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1. Introduction
In the previous meeting, it was agreed that the codebook-based precoding is employed for FDD E-UTRA downlink MIMO. So far, several types of the codebook-based precoding schemes [1]-[6] have been proposed for single user downlink MIMO including DFT-based codebook, antenna selection, random matrix and Household-based codebook. However, the performance across the codebooks is different according to the antenna configurations and spatial correlation property. Some codebooks based on amplitude adaptation are more appropriate for uncorrelated spatial channel and the phase-shift based codebooks are more suitable for highly correlated spatial channel.
Therefore, we propose the combination of the phase-adapted DFT matrix and antenna selection as a prominent pre-coding scheme that can obtain a good throughput performance regardless of the variation of channel correlation characteristics. In this contribution, the proposed codebook structure for 4-Tx antenna is described and the system level performance of the codebook-based precoding schemes is evaluated under various channel conditions.

2. Codebook Design for Single-user Downlink MIMO
Recently, some contributions regarding the codebooks based on a DFT matrix have been submitted due to their flexible characteristics for the extension of codebook size in the closed-loop pre-coding MIMO scheme [1]-[5]. Particularly, among them, phase-adapted DFT matrix has shown its robust performance characteristics in highly correlated spatial channels compared to other codebooks proposed in [6] for rank-1. Therefore, we consider the phase-adapted DFT matrix for highly correlated spatial channel and as a complementary scheme for uncorrelated spatial channel we would like to introduce antenna selection scheme.
The proposed codebook according to the rank can be simply constructed by combining a phase shift matrix and subsets of DFT matrix or antenna grouping matrix.
The phase shift matrix is as follows:
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In the equation (1), the most proper choice of 
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 for the 3-bit codebook scheme is ‘0’ degree. As an element of the codebook, the subsets of phase-adapted DFT matrix can be represented as follows: 
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And the subsets of antenna grouping matrices as antenna selection vectors are
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                              (3)
According to the above denotations, a 3-bit codebook scheme can be constructed by combining subsets of the phase-adapted DFT matrices and antenna selection matrices. The proposed codebook based on phase-adapted DFT matrix (P-DFT) with antenna selection (AS) is described in (a)-(d) according to the rank. As seen in (a)-(d), the proposed codebook is structurally designed to adapt the rank.
(a) For rank 4:
Codebook: 
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(b) For rank 3:

Codebook: 
[image: image6.wmf][

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

012023013123

120130012567

(),(),(),(),

(),(),(),()

iiii

iiii

BBBBBBBBBBBB

BBBBBBAAAAAA

ffff

ffff

ìü

ïï

íý

ïï

îþ

PPPP

PPPP

                    (5)
(c) For rank 2:

Codebook: 
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(d) For rank 1:

Codebook: 
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3. System-level Simulation Results

In this section, we evaluate the system level throughput of codebooks according to the spatial channel correlations and channel models. The following table 1 and 2 include system level simulation assumptions.
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	1.0 ms

	Resource block size
	60 subcarriers * 10 OFDM symbol

Localized Allocation

	Channel Models
	Flat, Typical Urban (6-ray),  SCM-C,  SCM-D

	Mobile Speed (km/h)
	3 km/h

	Modulation schemes and channel coding rates
	QPSK (R=1/8, 1/6, 1/4, 1/3, 3/7, 1/2, 9/5, 5/8, 7/10, 3/4)

16-QAM (R=4/9, 1/2, 13/24, 5/8, 2/3, 3/4, 5/6)

64-QAM (R= 3/5, 5/8, 17/25, 3/4, 5/6, 9/10, 14/15)

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Antenna configuration
	4 transmitter, 4 receiver => [4Tx, 4Rx]

	Spatial Correlation in Flat and 6-ray TU
	(0%, 50%), (50%, 50%), (90%, 50%)

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Channel Estimation
	Perfect channel estimation


Table 1. Basic simulation assumption

Table 2. System parameter assumption

	Parameter
	Assumption

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

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

	Inter site distance
	500 m

	Penetration loss
	20dB for 3km/h users

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB

	Total Node-B TX power
	43dBm (5MHz)

	Minimum distance between UE and cell
	35 meters

	Target block error rate
	10 %

	HARQ
	Chase combining with maximum retransmission 8

	OFDM symbols (Data symbols) per subframe
	14 (10)

	Scheduling Criterion
	Proportional Fair

	Scheduling
	Same MCS used for one codeword across chunks

	Users per sector
	10

	Link Mapping
	EESM

	Other Cell interference
	All Node-B transmitters always on at full power

	CQI feedback delay
	3 TTI (3 ms)

