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Abstract  

MIMO systems place the same requirements on the RF link as do the receive diversity systems that are in place for 

current cellular networks, that is, there must be de-correlation between the channels received at the antenna. This 

de-correlation is provided by space diversity when achieved by the separation of the antennas, or by the use of 

polarization diversity when implemented by the use of orthogonal antenna elements. However, for dual-pole 

antennas, cross-polar discrimination and port-to-port isolations can affect the diversity or MIMO performance of the 

system by introducing correlation between the channels. MIMO systems employing smart antennas are a promising 

candidate for future mobile communications due to their tremendous spectral efficiency. RF engineers have to find 

new antenna solutions for MIMO applications, especially the integration of MIMO antennas into small handsets is a 

challenging task. Smart antenna systems may revolutionize future communications systems. So far, only the 

spectrum, the time and the code domain are exploited for communications systems. The resources spectrum and code 

are very limited. Smart antennas exploit the spatial domain, which has been almost completely unused so far. For 

multiplex transmission within one communications link, i.e. a parallel transmission of several data streams at the 

same time and frequency only separated by the spatial domain, multiple transmit and multiple receive antennas 

(multiple input multiple output - MIMO) are required. MIMO systems promise to reach very large data rates and 

therewith high spectral efficiencies. The proposed research work states smart antennas for mimo’s and related for 

wireless systems. 
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1.Introduction:  

MIMO technology leverages multipath behavior by using multiple, “smart” transmitters and receivers with an added 

“spatial” dimension to dramatically increase performance and range. MIMO allows multiple antennas to send and 

receive multiple spatial streams at the same time. This allows antennas to transmit and receive simultaneously. 

MIMO makes antennas work smarter by enabling them to combine data streams arriving from different paths and at 

different times to effectively increase receiver signal-capturing power. Smart antennas use spatial diversity 

technology, which puts surplus antennas to good use. If there are more antennas than spatial streams, as in a 2x3 (two 

transmitting, three receiving) antenna configuration, then the third antenna can add receiver diversity and increase 

range.  In order to implement MIMO, either the station (mobile device) or the access point (AP) need to support 

MIMO. Optimal performance and range can only be obtained when both the station and the AP support MIMO. 

Legacy wireless devices can’t take advantage of multipath because they use a Single Input, Single Output (SISO) 

technology. Systems that use SISO can only send or receive a single spatial stream at one time. 
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2. MIMO Types:  

Multi-antenna MIMO (or Single user MIMO) technology has been mainly developed and is implemented in some 

standards, e.g. 802.11n products. SISO/SIMO/MISO are degenerate cases of MIMO Multiple-input and single-output 

(MISO) is a degenerate case when the receiver has a single antenna.  Single-input and multiple-output (SIMO) is a 

degenerate case when the transmitter has a single antenna. Single-input single-output (SISO) is a radio system where 

neither the transmitter nor receiver has multiple antennas. 

 

Figure 1: Different MIMO’S  AND SISO’S 

3.MIMO FUNCTIONS: MIMO can be sub-divided into three main categories, precoding, spatial multiplexing or 

SM, and diversity coding 

3.1.Precoding: It  is multi-layer beam forming in a narrow sense or all spatial processing at the transmitter in a 

wide-sense. In (single-layer) beam forming, the same signal is emitted from each of the transmit antennas with 

appropriate phase (and sometimes gain) weighting such that the signal power is maximized at the receiver input. The 

benefits of beam forming are to increase the signal gain from constructive combining and to reduce the multipath 

fading effect. In the absence of scattering, beam forming results in a well defined directional pattern, but in typical 

cellular conventional beams are not a good analogy. When the receiver has multiple antennas, the transmit beam 

forming cannot simultaneously maximize the signal level at all of the receive antennas, and precoding is used. Note 

that precoding requires knowledge of the channel state information (CSI) at the transmitter.  

3.2. Spatial multiplexing: This requires MIMO antenna configuration. In spatial multiplexing, a high rate signal is 

split into multiple lower rate streams and each stream is transmitted from a different transmit antenna in the same 

frequency channel. If these signals arrive at the receiver antenna array with sufficiently different spatial signatures, 

the receiver can separate these streams, creating parallel channels free. Spatial multiplexing is a very powerful 

technique for increasing channel capacity at higher Signal to Noise Ratio (SNR). The maximum number of spatial 

streams is limited by the lesser in the number of antennas at the transmitter or receiver. Spatial multiplexing can be 

used with or without transmit channel knowledge. Spatial multiplexing is not intended to make the transmission 

more robust; rather it increases the data rate. To do this, data is divided into separate streams; the streams are 

transmitted independently via separate antennas. Because MIMO transmits via the same channel, transmissions using 
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cross components not equal to 0 will mutually influence one another. 

 

Figure 2 :MIMO 2x2 antenna configuration 

If transmission matrix H is known, the cross components can be calculated on the receiver. In the open-loop method, 

the transmission includes special sections that are also known to the receiver. The receiver can perform a  channel 

estimation. In the closed-loop method, the receiver reports the channel status to the transmitter via a special feedback 

channel. This makes it possible to respond to changing circumstances. 

3.3. Signal Diversity Coding: These techniques are used when there is no channel knowledge at the transmitter. In 

diversity methods a single stream (unlike multiple streams in spatial multiplexing) is transmitted, but the signal is 

coded using techniques called space-time coding. The signal is emitted from each of the transmit antennas using 

certain principles of full or near orthogonal coding. Diversity exploits the independent fading in the multiple antenna 

links to enhance signal diversity. Because there is no channel knowledge, there is no beam forming or array gain 

from diversity coding. The purpose of spatial diversity is to make the transmission more robust. There is no increase 

in the data rate. This mode uses redundant data on different paths. 

