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1 Introduction

The design of the Channel State Information (CSI) feedback (including CQI and PMI) is an important aspect to support advanced MIMO and CoMP in LTE-A. Implicit feedback has been well established in Rel-8 where the CQI/PMI/RI feedback utilize a codebook of preferred precoding matrices and a CQI that is conditioned on the use of the selected precoding matrix. Feedback schemes exploiting frequency correlation are already used for CQI overhead reduction in R8 by feeding back a wideband CQI and differentially encoded subband CQI. It also makes sense to consider feedback index of a differential precoding matrix to track channel variation between adjacent feedbacks. The principle has been outlined in [1], which also result in an extension of LTE R8 to simple but high performance dual indexed codebook in the accompanying contribution [2]. 

In this contribution, we present link level simulation results of SU-MIMO and MU-MIMO to evaluate the differential feedback scheme.

2 Differential Feedback
For close loop spatial multiplexing in LTE R8 system, wideband PMI is periodically reported in mode 1-1 and 2-1 via PUCCH or aperiodically reported in mode 3-1 via PUSCH. And subband PMI can be reported in mode 1-2 and 2-2 via PUSCH. For MU-MIMO transmission mode, only wideband PMI can be used. To enhance SU/MU-MIMO performance for LTE-A, subband PMI should be improved tradeoff between gain and overhead should be made. Differential feedback can exploit the time/frequency correlations to reduce overhead or improve accuracy. 
Based on differential feedback, the precoding matrix recommended by UE can be given by 
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Where dual indices (b,n) are used to indicate the differential precoding matrix 
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 and the base precoding matrix 
[image: image3.wmf]n

W

.  
[image: image4.wmf]n

W

 can be in wideband or subband granularity from LTE R8 codebook. 
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 is used to model the channel correlation and can be optimized for different scenarios. 
3 Simulation results
A link level simulation has been performed to evaluate the above feedback scheme for SU-MIMO and MU-MIMO, respectively. The simulation assumption is given in appendix. 
· PMI feedback overhead
LTE R8 codebook based subband PMI feedback is as the baseline for comparison. For the given simulation assumption in appendix, the system bandwidth consists of 25RB and subband size is 2RB. i.e., the system bandwidth is divided into 13 subbands. For the baseline scheme, a 4bit R8 PMI is fedback for each subband, so there is 52bit PMI feedback overhead. For the differential scheme, a 2bit differential codebook (DC) PMI for each subband and 4bit R8 PMI for wideband is feedback, i.e., 2 bits overhead can be reduced, therefore, totally 30 bit PMI feedback overhead is needed.  So the differential scheme can reduce about 40% PMI feedback overhead.
· Throughput Performance
The simulation results of SU-MIMO and MU-MIMO are given in Fig.1 and 2, respectively. It can be seen that the differential feedback scheme can have about 2% throughput gain at lower SNR region and almost no performance degradation at high SNR region for SU-MIMO and about 5% throughput gain for MU-MIMO. 
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Fig.1 Comparison of normalized throughput for SU-MIMO
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Fig.2 Comparison of normalized throughput for MU-MIMO
4 Conclusion

In this contribution, we present link level simulation results which show that differential feedback scheme can have 2bit PMI feedback overhead reduction for each subband but no performance degradation for SU-MIMO and about 5% throughput gain for MU-MIMO. A more optimized differential codebook design should be FFS.
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Appendix
A.1 Simulation assumptions
	Channel models
	Spatial Channel Model (SCM)

	Central Frequency
	2GHz

	Fading Scenario
	Urban Macro

	Antenna configuration
	Uniform linear array

4 Tx at eNodeB with the separation of 0.5 lambda
2Rx at UE with the separation of 0.5 lambda

	Sample density
	7.68M sample/second

	UE Speed
	3km/h

	System Bandwidth
	5 MHz

	FFT length
	512

	RS density
	24REs per RB

	Control zone 
	First 3 symbols

	Subband size
	2RB

	scheduler
	PF

	Number of UEs
	5

	precoding technique
	Zero-forcing beamfoming for MU-MIMO
Codebook –based precoding for SU-MIMO

	Subband size
	2RB

	MCS
	according to CQI Table in LTE R8

	Channel estimation
	Ideal

	Receiver
	MMSE receiver

	Hybrid ARQ
	Maximum 4 transmission

	Turbo decoder
	Max-Log-MAP algorithm with 8 iterations

	The 1st Target BLER
	10%

	Subband CQI feedback
	4bit CQI index according to CQI Table in LTE R8

power adjustment for MU-MIMO

	Feedback Delay
	4ms
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