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1 Introduction

As discussed during the previous RAN WG1#58 meeting, DL MU-MIMO is a key technique to satisfy the performance requirements of ITU-R IMT-Advanced [1]. Therefore, enhancement of single-cell channel state information (CSI) feedback with optimization for DL MU-MIMO should be investigated with high priority for the Rel. 10 work item specification. 
In RAN1#58bis meeting, feedback (CSI) enhancement for MU-MIMO was widely addressed in [2-6]. Both implicit channel feedback and explicit channel feedback are deeply and extensively discussed as the potential feedback scheme for single cell DL MU-MIMO.
For explicit channel feedback schemes, the following options have been mentioned:

· Direct feedback of quantized channel matrix
· Direct feedback of short-term spatial covariance of channel matrix 
However, the overhead of explicit channel feedback may be a big issue, especially considering the large number of DL frequency subbands and possibly up to 8 transmission antennas at eNB in LTE-A. Moreover, with explicit channel feedback, the testability issues raised in [6] need further studies. 
Therefore, we propose that implicit feedback should be the baseline for single-cell MIMO for LTE-A. In the following, we focus on the feasible extensions to the Rel-8 implicit PMI feedback to support single cell MIMO for LTE-A.
2 Implicit channel feedback for single cell MIMO 
For implicit channel feedback schemes, the following approaches may be used to extend the Rel-8 PMI feedback and improve the single-cell MIMO performance:

· PMI feedback
In this option, quantization of the preferred beam vector is made at UE with the specified codebook. This selected PMI for SU MIMO throughput optimization is fedback to eNB just as in LTE R8. For single cell MIMO, one hot argument is whether same PMI size for SU and MU. As we know,  the throughput increase of SU MIMO with bigger PMI size (>4bits) is not that obvious. Whereas for MU-MIMO, in order to achieve a reasonable multiplexing gain and a less rate loss compared with ideal channel feedback, the codebook should be designed to keep quantization loss under a certain level [7-10].On the other hand, keep in mind the overall uplink overhead is number of UEs times PMI size for each UE feedback, we naturally favours a common high-accuracy but low-overhead feedback design  for SU and MU which means 

1)  SU and MU shares the same PMI feedback (4bits, e.g.)  
2) The accuracy of single cell MIMO feedback should be improved
Starting from the above analysis, we study herein 2 possible approaches to enhance the PMI accuracy but  keep the overhead similar to R8. 

· Adaptive codebook (AC) based PMI feedback 
In [8], it was shown that spatial correlation assisted adaptive codebooks can achieve significant performance gain over conventional fixed codebook design, especially for MU-MIMO. With the spatial channel correlation R available at both transmitter and receiver, the following new codebook may be used instead




Wnew = normalize(
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1/2* Wbase),   




              

where function normalize() normalizes each column to be of norm 1, and Wbase is the baseline codebook. In fact, an adaptive codebook can effectively be viewed as a larger codebook over a relatively long time period. As expected, spatial correlation assisted adaptive codebook outperforms a fixed codebook, while the performance gain is much larger in the MU-MIMO case than in the SU-MIMO case. For SU-MIMO, a gain of 0.8~1.8dB is achievable depending on the transmitter side antenna spacing. For MU-MIMO, a much larger gain of 6 dB or more is achievable depending on the transmitter side antenna spacing. Wideband PMI feedback is used in the adaptive codebook in [8]. It is noted that adaptive codebook can be applied with subband PMI as well. The performance evaluation of adaptive codebook applied to subband PMI requires further study.
The spatial channel correlation matrix R is important in transforming the codebook adaptively. To acquire this correlation information at the transmitter, we can either rely on uplink/downlink reciprocity from uplink sounding results (if possible) or use long term feedback (>100ms, e.g.) from the UE side as discussed in [12].  In general, keeping in mind that channel statistics changes much slower than the channel realization, it is possible to use a much smaller feedback overhead by adapting the codebook to the underlying channel statistics. 
We propose adaptive codebook based PMI feedback to improve PMI feedback.
· Differential codebook (DC) based PMI  feedback 
In LTE R8, differential feedback scheme is utilized to reduce CQI feedback overhead. In LTE-A, exploitation of time and/or frequency correlation to reduce the overhead of the channel feedback and/or increase the accuracy of the CSI reports have been proposed in [4][9-10]. However, when differential codebook based channel quantization is used in time-domain and reported separately, the error propagation issue should be seriously considered if one report is mistaken/missed. Therefore, we prefer using differential codebook in the frequency-domain. For example, differential PMI for each subband with respect to the wideband PMI can be used. 

An ambitious way to further improve PMI feedback accuracy is the combination of AC and DC. AC can be used to improve wideband PMI accuracy and DC can further improve the subband PMI accuracy with a better-resolution wideband PMI as reference.  The performance evaluation of this combined approach requires further study.  
3 Summary and Conclusions
Based on the above discussion, we propose the following:

· Implicit feedback as the baseline for single cell SU/MU MIMO in LTE-A;
· Strive for a common high-accuracy but low-overhead feedback design  for SU and MU MIMO which includes
· Adaptive codebook based PMI feedback
and/or
· Differential codebook based PMI feedback
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