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ABSTRACT

The spectrum above 100 GHz has the potential to enable accurate 3D

wireless localization due to the large swath of available spectrum.

Yet, existing wide-band localization systems utilize the time of

arrival measurements requiring strict time synchronization. In

this paper, we present 123-LOC, a novel non-coherent system for

one-shot dual-polarized 3D localization above 100 GHz. Our key

idea is to create unique asymmetric THz fingerprints in 3D so

that a wireless node can jointly infer its angular position and

distance by taking hints from the measured power-spectrum profile.

We introduce a dual-polarized dual-slit waveguide structure that

emits out signals into free-space with a key feature that the beam

pattern depends on the frequency of the signal and the geometry

of the slit. To distinguish the emissions from the two slits, we use

polarization diversity and manipulate the aperture geometry of the

two slits so that they transmit slightly different angular-spectral

signatures. Our over-the-air experiments demonstrate that 123-LOC

achieves an average angle estimation error of 1◦ together with

millimeter-scale ranging resolution, solely through non-coherent

power measurements.
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1 INTRODUCTION

Wireless 3D localization technology is emerging as a key enabler

for a wide range of applications from indoor navigation and

augmented reality to smart robots [28, 36, 38, 39]. In principle,

the resolution of RF-based localization systems is bound to the

bandwidth, motivating the use of millimeter-wave (mmWave)

and terahertz (THz) frequencies that offer plentiful bandwidth for

accurate localization. Indeed, the US Federal Communications

Commission (FCC) has recently opened multiple unlicensed bands

above 95 GHz for both communication and localization in future

(beyond 5G) wireless systems [6]. Conventionally, 3D localization

based on wide bandwidth technology utilizes time of arrival (ToA)

or time difference of arrival (TDoA) measurements [21, 22, 29, 47].

Unfortunately, such solutions require strict time-synchronization

between wireless endpoints which becomes extremely challenging

in practice due to the high sampling rate above 100 GHz, which we

refer to as the THz regime.

In this paper, we present 123-LOC, a novel non-coherent system

for One-shot Dual-Polarized 3D Localization in the THz range. Our

key idea is to create unique THz spectral fingerprints in 3D space to

enable a wireless node to jointly infer angular position (azimuth and

elevation angles) and distance relative to a transmitting reference

node by taking hints from measured spectral attributes and not

timing or phase information (thereby, non-coherent estimation).

First, we introduce a new architecture that allows for

simultaneous emission of a wide set of frequencies in different

directions. Our design is motivated by the quasi-optical

frequency-dependent dispersion in THz leaky-wave antennas

(LWAs). A conventional LWA is a parallel-plate waveguide with

a single open slit on the top plate allowing the guided wave

to leak out, albeit at a direction that is correlated with the

frequency [3, 18]. We show that with one open slot, LWA can

form unique asymmetric spectral characteristics in one angular

dimension only; thereby, it cannot enable 3D localization. Instead,

we present the first dual-slit THz leaky antenna by incorporating

two perpendicular leakage apertures on the top plate of the

waveguide. By exciting this architecture with a THz impulse, the

underlying frequencies decompose and emit out into free space

such that each azimuth-elevation pair adopts a unique spectral

fingerprint.

Second, we develop a model that predicts the 3D THz

fingerprints based on the physics of EM waves and diffraction

principles. Therefore, we enable a receiver to estimate its 3D

location by assessing the spectral characteristics (namely, peak

120

This work is licensed under a Creative Commons Attribution International 4.0 License.











radiations from the vertical slit (i.e., slit 2 in Fig. 6). 123-LOC exploits

the measured power spectrums at two polarization channels to

localize the RX relative to the dual-slit leaky transmitter.

3.3.2 Resolving Ambiguity via Redesigning the Leakage Geometry.

In practice, non-zero cross-polarization at the RX’s antenna and

polarization rotation due to background reflection prevent the RX

to reliably separate the signals originated from the vertical and

horizontal slits. Further, an RX with a single polarization channel

captures the weighted superposition of polarized emissions from

the waveguide depending on its orientation. In such conditions, the

polarization alone is not sufficient to distinguish the signals received

from the two perpendicular apertures. Finally, even under the LOS

channel and zero cross-polarization, the angle estimation can be

ambiguous for certain spatial locations. In particular, consider an

RX located at (𝑑, 𝜙, 𝜃 ) such that 𝜃 =
𝜋

2
−𝜙 . In this case, the measured

angular-spectral patterns from the two slits are identical, according

to Eq. (5). Hence, the RX detects one effective leakage aperture and

is unable to reliably extract both azimuth and elevation angles.

