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Abstract- A novel MIMO model based on singular value
decomposition of matrix is proposed in this paper. A corridor to
stair MIMO measurement at 2.6GHz is conducted in order to
evaluate the performance of the novel model. The joint DoA-DoD-
delay power spectrum and the channel capacity of the model are
compared with those obtained from the measured channels. The
results show clearly that the joint DoA-DoD-delay power
spectrum and the channel capacity of the novel model provides a
better fit to the measured data than other models.

I.  INTRODUCTION

LTE(Long Term Evolution), as one of the key technologies
for 4G wireless communication systems, has been put forward
to support high rates and large capacity gains. For LTE system,
the use of MIMO(Multiple-Input Multiple-Output) combined
with OFDM(orthogonal-frequency multiple access) is the most
promising strategy[1]. In China, the allocation spectra for
indoor LTE wireless communication system is from 2.5 GHz
to 2.69 GHz. Accurate MIMO channel model is an important
tool to enhance the performance of LTE wireless
communication system. In the past years, several MIMO
channel models have been proposed. They can be classified
into physical models and analytical models [2,3]. Physical
models describing electromagnetic ~wave propagation
environment are independent of the antenna configuration.
Saleh-Valenzuela model [4,5], Zwick model [6], geometry-
based stochastic model(GSCM) [7] are three typical physical
models. On the other hand, analytical models considering
antenna array configuration are often used to describe the
channel impulse response(CIR) matrix.

Among all the analytical models, Kronecker model [8],
Weichselberger model [9] and virtual channel representation
model [10] are the most typical models. Kronecker model
based on the assumption that the spatial correlation coefficient
at the transmitter (receiver) is independent of receiver
(transmitter). That is to say the one-sided spatial correlation
matrix of transmitter (receiver) is independent of receiver
(transmitter). It is confirmed that this assumption is in general
too strict for channel by realistic channel measurements.
Different with Kronecker model, Weichselberger model is
based on the assumption that the eigenbases of one-sided
spatial correlation matrix at the transmitter (receiver) depend
on the environment, i.e., number of antennas, positions, and
scatterers. However, it is shown that this assumption holds
only approximately and the eigenbases are also influenced by
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the spatial structure of transmit signals in [11]. In [10], Sayeed
develops a virtual channel representation model that the
eigenbases at the transmitter and receiver in Weichselberger
model are replaced by the steering matrices into the virtual
angles at the transmitter and receiver respectively. The virtual
channel representation model is only available for uniform
linear arrays (ULAs) and spatial resolution of the model
deponds on the antenna array size.

In this paper ,a novel MIMO channel model is presented
based on the singular value decomposition (SVD) of matrix.
Measurement setup and environment are described in PartIl.
In Part III, a novel MIMO model based on the singular value
decomposition of matrix is established. In Part IV, measured
results and model results are shown to evaluate the
performance of the novel model.

Throughout the paper, we will use the vec(:) operator that
stacks the columns of a matrix into one vector. The
superscripts [-]", [-]", []" stands for complex conjugate matrix
transpose operator, matrix transpose operator, and complex
conjugate operator, respectively. The symble ® stands for the
Kronecker product of two matrices. Finally, E(-) denotes the
expectation operator.

II. MEASUREMENT SETUP

A.  Measurement System

Fig.1 shows a 2x2 MIMO measurement system conducted
by Agilent 8753ES vector network analyzer (VNA). The VNA
generates a 20MHz swept signal at a center frequency of
2.6GHz. The transmitted power is 10 dBm. The transmit and
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Figure 1: block diagram of MIMO measurement system.



receive antennas are the same omnidirectional monopoles with
a gain of 3 dBi. Transmit and receive antennas are connected to
Agilent 34980A switch matrix respectively. The transmit signal
is amplified by a 20dB power amplifier. The receive signal is
amplified by a 20dB low noise power amplifier and conducted
to the VNA via 20 meters coaxial cable. A lap top is used to
sample the measured data through GPIB interface and control
the switch matrix via LAN. The measurement is carried out
without moving persons to make sure of the time-invariant
channel behavior during one snapshot, which is about 20
seconds. We conduct measurement according to the transmit
antenna spacing and receive antenna spacing as 0.5, 1A, 2
respectively, where A is wavelength.

B.  Environment

As shown in Fig.2, the measurement environment is in an
office building that contains a 15m corridor to a stair through a
corner. This paper discusses not line of sight(NLOS) case that
the transmitter(Tx) is located on the corridor while the
receiver(Rx) is moved along the corner and stair. The floor is
marble and the ceiling is plaster at a height of 3.2 m. The stair
step is made of reinforced concrete with width of 133 cm,
length of 26 cm, and height of 16.5 cm. In order to obtain the
transfer function of each link(H;,, H,, H,;, Hy,), Rx is moved
on the prepared six locations(Rx6-Rx11) in the corner and stair
as shown in Fig.2.
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Figure 2: Layout of measurement environment: a) corridor, b) stairwell.

