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1. Introduction

There are observations in Chairman’s Notes from Ran1#59bis meeting[1]：
· 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
The covariance matrix can provide multi-rank precoder information to the eNodeB. It enables eNB to decide the rank, MCS and MU/SU transmission for an UE[1]。Accuracy of spatial feedback plays an important role in system performance.
In Rel-8, PMI is a good strategy for SU-MIMO transmission. However, performance loss could be large for multi-user MIMO based on Rel-8 codebook and PMI design would become a bigger challenge for rank>1.
This contribution discusses covariance matrix differential feedback for UEs.
2. SLNR based on Spatial covariance matrix feedback
Covariance matrix information provides the eNB with the flexibility to perform precoder selection to increase the system throughput. CSI is obtained at UE by channel estimation. The covariance matrix R can be deemed as a compressed channel and averaged over the entire band or a sub-band (wideband or narrowband), over one sub-frame or a longer period.
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where S is a set of sub-carries, corresponding to a sub-band (including the case of a single sub-carrier)，the entire band or a component carrier.
In MU-MIMO, SLNR[2-3] is an effective precoder selection criterion based on covariance matrix. In MU condition it selects transmission weights which maximize SLNR of UEs:
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The precoding vectors of UE1 and UE2 can be computed by the following formula：

[image: image3.wmf]1

12,11

1

21,22

{()}

{()}

o

o

FeigRNIR

FeigRNIR

a

a

-

-

=+

=+

                       (3)

3. Covariance matrix differential feedback

In this method the real and imaginary parts of the covariance matrix are updated at each time by a single bit indicating to move up or down by a delta value. For example for 4 antennae every feedback needs 16bits due to Hermitian property. The basic idea is to update the quantized covariance matrix at time t by:
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where ( is a forgetting factor put on the previous quantized matrix (e.g., (=0.98) and Ct is the differential update at time t. The elements of Ct are updated using the current covariance matrix estimate, R, along with the previous quantized covariance matrix as follows for the main diagonal elements:
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and as follows for the off-diagonal elements (m>n)
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( is a adjustment factor which adjust the accuracy of current matrix (e.g., ( =0.005).
It can be shown that this differential method has the following form at time t
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where 
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 is the matrix that initialized the algorithm[4] (e.g., using some kind of quantization methods).

The PMI feedback can be seen as a simplified method of channel quantization algorithm. R can be reconstructed from PMI feedback to estimate interference between users and to compute the precoding vectors. The SLNR precoding vectors based on the reconstructed R can be used. The performance loss of PMI feedback due to the imperfect R is very larger than quantization feedback [5].
4. Simulation results
We assess the degradation of throughput with covariance matrix differential feedback in a MU-MIMO operation where there are two users with rank-1 transmission. The eNB predicts MCS based on the differential R and quantized R. In differential feedback, 
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 is fed back every 5 ms with 4bit quantization feedback [5] and every differential step uses 16bits per millisecond. For example, when reporting period is set 5ms, the overhead is 64*1+16*4=128bit (the quantization feedback needs 64*5=320bit in 5 ms). Actually, the performance is still close to the ideal covariance matrix feedback in longer feedback period. Fig. 1 shows the curve of Throughput vs. SNR with 4Tx-2Rx ULA antenna configurations. From the figures we can see the covariance matrix differential feedback can provide better performance and is better than the quantization feedback. This method is also applicable in middle or high speed scenario. Its’ feedback overhead is much less than quantization feedback method.
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                Fig. 1 Throughput performance with 4Tx-2Rx ULA
5. Conclusion
In this contribution, simulation results show that covariance matrix differential feedback has obvious advantage because of higher accuracy of R.
For MU operation, the covariance matrix differential feedback can provide better performance than quantization feedback, meanwhile, its’ feedback overhead is much less than quantization feedback.
Proposal: To consider explicit feedback in LTE-A due to the performance close to ideal covariance matrix feedback.
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Appendix1 
	Parameter
	Assumption

	Channel model
	SCM-E UrbanMicro

	Antenna configuration
	4-Tx、8-Tx eNB, ULA, 0.5 lambda

2-Rx UE ULA, 0.5 lambda

	Bandwidth
	10MHz

	Downlink channel estimation
	MMSE with linear frequency-domain interpolation

	MCS
	eNB prediction

	Receiver
	Single-user MMSE

	Feedback period
	5ms

	User number
	2

	Scheduled bandwidth
	6 RB

	UE mobile speed
	3 km/h, 30km/h
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