To tackle this ambiguity, our idea is to leverage leakage

geometry as a new degree of freedom to manipulate the 3D angular

dispersions. In other words, as indicated by Eq. (2) and Eq. (3), the

angle-spectral properties of leaky antennas is a function of slit

length (L) in the azimuth plane and a function of slit width (W)

in the elevation plane. More specifically, the leakage geometry

leaves a footprint on the generated THz fingerprints from each slit.

Thereby, 123-LOC adopts two distinct leakage geometries for the

perpendicular slits so that the RX can differentiate the signals that

originated from them. To this end, there are naturally two options:

the slits may have different widths or lengths. 123-LOC adopts

slit width as a distinguishing factor. To understand the rationale

behind this design decision, we will next explain the impact of slit

length and slit width on angular-spectral signatures.

Impact of Slit Length (L). We first explore the impact of slit

length on the spectral signatures in Fig. 7a. We consider an aperture

with a fixed width of 2 mm and vary the slit length from 10 to 70

mm. We can observe that, except for L=10 mm, the power spectrum

variation is negligible with varying slit length. In the special case of

L=10 mm (or generally when 𝐿 < 10𝑊 ), the slit is not long enough

for complete emission of guided waves and hence our previous

models do not hold true anymore. We conclude that employing

different slit lengths for the two leakage apertures does not create

distinct spectral signatures.

Impact of Slit Width (W). Fig. 7b shows the normalized

amplitude vs. frequency for various values of slit width. As shown,

the slit width affects the bandwidth radiated at any particular angle.

Note that in this plot, the elevation angle is fixed to 30 degrees

but a similar trend follows at any other angles. In particular, a

narrower slit creates a broader spectral pattern at each direction

while increasing W shifts the local minimum to lower frequencies

(e.g., 300 GHz for W=2 mm and 200 GHz for W=3 mm). Note that

we use a plate spacing of 1 mm which imposes a cutoff frequency of

∼ 150 GHz for the TE1 mode meaning frequencies below 150 GHz

cannot leak out from the slits. Hence, our spectral range of interest

is 150 − 300 GHz. In 123-LOC, we choose slit the width of 4 mm for

the horizontal slit and 1 mm for the vertical slit as they provide

sufficiently distinct spectral patterns. Finally, we highlight that the
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Figure 7: Leakage geometry as a new degree of freedom for

manipulating angular-spectral fingerprints.

slit width should be in the order of the wavelength; otherwise, the

explained angle-frequency relationship would not hold true [15].

3.4 Non-Coherent 3D Localization

In this section, we explain our non-coherent single-shot localization

scheme. Non-coherence refers to the use of power (albeit across

a range of frequencies) and not phase or timing information.

This methodology, which is motivated by the quasi-optical

behavior of THz waves, has several inherent advantages over the

phase or ToA-based techniques. In particular, while THz-scale

phase information might seem the perfect opportunity to

obtain millimeter-scale location information, the sensitivity to

synchronization poses a threat in real-world systems that can

easily lose track of 2𝜋 changes, if phase is not tracked continuously

at THz timescales. Thus, phase errors between transmissions

would be hopelessly error-prone for localization. Instead, our

non-coherent framework eliminates the need to keep a tight

synchronization and simplifies the node architecture. Further,

123-LOC requires one single transmission of a THz impulse from

our dual-slit leaky antenna; thereby, the location can be estimated

in nanosecond timescales for real-time location tracking.

3.4.1 Azimuth and Elevation Angle Estimation. 123-LOC exploits

the 3D angular dispersions to infer azimuth and elevation angles.

We input a broadband THz impulse into our dual-slit waveguide

and model the 3D angular dispersion as a function of frequency

according to Eq. (5).We then employ a dual-polarized RX tomeasure

the intensity across a range of frequencies with a fixed resolution

determined by the RX’s clock rate. In our testbed, the RX sampling

rate provides an inter-sample spacing of 4 GHz. Azimuth and
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Figure 11: Experimental evaluation of the 3D emission

characteristics of a single-slit leaky waveguide.

gradually decays at higher elevation angles. Also, we observe that

the fall-off rate increases slightly at higher frequencies. Even though

our model correctly predicts the angular and spectral trends, it

consistently underestimates this fall-off rate. This is because the

actual value would depend on the wavefront beneath the slot and

those details are not taken into account here and do not impact the

localization performance.

