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ABSTRACT

Dead spots are everywhere. They're those areas of your home or office where, no matter how you position your router or how you point the antenna, you just can't get a Wi-Fi signal. Almost any Wi-Fi connection, even a weak one, is sufficient to surf the Internet or transfer data. But if distance and obstacles sap too much bandwidth from a network, video images will start to stutter and break up. Video is what's causing this problem on range and higher speed. The cure for the problem, is an innovation called MIMO, short for multiple input, multiple output .The new technology, uses a number of antennas to send multiple signals as a way to significantly increase the speed and range of a wireless network. In tests 's it is found that MIMO nearly doubled the speed and provided superior range. Multiple-Input / Multiple Output (MIMO) technology has emerged in the last decade as a powerful means of increasing the throughput and performance of wireless communication systems. Research on this relatively new technology has penetrated in a substantial way many fields, ranging from signal processing to information / communication theory to wireless propagation. Equally importantly, MIMO technology has made its way into current and next generation communication standards and systems. In this paper, we will provide an overview of MIMO systems, starting with the fundamentals of capacity, random channels, basic transceiver architectures, diversity, space-time coding and channel estimation. We will then review some more recent results in the areas of diversity vs. multiplexing trade-offs, input optimization / precoding, fundamental limits of coherent operation and multi-user MIMO, including systems with interference. Finally we will cover certain applications of MIMO techniques in current wireless systems.

Keywords 

Channel models, diversity, smart antennas, spatial multiplexing

INTRODUCTION

Multiple Input Multiple Output (MIMO) is a smart antenna technique that increases speed, range, reliability and spectral efficiency for wireless systems. Given the demands that applications are placing on WLANs, MIMO chipsets will figure prominently in new access points and network interface cards. 

MIMO is one technology being considered a standard for next-generation that boosts throughput to 100M bit/sec. In the meantime, proprietary MIMO technology improves performance of existing networks. 

A conventional radio (or telephony) uses one antenna to transmit a DataStream as shown in fig 1. A typical smart antenna radio, on the other hand, uses multiple antennas. This design helps combat distortion and interference. Examples of multiple-antenna techniques include switched antenna diversity selection, radio-frequency beam forming, digital beam forming and adaptive diversity combining.
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Figure 1
These smart antenna techniques are one-dimensional, whereas MIMO is multi-dimensional. It builds on one-dimensional smart antenna technology by simultaneously transmitting multiple data streams through the same channel, which increases wireless capacity. 

You can think of conventional radio (or telephony) transmission as traveling on a one-lane highway. The speed limit governs the maximum allowable flow of traffic through that lane. Compared with conventional radios, one-dimensional smart antenna systems help move traffic through that lane faster and more reliably so that it travels at a rate closer to the speed limit. MIMO helps traffic move at the speed limit and opens more lanes. The number of lanes that are opened as shown in fig 1 multiplies the rate of traffic flow. 

A characteristic of radio transmission called multipath, which had previously been considered an impairment to radio transmission, is actually a gift of nature. Multipath occurs when signals sent from a transmitter reflect off objects in the environment and take multiple paths to the receiver. The researchers showed that multipath could be exploited to multiplicatively increase the capacity of a radio system. 

If each multipath route could be treated as a separate channel, it would be as if each route were a separate virtual wire. A channel with multipath then would be like a bundle of virtual wires. 

To exploit the benefits the virtual wires offer, MIMO uses multiple, spatially separated antennas. MIMO encodes a high-speed DataStream across multiple antennas. Each antenna carries a separate, lower-speed stream. Multipath virtual wires are utilized to send the lower-speed streams simultaneously. 

But wireless is not as well behaved as a bundle of wires. Each signal transmitted in a multipath environment travels multiple routes. This makes a wireless system act like a bundle of wires with a great deal of leakage between them, causing transmitted signals to jumble together. The MIMO receiver uses mathematical algorithms to unravel and recover the transmitted signals.

PRINCIPLE

The increase in spectral efficiency offered by MIMO systems is based on the utilization of space (or antenna) diversity at both the transmitter and the receiver. Due to the utilization of space diversity, MIMO systems are also referred to as multiple-element antenna systems (MEAs). With a MIMO system, the data stream from a single user is de-multiplexed into nT separate sub-streams. The number nT equals the number of transmit antennas. Each sub-stream is then encoded into channel symbols. It is common to impose the same data rate on all transmitters, but adaptive modulation rate can also be utilized on each of the sub-streams. The signals are received by nR receive antennas. With this transmission scheme, there is a linear increase in spectral efficiency compared to a logarithmic increase in more traditional systems utilizing receive diversity or no diversity. The high spectral efficiencies attained by a MIMO system are enabled by the fact that in a rich scattering environment, the signals from each individual transmitter appear highly uncorrelated at each of the receive antennas. When the signals are conveyed through uncorrelated channels between the transmitter and receiver, the signals corresponding to each of the individual transmit antennas have attained different spatial signatures. The receiver can use these differences in spatial signature to simultaneously and at the same frequency separate the signals that originated from different transmit antennas.
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Figure 2
HOW IT WORKS

