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1. Introduction

Recently, many MIMO schemes has been researched to support higher spectral efficiency without increasing spectral bandwidth, which is one of the major challenges for next generation wireless services [1].  One of an example is singular value decomposing MIMO (SVD-MIMO), having potential to provide near optimal capacity approaching the Shannon capacity of MIMO system by feeding back of full beamforming matrix from UE to Node-B. On the other hands, per antenna rate control with successive interference cancellation (PARC-SIC) scheme is proposed. The PARC-SIC is another candidate having the same potential of performance to the SVD-MIMO scheme for Open-Loop MIMO system while it requires less feedback overhead delivering channel state information at transmitter (CSIT).

In fact, the capacity of Open-Loop MIMO is lower than the capacity of Closed-Loop MIMO especially when the number of transmit antennas is larger than the number of receive antennas [2]. To resolve this difference in PARC-SIC, delivering some amount of feedback information and the simple beamforming process with them are attractive method. Note that the amount of feedback information for this case is much smaller than the amount for the conventional SVD-MIMO, since the SIC in the receiver can get rid out of the interferences remaining after transmit beamforming. In the paper, we propose beamforming schemes appropriate to such objectives, based on antenna selection (AS), as well as it is descried using numerical analysis for understanding.

The received signal is first modeled as
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where H(t) is the Mr × Mt MIMO channel matrix from the Node ​B, s(t) is the Mt × 1 transmitted symbol vector, n(t) is a Mr × 1 additive white Gaussian noise (AWGN) vector with distribution CN(0,N0/2IMr) for each element, W(t) is the matrix used for transmit beamforming, x(t) is the signal vector transformed by beamformer, which is equivalent to x(t) = W(t)s(t), and y(t) is the Mr × 1 received symbol vector, where t is the index of the time​slot.
2. System Architecture

2.1 Antenna Selection-1
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Figure 1: Schematic of antenna selection (Scheme 1)

Figure 1 illustrates the transmitter structure of the AS-scheme1, in which 4 transmit antennas are assumed. This is an example of the MIMO transmitter structure with beamforming, described in the previous section. In the figure, the signal vector entering to the switching is s(t), and x(t) is the output vector of the switching. The vector s(t) are generated through the independent adaptive modulation and coding (AMC) modules that encode each input information separated from HS-DPCH channel. The separation of each input information to AMC module is processed by the multiplexer (MUX) which translates serial input signal to independent parallel output signals. The transmit signal x(t) is received to each user, expressed as y(t) in (1). The  processes for AMC and MUX for s(t), x(t) and y(t) in Figure 1 are applied to the cases for Figure 2 and 3 with the same rules. Note that in these figures the combiners are operated as beamformer, while the switching here is used for antenna selection.
For antenna selection in this scheme, the beamforming matrix can be adopted to select the appropriate combination of transmit antennas, which is given by the elements of the set below:
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The selection of the matrix is to maximize the throughput of the given MIMO system as follows:
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To define the throughput Ck(t) in terms of a specified beamforming matrix, assume that we use SIC detection at the receiver, and
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where IMt−m is the Mt − m dimension square identity matrix and 
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 is a deflated version of the beam-formed channel matrix
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, in which columns have been zeroed, the throughput of the MIMO system is then defined by
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 is the signal-to-noise ratio, and cf(x) is the capacity function depending on the running system (e.g., cf(x) = log2(1+x)). 

We choose the beamforming matrix in terms of optimizing the throughput. The optimization criterion can be replaced by several other rules such as minimization of error probability, maximization of the minimum link quality, etc.
2.2 Antenna Selection-2
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Figure 2: Schematic of antenna selection (Scheme 2)
The transmitter structure of the AS-scheme2 is shown in Figure 2, in which a combining technique is considered as more generalized form of a switching technique in the AS-scheme1. Due to the generalization from the AS-scheme1, the beamforming matrix in the AS-scheme2 is selected among the elements of the set below:
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where for example (w1, w2) can be expressed as
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To find the appropriate beams for this case gets optimal, if we add more number of possible elements to the weight set in (2) (i.e., weight set in (4)). Thus, the larger number of elements in the weight set is required to get the optimal weight matrix in using a combiner when compared to the case using the switching. 

2.3 Antenna Selection-3
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Figure 3: Schematic of antenna selection (Scheme 3)
Figure 3 depicts the transmitter structure of the AS-scheme3, where different antenna weights are used for each antenna, while in the AS-scheme2 the number of weights is less than the number of antennas. In Figure 3, the objective of the AS-scheme3 is to give more degree of freedom than that in AS-scheme2 by allowing the independent weight elements associated to each stream, s1(t) and s2(t), e.g., (w11, w12) for s1(t) is determined independently along with (w21, w22) for s2(t) and vice versa. On the contrary, it is noteworthy that in AS-scheme2 two pairs must be the same, e.g., (w11, w12) = (w21, w22) = (w1,w2). 
The beamforming matrix in AS scheme-3 is selected among the elements of the set below:
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where for example [(w11, w12), (w21, w22)] can be


[image: image16.wmf]11122122

11

[(,),(,)],,,0..1,0..1

2222

jkjl

ee

wwwwkl

pp

ìü

éù

æöæö

ïï

Î==

íý

êú

ç÷ç÷

èøèø

ëû

ïï

îþ

.
(7)

Except the difference of the configuration for weight set described above, other procedures to get optimal weight matrix are the same for all three schemes, which are denoted in (3) and thereafter. 

3. Performance Analysis
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Figure 4: Achievable capacities of the proposed algorithms for 4x2 MIMO systems

Figure 4 shows the achievable capacities of three proposed algorithms, where the notifications JPARC-1, JPARC-2 and JPARC-3 represent AS scheme-1, AS scheme-2 and AS scheme-3, respectively. While AS scheme-1 has smallest feedback burden among these three schemes, the  performance of AS scheme-1 is worst, e.g. SNR gain is 0.5 dB poorer than that of AS scheme-2. AS scheme-2 and AS scheme-3 show almost the same performance, and hence SNR gain is less than 0.1dB, when the same feedback burden and the weight sets denoted in (5) and (7), respectively, are used. In this example, we may have a question why we need AS Scheme-2 since it is always worse than AS Scheme-3 although requiring the same feedback burden. However, if we consider compatibility to transmit diversity schemes, AS scheme-2 seems to be a more attractive candidate over AS scheme-3. 

4. Summary

We investigated three different antenna selection schemes corresponding to different feedback signalling. The robustness against Doppler effects depends on the feedback loading. Thus, the best way is to reduce the feedback information without any sacrifice on system capacity. The difference in capacity is shown in the simulation results.
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