We have experimentally demonstrated that diffraction from a

narrow aperture generates a beam whose direction is independent

of the frequency in the plane perpendicular to the slit. Therefore,

angular positioning with a conventional single-slit LWA is limited to

one dimension only.

5.2 Polarized 3D Spectral Signatures via
Dual-Slit Leaky Structure

Next, we deploy the dual-slit leaky structure and experimentally

characterize the angular-spectral patterns in both polarization

channels. We use the same setup as in Fig. 10 and place the RX

at various configurations. First, we set the elevation angle to 20

degrees and vary the azimuth angle. Fig. 12a depicts the measured

power spectrum with a vertically polarized receive antenna.

Recall that waves emitting from the horizontal slit have vertical

polarization and emission from the vertical slit is horizontally

polarized. Hence, the vertical channel should ideally measure

the signals originated from the horizontal slit whose spectral

attributes should change with azimuth angle. Fig. 12a confirms a

shift in peak frequency consistent with the model, namely, 𝑅2 in

Eq. (5). Nonetheless, the signal polarization is not perfect leading

to cross-polarization leakage. Fig. 12a shows the impact of such

interference specifically at 𝜙 = 70
◦ causing irregularities in the

spectral profile. Generally, when the interfering slit is oriented
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Figure 12: The experimental characterization of polarized

3D spectral signatures.

along the z-direction (as shown in Fig. 5), the interference is higher

when the RX is located on the y-z plane (i.e., around 𝜙 = 90
◦).

Similarly, Fig. 12b demonstrates the measured power spectrum

via a horizontally polarized RX at various elevation angles and

fixed 𝜙 = 70
◦. Unlike emissions from a single-slit that manifest

almost identical spectral profiles at various elevation angles, Fig. 12b

reveals a clear shift in peak frequency as a function of 𝜃 . Moreover,

the measured angular-spectral signatures are in agreement with

the developed model in Sec. 3; namely, 𝑅2 in Eq. (5). The imperfect

polarization switching again yields an inter-slit interference causing

second-order irregularities at 𝜃 = 29
◦ where the interference from

the horizontal slot is stronger. Nonetheless, the peak frequency and

the overall spectral profile closely follow the model.

We have experimentally validated our proposed model that

characterizes the THz fingerprints as a function of azimuth and

elevation angles. While our model does not capture the second-order

irregularities due to the cross-polarization leakage, it can accurately

predict the angle-frequency correlations, which 123-LOC leverages

for 3D localization.

5.3 Impact of Aperture Size on Spectral
Signatures

123-LOCuses leakage geometry tomanipulate the frequency-dependent

emission from the waveguide. Specifically, different slit widths are

adopted for the vertical and horizontal slits so that the RX can

distinguish the spectral patterns that originated from the two slits.

Fig. 13 shows the power distribution across elevation angles when

a single-slit waveguide with a slit width of 1 mm, 3 mm, or 4 mm is

deployed. This plot shows the result for 𝑓 = 200 GHz but similar

a trend follows at other frequencies. The COMSOL simulation

results are inconsistent with our model in Eq. (3) showing that the

diffraction from a narrow aperture generates a beam toward 𝜃 = 0,

independent of the slit width. However, slit width has a significant

impact on the power reduction rate at higher elevation angles, i.e.,
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Figure 13: Impact of Aperture Width on the Directional

Emission from a Single-Slit LWA.

the beamwidth of the transmission. Hence, the slit width does not

impact the direction of emission but can manipulate the power

distribution over the spectral band of interest.

We have shown that by widening the aperture of one slit, we can

manipulate the emissions from the LWA to have slightly different

angular-spectral signatures.

5.4 3D Localization Accuracy

Next, we assess the localization accuracy of our non-coherent

angular positioning and range estimation.

5.4.1 Angular Location Estimation. We deploy a dual-slit LWA and

place the RX as multiple (𝜙 , 𝜃 ) configurations. We then input a THz

impulse into the waveguide and measure the power spectrum at

two orthogonal polarization channels. For comparison purposes,

we take two approaches for angle estimation. In particular, we run

our optimization framework explained in Eq. (6) using spectral

samples in the vicinity of the peak frequency (within 1 dB) and

once again with the entire power spectrum in the range of 150−300

GHz.

