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Experimental Analysis of Single and Multiple
Antenna Units in Uplink of Radio-over-Fiber
Distributed Antenna System

Anthony E. Aighobahi, Philippos Assimakopoulos, and Nathan J. Gomes
Communications Research Group, University of Kent, Canterbury, UK
Emal: aea25@kent.ac.uk

Abstract— Increasing the number of antennas either at the
transmitter or receiver has been shown to improve system
reliability without occupying additional spectrum. In this paper,
we experimentally investigate the error vector magnitude (EVM)
of single and multiple remote antenna units (RAU) focusing on
uplink transmission. We demonstrate that for 64-QAM
modulation, the EVM requirement of 6.5% could be achieved
with multiple separated RAUs in situations where a single RAU
fails to meet this requirement. The EVM result was obtained as
the transmitting device was placed at different locations in a
typical office environment with OFDM signals gathered through
the RAUs and brought back to a central unit for processing. The
EVM results show that using multiple RAUs and an efficient
signal combining technique, here, maximal ratio combining
(MRC), the EVM performance could reduce by approximately
2% when the distance between the RAUs was 0.3m and further
reduced by 4% and 6% when the inter-RAU distance was 2m
and 4m, respectively, compared to a single RAU.

Keywords— Distributed antenna  system;
Maximal ratio combining; Spatial diversity

Radio-over-fiber;

merely a distributed set of antennas, with little or no
processing capability, that exchange radio frequency (RF)
signals with the CU where all the signal processing such as
modulation, demodulation, multiplexing, de-multiplexing,
handover, diversity and protocol transformations are carried
out[5].

MIMO has been adopted in most new wireless
communication standards, such as WiFi, LTE and WiMAX, to
provide increased capacity and spectral efficiency while
improving the link reliability compared to the traditional
single antenna technology. It helps to solve the fading problem
experienced by conventional wireless systems where the
received signal quality varies unpredictably causing the signal
strength to reduce. The integration of RoF-DAS and MIMO
can bring about improvement in throughput performance.

In [6] we investigated the throughput performance af
commercial MIMO access point in a DAS where we
demonstrated the benefits of transmitting MIMO signals using
RoF-DAS sincét enables the separation of MIMO antennas to

allow an additional degree of freedom. The usual small

I. INTRODUCTION
As the demand for higher data rates by growing number@ntenna separation limits the system capacity due to the
8 tively high correlation of the signals being received

of wireless users increases, it has become necessary to dever}\ h 50 | . d 3x3 MIMO .
a system that will improve wireless coverage and capacity,hg\fv ei;qp?c?veg dati?otlvﬁsﬂgatirfor;ance thzceusgnpo'ggltf
especially in an indoor environment where 80-90% of wireles AS [7] pThese workg vFvJere pbased on commercial pgroducts

data traffic originates[1]One approach is to redesign the = ;
network infrastructure, and the most popular method§lnd the specific MIMO algorithms used were not known.

currently deployed are femtocells, relays and distributed The spatial diversity technique is a form of MIMO where
antenna systems (DAS). DAS has attracted much attef@ion multiple transmitting or receiving antennas enable a variety of
4] because of its ability to produce high quality coverage, o signal paths. The advantage of spatial diversity is that the
interference and high signtd-noise ratio (SNR) and, using chances of correctly receiving the data are increased. Maximal
different techniques such as higher order modulationsatio combining (MRC) is a spatial diversity technique that
orthogonal  frequency-division — multiplexing (OFDM), combines the signals from multiple diversity antennas
advanced coding schemes and, more recently, multiple-inpaimplifying the better signal while the poorer signal is
multiple-output (MIMO) schemes, it can widely improve attenuated to achieve the maximum spatial diversity order
wireless access rates. when there is less spatial correlation between the antennas.

In DAS, remote antenna units (RAUs) are geographically In this paper, we investigate the potential benefits of the
deployed and connected to a central unit (CU) using either afaximal Ratio Combimg (MRC) algorithm in RoF-DAS
out band radio link, dedicated cables, digital optical networlyplink. This paper compares the resufsthe performance
or Radio-over-fiber (RoF) link. A" RoF link has key using single and multiple RAUs in uplink transmission. The

advantages such as simple configuration, low loss to improugxperimental setup is described in Section Il whist the results
signal transmission and low infrastructure cd$te RAUs are
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analysis is shown in Section Ill. Conclusion are presented idistances to examine this effect. At first, the RAUs were
Section IV placed relatively close to each other (Tal and Ta2) at a
separation of 0.3m; thereafter, the RAUs were separated (Tb1
Il EXPERIMENTAL SETUP and Th2) at a distance of 2iand then further separated (Tcl
Fig. 1 shows the experimental setup of the uplink signaind Tc2) at a distance of 4m. The testing room is a typical
transmission of RoF-DAS The transmitted signal was office room with common office furniture (desks, chairs and
processed using MATLAB/Simulink software. Pseudo-computers). The RAUs were placed on a wooden platform
random data were generated and converted to parallel setseftension on some of the desks so that the signals were
bits for the 64-QAM-OFDM processing. The OFDM signal generally radiating above the other desks. The Error Vector
processing includes 2048 IFFT siZd) pilot subcarriers, 92 Magnitude (EVM) measurement was obtained after
zeros and CP size of4l(other parameters are given in Table positioning the transmitting AWG (the mobile user) at
1). The 1/Q samples were downloaded onto a Tektronixifferent locations A, B, G1-4) in the room, to determine the
Arbitrary Waveform generator (AWG) 7122C and signal transmission quality.
unconverted toa Radio Frequency (RF) signal at a carrier
frequency of 2.4GHz, and the RF signal was transmitted to the

