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1
Introduction
For downlink MU-MIMO, it has been identified that better resolution of the precoding (hence lower spatial quantization error) can substantially improve the performance [1]-[3]. Both of the explicit feedback scheme and extensions to Rel-8 implicit feedback schemes are currently being considered. As noted in [4], SU-MIMO remains a common operation in LTE-A and thus keeping SU-MIMO efficient is also an important design guideline for feedback. Due to the significant overhead incurred by the explicit feedback, extensions to the Rel-8 implicit feedback schemes seem to be more preferable. Several codebook designs and adaptation schemes aiming at reducing spatial quantization error have been proposed and evaluated extensively at RAN 1 #61, mainly focusing on the two-stage feedback framework (e.g., [5], [6]). In this contribution, we propose an approach for Rel-8 codebook extension by allowing the receiver to feed back multiple PMIs along with some auxiliary scalar coefficient(s) to reduce the spatial quantization error without altering the original codebook.
2
Background
Precoding is a signal processing technique for MIMO communications to exploit the knowledge of the information of the downlink channel quality at the transmitter. With precoding, the transmitter can transform signals using appropriate precoding matrices and perform power allocation adaptively according to the variation of link quality. It has been shown that precoding can substantially improve the spectral efficiency for MIMO communications [7]–[9]. 

Depending on the adopted criteria for assessing link performance, different objective functions exist for the computation of the optimal precoder. For example, the minimum square error (MSE) and the achieved link capacity are two commonly adopted performance measures. In these cases, the optimal precoding matrix Wopt for minimizing MSE and maximizing capacity are given as

Wopt = argminW trace[MSE(W)]
Wopt = argmaxW I(W)
respectively, where trace[MSE(W)] and I(W) are defined in [10].
To achieve the optimal performance, the full information of the downlink channel quality or the optimal precoder computed by the receiver has to be fed back to the transmitter side. This corresponds to the approach of explicit feedback, which incurs considerable overhead and is undesirable in most cases. In Rel-8, the approach of PMI-based precoding is adopted to reduce the feedback overhead. In PMI-based precoding, a number of selected precoding matrices are known to both the eNB and UEs prior to the transmissions. UEs simply feed back the index of the precoder which yields the best performance based on the measured link quality and the objective function. If the number of precoding matrices is set to 2n, the length of the feedback can be n bits. PMI-based precoding can substantially reduce the feedback overhead.
Ideally, the size of the codebook should be made as small as possible to reduce the UE complexity and the feedback overhead. However, the link performance is degraded with small codebook size as the spatial quantization error for the optimal precoding matrix increases in this case. A tradeoff thus exists when designing the precoding codebook. For Rel-10, increasing the resolution of the precoding while keeping the feedback overhead acceptable to support both MU-MIMO and SU-MIMO is one of the most important design issues. 
3
Proposed Scheme

To reduce the quantization effect introduced by Rel-8 PMI-based precoding, we propose an enhanced PMI feedback scheme in which UEs feed back multiple PMIs using the original codebook along with some auxiliary information to construct a refined precoding matrix. Such auxiliary information comprises a set of scalar coefficient(s), scalar vector(s), or scalar matrix (matrices) which can be computed using defined equations or be numerically searched. A refined precoder with higher resolution can then be constructed at the eNB for generating precoded signals.
To illustrate the main idea, we consider an example where two PMIs along with one coefficient are provided to the eNB for constructing a refined precoder. In Fig. 1, for a particular channel realization and performance criteria, we denote the best and the second-best precoders within a given codebook by W1 and W2​ respectively. We further denote the optimal precoder in this case by Wopt. The abovementioned coefficient, denoted by a0, is then found as
a0 = argmina d ( Wopt, a W1 + (1-a) W2 )
Where d(.,.) calculates the distance between two matrices. Based on the adopted performance criterion and the codebook design rule, different definitions of matrix distance can be applied here, e.g., the projection 2-norm distance or Fubini-Study distance [10]. By sending the indices of W1 and W2 and the coefficient a0 to the eNB, a refined precoder a0 W1 + (1-a0) W2 with less quantization error as compared to the best precoder W1 within the codebook can be constructed at the eNB.

