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1. Introduction
In the previous meeting, the way forward on codebook design [1] and the specific deployment scenarios for the spatial channel models were suggested in order to evaluate codebook schemes for 4Tx single-user downlink MIMO.
According to the guideline for the evaluation, we propose a single user codebook scheme consisting of the phase-adapted DFT (P-DFT) matrix and antenna selection (P-AS) as a strong candidate for the 4-Tx downlink MIMO system [2]-[3]. We show that it is appropriate for the various channel correlation characteristics as well as antenna configurations through the link level evaluation. In the following sections, we describe the structure of the proposed codebook scheme and compare its throughput performance with those of other codebook schemes [5].
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 [2]-[7]. Particularly, among them, phase-adapted DFT matrix has shown its robust performance characteristics in highly correlated spatial channels compared to other codebooks proposed in [4] 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 (P-DFT or P-AS).
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 4-bit codebook scheme is ‘0’, ‘
[image: image3.wmf]4

p

’, and ‘
[image: image4.wmf]8

p

’ for P-DFT and ‘
[image: image5.wmf]2

p

’ for P-AS, respectively. As an element of the codebook, the subsets of 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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According to the above denotations, a 4-bit codebook scheme can be constructed by combining subsets of the phase adapted DFT (P-DFT) matrices and antenna selection (P-AS) matrices. The proposed codebook based on phase-adapted DFT (P-DFT) matrix with antenna selection (P-AS) is described in (a)-(d) according to the rank. As seen in (a)-(d), the proposed codebook to adapt the rank is structurally designed as a working assumption in which lower rank codebook should be one of subset of higher rank codebook. 

(a) For rank 4:
Codebook: 
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(b) For rank 3:

Codebook: 
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(c) For rank 2:

Codebook: 
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(d) For rank 1:
Codebook: 
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3. Easy implementation for multi-mode codebook design
Such a codebook scheme can be easily extended to the design of multi-mode codebook schemes as shown in Fig. 1. The proposed codebook in this contribution consists of 50% of P-DFT and 50% of P-AS, respectively but its mixing rate can be changed according to the antenna configurations. In order to do that, limited candidates of multi-mode codebook schemes with different mixing rates can be constructed. 

For instance, under a certain transmission environment, the codebook constructed only by P-DFT, that is, 100% of P-DFT would be more appropriate than those with a different mixing rate.
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Figure 1. Concept of the multi-mode codebook scheme with a changing mixing rate
4. Link-level Simulation Results

In this section, we evaluate the link level throughput of codebooks according to the spatial channel models agreed as a common simulation assumption. The following table 1 shows link level simulation assumptions.
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	1.0 ms

	Frequency granularity for CQI and PMI
	5RBs

	Channel Models

(agreed as a simulation assumption 

for evaluating 4Tx codebook in e-mail reflector)
	Case 1-A, Case 1-B, Case 2 and Case 3

	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

	UE speed
	3 kmph

	Antenna configuration
	4 transmitter, 2receiver => [4Tx, 2Rx]

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Channel Estimation
	Perfect channel estimation


Table 1. Simulation assumption

Figure 2-5 show the throughput performance of different codebooks according to the spatial channel models. As shown in figure 2-5, P-DFT (50%) + P-AS (50%) codebook shows better throughput performance over the DFT only (i.e., Hochwald design) [4][8] codebook and AS only (i.e., baseline) codebook across all the simulation channels.
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Figure 2. Throughput comparison of different codebooks - Case 1A. 

[image: image14.emf]Case 1B: ULA 10 lambda, SCME-C

0

0.5

1

1.5

2

2.5

3

3.5

4

0.0 5.0 10.0 15.0

Geometry (dB)

Thruput

P-DFT + P-AS

DFT

AS only


Figure 3. Throughput comparison of different codebooks - Case 1B.
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Figure 4. Throughput comparison of different codebooks - Case 2.
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Figure 5. Throughput comparison of different codebooks - Case 3.
4. Conclusions
In this contribution, we proposed the codebook based on phase-adapted DFT (P-DFT) matrix with antenna selection (P-AS) 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 (P-DFT) matrix and antenna selection (P-AS) provides good performance with one codebook structure irrespective of the spatial channel condition.

