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At RAN#80, the NR Positioning Support Study Item (SI) [1] was approved for Release 16. This SI will study different positioning methods to address regulatory and commercial use case requirements. This paper proposes a positioning method which uses Angle of Arrival (AoA), Zenith of Arrival (ZoA) and Timing Advance (TA) measurements to estimate a UE’s 3D position. A related work which uses only AoA and TA measurements for LTE UE positioning was presented in [2].  

Angle of Arrival (AoA) and Zenith of Arrival (ZoA) 
The AoA is the estimated azimuth angle between the direct base station to UE line and geographical North [3]. The ZoA is the estimated elevation angle of that direct line from the vertical axis. An example of the AoA and ZoA angles are shown in Fig. 1. To estimate AoA and ZoA, the amplitudes and geometries of the significant arriving radio waves at the base station antenna array on the uplink must first be estimated. Afterwards, their characteristics are weighted and combined to compute an AoA and ZoA. A simple way to do the computation is to choose the direction of the strongest wave to be the AoA and ZoA. The reason is that the strongest incoming wave in a LOS scenario is in the direction of the UE.
An example of the geometry of a single arriving wave is shown in Fig. 2. In this figure, the local coordinate system (LCS) of a base station antenna array is shown. The 3x3 antenna array is centered at the origin and lies on the x = 0 plane. The antenna elements of the array are plotted as blue triangles. The geometry of the arriving wave, plotted as a red line, is given by the azimuth angle  and elevation angle θ. 
To estimate the  and θ of arriving waves, there are several methods: 1) Measure the channel matrix at the base station and then apply an angle of arrival estimation algorithm such as MUSIC or ESPRIT, or 2) Approximate them using the beam geometries from beam management between the UE and base station. In the simulations presented later in this paper, the channel matrix is assumed to be available and option 1) is performed.


Figure 1. AoA and ZoA angles for a base station and UE. 

Figure 2. Geometry of an arriving radio wave at a base station antenna array. 

UE Position Estimation
To estimate the position of a UE (xUE, yUE, zUE), the proposed AoA+ZoA+TA positioning method simply assumes that the UE is in the direction specified by the AoA and ZoA measurements and is at a distance c*TA/2 from the base station position (xBS, yBS, zBS). Here, TA is essentially the round trip propagation time in seconds and c = 3e8 m/s is the speed of light. Thus, the estimated UE location is 

.							(3-1)

Simulation Setup
To determine the accuracy of the AoA+ZoA+TA positioning method, simulations were done using the outdoor urban microcellular (UMi) parameters specified in Tables 7.2-1 and 7.8-2 of TR 38.901 [4]. A simplified table just with UMi parameters is given in Table 4-1. For simplicity, the antenna elements of the base station and UE antenna arrays were assumed to be isotropic. Vegetation attenuation and human blocking were not considered.

Table 4-1: Simulation assumptions
	Parameter
	Values

	Scenario
	UMi-street Canyon

	Cell layout
	3 sectors per site (ISD = 200m)

	Inter-site Distance
	200m

	Carrier Frequency
	6 GHz

	Bandwidth
	20MHz for 6GHz 

	BS Tx power
	44 dBm 

	BS antenna height hBS
	10m

	BS antenna configurations
	M = 4,N = 4,P = 2, Mg = 1, Ng = 2, dH = dV = 0.5λ, dH,g = dV,g = 2.5λ 

	UE antenna configurations
	Mg = Ng = 1, M = N = 1, P = 2

	UE distribution 
	Uniform

	UE LOS Probability
	Table 7.4.2-1 [4]

	Antenna Element pattern
	Isotropic



Simulations Results and Analysis
Simulations were done for 33 base stations and 990 UEs using the parameters specified in Table 4-1. A hexagonal grid was first generated and then UE’s were randomly placed in each sector of the grid as shown in Fig. 3. For each base station and UE pair, the 32x2 uplink channel matrix was generated using the TR 38.901 channel model. Afterwards, the ’s and θ’s of the arriving waves were computed using a beamforming search algorithm with 1⁰ resolution. The search was only done in the positive x hemisphere (-90⁰ ≤  ≤ 90⁰ and 0⁰ ≤ θ <= 180⁰ in Fig. 2) of the LCS of the base station sector antenna array. The AoA and ZoA were then determined by taking the θ and  of the strongest contribution with a 1⁰ resolution. For simplicity, the TA was calculated using the shortest multipath delay in the channel impulse response and a 130.2 ns resolution (= 16*64*Tc/4). Finally, the location of the UE was estimated using (3-1). 
The resulting horizontal and vertical accuracy for the outdoor UEs are shown in Fig. 4. The accuracy is very encouraging with 34.4m horizontal error and 4.2m vertical error at the 80th percentile. This horizontal error exceeds the most stringent 6-year 50m at 80th percentile guideline specified by the FCC in the Fourth and Report and Order [5]. The FCC guideline for vertical accuracy has not been released yet, but a 5m value has been proposed by the CTIA based on their Stage Z testing [6]. Further work needs to be done to simulate indoor UEs, FR2 frequencies and other test scenarios.
Observation 1:  The horizontal accuracy provided for outdoor UMi scenario exceeds the FCC regulatory mandates
Observation 2:  The vertical accuracy provided for outdoor UMi scenario exceeds the initially proposed regulatory mandate submitted by CTIA to the FCC 
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Figure 3. Base station and UE locations.
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Figure 4. Horizontal and vertical location accuracy for outdoor UMi.

Conclusion
In this contribution, an initial discussion on UE Positioning based on AoA+ZoA+TA is presented for consideration to the NR Positioning Support SI. Initial results for this method are promising for outdoor UMi radio links at 6 GHz. Further work needs to be done to evaluate location accuracy for indoor UEs, FR2 frequencies and other test environments (e.g., Indoor Hotsport, UMa).
Proposal : The study of AOA, ZOA, and TA based location methods be included as part of the Study Item for NR Positioning Support
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