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Abstract In order to design efficient MIMO communication systems and to understand the
performance limits, it is necessary to understand the nature of the MIMO channel. Unlike wired
channels, radio channels are extremely random and require complex analysis. Hence, channel modeling
is an important and fundamental process required to evaluate the performance of any communication
system. The modeling of MIMO channels is a multistep procedure. If realistic modeling is wanted, it
must be based on MIMO measurements from which the relevant features are extracted. Significant
determinants are the correlations between the transmission coefficients and the number of scatterers.
Assuming more general randomness, a simulation model may be required to satisfy the experimental
conditions only approximately in order to simplify matters. It is a common approximation to assume
random phases from scatterers, in which case summation from a few scatterers leads to the well-known
complex Gaussian distributions with Rayleigh distributions for the amplitudes. Another lesson learned
from experiments is the clustering of rays in delay and angle. Such features have also been utilized in
models.
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1. OVERVIEW OF MIMO CHANNEL MODELS
1.1.General Classification

For a MIMO communication system, the characteristics of propagation of electromagnetic waves
have to be described for all transmit and receive antenna pairs. Several channel models have been
proposed for MIMO communication systems. The major categories of MIMO channel model are [1], [2]

1.Deterministic Channel Model
i. Recorded Impulse Response [3], [4].
ii. Ray Tracing Technique[5]-[7].

2.Stochastic Channel Model
i.Geometrically Based[8]
ii.Parametric Based {9], [10]
iii.Correlation Based[11]-[13]

In deterministic channel modeling, deterministic predictions are used instead of field trial
measurements to model the radio wave propagation. Stochastic channel modeling relies on the time
varying, fading properties of the received signals, which are usually described by stochastic processes.
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2. MIMO Channel Models for Simulations

The channel models computer simulation enables us to the evaluate the performance of MIMO
wireless communication system. For designing, evaluating and analyzing the MIMO communication
systems, the channel models should be capable of predicting both spatial and temporal characteristics of
multipath signals. This section describes some of the channel models which have served to the system
level simulations.

2.1. Spatial Channel Model for MIMO Simulations

The (SCM& Spatial Channel Model was developed within the 3" Generation Partnership Project
group (3GPP™). The Spatial Channel Model is based on the Ray Tracing method of channel modeling.
Various wireless MIMO propagation scenarios can be simulated using the Spatial Channel Model. The
model was implemented in MATLAB can be utilize the model to perform MIMO simulations .In SCM
each resolvable path is characterized by its own spatial channel parameters such as angle spread, angle
of arrival, power azimuth spectrum etc. All paths are assumed independent and these assumptions are
applicable to both the BS and the MS specific spatial parameters. The details given here are based on
the information available in the technical report produced by ETSI 3" Generation Partnership Project
group [14] .

2.1.1. Spatial Channel Parameters

SCM supports different channel environments like, the Suburban Macrocell, the Urban Macrocell
and the Urban Microcell. The Macrocell scenarios have statistical similarities and follow the same
modelling process with few parameter adjustments. For the Macrocell environments the adopted
pathloss model is the modified COST231 Hata urban propagation model and for the Microcell
environments the adopted pathloss model is the COST 231 Walfish-lkegami NLOS model. As SCM
uses a ray-based method. Each ray is described by its power and delay and can be decomposed to a large
number of sub paths. The sub-rays that belong to the same ray have common powers and delays. If a
‘drop’ is defined as a single simulation run where a BS using an array of S elements transmits inside a
terrestrial environment to a moving MS using an array of U elements for a given number of time frames,
the signal arrives to the receiver through N independent paths are described by their powers and delays.
The channel is realized as,

Hsu(t) = 3Ny 77 Hg yn(t T) 8(T, 1) dTn(2)

hy1n(® - hga(®
Hsun(®) = f N (03]
hygn(®) -+ hgya(t)

The main goal is to generate the channel coefficients, hg, ,(t); (s = 1,2,...S;u = 1,2, ... U) for every
Hg yn(©); (n = 1,2, ...N) for every time frame.

