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1 Introduction
In the WID (RP-111366) of the downlink MIMO enhancement SI for Rel-11, CSI feedback enhancement for MU-MIMO is included as one of the focused areas for study. The related text is duplicated below for convenience:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:
· Evaluate UE CSI feedback enhancements, including:

· 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 standardisation 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. 
In this contribution, existing CSI feedback enhancement techniques for DL MIMO will be discussed and summarized and proposals will be presented to be captured in the DL MIMO Enhancement TR 36.871 Section 7.
2 CSI feedback enhancement discussions

In the DL MIMO enhancement study, of special interest are practical antenna configurations and non-uniform network deployments. The scenario priorities and evaluation assumptions for DL MIMO enhancement are agreed in the offline discussion document [2], in which the baseline and deployment scenarios A-C are defined. Specifically, the configuration with widely-spaced cross-polarized antennas was given special attention by the operators. A target performance gain of 15% using advanced MU-MIMO techniques compared against Rel-10 Transmission Mode 9 MU-MIMO was proposed and considered as highly desired.
2.1 Feedback accuracy

It is well understood that MIMO schemes, especially MU-MIMO schemes, rely on accurate CSI feedback to realize the potential performance gain. A few aspects of the CSI feedback accuracy are discussed in the following.
2.1.1 Interference estimation

The accuracy of interference estimation affects significantly the CSI quality in the MU-MIMO scenarios and hence the potential gain of using MU-MIMO. New deployment scenarios and advanced techniques, such as non-uniform network deployments, may complicate the interference estimation and substantially impact the CSI feedback accuracy. It is helpful to emphasize that accurate interference estimation is much needed for performance gains in all scenarios.

Moreover, during the base station scheduling process for MU-MIMO pairing, the base station needs to estimate the potential residual intra-cell interference among all the candidate pairs. This intra-cell interference estimation can have substantial effect on the performance, and it is highly desired that sufficient information, contained in the UE CSI feedback, can be made available to the base station. Such CSI feedback information may include, for example, long-term channel information (covariance matrix). Note that the short-term precoding feedback per se may not be sufficient since it may not fully capture the actual channel and may not contain the information relevant to residual interference calculation, as pointed out in [2]. Therefore, it may be useful for the UE to generate CSI feedback that can enable better residual intra-cell interference estimation at the base station side.
Observation 1:

CSI feedback mechanisms that enable better interference estimation at the UE side can be used to improve MIMO performance. CSI feedback mechanisms that enable better residual intra-cell interference estimation at the base station side can be used to improve MIMO performance.

2.1.2 Feedback granularity

It is commonly understood that PUSCH Mode 3-2 can lead to much higher gains than PUSCH Mode 3-1; e.g., [4] demonstrated that the former has roughly 10% ~ 20% gain over the latter in ideal cases. In addition, the need for revisiting the feedback granularity in order to achieve the higher gains potentially offered by advanced MIMO schemes has been pointed out in several contributions. Increased feedback granularity may provide not only more accurate CSI feedback in certain cases, but also higher scheduling flexibility. In the meantime, the associated feedback overhead needs to be studied to better address the performance versus overhead tradeoff. Note that the feedback granularity can refer to the granularity in time-domain, frequency-domain, or spatial-domain (i.e., beam direction resolutions), and the latter is related to the codebook design to be discussed later. Therefore, the following is noted:
Observation 2:

Approaches utilizing increased feedback granularity, such as PUSCH Mode 3-2, can be used to improve MIMO performance.
2.1.3 CSI adjustments

CSI adjustments, including the precoding adjustments, CQI adjustments, and rank adjustments, can significantly affect the achievable gain in MIMO schemes, especially in MU-MIMO schemes. As discussed in [2] and several other contributions, the effective CSI adjustments may necessitate improved feedback codebook resolution/size, matching between the channel rank and feedback rank, etc. These may be achieved by several schemes, such as long-term channel information (covariance matrix) feedback, multiple feedback reports of various ranks, and explicit feedback of the channel.
Observation 3:

Feedback schemes that enable effective CSI adjustments can be used to improve MIMO performance. Candidate schemes include long-term channel information (covariance matrix) feedback, multiple feedback reports of various ranks, explicit feedback of the channel, etc.

