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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN has agreed at RAN#80 to study NR positioning in Release 16 [1] and has updated the SID at RAN#81 [2], which now requires RAN1 to select which requirements to study. In this contribution, we further address the requirements and positioning techniques in priority for NR positioning SI. In our companion contribution [3], an overview of positioning techniques and requirements is given.

Use cases
There are a number of specifications on the use cases and requirements of NR positioning, including the use cases of “higher accuracy” family given in TR 22.862, detailed use cases with KPI requirements in TR 22.872, and an informative categories of positioning use cases in TS 22.261. Specific cases for V2X are described in TS 22.186. Recently, SA1 WG has completed its HYPOS study (SP-170589) on positioning use cases in indoor and outdoor environments. The relevant documents are listed in Table 1.

Table 1. Relevant documents on positioning requirements
	Document
	Name

	TS22.261
	Service requirements for next generation new services and markets

	TR22.862
	Feasibility Study on New Services and Markets Technology Enablers for Critical Communications; Stage 1

	TR22.872
	Study on positioning use cases; Stage 1

	FCC15-9
	In the Matter of Wireless E911 Location Accuracy Requirements

	TR22.186
	Service requirements for enhanced V2X scenarios



In summary, the use cases studied in the above specification consist of three categories, among which the use cases of eMBB and vertical industries are commercial use cases, and regulatory cases are the basic function requirements.
1) Regulatory emergency services: An emergency service enables a user to contact a Public Safety Answering Point (PSAP) and requires the emergency services user/UE to have accurate positioning such that they may be located and offered aid by first responders. The level of positioning accuracy (and other KPIs) required is dependent upon local and regional regulatory requirements in TR 22.872.
2) eMBB use cases: The cases include outdoor and indoor scenarios. High accuracy positioning service in a 5G network should be supported in areas of traffic roads, tunnels, underground car-parks, or indoor environments, which are not covered by satellite signals. 
3) Vertical industry use cases: A variety of use cases from vertical industries such as industry factory, augmented reality, shared bikes, automotive driving, and unmanned aerial vehicle. The vertical industry category could be further classified into IoT services and URLLC services. 
a) URLLC services are featured with low-latency and ultra-reliability such as UAV and automotive driving.
b) IOT services are featured with massive connections such as industry factory and shared bikes.
It is noted that a wide range KPIs (e.g. accuracy, latency, availability, supported speed) are proposed for vertical industry cases in TR 22.872, which are very stringent and it is very challenging to have techniques in R16 to meet all the requirements. In prioritizing the use cases to be studied in R16 NR positioning SI, it is suggested to take regulatory cases and eMBB use cases as the first priority. Vertical industry use case can be studied in future releases.
Proposal 1: Take regulatory cases and commercial eMBB cases as the use cases studied in R16.

Requirements
The KPIs for NR positioning use cases are studied in 3GPP specifications TR 38.913, TR 22.862, TR 22.872, TS 22.261 and TS 22.186. Among the KPIs defined in TS 22.872, the most important metric for positioning is positioning accuracy. Latency is also important, and could be analyzed if it cannot be provided by simulation. 
According to the required KPIs for NR positioning in current specifications, the requirements can be classified into four categories, shown in Fig. 1. In Release 16, we suggest to focus on the positioning for eMBB cases including outdoor and indoor.
[image: ]
[bookmark: _Ref525827641]Fig. 1 NR positioning requirements category

E911 location is the typical regulatory service whose requirements are defined in [5]. FCC is proposing that within five years, providers must achieve 50-meter accuracy for 80 percent of outdoor/indoor 911 calls in the horizontal domain, and 3-meter accuracy in the vertical domain for 80 percent of calls. The latency and Time To First Fix (TTFF) are suggested to be [< 30 seconds] as given in TR 22.872.
For eMBB outdoor cases, NR positioning should achieve the performance that is comparable to satellite positioning and thus the positioning accuracy is better to be less than 10m in horizontal and less than [2]m in vertical in [67%] of situations [4][6]. For eMBB indoor, the positioning accuracy is better to be less than 1m in horizontal and less than [2]m in vertical in [67%] of situations [4], which are competitive with WiFi/Bluetooth based positioning. The latency for eMBB cases can be in the level of second (>1s) and is comparable to both satellite positioning and WiFi-based positioning. For outdoor scenarios, latency is about 100 ms in order to facilitate the 10m accuracy requirement for high speed UEs (up to 200 km/h). The NR protocol architecture in TS 23.501 (see Fig. 3) can support latency in the order of a second. However, for shorter latencies, the current protocol architecture is not enough.

