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Abstract—We have recently introduced a simple theoretical
model for estimating the relative throughput of LTE devices. We
validated the model through measurements performed in
reverberation chamber for 1×2 SIMO with 90ns channel delay
spread. In the present paper, we extend our previous study to
compare the frequency diversity offered by different channel
delay spreads emulated in reverberation chamber for SISO and
1×2 SIMO configurations.

I.

INTRODUCTION

Long Term Evolution (LTE) is the latest wireless
communication standard after WCDMA and GSM. The 3GPP
LTE standard [1] includes orthogonal frequency division
multiplexing (OFDM) and multiple-input multiple-output
(MIMO) technology, which makes LTE unique in terms of
high reliability, which is obtained through the exploitation of
both spatial and frequency diversity. The idea behind diversity
is to ensure that the transmitted data reach the receiver through
independent signal paths [2]. This makes a system using
diversity techniques robust against strong reductions in the
signal strength due to channel fading.
Reverberation chambers can emulate rich isotropic
multipath environments suitable for testing of small antennas in
wireless devices [3]. It has recently also been shown that
MIMO-LTE throughput, which is one of the key performance
metrics for wireless terminals, can be easily measured in a
reverberation chamber [4]. Furthermore, a simple throughput
model, based on the concept of digital threshold receiver [4]
has been proposed and the corresponding predicted throughput
curves shown to agree with the measured throughput curves.
In this paper, we use the OFDM frequency diversity
formula in [4] to evaluate the dependency of the throughput on
the coherence bandwidth of the wireless fading channels
generated inside the reverberation chamber. We consider SISO
and 1×2 SIMO diversity configurations.
II.

THE SIMPLE THROUGHPUT MODEL

The throughput model proposed in [4] is motivated by the
observation that the error-rate curve of wireless transceivers
equipped with modern error correcting codes (see, e.g, [5]) and
operating over an additive white Gaussian noise (AWGN)
channel changes very steeply from about 100% error-rate to
about 0% error-rate as the average received power Pr exceeds a
certain threshold Pth. The relationship between error-rate ε and
throughput T can be expressed as:

T = R × (1 – ε).
Here, R is the maximum achievable data-rate for a given ideal
system. We have T = 0 when ε = 1 (i.e., 100% error-rate) and
T = R when ε = 0 (i.e., 0% error-rate). The value of Pth depends
not only on the modulation and coding schemes adopted but
also on the hardware components used in the transceiver, such
as LNAs, mixers, power amplifiers, antennas, etc. Hence, Pth is
not only configuration-specific but also device-specific. As
shown in [4], Pth can be characterized by means of conductive
measurements where the transmit power is increased until a
sharp change in the system throughput is observed.
When Rayleigh fading is present in the communication
link, the throughput curves exhibit a much smoother and
slower change from 100% to 0% error-rate i.e. from minimum
to maximum throughput. As shown in [4], this change can be
accurately described by the cumulative density function (CDF)
of the received power. The CDF is not only a function of the
antenna diversity configuration (SISO or SIMO) but also a
function of the amount of frequency diversity offered by the
fading channels (longer or shorter delay spreads).
III.

MEASUREMENT SETUP

The average path loss in the reverberation chamber is
measured with a vector network analyzer (VNA) by using
high-efficiency reference antenna inside the reverberation
chamber. As shown in Figure 1 (left), the LTE base station
and the wireless device are connected through cables for the
conductive measurements used to determine Pth; the loss due
to these cables is calibrated out. To conduct over-the-air
(OTA) measurements, both the LTE base station and the
wireless device are connected to antennas residing inside the
reverberation chamber; the wireless device and the LTE base
station are situated outside the chamber in shielded boxes, see
Figure 1 (right). Cable losses, internal losses of the antennas
and the average path loss inside reverberation chamber are
measured and calibrated out. To generate wireless channels
with different delay spreads [6], the reverberation chamber is
loaded with different number of absorbers thereby changing
the path loss inside the reverberation chamber. Therefore,
separate calibration measurements are performed for each
loading case of the reverberation chamber to ensure low
uncertainty. The loads also increase the average Rician Kfactor [7] in the chamber, and thereby increase the
measurement uncertainty, but it is still quite acceptable [8].

A Rhode & Schwarz’s CMW500 LTE base station
simulator and a Huawei’s LTE USB dongle are used as
measurement instrument and device-under-test (DUT)
respectively. The uplink (UL) and downlink (DL) modulation
schemes used are QPSK and 64-QAM respectively. The
measurements are performed using Band 7 (i.e., DL channel
number 3100, DL frequency 2655 MHz) and 10 MHz
bandwidth. We average 100 measurement samples for each
power-level.
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Figure 1: Conductive (left) and OTA Measurement Setup (right)

IV.

RESULTS AND CONCLUSION

The throughput was measured for the delay spread of 35ns,
85ns, and 215ns, corresponding to coherence bandwidth Bc of
approximately 8 MHz, 3 MHz, and 1.3 MHz, respectively, for
SISO and 1×2 SIMO configurations. The measurement results
with 35ns, 85ns, and 215ns delay spread cases are plotted
against the theoretical results obtained using the simple model
devised in [4] corresponding to 1, 2, and 3 independent number
of frequency diversity channels Nfd respectively, with a
constant C = 0.45. The agreement is good. We expected a
larger diversity gain for this setting. It seems that the OFDM
implementation under consideration does not exploit all the
frequency diversity provided by the channel. From SISOconductive measurements, we get Pth = -77.8 dBm. Note that
we have adjusted the threshold value slightly as shown in the
legends to align the curves, and verify whether their slopes
match. The good agreement is in line with similar results
observed when measuring passive devices, including
comparisons with measurements in anechoic chambers [9].
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