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1 Summary

This report wants to give an insight into the seminal developments of MIMO techniques in a

descriptive way without writing off all the many underlying mathematical formulas.

First implementations of Multiple Input Multiple Output (MIMO) technique in conjunction with

Orthogonal Frequency Division Multiplexing (OFDM) in next-generation Wireless Local Area

Networks (WLAN) show a significant increase in performance and spectral efficiency in

comparison to previous WLAN systems.

MIMO-OFDM also presents an exciting solution for improving the air interface performance for

Wireless Metropolitan Area Networks (WMAN) that have been set up based on the international

standard Wireless Interoperability for Microwave Access (WiMAX) and for fourth-generation (4G)

mobile cellular wireless systems.

In January 2006 the US standard-setting body, IEEE, approved a proposal of the Enhanced

Wireless Consortium (EWC) IEEE working group as IEEE-802.11n Proposal Draft.

This proposal required for the first time that MIMO-OFDM technique shall be used in wireless

communications (in addition to numerous other innovations). In the first and second quarters of

2006 the first so-called pre-n WLAN products were already appearing on the market. The core of

these products are the highly integrated MIMO chipsets from Airgo Networks Inc. and Ralink

technology Corp. The IRT (www.irt.de) compared eight of these products with each other and with

a standard 802.11g product.

The first "draft-n" products have been available since the third quarter of 2006 after the

acceptance of a new IEEE 802.11n draft. The basic difference between pre-n and draft-n is in the

fact that only the latter can be updated to the IEEE 802.11n standard (presumably ratified not until

mid-2009) by means of firmware and driver updates alone, without having to tamper with the

hardware.

Moreover, draft-n works towards raising transmission capacity by further increasing the number of

sending and receiving antennas and towards establishing cross-manufacturer methods for

securing minimum quality of service (QoS). Draft-n-compatible chipsets are offered by the

companies Broadcom Corp., Atheros Communications Inc., Marvell Technology Group Ltd. and

MIPS Techniques Inc. The IRT has conducted and is conducting performance measurements on

the latest draft-n 2.0 products available on the market (see Report Part II

http://www.irt.de/en/themengebiete/digitale-netze/mimo-ofdm.html and [13]).
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Propagation conditions even in the ISM WLAN frequency band, 2.4 GHz (Industrial Scientific

Medical), are marked by multipath fading and interferences caused by this very multipath fading,

co-channel use by other WLAN users and, furthermore, disturbances from other ISM applications.

It is now possible to achieve a major increase in spectral efficiency (bps/Hz) with a simultaneous

increase in failure safety of connections through the use of MIMO technique.
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3 What is MIMO? – Differentiation from other Antenna Techniques

As the product marketing machine of manufacturers uses the "MIMO" concept to mean "quicker,

better, further", we often encounter imprecise and even incorrect information and descriptions as

to what MIMO actually means.

It is quite wrong, and this has unfortunately happened, to refer to channel bonding as MIMO.

Channel bonding does indeed increase the data rate by the merging of several channels (a double

increase when two channels merge), but this occurs at the expense of the spectrum that is

additionally used. Here "multiple channels" is often interchanged with "multiple antennas".

3.1 Receive Diversity and Maximum Ratio/Receive Combining

In Switched Receive Diversity an emitted signal is received by several spatially separated

receiving antennas. A corresponding receiver switching logic now ensures that each antenna

signal is utilized with the highest signal-to-noise ratio (SNR) for the actual data analysis.

In Maximum Ratio Combining (MRC) amplitudes and phases of the data signals received are

adjusted with the help of digital signal processing in such a way that signal addition leads to gains

in the S/N ratio and hence to a better bit error ratio (BER) (see Figure 1).

Both are tried and tested methods and both are used in a multiplicity of transmission systems but

they should never be interchanged with MIMO.

Figure 1: Comparison: Switched Receive Diversity and Maximum Ratio (Receive) Combining
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3.3 Send-side Algorithms: Space-Time Coding and Multilayer Systems

A diversity gain achieved through space-time coding (STC) can be used either to improve the

connection quality or to increase modulation gradation. The four stages of digital modulation

possible in WLAN 802.11a/g/n are BPSK (lowest stage), QPSK, 16-QAM and 64-QAM (highest

stage). Accordingly, 1, 2, 4 or 6 bits are assigned to one OFDM sub carrier. At a higher modulation

stage a system can transmit more useful bits per symbol. In contrast, multilayer systems aim for a

significant increase in spectral efficiency.

