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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 this 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 is a good 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, including unitary, a finite alphabet, nesting and constant modulus. In designing 8Tx codebook for LTE-A, these properties are desired and should be inherited.

3) Good overall performances
With complexity taken into account, only one codebook for all scenarios is preferred. Hence, the codebook should have good overall performance in various scenarios, such as correlated channel, uncorrelated channel, ULA, dual-polarized antennas configuration. The performance of MU-MIMO should also be considered.
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
1) Find a Rank 1 codebook

We search a rank1 codebook which satisfies the finite alphabet restriction. In order to simplify the search process, the rank 1 codebook could be selected based on the DFT matrix:
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where 
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DFT

 is the standard 8×8 DFT matrix and 
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is a  8×8 diagonal matrix whose diagonal entries are chosen from 8PSK alphabet. Rank 1 codewords are the columns of CBrank1.
For uncorrelated channels, the chordal distance is used to optimize system performance. For correlated channels, the performance is optimized with the metric listed in [6].

2) Construct the Rank 8 codebook with Rank 1 codebook

Current LTE Rel.8 uses Householder reflection to construct Rank 4 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.

We find a novel method to utilize this approach. By splitting the Rank 1 codeword to two parts, Householder vectors for each part can be obtained
 and two Householder matrices are generated. To obtain Rank 8 codeword, these matrices are aggregated by weighted values which are decided by rank1 codeword: 
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in which, W is the Rank 8 codeword, A and B are Householder matrices generated by Householder reflection, whose Householder vectors are u1 and u2 respectively:
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Weighted values w1 and w2 are used to make the first column of W be the Rank 1 codeword. 
With this new method, we can generate the Rank 8 codeword preserving the constant modulus property, whose first column is the Rank 1 codeword. 
3) Choose the columns of Rank 8 codebook to obtain codebooks for other ranks

Similar to Rel.8 4Tx codebook construction, codebooks for other ranks are obtained by selecting sub-matrices from the rank 8 codebook. The sub-matrices are indicated by sets of the column indexes. In order to optimize dual-polarized configuration performance, sub-matrices which can be transformed to block diagonal matrix are selected. 

Appendix 1 lists the whole codebook of each rank.

Advantages of the proposed codebook

The advantages of the proposed codebook are presented below
1) The proposed codebook inherits all the desired properties of Rel.8 LTE codebook, including unitary, a finite alphabet, nesting and constant modulus property.

2) The proposed codebook has good overall performance
Rank 1 codebook has no constraint on matrix structure, so good performance can be achieved. Meanwhile, Rank 1 codebook is consisted of two unitary matrices. This property will make CQI computation for MU-MIMO more accurate and user grouping for MU-MIMO at the eNodeB easier.

With carefully searching, codebook for other ranks will also have good performance, which is shown by the simulation results in section 4. The structure of Rank 8 codebook is suitable for selecting codebooks which perform well in dual-polarized antenna configuration scenario.
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:
· Samsung proposal [6] 
· Huawei proposal [7]
· Motorola proposal [8]: codebook1 for ULA scenario, and codebook2 for dual polarized scenario 
Among these designs, only the proposed codebook and Samsung codebook inherit all the desired properties of 4 Tx codebook. Huawei proposal does not have the property of 8PSK alphabet and the whole codebook isn’t nesting. Motorola proposal only supports up to two layers transmission and codebook2 does not preserve the nesting property. Note that Huawei proposal provides 6 bits Rank 2 codebook, and 4bits for other ranks. The size of all the other codebooks is 4 bits.
The link-level simulations results with SCM channel model in [10] are presented. Transmit antenna configurations is ULA  with antenna spacing of 0.5λand 4λ. Appendix 2 contains the simulation assumptions.

Figure 1-4 show the performance of 4 Tx and 8 Tx MIMO systems with antenna spacing of 4λ.
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Figure 1 ULA with antenna spacing of 4λ, Rank 1             Figure 2 ULA with antenna spacing of 4λ, Rank 2
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Figure 3 ULA with antenna spacing of 4λ, Rank 3          Figure 4 ULA with antenna spacing of 4λ, Rank 4
In Rank 1 case, it can be seen from Figure 1 that  8 Tx MIMO is 1.5 dB better at BLER of 0.1 compared with 4 Tx MIMO. And there’s no significant performance gap among all 8 Tx codebooks. In Rank 2 case, compared with 4 Tx MIMO, the performance gain of 8 Tx MIMO is about 1 dB at BLER of 0.1, if the size of codebook is 16.  The proposed codebook performs as well as codebooks of Samsung and Motorola. Huawei codebook obtains the best performance at the cost of 6 bits feedback (2 more bits than the others), which would increase feedback overhead and search complexity. 

The gain of 8 Tx system is around 1dB in Rank 3 case and 1.5 dB in Rank 4 case. In both cases, the proposed codebook has better performance than Samsung codebook. 
Figure 5 and 6 show the simulation results with antenna spacing of 0.5λ.Results show that the benefit of 8 Tx MIMO is significant both in Rank 1 and Rank 2 cases. Among all the 8 Tx codebook designs, the proposed codebook has similar performance with Motorola codebook1 and Huawei codebook, better than Samsung’s. Note that, in Rank 2 case, Huawei 6 bits codebook performs only slightly better. 
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Figure 5 ULA with antenna spacing of 0.5λ, Rank 1      Figure 6 ULA with antenna spacing of 0.5λ, Rank 2
In general, among the codebooks which inherit all the properties of Rel.8 codebook, the proposed codebook has the best overall performance.
5 Conclusion

In this contribution, we introduce an approach to construct 8 Tx codebook and give an example of the codebook. This codebook inherits all the desired properties of R8 codebook, including unitary, a finite alphabet, nesting and constant modulus property. Link level simulation is used to evaluate the BLER performance of the proposed codebook. The result shows that 8 Tx MIMO could provide more than 1 dB performance gain, and the proposed codebook achieves good overall performance among the existing codebooks. 

