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Positioning a user terminal based on cellular signals is an attractive solution in situations where accurate positioning based on global navigation satellite systems (GNSS) is not possible, such as inside buildings. The 5G New Radio (NR) networks based on 3GPP have introduced several enhanced features to allow the accurate positioning of user terminals. Especially Frequency Range 2 (FR2) mmWave setups are attractive for localization because the large bandwidths allow for highresolution estimation of the Time Difference of Arrival (TDoA) while the beamforming capabilities can be exploited to estimate the Angle of Arrival (AoA) or Angle of Departure (AoD) of the signals. In this work, we propose a new UE-based positioning algorithm that combines the Downlink Time Difference of Arrival (DL-TDoA) and Downlink Angle of Departure (DL-AoD) information estimated from the downlink positioning reference signals (DL-PRS) introduced in 3GPP Rel-16.

TDoA is a widely used horizontal positioning technique that does not require tight synchronization between base stations and mobile stations. Moreover, multiple antennas beamforming on base stations leads to high vertical positioning accuracy with AoD. We use ray-tracing-based site-specific channel models to evaluate our joint positioning algorithm's performance in an Indoor Factory (InF) scenario. The simulation results show sub-meter user localization error which is a significant improvement compared to applying the previous methods separately.

I. INTRODUCTION

Location information of mobile devices provides valuable data that can be exploited for new services and applications, for example, Industry 4.0 and the Internet of Things (IoT). This information may also be used to support wireless operators to enhance network performance [START_REF] Wang | Mobile device localization in 5G wireless networks[END_REF]. However, a precise position estimation based on GNSS is not possible for indoor scenarios where no Line of Sight (LOS) to a satellite is available. 5G-NR Stand Alone (SA) networks propose mmWave in FR2 which enables wideband signals, low latency, beamforming, and precise angle estimation with multiple antennas. These possibilities in combination with the 5GNR positioning architecture can be exploited for an accurate indoor positioning system. Several well-known positioning techniques have been proposed for determining the position of a point: Time of Arrival (ToA) [START_REF] Le | Closed-form and near closed-form solutions for TOA-based joint source and sensor localization[END_REF], [START_REF] Nguyen | Optimal geometry analysis for multistatic TOA localization[END_REF] Time Difference of Arrival (TDoA), Received Signal Strength (RSS), and Direction of Arrival [START_REF] Del Peral-Rosado | Survey of cellular mobile radio localization methods: From 1G to 5G[END_REF] and Departure. (also known as Angle of Arrival and Angle of Departure) Although ToA-based positioning results in a proper horizontal accuracy along the x, and y-axis, it requires highly accurate clock synchronization among all Base Stations (BSs) and mobile devices. RSS-based techniques [START_REF] Tarrio | A new positioning technique for RSS-based localization based on a weighted least squares estimator[END_REF], [START_REF] Stoyanova | RSS-based localization for wireless sensor networks in practice[END_REF], are very sensitive to fast and slow fading and tend to provide only rough localization estimates. On the other hand, TDoA systems avoid the requirements of clock synchronization at the point of interest or tag-end by considering the different arrival times of signals that originate at two distinct reference points [START_REF] Munoz | Position Location Techniques and Applications[END_REF]. The time difference calculation at the mobile avoids synchronization requirements between the mobile and the BSs. Note that TDoA-based positioning schemes still require clock synchronization between all the BSs in the system. Thus, excluding synchronization issues, the sources of error of TDoA-based systems are the same as the ones existing for ToA schemes. The utilization of antenna arrays on the transmitter or receiver, allows the angle parameters to be measured and exploited for high positioning precision especially vertical. Time and angle-based positioning have been pursued in many previous research works separately. The authors of [START_REF] Wong | A geometric approach to passive target localization[END_REF] propose a geometric approach for positioning problems, but optimization is not considered. In the papers [START_REF] Chanandk | A simple and efficient estimator for hyperbolic location[END_REF]- [START_REF] Yang | Constrained total least-squares location algorithm using time-difference-of-arrival measurements[END_REF], refinements for TDoA-based positioning algorithms are proposed to make the position estimations robust. However, the practical implementation is not well-considered, and neither are simulations in realistic environments. They also assume (in the simulations) that all the TDoA (or ToA) estimates have the same statistical characteristics, which is not the case in practice. In [START_REF] Chen | Positioning Algorithm and AoD Estimation for mmWave FD-MISO System[END_REF], a simple minimum least squared method is used to estimate the user's coordinates based on DL-AoD. In other related works, finding the UE position depends on measuring AoA which requires multiple antennas on UE. This is not feasible for every type of equipment such as mobile devices. Therefore, we propose using DL-AoD which is reported from gNBs to UE over network protocols [START_REF]Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN[END_REF] without requiring a large antenna array on the user terminal. Also, creating a joint TDoA-AoD positioning estimation algorithm for an indoor scenario with no GNSS LOS is presented for precise UE self-positioning. The novelty of this paper is applying a joint DL-TDoA and DL-AoD positioning algorithm with submeter accuracy performance in both horizontal and vertical planes. In the following sections, we will go through the latest 5G positioning enhancements in architecture, signals, and measurements. Moreover, we demonstrate possible positioning accuracy with these new capabilities.

