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1. Introduction

The objectives of CSI feedback enhancement include [1]:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.

· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardization impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included.
It should be noted that in line with the current agreement, our investigation should “focus on the high priority scenarios (A, B, C) for feedback enhancement in the DL MIMO SI, within which Scenarios A and C have higher priority than Scenario B. The scenarios identified with lower priority, including their simulation assumptions, can be discussed in a later stage when the study on the high priority scenarios is close to completion.”
This contribution discusses the potential areas of CSI feedback enhancement within single-point CSI feedback and provides our views on CSI feedback enhancement of Scenarios A and C for Rel-11 DL MIMO. And the CSI enhancement for Scenario B is discussed in the other contribution [3].
2. Discussions

In this section, techniques for CSI feedback accuracy enhancement and mechanisms for codebook selection, modification or update are discussed and their impact on the standardization and feedback overhead are analyzed.
2.1. On techniques for CSI feedback accuracy enhancement

The requirements of CSI feedback accuracy enhancement come from several aspects. First of all, the use of DM-RS makes excellent MU-MIMO performance attainable. The feedback schemes inherited from Rel-8 optimized for SU-MIMO need improvement for both SU- and MU-MIMO transmission. The second, the channel characteristics of new deployments of interest will be much different from that of the traditional Macro cells. The CSI feedback accuracy in the new deployments especially Scenario C in the current stage should be paid attention to. The third, the interested antenna configurations of operators have been changed in Rel-11 stage. The CSI feedback accuracy especially the codebooks in the new antenna configurations including closely spaced cross-polarized 4Tx and closely spaced 2Tx ULA should be considered.
To address the above requirements of CSI feedback accuracy enhancement, three kinds of techniques have been investigated, including:
Techniques to improve the quantization accuracy of spatial channel: 

In Rel-10 stage, the comparison on explicit feedback and implicit feedback had been widely discussed. The advantage of explicit feedback is that it describes the channel directly; therefore, it can well support MU-MIMO and CoMP transmission where there is need of identifying adequate UE pairs and performing some form of transmit interference nulling to suppress interference of the co-scheduled UEs. However, explicit feedback has the problems of large feedback overhead, significant standardization impact and intractable RAN4 testing. Therefore, implicit feedback was still adopted in Rel-10 like in the early releases. In Rel-11, the explicit feedback is not precluded; however, we do not see the new requirements of explicit feedback for DL MIMO. Considering the limited time and workload of Rel-11, we suggest reusing implicit feedback for Rel-11.
Proposal 1:

· Implicit feedback should be reused in Rel-11.

Dual-codebook structure [4-6], adaptive codebook [7] and differential feedback [8] can improve the accuracy of PMI feedback. The performance of these three techniques has not much distinction. 
By adaptive codebook technique, each UE transforms the base codebook with the spatial correlation matrix, selects a precoding matrix and feeds back the index. The eNB transforms the base codeword with the received selected index and use it as the precoder or the approximate effective channel to generate a precoder. Since the transmitter-side spatial correlation matrices for each user are required to be known at both the eNB and the UE, the UE should feedback the transmitter-side spatial correlation matrices besides the PMI. However, since the transmitter-side spatial correlation matrices are long-term, it would not lead to much additional feedback overhead. The signaling and the procedure to feed back the transmitter-side spatial correlation matrices should be specified. As the transmitter-side spatial correlation matrices are explicit channel information, new testing methods should also be given and specified.
In Rel-10 stage, the dual-codebook structure 
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 had been proved to be efficient for both closely spaced cross-polarized antenna array and ULA configurations. Generally speaking, differential feedback also belongs to dual-codebook structure. Both differential feedback (described by
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) can improve the quantization accuracy of spatial channel with very limited feedback. The comparison between them has been discussed in the past Rel-10 stage. Finally, the special dual-codebook had been determined as the structure for 8Tx codebook. Since the antenna configurations considered for 8Tx codebook design (closely-spaced cross-polarized antenna array and closely-spaced ULA) is the same with that of current 4Tx codebook design, adopting the dual-codebook structure similar to that of 8Tx codebook for 4Tx enhancement has the lowest impact on the specifications and equipments.
Proposal 2:

· Similar dual-codebook design to the 8Tx is desirable for 4Tx codebook enhancement of Rel-11.
Techniques to improve the feedback accuracy of channel quality:
Since the current CQI reporting is based on SU-MIMO assumption, UE does not know the interference from the co-scheduled UEs, and does not report the interference, either. The reported SU-CQI may be much different from the actual channel quality of MU-MIMO transmission. Therefore, the link adaptation at the eNB side should be based on the adjusted CQI, while the CQI adjustment at the eNB side is implement issue. The effect of CQI adjustment may be of diversity depending on the algorithms. BCI combining with MU-CQI [9] can facilitate the UE-pairing and link adaptation at the eNB side since the MU-CQI has taken the interference from paired UEs into account, therefore, the channel quality feedback accuracy can be improved for MU-MIMO transmission. However, how much performance gain it could bring was not commonly observed in Rel-10 stage. Since the BCI/MU-CQI requires multiple additional feedbacks, sufficient performance gain is required to support its specification.
Since CQI is used to reflect the ratio between signal and interference-plus-noise, accurate interference measurement is very important for CQI estimation. The complexity of interference measurement comes from the fact that direction of interference may vary abruptly. By coordinating among different transmission points, the main interference can be avoided using CoMP techniques. However, the impact of interference measurement accuracy should be evaluated and identified. Furthermore, even the interference sources of a UE could be varied at any moment in heterogeneous deployment like Scenario B, the solution proposed for CoMP by introducing intentionally muted REs (interference measurement REs) for UE to estimate interference [10] can be considered to partly solve the problem in Scenario B.
Proposal 3:

· The problem of interference measurement should be well addressed.
Feedback modes enhancement: 
Multi-rank feedback and PUSCH reporting mode 3-2 had been discussed in Rel-10 stage [11]. Multi-rank feedback can facilitate dynamic SU/MU switching by reporting two kinds of PMI: Rank-r PMI (under SU hypothesis)) for rank-r SU-MIMO transmission, and Rank-1/2 PMI (under SU hypothesis) comprising PMI/CQI of a restricted rank (e.g. rank-1/2) for MU-MIMO paring. PUSCH reporting mode 3-2 can provide both subband PMI and subband CQI to improve the CSI feedback accuracy. These two techniques solve different problem but have similar advantages and shortcomings. Their impact on standardization, testing and UE complexity are limited, however, the overhead increase can not be avoided. Therefore, the compromise of performance gain and feedback overhead should be considered. Finally, both multi-rank feedback and PUSCH reporting mode 3-2 are not adopted in Rel-10 because of the significant overhead increases.
In Rel-11, besides the homogenous macro deployment (Scenario A), heterogeneous deployment with low power nodes (Scenarios B and C) are also considered. The reduced path loss in small cells and resulting higher UL throughput can enable higher feedback payloads for an affordable overhead, thereby allowing more CSI feedback enhancements. Multi-rank feedback and PUSCH reporting mode 3-2 can be revisited in these Scenarios.
Proposal 4:

· Feedback modes enhancements with increased feedback overhead can be considered in Scenarios with higher UL throughput.
2.2. On techniques for codebook selection, modification or update
The requirements of techniques for codebook selection, modification or update are brought by heterogeneous deployment and non-uniform configurations. As discussed above, the channel characteristics of small cells will be much different from that of the traditional Macro cells. Furthermore, different antenna configurations also lead to channels with different spatial characteristics. For example, the typical antenna configuration in Macro cell is closely spaced cross-polarized antenna array, while the closely spaced ULA is also popularly deployed in small cells. However, it is necessary to evaluate that whether the environments definitely lead to the need of different optimized codebooks or not and whether there is no any codebook can adapt to all the popular deployments.
Some companies believe that no single feedback codebook is suitable to deliver the best performance for LTE-A, and support for semi-statically adapting the codebook should be provided. To address the above requirements of CSI feedback accuracy enhancements, techniques including downloadable codebook [12] and adaptive codebook [13] have been discussed in Rel-10 stage. As discussed above, adaptive codebook does not lead to much additional feedback overhead, but it needs many standardization and testing efforts. By downloadable codebook technique, different codebooks are designed for wide variety of environments and antenna configurations relevant to LTE-A. Through downloading the suitable codebook the optimized channel quantization can be achieved with increasing the feedback overhead. Since multiple codebooks should be separately designed for diverse scenarios, the efforts of standardization and testing will be multiplied. The signaling and the procedure of codebook downloading should be specified. Therefore, the downloadable codebook needs lots of standardization efforts.
In another contribution, we discuss the codebook enhancement for Scenarios A and C; unified codebook suitable for both scenarios is attainable since the channels of these scenarios are all high spatial correlated because of the closely spaced antenna arrays [14]. The performance of DFT-based dual-codebook are evaluated in different scenarios (Scenarios A, B, and C). Simulation results show that significant performance gain can be achieved in all scenarios [15]. However, considering the different capacity of uplink and the difference of antenna configurations, different codebook subset supported by high layer signaling can be adopted to save the feedback overhead considering the UL capacity and antenna configurations. Since the design follows the single codebook principle of the past releases, and the codebook sub-sampling has been utilized in Rel-10 for 8Tx case, its impact on standardization is minimized.
Proposal 5:

· Based on dual-codebook structure, a unified codebook combining with different codebook subset can adapt to various scenarios.
3. Conclusions

This contribution discusses the potential areas of CSI feedback enhancement within single-point CSI feedback and provides our views on CSI feedback enhancement of Scenarios A and C for Rel-11 DL MIMO. Our proposals include
· Implicit feedback should be reused considering the limited time and burdensome task of Rel-11.
· Similar dual-codebook design to the 8Tx is desirable for 4Tx codebook enhancement of Rel-11.
· The problem of interference measurement should be well addressed.
· Feedback modes enhancements with increased feedback overhead can be considered in Scenarios with higher UL throughput.

· Based on dual-codebook structure, a unified codebook combining with different codebook subset can adapt to various scenarios.
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