RAUs. The receiver (Tektronix DPO 72304DX) was placed TABLE I. OFDM SIGNAL PARAMETERS

in the central unit while the transmitter and RAU were in a Parameters Values
separate room. The RAUs receive the transmitted signal ard Carrier Frequency 2.4GHz
perform RF amplification and electro-optic conversion veth
directly modulated laser diode. The gains of the amplifier§ 5p\ N'FFTLength 2048
. . . umber of zeros 384
were set to use the linear region of the laser diode and at the
point where the received signal would experience less noise Number of Pilots 8
and distortion Both laser diodes were connected2®meter CPsize 1/4
lengths of single mode fiber (SMF) and thea the QAM Modulation 64
photodiodes in the CU. TheoR link, consisting of the direct Bandwidth 32MHz
modulated laseroptical fiber and direct detection Photodiode RAU Transmit power ZdBm

(PD) had a loss d?5dB; therefore we place an amplifier with
20dB gainbefore the oscilloscope to increase the level of the RoF link gain -25dB
received signal. The received signals are saved in MATLA
format in the oscilloscope so that they can be demodulated
offline and combined using the MRC algorithm.

Fig 2 shows the layout of the testing room where the
RAUs and the transmitter were placed. One of the benefits of
DAS is it enables antenna separation and larger distance can
reduce spatial correlatido provide improved signal reception
possibilities for the wireless user. Measuretaemere this
carried out when the two RAUs were separated at different
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To evaluate the performance advantage of the two receive.
antenna system in RoF-DAS, we also obtained EVM resull
for the single antenna transmission to be used as a baseline 1=
comparison. The EVM measurement for this case was take **
when the RAU was at location Tal shown in Fig. 2. 10

8
6

I1l. EXPERIMENTAL RESULTS a

Figures 34 and 5 show the EVM results obtained from the
12 transmitting locations (four in each row) in the typical
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The threshold for EVM for 64QAM modulation is 6.5%

| shown by the blue line in Figs. 3, 4 and 5, the lower EVM
ET TE f T RAU result would thus enable higher achievable data rate. The
results obtained from 2m and 4m RAU separation distance
| when the two RAUs received the signal are below the
threshold EVM for 64-QAM modulation and therefore would
enable these higher data rates. This was made possible by
DAS since it allows antenna separation and thus the RAUs
receives signathrough a variety of paths. Furthermore, the
results clearly show that with two RAUs together and the
MRC signal processing technique, the EVM could reduce by a
2% when the inter-RAU separation distance is 0.3m, and 4%
at 2m separation distance and 6% at 4m as shown in Table 2.

0.3m_B

B2 B3 B4

single
multiple

office environment for the single RAU case and for the twdrig 3. EVM result of rows A, B and C for single andltiple unit at inter-RAU

RAU case with the different inter-RAU separationghe  Separation distance of 0.3m.

graphs also show the standard deviation results at each
measurement point. The total transerifpower was set to7

dBm and the gain of the amplifier in the RAU was set to 2( »
dB to ensure that the laser diode was drivents linear 12
region. The RoF link has a loe25dB, therefore an amplifier 1o
was placed before the oscilloscope with 20dB gain to reduc
the loss of the link and to allow correct demodulation of the
received signal. The RAU collects the signal from eacl
location in the room as the transmitter (AWG) is movec
around, after which it is transported back to the CU, and th~
EVM of the signalcapured on the oscilloscope was measurec
using MATLAB offline processing. The EVM gives an
indication of transmission quality and a minimum value is *
often specified in advanced radio systems with comple
modulation schemes. EVM and Carriernoise ratio (CWR)
are related through the following equation: [8]

o N P O

CNR = -(r+20log[EVM/(100%)]),

-
o N B O ®oO

Al

c1

2m_A

g

cz

A3

ca

separation distance am.

where r is the peato-average energy ratio of the QAM
constellation and is 3.7 dB for 64QAM and 4.2 dB for 256-
QAM. Using this equation, the EVM requirement becomes
6.5% for 64-QAM and 3.1% for 256-QAM [8].

ca
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(1) Fig 4. EVM result of rows A, B and C for single andltiple unit at inter-RAU
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separation distance of 4m.

TABLE Il. REDUCTION IN THE MEAN EVM PER ROW COMPARED TO THE SINGLE

ANTENNA CASE AND STANDARD DEVIATION RESULTS

0.3m 2m 4m

R SD R SD R SD

A 1.62 -0.56 4.66 -0.81 6.21 -0.57

B 2.70 0.05 5.13 -0.29 6.08 -0.82

3.60 0.36 5.00 -0.30 5.96 -0.65

R = Reduced EVM (%) per row SD= Standard Deviation

IV. CONCLUSION

(1]

(2]

E]

(4

(5]

(6]

(7]

8l

We demonstrated that the larger antenna separation

distances made possible by RoF-DAS makepossible to

achieve higher spatial diversity since there is less correlation
between the receiving antennas. We presented the EVM
results of the performance of uplink transmission of single and
multiple remote antenna units and we observed that when the
RAUSs receives the signal from two receiving antennas, there

was improved EVM performance of approximately 2% with
antenna separation distanoé 0.3m and 4% and% with
antenna separation distarme2m and 4m, respectively, using

the MRC signal processing combing technique. The EVM
performance of the separated antenna distance of 2m and 4m

are below the EVM required for 64-QAM modulation.
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