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1. Introduction

In previous contributions [1, 2] we evaluated the link throughput performance of the codebook based precoding scheme for both SU-MIMO and MU-MIMO. It was agreed in RAN1#48 meeting that physical (not virtual) antenna selection is considered as baseline codebook for 4-tx SU-MIMO [3]. In this contribution, we investigate the performance of precoding with and without physical antenna selection for 4-tx MU-MIMO. 
2. Codebook design

2.1. DFT based codebook for virtual antenna selection

The DFT based codebook enables simple and structured implementation. Our proposal for codebook is based on investigations in [4] and is classified to “Rotated DFT” in [5] with rotation values for 
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for 2 transmit antenna case and 
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 for 4 transmit antenna case, respectively, where 
[image: image3.wmf]L

 equals to codebook size. 
More precisely for the case without physical antenna selection, following is size 8 codebook and 4 transmit antenna case.
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2.2. DFT based codebook for physical antenna selection

For the case with physical antenna selection, the codebook can be designed as the combination of antenna selection with the 2×2 DFT matrix, that is, the preferred antennas are selected firstly, and then the data streams will be precoded with the unitary matrix and transmitted by the selected antennas. For example, for rank 2 transmission in 4×2 configuration, the two antennas will be selected from 4 Tx antennas as
	
[image: image5.wmf]ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

F

1

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

1

0

0

1

0

0

0

0

0

0

1

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

1


	(2)


and the DFT matrix will be selected from codebook as 
	
[image: image6.wmf]ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

=

-

1

1

1

1

2

1

0

0

1

1

8

/

2

l

j

l

e

C

p

,   
[image: image7.wmf]8

,

,

1

L

=

l


	(3)


where its codebook size is aligned to that of section 2.1.

Therefore the precoding matrix can be described as
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With physical antenna selection, the multi-user diversity or MU-MIMO scheduling possibility will be decreased, since the grouping of UEs should depend on not only the feedback PMI but the feedback antenna selection index. That is, the UEs which select same antennas can be grouped for MU MIMO transmission.  
In this MU-MIMO evaluation, the UEs’ feedback are assumed as preferred subset of column vectors of a unitary precoding matrix selected from unitary codebook, then the nodeB groups the UEs and makes unitary transmission up to 2 UEs simultaneously.
3. Numerical analysis
3.1. Simulation assumptions
The simulation setup used to obtain the results presented later is shown 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]

	Channel environments
	Case 1A, 1B, 2, 3

	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
	2ms delay without feedback error

	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


3.2. Simulation results
In this section, we compare the performance of MU-MIMO precoding with and without physical antenna selection, the codebooks (1) and (3) described in section 2 are used for the case of non physical antenna selection and physical antenna selection respectively. The number of active UEs is assumed as 10, and several cases of channel model are evaluated.    
Figure1 to 4 show the link throughput comparisons under different channel model for 4×2 antenna configurations. From the results, we observe that the physical antenna selection decreases the system performance significantly in MU-MIMO case, since the scheduling possibility for MU-MIMO (multiuser diversity) will be decreased with physical antenna selection.
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Figure 1 Throughput of 4×2 MU-MIMO for Case1A
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 Figure 2 Throughput of 4×2 MU-MIMO for Case1B
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Figure 3 Throughput of 4×2 MU-MIMO for Case2
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Figure 4 Throughput of 4×2 MU-MIMO for Case3
4. Conclusion
In this document, we evaluate and compare throughput performance of codebook designs with virtual or physical antenna selection for MU-MIMO. According to the results, there’s no gain existed for physical antenna selection in MU-MIMO case. Therefore we propose to use virtual antenna selection for MU-MIMO. The detailed codebook design for MU-MIMO is FFS.
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