3.3.1 Space-Time Coding for Transmit Diversity

The objective of space-time codes is to achieve send-side diversity by encoding information in

spatial and temporal dimensions [10]. A single data stream is replicated and transmitted over

multiple antennas. The redundant data streams are each encoded using a mathematical

algorithm known as Space Time Codes. With such coding, each transmitted signal is orthogonal

to the rest reducing self-interference and improving the capability of the receiver to distinguish

between the multiple signals. With the multiple transmissions of the coded data stream, there is

increased opportunity for the receiver to identify a strong signal that is less adversely affected by

the physical path. In Space-Time-Trellis codes (STTC) the information data are mapped onto send

symbols with the help of convolution encoders so that the highest possible code gain is reached

with maximum diversity gain. Data analysis is done at the receive side according to the maximum

likelihood principle with help of the Viterbi-decoder. Space-time-block codes (STBC) were further

developed to mitigate the high degree of complexity of the decoder at the receive side. These

significantly reduced computing capacity, thereby leading to simpler and more affordable recipient

development [4].

3.3.2 Multilayer Systems (Spatial Multiplexing = True MIMO)

The concept of multilayer space-time signal processing was introduced in 1996 with the so-called

Bell Labs Layered Space-Time procedure (BLAST procedure) [2, 5, and 6]. Here the data stream

to be transmitted is divided into smaller packets. These individual data streams, called layers, are

now emitted in encoded and modulated form through multiple antennas.

In Figure 3a each layer consists of eight symbols, where two symbols of one layer are sent by one

antenna. Due to its diagonal layout this procedure is called D-BLAST (diagonal BLAST).
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Figure 3b shows the so-called V-BLAST (vertical BLAST) procedure, which tracks a division of the

entire data stream in layers, the number of which coincides with the number of sending antennas.

This spatially separated transmission type is called Spatial Multiplexing or Space-Division

Multiplexing (SM).

Figure 3: Layout of code words on the sender side in a) D-BLAST b) V-BLAST with four sending antennas
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3.4 MIMO OFDM

OFDM is used in numerous wireless transmission standards nowadays (DAB, DVB-T, WiMAX

IEEE 802.16, ADSL, WLAN IEEE 802.11a/g, Home Plug AV or DS2 200 aka "Home Bone"). The

OFDM modulation transforms a broadband, frequency-selective channel into a multiplicity of

parallel narrow-band single channels. A guard interval (called Cyclic Prefix CP) is inserted

between the individual symbols. This guard interval must be temporally long enough to

compensate for jitter in the transmission channel. Transmitted OFDM symbols experience different

delays through the transmission channel. The variation of these delays at the receiving location is

called jitter.

The appearance of inter-symbol interference (ISI) can thus be prevented. It has been shown in [8]

that OFDM can be favourably combined with multiple antennas on the sending side as well as the

receiving side to increase diversity gain and/or transmission capacity in time-varying and

frequency-selective channels. The result is the MIMO OFDM systems now crowding the market.

In [1] a differentiation is made between Spatial Multiplexing MIMO (SM-MIMO) transmission

systems with per-stream coding (PSC) and those with per-antenna coding (PAC). In PSC the

entire data stream is first encoded, the code bits are scrambled and then divided into parallel data

streams according to the number of antennas. In PAC the encoding is done per sending antenna

by all sub carriers.
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With the new standard IEEE 802.11n, which should likely finally be accepted at the beginning of

2009, WiFi besides mobile WiMAX (see 3.6) will become the technical trendsetters for other

wireless mobile broadband systems [3, 7, 8].
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Figure 4: Superimposition of transmitted layers on the receiving antennas – spatial multiplexing
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Figure 5 depicts the 7 useful combinations for link adaptation over a pedestrian channel.

Figure 5: Operating SNR thresholds for adaptive modulation, coding and MIMO combinations
(ITU pedestrian channel A) source: Sequans Communications