[image: image1]  
Fig. 1. An example of the proposed scheme. Wopt denotes the optimal precoder. W1 and W2 denote the best and second-best precoders respectively within the given codebook.
4
Numerical Results

In this section, we take the achievable link capacity as the performance criterion and provide the simulation results of the two-stage feedback framework with double codebooks, Rel-8 householder-based precoding scheme, and the proposed scheme. The achievable link capacity corresponding to the case with unquantized optimal precoding scheme is also provided to serve as the performance bound. The codebook design approach proposed in [11] for the two-stage feedback framework is adopted for performance evaluation here. For the proposed scheme, two PMIs along with a 3-bit scalar coefficient are fed back from the receiver to the transmitter to construct a refined precoding matrix as described in Section 3. The two PMIs and the scalar coefficient are chosen such that the resulting link capacity given by the refined precoding matrix is maximized. Household-based codebook is used in both the proposed scheme and the Rel-8 precoding scheme which serves as the baseline performance.
In Fig. 2, we plot the achievable link capacities of the case with optimal precoding, the two-stage feedback scheme, Rel-8 precoding scheme, and the proposed scheme. It is observed that the two-stage feedback scheme and the proposed scheme both achieve very good performance close to the theoretical performance bound, and both schemes outperform the Rel-8 householder-based precoding scheme to a great extent. Specifically, the proposed scheme provides a performance gain of 2 dB relative to the Rel-8 precoding scheme. Comparing with the two-stage feedback scheme, a performance gap of 0.3 dB is observed. It should be noted, though, that the simulation setup does not take into account the effect of propagation error introduced by the long-term precoding matrix in the two-stage feedback framework [5], which is expected to have a major impact on the achievable performance of the two-stage feedback scheme.
Table. 1 Simulation Parameters

	Channel Model
	SCM Urban Macro

	Subcarrier Frequency Spacing
	15 kHz

	UE Speed
	3 km/hr

	MIMO Mode
	4 X 2

	Channel Estimation 
	Perfect

	Codebook Design
	Householder-based

	Feedback Period 
	5 ms

	Precision level for a
	8 levels (3 bits)


[image: image2.emf]10 12 14 16 18 20

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

SNR (dB)

Capacity (bits/s/Hz)

 

 

Optimal precoding

2 stage feedback

Proposed scheme

Rel-8 precoding


Fig. 2. The achievable link capacities of the case with optimal precoding, two-stage feedback scheme, Rel-8 precoding scheme, and the proposed scheme.
5
Conclusions 
In this contribution, we have proposed an enhanced PMI-based feedback scheme in which UEs can feed back multiple PMIs along with some auxiliary scalar coefficient(s) to allow the eNB to construct a refined precoding matrix. The proposed scheme is able to reduce the spatial quantization error introduced by the Rel-8 codebook while keeping full backward compatibility. Numerical results show that the achievable link capacity of the proposed scheme is close to the theoretical optimal performance and outperforms the Rel-8 precoding scheme to a great extent.
6
References
[1] R1-091282, “Adaptive Codebook Designs for MU-MIMO,” Huawei.
[2] R1-094847, “Study of Possible Extensions to Rel-8 PMI Feedback for Better MU-MIMO,” Motorola.
[3] R1-094875, “Extending the UE feedback for efficient MU-MIMO and CoMP,” Qualcomm Europe.
[4] R1-100051, “A Flexible Feedback Concept,” Ericsson, ST-Ericsson.
[5] R1-103333, “Refinements of Feedback and Codebook Design,” Ericsson, ST-Ericsson.
[6] R1-103378, “Performance evaluations of Rel. 10 feedback framework,” Samsung.
[7] G. Caire and S. Shamai, “On the capacity of some channels with channel state information,” IEEE Trans. Inform. Theory, vol. 45, no. 6, pp. 2007–2019, Sept. 1999.

[8] M. Skoglund and G. Jongren, “On the capacity of a multiple-antenna communication link with channel side information,” IEEE J. Sel. Areas Commun., vol. 21, no. 3, pp. 395–405, Apr. 2003.

[9] M. Vu and A. Paulraj, “On the capacity of MIMO wireless channels with dynamic CSIT,” IEEE J. Sel. Areas Commun., Sept. 2007.
[10] J. Choi, B. Mondal, and R. W. Heath, “Interpolation based unitary precoding for spatial multiplexing MIMO-OFDM with limited feedback,” IEEE Trans. Signal Processing, vol. 54, no. 12, Dec. 2006.
[11] R1-101860, “Evaluation of correlation-matrix based feedback approach to enhanced feedback,” Alcatel-Lucent.



































































































Wopt





W1





W2





a0 W1 + (1-a0) W2






























































PAGE  
4/4

