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1 Introduction

A new study item on “Study on NR positioning support” was approved in RAN#80 [1] and the objectives of this study item are identified as follows from RAN1 perspective.

· Study requirements, evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]

· Identify requirements such as accuracy, latency, capacity, coverage, and etc

· 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.
The purpose of NR positioning study in RAN1 is to identify the basic requirements for a variety of use cases and applicable scenarios and provide quantitative analyses and conclusions based on link/system level simulations, on the feasibility of potential positioning techniques. In this contribution, we discuss the major scenarios and present our views on NR positioning evaluation methodology.
2 NR Positioning Use Cases and Requirements
In this section, we present our views on the use cases and review the general requirements for evaluation as mentioned in [2]-[4]. 
Emergency services, mainly driven by FCC’s E911 mandate in the US, and commercial applications, e.g., location based advertising, are the main drivers for the fast growing positioning services. Seven major use case categories have been identified in [2] and as discussed in [4], the follow use cases should be taken into account for NR positioning.
· LBS-related use cases;

· Industry and eHealth related use cases;

· Emergency and Mission Critical related use cases;

· Road related use cases;

· Rail related use cases.

Some general requirements have been identified in [1] and [4] as follows. 
· NR should support RAT-dependent, RAT-independent and hybrid positioning techniques but RAT-dependent and hybrid positioning techniques, e.g., RAT-independent positioning techniques being used to facilitate and/or improve the performance of RAT-dependent positioning techniques, should be prioritized
· The state-of-art positioning techniques supported by LTE (Cell-ID, E-Cell ID, OTDOA, UTDOA) should at least be supported by NR and thus can serve as a starting point in NR positioning. 
· The features distinguishing NR from previous generation of cellular networks such as high bandwidth and massive antenna should be explored and the highly densified cell deployment as well as the deployment of massive number of devices should be taken into account. 
· Both regulatory and commercial use cases should be supported and the corresponding requirements should be satisfied accordingly. 
· NR should support 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 but for different use cases and scenarios, certain operating band can be prioritized for study.
The evaluation of NR positioning in RAN1 should address the focus or priorities in accordance with the above requirements. Moreover, further prioritizations can be done on the evaluation assumptions considering the limited time allocation in RAN1 for this study item. 
3 NR Positioning Evaluation Methodology
In this section, we discuss two aspects, namely the evaluation scenarios and detailed simulation assumptions.
3.1 Evaluation scenarios
The first issue of evaluation methodology that needs to be discussed is the evaluation scenarios, and this requires considerations on the practical deployment scenarios for the technology, as well as the system level simulation complexity. In our view, the use cases aforementioned can be further categorized into different evaluation scenarios as indicated in [1], where the main objective for the last evaluation scenario is emergency calls.

· Indoor scenario;
· Outdoor scenario;
· Macro deployment scenario.
For indoor scenario, indoor hotspot scenario defined in [5] can serve as a good starting point for the first evaluation scenario and the evaluation parameters defined for the indoor office scenario [6] as follows can be used. However, the evaluation parameters only apply to a 2D deployment without considering variable UE height. For indoor scenario, all the UEs can be assumed to be located in the same floor and thus the height of the UE should be within a small range. The detailed value range is discussed in the next section.
Table 1 Evaluation parameters for indoor-office scenarios [6]
	Parameters
	Indoor - office 
open office
	Indoor - office 
mixed office

	Layout
	Room size (WxLxH)
	120mx50mx3m

	
	ISD
	20m

	BS antenna height 
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	3 m (ceiling)

	UT location
	LOS/NLOS
	LOS and NLOS



	
	Height 
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	Section 3.2

	UT mobility (horizontal plane only)
	3 km/h

	Min. BS - UT distance (2D)
	0

	UT distribution (horizontal)
	Uniform


For the outdoor scenario, UMi street canyon defined in [6] can serve as a starting point as follows. Considering the limited time budget, we can only evaluation single layer deployment and leave multiple layer case to macro deployment.
Table 2: Evaluation parameters for UMi-street canyon [6]

	Parameters
	UMi - street canyon

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)

	BS antenna height 
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	10m

	UT location
	Outdoor/indoor
	Outdoor and indoor

	
	LOS/NLOS
	LOS and NLOS

	
	Height 
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	Section 3.2

	Indoor UT ratio
	80%

	UT mobility (horizontal plane only)
	3km/h

	Min. BS - UT distance (2D)
	10m

	UT distribution (horizontal)
	Uniform


UMa scenario defined in [6] is with single layer deployment with 19 macro sites and 3 sectors per site. It seems this deployment has many similarities with the macro deployment defined in [7] except that an additional micro site layer is deployed in [7]. In this regard, the two layer deployment for dense urban scenario in [5] can be a good starting point for macro deployment and the evaluation parameters can be as follows. The necessity to deploy a second micro layer can be further discussed.
Table 3: Evaluation parameters for UMa scenarios [6]
	Parameters
	UMa

	Cell layout
	Two layer

Macro layer: Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)

Micro layer: indoor and outdoor

-
3, 6 and 9 micro BSs per macro BS

	BS antenna height 
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	25m

	UT location
	Outdoor/indoor
	Outdoor and indoor

	
	LOS/NLOS
	LOS and NLOS

	
	Height 
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	Section 3.2

	Indoor UT ratio
	80%

	UT mobility (horizontal plane only)
	3km/h

	Min. BS - UT distance (2D)
	35m

	UT distribution (horizontal)
	Uniform


If micro layer is deployed, the dropping of the micro sites can also follow [5] as shown in Fig. 1.
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NOTE: Micro TRPs refers to micro TRP centers
Figure 1: Cell layout for dense urban (3 Micro TRPs per Macro TRP)

