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ABSTRACT

THz communication can realize the next order of magnitude in data

rate and user densities due to the availability of wide THz-scale

spectral bands. Wide bandwidth links can exhibit angular disper-

sion, i.e., frequency-dependent radiation direction. While angular

dispersion has enabled path discovery and dynamic beam steer-

ing via frequency tuning, multi-user communication in THz links

remains an unaddressed challenge.This paper presents the �rst

study and performance evaluation of multi-user THz WLANs with

angularly dispersive links. We employ a single parallel-plate Leaky-

Wave Antenna (LWA) for THz directional transmission and present

a multi-user communication strategy that exploits angular disper-

sion and angular separation of users and provides all-spectrum

access to users located in di�erent directions with the objective of

aggregate rate maximization. With analytical model-driven evalua-

tions and over-the-air experiments, we show how the multi-user

performance of an angularly dispersive LWA link fundamentally de-

pends on frequency, angle, and bandwidth utilized by users, through

non-linear mechanisms. As increasing bandwidth yields a larger

signal footprint in LWA links, we demonstrate that as compared

to the model prediction, not only is aggregate data rate maximized

with wider beams, but that the experimental link is far better even

for practical irregular beams with side lobes and asymmetry. Our

experiments demonstrate that by exploiting angular dispersion and

users’ angular separation, we can transmit without contention or

medium access control up to 11 simultaneous users.
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1 INTRODUCTION

Recent advances in WLANs have employed multi-user MIMO to re-

alize multi-Gb/sec data rates via multiplexing multiple data streams

in 60 GHz, as standardized in IEEE 802.11ad/ay [10, 19]. Today, THz

communications is envisioned as the key building block to realize

the next order of magnitude in data rate and user densities for the

next generation wireless networks [1, 7, 8, 14], thanks to the avail-

ability of the ultra-large bandwidth (0.1 to 1 THz) in THz spectrum.

These THz links exhibit a unique property of angular dispersion,

where higher frequencies radiate with maximum power towards

smaller angles. Yet, due to the high pathloss in THz regime, direc-

tional transmission is required and therefore LeakyWave Antennas

(LWA) which work on the same principle of angular dispersion

stands to a promising candidate for for THz scale networking. The

steering capabilities coupled with the wide bandwidth support of-

fered by angularly dispersive links such as such as those based on

LWAs has enabled beam steering by a simple mechanism of tuning

the carrier’s center frequency [16] and e�cient path discovery [11].

While all these works demonstrate the capabilities of angularly dis-

persive links to transmit and receive directional transmission from

a single user, realizing multi-user communication with angularly

dispersive THz links is still an open problem.

In this paper, we perform the �rst performance evaluation of

multi-user communication in THz WLANs with angularly disper-

sive links. In particular, we make the following contributions. First,

we characterize the key elements of a wideband multi-user LWA

link. We describe how the frequency-angle coupling property man-

ifests via a simpli�ed physics based analytical model. In particular,

since LWA is a parallel plate waveguide with an emission slot [22],

we treat the LWA slot as a �nite length aperture which produces

a di�raction pattern in the far �eld and �t closed form approxi-

mations for the single-antenna radiation pattern [12, 24]. We then

design the analytical model to characterize the SNR, bandwidth

utilization and rate in wideband multi-user LWA link.

The key challenge in multi-user LWA links is determining how

the spectral resources can be e�ciently allocated to the users to

target aggregate rate maximization. To achieve this, we propose All-

Spectrum Access with Angular Dispersion (A3D ), an all-spectrum

access transmission scheme that allows di�erent simultaneous users

to access the entire spectrum by sharing a single beamformed trans-

mission from the AP, despite being at di�erent locations. The core

idea is to exploit the key source of rate gain in SNR diversity among

users due to angular dispersion, i.e., inherent di�erences in the

spectral content of users at varying locations to manage the inter-

user interference and maximize aggregate rate. To study A3D , we

de�ne two baselines impacted by angular dispersion: i) Frequency

Allocation with Angular Dispersion (FAAD ) that restricts spec-

tral reuse and exploits the users’ spectral pro�les to optimize the

best frequencies split that yields a maximum aggregate rate, and

ii) Time Allocation with Angular Dispersion (TAAD ) policy that
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5 RELATED WORK

Multi-User Beamforming in Directional Systems. While prior

work has not addressed multi-user beamforming at THz, prior work

explores spatial multiplexing in mm-Wave spectrum in the context

of hybrid analog/digital system architecture design [2, 23], theoret-

ical capacity analysis [20] and user and beam selection algorithms

[4, 5]. However, THz spectrum has di�erent propagation character-

istics and thus requires di�erent system and node architectures for

spatial multiplexing. In contrast to practical antenna arrays in 60

GHz that have wider, irregular beam patterns that do not depend on

frequency and result in uniform rate across the transmission band,

we study a composite directional THz link with multiple frequency

channels which exhibits an angular dispersion property and results

in a unique angular spread in space with increasing bandwidth.

Moreover, prior work rely on multiple antennas at the transmitter,

which cannot be applied to the single antenna system we study. In

contrast, this is the �rst work to perform experimental evaluation

of multi-user beamforming for the THz band networks with the

single-element LWA link.

Experimental Study of Communication with LWAs. As

a key challenge for maintaining directional links, numerous re-

search groups have explored methods for steering THz beams. In

the THz range, the parallel-plate LWA has been shown to be a very

useful low-loss and low-dispersion platform for many purposes

[3, 17, 18, 21]. The steering capabilities coupled with the wide band-

widths o�ered by angularly dispersive LWA links has led to their

application in communication. For example, [13, 16] experimen-

tally demonstrates the capabilities of the LWA to both receive and

transmit directional transmissions supporting data rates upto 50

Gb/s. The authors in [15] analyzes interference in a network with

LWA transmitters, [25] demonstrated unique security properties of

angularly dispersive links, and [9] experimentally shows how the

NLoS paths yield higher rate over LoS paths in a single-user LWA

link. However, all of these works are focused on LWAs facilitat-

ing beam steering towards a single user, this work is the �rst-ever

use of LWA devices to experimentally investigate multi-user THz

communication using frequency-dependent beam patterns.

6 CONCLUSIONS

This paper presents the �rst performance evaluation of multi-user

communication in THzWLANs with angularly dispersive links. We

proposedA3D and using a mix of numerical studies and experimen-

tal measurements, we evaluated the multi-user aggregate rate gains

as a function of the angular separation of users and showed that

exploiting SNR heterogeneity among users is a key source of gain.

A unique �nding is that the experimental link exhibited far better

aggregate rates than the model, even for practical irregular beams

with side lobes and asymmetry. We next showed how widening

spatial-signal footprint, traditionally a source of rate loss in conven-

tional directional systems, provides a source of multi-user gain for

LWA links via A3D which exploits the SNR diversity and angular

dispersion to limit multi-user interference from widening beams.

We further increased group size and demonstrated how our A3D

scheme stands to be a promising contention-free and scheduler-free

candidate scheme for THz-scale networks that supports up to 11

simultaneous users in practice.
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