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1. Introduction

Transmit antenna array (TxAA) is the optimum close-loop transmit diversity technique in the sense of the signal to noise ratio (SNR) at the receiver, provided that the complex-valued channel state information (CSI) vector is known perfectly to the transmitter (Tx). However, due to the limited resources of the feedback channel, only partial information of the fading channels can be sent back to the transmitter. Moreover, it is well known that TxAA is very sensitive to quantization error. Therefore, the performances of TxAA strongly depend on the selection of the feedback information. For systems with 2 Tx antennas, optimum quantization schemes of the feedback information are defined in [1] as TxAA mode 2, and it chooses the optimum quantized feedback information (or weight vector) by exhaustive searching all the possible combinations of the feedback bits.

Although optimum schemes similar to TxAA mode 2 can still be applied for systems with 
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 Tx antennas, the computational complexity of such scheme with exhaustive search grows exponentially with both the number of Tx antennas and quantization bits, and a lot of resource of the mobile unit will be consumed by the computation of the feedback information.  Therefore, the efficient representation and computation of the feedback information of TxAA are highly desirable for HSDPA systems with more than 2 Tx antennas.

In this contribution, we propose a simple sub-optimum TxAA feedback scheme for HSDPA systems with 
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 Tx antennas. With 
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 bits of feedback information, this scheme guarantees a relative high receiver SNR by constraining the phases of all the channel impulse response (CIR) within one quadrant (or any
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 sector) of the coordinate system. Since the feedback information is computed for each antenna separately, the computational complexity of such scheme grows linearly with the number of TxAA antennas. 
2. A Simplified Feedback Scheme for TxAA

The block diagram of the transmitter employing TxAA transmit diversity is depicted in Fig. 1. The weight vector 
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 is determined by the feedback information, and it is chosen at the receiver to maximize the following cost function [1,2]
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Figure 1. The Block Diagram of TxAA
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where 
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 stands for the matrix Hermitian operation, and 
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 is the estimated CIR vector, with 
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 representing the channel impulse response between the 
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th Tx antenna and the receive (Rx) antenna. If each element of the weight vector contains b bits of information, then totally there are 
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 possible weight vectors of 
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. In order to maximize the cost function defined in (1), the receiver must exhaustively compute the values of P for all the possible
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 weight vectors to choose the optimum one, and each computation of the cost function involves approximately 
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 complex multiplications. Therefore the total amount of computational complexity incurred by the feedback information alone is in the order of O(
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), which is quite considerable when the number of antennas is larger than 2.

To improve the system performance as well as keep the system performance, we propose a new representation and computation method of the feedback information for TxAA transmit diversities. The weight vector is defined as follows
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where 
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, are the feedback information from the receiver. For consistence of representation, we let 
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. By such definitions, each 
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 contains 2 bits of information, and there are totally 
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 bits feedback information used to form the weight vector 
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. The reason we choose 2 bits representation of each element of 
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 lies in the fact that this amount of feedback will guarantee the performance improvement of the proposed scheme with respect to orthogonal space time block coding, if there exists one. 

The feedback information 
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are chosen such that all the rotated phases 
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, are in the same coordinate quadrant (or a 
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sector) of a coordinate system, where 
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 is the phase of the CIR 
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. Without loss of generality, here we keep 
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 constant and rotate all the other phases into the same quadrant as 
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.  If we label the four quadrants of the coordinate system as shown in Fig. 2, then the quadrant number of 
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 can be computed as 
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 denotes rounding to the nearest bigger integer. Thus the feedback information 
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can be computed at the receiver based on the estimated CIRs as follows
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Figure 2. Quadrants of Coordinate System

Unlike the optimum scheme with exhaustive search, the feedback information 
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 of the proposed feedback scheme is computed for each antenna separately, therefore the computational complexity of the proposed scheme is only linearly proportional to the number of the transmit antennas, as opposed to the exponentially growing complexity of the optimum scheme. 

For example, for systems with M = 4 Tx antennas and 2 bits representation of each element of the weight vector 
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, there are totally 
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 possible values of 
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, which means the mobile unit must compute the cost function given in (1) for all the 64 possible vectors of 
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 before sent out the feedback information, and the computation of the cost function involves approximately 
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 COMPLEX multiplications. However, with the proposed feedback scheme, we need only (M-1)=3 operations, and each operation involves approximately 2 REAL multiplications. Therefore, the computational complexity of the proposed scheme is only 
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 of the optimum TxAA scheme for system with M = 4 Tx antennas, and it will be shown by simulations that the proposed TxAA feedback scheme can achieve nearly the same performance as that of the optimum feedback scheme. Even larger computational saving can be observed for systems with more antennas.
3. Simulations

In this section, we present the simulation results in terms of frame error rate (FER) to evaluate the performance of the proposed feedback scheme in HSDPA systems with various system configurations. The results are compared with other open-loop and closed-loop transmit diversity methods to verify the validity of the proposed scheme. The simulation parameters are listed in Table 1.

Table 1. Simulation parameters

	Carrier frequency
	2GHz

	Spreading factor
	16

	Number of multicodes
	10

	Frame length
	2ms 

	CPICH power
	10% 

	Ec/Ior
	70%

	Ior/Ioc
	Variable

	Fading model
	One path Rayleigh 

	Correlation model
	i.i.d.

	Channel estimation
	Perfect

	Antenna configuration
	4(1

	Modulation
	64QAM, QPSK

	Channel Coding
	Turbo, Rate = ¾, ½ 

	Feedback delay
	1 slot

	Speed
	3km/hr, 30km/hr,120km/hr

	Feedback error
	0%, 4%


Fig. 3 and Fig. 4 illustrate the FER performances of various transmit diversity schemes with 
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 Tx antennas with different data rate, and it is assumed that there is no feedback error. It can be seen from the figures that the TxAA schemes consistently outperforms the open loop 4-Tx-STTD scheme [3]. Moreover, with only 0.3% computational complexity of the optimum TxAA feedback scheme, the proposed TxAA feedback scheme achieves nearly the same performance of the TxAA method with optimum feedback. 

The FER performances for systems with 4% feedback error are depicted in Fig. 5. From this figure we can see that the feedback error has similar effects on both the optimum quantized TxAA and the proposed sub-optimum scheme. 
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Figure 3. Performance comparisons of various Tx diversity schemes (10.8Mbps)
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Figure 4. Performance comparisons of various Tx diversity schemes (2.4Mbps)
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Figure 5. Performances with feedback error (2.4Mbps)
4. Conclusions

We proposed a simple feedback scheme for TxAA with more than 2 Tx antennas. For systems with 4 Tx antennas, the computational complexity of the proposed sub-optimum feedback scheme is only 0.3% of the optimum feedback weight computation. However, the performance of the proposed scheme is nearly the same as the TxAA with optimum quantized feedback. 
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