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[bookmark: _Ref349588338]1. 	Introduction
At RAN#80 the study item on NR positioning – "Study on NR Positioning Support" – was approved [1], and revised at RAN#81 [2]. The objectives of this SI include (among others) the following:
· 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 evaluation methodologies considering the above evaluation scenarios including:
· […]
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· […]

In this contribution, we discuss the requirements and performance metrics for evaluating positioning solutions in NR. The proposed evaluation scenarios are discussed in a separate contribution [3].

2. 	Requirements
Location services requirements are defined in TS 22.071 [4] and TS 22.261 [5]. 
The LCS Stage 1 TS 22.071 [4] lists examples of location services with typical accuracy requirements ranging from regional/cell level accuracy down to tens of metres. TS 22.071 [4] provides also an overview of the US FCC Wireless E911 requirements. 
The service requirements for the 5G system [5] include requirements for "higher accuracy positioning". The positioning information shall be acquired in a timely fashion, be reliable, and be available. To better quantify the "higher accuracy positioning" requirements, TS 22.261 lists example use cases with accuracy requirements from a few metres down to tens of centimetres. 
[bookmark: _Hlk518954359]In addition to the above Technical Specifications, several 3GPP Technical Reports have been developed which also describe a variety of use cases with a wide range of accuracy requirements from tens of metres down to tens of centimetres, for both, outdoor and indoor scenarios:
	TR 22.804: "Study on Communication for Automation in Vertical Domains":
-	positioning accuracy <5m to <20cm;
-	latency <5s to <10ms;
-	availability 90% to 99.9%;
-	heading <30deg to <10deg;
-	UE speeds up to 30 km/h.
	TR 22.862: "Feasibility Study on New Services and Markets Technology Enablers for Critical Communications":
-	positioning accuracy <0.5m to <3m in 80% of the cases;
-	latency <10s;
-	UE speeds >100 km/h;
-	UE density: up to 1 million devices per km2.
	TR 22.872: "Study on positioning use cases":
-	horizontal positioning accuracy <0.1m to <50m;
-	vertical positioning accuracy <0.1m to <3m;
-	latency <20ms to < 60s;
-	availability 80% to 99.9%;
-	TTFF <1s to <30s;
-	Update rate <1s to <1day
- 	speed accuracy <0.5m/s to <5m/s;
-	heading accuracy <2deg to <10deg.		
	TR 38.913: "Study on Scenarios and Requirements for Next Generation Access Technologies":
-	provides a summary for the NR positioning design targets:
1.	Support for range of accuracy levels, latency levels and device categories.
2.	Support accuracy and latency as defined in TR 22.862 for some use cases.
3.	Reduced network complexity.
4.	Reduced device cost.
5.	Reduced device power consumption.
6.	Efficient signalling over the air interface and in the network.
7.	Support for hybrid positioning methods.
8.	Scalability (support for large number of devices).
9.	High security.
10.	High availability.
11.	Support UE speed as defined in TR 22.862.

An evaluation of the currently available LTE positioning technologies shows achievable accuracies better than about 50m in about 90% of occasions [6], typically assuming perfect network time and phase synchronization. Therefore, the positioning technologies available today would need significant improvements to obtain accuracy requirements summarized above. The following concepts available in NR are expected to contribute to the performance indicators for "high positioning accuracy": 
-	Smaller Cells: The high density of access nodes leads to a high probability of Line-of-Sight (LoS) conditions between access nodes and the UE and a better geometry (DOP) of the positioning solution. For example, the channel models constructed by measurement campaigns set the LOS probability to higher than 0.7 for a maximum distance of 35 m [7].

-	Higher Signal Bandwidths: The large channel bandwidth available in NR enables increased positioning accuracy for methods based on time-of-flight/arrival (ToF/ToA) distance measurements. From CRLB analysis, the variance of the TOA measurements is approximately lower bounded as
                                                              
where  is the effective signal bandwidth 

          
	and SNR is the signal to noise ratio, f is the frequency and S(f) is the Fourier transform of the transmitted signal. This indicates that higher signal bandwidth improves the TOA measurement accuracy. Moreover, higher signal bandwidths allow a better resolution of multipath components, which increases the probability to find the "LOS path" and thus reduces the error caused by multipath biases. 
- 	Massive Antenna Systems: The availability of multiple antennas allows the use of beamforming techniques for positioning for Angle-of-Arrival (AoA)-based techniques, besides minimizing the multipath propagation effects for ToA-based ranging methods. 

