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1 Introduction

The double-codebook based implicit feedback framework was agreed for Rel-10 in RAN1#60[1]
· Implicit feedback (PMI/RI/CQI) is used also for Rel-10
· UE spatial feedback for a subband represents a precoder (as constructed below)
· CQI computed based on the assumption that eNodeB uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource
· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

In this contribution, we will show that rotation-based differential feedback is an elegant double codebook extension of Rel-8 type of feedback and the principle can be also used for performance improvement or overhead reduction for SU/MU-MIMO. 
2 LTE R8 full rank codebook as the rotated Hadamard matrices
The LTE R8 4Tx full-rank codebook was constructed using Householder reflections and the n-th precoding matrix can be given by 
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 where I is the 
[image: image3.wmf]4

4

´

 identity matrix and the vector 
[image: image4.wmf]n

u

 is given by Table 6.3.4.2.3-2 in TS 36.211 [2]. It can be found that the 16 precoding matrices can be rewritten as 
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where 
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is a diagonal matrix of order 4, 
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is a normalized Hadamard matrix of  order 4, 
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are the indices associated with n. the diagonal elements of 
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 consist of phase shift factors, so the precoding matrix is equivalent to(by the phase ambiguity property of eigen-value decomposition of channel covariance matrix, also referring to “precoding equivalence relation” in [3])
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Note that the Hadamard matrices can match with the eigenvector model of dual polarized channels [4,5] and the array response model of uniform linear array but in coarse granularity. The diagonal elements in 
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 are consistent with the 4-DFT vectors, which essentially rotate the column vectors in matrix 
[image: image15.wmf]4,

n

j

H

 to those in matrix
[image: image16.wmf]4,

n

W

or 
[image: image17.wmf]4,

n

¢

W

 and result in a finer spatial quantization. The mapping table of 
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 associated with the rotation angles can be found in Appendix A. 

The above principle can be used to 8Tx antenna configuration and constant modulus codebook (an example: 
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) can be obtained, which is impossible for Householder-based method [3].
3 Rotation-based differential feedback
Further investigation shows that any precoding matrix in Table A.1 can be obtained from the others by a diagonal matrix. However, the rotation angle between the column vectors is greater than 
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, which implies that the angle spacing of the spatial quantization cannot be less than 
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 using the above codebook. For adjacent feedback in frequency or time domain, the rotation angle can be less than
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. The finer spatial quantization, e.g.,  
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 angle rotation,  can be obtained without increasing feedback overhead exploiting channel correlation, which has already been used for CQI overhead reduction in R8 by feeding back a wideband CQI and differentially encoded subband CQI. 
It also makes sense to consider the differential feedback scheme in frequency domain.A differential feedback method based on the above rotation principle has been described in [6]. Based on the differential feedback, the precoding matrix recommended by UE can be written as

[image: image28.wmf],

rbrb

=

FCW














       (4)

where the dual indices (r,b) are used to indicate the differential precoding matrix 
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 and the base precoding matrix 
[image: image30.wmf]b

W

.  Matrix 
[image: image31.wmf]b

W

 can be from 4Tx or 8Tx codebook in LTE-A and matrix  
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 is a diagonal matrix used to rotate matrix 
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 to track channel variation in adjacent feedback, e.g., 
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 angle rotation. Matrices 
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 form a differential codebook and base book, respectively. This double codebook structure can be further referred to contribution [7]. A simple but efficient differential codebook (DC) example for 4Tx is given in appendix C.
4 Simulation results
A system level simulation has been performed to evaluate the above feedback scheme for MU-MIMO. The simulation assumption is given in appendix C. LTE R8 codebook is used as the base codebook for the 4Tx case. 
· 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 50RB and subband size is 2RB. i.e., the system bandwidth is divided into 25 subbands. For the baseline scheme, a 4bit R8 PMI is fedback for each subband, so there is 100bit 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 54 bit PMI feedback overhead is needed.  So the differential scheme can reduce about 46% PMI feedback overhead.
· Throughput Performance

The simulation results for ULA and XPO antenna configurations are given in Fig.1 and 2, respectively. 
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Fig.1 performance comparison for ULA antenna configuration
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Fig.2 performance comparison for XPO antenna configuration
5 Conclusion

In this contribution, rotation-based differential feedback is shown to be an elegant extension of Rel-8 type of feedback and system level simulation results show that the proposed scheme can have 2bit PMI feedback overhead reduction but still with performance improvement. Based on the discussion we propose the following:
· Rotation-based differential feedback should be supported for LTE-A.
· Constant modulus and finite alphabet properties should be preserved for differential codebook.
· Further optimized differential codebook is FFS.
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Appendix A. R8 full rank 4Tx codebook as the rotated Hadamard matrices

The normalized Hadamard matrices used in Table A.1:

[image: image39.wmf]4,0

1111

1111

1

1111

2

1111

éù

êú

--

êú

=

êú

--

êú

--

ëû

H

,
[image: image40.wmf]4,1

1111

1111

1

1111

2

1111

--

éù

êú

--

êú

=

êú

êú

--

ëû

H

,
[image: image41.wmf]4,2

1111

1111

1

1111

2

1111

--

éù

êú

êú

=

êú

--

êú

--

ëû

H



 EMBED Equation.DSMT4  [image: image42.wmf]4,3

1111

1111

1

1111

2

1111

--

éù

êú

--

êú

=

êú

--

êú

ëû

H


Table A.1. R8 4Tx full rank codebook decomposition in diagonal rotation matrix and Hadamard matrix
	Rotation angle 
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Appendix B differential codebooks used in simulations
Table B.1 The 2 bit differential codebook 
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Appendix C Simulation assumption
Table C.1 Simulation assumption
	Channel models
	Spatial Channel Model (SCM)

	Central Frequency
	2GHz

	Fading Scenario
	Urban Macro

	Antenna configuration
	ULA and XPO
4 Tx at eNodeB with 0.5 lambda spacing
2Rx at UE with 0.5 lambda spacing

	Sample density
	15.36M sample/second

	UE Speed
	3km/h

	System Bandwidth
	10 MHz

	FFT length
	1024

	Subband size
	2RB

	scheduler
	PF

	Number of UEs per cell
	10

	MU-MIMO 

precoding technique
	Zero-forcing beamfoming

	MCS
	according to CQI Table in LTE R8

	Channel estimation
	Ideal

	Receiver
	MMSE receiver

	Hybrid ARQ
	Maximum 4 transmission

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

power adjustment for MU-MIMO

	Feedback Delay
	4ms

	Overhead
	24REs per RB for RS and first 3 symbols for control zone
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