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1. Introduction

DRS will be supported in LTE-A operation, which provides the opportunity to enable transparent beamforming to users without explicit semi-static configuration of multiple transmission modes.  To facilitate such operation, universal feedback definitions are desirable, which enable eNB to dynamically switch between different MIMO modes like SU/MU and enable CoMP transmission through interference avoidance or joint transmission in a UE agnostic manner. We believe a universal feedback gives maximum flexibility to the eNB schedulers to optimize performance under different user channel conditions. To develop any universal feedback scheme, the standardization effort could focus on improving feedback content, feedback compression, and feedback channel design. For MU/CoMP techniques, UE typically does not have access to all the required information to make certain scheduling decisions. 

In this contribution, we compare various forms of feedback or feedback compression with a focus on their impact on MU/CoMP performance degradation due to such approximation. 

2. Proposed Feedback Types
We first briefly outline the various feedback content and techniques captured in the current TR36.814 [1] and recent contributions [3][4]
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[5]
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[6][7].
Explicit Channel Feedback

In explicit channel feedback, information of channel measured on RS (CSI-RS in Rel-10) is directly transmitted to the eNB. Such information does not take into account any UE specific implementation and/or any assumptions of specific transmission modes. Some of the candidates are outlined below.
SCF [1] [3] or Spatial Covariance Feedback (R) – A few variations can be considered as follows.  

· Short Term Covariance Feedback – Wideband or Narrowband (R) 

· Statistical Covariance Feedback - Very long term / statistical covariance (R-STAT)

· Long Term Covariance Feedback based on a smaller window – about 1s – based on, for example, auto regressive averaging over subframes (R-AR)

Direct Channel Matrix (H) Feedback [4] – A few variations can be considered as follows

· Channel matrix over each sub-carrier or on a sampled set of subcarriers

· Channel matrix information in the time domain – Additional parameters like path delays etc., may have to be transmitted along with the channel matrix. 

Spatial covariance feedback provides suitably compressed information over a subband of interest or over the whole band and is considered adequate for linear precoding schemes at the transmitter.

Direct channel matrix feedback provides rich feedback over the whole bandwidth. However, aggressive compression may result in significantly distorted H, thereby the gains may become worse than SCF. It may be more applicable to joint processing CoMP schemes and frequency selective scheduling (user pairing/precoding) with fine granularity. In addition, it can be considered essential for non-linear precoding schemes (e.g., dirty paper coding), which are of limited interest here. Delays inherent in CoMP coordination require robustness of feedback, thereby limiting the applicability of CoMP relying on this feedback to transmission points with “fast” connection (e.g., fiber).

Implicit Feedback
Implicit feedback, such as PMI feedback as supported in Rel-8, is based on the hypothesis of a transmission mode. The hypothesis must be expanded to include the various possibilities of CoMP transmission sets thereby introducing a multiplicative factor to the feedback. CoMP may require additional auxiliary feedback (e.g.,  “black” or “white” PMI list [2]) depending on the transmission mode. Implicit feedback typically is mode-dependent. Feedback optimization for individual modes is possible.
“Hybrid” Feedback

Transformed codebooks (by long term covariance matrix) are proposed to improve MU performance [5]

 REF _Ref233502515 \r \h 
[6]. The primary benefit/difference of this feedback is to improve quantization of PMI by transforming them based on the long term channel covariance matrix. With respect to mode dependency, it is similar to implicit feedback. 

3. Simulated MU precoding modes with different feedback
The following types of feedback are considered in the study

· Short Term Covariance Feedback – Wideband or Narrowband (R) 
· Statistical Covariance Feedback - Very long term / statistical covariance (R-STAT)
· Long Term Covariance Feedback based on a smaller window – about 1s – auto regressive averaging over subframes (R-AR)
· Principal Eigen vector feedback (PEV)
· Hybrid/Transformed PMI - HPMI
The following precoding modes are simulated
SLNR based on “R” (i.e., regularized ZFBF)
For a hypothetical user pair (UE-i, UE-j), we obtain the precoding matrices as, 
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PMI-based Zero Forcing
Note that ZFBF is based on CSI, but can be extended if only an approximation of the CSI such as PMI is available. In this case, PMI-based ZFBF is:
i) Set  
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ii) Obtain precoding vectors using ZFBF with regularization 
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iii) Normalize to unit transmit power 

On a flat fading channel, a regularized ZFBF based on CSI can be shown to give the same solution, up to a scaling factor, as given by the SLNR approach:
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where we use matrix inversion lemma and note that
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. A similar result is also obtained by applying a constrained MMSE transmit filter. SLNR solution is also shown to result from a zero cross-interference criterion after receive processing [4]. 

