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Abstract—In this paper a measurement campaign in a real
Data Centre at 300 GHz and recent results are presented.
The measurements are performed with a UWB sub-mmWave
channel sounder and classified in general characterisation, top-of-
rack and intra-rack measurements. The individual measurement
setups as well as the methodology are explained. In a first step,
the measurements are evaluated regarding the path attenuation,
the power delay profile (PDP) and the power angular spectrum
(PAS). The PDP as well as the PAS give comprehensible results,
which are explained by the scenario’s geometry. The path atten-
uation shows reasonable results compared to the free space path
loss and demonstrates that wireless communication at 300 GHz
in a Data Centre is possible.

Index Terms— Propagation, Measurement, Channel Sounding,

Data Centre, THz, sub-mmWave

I. INTRODUCTION

More and more devices are connected to the Internet. New

applications like cloud computing or the digital industrial

transformation will increase the performance requirements for

Data Centre Networks (DCN). Data rates of 100 Gbit/s as well

as a high reliability will be necessary in order to respond to

the upcoming needs. Measurements of the DCN traffic have

shown that congestion loss is often caused by sporadic, short

traffic bursts [1]. Furthermore, the raising cabling complexity

in growing DCN limits the reconfigurability and is responsible

for high maintenance and cooling costs [2].

Recent publications propose introducing additional wireless

links in the DCN for the purpose of higher reconfigurability

and dynamic operation [3], [4]. A demonstration of the inte-

gration of 60 GHz links was performed in [5], which showed

a speed-up of network-limited Data Centre (DC) applications

by 45 % in 95 % of the examined cases. Because of the

available bandwidth at higher carrier frequencies, the THz

range promises a higher data rate [6] and a lower interference

due to the directional antennas and the higher free space path

loss (FSPL). The integration of THz links into a DCN is a

current research topic of interest to end users and DC operators

[7].

For designing a novel communication system, the knowl-

edge of the radio channel and the propagation characteristics in

the DC are mandatory. A first analysis of the radio channel at

THz frequencies was presented in [8]. However, the results are

based on simulations only. This paper presents the first mea-

surements at 300 GHz carried out in a real DC environment,

the Dell EMC Research Data Centre, Cork, Ireland. This DC

is built in a thermally efficient way where the air is separated
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Fig. 1: General P2P measurement setup to capture reflection properties of the
racks

into hot and cold aisles by plastic curtains attached to the

ceiling. Figure 1 gives a general impression of the topology.

In a modern DCN, a rack can be seen as the base unit. The

communication scenarios can therefore be divided into inter-

rack communication and intra-rack communication. The inter-

rack measurements discussed in this paper are classified into

General Characterisation (GC) looking at general propagation

characteristics in the DC and Top-of-Rack (ToR) investigating

the near area on top of the racks. Since in a real DC most

of the traffic passes the ToR switch, the latter is likely

to be used for future communication links. Both categories

have been measured in a Point-to-Point (P2P) configuration

and rotational configuration scanning the whole horizontal

plane. Intra-rack measurements were only measured in a P2P

configuration because of size limitations within the rack.

The remainder of the paper is organised as follows. Section

II presents the measurement setups for each measurement

category in detail. Afterwards, some results for selected mea-

surements are shown in Section III. Finally, the paper is

summarised in Section IV.

II. MEASUREMENT SCENARIOS

The measurements were conducted with an ultra wide

band (UWB) sub-mmWave channel sounder. The channel

sounder’s base unit distributes a 9.22 GHz clock signal to all

UWB sensor nodes. The sensor node of the transmitter (TX)

creates an M-sequence that is converted to sub-mmWave

range by the frontend. At the receiver (RX), the received

signal is converted down to the baseband and sampled. Then

a correlation is performed in the control laptop to obtain
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Fig. 2: P2P reflection measurement setup

the channel’s impulse response (IR). The measurement setup

presented in this paper uses horn antennas with a gain of

26.4 dBi and a half power beam width (HPBW) of 8.5◦.

Further information on the channel sounder can be found in

[9].

A. General Characterisation Measurements

The GC measurements as part of the inter-rack communi-

cation aim at characterising the propagation mechanisms in

the DC and especially the electromagnetic properties of the

racks. GC measurements have been carried out as P2P and

Full-Omni 360◦ (FO) rotational measurements. TX and RX

were placed in such a way that general propagation properties

and special propagation phenomena of the DC environment

were captured to characterise the DC’s geometry and material

parameters and provide a calibration and comparison basis

for future propagation simulations. Figure 1 shows a P2P

measurement setup measuring the reflection on the front of the

rack. A comparison measurement with a metal plate attached

to the rack’s front at the point of impact serves as a reference.

