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Abstract

We present the novel Random-Cluster Model (RCM), a time-variant frequency-selective MIMO channel model.
The most significant feature of the RCM is that it is parametrised directly from channel measurements by an automatic
procedure. Thus, the RCM is specific to the environment, although it retains all advantages of a stochastic model. In
this way it closes the gap between channel measurements and channel modelling.

Validation proves that the RCM can render very well channels in the kind of measured ones.

1 Introduction

In this paper, we present the Random-Cluster Model (RCM), a novel double-directional geometry-based stochastic
MIMO channel model. The RCM uses multipath clusters to model the time-variant and frequency-selective propa-
gation environment. Clusters allow to characterise the propagation environment in a compact way using only few
parameters, which is their primary purpose for being applied in channel modelling. The previously controversial
existence of clusters in measurement data was substantiated (independent of the authors’ view) in [1].

The RCM is parametrised by clusters identified in measurements. To this purpose, we recently presented a fully
automatic algorithm able to identify and track clusters in time-variant MIMO channel measurements [2]. The mere
fact that clusters can be tracked in measurements demonstrates that clustering makes sense, since they obviously stem
from scattering objects.

Currently popular MIMO channel models [3, 4] are well suited for random access communications, where termi-
nals communicate in bursts, during which the channel remains (almost) static, then remain silent for a longer period
during which the communication channel is assumed to change completely. In addition to this, the RCM is capable to
model channels for continuous transmission in a time-variant environment as well, by creating smoothly time-variant
channel realisations.

The RCM is a stochastic MIMO channel model, yet it is parametrised directly from measurements. A single
multi-variate pdf of the cluster parameters is estimated from double-directional [S] MIMO channel measurements in
a specific environment. This environment pdf is representative for the wave propagation in this environment. Realisa-
tions of the RCM are drawn from this distribution.

2 The Random-Cluster Model

Figure 1 gives an overview of the Random-Cluster Model. It consists of three main parts: (i) The model ini-
tialisation, (ii) small-scale updates by cluster movement, and (iii) large-scale updates by a birth/death process. All
of these parts require an accurate parametrisation of the environment. In the next paragraphs we will first detail the
environment description. Subsequently we will discuss the individual steps of the model.

2.1 Environment description — Multipath clusters

The RCM uses multipath clusters to model the channel. A cluster is described by its parameters ®. given in
Table 1. For the description of the environment we consider the multivariate distribution of the cluster parameters
[6]. This approach is advantageous over methods using only marginal distributions, which cannot model correlations
between the cluster parameters, as discussed in [7].



This multivariate distribution is estimated from measurements: First, a clustering-and-tracking framework is ap-
plied to time-variant MIMO measurements, to identify the parameters of all clusters occurring in the measurement.
Subsequently, the multivariate distribution of the cluster parameters, @,y = f(0..), is estimated using a kernel den-
sity estimator, e.g. [8]. By parametrising the RCM directly from measurements, it becomes very specific to the chosen
measurement route.

2.2 Model description

This section discusses the individual steps of the RCM
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responding number of paths, N, »,c (determined in the previous
step), are placed [6]. Every path is described by its complex
amplitude (v), its total delay (7), and the azimuth and ele-
vation of arrival and departure, respectively, (@rxrx, O1x/rx).- The delay and angular parameters are drawn from a
Gaussian distribution, where the mean and variance are determined in the cluster parameters (see Tab. 1). The paths
within a cluster show the same amplitude determined by the total cluster power, but a random phase, which is drawn
from a uniform distribution.

Table 1: List of cluster parameters, contained in ®,,

Generating the channel matrix — System model: ~ Given a certain frequency bin Af, and antenna array patterns
aryrx (©TxRx, OTx/Rx ), the MIMO channel transfer matrix can be calculated as

N, Np.e
t Af = Z Z p ¢ ARx SDRx,p cveRx ,p,C ) : agx(SOTx,p,c; 0Tx,p,c) : e_jQﬂApr"c7 (l)

where the subset p, ¢ denotes the pth path in cluster c. In this paper we use a 4 x 4 MIMO configuration with uniform
linear arrays at both link ends, and a centre frequency of 2.55 GHz at a bandwidth of 20 MHz, with a number of 32
frequency bins.

Time bases: The RCM distinguished between two time bases: the sampling time base, At, and the cluster-lifetime
time base, Aty , where Aty = const - At,. Cluster lifetimes are multiples of Aty .

Small-scale time variation: On small scale, we implemented time variation by linearly changing the parameters
of the propagation paths. In every sampling time instance At;, the increments determined in the cluster parameters
are added to the respective path parameters. In this way, clusters are moving in delay (causing Doppler shifts), and in
angles, and smoothly change their power.



Large-scale time variation: To introduce large-scale
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Rx SNR by
I(H) = logdet [I+ SNR - HH"]

where this MI is evaluated for all time instants and frequencies, for both reference channels and modelled channels.
Fig. 2a shows the cumulative distribution function (cdf) of the MI of the reference channels (solid line) and the
modelled channels (dashed line). We observe that the MI of the modelled channels fits the one of the reference
channels very well.

Environment characterisation metric:  The recently introduced ECM [12] is directly applied to the path parameters
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Figure 2: Validation results: (a) mutual information, (b) environment characterisation metric

rather than to the channel matrix. The singular values of the ECM (SV-ECM) reflect the spreading of the paths in the
parameter space and are thus suitable to genuinely reflect the spatial multipath structure of the channel.

Fig. 2b illustrates the first and fifth SV-ECM of the reference channels (solid) and the modelled channels (dashed),
reflecting the strongest and smallest dispersion in the path parameters, respectively. The good fit between the solid
and the dashed curves indicates the ability of the RCM to reflect the spatial structure of the parametrised environment
well.

4 Conclusions

The Random-Cluster Model is a novel frequency-selective MIMO channel model that is based on multipath clus-
ters. The main focus of the RCM is to reflect the spatial structure of measured MIMO channels, and their time-variant
behaviour, thus closing the gap between channel measurements and channel modelling.

We validated the RCM using both mutual information and the novel environment characterisation metric. It turned
out that the modelled channels fit very well to the measured ones, which demonstrates that the RCM satisfies its focus.
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