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

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

· The proposed codebook scheme can be easily extended to a larger codebook scheme by adding another phase 
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 in the equation (1).
· We recommend a combination of different types of codebook such as the phase-adapted DFT (P-DFT) precoding matrix and the phase-adapted antenna selection. It can be easily applicable to highly correlated channel as well as a low correlated channel circumstances without any performance degradation caused by using a single codebook solely.
Therefore, we propose to employ the combination of the phase-adapted DFT (P-DFT) matrix and antenna selection (P-AS) as a strong candidate for the 4Tx codebook of the FDD downlink single user E-UTRA MIMO.
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4Tx Codebook Evaluation
-System BW = 5 MHz
-Pre-coding feedback granularity:
-Frequency: 5 RBs
-UE speed: 3-kmph
-24-level MCS set (see R1-070730) 
-LMMSE decoder

Simulation Results
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						Channel		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS				Channel		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

						Class 1A		sim21		sim26		sim17		sim38		sim39		sim40				Class 1A		천진영		임빈철		정진혁		이욱봉		24
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								MIMO users		정진혁		070317_LLS

						Channel		SNR		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

						Class 1A		0		0.206		0.198		0.148		0.167		0.196		0.197

								5		0.59		0.577		0.472		0.485		0.563		0.569
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						Class 1B		0		0.146		0.144		0.109		0.118		0.146		0.141

								5		0.458		0.459		0.395		0.401		0.457		0.451

								10		1.151		1.151		0.992		0.972		1.129		1.117

								15		1.614		1.614		1.457		1.764		1.595		1.544

								20		1.013		0.982		0.967		2.298		1.18		1.275

						Class 2		0		0.151		0.149		0.122		0.154		0.149		0.143

								5		0.464		0.465		0.408		0.443		0.463		0.449

								10		1.05		1.049		0.93		0.946		1.059		1.036

								15		1.478		1.443		1.278		1.619		1.516		1.475

								20		1.141		1.083		0.968		2.233		1.437		1.551

						Class 3		0		0.034		0.039		0.027		0.025		0.04		0.038

								5		0.255		0.259		0.22		0.201		0.261		0.251

								10		0.736		0.746		0.653		0.588		0.755		0.728
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						Class 4		0
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								20		NA		NA		NA		NA		NA		NA
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						HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

				dB

		C1A		10		2.701		2.831						2.764

								4.348

		C1B		10		2.965								2.919

				15		4.443								4.5

		C2				2,873								3.059

		C3		10		2.654		2.48		2.243		0.902		2.615		2.619

						3.851								3.892

										DFT

										0.374		0.044		0.3300		750.0000

										0.971		0.18		0.7910		439.4444

										1.846		0.465		1.3810		296.9892

										3.105		0.89		2.2150		248.8764

		C1A		10

		C1B								HH		AS				Gain								Channel		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

								0		a		b		a-b		(a-b)/b*100								Class 1A		천진영		임빈철		정진혁		이욱봉		24

		C2						5		0.462		0.044		0.4180		950.0000								Class 1B		천진영		임빈철		정진혁		이욱봉		24

		C3						10		1.15		0.18		0.9700		538.8889								Class 2		18		20		김재완NB		23		27

								15		2.119		0.465		1.6540		355.6989								Class 3		18		20		김재완NB		23		27

										3.505		0.89		2.6150		293.8202								Class 4		NA		NA		NA		NA		NA		NA

										0.455		0.044		0.4110		934.0909

										1.142		0.18		0.9620		534.4444

										2.108		0.465		1.6430		353.3333

										3.489		0.89		2.5990		292.0225
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						Channel		SNR		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

						Class 1A		0		0.462		0.456		0.374		0.044		0.455

								5		1.15		1.14		0.971		0.18		1.142

								10		2.119		2.111		1.846		0.465		2.108

								15		3.505		3.494		3.105		0.89		3.489
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						Class 1B		0		0.439		0.427		0.343		0.047		0.436

								5		1.102		1.084		0.907		0.19		1.096

								10		2.059		2.037		1.75		0.456		2.052

								15		3.432		3.387		2.976		0.937		3.411

								20

						Class 2		0		0.428		0.425		0.389		0.051		0.431

								5		1.023		1.022		0.925		0.202		1.032

								10		1.923		1.943		1.754		0.534		1.928

								15		3.187		3.195		2.901		0.972		3.189

								20

						Class 3		0		0.207		0.209		0.184		0.008		0.211

								5		0.675		0.682		0.616		0.049		0.692

								10		1.495		1.509		1.379		0.208		1.522

								15		2.674		2.713		2.508		0.518		2.73

								20

						Class 4		0

								5
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								20		NA		NA		NA		NA		NA		NA

