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1. Introduction

Linear precoding is one of the basic multi-antenna technologies that should help to improve the MIMO performance especially in case of a small number of streams [1]. In [2], we showed that a combination of antenna selection with precoding based on phase adaptation only can help to improve the precoding performance in case of uncorrelated TX antennas significantly for the 2TX antenna case. In this contribution, we extend our related investigations to the case of 4TX antennas.
Simulation results shown in this contribution provide insight in the trade-off between codebook size and precoding gain considering 4TX antennas.
2. Precoding for 4TX antennas
Some companies in 3GPP have proposed phase adaptation only precoding codebooks for 4TX antennas, including [3,4,5]. Phase only adaptation performs well in case of correlated channels where the channel amplitudes of the individual NodeB antennas are similar. For uncorrelated channels this is sometimes not the case and results in some precoding loss of phase only adaptation codebooks.
In this contribution we show that the combination of (1) phase only adaptation, (2) antenna selection only, and (3) the combined antenna selection and phase adaptation, can help to improve the performance compared to phase-only codebooks.

Precoding has a big effect on single stream transmission but basically does not effect the performance of dual-layer spatial multiplexing for the 2x2 antenna setup, as has been e.g. shown in [6]. It has been also idendified in [7] that significant precoding gain is achieved in case of unsymmetric antenna constellations, like e.g. a 4x2 setup. As a consequence, we focus on single stream transmission case in this contribution.

Different kinds of phase-only adaptation codebooks are existent – e.g. the TXAA mode 1 type of phasing can be extended to 4TX antennas, resulting in 
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Other codebooks based on phase only adaptation use the basic 4x4 FFT matrix
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and then apply some diagonal transformation matrix in order to increase the codebook size, as done in [3,4,5]. In [3] a linear increasing phase shift from antenna 1 to antenna 4 is applied in the transformation matrix, whereas in [4] the phase shift is random. Let us denote the codebook suggested in [4] due to its random phase nature with “FFT random”. In [5] the precoding matrices are constructed by using 
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which creates G different precoding matrices. Note that in [5] the denominator N has been forgotten in this formula. Let us denote this codebook, due to its linear phase shift behaviour with “FFT linear”. 

The basic antenna selection matrix looks like the identity matrix Dsel=I and 3 different unitary combined antenna selection and phase combination matrices 

[image: image5.wmf],

1

1

0

0

1

1

0

0

0

0

1

1

0

0

1

1

2

1

1

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

SP

D

   
[image: image6.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

1

1

0

0

0

0

1

1

1

1

0

0

0

0

1

1

2

1

2

SP

D

 and 
[image: image7.wmf],

0

0

1

1

1

1

0

0

1

1

0

0

0

0

1

1

2

1

3

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

SP

D


where each of the combined selection and phase adaptation matrices performs a 2 out of 4 antenna selection combined with two-state phase adaptation. In the following investigations we compare the performance of phase only adaptation with a combination of phase-only adaptation and the antenna selection/phasing  matrices Dsel, DSP1, DSP2 and DSP3. 
3. Investigations in flat fading channels
In these investigations, we evaluate the average SNR gain in a 4x1 and 4x2 setup with linear precoded single stream transmission with varying TX antenna correlation. The receiver antennas are assumed to be uncorrelated. The flat fading case can be in general seen as an upper bound in performance compared to frequency selective channels. 
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Figure 1:   Average SNR gain [dB] for 6bit codebooks for 1RX antenna (a) and 2 RX antennas (b)
The shown precoding codebooks are structure as follows:

· FFT linear – 64-0-0: 16 unitary precoding matrices with size 4
· FFT linear – 48-12-4: 12 unitary precoding matrices according to the FFT linear approach of size 4 (48=12*4), antenna selection matrices combined with phase adaptation (DSP1, DSP2 and DSP3, 12=3*4) as well as one basic antenna selection matrix (Dsel, size 4). 
With smaller codebook sizes as well as the “FFT random” the same naming holds. Moreover, we show as a reference a similar structure for the Hochwald [8] codebook. Note, that the “Hochwald” codebook just adapts the transmission phase but does not (necessarily) consist of unitary matrices.
As an additional reference, the 6bit codebook proposed in [9] is shown as a reference for a codebook also applying amplitude adaptation – we denotes this one with “WiMax” due to its origin.  

When comparing the performance of these codebooks, we can see, that the antenna selection as being part of the total codebooks helps to improve the performance in the low correlation area for all the phase only codebooks (Hochwald & FFT based). Overall, the Hochwald codebook combined with the 4 antenna selection/phasing matrices achieves the best performance. When comparing the performance as a function of the number of receive antennas, the precoding gains reduces with an increasing number of RX antennas.

Let us next have a look on the performance of a smaller codebook size of 32/5bit and 16/4bit for the FFT based codebooks shown in Fig. 2 and Fig. 3.
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Figure 2:   Average SNR gain [dB] for 5bit codebooks for 1RX antenna (a) and 2 RX antennas (b)

[image: image12.png]SNR gain [dB]

Linear Precodlng 4bit - 4x1

6
——FFTLinear 1600
——FFT Linear- 12-0-4
5 50| === FFT Random- 16-0-0 |
-~ FFT Random - 12.04
5
45}
4
35 i L L
0 02 04 06 08 1

TX Correlation



[image: image13.png]SNR gain [dB]

Linear Precodlng 4 bit - 4x2

6
—FFT Liear- 16.00
——FFTLinear- 1204
557 ===~ FFT Random - 16-0-0 [~
FFT Random - 12-0-4
] e S e
4}
35
3 i i i
04 06 08 1

TX Correlation




(a)












(b)
Figure 3   Average SNR gain [dB] for 4bit codebooks for 1RX antenna (a) and 2 RX antennas (b)
These results clearly indicate that there is performance improvement possible when combining phase only adaptation codebooks with some sort of antenna selection. Depending on the size of the codebook, a combination with selection of 2 out of 4 and 2 state phase adaptation as well as single antenna selection or for smaller codebook sizes (e.g. 4bit) single antenna selection only provides performance improvements in case of low correlation of the TX antennas. Of course these codebooks of course can be used as well for multi-stream transmission due to their basic unitary matrix component structure.
The method presented in this contribution should be considered for further evaluation in case that (simple) amplitude adaptation as part of the precoder design is considered to be reasonable for LTE DL MIMO precoding.
4. Summary and Conclusion

In this contribution, we show by simple channel investigations the potential of linear precoding for single stream transmission for 4TX antenna NodeBs. 
Considering the precoding performance in different channel situations/antenna correlations, a combination of phase only adaptation with amplitude adaptation in the form of antenna selection seems to be a reasonable compromise in sense of robustness to varying channel correlation. 
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