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|. Introduction

Mobile-to-Mobile Communications Using Multiple Antennas

Mobile station Mobile station
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Space-time coding Space-time signal processing
OFDM-Modulator OFDM-Demodulator
Decoding
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Meaning of Channel Modelling and Simulation for Mobile Comm unications

Reference system:

“Noise
C d(i) | &_ y(t) — )
Transmitter (+) Receiver ———

Data source Data sink
Ep
No

) Performance measure: Bit error probabikty= f

Simulation system:

“Noise
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Data source Data sink
: : E
) Performance measure: Bit error probabikty= f N—b; Py
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Model error

The model error describes the essential error which is introduced by thmeehaimulator.
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The Two Main Categories of Fading Channel Simulators

Simulators based on reference models: Simulators baserhsuaraments:

Real-world
channel

Specification

Snapshot

Reference m |
eference mode measurements

Simulation model Simulation model

Problem: Reference models are not  Problem: Finding of typical scenarios.
close to real-world channels.
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ll. Planned Work

Modelling of MIMO Mobile-to-Mobile Channels
Geometrical-based channel models
Measurement-based channel models

Development of reference and simulation models
Analysis of the reference and simulation models
Development of parameter computation methods
Veri cation of the developed models

Channel capacity analysis

Error Models for MIMO-OFDM Systems
Development of space-time coding schemes for MIMO-OFDhsyst
Performance study of space-time coded MIMO-OFDM systems

Development of error models for MIMO-OFDM systems
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[1l. Modelling of MIMO Mobile-to-Mobile Channels
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This geometrical model is known as thve-ring modelfor a 2 2 channel.
The local scatterers are laying on rings around the tratsnaibd the receiver.

fM!1 andN!1 ,then the discrete AOD(Tm) and AOA (F?) tend to continuous RVst and
rR With given distribution®( 1) andp( Rr), respectively.

Assumptions: (i) méRt;Rrg D and (i) max 1; rg minf Rt; RRg.
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A General Concept for the Modelling of MIMO Channels

Block Diagram of a MIMO Mobile-to-Mobile Communication Sys tem
hig ]
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Channel coe cients: The channel coe cienty; (t) describes the transmission behavior of the

channel from theth transmit antenna to theth receive antenna.

Channel matrix: H (t)=[h;(t)]2 CMr M7
Channel capacity: C(t) = log,det Iy, + —I\?Eﬁ’\l“"?' H{t)H"(t)  [bits/s/Hz]
(Mr  My)
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lllustration of the Generalized Principle of Deterministi ¢ Channel Modelling

Fixed

e Lp-norm method (LPNM)
parameters

« Extended method of
exact Doppler spread

Statistical iproperties
Efg Efg

®

Stochastic SoS
simulation model

®

Simulation of
sample functions

©

Reference model

©

Geometrical model

Deterministic SoS
simulation model

e In nite complexity e Finite complexity  Finite complexity
(N1 ) (N 25) (N 25)

« In nite number of e In nite number of e One (or some few)
sample functions sample functions sample functions

) Non-realizable ) Non-realizable ) Realizable
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Comparison of the Transmit Correlation Functions

Reference model Simulation model

Transmit CF ( 1; ) Transmit CF ~( 1; )
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Transmit correlati

Reference model : Based on the two-ring model with uniformly distributed AOD.
Simulation model : Designed by using the extended MEDS With= 40.
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Performance of the Extended MEDS

Criteria:  Quality of the approximationsr€ 1; )

(15 )and =v( Rr; ) rR( R )

Two-ring model with uniformly distributed AODs and AOASs k.
r

Scattering scenario:

Reference model:

2
(1;)=d 2 T +(fr,, ) 2 <L fr,, cos(t

T)

2
rR(Rr; )=Jdo 2 R+ (fru ) 2 R fr.. cOS(gr

R)
Simulation model: Designed by using the extended MEDS
“T(T;)=M£Xj20052 —Tcoszmm %+T T 2F 1.4 cosz—m %
m_—l
~R(R;)=N£i:20032 R coszﬁ n % + R R 2f Ry COS — N %
Properties: ~(71; )! +(+t; )asM!1 ,and wv(Rr; )! Rr(Rr; )asN!1
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Comparison of the Transmit Correlation Functions

Reference model Simulation model

Transmit CF 1( 1; ) Transmit CF ~( 1; )

Reference model : Based on the two-ring model with non-uniformly distriduéDs .
(von Mises distribution with + = 40 and {* = 60).

Simulation model : Designed by using the MEA witd = 50.
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V. Error Models for MIMO-OFDM Systems

Digital channel: A digital (discrete-time) channel comprises the complatestnission chain
from the transmitter to the receiver in the complex baseband
Error sequence: Binary di erence between the input sequence and the ougmuence of

the digital channel.
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Burst Error Statistics

Hard error sequence: A sequence of ones (errors) and zeros.
. A string of consecutive zeros between two ones, havingth &xqual to the number of zeros.
) A string of consecutive ones, having a length equal to tmb&uof ones.

Error-free burst (EFB)An all-zero sequence with a length of at leabits, where is a positive
integer.

Error burst (EB} A sequence of ones and zeros beginning and ending witbrarnThey are separated
from neighboring EBs by EFBs.

Example: =4
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EB B EFB EFB
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Design

A Deterministic Process Based Generative Model

procedure:

Simulation set-up phase:

) Parameterization of the sampled deterministic process
) Design of the mappers

Simulation run phase: Generation of error sequences

Error-free
burst

Error burst

length detectori

Error-free burst

length detectorI

Error burst

t

Error
sequence
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V. Cooperations

Internal cooperations:
Frank Reichert:

Input:  system requirements and speci cations (OFDM-schemesngcod
schemes, frequency band, noise level, etc.)

Output: MIMO mobile-to-mobile channel simulators to test and torojzie
short-range systems

Vladimir Oleshchuk:

Input: information about types and parameters of protocols, lddtdescrip-
tion of requirements (bit-level, block-level)

Output:  error models for mobile-to-mobile MIMO-OFDM systems to test
and to optimize higher level protocols

External cooperations:
Various partner universities
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