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Abstract:  This contribution presents a high accuracy positioning use case for enhanced mobile broadband scenario.  
1. Discussion
When examining the MBB scenarios by looking ahead toward 2020 and beyond, the explosive growth of novel location-based services or applications, such as navigation, especially indoor navigation, product guide in marketplace and mobile multimedia push service, etc can be expected.  Such services with high accuracy positioning will provide users with more convenient experience as well as bring more business opportunities. 
Note that US FCC urged to provide high-precision positioning service in year 2020 that can guarantee less than 50m error in horizontal and 3m in vertical space[3]. The requirement is very tough to satisfy considering current status of technology. If this trend continues, less than 1m grade accuracy is expected to be commercialized in future market, such as an indoor navigation application used for finding accurately a parking space.
5G should be able to provide more advanced and cost effective positioning technology with higher accuracy. As mentioned in the NGMN 5G whitepaper, network based positioning in three-dimensional space should be supported with accuracy from 10 m to <1 m at 80% of occasions, and better than 1 m for indoor deployments. The level of requirement is also addressed in whitepaper of Korea 5G forum, in particular for use case of vehicle or drone control in dense urban environment, and proposed Hyper-Positioning as one of eight key capabilities to achieve in 5G communications[1][2]. 

Therefore, it is proposed to include high accuracy positioning service as an important feature that next-generation mobile communications should support. 

This contribution proposes the typical high accuracy positioning scenarios to be included in the SMARTER study.
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5.x. High Accuracy Enhanced Positioning (ePositioning)
5.x.1 Description

Next generation high accuracy positioning will require the level of accuracy less than [1m] in more than [95%] of service area, including indoor, outdoor and urban environment. Specifically, network based positioning in three-dimensional space should be supported with accuracy from [10 m] to [<1 m] at [80%] of occasions, and better than [1 m] for indoor deployments, as noted in NGMN 5G whitepaper [4]. 

High accuracy positioning service in 5G network should be supported in areas of traffic roads, tunnel, underground car-park or indoor environment. The figure below provides an example of network supporting high accuracy positioning.
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Figure x. An example of network supporting high accuracy positioning
A fast-moving car is assumed to move at ~280 km/h, and a fast-moving robot at ~40 km/h. When a 3GPP system is used to control their movement, the time to determine their position and the reaction time must be short to avoid collisions with its surroundings.
The positioning can rely on the 3GPP system completely, partly, or not at all, but the action based on the position must be acted upon fast. If we assume that the required accuracy for car's position must be 1 meter, and for the robot 10 cm, the two-way delay for positioning is 10-15 ms.

5.x.2  Pre-conditions

In the scenario presented below, it is assumed that positioning nodes are coordinated with enhanced cellular communication base stations to form a carrier-grade telecommunication and positioning network. For example, vehicles are navigating using the enhanced positioning signal transmitted by the next-generation base stations. Since the vehicles are guided along the invisible lanes marked by the positioning signal, there is no painted line, crosswalk line or even traffic lights in the intersection. However in the driver vision, the information of driveway, safety marks, pedestrians and other objects are clearly shown through augmented reality wind screen display.
5.x.3  Service Flows 
Here is an example in this use case.
1. Jack rides on an autonomous driving vehicle A and goes to a large shopping mall.

2. At the intersection of a city surrounded by high-rise buildings, another vehicle B is approaching with a speed of 60Km/h. The two vehicles are aware of the potential crash since the coarse location information was exchanged using V2X communication. The vehicles schedule the course, speed and passing order at the intersection in millisecond unit.

3.  Before the vehicles meet at the intersection, the vehicles start measuring the location in 1m accuracy at every 100msec and exchange the information via V2V communication. The vehicles constantly calculate the course and adjust the speed. At the crossing point, the two vehicles safely pass the intersection at the time difference of 1 second, which is only 17m gap in the vehicle speed of 60Km/h.
4. Jack’s vehicle continues to drives into a large shopping mall and finds a parking place in underground parking lot. With a location-based service, nearby available parking places can be precisely located with the accuracy <1m. 
5.  When Jack walks around in the shopping mall, he can get instantaneously multimedia discounts information of specific shop pushed by 3GPP network.
6. After finish shopping, Jack can get his car’s precise location with the location based service. And the recommended route from his location to the car helps him find his car.

5.x.4  Post-conditions

Jack pays for high-accuracy location and V2X service in monthly or annual fee base. 
5.x.5  Potential Service Requirements
· The 3GPP system shall support higher accuracy location capability less than [3 m] at [80%] of occasions.
Note: [80%] of occasions means the probability of achieving the accuracy in total sampling. 
· The 3GPP system shall support  different configuration for accuracy according to different service requirements.
· Initial position fix time of UE shall be less than [10] seconds, and subsequent position fixes  shall take no longer than [10~15ms], if required. 

· The two-way delay for positioning shall be no more than [10-15 ms].
· 
· Power consumption due to the continuous use of positioning service shall  be minimized.
5.x.6  Potential Operational Requirements

· The 3GPP system shall support co-existence with legacy 3GPP positioning service and migration to higher accuracy positioning service.
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