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II.

Abstract—Small cell networks have many attractive solutions
to solve the network overload caused by heavy demands of traffic.
To evaluate the performance of systems, a system–level simulator
(SLS) is typically used. However, the performance evaluation with
a typical channel parameter set which is representing the entire
area in SLS shows only the typical performance of the entire
area, so that extra field trial is necessary to evaluate realistic
deployment performance of a given region. In this paper, a
channel parameter extraction methodology is proposed by using
a ray tracing tool to evaluate a realistic performance of a target
region for SLS.

I.

Generally, the wireless channel model is composed of
pathloss model, shadowing model and multipath fading model
[2]-[3]. The pathloss is determined by the distance between
the transmitter and receiver locations. Also, the shadowing and
the multipath fading are appeared by reflection, diffraction and
scattering and are represented by the channel parameters such
as the power delay, the angle of arrival, and the time delay
spread. The actual channel gain can be generated by using the
distribution determined by such parameters.

I NTRODUCTION

Various wireless channel models have been proposed in
[4]-[8] and among these channel models, stochastic channel
models based on geometry, such as the SCM [5], the WINNER
I and II [6], the IEEE 802.15.4a channel [7] and the Spencer’s
channel model [8] have been widely used. Among them,
the Spencer’s channel model represents the channel impulse
responses with the angle information as well as the amplitude
and the time delay information of each path between the
transmitter and receiver pair.

Recently, the exponential increase in mobile traffic driven
by the mobile multimedia devices such as smart phones and
tablets has led the key concern of the service provider from the
coverage to the capacity. In order to support such a extreme
traffic growth, the small cell networks are considered as a
promising and cost-effective solution. Small cell networks
cover the coverage hole of the macro cell networks and
disperse the heavy load of the macro cell networks with low
power and cost base stations [1].

In the Spencer’s model, the required parameters are the
power delay time constants Γ̄ and γ̄, respectively for clusters
and rays, the arrival rates Λ̄ and λ̄, respectively for clusters and
rays and the angular spread σ̄ for the rays. Let us respectively
denote the transmit power and the distance between the transmitter and receiver as Pt and r, and the number of clusters and
the number of rays in the lth cluster as L and K (l). Then,
the cluster time delay set and the ray time delay set in the
lth cluster, T and τ l , are given as the set of random variables
having exponential distributions as

 L
T = Tl Tl − Tl−1 ∼ exp Λ̄ l=1 ,
(1)

 K(l)
τ l = τkl τkl − τ(k−1)l ∼ exp λ̄ k=1 ,
(2)

Thus, the performance evaluation of small cell networks
using a system–level simulator (SLS) is essential to deploy
the small cell base stations more effectively. In conventional
macro cell networks, the performance evaluation using a set
of typical channel parameters gives typical performances of an
wide area, so that additional field trials in real environments
are necessary for network planning and optimization. However,
in small cell networks, many base stations need to be installed
in a small area compared to the macro cell networks. Thus,
the channel parameters experienced by base stations differ a
lot depending on their geometric positions and such realistic
channel parameters may be drawn by using a ray-tracing
tool and statistical model appropriate for the target small cell
environments.

where, T0 = τ0l = 0. Also, the arrival amplitude set of
the rays, α, are given as the set of random variables having
Rayleigh distributions as

s
K(l),L



F Γ̄, γ̄

, (3)
α = αkl αkl ∼ Rayleigh 


2

In this paper, a channel parameter extraction methodology
is suggested by using a ray-tracing tool with suitable geometry
and statistical models for the target small cell environments.
The remaining of this paper is organized as follows. In Section
II, statistical channel model for SLS is described. In Section
III, the proposed channel parameter extraction methodology is
suggested. In Section IV, the simulation results of conventional
and proposed channel parameter extraction methodology are
compared and discussed. Conclusions are presented in Section
V.
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FOR

k=1,l=1

 
 
