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1 Introduction

MIMO related technologies such as high-order MIMO (HO-MIMO), multi-user MIMO (MU-MIMO), multi-stream beamforming, and CoMP are hot discussion topics for LTE-A downlink transmission. To effectively improve the system performance, close-loop MIMO should be used, which means that precise frequency-domain channel state information (CSI) needs to be obtained at the transmitter side. This contribution summarizes CSI feedback categories proposed for these advanced antenna schemes in LTE-A, and evaluates the advantages and disadvantages respectively. 
2 CSI feedback categories for the multi-antenna schemes in LTE-A downlink transmission
In the LTE-Advanced system, HO-MIMO, MU-MIMO, multi-stream beamforming and CoMP are the way to improve the downlink spectrum efficiency. These advanced multi-antenna technologies are all very sensitive to the channel state information (CSI). They will show large gain only when the CSI is precise and with the frequency-domain granularity fine enough. 
In LTE R8, codebook based scheme were used to support SU-MIMO and MU-MIMO, with a maximum of four cell-specific antenna ports. For four cell-specific antenna ports, R8 design a codebook composed of 4 ranks and 16 precoding vectors per rank, which means at least 4bits per rank per sub-band PMI in order to get the benefit from the frequency selective precoding gain. Although R8 define the sub-band to reduce the feedback overhead, when considering the 20MHz bandwidth and frequency selective gain, the overhead of the PMI feedback is still high.
The R10 CSI feedback overhead will be much higher than R8. Firstly, R10 will support HO-MIMO with up to 8 layers and multi-cell CoMP, which means that the CSI of the links between more UE antennas (up to 4 or 8) and more eNB antennas should be considered. Second, R10 will extend the bandwidth from 20MHz to 100MHz, where wider bandwidth requires more CSI feedback to support the whole downlink band multi-antenna transmission. In addition, the MU-MIMO, HO-MIMO and CoMP requires a much finer reporting granularity from each UE to reach promising system performance gain, which will  most likely lead to larger codebook, smaller reporting granularity and more sub-band reporting. The above mentioned items as a whole will increase the CSI feedback overhead out of our imagination.
To reduce the CSI feedback overhead, several methods to support the advanced multi-antenna technologies in the downlink have been proposed [1][2][3][4], which could be classified into three categories.
Method 1: Limited codebook based CSI feedback

The limited codebook based CSI feedback is a traditional feedback design. For each antenna array type, some codebooks are exclusively designed and stored in both the eNB and UE. When the system starts to work, the UEs measures the downlink channel and selects some precoding matrix from the codebook based on the measurement of the downlink channel according to some optimization criterion. Then the UE reports the precoding vector index (PMI) to eNB via PUCCH or PUSCH. The eNB will typically select the precoding vector to precode the PDSCH according to the reporting UE. This precoding vector will also be informed to the UE receiving the precoded PDSCH.
This scheme is very robust to the errors introduced by channel estimation, channel model, radiation link etc. In addition, no antenna calibration needed here. However, there are also two main disadvantages for this feedback scheme. First is the flexibility, because it’s really hard to support any antenna array with only a single codebook. In LTE-A, new antenna arrays for CoMP, MU-MIMO, and BF need to be supported. The existing R8 codebooks can hardly support these advanced antenna technologies to reach the predicted gain, thus R10 needs to design new codebooks. Second is the contradiction between the codebook size in the codebook design (feedback overhead) versus the precision and granularity requirement of feedback. In LTE-A, more BS/UE antennas and much wider bandwidth need to be supported, which means carefully designed feedback refinement schemes are needed.
Method2: Analogue CSI feedback by uplink RS
The analogue CSI feedback carried by uplink reference signals (e.g. SRS) was proposed in academic papers long time ago. It modulates the uplink SRS with the UE estimated downlink channel or interference. The eNB is capable of deriving the downlink CSI based on the received uplink SRS and uplink channel estimation. 
The main issue for this method is the contradiction between large dynamic range of the downlink channel estimates versus the UE transmitter PAPR requirement. Whether the eNB estimation accuracy based on the modulated uplink SRS is acceptable is still a question mark.
Method 3: SRS-based CSI estimation at the eNB with UL/DL channel reciprocity
In the case of UL/DL channel reciprocity, e.g. in LTE TDD, the eNB measures the uplink channel based on the SRS sent out by UE. If the eNB and UE antennas are calibrated, i.e. the UL/DL channel reciprocity is maintained, the uplink channel is the same as the downlink channel, and then the eNB could use the uplink channel to derive the downlink CSI for the downlink multi-antenna transmission. Most downlink multi-antenna schemes, including the multi-stream MIMO, multi-user MIMO, high-order MIMO and CoMP, require accurate frequency-domain channel state information, especially with the large spaced antenna array. Such advanced downlink multi-antenna schemes can benefit from this method both in CSI granularity and accuracy, and in saving the UL CSI feedback overhead.
The main advantages of method 3 is overhead efficiency. In the R8 TDD frame structure 2, the minimum SRS bandwidth is 4PRB, which can multiplex 16 UEs. The eNB can therefore obtain 64 CSI, 4CSI per UE. That means the eNB can get 16 CSI with the overhead of 12RE. In comparison, in method 1, let us assume that 2 CSI per PUCCH (5 bits per CSI, 10 bits total) can be supported. Because PUCCH format 2 can at most multiplex 6 UEs, 12CSI can be feedback through the PUCCH. The overhead is 12CSI/(12×14RE), about 1CSI/12RE. Therefore, method 3 can achieve approximately 16 times the efficiency of method 1. 
3 Conclusions
In this contribution, we summarize the candidate CSI feedback categories for the LTE-A downlink multi-antenna technologies and evaluate the advantages and disadvantages of different feedback schemes respectively. We propose to further study the following feedback schemes:
· Limited codebook based CSI feedback
· Analogue CSI feedback by uplink RS
· SRS-based CSI estimation at eNB with the UL/DL channel reciprocity
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