Fig. 14a and Fig. 14b present the estimation results in

azimuth and elevation directions, respectively. For each azimuth

(elevation) angle, we place the RX at multiple elevation (azimuth)

configurations and the plots show the corresponding average and

standard deviations. 123-LOC achieves an average estimation error

of < 1
◦ using the high-intensity measured spectral components

close to the peak frequency. The estimation error is slightly higher

(< 3
◦) when the entire power spectrum is used. We observe

a higher error when 𝜙 > 55
◦. The reason is two-fold: (i) the

spectral fingerprints are similar (but not identical) at higher 𝜙

(see Eq. (1)) making them vulnerable to estimation errors; and (ii)

the cross-polarized leakage from the vertical slit is stronger at

those angles. Similarly, Fig. 14b shows a higher estimation error at

𝜃 < 40
◦ due to the non-negligible cross-polarized leakage from

the horizontal slit. Such leakages would cause irregularities in the

measured power spectrum (discussed also in Fig. (12b)) that are not

captured by our idealized model. Nonetheless, the cross-polarized

leakage is weak relative to the peak frequency, which is reflected

in the better localization performance.

5.4.2 Range Estimation. The angular dispersion in leaky-wave

emission allows for non-coherent one-shot TX-RX range

estimation. In particular, since the effective acceptance angle of the

RX decreases with distance, we expect smaller bandwidth at longer

ranges and vice versa. Hence, 123-LOC translates the measured

half-power bandwidth to the RX’s distance from the leaky-wave
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Figure 14: Performance evaluation of the angular location

estimation in 123-LOC: (a) azimuth direction; (b) elevation

direction.

antenna. To verify our ranging design principle, we first fix the

RX’s angular positions (𝜙 = 45 and 𝜃 = 0) and vary its distance.

As shown in Fig. 15, the half-power bandwidth is narrowed down

on both sides (high-frequency and low-frequency components) at

farther distances.

Next, Fig. 16a presents the measured bandwidth vs. distance

and compare it against our model, i.e., Eq. (7). In order to be

able to directly compare the modeled bandwidth with measured

bandwidth, we need to calculate a calibration factor which is a

fixed scalar that depends solely on the RX aperture size and shape.

This calibration factor is calculated by measuring the spectral

signatures and specifically the received 3dB bandwidth at several

distances and angular configurations. We then fit the measured

bandwidth and the ground truth locations to the model in Eq. (7)

and find the effective acceptance angle, i.e., Δ𝜙 . Note that Δ𝜙 may

not necessarily relate to the physical dimension of the RX. We keep

the effective aperture fixed for our test data points. 1 Since the RX

aperture is fixed upon production, this calibration factor can be

hardcoded to the RX and be known a priori. According to Fig. 16a,

our experimental measurements consistently follow the model.
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Figure 15: The received power spectrum at various distances

from a leaky-wave transmitter.

Finally, Fig. 16b shows the empirical distribution function of

the estimation error. The ranging estimation error is 4.4 mm

on average and is less than 10 mm throughout the experiments.

We emphasize that such mm-scale ranging accuracy is achieved

through non-coherent measurement of a one-time transmission

of a THz impulse via a leaky-wave structure. By design, the

performance of our localization scheme highly depends on the

1In our experiments, for an RX with a circle-shaped aperture of radius 2 cm, the
calibration factor is 60/𝜋 .
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Figure 16: Performance evaluation of non-coherent range

estimation in 123-LOC: (a) BW reduction as a function of

distance; (b) estimation error.

spectral resolution, i.e., the clock sampling rate. Our results reveal

that even with a 4-GHz frequency resolution, the estimation error

is at millimeter scales. According to Eq. (7), the BW is proportional

to 𝑎𝑡𝑎𝑛( 𝑟1
𝑑
). In the far-field, we always have 𝑟1 ≪ 𝑑 and hence the

𝐵𝑊 ∝ 1

𝑑
. Therefore, we expect that better spectral resolution is

needed to maintain the mm-scale localization accuracy at larger

distances. Unfortunately, due to hardware limitations (namely,

ultra-low transmission power), our experiments are conducted at

sub-meter distances.

We have experimentally demonstrated that 123-LOC achieves

millimeter-scale ranging resolution jointly with sub-degree estimation

accuracy in angular positioning through non-coherent measurements.