II. 5G POSITIONING ARCHITECTURE AND PROTOCOLS

A. RAN and Core Network Architecture

The 5G positioning architecture in the Release 16 [START_REF]Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN[END_REF] follows the LTE positioning model by introducing new entities in the 5G Next Generation Radio Access Network (5G-RAN) and the 5G Core Network (5GC) depicted in figure 1. LTE Positioning Protocol (LPP) is used as a communication protocol between the UE and the Location Management Function (LMF) via Access Mobility Function (AMF) in the 5GC. Moreover, signaling between gNB and LMF is obtained over New Generation Positioning Protocol A (NRPPa). Multiple antennas on gNBs and the availability of mm-Wave in 5G NR, enable the measurement of Downlink Angle of Departure (DL-AoD) as supporting information for UE to localize itself. This is a new on-demand System Information (SI) procedure, a UE can request positioning System Information Blocks (posSIBs) including the coordinate of the transmitting antennas as well as the beam angle information. The gNB provides this information to LMF over NRPPa. For DL-AoD estimation, UE measures the DL-PRS beams Reference Signal Received Power (RSRP). Moreover, By performing a Reference Signal Time Difference (RSTD) estimation on determined beams with the highest power from multiple gNBs, UE measures DL-TDoA of DL-PRS resources [START_REF]LTE; 5G; LTE Positioning Protocol (LPP)[END_REF]. Based on PRS DL-TDoA, DL-AoD, and the geographical coordinates of the gNBs shared by LMF, UE can estimate its position. In section V we demonstrate how to jointly use angle and time parameters along with the geographical coordinates of the gNBs to estimate the UE position accurately in horizontal and vertical. When configuring a device to measure on a specific PRS resource in a PRS resource set, the location server learns not only which site the reported measurements for this PRS resource set belong to, but also the specific beam from that site [START_REF]Physical channels and modulation[END_REF].

2) PRS Comb Size: PRS setup enables permuted staggered comb. In this application, permuted indicates that the comb in each OFDM symbol has a distinct offset in the frequency domain. The comb factor can be adjusted to 2, 4, 6, or 12 sub-carriers, which means that the comb is used on every 2nd to every 12th sub-carrier. Using various combs, numerous simultaneous PRSs may be multiplexed.

3) PRS Bandwidth: A PRS resource in the frequency domain can be configured to have up to 264 Physical Resource Blocks (PRB) with Sub carrier Spacing (SCS) 120 KHz that makes 400 MHz Band Width (BW) in FR2, with all PRS resources in a PRS resource set having the same bandwidth and frequency domain location. In the time domain, one PRS resource is represented by two, four, six, or twelve OFDM signals.

III. AOD ESTIMATION

A. Beamforming

Beam management is a set of Layer 1 (physical) and Layer 2 (medium access control) procedures to acquire and maintain a set of beam pair links [START_REF]Study on New Radio access technology physical layer aspects." 3rd Generation Partnership Project[END_REF] (a beam used at gNB paired with a beam used at UE). Beam sweeping is necessary at both transmit/receive point (TRP) side and UE side to establish a beam pair link.

The transmitted beamformed PRS waveform is received sequentially across each receive beam for receive-end beam sweeping. In general, for N transmit beams and M receive beams, each of the N beams is sent M times from gNB, so that each transmit beam is received over the M receive beams. Using assistance data sent to the UE, it can estimate the AoA and AoD based on the indices of the best beam pair.

B. Phased Antenna Array

To illustrate this procedure, assume that we use an Uniform Rectangular Array (URA). Array elements are distributed in the yz-plane in a rectangular lattice with the array bore sight is along the x-axis. For a wave propagation in a direction described by azimuth ϕ and elevation θ, the wave-vector k is given by:

k(θ, ϕ) = (k x , k y , k z ) = 2π λ (sin θ cos ϕ, sin θ sin ϕ, cos θ) (1)
The steering vector represents the set of phase delays for an incoming wave at each sensor element. For a plane wave that is described by a wave vector k, with N elements in an antenna array, steering vector w(k) is an N × 1 complex vector representing the relative phases at each antenna and is given by:

w(θ, ϕ) = e -jk•r1 , e -jk•r2 , . . . , e -jk•r M T , (2) 
where r i = (x i , y i , z i ) is the location of the ith antenna element.

