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Introduction

* The use of multiple antennas at both transmitter and
receiver (MIMO) significantly increases the capacity and
spectral efficiency of wireless communication systems.

 The sphere decoder gives optimal maximume-likelihood
performance in MIMO detection with reduced complexity
compared to the maximume-likelihood detector.

* However, it has a variable complexity, depending on
the noise level and the channel conditions, that hinders
Its integration into a complete communication system.

* A fixed-sphere decoder is proposed to achieve quasi-
ML performance with fixed-complexity resulting in a fully-
pipelined hardware implementation.

* Rapid prototyping is a design methodology where a
system-level design, specified in a high-level description

IS quickly translated to a hardware implementation.
April 2009
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MIMO Wireless Systems

* Wireless communication system equipped with M
transmit and N receive antennas, denoted MxN

o (Capacity increase compared to single-antenna systems
If the different paths between TX/RX are independent
— Improve link quality (BER)  Space-Time Coding
— Increase data rate (bps)  Spatial Multiplexing
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MIMO In Wireless Standards

« MIMO Is now being integrated into many
wireless standards

 Wireless Local Area Networks:
— IEEE 802.11N (Wifi)

e Cellular/Mobile Communications:
— IEEE 802.16 (Wimax)
— 3GPP Long Term Evolution (LTE)
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The Detection Problem

e Each recelve antenna observes the random sum
of M transmit signals

 If the transmitted digital constellation contains P
points (P-QAM, P-PSK)
— Received noise free constellation PM points
— EXxponential increase in constellation size
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Maximum Likelihood Decoding

e System equation is written as:

Received signal— | = HS 4+ \/ «— Receiver noise
T

Noise free signal
constellation

« The optimum detector compares the received signal
vector r to every possible noise free constellation
point Hs

* The optimum decision on the transmitted data is the
closest constellation point in Euclidean distance

o Complexity of this approach is usually too high for
complex constellations and large numbers of
antennas Ti evaluate PM constellation points
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MIMO Sphere Decoder

 Maximum-likelihood performance with reduced complexity.

« Search only noiseless received points (defined as the lattice Hs) that
lie within a hypersphere of radius R around the received signal r

S8m1 = arg{min ||r — Hs|* < R*}
S

 Real SD: widely used, only for QAM constellations. Equivalent real
decomposition of the system.

« Complex SD: more recent version, can be applied to any
constellation. More optimized hardware implementation.

 [Initial radius R is selected according to the o o o o
noise variance per antenna s?. . e o
« Complexity of algorithm depends on the * e .

noise level and the channel conditions.
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Sphere Decoder Algorithm

* The sphere constraint can be written as:

Sm1 = arg{min |[U(s — 8)||° < R}
S

 Where U is the Cholesky decomposition of the Gram matrix HH"

. Sisthe Least Squares estimate of S i.e. S=(H"H)™"H"r

 The solution can be obtained recursively-for each antenna we have:
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Sphere Decoder Algorithm [2]

» Algorithm can be seen as a tree search through M levels with a
metric constraint R2. Each node on the tree has P branches

Si — Zi —|— Z u”|5j—z.-| < R?

cE- =it

z

Df_ = UH

Dij 11
e D, is the accumulated Euclidean metric down to antenna level i+1

* d; is the partial Euclidean metric from antenna level i

root
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Enumeration

 Two main modulation point enumeration methods:

— Pohst Enumeration: work through constellation points in arbitrary
order

— Schnorr-Euchner Enumeration: work through by increasing
distance of s; from z,
e Schnorr-Euchner used here as it reduces complexity
which turns out to be independent of radius R

Schnorr-Euchner tries most
likely path first in each part of
tree search to reduce
complexity
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Antenna Ordering

Antennas can also be ordered before sphere
decoding:

— VBLAST-ZF ordering: order antennas by increasing
noise amplification (reducing SNR)

— VBLAST-MMSE ordering: order antennas by
decreasing signal-to-interference & noise ratio
« MMSE reduces complexity compared to ZF but
suffers slight performance degradation
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Antenna Ordering Results
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Comparison of Sphere Decoding and V-BLAST

 V-BLAST decoding works as follows:

— Decode each antenna in turn, then subtract out decoded data from
received signal (a.k.a. Successive Interference Cancellation)

— Often the antennas are ordered by decreasing signal-to-noise ratios, as
per ZF/IMMSE ordering

 V-BLAST can be interpreted as finding the first path in the Schnorr-
Euchner enumeration sphere decoder

root

VBLAST path

Sphere Decoder
Tree Structure

April 2009 14

© 2009 Copyright John Thompson



IDCOM, University of Edinburgh

Hardware in the Loop

* Prototyping system that concentrates on the analysis of the MIMO
algorithm.

* Analysis and hardware implementation of novel algorithms.
 Requirements:

 Hardware Platform

Reconfigurable hardware platform

Methodology that does not require detailed knowledge of the underlying
hardware.

Uniform testing environment.
Real-time testing  Hardware in the loop.

ﬁimple and flexible interface between the hardware platform and the
ost.

Provided by Alpha Data Ltd
Xilinx Virtex Il (XC2V4000)
Xilinx Virtex Il Pro (XC2VP70)
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Rapid Prototyping System

1. MATLAB MIMO evaluation system

2. Simulink testbench and Xilinx DSP
System Generator.

3. Xilinx’s Integrated Software Environment
to generate FPGA bitstream.

4. MATLAB/ Hardware-in-the-loop real time
co-simulation (4x4).
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