3. 	Performance Indicators
Not all the 11 objectives/design targets in TR 38.913 [8] and summarized above can be easily converted into quantitative performance indicators for the evaluation of NR positioning solutions and/or are outside of RAN1 responsibility. The "Efficient signalling over the air interface and in the network" (6. in section 2 above), "Support for hybrid positioning methods" (7.), or "High security" (9.) primarily affects higher layer (e.g., RAN2). Other objectives such as "Reduced network complexity" (3.), "Reduced device cost" (4.), "Reduced device power consumption" (5.), and "Scalability" (8.)  do impact the positioning solutions and physical layer design but may be difficult to specify in quantitative terms/metrics. However, these objectives can be described in qualitative terms and should be considered/evaluated for any proposed positioning solution. 
Obviously, the most important performance metric for positioning systems is the accuracy of the estimated position. The following performance metrics are proposed:
1.	Horizontal Location Accuracy:
-	Difference between the estimated horizontal device position and the true position. The horizontal accuracy should be reported as a CDF. Specific percentile values (e.g., 90-percentile) may be summarized in a Table.
-	The Horizontal Location Accuracy should be summarized separately for outdoor and indoor UEs [3].
-	The Horizontal Location Accuracy should also be reported for different UE speeds defined in the simulation scenarios [3].
2.	Vertical Location Accuracy:
-	Difference between the estimated vertical position (height) and the true vertical position. The vertical accuracy should be reported as a CDF. Specific percentile values (e.g., 90-percentile) may be summarized in a Table. 
-	The Vertical Location Accuracy should be summarized separately for outdoor and indoor UEs [3].
3.	Latency:
-	Latency is typically defined as the time between sending a location request and receiving the location information. The location request may also include assistance data to help the device in performing the location measurements (e.g., list of neighbour cells (PCIs, etc.) to measure). From the location request and assistance data the device typically determines parameters required for the actual measurement process (e.g., generation of a replica signal for correlation). As defined in the SID [2] and summarized in section 1 above, radio layer level latency is considered rather than end-to-end latency for performance evaluation. Therefore, any signalling and processing delays at higher layers should be excluded from this metric, and may be considered in e.g., RAN2 ("Efficient signalling over the air interface and in the network" objective). 

Latency could then be defined as the physical layer measurement and processing time under which the location performance (Horizontal Location Accuracy, Vertical Location Accuracy) was/can be achieved (assuming all relevant assistance data have already been transformed by the device into required physical layer measurement parameter). This latency may then depend (among others) on the NR configuration, need for measurement gaps/RF retuning, Rx/Tx beamforming, number of measured cells, and physical layer design option such as measurement signal interval (e.g., PRS/muting periodicity in LTE). 
	For repeated (e.g. periodic or triggered) location, latency may be higher initially as the UE starts to acquire and measure signals for the first time ("cold start") but may be reduced for subsequent measurements where the UE measures signals whose characteristics (e.g. TOA) are already approximately known ("warm start" or "hot start"). For position methods where there can be a significant difference between initial and subsequent latency, both types of latency should be evaluated.
4.	Update interval / periodic / triggered reporting:
-	If the latency is defined as above (physical layer measurement and processing time), the update interval should be at least as great as the latency for NR positioning solutions. Additional delays in signaling may limit the periodic/triggered reporting, which however, primarily concerns upper layer.  
5.	Success Rate / Availability
-	Percentage of UEs which can be positioned with the considered location technology and configuration. It describes whether or how often the system is available for positioning by its intended users. 
NOTE:	This is generally different to the percentile of the location error CDF. Typically, not all UEs in the system can be positioned (e.g., in case the required number measurements cannot be obtained (e.g., less than 3 sites are hearable in OTDOA based solutions, etc.). 

The performance metrics above (1. – 5.) are usually not all independent. For example, a reduced latency may result in reduced location accuracy and/or reduced availability (e.g., smaller number of cells which can be measured or increased measurement error per cell). 
In addition to the above quantitative performance metrics (which could be obtained via simulations [3]), a qualitative evaluation for each proposed positioning solution and/or physical layer design option should be provided for the following:
6.	Network Complexity:
-	Network complexity may include the required synchronization accuracy, required cell data base accuracy, hardware complexity in large antenna array systems, or the need for LMUs (additional measurement hardware), etc.
7.	Device Complexity (device cost):
-	Device complexity may include the additional signal/computational processing, memory, antennas, etc. required for the considered positioning technology and physical layer design option. 
8. 	Device Power Consumption:
-	Power consumption may be related to the latency/positioning measurement time and the "quantity of signaling" being measured (e.g. bandwidth×duration). 
9.	Positioning Capacity (Scalability):
-	Number of devices which can be supported/positioned simultaneously per area (e.g. per cell).
The above (6. – 9.) are rather properties of the positioning solutions/systems than performance metrics, which however, may have an impact on performance. For example, complexity on the network and device may have an impact on performance (e.g., processing capabilities, synchronization requirements), etc. It is also not expected that any one solution will be able to support all the requirements/objectives summarized in section 2 above. However, a (probably small) set of complimentary positioning solutions may be able in combination to support the above objectives.

