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1
Introduction

MU-MIMO enhancements are being considered as an important aspect of LTE Release 10.  As such, improvements to feedback reporting have extensively been studied and it was shown that accurate feedback reporting is one of the key enablers for efficient MU-MIMO operation and dynamic SU/MU switching.  As part of ongoing studies, it has to be determined whether or not MU-MIMO operation should be facilitated through additional feedback reports, or whether SU-MIMO PMI reporting provides sufficient performance. In this contribution, we propose a unified feedback framework which relies solely on SU-MIMO PMI reporting but allows the UE to tailor the PMI selection to MU-MIMO operation, if desired.  As such, separate MU-MIMO specific feedback reports are unnecessary.  

2
Unified Feedback Framework

Implicit PMI-based feedback has been shown to perform well for SU-MIMO based transmission schemes.  However, when it comes to MU-MIMO operation, PMI reports with rank>1 pose some challenges, especially if one of the UEs being scheduled in MU-MIMO operation is being allotted fewer layers than corresponding to its PMI report.  In contrast this challenge does not arise in explicit feedback schemes, in which individual channel direction information (CDI) is fed back.  It is clear that this problem is only relevant to the case in which a PMI with rank greater than one is reported; otherwise implicit and explicit feedback are conceptually identical and provide very similar performance [1]. 

Several proposals have been made on how to address this problem.  These range from supporting rank-constrained PMI reports [2] to approaches based on best/worst companion feedback [3] which help in the pairing of UEs by providing information on the null space of a UE.  In contrast to these proposals, this contribution discusses a method in which PMI feedback reports are not solely selected based on maximizing the anticipated achievable SU-MIMO capacity but also based on how well the PMI quantizes the CDI. 

2.1
Unified Feedback Operation

Unified feedback reporting can be viewed as an alternative framework for choosing a PMI report at the UE side.  It follows the following sequences of steps: 

1. Identify the best SU-MIMO PMI. 
Identify the PMI which maximizes SU-MIMO capacity as usual. 

2. Select the set of candidate PMIs with at most α performance loss. 
Reexamine all PMIs and identify those that have a performance loss no greater than α in terms of SU-MIMO capacity compared to the PMI selected in Step 1.  This step ensures that no matter how the PMI is reselected in the following steps, the SU-MIMO performance is guaranteed to suffer at most by a factor α. Note that there is no need to sort PMIs in this step and thus Step 2 can be implemented by simply once more going over all candidate PMIs. 

3.  Choose the PMI among this set which best quantizes the true channel direction. 
Among the set of PMIs identified in Step 2, select the one that best quantizes the CDI.  For example, in case of a rank-2 PMI report, the PMI whose precoder for the dominant layer is closest to the eigen-direction of channel could be selected.  Conceptually similar performance metrics can be incorporated into this framework. 

4. Report the PMI identified in Step 3 as opposed to the one identified in Step 1. 
3
Performance evaluation

In this paper we provide system level simulations to assess the MU-MIMO performance gain and potential SU-MIMO performance loss associated with the unified feedback approach.  While the evaluations are being performed in the context of Release 8 feedback, the unified feedback approach can readily be extended to the dual codebook structure as well. 

3.1
Simulation Assumptions

The performance evaluation presented in this document was carried out according to the IMT-Advanced evaluation methodology [4].  Additional assumptions are shown in Table 1 below.  

	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	Channel Model
	ITU Urban Micro (UMi)
X-pol, 4λ antenna separation

	Number of UEs per cell
	10

	Number of Tx antennas
	4

	Number of Rx antennas
	2

	Receiver Type
	Linear MMSE modeled

	Channel estimation
	Non-ideal

	Allocation Size 
	Adaptive

	Rank selection
	Adaptive

	CQI/Precoding feedback period
	5 ms

	CQI/Precoding feedback delay
	5ms

	Feedback subband size
	6 RBs

	Feedback error
	Not modeled

	Frequency sensitive scheduling
	Yes

	Scheduling fairness
	Proportional fair

	Interference Estimation
	No interference covariance knowledge is assumed

	HARQ target
	10% BLER after 1st transmission

	Maximum number of retransmissions
	4


Table 1  System simulation assumptions
Note that the spectral efficiency results do not account for system overhead. 

3.2
Performance Results

The performance results are provided in Table 2 and show the performance of unified feedback for different values of the parameter α which controls the maximum tolerable SU-MIMO performance degradation.  To illustrate the tradeoff between tailoring the feedback reports to SU- and MU-MIMO performance, we show SU-MIMO and MU-MIMO performance results separately. 

	Feedback
Method
	SU-MIMO
	MU-MIMO

	
	Cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]
	Cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]

	No UF
	2.792
	0.0%
	0.087
	0.0%
	2.324
	0.0%
	0.074
	0.0%

	UF, α=0.1
	2.770
	-0.8%
	0.088
	1.4%
	2.439
	4.9%
	0.077
	3.6%

	UF, α=0.2
	2.726
	-2.4%
	0.087
	0.5%
	2.492
	7.2%
	0.078
	5.6%

	UF, α=0.3
	2.688
	-3.7%
	0.087
	0.4%
	2.527
	8.7%
	0.080
	7.5%


Table 2  System simulation results
It can be seen from Table 2 that with relatively small SU-MIMO performance degradation, substantial MU-MIMO performance gains can be achieved.  For example, for α=0.1, a gain of approximately 5% can be achieved while incurring less than 1% performance loss for SU-MIMO.  For α=0.2, a gain of 7.2% can be achieved while incurring 2.4% SU-MIMO loss. 

We would like to note that since the performance gains of unified feedback mainly result from PMI reports with a rank greater than one, the performance gain depends on how often such reports occur.  If rank-1 PMI reports are dominant, unified feedback will behave very similar to regular PMI reporting as PMI and CDI are conceptually similar in this case. 

4
Conclusion

In conclusion, we have presented a unified feedback framework and shown its benefits through system-level evaluations.  
The key benefit of the proposed approach lies in avoiding MU-specific PMI reports while being able to judiciously trade off SU vs. MU-MIMO performance.  
As such, the unified feedback framework enhances MU-MIMO performance and facilitates dynamic SU/MU switching.  
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