2.2.Extended Spatial Channel Model (SCME)

SCME is an extension of SCM developed by the ETSI 3" Generation Partnership Project (3GPP).
But the extension is not associated with the 3GPPworking group and was developed in WP5 of the
WINNER - Wireless World Initiative New Radio project. In SCME the bandwidth has extended from
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5MHz to 20MHz. It was adopted as the channel standard for the development and testing of 3GPP Long
Term Evolution (LTE) standard.[15], [16].

2.3.WINNER Il Channel Model

The European Wireless World Initiative New Radio (WINNER) project group presented a simplified
SCME Tap Delay-Line Model, portions of this model have been adopted by the 3GPP. In which, the
specific AoDs and AoAs are specified and fixed for every path. The delays were selected to optimize
the frequency decorrelation characteristic. However, in spite of the modification, the initial models were
not adequate for the advanced WINNER | simulations. Therefore, new measurement-based models were
developed and WINNER | generic model was created. The generic model is ray-based double-
directional multi-link model that is antenna independent, scalable and capable of modeling channels for
MIMO connections. WINNER | channel models were based on channel measurements performed at 2
and 5 GHz bands during the project. The models covered the following propagation scenarios specified
in WINNER 1. indoor, typical urban micro-cell, typical urban macro-cell, sub-urban macro-cell, rural
macro-cell and stationary feeder link.

The WIM2 channel model (also referred to as WINNER 11, 2006) is defined for both link-level and
system-level simulations for a wide range of scenarios relevant to local, metropolitan and wide-area
systems. WIM2 evolved from the WINNER | and WINNER 1l (interim) channel models.WIM2 is a
double-directional geometry-based stochastic channel model. It incorporates generic multilink models
for system-level simulations and clustered delay line (CDL) models, with fixed large-scale channel
parameters. For each channel snapshot the channel parameters are calculated from the distributions.
Channel realisations are generated by summing contributions of rays with specific channel parameters
like delay, power, angle-of-arrival and angle-of-departure. Different scenarios are modelled by using the
same. The models can be applied not only to WINNER Il system, but also any other wireless system
operating in 2 — 6 GHz frequency range with up to 100 MHz RF bandwidth. The models supports multi-
antenna technologies, polarisation, multi-user, multi-cell, and multi-hop networks.

The channel from Tx antenna element s to Rx antenna element u for cluster n is,

X 25 (@ Trxu
rX,u,H((pn,m) an’m‘HV an.m,HH FtX,S,H(Q)n’m) exp (] Ay (‘Pn,m rrx,u))

M
Hu,s,n(t; 0= Z [Erx,u,v(q’n,m)] [an,m,VV O(n,m,VH] [th,s,v(wn,m)
=1

eXp(jZ”/lal(d)n,m-Tx,s)) X eXp(jZ”vn,mtS(T - Tn,m)) (3)

where Fruv and Finare the antenna element u field patterns for vertical and horizontal polarisations
respectively, ay, p, yyand ay, n, gyare the complex gains of vertical-to-vertical and horizontal-to-vertical
polarisations of ray n,m respectively. Further A, is the wave length of carrier frequency, @, , is AoD
unitvector,¢, , is AOA unit vector Ty, and Tr,, are the location vectors of element s and u
respectively, and t, ,, is the Doppler frequency component of ray n,m.

2.4.WINNER + Channel Model

The WINNER + channel model is an extension of the WINNER Il channel model to the three
dimensional (3D) case [17]. The generalization from 2 to 3D is based on similar principles as
generating the elevation angles as are used for the azimuth angles. The generic WINNER+ Final
channel model follows a geometry-based stochastic channel modelling approach, which allows creating
of an arbitrary double directional radio channel model. The channel models are antenna independent and
the channel parameters are determined stochastically, based on statistical distributions extracted from
channel measurements [18] . The small-scale parameters elevation at BS and UT are assumed
Laplacian. It is enough to specify the standard deviation of SS elevation at BS and UT. For each channel
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snapshot the channel parameters are calculated from the distributions. Channel realizations are
generated by summing contributions of rays with specific channel parameters like delay, power, angle-
of-arrival and angle-of-departure, now assuming that the departure and arrival angles include both
azimuth and elevation.

