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1. Introduction
Following Table 1. is the summary of the positioning accuracy level for 5G suggested by different organizations during the last #71 ~ #72 SA1 meeting. According to the proposals, many companies preferred high-accuracy positioning capability of [0.5m ~ 1m] error range is necessary to support in 5G network. Table 2 confirms this result in compact form that the accuracy level [0.5m ~ 1m] commonly appears in the company contributions. 

Based on the investigation and the summary, we believe the positioning accuracy of  ‘[1m] in 80% of service area’ may be a good consensus for 5G applications. Therefore, we propose text modification in section 5.4 of Critical Communication TR as below.

Table 1 : suggested positioning accuracy level in 5G

	Proposed by
	Source Document
	Accuracy level and ground

	US FCC
	FCC 14-13,15-9
	Accuracy
	50m (horizontal) x 3m (vertical) accuracy in 80% of indoor call

	
	
	Reason
	enhancing ability of PSAP for accurately identify the location of wireless 911 callers

	NGMN
	White paper
	Accuracy
	from 10 m to <1 m at 80% of occasions better than 1m in indoor

	
	
	Reason
	for tracking high-speed vehicle, providing instant personalized service, network based 3D positioning

	5G Forum
	White paper
	Accuracy
	1m in urban and indoor

	
	
	Reason
	to avoid collision between unmanned moving objects of speed 100km/h 

	Nokia
	S1-152212
	Accuracy
	vehicular 1m,  robot 10cm

	
	
	Reason
	to support fast positioning in 10~15ms for cars moving 280km/h, robot 40km/h

	ZTE
	S1-152067
	Accuracy
	3 m to <1 m at 80% of occasions

	
	
	Reason
	auto-parking needs <1m accuracy, 
to  support enhanced indoor LBS service, 3m to <1m accuracy is needed 

	ETRI
	S1-152304
	Accuracy
	[1m] in 95% of urban and indoor

	
	
	Reason
	for car crash avoidance at intersection, emergency rescue in building, 1m accuracy is necessary in tunnel, car-park, indoor, etc

	Qualcomm
	S1-153074

S1-152278/83/84
	Accuracy
	0.1~0.5m for Vehicular
10cm for UAVs,

	
	
	Reason
	car-to-car distance in platooning require 0.5m accuracy and side-by-side accuracy 0.1m.
also 0.1m for UAV control and crash avoidance between group flying UAVs

	ALU, Huawei
	S1-152453
	Accuracy
	less than 0.5m indoor inventory and outdoor

	
	
	Reason
	to support tracking of millions of (internet purchased) items per km2 shipped by trucks moving at 100km/h

	GM
	S1-153037
	Accuracy
	0.1m for high-speed vehicles moving at 100km/h (relative speed is 200km/h)

	
	
	Reason
	to support multi-lane high-way vehicles of density 10,000 per km2 (?)


Table 2 : summary of suggested accuracy level
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*************    proposed 1st  Change ***************

5.4
Higher accuracy positioning

5.4.1
Description

Next generation high accuracy positioning will require the level of accuracy less than [1 m] of error in more than [80 %] of 3GPP service area, including indoor, outdoor and urban environment. Specifically, network based positioning in three-dimensional space should be supported and better than [1 m] in some  indoor deployments [2].

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 5.4.1: An example of network supporting high accuracy positioning

In some critical communication event e.g., in a situation where first aid personnel cannot arrive promptly to the scene of an emergency, UAV (unmanned aerial vehicle) or UAV team with higher accuracy position capability supported by the 3GPP network can improves delivery efficiency.

And consider the cases of warehouse, package delivery system, supplies registry, or equipment tracker, each item being tracked also need report its position to a tracking application.
5.4.2
Traffic scenarios

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 windshield display.
5.4.2.1
Higher accuracy positioning outdoor with high speed moving

Jack rides on an autonomous driving vehicle A and goes to a large shopping mall. At the intersection of a city surrounded by high-rise buildings, another vehicle B is approaching with a speed of 60 km/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.

Before the vehicles meet at the intersection, the vehicles start measuring the location in 1 m accuracy at every 100 ms 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 s, which is only 17 m gap in the vehicle speed of 60 km/h.

A fast-moving car can move up to 200 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 equal or less than 1 m, the two-way delay for positioning is 10-15 ms.
5.4.2.2
Higher accuracy positioning with low speed moving(including indoor and outdoor)

Jack’s vehicle drives into a large shopping mall with maximum speed limit 20 km/h or 30 km/h 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 <1 m.

When Jack walks around in the shopping mall, he can get instantaneously multimedia discounts information of specific shop pushed by 3GPP network.

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.
5.4.2.3
Higher accuracy positioning for low altitude UAV in critical condition

UAV (unmanned aerial vehicle) will be widely used for delivery of packages (e.g., A company plans to use UAVs to deliver goods), which improves delivery efficiency. In a situation where first aid personnel cannot arrive promptly to the scene of an emergency, UAVs could be used to collect video information on site and deliver emergency equipment. And the UAV in flight also sends back position information and other data from its carried sensor to the manipulator simultaneously. Assisted by real-time image and information sent back by UAV, manipulator at the console controls the UAV remotely flying through complex terrain and landing at the exact site where the accident happens.

UAV's local vehicle collaboration can act as a mobile sensor network to autonomously execute sensing tasks in uncertain and dynamic environments while being controlled by a single user. Accuracy in sensing tasks is increased when deploying a team of UAVs versus just one as there are multiple vantage points using multiple sensors. Examples of uses for deploying a team of UAVs include:

-
Searching for an intruder or suspect

-
Continual monitoring of natural disasters

-
Performing autonomous mapping

-
Collaborative manipulation of an object (e.g., picking up corners of a net or picking up a log)
5.4.2.4
Higher accuracy positioning for mIoT

Consider the case of a warehouse, package delivery system, supplies registry, or equipment tracker. Each item being tracked would need a periodic identification indication communicated to a tracking application. A sensor would be associated (e.g., physically attached) with each item. Sensors may be manually or automatically activated when they are associated to the item. Upon activation, each sensor identifies itself with the network and registers with the sensor monitoring service or application. The communication from each sensor would need to be reliable but not necessarily of high priority. Communication would be predominately uplink, although some downlink acknowledgements and commands may be sent. The tracking devices would below complexity, low powered, battery-powered sensors. Further, the sensors configuration may vary from stationary and dense (e.g., in a warehouse) to wide-spread and mobile but locally dense (e.g., delivery trucks). The sensor should support multiple radio access technologies to ensure reachability as it crosses access coverage boundaries, e.g., from the warehouse to the delivery truck to the delivery location.
5.4.3
Potential requirements

The 3GPP system shall support higher accuracy location capability less than [1 m] of error distribution at [80%]  of 3GPP service area, and better than [1m] error in some indoor area.

-
 For services requiring less than [1m]  position accuracy (e.g., deliver dense packages from a warehouse to a delivery truck then to a delivery location), the 3GPP system should support the  positioning accuracy  in both outdoor and indoor, along with tracking capability of  densly populated  devices up to (e.g., 1 million devices per km2), which can also move  at less than  100 km/h speed.



The 3GPP system shall support location estimation of UE in less than [10] seconds when the information is requested by user.

The 3GPP system shall support different configuration for accuracy according to different service requirements.

Power consumption due to the continuous use of positioning service shall be minimized.

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

*************    End of Change ***************
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