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1. Introduction

We compared the throughput performance among different precoding schemes for 4tx SU-MIMO according to precoding related agreement in [1]. Compared precoding schemes are
1) Hoseholder codebook presented in Malta meeting [3]; 
2) Rotated DFT codebook [5]; 
3) Householder codebook including ULA vectors [6]; and
4) baseline codebook [1].
The simulation results indicate Householder codebook including ULA vectors achieves similar performance with Rotated DFT and better than Householder, which still slightly better than baseline codebook. The complexity of Householder codebook and Householder codebook including ULA vectors are less than rotated DFT codebook.

Therefore, we propose Householder codebook including ULA vectors.
2. Numerical analysis
2.1. Simulation assumptions
The simulation parameters are listed in the Table 1 and Table 2.
Table 1. Simulation assumptions
	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	TTI duration
	1.0 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	RB size
	12 sub-carriers

	Number of RBs used
	5 (60 sub-carriers)

	FFT size
	1024

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

	Number of OFDM symbols per sub frame
	7

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	20 levels

[QPSK, R=1/8] [QPSK, R=1/5] [QPSK, R=1/4] [QPSK, R=1/3]

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

[16QAM, R=7/20] [16QAM, R=2/5] [16QAM, R=1/2] 

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

[64QAM, R=1/2] [64QAM, R=11/20] [64QAM, R=3/5]

[64QAM, R=2/3] [64QAM, R=7/10] [64QAM, R=3/4]
[64QAM, R=4/5] [64QAM, R=5/6]

	Number of antennas
	4x2 and 4x4; Antenna configuration is based on each case

	Channel environments
	Case 1A, 1B, 2, 3, 4 (Table 2)

	Channel estimation
	MMSE channel estimation

	Pilot and signaling overhead
	28.5% (14.3% for pilot and 14.2% for signaling)

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting delay
	2 ms delay without feedback error

	Frequency scheduling
	Sub-band (continuous 5RBs) bases RR

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same RBs with a period of 6ms)


Table 2 Channel model description simulation parameters
	Simulation type
	Antenna 
configuration
	PDP
	Spatial profile

	
	
	
	

	Case 1A
	ULA
	SCM-D
	SCM-D

	Case 1B
	ULA
	SCM-C
	Uncorrelated

	Case 2
	ULA
	SCM-C
	Kronecker product of uncorrelated and SCM-C

	Case 3
	X-pol
	SCM-B
	SCM-B

	Case 4
	X-pol
	SCM-C
	Kronecker product of uncorrelated and polarization matrix from SCM-C


2.2. Simulation results
We compared 4 kinds of codebook designs. 
1) Hoseholder codebook presented in Malta meeting [3]; 
2) Rotated DFT codebook [5]; 
3) Householder codebook including ULA vectors [6]; 
4) baseline codebook [1]. 
Detailes are described in appendix part.
Figure 1 to 4 show the link throughput comparisons with various codebooks for 4×2 antenna configuration. The results show that the Householder codebook including ULA vectors (HH ULA (16,16)) achieves similar performance compared to Rotated DFT (DFT (16,24)), even though latter requires much feedback overhead and UE search complexity due to /8 components. The results with Householder (HH (16,16)) is better than that of baseline as well, however slightly worse than above 2 kinds of codebooks.
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Figure 1 Throughput of 4x2 configuration for Case1A
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Figure 2 Throughput of 4x2 configuration for Case1B
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Figure 3 Throughput of 4x2 configuration for Case2
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Figure 4 Throughput of 4x2 configuration for Case3
Figure 5 to 8 show the link throughput comparisons with various codebooks for 4×4 antenna configuration. We can see almost similar tendency as the results of 4×2 antenna configuration.
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Figure 5 Throughput of 4x4 configuration for Case1A
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Figure 6 Throughput of 4x4 configuration for Case1B
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Figure 7 Throughput of 4x4 configuration for Case2
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Figure 8 Throughput of 4x4 configuration for Case4
3. Conclusion
In this document, we evaluated throughput performance with various codebook designs for 4tx SU-MIMO. The simulation results indicate Householder codebook including ULA vectors achieves similar performance with Rotated DFT and better than Householder, which still slightly better than baseline codebook. The complexity of Householder codebook and Householder codebook including ULA vectors are less than rotated DFT codebook.

Therefore, we propose Householder codebook including ULA vectors for 4-tx antenna precoding.
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Appendix

Detailes for each kind of codebooks are described here.

* The Householder codebook including ULA vectors [6]
Followings are the 13 generating vectors for Householder transform indicated as
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	Vector Index
	1st element
	2nd element
	3rd element
	4th element

	0
	1
	exp(j)
	exp(j)
	exp(j)

	1
	1
	exp(-j/2)
	1
	exp(j/2)

	2
	1
	1
	exp(j)
	1

	3
	1
	exp(j/2)
	1
	exp(-j/2)

	4
	1
	exp(-j3/4)
	exp(-j/2)
	exp(-j/4)

	5
	1
	exp(-j/4)
	exp(j/2)
	exp(-j3/4)

	6
	1
	exp(j/4)
	exp(-j/2)
	exp(j3/4)

	7
	1
	exp(-j3/4)
	exp(j/2)
	exp(j/4)