5.5 Evaluating Power and Range Performance

So far all experiments have been conducted in the short range of up

to 30 cm. Here, we demonstrate that increasing the distance would

not alter the inherent spectral characteristics of received signal;

thereby, the limitation on the achievable range is solely a function

of the limited transmit power in our setup. To this end, we increase

the distance between the leaky-wave device and the RX from 20 to

76 cm and record the signal. The angular location of the RX is set

𝜙 = 45 and 𝜃 = 0, corresponding to an expected peak frequency of

211 GHz based on Eq. (1) when 𝑏 = 1.0mm. Fig. 17a shows the peak

frequency of the captured signals. As expected, the peak frequency

remains constant with changing distance.

Next, we break down the link budget in our setup. We first

measure the source output power by placing the RX as close to the

source as physically possible and observe a total |𝑉 |2 = 3.4241 𝑉 2

in the range of 150 to 300 GHz2. Then we put the RX at the exact

location of our leaky device (see Fig. 10). The measured power at

this position represents the total input power to the waveguide

and we refer to it as the reference power. Fig. 17b shows the total

received power relative to this reference power (i.e., the injected

power being 0 dB). We also show the measured noise level for

the same RX placement. The noise level is measured at the same

frequency band and by blocking the TX. For comparison purposes,

Fig. 17b also demonstrates the Friis path loss model at 211 GHz

(the peak frequency). We observe that at distances below 50 cm,

our total measured power (in the 150-300 GHz band) is larger than

expected. This initial deviation is attributed to the signal’s large but

decaying bandwidth that is ignored in the single-tone Friis model.

However, as the TX-RX distance increases the bandwidth shrinks

2Since the internal impedance is not given, we cannot directly convert |𝑉 |2 to Watts.
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Figure 17: Experimental Range Performance: (a) Peak

Frequency; (b) Normalized Power Loss.

and the signal level naturally gets closer to the noise level, as also

characterized by Friis path loss for the peak frequency. We leave

the investigation of larger TX-RX distances for future work.

We have demonstrated that the inherent spatial-spectral properties

of our design are independent of communication range. Due to our

hardware limitations (ultra-low power source) and the significant

path loss above 100 GHz, the signal level rapidly approaches noise

level for longer distances beyond 70 cm in our measurements. Yet,

123-LOC can be naturally extended to larger distances using other

wideband sources from the literature.

5.6 Evaluating NLOS Mitigation

Lastly, we investigate the key components of 123-LOC for NLOS

mitigation. To this end, we deploy the setup depicted in Fig. 9

and place a reflector at 45◦ relative to the horizontal slit. The

RX itself is located at 𝜙 = 60
◦ and measures the signal at both

polarization channels. As shown in Fig. 9, the H-polarized antenna

should capture the LOS emission from the vertical slit as well as

any potential reflection. To isolate the spectral profile of the NLOS

path, we manually block the vertical slit for this experiment only

and plot the measured power spectrum in Fig. 18.

We can observe the NLOS footprint at both polarization

channels in the form of local peaks at the same frequency in the

measured power spectrum. This result indicates that the reflector

rotates the polarization vector of the incident waves from linear to

circular. Indeed, this polarization rotation is prevalent for ambient

reflection as an object rarely induces reflection whose polarization

vector is perfectly parallel or orthogonal to that of the incident

waves. Moreover, since the reflector and the RX are positioned

at different angles, the signal that bounces off the reflector has

distinct spectral content by design (angular dispersion and aperture

diversity); thereby, can be separated from the signals that directly

reach the RX. In Fig. 18, the LOS signal contains frequencies

around 173 GHz seen only at the vertical channel.

NLOS mitigation in the presence of multiple reflections is

not straightforward as it yields to the superposition of multiple
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Figure 18: Experimental demonstrating of the NLOS

mitigation principle in 123-LOC.

dual-polarized waves with different spectral profiles that might

partially overlap in time and/or frequency. In the case of multiple

first-order reflections, we can identify the NLOS paths from their

almost-identical spectral pattern in both polarization channels as

opposed to the LOS spectral footprint that can only be seen in one

polarization channel. However, in a rich scattering environment

(that is uncommon above 100 GHz), there is an increasing chance of

NLOS interference that may lead to ambiguity in LOS identification

and localization. Given that the spectral content of each NLOS path

is unique to its angle of departure, such interference is more likely

to occur when the spectral fingerprints of multiple paths overlap in

the frequency domain, i.e., when their angles of departure are not

sufficiently apart. We will leave the investigation of multiple NLOS

paths and their impact on the localization accuracy for future work.

