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1 Introduction
In this contribution, we propose some potential techniques for 4TX CSI feedback enhancements in Rel-12, including sub-band CSI feedback, multiple CSI processes feedback, physical antenna selection codebook, and CSI feedback for EPDCCH.
2 Sub-band CSI Feedback
Sub-band CSI feedback refers to sub-band PMI and CQI feedback, i.e., PUSCH 3-2, which increases the feedback granularity in frequency domain. The evaluation results show that PUSCH 3-2 can provide about 5% gain over the conventional feedback scheme, e.g., PUSCH 3-1[1]. Furthermore, the finer feedback granularity with PUSCH 3-2 is beneficial for dealing with time alignment error (TAE) between transmit antennas. In case TAE between the transmit antennas is 65ns, PUSCH 3-2 has about 13% gain over PUSCH 3-1 due to the sub-band CSI feedback [2]. In addition, PUSCH 3-2 provides higher scheduling flexibility.
Proposal 1: Sub-band CSI feedback such as PUSCH mode 3-2, should be adopted to improve system performance in Rel-12.
3 Multiple CSI Processes for MU-MIMO

In Rel-11, CSI feedback for MU-MIMO is still based on SU-MIMO feedback, which reduces the accuracy of CSI for paired users. To further enhance the performance of MU-MIMO, the information for paired users should be considered in the feedback scheme. Since multiple CSI processes defined in TM10 can provide more CSI, multiple CSI processes can be employed in MU-MIMO to provide more accurate CSI for paired users to enhance the system performance. 
It is noted that the application of multiple CSI processes for MU-MIMO could be an implementation issue in case multiple CSI processes is supported by UE, i.e., eNB can configure two different CSI processes to report CSI for SU-MIMO and rank-1 CSI for MU-MIMO respectively. Thus, multiple CSI processes can be used for MU-MIMO CSI feedback enhancement without any specification effort in Rel-12.
Observation 1: Multiple CSI processes can be used for MU-MIMO CSI feedback enhancement without additional specification effort.
4 Physical Antenna Selection Codebook
In WID, it is described to identify the promising CSI feedback enhancements and one of candidates is the 4-tx PMI feedback codebook enhancement supporting antenna configurations for Macro and small cells. In Het-net Scenario C1 [5], Pico users suffer the serious interference from Macro node. To improve the performance, from codebook enhancement perspective, a codebook with some physical antenna selection elements can be employed in Macro node with decreasing of the transmission power which reduces the co-channel interference to all Pico users. In addition, with the physical antenna selection elements, the co-channel interference from Macro node will be more stable than the codewords in Rel-10. 
In the following, we show the performance gain with the physical antenna selection elements through system level simulation. Only rank-1 is used and the four antenna selection codewords are 
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where 
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is a variable for adjusting the transmission power. In order to maintain the transmission power of each antenna to be the same as the transmission power in case of using Rel-10 codebook, 
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 is set to be 
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. Therefore, the total transmission power of the physical antenna selection codeword is one quarter of the transmission power in case using Rel-10 codebook. 
As an initial evaluation, in Table 1, the performance between physical antenna selection codewords and Rel-10 codebook is compared with FTP 2 traffic model. It is assumed that 4 Pico cells are located in a Macro cell, each Macro node is configured with 4 antennas and each Pico node with 2 antennas. There are 10 users dropped in a Macro cell and 5 users dropped in each Pico cell. The arrival rate of packets is assumed as
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Table 1. Performance gain of antenna selection codebook with 0.5λ antenna spacing
	Codebook
	Feedback Mode
	Avg. UPT
	Avg.  gain
	5% UPT
	5% gain

	Codebook in Rel-10 (rank 1 in Macro)
	PUSCH 3-1
	2.5136
	23.31%
	0.6098
	23.53%

	Physical antenna selection codebook (rank 1 in Macro)
	
	3.0995
	
	0.7533
	


From Table 1, we can see that the system performance is improved considerably since more than 23% performance gain can be obtained with the physical antenna selection elements and reduction of transmission power. The antennas selection elements have been used in uplink codebook, however they have not been used in downlink codebook. Therefore, to enhance the performance of 4TX downlink MIMO, the codebook with physical antenna selection elements should be studied in Rel-12. 
Proposal 2: The codebook with physical antenna selection elements should be studied in Rel-12.
5 CSI feedback for EPDCCH

Based on the above discussion, it can be seen that a finer CSI granularity is beneficial for PDSCH transmission. Similarly, for localized EPDCCH designed to achieve precoding gain, the CSI feedback is also important for EPDCCH transmission. However, in Rel-11, EPDCCH transmission is based on the CSI feedback for PDSCH with sub-band level granularity. In [3], it can be seen that EPDCCH with 1PRB-level CSI feedback granularity has 4dB gain over sub-band level CSI feedback. Furthermore, the transmission rank of EPDCCH is 1, which may be different from the rank reported for PDSCH in most cases. Thus, the CSI feedback for PDSCH is not optimized for EPDCCH, which may not make full use of the benefits of EPDCCH.

Proposal 3: The CSI feedback enhancement for EPDCCH should be taken into account in Rel-12.
6 Conclusions
In this contribution, we give the proposals for 4-Tx CSI feedback enhancement in Rel-12, which are summarized as follows:
1. The sub-band CQI and PMI feedback mode, PUSCH 3-2, should be adopted to enhance the system performance in Rel-12.
2. The feedback scheme with multiple CSI processes can be used for MU-MIMO CSI feedback enhancement without additional specification effort.
3. The codebook with physical antenna selection elements should be studied in Rel-12.
4. The CSI feedback enhancement for EPDCCH should be taken into account in Rel-12. 
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