F Γ̄, γ̄ = Pt rβ exp −Tl Γ̄ exp (−τkl /γ̄) ,


(4)

where β is path loss exponent. From the arrival amplitude set
α, the number of clusters and the number of rays in the lth
99
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 n
oL 
K(l)
Dr (x, y) = L, K (l) , {αkl , τkl , θkl }k=1
. (12)
l=1

The set of the ray-tracing outputs for each cluster in the
transmission region Ri and the reception region Rj and that
for the rays, respectively as D̂c (i, j) and D̂r (i, j) are given
as
D̂c (i, j) = {Dc (x, y) , x ∈ Ri , y ∈ Rj } ,
(13)
Fig. 1. Floor plan and the simulation result of a ray-tracing simulator with
the transmitter and receiver in R1 and R2 region.

cluster, L and K (l), can be determined as

r
,
K (l) = k α(k+1)l < ηth



 K(l+1)
X
c
,
αk(l+1) < ηth
L = max l



(5)
(6)

k=1

c
r
where ηth
and ηth
are the threshold values respectively for
a cluster and a ray. Also, the associated arrival angle set
of clusters, Θ, and that of the rays in the lth cluster, θ l ,
are respectively given as the uniform random variables and
Laplacian with parameter σ̄,
L

Θ = {Θl |Θl − Θl−1 ∼ U (0, 2π) }l=1 ,
θl =



 K(l),L
σ̄
θkl θkl ∼ Laplace 0, √
.
2
k=1,l=1

(7)
(8)

L K(l)
X
X

αkl ejφkl δ (τ − Tl − τkl )δ (θ − Θl − θkl ),

l=1 k=1

(9)

where φkl ∼ U [0, 2π].
III.

(14)

The power delay time constants Γ (i, j) and γ (i, j) respectively for the clusters and rays, the arrival rate Λ (i, j) and
λ (i, j) respectively for the clusters and rays and the angular
spread, σ (i, j), of the rays are well defined. The estimate for
Γ (i, j) can be found by using the minimum mean-squared
error (MMSE) fit on the arrival amplitudes of the cluster in
D̂c (i, j) into an exponential curve as shown in (15). Also,
the estimate for Λ (i, j) is obtained by using the MMSE fit
on the time delays in D̂c (i, j) into the mean of exponential
distribution as shown in (16). Similarly, γ (i, j) and λ (i, j) can
be estimated as in (17) and (18) from the arrival amplitudes
of the rays and the time delays of the rays in D̂r (i, j). The
estimate for σ (i, j) is obtained by using the MMSE fit on the
difference of variances between the arrival angles in D̂r (i, j)
and the approximated value in (19).
IV.

S IMULATION R ESULTS

A. Channel Parameters according to a Given Transmission
and Reception Region

From the above parameters, the channel impulse response
of the Spencer’s channel model can be generated as
h (τ, θ) =

D̂r (i, j) = {Dr (x, y) , x ∈ Ri , y ∈ Rj } .

PARAMETER E XTRACTION FOR S IMULATION
M ETHODOLOGY

Let R denote the entire region in Fig. 1, which can be
classified into S regions in which the sth region is denoted as
Rs . Also, the set of ray tracing output for a given transmitter
and receiver locations, x and y, D (x, y), is given as
n
o
N
D (x, y) = N, {αn , τn , θn }n=1 ,
(10)
where N is the number of total rays and αn , τn and θn
respectively denote the arrival amplitude, the time delay and
the arrival angle of the nth ray. The rays in D (x, y) are
clustered by using the statistical K-power-mean algorithm, [9],
in which the multipath component distance (MCD) is used as
the distance metric for the clustering. Note that the optimal
number of clusters, L, can be selected by using the Kim-Park
index [10]. Then, the set of the ray tracing outputs, D (x, y),
can be divided into the set of the ray tracing outputs for each
cluster, Dc (x, y), and those for the rays, Dr (x, y), which can
be given as
n
o
L
Dc (x, y) = L, {αl , τl , θl }l=1 ,
(11)
100

