case requires a TTFF better than 30 seconds, bounded by regulatory requirements. Finally, some use case do not consider TTFF as a major driver.

Even though a lower TTFF increases the user’s experience, a higher TTFF also allows to improve the system’s capabilities in terms of accuracy, coverage (indoor) or availability for a given complexity.
Consequently, a TTFF target of 10 seconds can be considered reasonable, if it does not affect the system’s ability to efficiently comply with other requirements, in particular regulatory requirements. Alternatively, the system might support mechanisms to adapt the TTFF between 10s and 30s in order to satisfy other requirements (e.g. regulatory).

6.3.2 Latency

In most of the reported use cases, the proposed latency shares a same order of magnitude with the TTFF and the inverse of the update rate, typically 1s or higher.

A latency lower than 500 ms is needed primarily to support: 
-
Remote control (for instance for UAV), with latency target in the order of 100 – 200 ms.
-
Collision avoidance, for which latency is required to be better than 20 – 30 ms (the values represent more or less the time needed to travel the position uncertainty at the maximum speed).

Very low latency requirements might affect the complexity of the involved positioning technologies. Moreover, the remote control capabilities and collision avoidance functions can be supported by multiple technological options, among other: 

· Very low latency standalone positioning technologies associated to low latency communications,

· Combination of accurate but high latency positioning technologies with low latency relative positioning technologies in the UE (e.g. IMU, positioning with D2D short range links, etc.),

· Collision avoidance function independent of the positioning service, using local awareness sensors like camera, ultrasound, radar, etc.
Hence, an alternative to latency requirements lower than 500 ms might be to consider a system able to support mechanism for both remote control and collision avoidance, for example, using a combination of positioning technologies.

6.3.3 3D-position and velocity measurements

Some use cases need positioning in 3D, adding vertical accuracy targets to the horizontal ones and featuring two classes of vertical accuracy targets:

· Between 2 m and 3 m. This is needed both indoor and outdoor, typically to distinguish multiple 2D service areas overlaying each other in a man-made environment (e.g. floors inside a building or roads crossing each other with bridges)

· Between 0.1 m and 0.3 m. This derives from the need to control objects moving in 3D, in particular in vicinity of obstacles (e.g. UAV in landing phase). In those cases, only outdoor environment of use is considered, and these are either environment with mild signal obstruction or bounded areas (e.g. a few tens of meter around the docking station).

Accurate velocity is only required for use cases outdoor, and accuracy better than 1 m/s is then needed only for use cases operating in environment with mild signal obstruction.

For both the aforementioned KPI, the combination of positioning technologies should leverage the system’s ability to support the associated use cases.
6.3.4 Accuracy and availability

Horizontal accuracy and availability of the position-related data are the primary KPI reported by the use cases descriptions. For what concerns positioning technologies, these two KPI behave monotonously with system’s complexity and in opposition of each other (antagonism):

· Higher availability, or improved accuracy of positioning-related data, increases the system’s complexity

· Higher availability comes at the cost of lower accuracy (and vice-versa) for a given complexity. When measurement samples are time-independent, their CDF provides a convenient illustration of such behaviour.

The following figure represents two sets of data: 
· Scattered points scaled with the left axis: the availability requirements plotted versus the horizontal accuracy requirements  
· Colour bands scaled on the right axis: the theoretical CDFs of three normal distributions with zero-mean and standard deviation of respectively: [2.5cm – 25cm], [0.5m – 2.5m] and [7.5m – 25m].
NOTE:
the representation of the CDF is here illustrative and does not presume that the 5G position measurements are time-independent or follow a normal distribution with zero mean.
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This graphical representation supports multiple interpretation, one of them yields three groups of use cases and working points for the horizontal accuracy:

· Very high accuracy use cases in favourable environment of use, either bounded service areas or relatively mild outdoor environments (limited signal obstruction). For instance, UAV, Trolley and Bike sharing in dedicated areas.
· High accuracy use cases, with less demanding availability (e.g. 90%) or facing either outdoor or bounded service areas. For instance, most LBS use cases.
· Use cases for which accuracy targets can be relaxed to fulfil more demanding requirements, such as a higher availability throughout the 5G coverage or a very low energy consumption. For instance, Emergency Call, Patient location outside the hospital and Asset management.
6.3.5 Consideration on relative positioning 

Several use cases need positioning accuracy below 0.2 m. Their descriptions make clear this need refers to relative positioning: a user need to find and pick-up the bike he rented through a 5G-enabled application, or a UAV need to land on a docking station. In Guidance-Navigation-Control vocabulary, such situation is identified as a rendezvous phase, usually preceded by a homing phase.
The need to access very high accuracy, down to the decimetre level, in 2D or in 3D, during the rendezvous phase is fully justified in the aforementioned use cases. However, until the involved UEs are in “short range” of the rendezvous (e.g. from each other), defined as the rendezvous service area, the positioning service primarily guides them towards this rendezvous area. Therefore, during this homing phase, the service can sustain less accurate positioning than during the rendezvous.

These considerations allow deriving what “short range” is, thus defining the size of the rendezvous service area in which relative positioning accuracy below 0.2 m is to be achieved.
· Prior to entering the rendezvous service area, the UEs are guided using absolute positioning service in a bounded service area. The service must switch to rendezvous phase accuracy before the position uncertainty of the UEs involved in the rendezvous overlap or affects the rendezvous operations (including margin to ensure the service achieves a high level of confidence).
· According to the use cases description, the homing phase would be provisioned in a bounded service area, primarily outdoor, where a positioning accuracy of 0.5m (95% or more) can be expected (potential requirement of many use cases for this kind of service areas).
· Therefore, the rendezvous service area does not need to be significantly larger than 2m around the rendezvous position (e.g. around the rented bike or the docking station).
In conclusion, the use cases requiring better than 0.2m accuracy can be supported by the following capabilities:

· An absolute positioning service with an accuracy better than 0.5 m in bounded service areas (homing phase)

· A relative positioning service with an accuracy better than 0.1m (3D) when the involved UEs are within 5 m from each other (rendezvous phase).
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