For outdoor and macro scenarios, the UEs can be assumed to be located in different floors and thus the height of the UE can be in a wider range. Considering the height of the base station antennas, the UE height range for outdoor scenario should be smaller than that for macro deployment and the details will be discussed in the next section. The vertical positioning accuracy for indoor and outdoor scenarios is quite stringent and the wider bandwidth and massive number of antenna elements in FR2 should be explored to meet the requirements.
Proposal 1: Use [5]-[7] as the starting point to define the evaluation scenarios and adopt the parameters defined in table 1-3 for NR positioning evaluation.
3.2 Simulation Assumptions
In this section, we discuss the detailed simulation assumptions for all evaluation scenarios of NR positioning.
It has been identified that the issues including operating bands, user dropping procedures and performance metrics to evaluate vertical/horizontal positioning need to be considered when define the scenarios and simulation assumptions. 

For operating bands, both FR1 and FR2 should be considered for macro deployment and for emergency services with less stringent positioning accuracy requirements FR1 can be considered as baseline but for other use cases requiring much higher positioning accuracy FR2 can also be considered. For outdoor and indoor deployment scenario, the micro cells can operate in FR2 to explore the much wider bandwidth and significantly enhance the throughput of the UEs. In such a case, FR1 and FR2 should be equally important and thus both need to be evaluated. 
Propose 2: The following operating bands should be prioritized.

	Scenario
	Macro deployment
	Outdoor
	Indoor

	Operating Bands
	FR1 as baseline 
	FR1 and FR2
	FR1 and FR2


For UE dropping, uniform dropping can be assumed for indoor and outdoor since the deployment is with single layer. For macro deployment if two layer deployment is adopted, clustered UE dropping can be considered in addition to the uniformly dropped UEs and [7] can serve as a starting point.

Propose 3: Uniform UE dropping should be assumed for indoor and outdoor scenarios and for macro deployment if two layer deployment is adopted, clustered UE dropping can be considered in addition to the uniformly dropped UEs with [7] as a starting point.
As mentioned in [1]-[3], KPIs including positioning accuracy (including latitude, longitude and altitude), latency, and UE/gNB complexity to perform positioning should at least be considered in NR positioning. In addition, capacity, coverage and positioning confidence/uncertainty can also be considered. As far as performance metrics are concerned, at least horizontal positioning accuracy, vertical positioning accuracy and latency (including TTFF) should be taken into account considering simulation complexity and feasibility. TTFF, capacity and positioning confidence/uncertainty can be further considered as optional performance metrics. 

Proposal 4: Horizontal positioning accuracy, vertical positioning accuracy should be reported in simulation results and latency (including TTFF), capacity, coverage and positioning confidence/uncertainty can be further considered as optional performance metrics via analysis.
Another issue aforementioned is the UE height hUE. For indoor scenario, all UEs are assumed to be located in the same floor and the range of the height can be defined as summation of a random variable hR and a fixed typical UE height hF, i.e., 1.5 m as hUE = hR + hF, where hR is a random variable following uniform distribution in the range of [-0.5m 0.5m]. For macro deployment, [7] can be a starting point where for 8 floors are assumed for each building. For outdoor scenario, it can be scaled based on base station antenna height and 3 floors can be assumed for each building.

Proposal 5: UE height is defined as hUE = hR + hF, where hR is a random variable following uniform distribution with number of floors taking into account.
Moreover, different antenna configurations can be assumed for different positioning techniques. For example, in OTDOA, the positioning reference signals can be transmitted with a single antenna port and at the UE side only arrival time difference should be measured so that the UE antenna configuration can also be simple. However, for E-CID or UTDOA the network needs to measure AoA of the signal from the UE and the accuracy of such measurement is scaled with number of antenna elements. In order to make high accuracy positioning possible, more complicated antenna configuration might be needed at the network side. Furthermore, more antenna elements can be installed in 5G UEs especially for FR2 with much smaller distance between antenna elements, which makes AoA measurement at the UE side a feasible solution. In such a case, a more complicated UE antenna configuration can be considered.
4 Conclusions 

In this contribution, we discuss the major scenarios and present our views on NR positioning evaluation methodology. Our observations and proposals are summarized below.

Proposal 1: Use [5]-[7] as the starting point to define the evaluation scenarios and adopt the parameters defined in table 1-3 for NR positioning evaluation.
Propose 2: The following operating bands should be prioritized.

	Scenario
	Macro deployment
	Outdoor
	Indoor

	Operating Bands
	FR1 as baseline 
	FR1 and FR2
	FR1 and FR2


Propose 3: Uniform UE dropping should be assumed for indoor and outdoor scenarios and for macro deployment if two layer deployment is adopted, clustered UE dropping can be considered in addition to the uniformly dropped UEs with [7] as a starting point.
Proposal 4: Horizontal positioning accuracy, vertical positioning accuracy should be reported in simulation results and latency (including TTFF), capacity, coverage and positioning confidence/uncertainty can be further considered as optional performance metrics via analysis.
Proposal 5: UE height is defined as hUE = hR + hF, where hR is a random variable following uniform distribution with number of floors taking into account.
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