4.RX Diversity: 

RX diversity uses more antennas on the receiver side than on the transmitter side. The simplest scenario consists of 

two RX and one TX antenna (SIMO, 1x2). 

 

Figure 3: SIMO antenna configuration 

Because special coding methods are not needed, this scenario is very easy to implement. Only two RF paths are 

needed for the receiver. 
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Figure 4  : RX diversity 

Because of the different transmission paths, the receiver sees two differently faded signals. By using the appropriate 

method in the receiver, the signal-to-noise ratio can now be increased. Switched diversity always uses the stronger 

signal, while maximum ratio combining uses the sum signal from the two signals 

4.1.TX Diversity: When there are more TX than RX antennas, this is called TX diversity. The    simplest 

scenario uses two TX and one RX antenna (MISO, 2x1). 

 

Figure 5: MISO antenna configuration 

In this case, the same data is transmitted redundantly over two antennas. This method has the advantage that the 

multiple antennas and redundancy coding is moved from the mobile UE to the base station, where these technologies 

are simpler and cheaper to implement. To generate a redundant signal, space-time codes are used.A simple way to 

appreciate the benefits of MIMO is to consider the Shannon limit on the capacity (in bits/s/Hz) of a given channel 

between a transmitter and receiver. This is well known to be  

(1) 

Using M transmitters and M receivers, but reducing the power transmitted from any one transmitter to maintain the 

same total transmit power as the single antenna case, then the total capacity limit between M transmitters and M 

receivers becomes:    

(2) 

5. MIMO Antennas: Diversity 
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Figure 6:MATLAB Result for signal strength and time 

Multi-path signal transmission may lead to destructive signal overlay resulting in local deep dips (called 

Rayleigh-Fading) From the correlation a diversity gain of a MIMO antenna system can be defined based on statistic 

assumptions. 

                 (3) 

 

 

 

Figure 7:MATLAB Result for SNR and probability  

 

 

6. Smart Antenna Planning Example 

In this section, we discuss a specific planning problem through a simulation study. We discuss the connectivity of 

users in a 3G cellular network with conventional sectorization and compare it with the connectivity when the 

network deploys 4-element uniform linear array antennas. Specifically, we assume a UMTS radio access network 

configuration including approximately 100 sectors. In order to investigate the system performance ,system-level 

simulations were carried out using a state-of-the-art Monte Carlo simulator. The system-level simulator models the 

network similarly to most of the commercially available radio network planning tools. Additionally, we included the 

modeling of smart antenna processing.  In the first scenario, we consider all base stations to be equipped with 
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conventional sector antennas (three sectors per site). In the second scenario, the base stations are equipped with 

4-element uniform linear array antennas. In the second scenario, we assume that the baseband signal processing at 

the base station implements optimum combining. The typical questions to be answered by the operator are: 

• How do smart antennas influence the system performance? 

• In which regions are disconnected users concentrated? 

• Does the distribution of disconnected users change in the case of smart antenna deployment? 

• Does it make sense to deploy smart antennas throughout the entire network or only in certain areas? 

For simplicity we assume an idealized service mix with just two different service types, i.e., we assume 40% of the 

users to be served at a data rate of  12.2 kbit/s and 60% of the users at 64 kbit/s.  

The results are shown in Figure;8   shows the distribution of the connected users for conventional sector antennas 

(a) and 4-element-ULAs (b). Conversely, Figure: 9 shows the distribution of disconnected users in case of 

conventional sector antennas (a) and 4-element- ULAs (b).This comparison shows that smart antennas are capable of 

increasing the number of served users. Hence, the network’s aggregated throughput can be increased substantially by 

the use of smart antennas. In the studied scenario, the deployment of 4-element-ULAs is capable of doubling the 

network throughput. Only a very small number of users remain disconnected in areas of poor coverage. We note that 

smart antennas provide a “cluster gain,” rather than just a performance gain limited to the smart antenna serving cell. 

This means that a single cell equipped with a smart antenna will not just improve the coverage and capacity of the 

serving sector, but will also improve the performance of the neighboring cells, due to the highly reduced inter cell 

interference power. 

Recently, a statistical analysis in live CDMA networks was carried out in North America [22]. The analysis has 

shown that among all sites in which the load exceeds the capacity threshold, around 51% have a single overloaded 

sector, while the other sectors operate below the capacity threshold. Another 38% of the sites have two sectors 

exceeding the capacity threshold, and only 11% of the sites have all three sectors exceeding the capacity threshold. 

This means that, when deployed per sector, smart antennas allow the operator to address capacity where additional 

resources are needed, increasing the utilization of every deployed carrier. 

 

Figure 8; Distribution of connected users in the system area. Each base station is either equipped with a single 

element sector antenna (a) or a 4-element uniform linear array (ULA, performing optimum combining) (b), 

respectively. The “.” indicates users with a 12.2 kbit/s service, and the “x” shows users with 64 kbit/s service. 
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Figure 9;Distribution of disconnected users in the system area. Each base station is either equipped with a single 

element sector antenna (a), or a 4-element uniform linear array (ULA, performing optimum combining)  

(b), respectively. The “.” indicates users with a 12.2 kbit/s service, and the “x” shows users with 64 kbit/s service. 

7 .Conclusion: Considering both the sector-based capacity limitations and the cluster gain of smart antennas, future 

challenges for smart antenna and MIMO radio network deployment. We have presented a development platform for 

MIMO systems and smart antennas, which contains With those technologies it is possible to improve the 

signal-to-noise ratio at the receiver and increase capacity in mobile radio systems. A variety of smart antennas, from 

those with MIMO as well as active antenna array antenna configurations have been reviewed in great depth. Their 

installation and operational characteristics have been detailed and several deployment and upgrade strategies have 

been discussed. 
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