3GPP TSG-RAN WG1 #60

                            R1-101551
Francisco, USA, 22 nd – 26 th February, 2010
Source:
ZTE
Title:
DL Codebook Design for 8 Tx MIMO in LTE-A
Agenda Item:
7.2.4.4
Document for:
Discussion and Decision

1 Introduction

In order to meet LTE-A downlink peak data rate and spectrum efficiency requirement, it is agreed to support up to eight layer MIMO transmission [1]. In previous meetings, the issue of supporting closed-loop precoding is discussed. In FDD system, channel information cannot be obtained through channel reciprocity. So, codebook based precoding have to be used to quantize the downlink channel information.
In current LTE Rel-8, 4Tx 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] [13]. 

In this contribution, a new approach to construct 8 Tx codebook is introduced. We propose a new 8Tx codebook based on the new method. Link level and system level simulations are presented to evaluate the performance. The result shows the proposed codebook outperform other proposed schemes [6] [8] [13]. 
2 Guidelines for 8Tx Codebook Design 
Some contributions [2-5] discussed the guidelines for 8Tx codebook design in previous meetings. It’s desirable that the 8Tx codebook should have as many as the following properties:

1) Moderate codebook size

It’s certain that increasing codebook size will improve performance. However, large codebook will increase the computational complexity of PMI selection and feedback overhead. So the balance between performance and complexity should be evaluated.  16 codeword (4 bits) for each rank, which is same as LTE Rel-8 4Tx codebook, can be a start point. It also can be used as a benchmark for performance evaluation.
2) Good properties inherited from LTE Rel-8 codebook

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

3) Smooth expandability to support MU-MIMO 
3 8Tx Codebook Design for LTE-A 
In this section, we will discuss the design method of the proposed codebook.

3.1. 8Tx codebook construction
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 8Tx design directly as the 4Tx codebook is only a special case of obtaining desired codebook from Householder reflection approach. The constant modulus property can’t be preserved when applying this approach to generate 8Tx codebook.

1)  Construct the Rank 8 Codebook with household vector from Rel-8

We can construct a 8
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8 Matrix via Kronecker product :
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 is a Householder matrix generated by Householder reflection, whose Householder vectors are 
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 is the Rank 8 codeword.
2) Choose the Columns of Rank 8 Codebook to Obtain Codebooks for other Ranks

Similar to Rel-8 4Tx codebook construction, codeword for each rank are obtained by selecting sub-matrices from the rank 8 codebook. The sub-matrices are indicated by sets of the column indexes. 

The codebook for dual polarized (DP) antenna configuration is based on the analysis of eigenvector model in DP channel [11][12].  ULA channel character is different from DP channel, and we design 8Tx beam by rotating the phase of some element in the codebook.
Examples of the generated codebook (4bits and 5 bits) are given in Appendix, where 
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 has the same definition in Rel-8 codebook.
3.2. Properties of the proposed codebooks
We list some of the prominent characteristic of the proposed codebook:

· The proposed codebook inherits most of the desired properties of Rel-8 LTE codebook. For example unitary property can be found in all the codeword, other features like 8PSK alphabet etc are also preserved.
· By using Kronecker product method we can split the spatial feedback into two parts. When extending the feedback scheme for MU-MIMO, these two parts could be computed and transmitted at different time/frequency granularities.
4 Performance Evaluation
In this section, we evaluate the performance of 8Tx MIMO with the proposed codebook. The performance of other exiting codebook designs is also compared. These codebook designs are listed as following:

· ZTE proposal [7] 
· Samsung proposal [6] 
· Motorola proposal [8]
· CATT proposal [13]
3.1. Link level simulations
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]. It can be seen that the introduced codebook is quite robust.
[image: image13.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

CATT

MOTO codebook


Figure 1 Array Manifold Comparison
Due to the practical size of the physical antenna system, closely spaced dual polarization (DP) antenna configuration is most likely to be used in practical deployment of 8TX antenna system. Hence, we focus the performance evaluation on this configuration in this contribution. Performance comparisons for ULA antenna configuration are given in [14].
In figure 2 and figure 3, performance of rank 1 and rank 2 SU-MIMO transmissions under DP antenna settings are given. The proposed codebook outperforms its counterpart in both cases. It should be noted that at UE,
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 is a more realistic assumption, the probability outside that scope is rare.
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 Figure 2: Rank1 Performance eNB,UE(DP,ULA)                      Figure 3: Rank2 Performance eNB,UE (DP,ULA)
It should also be noted that Figure 3 is just for apple to apple comparison purpose with performance submitted by other companies. In fact, rank 2 selection for ULA configuration at UE is not high , a force selection of rank 2 will not reflect actual performance. A more reasonable assumption is DP antenna configuration at UE.  In figure 4 we give the performance under this setting:
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Figure 4
3.2. System level simulations
System level performances of SU-MIMO transmission using different codebooks are provided in Table 1 . Maximum 2 layers are supported and rank adaptation is used. Performance of Samsung codebook is taken as the reference.

From Table 1, we can see that the proposed codebook outperforms all the other codebooks under DP antenna configuration.
Table 1: Performance of SU-MIMO under DP antenna configuration
	Codebook
	Cell average SE (bits/s/Hz)
	5% Cell edge SE (bits/s/Hz/user)

	Samsung 4-bit Codebook
	3.06
	0.105

	Motorola 4-bit Codebook
	3.21 
	0.110

	CATT 4-bit Codebook
	2.97
	0.098

	CATT 5-bit Codebook
	3.05
	0.106

	ZTE 4-bit Codebook
	3.27
	0.107


5 Conclusions
In this contribution, we introduced a codebook for 8Tx systems based on Kronecker product decomposition; this method can construct R10 8Tx codebook based on R8 4Tx codebook. The constructed codebook inherits most of the desired properties of Rel-8 LTE codebook. Link level and system level simulation are conducted, and the results shows the following superiority of the proposed codebook:
1) The proposed codebook inherits most of the desired properties of Rel-8 LTE codebook. Unitary property can be found in all the codeword.
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. 
· Rank2 codebook has good performance in both low-correlated and high-correlated DP channel.
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7 Appendix

Table A1 householder vectors and transformation matrix
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Table A2    4bits codebook
	Index
	Rank1

(ULA)
	Rank1

(DP +
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Table A3  Link level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	Data transmission BW
	6RBs

	Channel model
	  UMa

	Fading speed
	3km/h

	Antenna configuration
	8x2

	Antenna spacing
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	Antenna polarization for DP configurations
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ULA at UE, with 
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DP at UE, with 
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 uniformly distributed in 
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 respectively

	Receiver
	MMSE

	Channel estimation
	Perfect

	PMI feedback delay
	0ms

	Precoding granularity
	6RBs


Table A4: System level simulation assumptions
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D

	Antenna configuration
	MIMO 8x2

Transmitter: 8Tx +/-45° dual polarized antenna at eNB, 0.5λ separation 

Receiver: 2Rx vertically polarized antenna at UE, 0.5λ separation 

	Number of UEs per cell
	10

	CQI/PMI/RI reporting interval
	5ms for CQI/PMI, 10ms for RI

	CQI/PMI granularity 
	Subband CQI, 5RB granularity, Wideband PMI

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE

	HARQ Scheme
	Chase Combining
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