Further P2P measurements deal with the reflection on a

metal plate placed in the DC and serving as a reflector,

the floor or the ceiling in order to provide connection be-

tween racks under a non-line-of-sight (NLOS) condition. As

mentioned above, the hot and cold regions in this thermally

optimised DC are separated by curtains, which might have

a severe influence on sub-mmWave propagation. Therefore,

reflection measurements and measurements with the maximum

possible transmission distance limited by the measurement

equipment were performed. Figure 2 presents the complete

measurement setup for the P2P reflection measurement. TX is

placed on a tripod at a height of 2.55 m and perpendicularly

to the curtains transmitting to the right. RX is placed directly

behind TX at the same height looking to the right, too. This

measurement is discussed further in Section III.

The second type of measurement, the FO rotational mea-

surements, characterises the wave propagation in the complete

horizontal plane. Therefore, TX and RX are each mounted

on top of a programmable rotational unit. They are aligned

TX

RX

Rotation Unit

Rotation Unit

Fig. 3: setup for the measurment GC FO scv

to the direct path as an initial position and the horizontal

plane is sampled in steps of 8◦, which is trade-off between

the antenna’s HPBW and the overall measurement duration,

recording the IRs for all combinations of the angle of arrival

(AoA) and the angle of departure (AoD). In addition to a tem-

poral evaluation, this methodology allows a spatial analysis,

too. The measurement setup for the FO measurement is shown

in Figure 3. TX as well as RX are located at a height of 1.51 m

for all FO GC measurements. The scenarios are summarised

in Table I which provides further information on the distance

d between TX and RX, the ambient temperatures TTX and TRX

near TX and RX, respectively, and the polarisation.

TABLE I: Overview of GC FO measurements, identifier explanation: long (l),
short (s) measurement distance; cold (c), hot (h) aisle temperature; vertical
(v), horizontal (h) polarisation

Identifier d [m] TTX [◦C] TRX [◦C] polarisation

GC FO lcv 12.52 26.6 26.6 vertical
GC FO scv 3.66 26.6 26.6 vertical
GC FO sch 3.66 26.6 26.6 horizontal
GC FO lhv 12.47 30.4 30.4 vertical

B. Top-of-Rack Measurements

The second inter-rack measurement category deals with

the ToR measurements. As presented before, the inter-rack

communication will likely use the space above the racks.

Therefore, the propagation in the near area of the rack top

is of special interest for the design of wireless THz links. In

contrast to the GC measurement, the ToR measurements aim

at simulating real ToR data transmission scenarios in the DC.

The P2P measurements thereby focus on the determination

of transmission and interference effects, when TX and RX

are placed on top of two racks in the same row or adjacent

rows. At first, TX is placed on top of the first rack and RX

is placed on top of the next rack in the same row. For each

measurement, the distance between TX and RX is increased

by at least one rack. Once RX reaches the end of the row, TX

is placed on top of the next row and TX and RX are aligned to

each other in order to fulfil the line-of-sight (LOS) condition.

Then, TX is shifted in such a way that the distance to RX
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Fig. 4: Schematic top view of the P2P interference measurement setup

decreases while staying on the same row of racks. For each

distance, two measurements are recorded. One with TX and

RX being aligned to each other and one where TX is aligned

in parallel to the rack row to quantify the interference between

an interfering link on the next row (TX) and the link of interest

(RX). This last configuration is illustrated in Figure 4.

In addition, the FO measurements provide a further possibil-

ity for characterising the ToR scenario. Therefore, the rotation

units are mounted on top of a support in such a way that the

antenna is located at a height of 2.10 m, while the standard rack

height is given with 1.90 m. Measurements were performed in

three different configurations. First, TX and RX were placed

in the same aisle (sa) with approximately the same distance

as in GC FO scv. Then TX was moved to the adjacent aisle

(aa) as shown in Figure 5 and finally moved to the next to

adjacent aisle (ntaa). Table II gives further information on the

ToR FO measurement setups.

TABLE II: Overview of ToR FO measurements, identifier explanation: same
aisle (sa), adjacent aisle (aa), next to adjacent aisle (ntaa); vertical (v),
horizontal (h) polarisation

Identifier d [m] TTX [◦C] TRX [◦C] polarisation

ToR FO sav 3.68 26.6 26.6 vertical
ToR FO aav 4.56 30.4 26.6 vertical
ToR FO aah 4.56 30.4 26.6 horizontal
ToR FO ntaav 7.33 21.9 26.6 vertical
ToR FO ntaah 7.33 21.9 26.6 horizontal

C. Intra-Rack Measurements

While the inter-rack measurements look at the communi-

cation of different racks, the intra-rack communication in-

vestigates a wireless information exchange of several servers

or blades within one rack. Therefore, channel sounder mea-

surements were performed to investigate the influence of the

distance between TX and RX and the occurrence of other

servers in the near area of the transmission on the channel.

These measurements are not in focus of this paper and will

be discussed in a future publication.

