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Abstract—According to the MIMO theory, the capacity of a channel can be increased by using multiple antennas at each transmitting and receiving end. In order to construct a near-field 2(2 MIMO system, an antenna array, which is composed of short electric dipoles with different polarizations, can be used. When small antennas are used, the characteristics of the channel matrix can be analyzed based on the addition theorem, and thus the capacity can also be easily estimated.
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I.  Introduction
In order to increase the maximum available amount of information for limited wireless resources, MIMO technology has been developed. According to the MIMO theory, a wireless channel can be parallelized using transmitting and receiving arrays. In contrast to the conventional MIMO, which operates in a far-field region under a rich multi-path environment, the near-field MIMO operates in the near-field region of antenna elements, which comprise the transmitting and receiving array, and each antenna directly communicates without a multipath environment [1]. To analyze the channel characteristics for near-field MIMO application, the coupling of transmitting and receiving antennas needs to be analyzed using full-wave analysis, because conventional analysis such as the ray-tracing technique can only be applied to the far-field region.
By using antenna arrays composed of antennas that have different characteristics, a near-field 2(2 MIMO system can be effectively constructed. For example, a 2(2 MIMO array composed of short electric and magnetic dipoles has recently been proposed in [2] based on the orthogonality of spherical modes. In [2], the coupling between the transmitting and receiving antenna pairs is calculated using the mode-based approach through the addition theorem. 
As an alternative approach, antenna arrays, which are composed of short electric dipoles with orthogonal polarization, can be used for the transmitting and receiving antenna arrays in order to construct the near-field 2(2 MIMO system, because different information can be given independently for each polarization component. 
II. Mode-Based Analysis of the Proposed Array
A. Mode-based Description of Coupling
The outside of an antenna can be composed of orthogonal spherical wave functions. Hence, the coupling between small antennas can be described as the interaction of the TM10 or TE10 mode based on the addition theorem of the spherical waves, because a small antenna predominantly generates the spherical TM10 or TE10 mode. Recently, studies of the analysis of near-field coupled small antenna have been reported in [3] and [4].  

In the case of a short dipole, the TM10 mode is dominantly generated. Hence, the interaction between dipoles can be described using TM10 modes. When the transmitting and receiving arrays are composed of short electric dipoles, as shown in Fig. 1, the near-field 2(2 MIMO system can be represented by the equivalent circuit in Fig. 2.  Similarly to [4], the outgoing transmitted signals and incoming receiving signals of each antenna can be described as
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under the condition that the transmitting and receiving antennas are matched. Therefore, based on the addition theorem of spherical waves, the transmission parameter between coupled antennas can be given as
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where the transmission parameter is given as (9). Hence, by using (1)-(8), the channel matrix of the near-field MIMO is given as (10)
B. Mutual Coupling between Antenna Elements
[image: image19.emf]rad

a(Tx#1)

R:1

Tx ANT #1 

(short dipole)



10

TM(Tx#1)

a



10

TM(Tx#2)

a



10

TM(Rx#1)

a



10

TM(Rx#2)

a

Spherical

Modes

Channel

+

Mutual

Coupling

Tx ANT #2 

(short dipole)

rad

a(Tx#2)

R:1

Rx ANT #1 

(short dipole)

Rx ANT #2 

(short dipole)

rad

a(Rx#1)

1:R

10

rad

TE(Rx#2)

R:1

Because the antenna elements are closely placed to each other, they are mutually coupled. Hence, the actual voltage applied in each antenna element can be estimated after consideration of the mutual coupling effect. In a transmitting array, the radiated field generated from a certain antenna can be received by another antenna element of the array, and, therefore, the actual voltage applied in the antenna becomes different from the value that is initially given. Similarly, in a receiving array, the received field can be re-radiated at a certain antenna element, and then it can also be received by another receiving antenna of the array; thus, the final received voltage at the load can be changed. 

In the case of the transmitting array, the mutually coupled transmitting voltage can be found as 
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where the vector of source voltages is given as vs, ZT is the impedance matrix at the transmitting end, Zs is the diagonal matrix composed of the source impedances Zsm of each transmitter, CT is the diagonal matrix with entries 
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, and the mutual impedance can be given as [4][5]
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In addition, if a receiving array is composed of n antennas and the terminal voltage vector generated by the initially received fields is given as x, the received terminal voltage vector vr, including mutual coupling effects, is given as
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where the load impedances of each receiver are given as Zlm and the mutual impedance between the ith and jth antennas is given as Zij [6].
When the mutual couplings at the transmitting and receiving arrays are considered, the channel matrix can be given as 
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where T is given in (10), and CRX and CTX are given in (14) and (11) [5].

III. Capacity Analysis
A. Shannon Capacity Theorem
The capacity of the MIMO channel can be calculated from the channel matrix. If a 2(2 channel matrix(H) is given, the capacity of the channel can be given as
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, where λi is ith eigenvalue of HHH (with superscript H which means the Hermitian of the matrix), and γo is the signal-to-noise ratio (SNR) of the channel. If the channel matrix is given, each eigenvalue can be calculated by the characteristic equation which is defined as
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and each eigenvalue is considered to be the gain of each independent channel.
B. Examples
The characteristics of a 2(2 near-field MIMO using an electric short dipole array are investigated in this study. As shown in Fig. 3, the height of the short electric dipole is given as 3 cm, and this is in perpendicular polarization. The antenna arrays are classified into two cases based on the position of the origins of each antenna element. In case 1, the antenna elements have same antenna origins; thus, they are not mutually coupled. However, in case 2, each antenna has different origins and thus they are mutually coupled. In addition, the distance between the antenna arrays is set to 1.5m in the parallel and diagonal configurations, as shown in Fig. 4. To analyze the impedance characteristics of each antenna, a commercial MOM-based EM simulator is used. 
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When the distance between the antenna pairs is set in the parallel and diagonal configurations as shown in Fig. 4, the capacity characteristics of the near-field 2(2 MIMO, where the transmitting SNR is given to 30dB, can be calculated by the proposed method, as shown in Fig. 5 and 6. 
IV. Conclusion

By using the antenna array, which is composed of a short electric dipoles that generate respectively orthogonal polarized fields, a near-field 2(2 MIMO can be constructed, and the channel characteristics of the near-field MIMO can be analyzed based on the mode-based approach using the addition theorem. Because the channel matrix of the near-field MIMO can be calculated by the proposed method, the capacity of the channel can also be effectively estimated.
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Fig.3. Antenna array structure for  a near-field 2(2 MIMO 
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Fig.2. Equivalent circuit description of a near-field 2(2 MIMO 
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Fig.1. Near-field 2(2 MIMO using the antenna array comprised of a short electric dipoles 
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(a) in a parallel configuration
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(b) in a diagonal configuration








Fig. 4. Example of the near-field 2(2 MIMO 
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      (a) in a parallel configuration
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     (b) in a diagonal configuration





Fig. 6. The capacity calculation results of the near-field 2(2 MIMO under the condition of equal power allocation with the same amount of total transmitted power (γ0=30dB) for an antenna array structure using different origins (case 2)
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      (a) in a parallel configuration
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     (b) in a diagonal configuration





Fig. 5. The capacity calculation results of the near-field 2(2 MIMO under the condition of equal power allocation with the same amount of the total transmitted power (γ0=30dB) for the antenna array structure using same origins (case 1)
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