To estimate the AoD, each gNB goes through a beam training process with a code book containing a set of code words C P = {w 1 , ..., w P } [START_REF] He | Codebook-Based Hybrid Precoding for Millimeter Wave Multiuser Systems[END_REF]. Therefore, a coarse estimation for the AoD of the propagation path is described as:

p * = arg max p∈P A p (3)
where the beam with code word w p (θ, ϕ) maximizes the received power A p on the UE. Without considering the noise, the ideal received signal strength is given by:

A p = (hw p (θ, ϕ)) H (hw p (θ, ϕ)) (4) 
Thus, using the beam index p, the UE can derive the azimuth (θ) and elevation (ϕ) from the positioning assistance data sent to the UE [START_REF] He | Codebook-Based Hybrid Precoding for Millimeter Wave Multiuser Systems[END_REF]. 

IV. TDOA ESTIMATION

Based on the RSRP measurements, the pair of TX and RX beams have been identified for further processing of the TDoA. The time difference calculation on the UE avoids exact time synchronization requirements to the gNB. Note that TDoAbased positioning schemes still require clock synchronization between all the gNBs in the system and frequency synchronization between UE and gNBs.

To measure the DL-TDoA based on PRS resources, a channel estimation algorithm is used to calculate the timing offset between the reception and transmission of PRS resources. As Channel Estimation in OFDM Systems describes [START_REF] Van De Beek | On channel estimation in OFDM systems[END_REF], the least-squares estimates of the channel frequency response at the pilot symbols are computed. To minimize any undesired noise from the pilot symbols, the least squares estimates are then averaged across time, then frequency bandwidth, with a growing window size that is proportional to the channel coherence time. Later, the findings will be interpolated over the whole sub-carriers in the bandwidth.

In the next step, the frequency domain channel estimation is converted into an impulse response using an inverse Fourier transform. In this work, we use the position of the strongest peak in the impulse response as our Time of Arrival (ToA) estimate, but more sophisticated peak search algorithms could be used as well. Finally, the timing difference between ToAs of the different pairs of gNBs is considered as the time difference of arrival or TDoA [START_REF]NR Physical layer measurements." 3rd Generation Partnership Project; Technical Specification Group Radio Access Network[END_REF].

V. JOINT AOD-TDOA POSITION ESTIMATION

The trigonometric function of the estimated azimuth and zenith (90 •elevation) angle of departure, as well as the range difference between the gNBs, are used in the positioning equations to compute the unknown UE coordinates. Taking (x, y, z) as the coordinate of the UE, the system of location equations can be written in a vector as follows:

f (x, y, z) + e = r (5) 
where f contains (3N -1) equations for N gNBs (with 2N angle, and N -1 time observations):

f AoD,2n-1 (x, y, z) = cos (θ n ) = (z-z n ) √ (x-x n ) 2 +(y-y n ) 2 +(z-z n ) 2 (6) f AoD,2n (x, y, z) = sin (φ n ) = (y-yn) √ (x-xn) 2 +(y-yn) 2 (7) f T DoA,n (x, y, z) = d n -d 1 = (x -x n ) 2 + (y -y n ) 2 -(x -x 1 ) 2 + (y -y 1 ) 2 (8)
In the above equations, (x n , y n , z n ) is the n th gNB coordinate and d n is the distance between the n th gNB and UE for n > 1 in f T DoA,n . Here d 1 is the reference gNB that the UE is synchronized to and has the strongest received signal which is assumed to be the nearest gNB with a LOS. 

A. Taylor's Series Decomposition

The set of non-linear equations ( 6)-( 8) at the point (x (i) , y (i) , z (i) ) can be solved by applying a Taylor series decomposition and limiting it by a linear term [START_REF] Foy | Position-location solutions by Taylor-series estimation[END_REF], as below; [START_REF] Chanandk | A simple and efficient estimator for hyperbolic location[END_REF] where D (i) is the (3N -1) × 3 differential matrix estimated at the point (x (i) , y (i) , z (i) ), x is the 3 × 1 UE coordinate vector, and x (i) is the 3 × 1 coordinate vector estimated at the point (x (i) , y (i) , z (i) ). 

f (x, y, z) = f x (i) , y (i) , z (i) + D (i) x -x (i) ,
D (i) =                 ∂f (i) AoD,1 ∂x ∂f (i) AoD,
(i) T DoA,n ∂z                 , x =   x y z   , x (i) =   x (i) y (i) z (i)   . (10) 
Substituting ( 10) into ( 6) gives the following linear system of equations with regard to the (x-x (i) ):

D (i) x -x (i) + e = b (i) , (11) 
where b (i) describes the difference between the observation vector r and the vector f estimated at the point (x (i) , y (i) , z (i) ).

b (i) = r -f x (i) , y (i) , z (i) . (12) 