4. 	Prioritization and Scalability of Solutions
As pointed out in the SID [2], although the positioning solutions shall enable regulatory and commercial use cases, the regulatory requirements (e.g., emergency caller location) have been prioritized. 
The table below summarizes the main regulatory requirement (based on US E911). 
	Performance Metric
	Regulatory
Requirement (E911)

	Horizontal Location Accuracy
	50 m (NOTE 1)

	Vertical Location Accuracy
	[5 (TBD)] m (NOTE 2)

	Response Time/Latency
	20 s (NOTE 3)

	Update rate/periodic/triggered reporting
	No additional requirements

	Success Rate/Availability
	80 % (NOTE 4)

	Network Complexity
	No additional requirements

	Device Complexity
	No additional requirements

	Device Power Consumption
	No additional requirements

	Positioning Capacity
	Same as voice/call capacity (NOTE 5)

	NOTE 1: 	Or dispatchable location.
NOTE 2: 	US operators must deliver uncompensated barometric pressure data to the PSAP (which is already 						supported in Rel-15). In addition, operators must develop a vertical accuracy solution to be approved by the 			FCC [CTIA: "Wireless E-9-1-1 Location Accuracy Requirements (PS Docket No. 07-114) Submission of Z-				axis Metric and Report (47 C.F.R. § 20.18(i)(2)(ii)(B))".]
NOTE 3: 	The end-to-end response time required is 30 seconds. To allow for set-up, network/signalling delays, etc. a 			measurement (LPP) response time of 20 seconds is typically assumed [9].
NOTE 4: 	In that case, the success rate/availability is equivalent to the 80-percentile of the error CDF, since every					location attempt contribute to the CDF (e.g., fallback to Cell-ID location in case a primary location 						technology is not successful).
NOTE 5: 	Although, emergency calls typically happen seldom, there may be a larger number of simultaneous calls in 				an area in case of a disaster (e.g., earthquake, etc.). Therefore, the positioning capacity should be the
 			same as the voice/call capacity in a cell/area. 



NR positioning solutions are expected to meet at least the same accuracy levels as the available LTE positioning methods, and should therefore, be able to meet the US FCC requirements. However, since the requirements summarized in section 2 above cover a wide range of accuracy levels (tens of metres down to tens of centimetres), the positioning solutions and design options should be "scalable". That is, the positioning solutions should have the potential to meet requirements for commercial location, including
-	provide "higher" accuracy positioning, 
- 	allow "faster" response time,
- 	support massive number of devices.
(Note, "scalability" in this context does not refer to the number of devices which can be supported by the location solution. For this, the term "Positioning Capacity" is used in this contribution).
Scalability for the support of different service requirements may be achieved by various design options, such as 
-	configurable/variable (positioning) signal bandwidth,
-	configurable/variable positioning signal occasion density,
-	variable (increased/reduced) measurement dwell time (latency),
- 	variable number of measured cells,
-	variable levels of network synchronization,
-	etc.
The location solutions and physical layer design options for NR positioning should strive for the "best" achievable performance to support the different service requirements as summarized in section 2 above (under the defined evaluation scenarios [3]). Different service levels should then be supported by configurable design parameters, such as bandwidth, signal occasion density, but also different properties of the positioning system (e.g., network and device complexity).  

5. 	Summary
In this contribution, we discussed the requirements and performance metrics for evaluating positioning solutions in NR. This leads to the following proposals:
Proposal 1:	The following performance metrices should be used for the evaluation of NR positioning solutions in the defined scenarios/simulation assumptions (e.g., [3]):
-	horizontal location accuracy (CDF):
difference between the estimated horizontal device position and the true position;
-	vertical location accuracy (CDF) (if applicable):
difference between the estimated vertical position (height) and the true vertical position;
-	latency:
physical layer measurement and processing time under which the location performance (horizontal location accuracy, vertical location accuracy) was/can be achieved;
-	success rate / availability (yield):
percentage of UEs which can be positioned with the considered location technology and configuration.

Proposal 2:	A qualitative analysis/description of the properties of the location solution should be provided including the following:
-	network complexity;
-	device complexity;
-	device power consumption;
-	positioning capacity.

Proposal 3:	The physical layer design option as well as the signalling over the air interface and in the network should support different configurations for accuracy (performance metrics) according to different service requirements.
Proposal 4:	For the evaluation of the (commercial) location requirements, RAN1 should evaluate the design options and look at what requirements can be achieved in the considered scenarios.  Alternatively, contributions can start with some commercial requirements (e.g., as summarized in section 2) and evaluate whether they can be achieved. 
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