2.5.QuaDRiGa

The QuaDRiGa (Quasi Deterministic Radio Channel Generator) channel model has been evolved
from the WINNER Il channel model described in WINNER Il deliverable D1.1.2.v.1.1. This model
follows a geometry-based stochastic channel modelling approach. This channel model is also antenna
independent. The channel parameters are determined stochastically, based on statistical distributions
extracted from channel measurements [19]. Specific channel realizations are generated by summing
contributions of rays with specific channel parameters like delay, power, AoA and AoD. The main
features of QuaDRiGa are:

eThree Dimensional Propagation

eContinuous Time Evolution

eSpatially correlated propagation parameter maps
eTransitions between varying propagation scenarios

3. Simulation of 3D MIMO Channel Model

3.1.3D Spatial Channel Modeling Approach

The propagation of electromagnetic signals rely on the spatial characteristics between the
transmitter and the receiver. In the process of performance evaluation, the channel model plays an
important role. The channel model has to reflect the exact scenario or the surrounding environment also
the characteristics of electromagnetic signals can be realized in a better manner if three dimensional
approach is utilized. The proposed channel model has been developed based on the concepts of recently
developed channel models [20] .Most of the 3D channel models are based on Double Directional
channel model in which the channel coefficients are determined from the knowledge of delays, angle of
departure and angle of arrival. In 3D channel modelling determination of elevation angle is a
challenging one. When elevation angle is considered, the equation 2.10 can be rewritten [21] as,

M T . .
Hyon(G0) = P, Froay (@nm) exp(jPim)  Knmexp(Pim)
usn\t;T) = n F ( ) K .d)hv .d)hh

=t UrxuH(Pnm VEKnmexp(Pnm) exp(jPrm)

Fexsv (@nm) PP o

th,s,V Q)n,m ] X exp(]21r7\0 1((pn,m- rrx,u))exp (]21-[7\0 ! (q)n,m- rtx,s))
tx,s,H( n,m)

X EXp(jZRVn_mtS(T - Tn,m)) (4)

Where, Fv and Fun are the antenna element u field patterns for vertical and horizontal
polarizations respectively. Further A, is the wave length of carrier frequency, @, is AoD
unitvector,d, , is AOA unit vector,fs, and T, are the location vectors of element s and u
respectively, and t,mis the Doppler frequency component of ray n,m. The Doppler frequency
component is given as,

_ VUnm

Vn,m %o

__|vlcosBycosynm cosdpm+|v|sin@ycosyn m sindn m

e ©)

In the proposed scheme the azimuth and elevation angles are obtained as the average of the angles
calculated in Quadriga channel model and in the Method of Equal Volume. The cluster path is split into
20 sub-paths and the cluster angular spreads have been emulated. The azimuth/elevation angle of
departure (AAoD/EA0D), (i.e., ar, Br), and azimuth/elevation angle of arrival (AAoA/EA0A), (i.e., ag,
Br) in Two Sphere model are independent for double-bounced rays, while are correlated for single-
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bounced rays. According to geometric algorithms, for the single-bounced rays resulting from the two-
sphere model, one can derive the relationship between the AoDs and AoAs as ag=n— Ry/d sin ar,
Brarccos(d—Rrcos PrPcosa 1M)/enl, and or~ Re/d sinag,prrarcos(d+RgcosPrcos ag)/En2 [20]. The
correlation factor used to determine the azimuth and elevation angles using inverse Gaussian function is
obtained by taking the influence of K-factor and the number of clusters into account.

LOS Path Receiver

Length dro !

Figure 1. 3D Channel modeling approach in the proposed scheme
There are seven Large Scale Parameters similar to WINNER channel model. They are,

i)RMS Delay Spread (DS), ii)Ricean K-Factor (K or KF), iii) Shadow Fading (SF), iv)Azimuth
Spread of Departure (AsD), v) Azimuth Spread of Arrival (AsA), vi)Elevation Spread of Departure
(EsD), vii)Elevation Spread of Arrival (EsA)

In WINNER the maps are generated by filtering random, normal distributed numbers along the x and
y axis of the map. Quadriga extends this idea by filtering the maps also in the diagonal directions and it
helps to attain smoothness on the parameters over the trajectory.

3.2.Simulation Data Flow

Select the Scenario (urban Macro)

Set the Layout (No. of Transmitters & Receivers

Define the Antenna Parameters (No. of elements & Field Pattern)

Define the Antenna Orientation (Transmitters & Receivers)

Define the Characteristics of Mobile Terminal (Velocity & Movement)

Define the Simulation Parameters (Carrier frequency, Sample density, No. of Snapshots, etc.)

