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RAN#81 updated the study item description sheet for NR positioning with the following applicable to RAN1 [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.
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
· Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.


In this contribution, we share our views about NR positioning requirements in this SI.
2	Discussion
The use cases in TR 22.872 for NR positioning include regulatory cases and commercial cases with the positioning requirements of position accuracy, speed accuracy, bearing accuracy, timestamp accuracy, availability, latency, time to first fix (TTFF), update rate, power consumption, energy per fix, system scalability, and/or coverage.
2.1 Regulatory Cases
The positioning requirements for regulatory cases in TR 22.872 refer to E911 positioning requirements as follows [2][3]
· Positioning accuracy: [< 50m]@[80%] for horizontal, [< 3 m]@[80%] for vertical
· Latency: [< 30 seconds]
· TTFF: [< 30 seconds]
· Availability: [> 95%]
· Environment of use: indoor and outdoor
The supported positioning solutions in LTE network include E-CID, OTDOA, UTDOA, A-GNSS, WLAN, Bluetooth, TBS and Barometric. Barometric was introduced in LTE to meet the E911 requirements for vertical positioning. Regarding horizontal positioning, we can use A-GNSS, OTDOA, E-CID, UTDOA, TBS and/or possible WLAN for outdoor scenarios, and use OTDOA, E-CID, UTDOA, TBS, WLAN, Bluetooth for indoor scenarios. A-GNSS, WLAN and Bluetooth are not always available for all scenarios. TBS needs additional beacon deployment for full coverage. Therefore, E-CID, OTDOA and UTDOA become the best candidate solutions to meet the availability requirement of [>95%] in 5G coverage, where OTDOA has the highest positioning accuracy and can meet the E911 requirements above based on the analysis in LTE. The base stations in NR network could be gNBs and/or ng-eNBs, where ng-eNBs are the LTE base stations supporting 5G Core Network. NR Rel-15 already supports OTDOA positioning with ng-eNBs for E-UTRA but NR standalone based RAT-dependent positioning has not been specified yet. Therefore, OTDOA in LTE can be reused in NR to meet the E911 positioning requirements if LTE carrier is available, and NR positioning with gNB should be designed to satisfy the E911 positioning requirements.     
Observation 1: If LTE carrier is available in the network, then OTDOA in LTE can be used to meet the E911 positioning requirements. 
Proposal 1: NR positioning design should be able to satisfy the poisitoning requirements for regulatory cases.
Similar to NR non-standalone mode with LTE carrier, if OTDOA with the existing PRS and RSTD measurement reporting mechanism can be introduced in NR standalone mode, then OTDOA with NR carrier can meet the E911 positioning requirement.
Observation 2: If OTDOA in LTE with the existing PRS and RSTD measurement reporting mechanism is introduced on NR carrier, then OTDOA in NR can meet the E911 positioning requirement.
[bookmark: _Hlk513467709]2.2 Commerical Cases	
The commercial cases considered in TR 22.872 for NR positioning can be divided into low-energy cases with up-to-15-year lifetime (e.g. waste management and asset tracking and management), handheld/wearable cases (e.g. bike sharing, augmented reality, wearables, advertisement push, flow management, patient location) and machine control and transportation cases (e.g. trolley, traffic management and control, road user charging, UAV data analysis and UAV remote control) with the positioning requirements summarized in Table 1 (i.e. Table 6.3-1 of TR 22.872). Additionally, the update rate requirements are 100ms ~ 1s for augmented reality and traffic monitoring & control, 1s ~ 30s for general cases, and above 30s for lower energy cases; the latency requirements are 1s ~ 60s for general cases, and 20ms~150ms for trolley in bounded area, traffic monitoring & control and UAV remote control. These requirements for NR positioning could be achieved by one or more available positioning solution(s) together and step by step. The achieved positioning performance in this SI for commercial cases can be based on the conclusion of this SI. 
Proposal 2: After evaluating the achievable positioning accuracy with acceptable complexity, the use cases that can be satisfied can be identified.
Table 1 Grouped use cases and requirements for NR positioning (Table 6.3-1 in TR 22.872) [2]
	Type of UE
	Related 
Use cases
	KPI
	Service area – environment of use