Higher-order reflections pose less of an issue as they are much

weaker relative to the LOS signal due to the longer path length

and reflection attenuation. As explored in [30, 31], second-order

reflections are not common above 100 GHz given the additional

tens of dB of attenuation.

Our localization system identifies the distortion caused by ambient

reflection via its district spectral footprint that is captured at both

polarization channels.

6 RELATEDWORK

In this section, we first review existing 3D localization technologies

and then discuss the history of LWAs.

Wireless Localization and Tracking. Accurate localization

systems have various applications in elder and patients

monitoring [28], motion tracking [32, 40], gesture sensing

and tracking [36, 38], and even smart surgery [39]. Recent 3D

localization systems are implemented with diverse wireless

technologies. Conventional systems adopt ToA or TDoA

measurements using UWB radios [21, 22, 47] or FMCW

technology [1, 48], which can provide accurate location

estimations. While these methods achieve good accuracy, they

require a coherent RX design to extract timing information. In

contrast, we introduce a non-coherent 3D localization scheme with

a single wideband antenna that does not require phase or ToA

measurements.

Another body of work focuses on leveraging ubiquitous

WiFi infrastructure for localization [49]. Specifically, various

AoA estimation techniques were proposed to achieve sub-meter

localization using Wi-Fi devices. Since the AoA resolution relies

on the number of antennas in multipath indoor environments,

such localization systems require many antennas in the node

architecture to achieve high accuracy [17, 19]. Thereby, to enhance

AoA accuracy with a limited number of available antennas on

the COTS WiFi devices, the state-of-the-art realizes joint AoA

and ToA estimations [12, 41]. Instead, 123-LOC utilizes a dual-slit

leaky antenna in the TX and RX physical layer and provides AoA

estimation in both azimuth and elevation planes with sub-degree

accuracy.

Finally, significant advances have beenmade inmachine-learning

assisted localization. Current solutions essentially adopt one of the

aforementioned techniques (i.e., exploiting ToAmeasurements with

a UWB/FMCW radio or estimating AoA using multiple antennas)

and integrate them with data-driven strategies to enhance

localization accuracy by NLOS mitigation, parameter optimization,

and developing distributed cooperative algorithms [2, 36, 37, 48].

Such efforts are complementary to our solution and 123-LOC can

also benefit from leveraging machine learning models to boost

performance, particularly at longer distances.

Leaky Wave Antennas. Early demonstrations of LWAs in

the microwave regime go back to a few decades ago [3, 18].

Parallel-plate waveguide antennas have shown to be promising

for THz beam steering, due to their low-loss and low-dispersion

characteristics [7, 23ś27, 34, 45]. More recently, single-shot path

discovery and one-dimensional angular motion tracking have been

proposed by exploiting a single-slit leaky-wave antenna [9ś11].

Nevertheless, these works are limited to 2D path discovery.

As evident from our results in Eq. (1) and Eq. (3), extracting

the elevation angle for 3D localization is not possible with a

single-slit waveguide that creates a fan-shaped beam for a given

input frequency. This paper introduces the first dual-slit THz

leaky-wave antenna that is able to able to efficiently perform 3D

localization. Using a single anchor, we show how to jointly estimate

range, elevation, and azimuth angles via one-shot non-coherent

measurements. Finally, we exploit leakage geometry together with

polarization diversity to increase resilience against background

reflections and non-idealities of the antenna.

7 CONCLUSION

In this paper, we present 123-LOC, a novel structure that enables

non-coherent 3D localization in the THz range. 123-LOC adopts

the inherent dependency of emission angle with frequency

in leaky-wave antennas to create distinct 3D angular-spectral

fingerprints for joint estimation of azimuth angle, elevation angle,

and TX-RX distance. The proposed architecture incorporates a

metal parallel-plate waveguide in which two perpendicular thin

slits are cut on the top plate. We create 3D angular dispersion by

injecting a THz impulse and enabling simultaneous emissions from

both slits. To distinguish the spectral patterns originated from each

slit and mitigate NLOS reflection, 123-LOC exploits diversity in

polarization and leakage geometry. Our over-the-air experiments

show that 123-LOC achieves angular positing estimates within 1
◦

of ground truth jointly with millimeter-scale ranging accuracy.
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