	Channel Scenario
	Macro Cell


Figure 1 shows the spectral efficiency of the codebooks according to the spatial channel correlation and channel models. As shown in figure 1, the phase-adapted DFT matrix with antenna selection performs better than the Householder-based codebook (HH) [6] and phase-adapted DFT matrix (P-DFT) only [1]. 
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Figure 1. Spectral efficiency of codebooks under various channel conditions [4Tx, 4Rx]
In table 3 and 4, the system-level throughputs of the codebook schemes are presented according to the spatial channel correlation and channel models including SCM-C and SCM-D. As seen in the tables, the P-DFT only scheme performs worse than the others under the low correlation channel due to the fact that phase adaptation based codebook is more suitable for high correlation spatial channel condition. However, if we introduce antenna selection scheme into some parts of the codebook for low correlation case, the performance is significantly improved.
Table 3. System level throughput of the codebooks under TU channel

	Channel

Model
	TU[0%, 50%]
	TU[50%, 50%]
	TU[90%, 50%]

	Codebook
	HH
	P-DFT only
	P-DFT w/ AS
	HH
	P-DFT only
	P-DFT w/ AS
	HH
	P-DFT only
	P-DFT w/ AS

	Spectral

Efficiency
	2.7
	2.62
	2.85
	2.88
	2.97
	3.01
	2.68
	2.81
	2.82


Table 4. System level throughput of the codebooks under SCM-C and SCM-D

	Channel

Model
	SCM-C
	SCM-D

	Codebook
	HH
	P-DFT only
	P-DFT w/ AS
	HH
	P-DFT only
	P-DFT w/ AS

	Spectral

Efficiency
	2.74
	2.86
	2.96
	2.46
	2.57
	2.67


4. Conclusions
In this contribution, we proposed the codebook based on phase-adapted DFT matrix with antenna selection for single user downlink E-UTRA MIMO. From the simulation results, we can summarize and conclude as follows:

· The combination of the phase-adapted DFT matrix and antenna selection provides good performance with one codebook structure irrespective of the spatial channel condition.

· The phase-adapted DFT matrix in codebook provides most gain under highly correlated spatial channel

· The phase-adapted antenna selection matrix in codebook provisions most gain under uncorrelated spatial channel. 

· The proposed codebook can be easily extended to larger codebook by adding another phase 
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 in the equation (1).
Therefore, we propose to employ the combination of the phase-adapted DFT matrix and antenna selection as a strong candidate for the codebook-based precoding of the FDD downlink single user E-UTRA MIMO.
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<Appendix-A>

In the SCME model, channel covariance matrix per tap could be expressed as follow:
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The correlated channel is generated with the covariance matrix and uncorrelated channel.
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With the correlated channel, the average correlation matrix for SCM-C or SCM-D model is derived after some manipulations.
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Overall correlation matrix considering the multi-path and mid-taps has the following format.
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where 
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 is power per taps.

This correlation matrix becomes circulant when the proper phase diagonal matrix is right and left-multiplied as follows:
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Because the circulant matrix always requires a DFT matrix as eigen-matrix, it is the most desirable for codebook to consist of DFT matrix pre-multiplied with phase diagonal matrices for decomposition of the correlation matrix.
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On the other hand, the above correlation matrix after phase adjustment can be decomposed with antenna selection matrix 
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 as follow.

[image: image21.wmf]00

10101010

00

01010101

11

00

10101010

22

00

01010101

000

000

000

000

lm

lm

ml

ml

lm

lm

lm

lm

æö

æöæö

ç÷

ç÷ç÷

ç÷

ç÷ç÷

ç÷

ç÷ç÷

--

ç÷

ç÷ç÷

ç÷

--

èøèø

èø

æ+ö

ç÷

+

ç÷

=

ç÷

-

ç÷

ç÷

-

èø


Therefore, the antenna selection matrix is an alternative solution for the configuration of codebook.
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<Appendix-B>

In the uniform linear array antenna model, the overall correlation matrix can be described as follows after manipulations similar to the case of SCME model:
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Under high correlation (
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), this matrix becomes almost circulant when the proper phase diagonal matrix is right and left-multiplied as follows:
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Therefore, it is the most reasonable to have a codebook with the matrices as follows:
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Under low correlation case (
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), this correlation matrix becomes approximately as follow when the proper phase diagonal matrix is right and left-multiplied as follows:

 
[image: image28.wmf](

)

22

33

*

2*2

3*3

11

100

11001

10

10

01

01

001

001

jj

H

corrcorr

jj

jj

jj

jj

jj

ee

EHH

ee

ee

ee

ee

ee

qq

qq

qq

qq

qq

qq

a

a

aa

aa

aa

aa

a

a

-

-

-

-

-

-

æöæö

ç÷ç÷

ç÷ç÷

ç÷ç÷

ç÷ç÷

èøèø

æö

æöæöæö

ç÷

ç÷ç÷ç÷

ç÷

ç÷ç÷ç÷

@=

ç÷

ç÷ç÷ç÷

ç÷

ç÷ç÷ç÷

ç÷

èøèøèø

èø


This kind of matrix can be decomposed approximately with antenna selection matrix, thus, it is the most reasonable to have a codebook with the antenna selection matrices as follows:
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or
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