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1 Introduction
According to the email discussion, some agreements on 4Tx antenna codebook design criteria are reached as following:

· Alphabet: 8PSK at max
· # of codebooks: 2 at max
· Agree on the CM criterion as the baseline to ensure PA balance, but still leave some room for non-CM designs which can somehow achieve PA balance as well. PA balance is defined such that for a given precoder matrix, the average power per physical antenna is the same for antenna 1, 2, 3, and 4.

Currently, there are 5 proposals for 4Tx antenna codebook design. In this document, we present our proposed codebook design and give the performance evaluation of our codebook and other two proposals [1] [2] that focus on single-polarized antenna setup. The three codebooks are labeled as “ZTE”, “TI”[1] and “Samsung”[2] in the simulation results. 
2 Proposed Codebook Design

We use the combination of DFT-based matrix and Householder matrix to implement our codebook design. Firstly, we select 5 basic matrices: 

Matrix 1: 
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(DFT matrix); 

Matrix 2: 
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 (rotated DFT matrix);

Matrix 3, Matrix 4 and Matrix 5 are generated from the following three base vectors according to Householder transformation:

	
	1st element
	2nd element
	3rd element
	4th element

	1
	1
	1
	1
	1

	2
	1
	1
	-j
	j

	3
	1
	-j
	-j
	-1


Matrix 3: 
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 (Householder matrix); Matrix 4: 
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 (Householder matrix)

Matrix 5: 
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 (Householder matrix).

Then select column vectors from these basic matrices to construct the precoding matrices corresponding with each rank, the complete codebook can be obtained from the mapping form:

	Codebook index
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	Matrix1, column 1
	Matrix1, column {1,2}
	Matrix1, column {1,2,3}
	Matrix1, column {1,2,3,4}

	2
	Matrix1, column 2
	Matrix1, column {1,3}
	Matrix1, column {1,2,4}
	Matrix1, column {1,3,2,4}

	3
	Matrix1, column 3
	Matrix1, column {1,4}
	Matrix1, column {1,3,4}
	Matrix1, column {1,4,2,3}

	4
	Matrix1, column 4
	Matrix1, column {2,3}
	Matrix1, column {2,3,4}
	Matrix2, column {1,2,3,4}

	5
	Matrix2, column 1
	Matrix1, column {2,4}
	Matrix2, column {1,2,3}
	Matrix2, column {1,3,2,4}

	6
	Matrix2, column 2
	Matrix1, column {3,4}
	Matrix2, column {1,2,4}
	Matrix2, column {1,4,2,3}

	7
	Matrix2, column 3
	Matrix2, column {1,2}
	Matrix2, column {1,3,4}
	Matrix3, column {1,2,3,4}

	8
	Matrix2, column 4
	Matrix2, column {1,3}
	Matrix2, column {2,3,4}
	Matrix3, column {1,3,2,4}

	9
	Matrix4, column 1
	Matrix2, column {1,4}
	Matrix3, column {2,3,4}
	Matrix3, column {1,4,2,3}

	10
	Matrix4, column 2
	Matrix2, column {2,3}
	Matrix4, column {1,2,3}
	Matrix4, column {1,2,3,4}

	11
	Matrix4, column 3

	Matrix2, column {2,4}
	Matrix4, column {1,2,4}
	Matrix4, column {1,3,2,4}

	12
	Matrix4, column 4
	Matrix2, column {3,4}
	Matrix4, column {1,3,4}
	Matrix4, column {1,4,2,3}

	13
	Matrix5, column 1
	Matrix4, column {1,2}
	Matrix4, column {2,3,4}
	Matrix5, column {1,2,3,4}

	14
	Matrix5, column 2
	Matrix4, column {1,4}
	Matrix5, column {1,2,3}
	Matrix5, column {1,3,2,4}

	15
	Matrix5, column 3
	Matrix4, column {3,4}
	Matrix5, column {1,2,4}
	Matrix5, column {1,4,2,3}

	16
	Matrix5, column 4
	Matrix5, column {1,3}
	Matrix5, column {2,3,4}
	n/a


3 Performance Analysis
3.1. Robustness in Correlated Channel
A target 
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 which can characterize the robustness of the codebook in correlated channels is proposed in [1]:
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Where 
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 is the transmit array response, given by 
[image: image10.wmf](

)

(

)

(

)

(

)

2cos22cos23cos

1

1

4

ddd

jjj

t

aeee

pqpqpq

lll

q

---

=

éù

êú

ëû

,
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 is the AOD and acts as a factor to scale the correlation. However, in fact the distance between antennas is also a factor to affect the correlation except
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. Therefore, we can similarly define a 
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 to characterize the robustness of the codebook:

[image: image14.wmf](

)

(

)

2

'

()max()

dtk

k

Gangleaangle

bb

=

w


Where 
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is the argument of the coefficient of correlation between antennas.
From Figure 1 it can be seen that our proposed codebook can exhibit good robustness across 
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Figure 1 Robustness across 
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3.2. Numerial Results
Table 1 describes the simulation assumptions in single-polarized scenarios.

Table 1 Simulation Assumptions
	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	Symbols/sub-frame
	7

	Sub-carrier spacing
	15kHz

	RB size
	12 sub-carriers

	Number of RBs used
	2 (24 sub-carriers)

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Modulation and coding rate
	10 levels

[QPSK, R=1/3] [QPSK, R=1/2] [QPSK, R=3/4] [QPSK, R=4/5]

[16QAM, R=1/3] [16QAM, R=1/2] [16QAM, R=2/3] 

[16QAM, R=3/4] 
[64QAM, R=2/3] [64QAM, R=4/5]

	Channel model
	SCM-D(Case 1A)

	Mobile speed
	3km/h

	Antenna configuration
	Node B: 4; UE: 4

	TX Antenna spacing
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	RX Antenna spacing
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	Channel estimation
	perfect channel estimation
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Figure 2 Link Throughput of various codebooks in uncorrelated channel
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Figure 3 Link Throughput of various codebooks in correlated channel
Figure 2 and Figure 3 show the link throughput comparisons with various codebooks in the uncorrelated channel. From the numerical results of Figure 2, it can be observed that in the uncorrelated channel, 3 proposed codebooks (ZTE, TI, and Samsung) have very similar performance. From Figure 3 we can find our proposed codebook achieves a little better performance than TI and Samsung’s codebooks in the correlated channel.

4 Conclusion

Our proposed codebook design can fulfill the 4Tx antenna codebook design criteria. Furthermore, based on the simulation results, our codebook can slightly outperform the other two codebook designs in the correlated channel. Therefore, we recommend our proposed codebook design based on the combination of DFT and Householder matrices be adopted as 4Tx antenna SU-MIMO codebook for single polarized scenarios.
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