1. A SIGULAR VALUE DECOMPOSITION MIMO CHANNEL
MODEL

A The MIMO Channel Impulse Response Matrix
For a MIMO system with two transmit antennas and two
receive antennas, the relationship between transmitted and
received signals can be expressed as
y=Hx+n )]
where y is the 2 X1 received signal, x is 2X 1 the transmitted
signal and n is the noise. H is the 2 X2 CIR matrix whose entry
hy,, is the scalar valued frequency response between the nth
transmit antenna and the mth receive antenna[12].
H — [hll hl2 ] (2)
h21 h22
For a Rician fading channel, the CIR matrix is given by

K 1
H= ’\/EHLOS M/EHM (3)

where Hios reflects the contribution of line of sight(LOS)
componet and H,, reflects the residue stochastic part of CIR
matrix. K is the Rician factor. This paper discusses the NLOS
case only(Rx6-Rx11), then K=0. That is to say H=H.., and
corresponds to a Rayleigh fading case[12].
B.  Singular Value Decomposition Model

Based on the singular value decomposition, a novel model is
discussed in this part. According to singular value
decomposition of matrix, the 2 X 2 CIR matrix H can be
expressed as

H=Usv" (4)

o O 5
-3 o 5)

where o}, 6,(61=06,=0) are the sigular values of H, both U and
V are unitary matrices.

We proposed that the unitary matrix U(V) can be divided
into the determined part Uy(V,) and the stochastic part U(V,).
That is to say, U, V can be expressed as

U=U,xU, (6)

V=r,xV, (7
respectively. We difine that Uy(V,) is the eigen-matrix of recei
-ver(transmitter) and Uy(V,) depends on the environment.

Equation (6) and (7) are substituted into (4) and then H can
be modeled as

O H
j Vv ®)
O.

2

o-l
H=UU,
‘Lo

C.  Extractions of Model Parameters

In order to simplified model, we assume that U,, V, are any
stochastic two dimension unitary matrices.

For any stochastic two dimension unitary, U, can be

expressed as
NI ]

ae’®
U = 9
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where a, @, ,, ©; are real valued and j is the complex unit. We
assume that a is uniform distributed at interval [0,1] and ®,, ®,,
®; are uniform distributed at interval [0, 2m]. The stochastic
two dimension unitary V, can be assumed as same as U
Futhermore, from (8), we can get

E,(HH")=U,xA, xU} (10)

E,(H"H)=V,xA,xV] (11
where A1, /A2 are two diagonal matrices. Through eigen
decomposition of matrix Ey(HH"), the eigen-matrix of receiver
U, can be extracted. The eigen-matrix of transmitter V, can also
be extracted as same as U,

As we know, the sigular values o), o, are square root of
eigenvalues. In [13,14], Wonsop Kim has discovered that
eigenvalues of H follow Gamma distribution and developed the
model of eigenvalues about the correlation coefficient. From
the model in [13,14], we can easily get the expectation and
variance of eigenvalues and then determine the distribution of
eigenvalues. That is to say, the sigular values c1, 62 can be
determined easily.

IV. MobEL VALIDATION

In order to evaluate the performance of the novel model
presented in this paper, two metrics, the joint DoA-DoD-delay
power spectrum and the channel capacity of the model are
compared with those obtained from the measured channels.

A.  Joint DoA-DoD Power Spectrum
The Joint DoA-DoD Power Spectrum can be expressed
using the Bartlett beamformer[12,15]
Py, = (,(6,) ® 4, (6,))" X Ry X (a,,(6,) @, (6,))  (12)
Ry, = E, (vec(H)vec(H)") (13)
where Rygp is the full-correlation matrix, ars(61x), and agy(6rx)
are normalized steering vectors at Oy, Or respectively.
The computed DoA-DoD Power Spectrum can reflect the
spatial and delay characteristics of the radio channel. In order
to quantify the power spectrum differences, we use the

Kullback-Leibler  divergence(KLD) to  describe the
differences[16]. The KLD is defined as follows:
> B(x,)
7= | R(x,y)log=—"—dxdy (14)
ul P(x,y)
(15)

P(x,y)=R(x,)/ [ [ P(x,y)dxdy

where P;(x,y) is the DoA-DoD Power Spectrum.

The KLDs from novel modeled APS to the measured APS
can be calculated and the results are shown in Table I . In this
table, it can be seen that the KLDs between the measured APS
and the novel model are very small.

