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1 Introduction

In this contribution, we provide more discussion on implicit feedback in support of MU-MIMO operation.

2 Discussion

Implicit feedback is in the form of recommended precoding format (RI/PMI) based on the UE’s measurement. 

· Testing: One reason to have CQI-based feedback in Rel-8 is to allow more tractable testing of UE report. It is important that the CQI is well-defined so that it can be tested (e.g. recommended TB size under a 10% BLER). This ensures that the CQI report from UE is reliable and can be trusted by the network for the purpose of downlink scheduling and link adaptation. This should also be a desirable property in feedback design in Rel.10.
· For implicit feedback, UE measurement includes both the channel matrix H and the interference/noise (e.g. covariance R). Such information is embedded implicitly in the recommended PMI derived to optimize the DL throughput. 
· Implicit feedback is a reflection of processed channel information. A number of UE implementation specific parameters which are generally agnostic to the eNB, e.g. receiver processing (MMSE, SIC) are usually embedded in the CQI report. This allows eNB to perform link adaptation accordingly to reap the gain of a more advanced MIMO receiver. Such advantage is in general not captured in the explicit feedback. 

· Although the feedback is codebook-based, the actual transmission can still be non-codebook based. eNB can perform a transformation on the UE reported PMI to derive the actual downlink beamforming vectors which are non-codebook-based.
3 Comparison of Short-term Covariance and Implicit feedback

The following feedback schemes are compared in this contribution
· Short term transmit covariance: the covariance matrix of the channel H is averaged over both time and frequency as R = (sum{Hj†Hj})/J, j=0,1,2,…,J-1, where J is the span of frequency subband and subframes over which averaging is performed. Averaging in the frequency domain can be either on the wideband or sub-band basis. A wideband covariance matrix reduces the impact of channel estimation errors, however it also comes at the cost of increased mismatch with the frequency-selective channel.
· PMI feedback: regularized ZFBF. Each UE report its preferred precoding matrix index (PMI).  At the eNB, the PMI feedback from multiple UEs are combined to reconstruct the actual precoding matrices for MU-MIMO operation which are non-codebook-based
· Let 
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  = PMI feedback (a quantized version of the channel)
· The precoding vector is obtained using regularized zero-forcing beamfomring (ZFBF) as  
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, F1 and F2 are the precoding vectors for user 1 and user 2, respectively. F1 and F2 are then normalized to to a uni-norm vector.
4 Simulation Results

In this section we compare the link-level performance of a two-user system with (1) short-term transmit covariance feedback, and (2) implicit PMI feedback. Single-layer beamforming per UE is assumed. Sum-capacity of two UEs are evaluated. Detailed simulation assumptions are provided in Table 1. 

In order to have a fair comparison on the tradeoff between performance and overhead, different feedback modes have compared under the same feedback overhead constraint.
· For PMI feedback, the size-16 Rel.8 4TX codebook is assumed, hence 4-bit is required for each PMI report (wideband or subband). Due to the lower feedback overhead, PMI can be fed back more frequently in time domain or frequency domain and therefore achieve higher granularity / accuracy of the channel report.  A 4-bit CQI can be also reported for each sub-band.
· For transmit covariance matrix feedback, the 4x4 transmit covariance matrix is Hermittian, hence only the 4 diagonal and 6 lower-diagonal elements need to be reported. Assuming 5-bit quantization for both the real and imaginary component of the covariance matrix, this overhead amounts to (4 + 2 * 2 * 3) * 4 = 80 bit per feedback (wideband or subband). Hence, in order to ensure the same feedback overhead

· Time domain feedback periodicity: Short-term transmit covariance is reported every T1 subframes  and PMI is reported every T2 subframes, where T1 = 10 T2 to maintain a fixed overhead. The short-term transmit covariance is averaged over T1 subframes prior to each report.

· Alternatively, the frequency domain feedback granularity of PMI can be 10 times higher than that of the covariance matrix feedback. If transmit covariance is reported for every 10RBs, a frequency-selective PMI report with 1-RB granularity can be supported with the same overhead, achieving a much higher frequency granularity. This also results in refined frequency domain scheduling and more flexibility in UE paring in MU-MIMO.

It should be noted that a 5-bit quantization assumption for the real/imaginary component of the explicit channel is only used for the overhead analysis. In the simulation results shown below, quantization of the floating-point covariance matrix R is not modeled and R (after time/frequency averaging) is perfectly known at the eNB. It is expected some further performance degradation for explicit feedback will be seen when fixed-point quantization is taken into account.
From the simulation results, it is observed that the PMI based feedback shows better performance than the short-term covariance matrix feedback. This could be attributed to a number of factors, e.g. PMI report can have a better granularity (time or frequency domain) than the short-term covariance matrix and therefore achieves more accurate reflection of the channel. Although it is possible to prolong the time duration over which the covariance matrix is estimated (e.g. long-term covariance), due to channel reciprocity, the long-term covariance can be estimated in the uplink transmission standard transparent manner [2].
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5 Conclusions

In this contribution we compare the performance of multiuser beamforming with different feedback schemes. It is seen that under the assumption of fixed feedback overhead, PMI-based implicit feedback shows superior performance than the short-term covariance feedback.
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Table 1: Simulation Assumptions 
	Parameters
	Setting

	Duplex method
	FDD

	Bandwidth 
	10MHz, 50 RB

	Channel model
	SCM

	eNB antenna configuration
	4 co-polarized antennas with 4( spacing

	UE antenna configuration
	2 co-polarized antennas with 1/2 ( spacing

	Downlink scheduler
	Scheduling granularity of one sub-frame, wideband scheduling

	Rank-adaptation
	1-layer beamforming per UE, 2 UEs in MU-MIMO

	Feedback delay
	3ms

	Receiver algorithm
	MMSE

	Channel estimation
	Ideal

	MU-MIMO
	Non-transparent

	Overhead 
	DL overhead:  3 symbols for DL CCHs, Antenna Port 0~3 CRS
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