	
	
	
	Bounded service area
	5G coverage

	
	
	
	Outdoor / Indoor
	Outdoor (rural, suburban)
	Outdoor
(deep urban)
	Indoor

	Very Low Energy 
(up to 15 years lifetime)
	Waste Management
Asset tracking and management"
	Horizontal Accuracy
	1m
	3m - 30 m
	3m - 30 m
	

	
	
	Vertical Accuracy
	
	
	
	

	
	
	Velocity (bearing)
	
	5m/s
	5m/s
	

	
	
	Availability
	99%
	99%
	99%
	

	
	
	TTFF
	10s
	
	
	

	Handheld / wearables
	Bike Sharing
Augmented Reality
Wearables
Advertisement push
Flow management
Patient Location (2)
Emergency Call
	Horizontal Accuracy
	0.2m - 1m
	1m - 3m
	1m - 3m
	10m - 50m

	
	
	Vertical Accuracy
	3m
	3m
	3m
	3m

	
	
	Velocity (bearing)
	
	2m/s (10deg.)
	2m/s (10deg.)
	

	
	
	Availability
	80 % - 99%
	80% - 99%
	80% - 99%
	0.95

	
	
	TTFF
	10s - 30s
	10s - 30s
	10s - 30s
	10s - 30s

	Machine Control / Transportation
	Trolley
Traffic M&C
Road User Charging
UAV (Data Analysis)
UAV (Remote Control)
Support multiple different location services
	Horizontal Accuracy
	0.1m - 0.5m
	0.1m - 3m
	1m - 3m
	

	
	
	Vertical Accuracy
	0.1m
	0.1m - 0.3m
	2.5m
	

	
	
	Velocity (bearing)
	NA
	0.5m/s (2 deg) - 2m/s
	0.5m/s (2 deg) - 2m/s
	

	
	
	Availability
	99% - 99.9%
	95% - 99.9%
	95% - 99.9%
	

	
	
	TTFF
	1s - 10s
	1s - 10s
	1s - 10s
	

	Colour legend

	
	Very high accuracy use cases in favourable environment of use: either bounded service areas or outdoor environments with limited signal obstruction. This group features accuracy levels below 0.2 m, expected for relative positioning services, during rendezvous phase between two UE standing in close range of each other (< 5 m).

	
	High accuracy use cases, with less demanding availability (e.g. 90%) or facing outdoor or bounded service areas.

	
	Use cases for which accuracy targets are relaxed to fulfil challenging requirements such as high availability throughout the 5G coverage or very low energy consumption (e.g. to sustain a 15-years lifetime)



3	Conclusions
In this contribution, we give our views about NR positioning requirements with following observations and proposals.
Observation 1: If LTE carrier is available in the network, then OTDOA in LTE can be used to meet the E911 positioning requirements. 
Proposal 1: NR positioning design should be able to satisfy the poisitoning requirements for regulatory cases.
Observation 2: If OTDOA in LTE with the existing PRS and RSTD measurement reporting mechanism is introduced on NR carrier, then OTDOA in NR can meet the E911 positioning requirement.
Proposal 2: After evaluating the achievable positioning accuracy with acceptable complexity, the use cases that can be satisfied can be identified.
References
[1] RP-182155, “Revised SID: Study on NR positioning support”, 3GPP RAN#81, Gold Coast, Australia, September 10-13, 2018.
[2] TR 22.872, “Study on Positioning Use Cases (Release 16)”, 3GPP, V1.0.0, March 2018.
[3] FCC CSRIC WORKING GROUP 3 “E911 Location Accuracy - Indoor Location Test Bed Report”.
[4] TR 22.862, “Enablers for Critical Communications (Release 14)”, 3GPP, V14.1.0, September 2016.