2.2 Codebook design

Transmit beamforming with limited feedback has been studied extensively and demonstrates significant performance gain over its open-loop alternatives. In general, a beamforming codebook needs to be designed and maintained at both transmitter/receiver to facilitate the operation, where the codebook may be a collection of candidate beamforming vectors. 
A double codebook structure has been widely adopted by various companies [4][7][8][9] and shown to be able to achieve high performance gain with relatively low feedback overhead. In particular, in [4], the throughput performance of Adaptive Codebook (AC) based MU-MIMO with respect to CSI feedback quantization was presented for a variety of antenna configurations, including the widely-spaced cross-polarized antenna configurations, for both the MMSE Option 1 and Option 2 (see [3] for definitions). It was shown that, for all the configurations studied in the simulations, AC MU-MIMO with enhanced CSI feedback can achieve the 15% throughput performance gain as desired by the operators. The associated feedback overhead is the feedback of the long-term covariance matrix with (at most 16 bits) quantization, which will be used to refine the baseline Rel-8/10 codebooks based on the channel condition. Effective CSI adjustments can be done relatively easily since the covariance matrix is available at the base station side. The summary is given as follows:
Observation 4:

It is possible to achieve robust performance gain with appropriate MIMO codebook design for various deployment scenarios. The double codebook structure has been widely adopted and proven beneficial. Among the designs based on the double codebook structure, Adaptive Codebook technique is a strong candidate for consideration.
3 Text proposal

Based on the above observations, it is proposed to capture the following in TR 36.871:

The enhancement of MIMO performance, especially the MU-MIMO performance, through improved CSI feedback, has been demonstrated in the MIMO Enhancement Study Item for various deployment scenarios. The CSI enhancement can be in turn achieved by:

· Techniques that enable better interference estimation for CSI report
· Techniques that enable better residual, intra-cell interference estimation

· Techniques that increase feedback granularity

· Techniques that enable effective CSI adjustments at the eNB
· Techniques that improve feedback codebooks such as those with a double codebook structure
A candidate solution that utilizes some of these CSI enhancements and can achieve robust gains in scenarios such as non-uniform network deployments and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs) is the Adaptive Codebook technique.
4 Conclusions

This contribution attempts to summarize the discussions and studies relevant to CSI feedback enhancements especially those targeted for MU-MIMO operations. The following are observed:
Observation 1:

CSI feedback mechanisms that enable better interference estimation at the UE side can be used to improve MIMO performance. CSI feedback mechanisms that enable better residual intra-cell interference estimation at the base station side can be used to improve MIMO performance.

Observation 2:

Approaches utilizing increased feedback granularity, such as PUSCH Mode 3-2, can be used to improve MIMO performance.
Observation 3:

Feedback schemes that enable effective CSI adjustments can be used to improve MIMO performance. Candidate schemes include long-term channel information (covariance matrix) feedback, multiple feedback reports of various ranks, explicit feedback of the channel, etc.

Observation 4:

It is possible to achieve robust performance gain with appropriate MIMO codebook design for various deployment scenarios. The double codebook structure has been widely adopted and proven beneficial. Among the designs based on the double codebook structure, Adaptive Codebook technique is a strong candidate for consideration.
It is proposed to capture the following text proposal in Section 7, TR 36.871:

---------------------------- Start Text Proposal -------------------------------------------------

7
CSI Feedback Enhancements

<Editor’s Note: Capture the identification of the need for such enhancements, including corresponding evaluation results, and details of any solutions proposed.>

The enhancement of MIMO performance, especially the MU-MIMO performance, through improved CSI feedback, has been demonstrated in the MIMO Enhancement Study Item for various deployment scenarios. The CSI enhancement can be in turn achieved by:

· Techniques that enable better interference estimation for CSI report

· Techniques that enable better residual, intra-cell interference estimation

· Techniques that increase feedback granularity

· Techniques that enable effective CSI adjustments at the eNB

· Techniques that improve feedback codebooks such as those with a double codebook structure

A candidate solution that utilizes some of these CSI enhancement techniques and can achieve robust gains in scenarios such as non-uniform network deployments and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs) is the Adaptive Codebook technique.
---------------------------- End Text Proposal -------------------------------------------------
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