B.  Capacity

The ergodic capacity of MIMO channel with equally

allocated transmit power C can be determined as[17]

SNR

Czlogzdet(12+THHH) (16)

C=E,(C) (17)
where C is the channel capacity, I is an 2 X2 identify matrix,

TABLE 1
THE KLDS BETWEEN MODELED AND MEASURED JOINT DOA-DOD
ANGULAR POWER SPECTRUMS

KLD
Loc. 0.5\ Spa. 1A Spa. 2\ Spa.
Rx6 0.195 0.154 0.08
Rx7 0.01 0.01 0.019
Rx8 0.04 0.11 0.026
Rx9 0.007 0.017 0.013
Rx10 0.02 0.022 0.025
Rx11 0.01 0.014 0.011

SNR is the receive signal power to noise power ratio.
The 10% outage capacity of MIMO channel C,, can be calc-
ulated as[17]
P(C<C,)=10% (18)
The capacity error from models to measurement is defined
as

Error(%) :70,““2—% (19)
where Cioqe 18 the modeled capacity and C,,, is the measured

capacity.

The evaluation SNR is selected as 10 dB.

The ergodic capacity and the 10% outage capacity obtained
from the measured channels and the novel model are shown in
Fig.3 and Fig.4. For comparision, the ergodic capacity and the
10% outage capacity of Kronecker model and Weichselberger
model are also shown in Fig.3 and Fig.4. The ergodic capacity
errors and the outage capacity errors from each model to
measurement are shown in Tablell and Table III. The
averaging ergodic capacity errors from novel model,
Weichselberger model and Kronecker model to measurement
are 0.39%, 5.77%, and 4.15% respectively. The averaging
outage capacity errors from novel model, Weichselberger
model and Kronecker model to measurement are 2.92%,
12.38%, and 15.07% respectively. From the results, two
conclusions can be obtained. First, the capacity error from
kronecker model to measurenment in this paper is smaller than
other paper (i.e, in[18]) because the rank of 2x2 channel matrix
is very small. Finally, the most important conclusion is that
analyzing the results, the novel model presented in this paper

matches better to the measured data than other models.
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Figure 3: Ergodic capacity of every model and measured channels.
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Figure 4: Outage capacity of every model and measured channels.

TABLE II
THE ERGODIC CAPACITY ERRORS FROM EACH MODEL TO MEASUREMENT
Error(%) Error(%)
Loc. Spa. Loc. Spa.
novel | web | kron novel | web | kron
RX6,0.54 0.1 104 | 0.3 Rx9,1 0.3 59 3.1

Rx10,12 0.2 11.0 | 42
Rx11,1A 0.6 4.2 1.5
RX6,21 0.2 3.6 4.8
RX7,21 0.7 0.3 4.5

Rx8,21 0.8 2.3 8.1
RX9,21 0.5 4.9 0.3

Rx10,2 0.2 6.9 1.7
0.2 7.0 4.8

Rx7,05\ |07 |10 |18
Rx8,0.51 0.5 4.5 10.8
Rx9,0.54 0.1 52 2.0
Rx10,0.51 0.3 13.8 | 7.6

Rx11,0.51 0.3 7.8 4.0
Rx6,1L 0.7 8.7 32

Rx7,1A 0.3 1.0 2.4
0.3 7.63 | 8.7

Rx8,1A Rx11,2A
TABLE III
THE OUTAGE CAPACITY ERRORS FROM EACH MODEL TO MEASUREMENT
Error(%) Error(%)
Loc. Spa. Loc. Spa.
novel | web | kron novel | web | kron
Rx6,0.50 5.1 35.5 | 28.5 Rx9,1\ 1.6 3.0 5.0
Rx7,0.5L 1.4 4.7 6.8 Rx10,1A 3.0 1.8 8.3
Rx8,0.51 0.8 16.2 | 21.5 Rx11,1A 2.1 5.5 7.6
Rx9,0.5% 5.4 9.8 11.8 Rx6,2% 1.3 228 | 294
Rx10,0.50 | 2.8 0.4 5.8 Rx7,20 4.5 12.6 | 15.3
Rx11,051 | 4.6 2.8 5.5 Rx8,2\ 1.5 99 | 14.6
Rx6,1\ 1.1 354 | 31.6 Rx9,2) 5.6 10.0 | 13.5
Rx7,1A 44 103 | 13.0 Rx10,2A\ 0.1 4.1 8.8
Rx8,1A 1.3 26.6 | 31.7 Rx11,2A 5.9 5.7 7.4

V. CoNcLUSsIoN

In this paper, a corridor to stair MIMO measurement at
2.6GHz is carried out. A novel MIMO model based on singular
value decomposition of matrix is proposed in this paper. The
joint DoA-DoD-delay power spectrum and the channel
capacity are selected as two metrics to evaluate the
performance of the novel model. The results show that the
novel model provides a better fit to the measured data than
Kronecker model and Weichselberger model. However, the
frequency selectivity of channel are not considered in this

novel model. Wider frequency bands are needed to achieve
higher throughput in future wireless communication systems.
An extension of the novel model adapted to wideband cases
may be an important work in the next period.
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