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1 Introduction 
Recent LTE-A discussions about downlink MIMO have outlined two categories of feedback information: explicit feedback and implicit feedback [1-2]. In this contribution, we consider the role that spatial covariance can play in implicit feedback.  

Codebook based implicit feedback is used in LTE Rel-8. However in Rel-8, codebooks are designed mainly for SU-MIMO. MU-MIMO shares the same codebook sets and feedback mechanism with SU-MIMO, i.e. each UE feeds back its single user PMI and CQI even if it will be scheduled in a MU transmission. This inevitably is not optimal for MU MIMO and it becomes the bottleneck which prevents MU-MIMO from achieving the throughput predicted by the theory. 
As outlined in other contributions, we believe that:

(a) the default 8 Tx antenna codebook should be optimised for low-rank MU-MIMO [4], and 
(b) support for semi-static downloading of new codebooks should be provided to enable the codebook to be adapted to specific antenna configurations and deployment scenarios [5, 6].
In this contribution, we address the fact that even after configuring a reasonable codebook according to (a) and (b), the  actual channels observed by MU-MIMO users vary significantly in both the time and frequency domains. They may not be well represented by a single PMI from a fixed codebook. In real propagation environments, most channels are more or less spatially correlated, mainly depending on the scenarios and antenna configurations. Different UEs observe different spatial covariance. In light of this, we investigate whether spatial covariance can be useful in enhancing the codebook performance. 

2 Spatial covariance aided implicit feedback 

In this contribution, we investigate a spatial covariance aided feedback mechanism, whereby a PMI and a Tx spatial covariance matrix observed by each UE are fed back. Then the eNB reconstructs the channel matrix based on this feedback in order to determine suitable MU-MIMO precoding. The spatial covariance feedback contains spatial information specific to each UE and can hence improve the accuracy of channel feedback compared to a fixed codebook.
2.1 Estimation of the spatial covariance information
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We consider a K- user multi-user application. Let 
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denote the channel matrix between the i-th UE and the eNB. The spatial covariance matrix for the the i-th UE at the j-th frame can be estimated as follows. 
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 is the total number of subcarriers averaged in the calculation of Tx covariance matrix. Typically this would be several RBs or even the whole band. When 
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, the long- term average of the transmit covariance matrix converges to its statistical mean. 
2.2 Quantization and feedback 
Apart from the PMI, the Tx spatial covariance matrix also needs to be fed back so that the eNB could restore the user’s channel. The bits used for the spatial covariance matrix are extra overhead on top of a Rel-8 feedback mechanism. In the simulations of this contribution, we use direct feedback of the coefficients of 
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. In order to keep the additional overhead at a low level, we use 28 bits in the feedback in case of four transmit antennas. 1 bit is allocated for each diagonal element and 4 bits are allocated for each off-diagonal element.
2.3 Operations at eNB 
After obtaining the PMI and Tx spatial covariance matrix from all UEs, the eNB reconstructs the channel of each UE. Consequent precoding and scheduling operations for UE i will be performed based on the reconstructed channels. The choice of precoding algorithm and scheduling strategy are implementation specific. In our approach we use zero forcing precoding [3] and greedy search.
3 Simulation results 
The system simulations are performed over a 19 site/57 pentagon shaped cells. Simulation parameters and modeling assumptions are provided in the table below.
Table 1 Simulation assumptions
	Parameter
	Value

	Channel Model
	ITU Urban Micro and Urban Macro 

	Antenna Configuration
	4-Tx eNB: ULA, 0.5 lambda (Configuration C)

2-Rx UE: ULA, 0.5 lambda

	Duplex method 
	FDD

	Scheduler
	Proportional fair and frequency selective scheduling;

Scheduling granularity of one subframe

	Link adaptation
	Non-ideal CQI (i.e. feedback CQI is quantized according to MCS levels)


	Channel estimation
	Ideal channel estimation 

	Feedback Impairments
	CQI/PMI reporting period: 5ms 

Tx covariance reporting period: 5/20/100 ms 

CQI/PMI feedback: subband (5 RB) 
Tx covariance feedback: wideband 
Delay: 6ms 

	Downlink precoding scheme 
	Zero forcing 

	Rate Metric
	Constrained capacity based on the QPSK,16QAM,64QAM constellations

	Downlink HARQ
	Synchronous HARQ, CC, maximum four transmissions

	Control channel and reference signal overhead:
	Fixed 0.3026 (As agreed in ITU evaluation)

	Codebook 
	Rel -8 4 bits codebook for 4Tx 


Table 2 Performance of spatial covariance aided PMI based feedback under Zero-forcing precoding
	Codebook
	Channel model
	Tx Covariance feedback period
	Cell average SE (bps/Hz/cell)
	Cell-edge SE (bps/Hz)

	LTE Rel-8
	Umi
	n/a
	2.60
	0.068

	Spatial covariance aided LTE codebook
	Umi
	5ms
	3.13
	0.070

	Spatial covariance aided LTE codebook
	Umi
	20ms
	3.11
	0.070

	Spatial covariance aided LTE codebook
	Umi
	100ms
	3.08
	0.069

	LTE Rel-8 
	Uma 
	n/a
	2.28
	0.060

	Spatial covariance aided LTE codebook
	Uma
	20ms
	2.53
	0.058 


Simulation results show: 
1) Spatial covariance feedback brings significant performance gain of 20% for LTE codebook in UMi channel model and 11% for UMa channel model.  
2) The performance of this enhanced scheme is not sensitive to the feedback period of the Tx covariance matrix. The cell average spectral efficiency varies slightly for 5ms, 20ms, and 100ms feedback period. Considering a 28bit Tx covariance quantization, a 5ms feedback period for CQI/PMI and a 100 ms feedback period for the spatial covariance matrix, it is equivalent to a 28/(100/5) = 1.4 bits extra overhead per CQI/PMI feedback cycle. 
4 Conclusions
In this contribution, we considered long term spatial covariance aided feedback as an enhancement to implicit PMI feedback. Preliminary results show that it brings attractive performance gain for the Rel-8 codebook with only a small amount of extra overhead. Therefore, we suggest that spatial covariance aided implicit feedback is worth considering further.
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