Annex Potential Requirements of NR Positioning Use Cases in TR 22.872 [2]
Table 2 Use cases and corresponding requirements for NR Positioning (Table 6.1-1 in TR 22.872)
	Use cases
	Potential requirements per use cases

	
	Environment of Use
	Position Accuracy
	Velocity
	Avail.
	Update rate or interval
	TTFF
	Latency
	Other KPI

	5.2.1
	Bike sharing
	5G coverage - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	

	
	
	Bounded area - Outdoor
	0.2m Horizontal
	
	99 %
	
	10s
	1s
	

	5.2.2
	Augmented Reality
	Outdoor - 5G coverage
	1-3m Horizontal
	2 m/s
 10deg.
	80 %
	1 - 10 Hz
	10s
	1s
	Low Energy

	5.2.3
	Wearables
	5G coverage - Outdoor
Bounded area-Outdoor/Indoor
	2m Horizontal
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G coverage - Outdoor
Bounded area-Outdoor/Indoor
	2m Horizontal
	
	99 %
	1s - 30s
	10s
	1s
	

	5.2.4
	Advertisement push
	5G coverage - Outdoor
Bounded area-Outdoor/Indoor
	3m Horizontal
	
	90 %
	
	
	60s
	

	5.2.5
	Flow management
	Bounded area - Outdoor/Indoor
	10m Horizontal
	
	80 %
	10s
	10s
	
	

	5.3.1
	Patient location
 (inside Hospital)
	Bounded area - Outdoor/Indoor
	3m Horizontal
	
	99 %
	
	
	60s
	

	5.3.2
	Patient location
(outside Hospital)
	5G coverage 
Outdoor/Indoor
	200m Horizontal
	
	99 %
	
	
	
	

	5.3.3
	Trolley
	Bounded area - Outdoor/Indoor
	0.5m Horizontal
	
	99 %
	
	
	20ms
	

	5.3.4
	Waste management
	5G coverage - Outdoor
	3m Horizontal
	
	99 %
	2h - 1 day
	
	60s
	Very low energy (15 years)

	5.4.1
	Emergency call
	5G coverage 
Outdoor/Indoor
	50m@80% Horizontal
3m@80% Vertical
	
	95 %
	
	30s
	60s
	Reliability/
Confidence

	5.5.1
	Traffic Monitoring & Control
	5G coverage - Outdoor
	1-3m Horizontal
2.5m Vertical
	
	95 %
	10 Hz
	10s
	30ms
	Antispoofing
Antitampering

	5.5.2
	Road User Charging
	5G coverage - Outdoor
Bounded areas (tunnels)
	<1m (across track)
3m (along track)
	2 m/s
	99 %
	1 Hz
	10s
	
	Antispoofing
Antitampering

	5.6.1
	Asset tracking and management
	5G coverage - Outdoor
	10-30m Horizontal
	5 m/s
	99 %
	300s-1day
	
	
	20 mJ/fix (average), Antispoofing, Antitampering, support for "out of coverage" positioning

	
	
	Bounded area - Outdoor
	1m Horizontal
	
	99 %
	1s
	1s in bounded area
	
	

	5.7.1
	UAV
(Data analysis)
	5G coverage - Outdoor
Bounded area - Outdoor
	0.1m Horizontal
0.1m Vertical
	0.5 m/s
2 deg.
	99 %
	
	10s
	
	Low Energy, Antispoofing, Antitampering

	5.7.2
	UAV (Remote control)
	5G coverage - Outdoor
	0.5m Horizontal
0.3m Vertical
	
	99 %
	
	
	150ms
	Antispoofing
Antitampering

	
	
	Bounded area - Outdoor
	0.5m Horizontal
0.1m Vertical
	
	99.9 %
	
	
	150ms
	Antispoofing
Antitampering

	5.8.1
	Support multiple different location service
	5G coverage - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	Management of different KPI and positioning services

	
	
	5G coverage - Indoor
	0.1m Horizontal
	
	99 %
	
	10s
	1s
	

	5.8.2
	Support location capabilities negotiation
	5G coverage
	
	
	
	
	
	
	Support + negotiation of positioning methods (incl. hybrid)

	Note: most use cases also feature potential requirements on modes of operation, intended for the UE, the Network or for the 5G system.