IoT (or mMTC) and URLLC cases require more stringent KPIs in terms of accuracy, latency, availability, and supported UE speeds (see the table from TR 22.872 in the Appendix). Meeting these requirements in Rel-16 appears challenging. 
In summary, we suggest to consider eMBB KPIs as the target requirements in RAN1. Note that the requirements of E911 were reached in LTE with OTDOA with 10MHz bandwidth.
Proposal 2: The target positioning requirements in RAN1 can be [10]m in horizontal and [2]m in vertical for outdoor cases, and [1]m in horizontal and [3]m in vertical for indoor for [67%] of UEs.

Evaluation Scenarios
RAN1 needs to define a representative number of positioning evaluation scenarios for indoor and outdoor cases [3]. We prefer to select the following scenarios as evaluation baseline:
· Scenario 1: Indoor Office (Open Office/Mixed Office) - TR 38.901 / TR 38.802 for both FR1 and FR2. The purpose is to evaluate the commercial use case in indoor.
· Scenario 2: UMi street canyon (ISD 200m) - TR 38.901 / TR 38.802 for both FR1 and FR2. The purpose is to evaluate the commercial use case in outdoor.
· Scenario 3: Macro-cell only deployment (ISD 500m) - TR 37.802 (Case 1 w/o small cells) for FR1 only. The purpose is to evaluate the regulatory cases in wide area.
Conclusions
With the study of use cases, requirements, and evaluation scenarios, we have the proposals:
Proposal 1: Take regulatory cases and commercial eMBB cases as the use cases studied in R16.
Proposal 2: The target positioning requirements in RAN1 can be [10]m in horizontal and [2]m in vertical for outdoor cases, and [1]m in horizontal and [3]m in vertical for indoor cases for [67]% of UEs.

Appendix
The positioning KPIs defined in [7] use cases are listed in the table 2.
Table 2 – Use cases synthesis
	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 positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	

	
	
	Enhanced positioning area - Outdoor
	0.2m Horizontal
	
	99 %
	
	10s
	1s
	

	5.2.2
	Augmented Reality
	Outdoor - 5G positioning service area
	1-3m Horizontal
0.1-3m Vertical
	2 m/s
 10deg.
	80 %
	1 - 10 Hz
	10s
	1s
	Low Energy

	5.2.3
	Wearables
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	99 %
	1s - 30s
	10s
	1s
	Normal mode

	5.2.4
	Advertisement push
	5G positioning service area - -Outdoor/Indoor
	3m Horizontal
3m Vertical
	
	90 %
	
	
	60s
	

	5.2.5
	Flow management
	Enhanced positioning- Outdoor/Indoor
	10m Horizontal
	
	80 %
	10s
	10s
	
	

	5.3.1
	Person and medical equipment location in Hospital
	Enhanced positioning- Outdoor/Indoor
	3m Horizontal
2m Vertical
	
	99 %
	
	
	60s
	

	5.3.2
	Patient location
(outside Hospital)
	5G positioning service area 
Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	99 %
	
	
	
	

	5.3.3
	Trolley
	Enhanced positioning- Outdoor/Indoor
	0.5m Horizontal
1-3m Vertical
	
	99 %
	
	
	20ms
	

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

	5.4.1
	Emergency call
	5G positioning service area 
Outdoor/Indoor
	50m Horizontal
3m Vertical
	
	95 %
	
	30s
	60s
	Reliability/
Confidence

	5.4.2
	Accurate Positioning for First Responders
	Outdoor
	1m Horizontal, 
0.3 m Vertical
	
	98 %
	
	10s
	5s
	MCX Confidence
Event-triggered report

	
	
	Indoor
	1m Horizontal, 
2 m Vertical
	
	95 %
	
	10s
	1s
	

	5.4.3
	Alerting nearby emergency responders
	5G positioning service area Outdoor/Indoor
	50m Horizontal
3m Vertical (floor)
	
	99%
	
	10s
	
	Privacy, scalability, cross operator

	5.4.4
	Emergency equipment loc. outside hospitals
	5G positioning service area Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	95%
	
	10s
	
	Extended sleep periods

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

	5.5.2
	Road User Charging
	5G positioning service area - Outdoor
Enhanced positioning-Tunnels
	<1m (across track)
3m (along track)
	2 m/s
	99 %
	1 Hz
	10s
	
	Antispoofing
Antitampering

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

	
	
	Enhanced positioning - Outdoor
	1m Horizontal
	
	99 %
	1s
	1s in enhanced positioning area
	
	

	5.7.1
	UAV
(Data analysis)
	5G positioning service 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 positioning service area - Outdoor
	0.5m Horizontal
0.3m Vertical
	
	99 %
	
	
	150ms
	Antispoofing
Antitampering

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

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

	
	
	Enhanced positioning area - Indoor
	0.1m Horizontal
	
	99 %
	
	10s
	1s
	

	5.8.2
	Support location method negotiation
	5G positioning service area Outdoor/Indoor
	
	
	
	
	
	
	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.
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