SoukrwnE

263



International Journal of Pure and Applied Mathematics Special Issue

7. Assign Propagation conditions (No. of Drops and Tracks)

8. Calculate the Path Loss and Generate Correlated LSPs Define the Network Layout (No. of
Transmitters & Receivers)

9. Calculate Delays and Cluster Powers &Determine Azimuth and Elevation Angles.

10. Obtain XPR for each Receiver.

11. Draw Random initial phases and Generate Channel Coefficients.

12. Apply path loss, K-Factor and Shadow fading & Analyze or Post process according to the
requirements.

First the scenario has to be selected and the network layout has to be defined. The
modellingapproach is based on the Quadriga Radio Channel Model. Data flow describes the steps or

procedures involved in the simulation. The channel coefficients are generated at constant sampling
rate.

3.3.Simulation Parameters

The simulation is carried out in three different channel modeling approaches. The same parameters
are used for the simulation purpose for all channel models. The proposed channel model is Quadriga
based 3D channel model while the other two models are the conventional channel models (SCM &
WINNER I1). The following parameters have been used for simulation.

Scenario Used : Urban Macro
Carrier Frequency : 5GHz
No. of Sub-paths : 20

No. of Clusters : 20

No. of Snapshots X 49
Antenna Array : ULA4
Time Duration of Drop : 0.1Sec.
Samples per meter : 48
Velocity of MS : 60 Km/H
Maximum Distance : 2500 m
Height : 25/1.5m

4. Simulation Results of 3D Channel Model

The proposed channel model mainly relies on the QuaDRiGa model in which the channel builder
generates channel coefficients. It takes the correlated large scale parameters as inputs and determines
the Channel Impulse Response (CIR) for each and every location. In addition to the azimuth angles
elevation angles also calculated for every cluster

Path Loss For UMacré at 5GHz
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Figure.2 Path Loss Vs Distance (Theoretical)
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Path Loss (Simulation)
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Figure 3Pathloss Vs Distance (Simulated)

The Path Loss calculated for the carrier frequency 5 GHz and simulated values are shown in Figure 2
and Figure 3 respectively. The simulated path loss is almost close to the theoretical value. The Figure 4
shows the power with respect to the location of the mobile terminal.

Position Dependent Power
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Figure 4 Position Dependent Power
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Figure 5 Azimuth Angle Spread
Figure5 shows the CDF of Angle Spread of Departure (ASD) and the CDF of ASA.
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RMS Delay Spread

Probubility Density Function

50 100 150 200 250 300 350 400 450 500
RMS Delay [ns]

Figure 6 PDF of RMS Delay

The PDF of RMS Delay is depicted in the Figure 6 and Figure 7 shows the channel capacity.
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Figure 7 Channel Capacity

The capacity in the MIMO environment depends on almost all the channel parameters and the
characteristics of the Antenna elements. Better capacity can be achieved by properly adjusting the
transmission modes according to the rank of the channel. Figure 8 shows the channel capacity for the
3D channel model and the other existing models. From the figure it is seen that the 3D channel provides
better channel capacity than the others. For most of the cases the mean channel capacity is obtained as
8.6 bps/Hz. In order to evaluate the capacity correctly, it is essential to have synchronized receivers.

Capacity Comparison
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Figure 8 Channel Capacity for 2D and 3D Channel Models
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Conclusion

Now a days channel modeling is attracting more interest both from industry and academia. So far
numbers of channel models have been evolved with different approaches and standards. A 3D MIMO
channel is developed by adding additional information to the QuaDRiGa- 3D Channel model by
Stephan Jaeckel et al of Fraunhofer Heinrich Hertz Institute. The proposed channel model also utilizes
the two sphere model for calculating the elevation and azimuth angles. This helps us to get more insight
on the channel coefficients. The simulations are performed using the WINNER channel parameters for
the Urban Macro-cell scenario and the channel model is evaluated only for the Urban Macro-cell with
single user system. The antenna array used is the linear array with four elements (ULA4).The simulation
results are also verified for custom array using dipole and patch antenna elements. The simulation
results show that the performance of the 4X4 MIMO system is improved with the additional elevation
angle information.
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