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1
Introduction

Recently, the experience from real-life deployments of MIMO in the field has increased significantly. The discussion about the experience from the commercial MIMO system deployments is beneficial, and identifying the issues which are potential short-comings is also an important work. In the new Study Item on downlink MIMO enhancements, the topics about evaluation issues from the real-life network deployments of MIMO have been listed as the most important one for the for LTE-Advanced standard [1].

Although so far there is only few experience from real-life network deployments of LTE MIMO system, there are still a few topics that can be already identified as potentially requiring further attention, such as rank adaptation, time alignment, feedback refinement, antenna calibration, and so on. In the following sections, we will discuss several aspects related to practical MIMO operation in the LTE system.
2
Real-life DL MIMO Implementation Issues
In the DL MIMO Study Item description [1], rank adaptation was one important aspect to be investigated. Besides, in real-life transmission, it is a difficult task for a multi-antenna transmitter to keep an adequate time alignment between antennas, while the time alignment error (TAE) is due to transmit filters, feeder cables and tower mounted amplifiers, and so on [2]. Therefore, in real-life LTE MIMO system, the time alignment is also identified as an important issue. In addition, feedback enhancement/granularity has been considered as a key aspect, especially for MU-MIMO, when effective feedback granularity could reduce performance degration due to quantization. In the following subsections, we will discuss these three issues in more detail.

2.1
Robust Rank Adaptation
In current LTE system, rank adaptation is afforded for DL MIMO transmission, and the rank index is reported from the UE to the eNB. Because it is well known that the performance of this channel-dependent transmission scheme relies on the feedback from the UE, the robust report of rank is important in real-life MIMO transmission. 
In practice, robust rank adaptation is hard to be implemented when interference level changes dramatically between two RI reports in the periodical CSI reporting mode or across several subbands when wideband rank is used for aperiodical CSI reporting mode [3]. For robust rank adaptation, we summarize the following mechanisms that can possibly be used to alleviate the problem due to the inaccurate rank report in rapid interference varying environment.
a) Smoothened rank report

Firstly, we suggest that the UE can report a smoothened rank index to the eNB. Specifically, first of all, the system defines a time window for rank measurement. The measurement results of the channel rank are "filtered" in a sliding-window fashion, and the UE reports the smoothened results to the eNB.
b) Adaptive rank feedback
Secondly, we suggest that the UE can report the rank information by adaptive rank determination. Specifically, the adaptive rank determination can be implemented as follows. The UE measures and reports the rank index to the eNB for MIMO transmission. When the throughput which the UE obtained is lower than a threshold value, the rank index is lowered by one level. Otherwise, if the throughput of the UE is higher than another threshold, the rank index is increased by one level.
c) Additional feedback information
The third way we suggest is to adopt additional feedback information such as post-processing SINR to compensate the inaccuracy of the channel rank estimation. 

d) Constant rank information

In [3], it has proposed that rank 1 should be used if the interference level changes too rapidly and the peak rate is not the main concern in the transmission.
2.2
Time Alignment
In LTE real-life MIMO system, another potential issue is time alignment. In real-life transmission, to keep an adequate time alignment between antennas for multi-antenna transmitter is a hard task. The TAE is mainly due to various transmitter building parts such as transmit filters, feeder cables, and amplifiers. Such error due to time alignment will result in increase in frequency selectivity, especially in the case of large system bandwidth. The increased frequency selectivity has severe impact on the performance of the MIMO precoding transmission. If the wideband PMI is used in the channel with more frequency selectivity, it cannot match the channel variations in the frequency domain, and hence the performance loss will occur. 
In [4], it has simulated the time misalignment effect using the Gaussian TAE model proposed in [5]. From the simulation results, it can be seen that the TAE does result in performance loss in the SU-MIMO system, and the problem is worsen in the MU-MIMO system. Hence, for real-life MIMO system, the TAE should be considered in system performance evaluation.  To alleviate this problem, more and finer CSI feedback may be adopted. If this is not possible, at least alternating precoders or further interleaving can be performed to average the performance and avoid the worst case scenario.
2.3
Feedback Refinement
In [6], three possible categories (adaptive codebook, feedback refinement techniques, and increasing feedback granularity) for effective feedback granularity are discussed to enhance the MU-MIMO performance gain. In LTE real-life MIMO system, feedback refinement schemes exploit the fact that for low mobility UEs, CSI is temporally correlated. Hence, the eNB can interpolate several feedback reports to improve accuracy.Because the constitution of codebook is a Grassmannian manifold, the feedback refinement schemes require the techniques to interpolate the indications of PMI so as to sufficiently accuracy. More detailed study about the interpolation algorithms and performance gain is needed for future discussion.
3
Conclusions

In this contribution, we discussed three most important real-life MIMO issues: robust rank adaptation, time alignment and feedback refinement. The three issues will result in performance loss in real-life MIMO deployment. Here we summarized the problems due to these issues briefly and suggested some possible ways to alleviate the problems. We suggest to take these three issues as high priority for further work. 
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