However, the benefits of 8 Tx MIMO is not too significant compared with 4 Tx MIMO in some scenarios. Increasing the codebook size could be a way to provide more performance gain. Since larger codebook would increase the complexity of PMI search exponentially, further study is needed to find a moderate size of the codebook which achieves the good balance between the performance and complexity.
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Appendix 1: An example of codebook
The Householder vectors and weighted values for each rank 8 codeword is list below:
	Index
	
[image: image13.wmf]1

u


	
[image: image14.wmf]2

u


	
[image: image15.wmf]1

w


	
[image: image16.wmf]2

w



	0
	
[image: image17.wmf][1111]

T

---


	
[image: image18.wmf][1111]

T

---


	1
	1

	1
	
[image: image19.wmf][131]

T

sjs

-


	
[image: image20.wmf][131]

T

sjs

-


	1
	-1

	2
	
[image: image21.wmf][11]

T

jj

-


	
[image: image22.wmf][11]

T

jj

-


	1
	1

	3
	
[image: image23.wmf][113]

T

sjs


	
[image: image24.wmf][113]

T

sjs


	1
	-1

	4
	
[image: image25.wmf][1111]

T

-


	
[image: image26.wmf][1111]

T

-


	1
	1

	5
	
[image: image27.wmf][102]

T

sjs

-


	
[image: image28.wmf][102]

T

sjs

-


	1
	-1

	6
	
[image: image29.wmf][11]

T

jj

-


	
[image: image30.wmf][11]

T

jj

-


	1
	1

	7
	
[image: image31.wmf][120]

T

sjs


	
[image: image32.wmf][120]

T

sjs


	1
	-1

	8
	
[image: image33.wmf][111]

T

j

---


	
[image: image34.wmf][1133]

T

ss

-


	1
	
[image: image35.wmf]j



	9
	
[image: image36.wmf][130]

T

sjs

-


	
[image: image37.wmf][1311]

T

ss


	1
	
[image: image38.wmf]j

-



	10
	
[image: image39.wmf][111]

T

j

--


	
[image: image40.wmf][102]

T

jss

-


	1
	
[image: image41.wmf]j



	11
	
[image: image42.wmf][111]

T

sjs


	
[image: image43.wmf][112]

T

ssj

-


	1
	
[image: image44.wmf]j

-



	12
	
[image: image45.wmf][111]

T

j

-


	
[image: image46.wmf][1130]

T

ss


	1
	
[image: image47.wmf]j



	13
	
[image: image48.wmf][103]

T

sjs

-


	
[image: image49.wmf][1011]

T

ss

-


	1
	
[image: image50.wmf]j

-



	14
	
[image: image51.wmf][111]

T

j


	
[image: image52.wmf][101]

T

jss


	1
	
[image: image53.wmf]j



	15
	
[image: image54.wmf][122]

T

sjs


	
[image: image55.wmf][122]

T

ssj


	1
	
[image: image56.wmf]j

-




Where: 
[image: image57.wmf]0(1)/2

sj

=+

, 
[image: image58.wmf]1(1)/2

sj

=-

, 
[image: image59.wmf]2(1)/2

sj

=-+

, 
[image: image60.wmf]3(1)/2

sj

=--

 

The mapping from the rank 8 codebook to other ranks’ codebooks:
	Index
	Rank 1
	Rank 2
	Rank 3
	Rank 4
	Rank 5
	Rank 6
	Rank 7
	Rank 8

	0
	1
	15
	125
	1256
	12356
	123567
	1234567
	12345678

	1
	1
	15
	125
	1256
	12356
	123567
	1234567
	12345678

	2
	1
	15
	125
	1256
	12356
	123567
	1234567
	12345678

	3
	1
	15
	135
	1357
	13457
	134578
	1234578
	12345678

	4
	1
	15
	125
	1256
	12356
	123567
	1234567
	12345678

	5
	1
	15
	135
	1357
	12357
	123567
	1234567
	12345678

	6
	1
	15
	125
	1256
	12356
	123567
	1234567
	12345678

	7
	1
	15
	145
	1458
	13458
	134578
	1234578
	12345678

	8
	1
	15
	145
	1458
	14568
	124568
	1234568
	12345678

	9
	1
	15
	145
	1458
	14568
	124568
	1234568
	12345678

	10
	1
	15
	145
	1458
	14568
	124568
	1234568
	12345678

	11
	1
	15
	125
	1256
	12456
	124568
	1234568
	12345678

	12
	1
	15
	125
	1256
	12456
	124568
	1234568
	12345678

	13
	1
	15
	125
	1256
	12456
	124568
	1234568
	12345678

	14
	1
	15
	125
	1256
	12456
	124568
	1234568
	12345678

	15
	1
	15
	125
	1256
	12456
	124568
	1234568
	12345678


Appendix 2: Simulation Assumptions
Link level simulation assumptions are listed below.
	System Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Number of Tx antennas
	8, 4

	Number of Rx antennas
	2 for rank1&2, 4 for rank 3&4

	Antenna spacing
	0.5 λ or 4 λ for Tx, 0.5 λ for Rx

	Channel Model
	SCM Urban Micro

	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








� Each part is weighted with the conjugate of the first element, then Householder vector is obtained similar to the 4 Tx case.
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