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1. Introduction
In this document, we discuss on the design goal and study scope for NR positioning design.

2. Discussion
Design Goal for NR Positioning Design
SA has defined positioning service and positioning accuracy requirement. According to TS22.071, LCS includes Public Safety Services, Location Sensitive Charging, Tracking Services, Traffic Monitoring, Enhanced Call Routing, Location based Information service, and Service Provider Specific Service. These services require a horizontal accuracy of from 10 m to 125m or from 5m to 300 m. 
In addition, SA has defined Higher Accuracy positioning service. Higher Accuracy positioning service includes high accuracy for vehicle, UAV (Unmanned Aerial Vehicle), mIoT, and etc. This service requires an accuracy of less than 1m according to TS22.261.
Observation 1: 
· Accuracy requirement has been defined according to positioning service type. 
· For LCS (Location service), requirement is from 10m to 125m.
· For Higher accuracy positioning service, requirement is less than 1m.
· The range of positioning accuracy requirement is quite broad from coarse level (10m~125m) to fine level (less than 1m).

It is hard to satisfy every requirement of various positioning services by using conventional positioning technique. To achieve service requirement, both 3GPP technique and Non-3GPP technique should be used. However, 3GPP RAN only design 3GPP technique, so it is necessary to discuss the level of positioning accuracy which can be afforded by only 3GPP technique. 	
Proposal 1: 
· RAN1 discuss the level of positioning accuracy which can be afforded by only 3GPP technique. 

Study scope for NR positioning Design
The most important requirement for NR positioning design is the horizontal accuracy requirement. Considering that the accuracy requirement is quite different according to the Positioning service scenarios (e.g. FCC E911, High accurate positioning service), it is hard to fulfil the whole requirement by conventional positioning technology. So, it could be good approach that the well-known basic positioning techniques are studied with higher priority as the means to meet the minimum requirement and advanced positioning techniques for high accurate service are considered as necessary. 
With high priority, RAN1 study the potential performance (e.g. detection accuracy, latency) of basic RAN-embedded positioning technique (at least E-CID, OTDOA) as the means to satisfy the minimum requirement. In addition, RAN1 can study the potential benefit of UTDOA. Furthermore, a method for enhancing TOA detection accuracy (e.g. phase detection based TOA) can be discussed. In this release, wide bandwidth, multi-TRP, and multi-beam operation can be considered as evaluation scenario, so it is necessary to study the performance of these conditions. Wide bandwidth, multi-TRP, and multi-beam operation can enhance accuracy, but detection complexity of UE would be highly increased. For this reason, both the design for reducing detection complexity of UE and the design that support scalable bandwidth need to be studied. Besides, OTDOA and UTDOA technique require tight synchronization between gNBs for achieving high accuracy. Therefore, performance of conventional techniques should be studied when synchronization error of several  exists.
If advanced positioning techniques for high accurate service are considered as necessary, RAN1 would study the potential technique for high accurate positioning service. For several services (e.g. mIoT and etc), wide bandwidth cannot be provided. Therefore, various positioning technique can be discussed for achieving high positioning accuracy by narrow bandwidth. 
[bookmark: _GoBack]Proposal 2: 
· With high priority, study the positioning techniques to meet the minimum requirement (e.g. 10m ~ 300m)
· RAN1 should study the potential benefit of E-CID, OTDOA and UTDOA with higher priority. Also, RAN1 can study a method for enhancing TOA detection accuracy (e.g. phase detection based TOA)
· In the study, RAN1 should consider wide bandwidth, multi-TRP, and multi-beam operation.
· If necessary, study the advanced positioning techniques for higher accuracy positioning service (e.g. less than 1m).
· It is need to study the positioning technique for achieving high positioning accuracy by narrow bandwidth.

Conclusion
In this contribution, we discuss on. As a conclusion of the discussion, we summarize proposals as follows:
Design Goal for NR Positioning Design
Observation 1: 
· Accuracy requirement has been defined according to positioning service type. 
· For LCS (Location service), requirement is from 10m to 125m.
· For Higher accuracy positioning service, requirement is less than 1m.
· The range of positioning accuracy requirement is quite broad from coarse level (10m~125m) to fine level (less than 1m).
Proposal 1: 
· RAN1 discuss the level of positioning accuracy which can be afforded by only 3GPP technique. 

Study scope for NR positioning Design
Proposal 2: 
· With high priority, study the positioning techniques to meet the minimum requirement (e.g. 10m ~ 300m)
· RAN1 should study the potential benefit of E-CID, OTDOA and UTDOA with higher priority. Also, RAN1 can study a method for enhancing TOA detection accuracy (e.g. phase detection based TOA)
· In the study, RAN1 should consider wide bandwidth, multi-TRP, and multi-beam operation.
· If necessary, study the advanced positioning techniques for higher accuracy positioning service (e.g. less than 1m).
· It is need to study the positioning technique for achieving high positioning accuracy by narrow bandwidth.
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Annex A. Accuracy Requirement
Horizontal Accuracy [2]
Table 4.1; Example of location services with decreasing accuracy requirement
	·	Location-independent
	Most existing cellular services, Stock prices, sports reports

	·	PLMN or country
	Services that are restricted to one country or one PLMN 

	·	Regional (up to 200km)
	Weather reports, localized weather warnings, traffic information (pre-trip)

	·	District (up to 20km)
	Local news, traffic reports

	·	Up to 1 km
	Vehicle asset management, targeted congestion avoidance advice

	·	500m to 1km
	Rural and suburban emergency services, manpower planning, information services (where are?)

