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Introduction
In RAN#80, the new SID NR positioning was approved with the following objectives from RAN1’s perspective [1]: 
· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.

In RAN1#94bis, the following agreements were made on the target requirements [2]:

	Agreement:
· Regulatory requirements are considered as a minimum performance targets for NR Positioning studies
· Additional requirements based on commercial use cases can be used as input performance targets that are subject to further analysis in terms of performance / complexity tradeoffs in different evaluation scenarios
Agreement:
· For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning
· Horizontal positioning error <= 50m for 80% of UEs
· Vertical positioning error [<5 m] for [80%] of UEs
· Note: The regulatory requirements refer to floor level vertical accuracy
· End to end latency and TTFF < 30 seconds
· As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· End to end latency < [1]s
· Note: This does not eliminate more or less demanding commercial use cases.
Agreement:
· At least CDFs of horizontal and vertical (vertical error not necessarily applicable to all solutions and/or scenarios) positioning errors are used as a performance metrics in NR positioning evaluations
· At least the following percentiles of positioning error are analyzed 50%, 67%, 80%, 90%
· Physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity can be considered as important design factors for NR positioning solutions and can be evaluated analytically for proposed solutions





In this contribution, we focus on the “requirements such as accuracy, latency, capacity, coverage, and etc.” 
[bookmark: _Toc506923672]Regular regulatory use cases
Mission Critical Organizations require mission-critical services to have accurate positioning such that first responders may be located at all times during normal and critical operations, indoors as well as outdoors.  The level of positioning accuracy (and other KPIs) required should be used as the key reference for the target requirements for this SI.  more 
For example, on February 3, 2015, the US FCC released the Fourth Report and Order[3], adopting measures that will significantly enhance the ability of Public Safety Answering Points (PSAPs) to accurately identify the location of wireless 911 callers when the caller is indoors, and also strengthening the existing E911 location accuracy rules to improve location determination for outdoor as well as indoor calls.
The following E911 location rules are adopted in [3]:
	Horizontal Location
· All CMRS providers must provide (1) dispatchable location, or (2) x/y location within 50 meters, for the following percentages of wireless 911 calls within the following timeframes, measured from the effective date of rules adopted in this Order (“Effective Date”): 
· Within 2 years: 40 percent of all wireless 911 calls.
· Within 3 years: 50 percent of all wireless 911 calls.
· Within 5 years: 70 percent of all wireless 911 calls. 
· Within 6 years: 80 percent of all wireless 911 calls.  
· Non-nationwide CMRS providers (regional, small, and rural carriers) can extend the five- and six-year deadlines based on the timing of Voice over Long Term Evolution (VoLTE) deployment in the networks.  

Vertical Location
· All CMRS providers must also meet the following requirements for provision of vertical location information with wireless 911 calls, within the following timeframes measured from the Effective Date: 
· Within 3 years:  All CMRS providers must make uncompensated barometric data available to PSAPs from any handset that has the capability to deliver barometric sensor data.  
· Within 3 years:  Nationwide CMRS providers must use an independently administered and transparent test bed process to develop a proposed z-axis accuracy metric, and must submit the proposed metric to the Commission for approval. 
· Within 6 years: Nationwide CMRS provides must deploy either (1) dispatchable location, or (2) z-axis technology that achieves the Commission-approved z-axis metric, in each of the top 25 Cellular Market Areas (CMAs): 
· Where dispatchable location is used: the National Emergency Address Database (NEAD) must be populated with a total number of dispatchable location reference points in the CMA equal to 25 percent of the CMA population.   
· Where z-axis technology is used: CMRS providers must deploy z-axis technology to cover 80 percent of the CMA population.




Thus, for horizontal location, the NR positioning technology should, at least, meet the accuracy of 50 meters for 80% of all calls. For vertical location, FCC does not provide the exact z-axis metric. In the near term, the indoor accuracy metrics that would provide approximate location information sufficient to identify the building for most indoor calls, as well as vertical location (z-axis or elevation) information that would enable first responders to identify floor level for most calls from multi-story buildings. In the long term, it will develop more granular indoor location accuracy requirements that would provide for delivery to PSAPs of in-building location information at the room or office suite level.
[bookmark: _Toc525496891][bookmark: _Toc525496904][bookmark: _Toc525897160][bookmark: _Toc525897226][bookmark: _Toc525897281][bookmark: _Toc525917345][bookmark: _Toc525932957][bookmark: _Toc525933003][bookmark: _Toc525935685][bookmark: _Toc525935991]Therefore, this SI should consider meeting the regulatory requirements as the minimum target requirements. For regulatory user cases, the target positioning technologies should at least meet the horizontal location accuracy of 50 meters and is capable of identifying floor level from multi-story buildings or meets the vertical location accuracy of 3 meters, for 80% of all calls for the evaluation scenarios identified in this SI. The brackets included in the agreement made in the last meeting can be removed. 
However, it does not imply a proposed NR RAT –dependent positioning technology has to meet regulatory positioning requirements in all scenarios, since multiple RAT –dependent and independent positioning technologies are most likely combined together in order to meet the regulatory requirements for all scenarios. Thus, we suggest making the following clarification on the agreements made in RAN1#94bis.
Proposal 1: Make the following clarification on the agreement made in RAN1#94bis:
	· For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning
· Horizontal positioning error <= 50m for 80% of UEs
· Vertical positioning error [<5 m] for [80%] of UEs
· Note: The regulatory requirements refer to floor level vertical accuracy
· Note: It does not imply one single NR RAT –dependent positioning technology has to meet vertical positioning requirement in all scenarios considered in this SI.
· End to end latency and TTFF < 30 seconds



