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Abstract— This paper presents characterization of 300 GHz
channel with optical lenses for wireless rack-to-rack data cen-
ter communications. Measurements are conducted in line-of-
sight (LoS), obstructed-LoS (OLoS), reflected-non-LoS (RNLoS),
and obstructed-RNLoS (ORNLoS) scenarios, which evaluate the
impact of obstructions such as cables on THz propagation as
well as possibility of using existing metal objects as reflectors
that guide waves for non-LoS type of links that are prevalent
in data centers. Since optical lenses are needed to extend the
communication range beyond 1m, we have evaluated path loss in
such an environment and estimated path loss model parameters.
The results indicate that optical lenses create a waveguide-
like environment with PLEs of 1.54 in the LoS link and 1.36
in the RNLoS link. Multiple reflections are observed in PDPs
when lenses are used to extend the distance but they decay
as the distance increases. Additionally, reflector in the RNLoS
link preserves multiple reflections longer than traditional LoS
link and thus limit the coherence bandwidth Bc. Finally, when
obstructions are present, the ORNLoS link has lower pathloss
at distance beyond 130 cm and has less multipath compared to
the OLoS link. If obstructions caused by cables are unavoidable,
ORNLoS link performs better than OLoS link.

I. INTRODUCTION

Data centers have become a critical component of cloud

computing and storage [1], [2]. A fundamental need inside the

data centers is reliable and high-speed connectivity between

racks and blades in a data center [3]. Both metal wires

and optical waveguides have been traditionally used in data

centers, but they are increasing assembly cost, maintenance

cost, operating cost, service time, cooling efficiency, etc. [1]–

[11]. According to [12], cabling cost may take up to 3–8 % of

the overall infrastructure budget. Cable bundles between server

racks can lead to airflow blockages which may cause increased

power consumption for cooling or failure of computers [13],

[14].

One possible solution for data center rack-to-rack links

is to use wireless communications. This solution will not

only alleviate cable management, serviceability, and packaging

constraints, but also reduce latency by providing direct com-

munication [1]–[3], [5]–[11], [15], [16], e.g., from one rack to

the rack in the next isle, as opposed to the traditional approach

of routing cables above racks or down to the floor where they

are connected to a router/switch. A key challenge for wireless

communication in data centers is that the required data rates

in existing systems are already in the hundreds of gigabits
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per second [17]. Terahertz (THz) wireless communication

has several key advantages that can be combined to achieve

the required data rates and to facilitate wireless data centers

[3], [10], [11], [18]: sufficient available bandwidth around

the carrier frequency—an IEEE 802.13.3d standard for THz

communications proposes a data rate up to 100 Gbit/s at

252–325 GHz with 73 GHz bandwidth. Smaller antennas and

antenna spacing at THz frequencies provide more multiple-

input multiple-output (MIMO) antennas/channels within the

same array aperture to reach Tbits/s data rates. Direction-

ality of propagation at THz frequencies results in reduced

interference and increased isolation. Furthermore, data centers

provide controllable environmental conditions such as a low

moisture atmosphere and limited channel mobility, which can

be favorable for THz wave propagation. To develop THz

communication systems, THz propagation needs to be charac-

terized in a data center environment. While stochastic channel

models for THz wireless data centers have been reported in

[10], [11], [19], no channel measurements for THz rack-to-

rack communications in data centers have been reported.

This paper presents characterization of 300 GHz chan-

nel with optical lenses for wireless rack-to-rack data center

communications. We have performed measurements in four

different wireless data center scenarios: 1) line-of-sight (LoS),

2) obstructed-LoS (OLoS), where the EM waves travel through

clusters of cables, 3) reflected-non-LoS (RNLoS) link, where

a metal reflector is used to guide signals in desired direction,

4) obstructed-RNLoS (ORNLoS) with obstruction of cables

placed between the Tx/Rx and the reflector. We investigate

these four scenarios to evaluate the impact of obstructions such

as cables on THz propagation as well as possibility of using

existing metal objects as reflectors that guide signals for non-

LoS type of links that are prevalent in data centers.

We start by analyzing path loss in a rack-to-rack data

center environment. Results indicate that optical lenses create

a waveguide-like environment with path loss exponents (PLEs)

of 1.54 in the LoS link and 1.36 in the RNLoS link. Multiple

reflections are observed in power delay profiles (PDPs) when

lenses are used to extend the distance. Additionally, reflector

in the RNLoS link preserves multiple reflections longer than

traditional LoS link and thus limits the coherence bandwidth

Bc and the maximum data rate. Furthermore, the optimal

LoS Tx–Rx separation distance that results in the widest

Bc (around 7 GHz) is identified at distances between 180–

210 cm. Finally, when obstructions are present, the ORNLoS

environment experiences about 5 dB less loss at distances