B. Gauss-Newton Process

A Minimum Variance Unbiased (MVU) estimator exists if the error vector e in (12) has a Gaussian Probability Density Function (PDF) with zero mean and covariance matrix C [START_REF] Kay | Fundamentals of Statistical Signal Processing -Detection Theory[END_REF]. Therefore, (x-x (i) ) can be found [START_REF] Sosnin | DL-AOD Positioning Algorithm for Enhanced 5G NR Location Services[END_REF] as:

x -x (i) = D (i) T C -1 D (i) -1 D (i) T C -1 b (i) (13)
Ultimately by using ( 13), an iterative equation can be written to update vector x based on its previous estimate:

x (i+1) = x (i) + D (i) T C -1 D (i) -1 D (i) T C -1 b (i) (14) 
Here C -1 is a 3N -1×3N -1 inverse covariance matrix of vector e. The error in measurements comes from the reliability of LOS and NLOS identification. By measuring Λ 2 l,m after beam determinations, which is the channel impulse response power of the l th gNB and the m th time domain path from the total number of channel time domain paths N th m , used in the channel estimation, we have the test statistics u l for the first path channel impulse response power Λ 2 l,1 from l th gNB:

u l = Λ 2 l,1 / Nm m=1 Λ 2 l,m (15) 
Therefore, we assume that the first received path in channel impulse response in time domain from each gNB corresponds to the LOS channel component. We take C -1 l,l = 1 for LOS if u l exceeds the threshold, otherwise, C -1 l,l = 0 for NLOS.

C -1 l,l = F (u l ) = 1 if u l > γ 0 if u l ≤ γ (16) 
Where the threshold γ = 0.5 gives the best trade-off between the probability of NLOS detection and false alarm. The resulting equation ( 14), starting from an initial guess x (0) , converges after a few iterations as shown in figure 7, and the vector x (i+1) found at the last iteration is used as an estimate of the UE coordinates (x, y, z).

VI. SIMULATION SETUP

To evaluate the proposed algorithm's performance, we created a simulation environment in Matlab, based on the 3GPP standard indoor scenario with a map-based channel [START_REF]Study on channel model for frequencies from 0.5 to 100 GHz[END_REF], which represents a 60m × 120m × 10m factory hall. 8 gNBs with known locations are installed above the clutters which improves the availability of LOS. There are 12 metal clutters with various dimensions, scattered on the ground. The clutters may block the LOS between the gNBs and the UE as well as reflect the downlink rays. UE can have a random horizontal position with a standard height of 1.5 m. Each of the gNBs transmits the DL-PRS with the configuration in table I 1) Ray Tracing: This method employs ray tracing to display and compute propagation pathways with surface geometry provided by the 'Map' attribute. Each displayed propagation path is color-coded according to the received power (dBm) or path loss (dB) along the path. The ray tracing analysis includes surface reflections but does not include effects from diffraction, refraction, or scattering

B. Channel Model

To obtain the channel-impaired signal we pass the transmit signal through a Clustered Delay Line (CDL) multi-input multi-output (MIMO) link-level fading channel. CDL-delay profile is configured using the ray-tracing propagation model outputs including path delay and path gain, angle of departure, and arrival. The first path follows a Ricean fading distribution which can point to LOS and the other paths follow a Rayleigh fading distribution coming from multipath propagation.

VII. RESULTS

Figures 4 and5 demonstrate the Cumulative Distribution of horizontal and vertical error for 100 randomly chosen user locations. TDoA and AoD positioning methods were employed both independently and jointly. As the results reveal, TDoA may achieve satisfactory horizontal precision, whereas AoD leads to proper vertical accuracy. The joint position estimation approach, on the other hand, produces a precise estimation of user coordinates in both directions. The graphs also show how a bigger antenna array enhances accuracy. This improvement is due to more beams produced by a bigger antenna array, as well as enhanced transmitter angle coverage and beamforming. Table II illustrates an analytical comparison between two positioning results based on Horizontal Root Mean Square Error (HRMSE) and Vertical Root Mean Square Error (VRMSE) where M is the number of user positions in simulations. In this paper, M = 100. Despite the mean squared error for vertical and horizontal being less than 1m in multi-antenna configurations, a larger antenna array enhances accuracy even further. 
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  . To show the effect of transmitter antenna array size on the final positioning result, two different sizes of 2 × 2, and 4 × 4 are placed on the surrounding walls in 8 m height shown in figure 4. For instance, from a TX antenna array of size 4 × 4 that we used here, we have a combination of 16 pairs of [azimuth, elevation] degrees to transmit the DL-PRS in (-45:45) degrees in azimuth and (-45:0) degrees in elevation. where ϕ = [-45 • : 90/4 : 45 • ] and θ = [-45 • : 45/4 : 0 • ].
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