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1. Introduction

Precoding in multiple-input multiple-output (MIMO) systems is a modern closed loop adaptive antenna technique for performance enhancement, which is different to the classical array signal processing with incident angle information. It also helps to reduce the receiver complexity by compensating the mobile channel effects in advance at the transmitter side. To realize the closed-loop MIMO system, UE is required to feedback periodically the measured channel associated information, including [1]:

· Channel state information (CSI):
· Channel quality indicator (CQI):
· MIMO mode selection:
· UL reference signal:
There are still some open issues, regarding the design of the precoded MIMO systems, left for further consideration [2].

· Feedback overhead:

· Compression of feedback information

· Feedback delay:

· Feedback update rate:

· Accuracy of feedback information: 

· Processing complexity at UE:

It is suggested from the above discussion that we need to trade-off among the performance, UL overhead, and complexity. Based on these requirements, we propose a non-codebook-based precoding scheme for E-UTRA [3] in this contribution. This scheme could be applied for TDD E-UTRA systems, especially for the case where the UE has fewer transmit chains than receive chains [4]. Computer simulations are conducted to evaluate and compare the performance of the proposed scheme with different compression ratio in different channel conditions. 
2. Non-codebook-based precoding scheme
2.1. Closed loop MIMO system
Fig. 1. shows the simplified block diagram of closed loop MIMO system. At the transmitter side, the Ns spatial source streams are modulated and encoded at the modulation coding scheme (MCS) blocks. After that, these streams are precoded at the Precoding block with the aid of feedback CSI. Nt spatial streams are generated by the precoding matrix at the Precoding block. Finally, these spatial streams are transformed to the time domain at the IFFT blocks and sent out via Nt transmit antennas. At the receiver side, Nt spatial streams are received by Nr receive antennas. After synchronization process, spatial streams are transformed back to the frequency domain at the FFT blocks. The outputs of the FFT blocks are sent into the Channel Estimation block to probe the CSI. In general, the CSI is sounded by the training sequence, preamble, or pilot symbols. The estimated CSI is passed to the Feedback Encoder block for data compression before feedback. At the same time, the MIMO Receiver block uses the estimated CSI to de-multiplex the spatial stream coherently into Ns spatial streams. Finally, these spatial streams are detected at the Detector blocks. In this contribution, we propose an adaptive prediction scheme, which estimates, encodes, and compresses the CSI.
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Figure 1 – Simplified block diagram of closed loop MIMO system.

2.2. Adaptive prediction scheme for CSI
Fig. 2 shows the proposed adaptive prediction scheme for CSI in precoding MIMO system. CSI 1 to CSI NtxNs is the estimated channel state information at the receiver side by the use of training sequence, preamble, or pilot symbols, where Nt is the number of transmit antennas and Ns is the number of spatial streams. The estimated CSI is sent into the Down-sampling block to decimate the sampling rate according to the mean squared error (MSE) feedback from the MSE block. The Down-sampling block is used to reduce the CSI feedback redundancy. For flat fading channel, high down-sampling factor is used for lower feedback redundancy. On the other hand, the estimated CSI is not down-sampled in the severe frequency selective fading channel. In the initial acquisition phase, the down-sampling factor could be set to the highest possible rate and adjusted in terms of MSE. Following that, the CSI is processed by the adaptive prediction filter (APF). The APF is performed by the following equation:
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where 
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 is the predicted CSI of the nth sub-carrier, N is the order of the APF, aj(n) is jth filter coefficient of the nth sub-carrier, b(n) is the feedback bit or the encoded CSI, (n) is the stepsize of the APF. The aj(n) is updated according to the steepest descent algorithm, as shown below:
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where 0< and 0< are two leaky factors used to control the adaptation rate, H(n-1) is the estimated CSI. To simplify the calculation of (2), only the sign of the slope in steepest descent algorithm is used:
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where SIGN(.) is used to take the sign within the bracket. The (n) is utilized to trace the variation of CSI and compensate for the prediction error. The (n) is generated based on the Table 1. P1 and P2 are two constants used to increase the stepsize and 1<P2<P1. Q1 and Q2 are two constants used to decrease the stepsize and 0<Q1<Q2. The feedback bit, b(n), is decided in terms of the relationship between 
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Figure 2 – Adaptive prediction scheme for CSI in precoding MIMO systems.

Table 1 Stepsize adaptation table 

	b(n-3)
	b(n-2)
	b(n-1)
	(n)

	0
	0
	0
	P(n-1)

	1
	0
	0
	P(n-1)

	0
	1
	0
	Q(n-1)

	1
	1
	0
	Q(n-1)

	1
	1
	1
	P(n-1)

	0
	1
	1
	P(n-1)

	1
	0
	1
	Q(n-1)

	0
	0
	1
	Q(n-1)