The MIMO system uses multiple antennas to simultaneously transmit data, in small pieces to the receiver, which can process the data flows and put them back together. This process, called spatial multiplexing, proportionally boosts the data-transmission speed by a factor equal to the number of transmitting antennas. In addition, since all data is transmitted both in the same frequency band and with separate spatial signatures, this technique utilizes spectrum very efficiently (Ref. To fig 2. )

 CHANNEL CAPACITY

At the input of a communication system, discrete source symbols are mapped into a sequence of channel symbols. The channel symbols are then transmitted/ conveyed through a wireless channel that by nature is random. In addition, random noise is added to the channel symbols. In general, it is possible that two different input sequences may give rise to the same output sequence, causing different input sequences to be confusable at the output. To avoid this situation, a non-confusable subset of input sequences must be chosen so that with a high probability, there is only one input sequence causing a particular output. It is then possible to reconstruct all the input sequences at the output with negligible probability of error. A measure of how much information that can be transmitted and received with a negligible probability of error is called the channel capacity. 

ANTENNA SELECTION

The MIMO channel capacity has so far been optimized based on the assumption that all transmit and receive antennas are used at the same time. Recently, several authors have presented papers on MIMO systems with either transmit or receive antenna selection. The capacity of the MIMO channel is reduces with a rank deficient channel matrix. A rank deficient channel matrix means that some columns in the channel matrix are linearly dependent. When they are linearly dependent, they can be expressed as a linear combination of the other Columns in the matrix. The information within these columns is then in some way redundant and is not contributing to the capacity of the channel. The idea of transmit antenna selection is to improve the capacity by not using the transmit antennas that correspond to the linearly dependent columns, but instead redistributing the power among the other antennas. Since the total number of parallel sub channels is equal to the rank of the channel matrix, the optimal choice is to distribute the transmit power on a subset of k transmit antennas that maximizes the channel capacity. The optimal choice of k transmits antennas that maximize the channel capacity results in a channel matrix that is full rank. In, a computationally efficient, near-optimal search technique for the optimal subset based on classical water pouring is described.

OUTAGE CAPACITY
In this paper, the ergodic (mean) capacity has been used as a measure for the spectral efficiency of the MIMO channel. The capacity under channel ergodicity is defined as the average of the maximal value of the mutual information between the transmitted and the received signal, where the maximization was carried out with respect to all possible transmitter statistical distributions. Another measure of channel capacity that is frequently used is outage capacity. With outage capacity, the channel capacity is associated to an outage probability. Capacity is treated as a random variable, which depends on the channel instantaneous response and remains constant during the transmission of a .nite-length coded block of information. If the channel capacity falls below the outage capacity, there is no possibility that the transmitted block of information can be decoded with no errors, whichever coding scheme is employed. The probability that the capacity is less than the outage capacity denoted by Coutage is q. This can be expressed in mathematical terms by

                                                  Prob {C = Coutage} = q. 
In this case, represents an upper bound due to fact that there is a .nite probability q that the channel capacity is less than the outage capacity. It can also be written as a lower bound, representing the case where there is a .nite probability (1 - q) that the channel capacity is higher than Coutage, i.e., Prob {C > Coutage} = 1- q.

MIMO APPLICATIONS IN 3G WIRELESS SYSTEMS AND BEYOND

A. Background

With MIMO-related research entering a maturing stage and with recent measurement campaign results further demonstrating the benefits of MIMO channels, the standardization of MIMO solutions in third generation wireless systems (and beyond) has recently begun. Several techniques, seen as complementary to MIMO in improving throughput, performance and spectrum efficiency are drawing interest, especially as enhancements to present 3G mobile systems, e.g., high-speed digital packet access (HSDPA). These include adaptive modulation and coding, hybrid ARQ, fast cell selection, transmit diversity.
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B. MIMO in 3G Wireless Systems And Beyond

There is little commercial implementation of MIMO in cellular systems as yet and none is currently being deployed for 3G outside pure transmit diversity solutions for MISO. Current MIMO examples include the Lucent’s BLAST chip and proprietary systems intended for specific markets such as Iospan Wireless’ Airburst system for fixed wireless access. The earliest lab trials of MIMO have been demonstrated by Lucent Technologies several years ago. In the case of 3GPP, some MIMO results are presented here,

Based on link level simulations of a combination of V-Blast and spreading code reuse. Table II gives the peak data rates achieved by the down link shared channel using MIMO techniques in the 2-GHz band with a 5-MHz carrier spacing under conditions of flat fading. The gains in throughput that MIMO offer are for ideal conditions and are known to be sensitive to channel conditions. In particular, the conditions in urban channels that give rise to uncorrelated fading amongst antenna elements are known to be suitable for MIMO. The gains of MIMO come at the expense of increased receiver complexity both in the base station and in the handsets. Also various factors such as incorrect channel estimation, presence of correlation amongst antenna elements, higher Doppler frequencies, etc., will tend to degrade the ideal system performance.