	8
	1
	1
	1
	1

	9
	1
	exp(j)
	exp(j)
	exp(j/2)

	10
	1
	exp(j/2)
	exp(j/2)
	exp(j)

	11
	1
	exp(-j/2)
	exp(j)
	exp(j)

	12
	1
	0
	0
	0


Accordingly followings are the complete codebook.
	Codebook Index
	Corresponding vector index / column indices for each rank

	
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	0
	0 / 1
	0 / 1,2
	0 / 1,2,3
	0 / 1,2,3,4

	1
	1 / 1
	1 / 1,3
	1 / 1,2,3
	1 / 1,2,3,4

	2
	2 / 1
	2 / 1,4
	2 / 1,2,4
	2 / 1,2,3,4

	3
	3 / 1
	3 / 1,4
	3 / 1,2,4
	3 / 1,2,3,4

	4
	4 / 1
	4 / 1,2
	4 / 1,2,3
	4 / 1,2,3,4

	5
	5 / 1
	5 / 1,3
	5 / 1,2,3
	5 / 1,2,3,4

	6
	6 / 1
	6 / 1,4
	6 / 1,2,4
	6 / 1,2,3,4

	7
	7 / 1
	7 / 1,2
	7 / 1,2,3
	7 / 1,2,3,4

	8
	8 / 1
	8 / 1,4
	8 / 1,2,4
	8 / 1,2,3,4

	9
	9 / 1
	9 / 1,4
	9 / 1,2,4
	9 / 1,2,3,4

	10
	10 / 1
	10 / 1,2
	10 / 1,2,3
	10 / 1,2,3,4

	11
	11 / 1
	11 / 1,2
	11 / 1,2,3
	11 / 1,2,3,4

	12
	12 / 1
	12 / 1,2
	12 / 1,2,3
	12 / 1,2,3,4

	13
	12 / 2
	12 / 1,3
	12 / 2,3,4
	n.a

	14
	12 / 3
	12 / 1,4
	12 / 1,3,4
	n.a

	15
	12 / 4
	12 / 2,4
	12 / 1,2,4
	n.a


Note: First 8 codebooks in rank 1 are identical to 8 ULA vectors.

* Rotated DFT [5]
Following equation gives codebooks for Rotated DFT. As assumed in [5], UE selects the best column subset of the selected codebook, which results in up to size 24 precoders namely 4 codebooks and 6 column subsets for rank 2 case.
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* The Householder codebook presented in Malta meeting [3]

Followings are the 13 generating vectors for Householder transform indicated as
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	Vector Index
	1st element
	2nd element
	3rd element
	4th element

	0
	1
	exp(j)
	exp(j)
	exp(j)

	1
	1
	exp(j)
	exp(-j/2)
	exp(-j/2)

	2
	1
	exp(j)
	exp(j/2)
	exp(j/2)

	3
	1
	exp(j/2)
	exp(j/2)
	exp(j/2)

	4
	1
	exp(-j/2)
	exp(-j/2)
	exp(-j/2)

	5
	1
	exp(j)
	exp(j)
	exp(-j/2)

	6
	1
	exp(j)
	exp(j)
	exp(j/2)

	7
	1
	exp(j)
	1
	1

	8
	1
	1
	1
	1

	9
	1
	exp(j)
	exp(j)
	1

	10
	1
	exp(j)
	exp(-j/2)
	exp(j)

	11
	1
	exp(j/2)
	exp(j/2)
	1

	12
	1
	0
	0
	0


Accordingly followings are the complete codebook.

	Codebook Index
	Corresponding vector index / column indices for each rank

	
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	0
	0 / 1
	0 / 1,2
	0 / 1,2,3
	0 / 1,2,3,4

	1
	1 / 1
	8 / 1,4
	1 / 1,2,3
	1 / 1,2,3,4

	2
	2 / 1
	0 / 1,4
	2 / 1,2,3
	2 / 1,2,3,4

	3
	3 / 1
	3 / 1,2
	3 / 1,2,3
	3 / 1,2,3,4

	4
	4 / 1
	4 / 1,2
	4 / 1,2,3
	4 / 1,2,3,4

	5
	5 / 1
	5 / 1,2
	5 / 1,2,3
	5 / 1,2,3,4

	6
	6 / 1
	6 / 1,2
	6 / 1,2,3
	6 / 1,2,3,4

	7
	7 / 1
	3 / 1,4
	7 / 1,2,3
	7 / 1,2,3,4

	8
	8 / 1
	4 / 1,4
	8 / 1,2,3
	8 / 1,2,3,4

	9
	9 / 1
	6 / 1,3
	9 / 1,2,3
	9 / 1,2,3,4

	10
	10 / 1
	4 / 1,3
	10 / 1,2,3
	10 / 1,2,3,4

	11
	11 / 1
	12 / 3,4
	11 / 1,2,3
	11 / 1,2,3,4

	12
	12 / 1
	12 / 1,2
	12 / 1,2,3
	12 / 1,2,3,4

	13
	12 / 2
	12 / 1,3
	12 / 2,3,4
	n.a

	14
	12 / 3
	12 / 2,4
	12 / 1,3,4
	n.a

	15
	12 / 4
	12 / 1,4
	12 / 1,2,4
	n.a
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