In general, good channel prediction result is obtained with low-order APF.
The predicted CSI is passed to the MSE block to evaluate the mean squared error. If the MSE is higher than the pre-defined threshold, an up-sampling command is feedback to the Down-sampling block to increase the sampling rate and perform the APF process again. The loop continues until the MSE is below the threshold. Finally, the feedback bits of each APF is transformed from parallel to serial and feedback to the transmitter side using single or multiple antennas. The proposed adaptive prediction filter scheme could be used for TDD mode [4].
2.3. Practical implementation issues 
The main advantage of adaptive prediction scheme is its low implementation complexity, as compared to the codebook-based precoding scheme [5-7] in which complicated singular value decomposition (SVD) is required to find the right singular matrix. The complexity of the adaptive prediction scheme is proportional to the APF order and inverse proportional to the down-sampling factor. In general, simple first order APF is sufficient for CSI tracking. Furthermore, feasible down-sampling factor is 32 to 64 in flat fading channels and 2 to 8 in frequency selective fading channels. Therefore, the adaptive prediction scheme is practical for mobile terminal implementation. The other advantage of the proposed scheme is its robustness to feedback error. Since adaptive prediction scheme is a kind of waveform tracking, some incorrect feedback bits will result in little performance degradation. The adaptive prediction scheme also possesses good CSI tracking ability. Not only the right singular matrix, but also the full channel frequency response is pre-compensated at the base station. Therefore, the complexity and cost of mobile terminal is further reduced. 
The disadvantage of the adaptive prediction scheme is the high feedback overhead in high order MIMO system. That is, the feedback overhead of the adaptive prediction scheme is proportional to the product of Nt and Ns. However, the problem of high feedback overhead could be alleviated by differential prediction and high down-sampling factor.
3. Simulation Parameters
Table 1 lists the simulation parameters [8] used in this contribution. The system bandwidth is 10 MHz and the FFT size is 1024. The cyclic prefix (CP) length of short type is used, which is 72 sub-carrier or 4.69 us. In our simulation, perfect synchronization with zero frequency offset is assumed. The modulation scheme is QPSK without channel coding. The channel model utilized in our simulation is based on ITU-R M.1225 Vehicular A and Pedestrian A/B. The adaptive prediction filter order is 1.
Table 2 – Simulation parameters
	Types
	Value

	System bandwidth
	10 MHz

	FFT points
	1024

	Useful sub-carriers
	601

	CP Length
	Short, 72

	Sub-carrier spacing
	15 KHz

	Frequency offset
	0 ppm

	Modulation and Coding
	QPSK + 1/3 Convolutional Code

	MIMO
	2x2

	Channel model
	ITU Vehicular A, Pedestrian A/B

	APF order
	1


4. Simulation Results

Figure 3 shows the mean squared error of the proposed APF with different down- sampling factors in ITU pedestrian A, pedestrian B, and vehicular A channel models. There are 4 taps in ITU pedestrian A channel model and the maximum effective delay spread is 400 ns. There are 6 taps in ITU pedestrian B channel model and the maximum effective delay spread is 3700 ns. There are 6 taps in ITU vehicular A channel model and the maximum effective delay spread is 2500 ns. The mean squared error in ITU pedestrian A is below 0.1 when the down-sampling factor is small than 32. The mean squared error in ITU pedestrian B and vehicular A is above 0.1 when the down-sampling factor is greater than 4. Therefore, the practical down-sampling factor is below 32 in the environment with small delay spread and below 4 in the environment with long delay spread.
Figure 4 shows the performance of the proposed adaptive prediction filter in ITU pedestrian A channel model. It is shown that the performance of the precoded 2x2 OFDM system with perfect and 1st order APF without down-sampling is close to that of 1x1 OFDM system in AWGN channel. When the down-sampling factor is 2, the degradation is about 0.5 dB. When the down-sampling factor is 4, the degradation is about 1.5 dB. When the down-sampling factor is 8, the degradation is about 4 dB. When the down-sampling factor is above 16, error floor occurs. The powerful turbo code with low coding rate could be applied to alleviate the error floor effect at high down-sampling factor.
Figure 5 shows the performance of the proposed adaptive prediction filter in ITU pedestrian B channel model. The performance of the 1st order APF without down-sampling is about 2 dB worse than the perfect precoded one. When the down-sampling factor is 2, the degradation is about 8 dB. When the down-sampling factor is above 4, the error floor occurs. Therefore, in ITU pedestrian B channel model, the practical down-sampling factor is 1 or 2. Figure 6 shows the performance of the proposed adaptive prediction filter in ITU vehicular A channel model. The performance of the 1st order APF without down-sampling is close to the perfect precoded one. When the down-sampling factor is 2, the degradation is about 1.5 dB. When the down-sampling factor is above 4, the error floor occurs. Therefore, in ITU pedestrian B channel model, the practical down-sampling factor is also 1 or 2.
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Figure 3 – The mean squared error of the proposed APF with different down- sampling factors in different channels model.
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Figure 4 – The performance of the proposed APF in ITU pedestrian A channel model.
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Figure 5 –The performance of the proposed APF in ITU pedestrian B channel model.
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Figure 6 –The performance of the proposed APF in ITU vehicular A channel model.

5. Conclusion

We present a non-codebook-based downlink precoding scheme for E-UTRA system in this contribution. The adaptive prediction filter is proposed to predict channel frequency response and the prediction result, which is a binary bit stream, are feedback to the base station. The proposed scheme is simple for practical implementation. With accurate channel prediction, the performance of the proposed scheme is close to the one in AWGN channel. It shown in our simulation results that the proposed scheme with high down-sampling factor (1~16) performs well in short delay spread environment. The proposed scheme with low down-sampling factor (1~2) is also applicable in long delay spread environment. The differential prediction technique in temporal domain could be considered for further reducing feedback overhead.
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