HURDLES ON THE WAY TO COMMERCIALIZATION OF MIMO

 A brief discussion on some of the open issues and remaining hurdles on the way to 

A full-scale commercialization of MIMO systems is contained below.

1) Antenna Issues: Antenna element numbers and inter-element spacing are key parameters, especially the latter if the high spectral efficiencies of MIMO are to be realized. Base stations with large numbers of antennas pose environmental concerns. Hence, the antenna element numbers are limited to a modest number; say four, with an inter-element spacing of around. The large spacing is because base stations are usually mounted on elevated positions where the presence of local scatterers to decorrelate the fading cannot be always guaranteed. Using dual polarized antennas, four antennas can fit into a linear space of 1.5 m at spacing at 2 GHz. For the terminal, spacing is sufficient to ensure a fair amount of uncorrelated fading because the terminal is present amongst local scatterers and quite often there is no direct path. The maximum number of antennas on the terminal is envisaged to be four, though a lower number, say two, is an implementation option. Four dual polarized patch antennas can fit in a linear space of 7.5 cm. These antennas can easily be embedded in casings of laptops. However, for handsets, even the fitting of two elements may be problematic. This is because, the present trend in handset design is to imbed the antennas inside the case to improve look and appeal. This makes spacing requirements even more critical.

2) Receiver Complexity: MIMO channel estimation results in increased complexity because a full matrix needs to be tracked per path delay (or per tone in OFDM) instead of a single coefficient. Since practical systems typically limit the number of antenna elements to a few, this added complexity is not seen as a bottleneck. Extra complexity comes from extra RF, hardware, and sophisticated receiver separation algorithms. A MIMO receiver should be dual mode to support non-MIMO mode. In the MIMO mode, it will have multiple RF chains (equal to the number of RX antennas), and additional base band operations i.e., the space–time combiners and detector to eliminate spatial interference. The additional requirements increase the complexity of a (4,4) MIMO system to about twice that of a single antenna receiver. There may also be additional processing (equalization or interference cancellation) needed due to depressive channel conditions resulting from delay spread of the environment surrounding the MIMO receiver. The complexity impact of these is not yet fully accounted for. Homodyne detection may provide direct conversion to base band and, thus, avoid the need for SAW filters in the IF circuitry. This could reduce the RF complexity aspects of MIMO. Whilst the overall cost impact of MIMO complexity is not clear, one thing is clear: MIMO receivers are likely to cost more than conventional receivers and in the terminal the battery life may also be an issue.

3) System Integration and Signaling: The MIMO system needs to be integrated and be backward compatible with an existing non-MIMO network. MIMO signaling imposes the support of special radio resource control (RRC) messages. The terminals need to know via broadcast down link signaling if a base station is MIMO capable. The base station also needs to know the mobile’s capability, i.e., MIMO or non-MIMO. This capability could be declared during call set up. Handsets are also required to provide feedback to the base station on the channel quality so that MIMO transmission can be scheduled if the channel conditions are favorable. These downlink and uplink RRC messages are then mapped on to the layer 2 signaling messages.

4) MIMO Channel Model: The performance of a MIMO system is very much influenced by the underlying channel model especially the degree of correlation amongst the elements of the channel matrix, delay spread issues, etc. While the propagation models for conventional radio systems have been standardized, there is no agreed MIMO channel model by the ITU as yet.

5) CSI at Transmitter: As shown earlier, the channel capacity is a function of the eigenmodes of the channel. The MIMO capacity will benefit from the transmitter having knowledge of the channel state and may use water filling instead of equal power allocation or some partial form of feedback. Furthermore, knowing the channel correlation matrix, the transmitter could optimize channel coding, bit allocation per sub stream in addition to amplifier power management. Various power allocation algorithms are discussed in [36] which is optimum during different channel conditions. The feedback of accurate and timely CSI to the transmitter is another open issue.

CONCLUSIONS AND FUTURE TRENDS

This paper reviews the major features of MIMO links for use in future wireless networks.  It is clear that the success of MIMO integration into commercial standards such as 3G, WLAN, and beyond will rely on a fine compromise between rate maximization (BLAST type) and diversity (space–time coding) solutions, also including the ability to adapt to the time changing nature of the wireless channel using some form of (at least partial) feedback. To this end more progress in modeling, not only the MIMO channel but also its specific dynamics, will be required. As new and more specific channel models are being proposed it will useful to see how those can affect the performance tradeoffs between existing transmissions and whether new, tailored to specific models, can be developed. Finally, upcoming trials and performance measurements in specific deployment conditions will be key to evaluate precisely the overall benefits of MIMO systems in real-world wireless scenarios. 
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