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1. Discussion
March 2015, Korea 5G forum released two White Papers regarding 5G Services and Requirements. In the papers, 5G forum highlighted high-precision positioning service providing less than 1m error range is necessary for 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]. 
For example, when two auto-driving vehicles are fast-approaching to an intersection, very accurate position information of less than 1m range need to be exchanged frequently to avoid collision. No matter how fast-communication of less than 1msec latency is made, it is not helpful if the vehicles cannot pinpoint the location. The problem is that even the GPS technology cannot guarantee less than 50m accuracy in city area where severe multipath error occurs due to high-rise buildings. Furthermore, GPS doesn’t work in tunnel or underground car park. While LTE positioning technology has achieved significant progress, still the accuracy doesn’t match to GPS technology in outdoor environment. Therefore, much accurate positioning technology is necessary in next generation mobile communications. 

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.

It is also noted that millions of dollars market can be created as the accuracy of LBS service is improved[4]. In addition, there are papers reporting that significant improvement can be made on channel quality[5][6], handover performance[7], security enhancement[8] as well as efficient resource utilization[9] when accurate position information is supported. Therefore, it is proposed to include enhanced positioning service as an important feature that next-generation mobile communications should support. 

***********************   proposed text start **************************

5.x. Use Case of Enhanced Positioning (ePositioning) Service
5.x.1 Description

Next generation ePositioning is a high-precision LBS service offering less than [1m TBD] error range in more than 95% of service coverage. The ePositioning service coverage includes areas of traffic roads, tunnel, underground car-park or indoor environment where the positioning reference signal of next generation mobile base-stations can reach with good signal strength. Potential services utilizing the enhanced positioning capability are autonomous driving, emergency rescue, mobile security, etc. 
5.x.2  Pre-conditions

In the scenario presented below, it is assumed that all vehicles are navigating using enhanced positioning reference signal transmitted by next-generation roadside 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 
1. At the intersection of a city surrounded by high-rise buildings, two autonomous driving vehicles A and B are 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.

2.  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.
3. In other use case, fire-fighters are searching survivors in a building filled with smoke. The base stations around the building pinpoint the location of remaining people using their UEs in accuracy of less than [1m TBD]. The fire-crews successfully evacuated all people before the building collapse.
5.x.4  Post-conditions

Car owners pay for safety assurance service in monthly or annual fee base. In case of accident, the service provider may compensate for the damage or loss, similar to the service model car insurance companies provide today.
5.x.5  Potential Service Requirements

· The next-generation mobile network may provide high-accuracy positioning service of less than [1m TBD] error range in less than 95% of urban and indoor service area.

· It may be possible to estimate the fast moving UE location of 60Km/h speed in an accuracy of [1m TBD] or less. 

· Initial position fix time of UE should be less than [10] seconds.
· Positioning service based on the base station signal, and also based on the UE signal need to be supported.  

· Power consumption due to the continuous use of positioning service needs to be minimized.
5.x.6  Potential Operational Requirements
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