	·  100m (67%)
·  300m (95%)
	U.S. FCC mandate (99-245) for wireless emergency calls using network based positioning methods

	·	75m-125m
	Urban SOS, localized advertising, home zone pricing, network maintenance, network demand monitoring, asset tracking, information services (where is the nearest?)

	·	50m (80%)
	U.S. FCC mandate [12] and [13] for wireless emergency calls 

		10m-50m
	Asset Location, route guidance, navigation



Attributes of Specific Services [2]
The following table (provided by the GSM Alliance Services Working Group) depicts ranges of values that may be expected for various attributes of location based services.
	
	Horizontal Accuracy
	Vertical Accuracy
	Response Time

	Public Safety Services

	Emergency Services
	Network based 100m, 300m(95%)
Handset based 50m, 150m(95%)
	N/A now (5-15m future?)
	5sec

	Emergency Alert Services
	125m (10m future?)
	N/A now (5-15m future?)
	5sec

	Location Sensitive Charging

	Home-Zone Billing
	Depends on billing zone 
(5m-300m)
	N/A
	Depends on increments of billing

	Tracking Services

	Fleet Mgment
	125m-Cell ID
	N/A
	5sec

	Asset Mgment
	10m-125m
	N/A (5-15m future?)
	5sec

	Person Tracking
	10m-125m
	N/A (5-15m future?)
	5sec

	Pet Tracking
	10m-125m
	N/A (5-15m future?)
	5sec

	Traffic Monitoring

	Traffic Congestion Reporting
	10-40m Hi- res. req’d muti- near proximity lanes 
(opposing and adjacent)
	May be req’d for over-passes
	5sec

	Enhanced Call Routing

	Routing to Nearest Commercial Enterprise
	10m-125m
	N/A
	5sec

	Roadside Assistance
	10m-125m
	N/A
	5sec

	Location based information service

	Navigation
	10m-125m
	N/A
	5sec

	City Sightseeing
	10m-125m
	
	5sec

	Localized Advertising
	125m-Cell ID
	N/A
	Not sensitive

	Mobile Yellow Pages
	125m-Cell ID
	
	5sec

	Service Provide Specific Services

	Dynamic Network Control
	10m-Cell ID
	N/A
	5sec



Higher Accuracy positioning in TS22.261 [3]
[bookmark: _Toc517528979]7.3		Higher-accuracy positioning
[bookmark: _Toc517528980]7.3.1	Description
Higher accuracy positioning is characterized by ambitious system requirements for positioning accuracy. One typical area where "higher-accuracy positioning" is needed is collision avoidance of vehicles: every vehicle must be aware of its own position, the positions of near-by vehicles, and also their expected paths, to avoid collisions. On the factory floor, it is important to locate moving objects such as forklifts, or parts to be assembled.
[bookmark: _Toc517528981]7.3.2	Requirements
The 5G system shall support the use of 3GPP and non-3GPP technologies to achieve higher-accuracy positioning. 
The corresponding positioning information shall be acquired in a timely fashion, be reliable, and be available (e.g., it is possible to determine the position).
UEs shall be able to share positioning information between each other e.g., to a controller if the location information cannot be processed or used locally.
Table 7.3.2-1 Performance requirements for higher-accuracy positioning services.
	Service
	Position 
acquisition time
	Survival
time
	Availability
	Dimension 
of service area
(note 1)
	Position
accuracy
	Comments

	Mobile objects
on factory floor
	500 ms
	1 s
	99.99%
	500 x 500 x 30 m
	0.5 m
	

	NOTE 1: 	Estimates of maximum dimensions; the last figure is the vertical dimension.
NOTE 2: 	All the values in this table are targeted values and not strict requirements.



Higher Accuracy positioning in TR22.862 [4]
[bookmark: _Toc463327283]5.4		Higher accuracy positioning
[bookmark: _Toc463327284]5.4.1	Description
The use case family "higher accuracy positioning" is characterised by a high system requirement for positioning accuracy. High positioning accuracy includes requirements that the location information is acquired quickly, is reliable, and is available (e.g., it is possible to determine the position). In some cases it is also important to be able to send the location information to another device, e.g., a controller, if the location information cannot be processed or used locally. Therefore, high positioning accuracy is often linked to a high system requirement for reliability, availability, and latency, but the data rates needed to carry the location information are very low.
For this use case family and related requirements it is important to separate the actual measurement and possible transmission of the location information. It is also important to separate the need to know the absolute position, e.g., geographical coordinates, and the position relative to surrounding objects, e.g., distance from the car in front.
One typical area where "higher accuracy positioning" is needed is collision avoidance of vehicles: every vehicle must be aware of its own position, the positions of near-by vehicles, and also their expected paths, to avoid collisions.
Next generation high accuracy positioning will require a level of accuracy less than [1 m] in more than [95 %] of service area, including indoor, outdoor and urban environments. Specifically, network based positioning in three-dimensional space should be supported with accuracy from [10 m] to [<1 m] in [80 %] of situations, and better than [1 m] for indoor deployments [2].
High accuracy positioning service in a 5G network should be supported in areas of traffic roads, tunnel, underground car-park or indoor environment. The figure below provides an example of a network supporting high accuracy positioning.


Figure 5.4-1: An example of network supporting high accuracy positioning
In some critical communication events e.g., in a situation where first aid personnel cannot arrive promptly to the scene of an emergency, use of an UAV (Unmanned Aerial Vehicle) or UAV team with higher accuracy position capability supported by the 3GPP network can improves emergency response efficiency.
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