Commercial use cases
Unlike previous 3GPP systems that attempted to provide a 'one size fits all' system, the 5G system is expected to be able to provide optimized support for a variety of different services, different traffic loads, and different end-user communities, capable of simultaneously supporting multiple combinations of reliability, latency, throughput, positioning, and availability.
5G KPIs includes requirements for various combinations of latency and reliability, as well as higher accuracy for positioning. These KPIs are driven by support for both commercial and public safety services. On the commercial side, industrial control, industrial automation, UAV control, and AR are examples of those services. 
Higher accuracy positioning is characterized by ambitious system requirements for positioning accuracy in many verticals and applications, including regulatory needs. In Location-Based-Services and eHealth, higher accuracy is instrumental to new services and applications, both outdoor and indoor. 
Adaptability and flexibility are among the key features of the 5G system to serve a wide diversity of verticals and services, in different environments (e.g. rural, urban, indoor). This applies to higher accuracy positioning and translates into the ability to satisfy different levels of services and requirements, for instance on performance (e.g. accuracy, availability, latency) and on functionality (e.g. security).
In TS 22.261[4], two service areas on 5G positioning are defined: 
a) 5G positioning service area is defined as a service area where positioning services would solely rely on infrastructures and positioning technologies that can be assumed to be present anywhere where 5G is present, including both indoor and any outdoor environments. 
b) 5G Enhanced positioning area is a subset of the 5G positioning service area that is assumed to be provided with additional infrastructure or deploy a particular set of positioning technologies to enhance positioning service. 
The 5G system is required to provide positioning services with the performances requirements for Horizontal and Vertical positioning service levels as defined in Table 1 in Appendix.
As shown in Table 1, the performances requirements for horizontal and vertical positioning service levels required by TS 22.261 can be much more stringent than the regulatory requirements discussed in the previous section. It needs a long-term effort to achieve the positioning requirements defined by TS 22.261 by exploring various potential advanced positioning techniques. Obviously, it is unlikely for 3GPP to develop the positioning techniques to meet all of the identified performance requirements within this SI, and we will need to properly select or identify the goal for this SI. Based on the understanding of the currently available positioning techniques, and the commercial applications in near future, our suggestion is to focus on the investigation of positioning technologies that have the potential to meet the requirements of  horizontal and vertical positioning service level 1 and 2 identified in TS 22.261 in this SI, but not excluding the adoption of the positioning technologies that could exceed to the performance requirements of levels 1 and 2.
[bookmark: _Toc525496892][bookmark: _Toc525496905][bookmark: _Toc525897161][bookmark: _Toc525897227][bookmark: _Toc525897282][bookmark: _Toc525917346][bookmark: _Toc525932958][bookmark: _Toc525933004][bookmark: _Toc525935686][bookmark: _Toc525935992]Thus,  the commercial use-case requirements should be used as additional input for the evaluation/study of this SI. For commercial user cases, the SI may focus on investigating the positioning technologies that have the potential to meet the requirements of horizontal and vertical location accuracy, availability and latency of positioning service levels 1 and 2 for 5G positioning service area as defined in TS 22.261, but should not exclude the positioning technologies that have the potential to exceed these performance requirements.
Again, it does not imply a proposed NR RAT –dependent positioning technology has to meet target positioning requirements for all commercial use cases, especially the vertical positioning performance requirements, since multiple RAT –dependent and independent positioning technologies are most likely combined together in order to meet the regulatory and commercial requirements for all scenarios for 5G system. Thus, we suggest making the following clarification on the agreements made in RAN1#94bis.
Proposal 2: Make the following clarification on the agreements made in RAN1#94bis:
	· As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· End to end latency < [1]s
· Note: This does not eliminate more or less demanding commercial use cases.
· Note: It does not imply one single NR RAT –dependent positioning technology has to meet vertical positioning requirement in all scenarios considered in this SI.



Conclusion
In this contribution, we discussed the target performances requirements for this SI for regulatory and commercial use cases. 
Proposal 1: Make the following clarification on the agreements made in RAN1#94bis on regulatory requirements:
· For regulatory use cases, the following requirements are considered as the minimum performance targets for NR positioning
· Horizontal positioning error <= 50m for 80% of UEs
· Vertical positioning error <5 m for 80% of UEs
· Note: The regulatory requirements refer to floor level vertical accuracy
· Note: It does not imply one single NR RAT –dependent positioning technology has to meet vertical positioning requirement in all indoor and/or outdoor deployment scenarios considered in this SI.
· End to end latency and TTFF < 30 seconds

Proposal 2: Make the following clarification on the agreements made in RAN1#94bis on commercial  requirements:
· As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· Note: It does not imply one single NR RAT –dependent positioning technology has to meet vertical positioning requirements in all indoor and/or outdoor deployment scenarios considered in this SI.
· End to end latency < [1]s
· Note: This does not eliminate more or less demanding commercial use cases.
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[bookmark: _GoBack]Appendix: Horizontal and Vertical positioning service levels defined in TS 22.261[4]

Table 1 Performance requirements for Horizontal and Vertical positioning service levels (Table 7.3.2.2-1 in TS 22.261 [4])
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Availability 
	Latency
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical     Accuracy
(note 1)
	
	
	5G positioning          service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up to 30 km/h

Outdoor 
(rural and urban) up to 250 km/h

	NA
	Indoor - up to 30 km/h

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99.9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0.3 m
	2 m
	99 %
	1 s
	Outdoor 
(rural) up to 250 km/h
	Outdoor 
(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0.3 m
	2 m
	99.9 %
	10 ms
	NA
	Outdoor 
(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	7
	R
	0.2 m
	0.2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each other (note 3)

	NOTE 1:	The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 	Indoor includes location inside buildings such as offices, hospital, industrial buildings. 

NOTE 3:	5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).