Fig. 5: measurement setup for ToR FO aah

III. FIRST RESULTS

Before the measurement data can be used for evaluation,

a calibration of the data needs to be done in the post pro-

cessing. The channel sounder’s hardware causes some echoes

in the IR that do not originate from the channel. Hence,

the channel sounder’s intrinsic IR is measured in a back-

to-back measurement where TX and RX are connected via

waveguides. The IR obtained in this way is then removed from

the measurement data by deconvolution. However, in some

cases the impairments still remain in the measurement data in

a weaker form, but the results presented here are not affected

by this. Further investigations regarding the calibration process

are required, but also in general, the calibration process for

THz devices is an ongoing research topic [10].

Since the measurement campaign comprises a lot of dif-

ferent scenarios, some recent results will be presented in this

paper. The radio channel in a DC scenario is usually assumed

to be static. Figure 6 shows the normalised time variant power

delay profile (PDP) of the GC FO lcv direct path measurement.

The delay of the main peak of 41.72 ns corresponds well

to the distance between TX and RX. Furthermore, one can

clearly see that in fact the channel is time invariant and

thus the assumption mentioned above is valid. This enables
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Fig. 6: Normalised time variant PDP of the GC FO lcv direct path measure-
ment
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Fig. 7: Path attenuation vs distance for all direct paths of FO measurements

the averaging of the measurement data of one measurement

sequence in order to further improve the signal-to-noise ratio.

Another aspect of interest is the comparison of the mea-

surement results of the direct path and the FSPL given by

GFSPL,dB = 20 log

(

λ

4πr

)

(1)

where λ denotes the wavelength and r denotes the distance

between TX and RX. Figure 7 shows the absolute path

attenuation for the direct path measurements of all FO setups.

The red line gives the FSPL as a function of the distance, the

blue crosses represent all direct paths in a LOS scenario, the

green circles represent the ToR FO aa measurements and the

orange plus the ToR FO ntaa measurements.

The LOS measurements show a good agreement to the

FSPL with a maximum absolute error of 2.95 dB. Compared

to literature, the absolute error stays in an acceptable range

for THz measurements [10]. The higher attenuation for the

ToR FO aa and ntaa measurements can be explained by the

plastic curtains which are located between TX and RX for

these setups. Per row of curtains, an additional attenuation in

the order of 7 dB is added. However, the absolute attenuation

remains in a range where data transmission with cutting-edge

electronic devices and high gain directive antennas is possible

[11].

The reflections of the curtains have been investigated further

in the P2P reflection measurement, which is mentioned in

Figure 2. Figure 8 shows the normalised PDP of the P2P

reflection measurement. At least three striking peaks can be

spotted with a delay of 6.62 ns, 34.36 ns and 47.09 ns, respec-

tively. The distance between the curtains was measured with

a laser distance meter and amounted to 4.114 m and 1.890 m,

respectively. This matches the distances derived from the PDP

with 4.16 m and 1.91 m resulting in a maximum absolute error

of 0.046 m. It is noteworthy that the reflected power highly

depends on the incidence angle between the wave vector and
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Fig. 8: Normalised PDP of the P2P reflection measurement

the curtain’s normal. In a second measurement, TX and RX

point towards the specular reflection point of the first row of

curtains with an incidence angle of 8◦. The power reflected by

the first row increases by 9.2 dB, whereas the power reflected

by the second and the third row decreases by 11.4 dB and

17.7 dB, respectively.

The correlation between the geometric environment in the

DC and the measurement results could be observed further

in the power angular spectrum (PAS) of the GC FO mea-

surements. In the PAS, the received power normalised to the

maximum received power is plotted as a function of the AoA

and the AoD which are organised clockwise. The direct path

is located at an AoA and an AoD of 0◦ and 0◦, respectively.

In Figure 9 on the left, the PAS of GC FO lcv is shown,

whereas on the right, the PAS of GC FO scv is presented.

For comparison, both spectra are normalised with respect to

the overall maximum, the direct path of GC FO scv. The

main difference between those two measurement setups is

the distance between TX and RX. For a longer distance, the

propagation paths are concentrated at rather small angles since

the scenario is stretched in comparison to the shorter distance

where the propagation paths have a bigger spread.

IV. CONCLUSION

This paper presents a measurement campaign in a real

data centre at 300 GHz and shows the different measure-

ment setups. Measurement scenarios have been divided into

inter-rack measurements, which are split further into general

characterisation and top-of-rack measurements and intra-rack

measurements. For the inter-rack measurements, two mea-

surement methods were applied. The P2P measurements look

at propagation scenarios of special interest, whereas the FO

measurements give also a spatial analysis. The first evaluation

shows that the measurement data comply with the theory and

that wireless data transmission at 300 GHz is possible with

regard to the absolute channel attenuation.
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Fig. 9: PAS of GC FO measurements normalised with respect to the direct path of GC FO scv; left: GC FO lcv, right: GC FO scv
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