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1 Introduction

In order to meet downlink peak data rate and spectrum efficiency requirement of LTE-A, it’s agreed to support up to eight layer MIMO transmission in [1]. In previous meetings, the issue of supporting closed-loop precoding is also discussed. In FDD system, channel information can’t be obtained through channel reciprocity property. So, codebook-based precoding should be used to quantize the downlink channel information.
In current LTE Rel.8, 4 Tx codebook based closed-loop MIMO precoding is supported. To evaluate the performance of 8 Tx MIMO, it is necessary to design a new codebook for 8 Tx MIMO.  The general guidelines for 8 Tx codebook design are discussed in several contributions [2-5]. Some examples of codebook design are presented in [6][8]. 

In this contribution, a new approach to construct 8 Tx codebook is introduced. We propose an 8 Tx codebook based on a new method. Some link level simulations are also presented to evaluate the performance of 8 Tx MIMO. 
2 The Guidelines for 8Tx Codebook Design
Some contributions [2-5] discussed the guidelines for 8Tx codebook design in previous meetings. It’s agreed that the 8Tx codebook should have the following properties:

1) Moderate codebook size

It’s certain that increasing the codebook size will improve the codebook performance. However, big codebook will increase the computational complexity of PMI selection and feedback overhead. So, the balance between performance and complexity should be evaluated. The size of 16 codewords (4 bits) for each rank which is the same as LTE Rel.8 4Tx codebook can be a start point.

2) Good properties inherited from LTE Rel.8 codebook

Current Rel.8 codebook has many excellent properties to simplify the PMI selection process, such as unitary, a finite alphabet, nesting and constant modulus. In designing 8Tx codebook for LTE-A SU-MIMO, these properties are desired and should be inherited as much as possible.

3 8 Tx Codebook Design for LTE-A System
In this section, we will discuss the design method of the proposed codebook. And then, the feature of the codebook is described.

The Method to Construct 8 Tx Codebook
Current LTE Rel.8 uses Householder reflection to construct 4Tx codebook [9]. However, in [3] it is pointed out that this approach cannot be extended to the 8 Tx situation directly. The 4 Tx codebook is only a special case to obtain the desired codebook with Householder reflection approach. The constant modulus property can’t be preserved when applying this approach to generate 8 Tx codebook.

1)  Construct the Rank 8 Codebook with household vector from R8
We can Construct a 8
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in which, 
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[image: image11.wmf]n

W

 is a Householder matrix generated by Householder reflection, whose Householder vectors are 
[image: image12.wmf]n

u

 
2) Choose the Columns of Rank 8 Codebook to Obtain Codebooks for other Ranks

Similar to Rel.8 4Tx codebook construction, codewords for every ranks are obtained by selecting sub-matrices from the rank 8 codebook. The sub-matrices are indicated by sets of the column indexes. 
We give a example in Appendix 1

we design the codebook based on the analyze of eigenvector model in DP channel [11][12],but we can’t ignore the uniform linear array (ULA) antenna configuration in rank1,the ULA channel character is different from dual polarized (DP) channel,so we consider to get a good 8Tx beam by rotating the phase of some element in the codebook
Advantages of the Proposed Codebook

The advantages of the proposed codebook are presented below

1) The proposed codebook inherits most of the desired properties of Rel.8 LTE codebook, though in rank2 codebook,some codewords don’t have the 8PSK alphabet property. we can found that the zeros element in the block diagonal codeword don’t increase complexity of precoding,and the row vector of these codewords are constant modulus. Unitary property can be found in all the codewords
2) The proposed codebook has good overall performance

- Rank1 codebook has a good 8Tx beam in a cell with the ULA configuration(high-correlation channel),and has a good 4Tx beam in high-correlation DP channel.and it also considered the uncorrelation DP channel
- Rank2 codebook have good performance in both uncorrelation and highcorrelation DP  channel.
With carefully searching from 
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according to nest property, codebook for other ranks will also have good performance
4 Simulation results

In this section, we evaluate the performance of 8 Tx MIMO with the proposed codebook. The performance of other exiting codebook designs is also evaluated. These codebook designs are listed as following:

· ZTE Old proposal [7] 
· Samsung proposal [6] 
· Motorola proposal [8]
· ULA Rank1

In Figure 1, we present array manifold of the introduced codebook in high-correlation ULA channel. The array manifold/array response of a codebook is defined in [6]
[image: image14.emf]0 0.5 1 1.5 2 2.5 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Performance in corr channel

Angle

Gd

ZTE codebook

samsung codebook

ZTEOld codebook

MOTO codebook


Figure 1: Array Manifold of the Introduced Rank1 ULA Codebook
Figure 2 show the performance of 8 Tx MIMO systems with antenna spacing of 0.5λ
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Figure 2: ULA0.5λ, Rank 1, QPSK, Rate-1/2, 0 Scheduling Delay
· DP Channel Rank1
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Figure 3: DP 0.5λ, Rank 1, QPSK, Rate-1/2 , 0 Scheduling Delay
· DP Channel Rank2
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Figure 4: DP 4λ, Rank 2, QPSK, Rate-1/2 , 0 Scheduling Delay
[image: image18.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

10

-3

10

-2

10

-1

10

0

DP corr RMa LOS

SNR

BLER

ZTE 4bit

SAMSUNG 4bit

ZTE Old 4bit

MOTO 4bit


Figure 5: DP 0.5λ, Rank 2, QPSK, Rate-1/2 , 0 Scheduling Delay
5 Conclusion

In this contribution, we introduced a codebook for 8 Tx systems based on Kronecker product,this method can construct a R10 8Tx codebook based on R8 4Tx codebook,and the R10 8Tx codebook can inherits most of the desired properties of Rel.8 LTE codebook.
rank-1 and rank-2 codebooks are presented as examples,and link simulation results in ULA and DP channel for existing Rank1,Rank2 codebook are also presented. 
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Appendix 1: ZTE codebook
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Appendix 2: ULA Simulation Assumptions
Link level simulation assumptions are listed below.
	System Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Number of Tx antennas
	8

	Number of Rx antennas
	2 

	Antenna spacing
	0.5 λ

	Channel Model
	EPA

	Mobile speed
	3 km per hour

	PMI feedback delay
	0 ms

	DL channel estimation
	Ideal

	MCS
	Turbo 1/2, QPSK

	PMI feedback error
	Not modeled

	MIMO detection
	LMMSE

	SubBand size
	6 RB


Appendix 3: DP Simulation Assumptions
Link level simulation assumptions are listed below.
	System Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Number of Tx antennas
	8

	Antenna polarization
	XPOL with +/-450 at eNodeB, 900/00 at UE
XPOL with +/-450 at eNodeB, ULA at UE

	Number of Rx antennas
	2 

	Antenna spacing
	0.5 λ,4λ at eNodeB
0.5λ at UE

	Channel Model
	Umi NLOS,Rma LOS

	Mobile speed
	3 km per hour

	PMI feedback delay
	0 ms

	DL channel estimation
	Ideal

	MCS
	Turbo 1/2, QPSK

	PMI feedback error
	Not modeled

	MIMO detection
	LMMSE

	SubBand size
	6 RB
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