Transformed PMI with Zero Forcing 

Hybrid/Transformed PMI (“HPMI”) denotes the processing of Zero Forcing BF as above, except by replacing PMI with HPMI. The PMIs are transformed based on R-AR [6]

 REF _Ref233502511 \r \h 
[5].
Principal Eigen Vector (PEV)
We can approximate “R” used in SLNR algorithm with its low-rank approximation based on Principal Eigen Vector which can be derived from either true R or R-AR.
4. Performance Results

We can compare the feedback metrics by assessing the degradation of sum-capacity in a single-point MU-MIMO operation. The simulations are based on a single isolated cell. Simulation parameters and modeling assumptions are provided in the table below. We assume two-UE MU operation with rank-1 per UE.
	Parameter
	Value

	Channel Model
	3GPP Case 3 according to TR36.814 (SCM channel model @ 3kmph)

	Antenna Configuration
	4-Tx eNB: ULA, 0.5 lambda

2-Rx UE: ULA, 0.5 lambda

	Duplex method 
	FDD

	Scheduler
	Scheduling granularity of one subframe (dynamic on a subframe basis)

	Link adaptation
	Ideal CQI

	Channel estimation
	Ideal channel estimation 



	Feedback Impairments
	Wideband Feedback

Reporting period: 4 ms ;

Delay: 3 ms

	Rate Metric
	Unconstrained Sum Capacity

	Overhead
	Control channel of 3 symbols; 

RS for 4 CRS as in Release 8; 

Same overhead for all transmission modes.

Reduction in RS overhead for LTE-A/MBSFN subframes due to DRS on a maximum of two ports not included in performance gain.

	Number of users
	Two users dropped in the cell. Forced to same SNR

	Receiver Assumption at the UE
	MRC


Table 1. Simulation Assumptions
Sum capacity of the two users based on post-processing receive SNRs is plotted in results below in bps/Hz against user SNR in dB for i) wideband feedback in a frequency selective channel (Fig 1) and ii) a flat fading channel (Fig 2).
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Figure 1 – 4 Tx ULA, Wideband, 0.5 lambda Tx spacing (left), 4 lambda Tx spacing (right)

Compared to SLNR based on instantaneous R, significant performance loss is noted with all other forms of feedback studies such as zero forcing approaches based on PMIs. As expected, transformed PMI approach provides some gain over PMI-based MU, but only for correlated channel with 0.5 lambda transmit antenna spacing. However, the result also indicates that transformed PMI has similar performance as using rank-one approximation of “R-AR” (i.e., using the principle eigenvector only), which is available in a HPMI feedback mode. In uncorrelated channels, however, transformation of PMI does not yield any gain over PMI approach as expected. 
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Figure 2 – 4 Tx ULA, Flat Fading, 0.5 lambda Tx spacing (left), 4 lambda Tx spacing (right)

The flat-fading plots above reflect narrowband performance. Significant loss is still obvious. Since PMI is just a vector quantization of the principle eigenvector, PEV-based ZFBF represents an upper bound on performance achievable with PMI based approach. 
5. Conclusion

Simulation results are reported in this contribution comparing various forms of feedback, such as instantaneous spatial correlation matrix, its rank-1 approximation using the first principle eigenvector, PMI, and PMI transformed by long-term covariance matrix. It is shown that, for MU performance, the degradation from using instantaneous spatial correlation seems to be significant. Particularly, the results indicated some of the shortcomings of PMI based approaches compared to explicit channel feedback. 
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