						Final

						Channel		SNR		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

						Class 1A		0				0.92		0.777		0.138		0.926		0.923

								5				1.747		1.527		0.336		1.751		1.746

								10				2.959		2.62		0.782		2.974		2.959

								15				4.412		4.009		1.349		4.442		4.425

								20

						Class 1B		0				0.946		0.82		0.147		0.956		0.938

								5				1.81		1.598		0.348		1.823		1.787

								10				3.067		2.744		0.767		3.083		3.04

								15				4.587		4.176		1.378		4.615		4.553

								20

						Class 2		0				0.902		0.802		0.165		0.914		0.891

								5				1.723		1.55		0.382		1.731		1.697

								10				2.897		2.629		0.793		2.896		2.861

								15				4.347		3.985		1.366		4.356		4.314

								20

						Class 3		0				0.543		0.469		0.039		0.566		0.539

								5				1.276		1.131		0.176		1.31		1.263

								10				2.334		2.102		0.431		2.382		2.297

								15				3.735		3.43		0.826		3.79		3.697

								20

						Class 4		0

								5

								10

								15

								20		NA		NA		NA		NA		NA		NA

						Channel		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

						Class 1A		20		e36		e15		17		21		25

						Class 1B		20		e36		e15		17		21		25

						Class 2		25		e37		e16		20		24		26

						Class 3		25		e37		e16		20		24		26

						Class 4		NA		NA		NA		NA		NA		NA



4Tx Codebook Evaluation
-System BW = 5 MHz
-Pre-coding feedback granularity:
-Frequency: 5 RBs
-UE speed: 3-kmph
-24-level MCS set (see R1-070730) 
-LMMSE decoder

Simulation Results
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						Channel		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS				Channel		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

						Class 1A		sim21		sim26		sim17		sim38		sim39		sim40				Class 1A		천진영		임빈철		정진혁		이욱봉		24
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						Class 3		이욱봉		김재완		sim25		임빈철		천진영		sim23				Class 3		18		20		김재완NB		23		27

						Class 4		NA		NA		NA		NA		NA		NA				Class 4		NA		NA		NA		NA		NA		NA

								상위폴더				폴더명

								MIMO users		정진혁		070317_LLS

						Channel		SNR		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

						Class 1A		0		0.206		0.198		0.148		0.167		0.196		0.197

								5		0.59		0.577		0.472		0.485		0.563		0.569

								10		1.297		1.282		1.074		1.118		1.252		1.268

								15		1.518		1.494		1.348		1.831		1.5		1.475

								20		0.699		0.649		0.703		2.346		0.978		1.047
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		C1B		10		2.965								2.919
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		C2				2,873								3.059

		C3		10		2.654		2.48		2.243		0.902		2.615		2.619

						3.851								3.892
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										0.374		0.044		0.3300		750.0000

										0.971		0.18		0.7910		439.4444

										1.846		0.465		1.3810		296.9892

										3.105		0.89		2.2150		248.8764

		C1A		10

		C1B								HH		AS				Gain								Channel		HH		P-DFT		DFT		AS only		DFT+AS		HH+AS

								0		a		b		a-b		(a-b)/b*100								Class 1A		천진영		임빈철		정진혁		이욱봉		24

		C2						5		0.462		0.044		0.4180		950.0000								Class 1B		천진영		임빈철		정진혁		이욱봉		24

		C3						10		1.15		0.18		0.9700		538.8889								Class 2		18		20		김재완NB		23		27
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4Tx Codebook Evaluation
-System BW = 5 MHz
-Pre-coding feedback granularity:
-Frequency: 5 RBs
-UE speed: 3-kmph
-24-level MCS set (see R1-070730) 
-LMMSE decoder

Simulation Results
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4Tx Codebook Evaluation
-System BW = 5 MHz
-Pre-coding feedback granularity:
-Frequency: 5 RBs
-UE speed: 3-kmph
-24-level MCS set (see R1-070730) 
-LMMSE decoder

Simulation Results
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