Simulations are carried out with the target area as the
6th floor in the Engineering building #2 located at Yonsei
University in Seoul, Korea, as shown in Fig. 1. Three kinds of
regions having different channel characteristics are selected.
R1 region, which is surrounded by walls has the following
features; huge power loss by many walls, lots of scatterers
and long arrival time delay of multipaths. On the contrary,
R2 region, surrounded by free space, has the following features; small power loss, few scatterers and short arrival time
delay of multipaths. R3 region has features in between those
of R1 and R2 . Here we assume that the transmitters and
receivers are randomly located in each region. We validate
that the distributions with the measurement data of a given
transmission and reception region, D̂c (i, j) and D̂r (i, j), are
approximately matched to the mathematical distribution models with estimated channel characteristic parameters Γ (i, j),
γ (i, j), Λ (i, j), λ (i, j) and σ (i, j). Fig. 2 (a)-(e) illustrates the
distributions of the measurement data from the transmission
region R1 to the reception region R2 and the mathematical
curves obtained from (15)-(19) with the estimated channel
parameters. As shown in Fig. 2, the distributions with the
measurement data of a given region are well matched to the
statistical channel models in (1)-(4) and (8).
B. Comparison between Channel Parameters for the Entire
Region and a Given Region
The determined channel parameters for the entire region are
difficult to represent the channel characteristics of a specific
region exactly, because each region has different geometric
features. In Fig. 3, the ratio of the channel parameters for


!2
 2
L
X
τl − τ1
αl
− exp
, αl , τl ∈ D̂c (i, j)
Γ (i, j) = arg min
Γ
α1
Γ

(15)

l=1

Λ (i, j) = arg min
Λ

L 
X

(τl − τl−1 ) −

l=1

1
Λ

2
, αl , τl ∈ D̂c (i, j)


!2
L K(l)
X
X  αkl 2
τkl − τ1l
γ (i, j) = arg min
, αkl , τkl ∈ D̂r (i, j)
− exp
γ
α1l
γ

(16)

(17)

l=1 k=1

λ (i, j) = arg min
λ

σ (i, j) = arg min
σ

Fig. 2.

L K(l)
X
X

τkl − τ(k−1)l



l=1 k=1

L K(l)
X
X

1
−
λ

2
, αkl , τkl ∈ D̂r (i, j)

2

((|θkl | − θl ) − σ) , θkl ∈ D̂r (i, j) , θl ∈ D̂c (i, j)

(18)

(19)

l=1 k=1

(a) PDP of the clusters.

(b) PDP of the rays.

(d) CCDF of the ray interarrivals.

(e) PDF of the relative AOA.

(c) CCDF of the cluster interarrivals.

Plots the measurement data from R1 to R2 versus best fit with mathematical model of estimated channel characteristic parameters.

a given region and those for the entire region is shown. As
shown in Fig. 3, all channel parameters for a given region can
be quite different from those for the entire region. In Fig. 4, the
mean squared error (MSE) for a given region is compared with
that for the entire region. As shown in Fig. 4, the estimated
channel parameters for a given region are more appropriate
than those for the entire region. Thus, it will be helpful if
the channel parameters for small cell networks are considered
as random variables having different distributions according to
the geometric environments. Also, it is expected that SLS may
provide a realistic performance of the target region by using
appropriate channel parameters according to the transmitter
101

and receiver locations.
V.

C ONCLUSIONS

In this paper, we propose the channel parameter extraction
methodology for SLS. As shown in simulation results, dividing
the channel parameters as random variables having different
distributions according to the transmitter or receiver locations
is more appropriate for small cell networks. If a given target
area is investigated by using a ray-tracing tool and SLS
is performed with channel parameters appropriate for node
locations, more realistic performance evaluation is expected
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Fig. 3. The ratio of the channel parameters for a given region to those for
the entire region.

Fig. 4. The MSE ratio between the measurement data and the mathematical
models with estimated parameters for a given region and the entire region.

to be obtained.
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