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In this contribution, we provide a few approaches to be considered for CSI feedback enhancement. The 4 Tx antenna configuration is an important antenna configuration for the operators [1-2]. Further, MU-MIMO and non-collocated antennas with power imbalance are some of the areas addressed by this work item [3]. In the following, we propose enhancements to address these issues.
Two Component Codebook:
In order to improve the codebook resolution without increasing overhead, a double component codebook design similar to 8Tx can be adopted. The W1 and W2 codebooks can be designed such that the precoders optimized for different antenna settings can be derived from v=W1W2. For example, it should be possible to derive the following structures for rank 1 precoder from W1 and W2 codebooks:



                                                   




where ,can be uniformly quantized from  and .




For the case of ULA antennas,  could be parameterized in both W1 and W2 codebooks. For the cross polarized (XPOL) case,  and c can be captured in W1 and W2 codebooks respectively. For the uncorrelated case (UNCORR),  can be captured in W1 while and c can be captured in W2. For a 4 bit W1 codebook, (4, 8, 4) W1 matrices can support (ULA, XPOL, UNCORR) configurations respectively. W2 can act as a column selection matrix. With 3 bit W2, each W1 can have 8 columns. For the ULA case, the DFT angle can have a resolution of 5 bits. For the XPOL case, the DFT angle can have a resolution of 4 bits.  A total resolution of 5 bits is shared by the three parameters in the uncorrelated case.
Per CSI-RS Codebook:
Instead of designing one set of W1 and W2 codebooks, it may be possible to design multiple  W1 and W2 codebooks each optimized for a particular scenario. The appropriate codebook to be used by the UE can be indicated in the CSI-RS configuration message. This can reduce feedback overhead in uplink. Furthermore, the UE complexity is reduced due to smaller PMI search space. For example, consider a UE in the vicinity of two neighboring eNBs where eNB1 has ULA configuration while eNB2 has XPOL configuration. Now instead of having a common codebook for both these scenarios, the appropriate codebook to be used can be determined by the serving eNB and indicated in the CSI-RS configuration message.
Power Imbalance Signaling
When a CSI-RS configuration is created with transmission points with different power levels (for example, macro and pico), there is a potential for inefficient link adaptation as the UE is transparent to the transmission points. This is due to the fact that the CQI definition (via the codebook) assumes equal average power from all the ports. Also there is an issue of rank reporting when there is power imbalance [4].
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Figure 1: Side Information to UE in non-collocated antenna scenarios
[bookmark: _GoBack]The equal-power assumption may lead to inefficient link adaptation when the ratio of CSI-RS EPRE to PDSCH EPRE is not maintained across the transmission points. This can be solved by signaling the appropriate power level (green links in Figure 1) to be used by the UE in CQI definition. For example, the UE can use a modified PMI definition v’=Dv  while computing the CQI. Here v is the original precoder corresponding to the PMI while D is the UE specific loading matrix derived from the power imbalance signalling. The loading matrix may also help in turning off ports belonging to some transmission points to prevent higher rank reporting.  
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