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1. Introduction
In the 3GPP R1#59b meeting a WF proposal was made on feedback enhancements for DL transmission.
Way forward for feedback enhancements in support of enhanced downlink multi-antenna transmission:

· SU-MIMO is supported

· Release 8 type of feedback will be extended for 8 Tx antenna configurations
· CQI/RI are computed assuming that the reported codebook entry is interpreted as a recommended precoder by the eNB 

· Use of other types of feedback are not precluded

· Improved accuracy of spatial feedback should be supported if sufficient performance gains in realistic scenarios are demonstrated for at least MU-MIMO.

· Enhanced MU-MIMO is supported
· The enhancements are in relation to feedback

· At least the feedback specified for SU-MIMO can also be applied for MU-MIMO operation
2. Improved Accuracy of Spatial Feedback
It is clear from the way forward that Release 8 type PMI/CQI/RI feedback will be available for up to 8 transmit antennas and can be used for both SU and MU-MIMO. It is reasonable to assume that the spatial feedback in this case will be <= 6 bits per feedback instance (PMI). There has been a variety of approaches proposed for improving the accuracy of spatial feedback that can be categorized as follows - 
2.1. Approach A – downloadable codebooks and MDC
The proposals of downloadable codebooks [1] and MDC [2] fall under this category. The main characteristics of this approach are
· The feedback overhead is similar to Release-8

· The computational complexity at the UE is similar to Release-8

· The improvement in performance relies heavily on the ability of designing multiple codebooks (may or may not be specified) that are matched to different environments. This is a distinctly different objective from codebook design in Release-8 since the performance of SU-MIMO is much more robust to the variation of codebooks and the goal was to design a single codebook for all scenarios.
· The improvement in performance also relies on the scheduler implementation of this feature, specifically managing the codebook downloads or combining the information from multiple instances of MDC feedback
2.2. Approach B – covariance feedback in a slower timescale
The proposal of a high-resolution spatial covariance feedback in a slower timescale possibly using higher-layer signaling falls under this category. The main characteristics of this approach are
· A small to moderate increase in feedback overhead (on average) compared to Release-8. A high resolution covariance feedback every 40ms or slower may be sufficient.
· The computational complexity at the UE can be kept low by using scalar quantization and can be spread over a longer time (since the feedback is more delay tolerant)
· This may be combined with PMI/CQI/RI feedback [3][4] or may be used standalone [5] with CQI feedback. If it is combined with PMI/CQI/RI it subsumes the principle of codebook adaptation which is the basis of downloadable codebooks. The principle of MDC or differential feedback can also be combined with this approach, for the quantization of the covariance matrix.
· The improvement in performance is robust to any specific codebook design (if used with PMI) and consequently a smaller codebook size with a nested structure may be used to aid computation. In principle the method of using a high-resolution covariance matrix is similar to methods based on reciprocity and provides realistic performance prediction.
· This method may be naturally extended to support more feedback (interference covariance) for coordinated beamforming
2.3. Approach C – extension of PMI approaches 

This approach includes some other proposals of extending the Release-8 PMI/CQI/RI principle [6] including approaches to approximate a spatial covariance matrix [7]
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[8]. The main characteristics of this approach are

· The feedback overhead increase is moderate and varies with different techniques.
· The computational complexity at the UE may be increased (depends on the technique)
· The improvement in performance depends heavily on codebook design as well as the environment under consideration (an environment comprises of antenna configuration, polarization and correlation in the fast fading)

· The scalability of these methods to support coordinated beamforming under different scenarios needs to be studied further
3. Conclusion
· Further investigate feedback of a high resolution covariance matrix at a slower timescale 
· Include the possibly of using higher layer signaling
· Investigate differential, MDC approaches

· An evaluation of feedback methods should include 

· Consideration of the complexity of UE processing

· Forward compatibility to CoMP

· A variety of environments - 2, 4, 8 transmit antennas, ULAs and XPOLs. 
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