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1 Introduction
Data throughput can be improved in a MIMO system using closed loop precoding scheme. To achieve, this throughput gain, LTE has adopted codebook-based precoding scheme. In this contribution, we study a number of aspects regarding 4-Tx closed-loop precoding including codebook size, the impact of feedback size, etc. Simulation results are also provided for some codebooks currently being evaluated.
2 Simulation Parameters

The following parameters are used to simulate the performance of these schemes.

· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)

· Sub-frame size = 2 slots  = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz

· Carrier frequency: 2.0 GHz

· Channel model: Uncorrelated TU channel 3 km/h and PA 3 km/h
· Cyclic Prefix: 72 samples

· Data Channel assignment:

· All data tones in 10 contiguous RBs 
· Channel Coding: Turbo code of rate 2/3
· Modulation: QPSK and 16-QAM
· Number of antennas: 4 at nodeB and 2 at UE
· MIMO schemes: Rank-1 and Rank-2 closed loop beam-forming with codebook feedback. The following codebooks are studied.
· 4-bit Grassmanninan codebook [1]
· 4-bit Householder codebook [2]

· 4-bit DFT-based codebook [3]

· 6-bit Grassmanninan codebook [1]
· Feedback granularity: one feedback per 2 or 5 RB.

· Channel Estimation:  Perfect CSI.
3 Numerical Results

3.1 Simulation results in a dispersive channel
Figure 1 compares the performance of a closed loop MIMO system with different proposed codebooks. The transmission is rank-1 QPSK 2/3 and the channel is TU 3 km/h. As it can be seen from the figure, feedback granularity shows the highest impact on the performance in the TU channel. In the next subsection, we will study the performance in the less-dispersive PA channel. Feedback granularity of 5 RBs results in about 2 dB degradation with respect to feedback granularity of 2. Moreover, 6-bit codebook results in 0.4 dB gain over 4-bit codebook. Simulation results show no meaningful difference between the performances of different proposed 4-bit codebooks. 
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Figure 1: Performance comparison in uncorrelated TU channel, 3 km/h, rank-1 QPSK 2/3. 
Figure 2 shows the performance of the same system as in Figure 1 with 16QAM modulation. Again, with this higher spectral efficiency, the performances of all 4-bit codebooks are similar to each other. Using 6-bit Grassmannian codebook results in 0.4 dB performance gain for both 2 and 5 RB feedback granularity. A low resolution feedback granularity of 5 RB degrades the performance by about 1.5 dB with respect to sending back one codeword per 2 RB.
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Figure 2: Performance comparison in uncorrelated TU channel, 3 km/h, rank-1 16-QAM 2/3. 
Figures 3 and 4 show the performance of the same system as in Figures 1 and 2 except that the transmission rank is 2. Like rank-1 transmission, all 4-bit codebooks show similar performance with both 2 and 5 RB granularity. With a 6-bit codebook, the performance improves by about 0.4 dB. Feedback granularity of 2 RBs results in around 2 dB performance improvement compared to feedback rate of one codebook per 5 RBs.
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Figure 3: Performance comparison in uncorrelated TU channel, 3 km/h, rank-2 QPSK 2/3. 
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Figure 4: Performance comparison in uncorrelated TU channel, 3 km/h, rank-2 16-QAM 2/3. 
3.2 Simulation results in a low-dispersion channel
In a channel with low frequency diversity, coarse feedback granularity does not result in huge performance degradation. However, the error performance curves lose their slope because of lower frequency diversity. Figures 5 and 6 show the performance of a rank-1 codebook closed-loop LTE system in a PA 3 km/h channel. All other parameters are similar to Figures 1 and 2. Simulation results show that feedback granularity has a lower impact on the performance and only about 0.3 dB. Using a 6-bit codebook results in 0.6 dB improvement in the performance over using a 4-bit codebook. Again, all 4-bit codebooks have similar performance. 
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Figure 5: Performance comparison in uncorrelated PA channel, 3 km/h, rank-1 QPSK 2/3. 
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Figure 6: Performance comparison in uncorrelated PA channel, 3 km/h, rank-1 16-QAM 2/3. 
In Figures 7 and 8, the error performances of a rank-2 closed loop system in a PA 3km/h channel are shown. All the other parameters are like Figures 5 and 6. As shown in the figures, using a 6-bit codebook results in around 0.5 dB gain over 4-bit codebooks. Feedback granularity of one codeword per 2 RB compared to one codeword per 5 RB brings a marginal gain of around 0.3 dB.
[image: image7.emf]-4 -2 0 2 4 6 8 10 12 14 16

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

LTE, 42, PA 3 km/h, QPSK 2/3, Rank 2

 

 

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 2 RB Fdbk gran., Grass. 4 bit codebook

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 2 RB Fdbk gran., Grass. 6 bit codebook

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 2 RB Fdbk gran., DFT 4 bit codebook

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 2 RB Fdbk gran., HH 4 bit codebook

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 5 RB Fdbk gran., Grass. 4 bit codebook

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 5 RB Fdbk gran., Grass. 6 bit codebook

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 5 RB Fdbk gran., DFT 4 bit codebook

4



2, PA 3 km/h, Rank 2, QPSK 2/3, 5 RB Fdbk gran., HH 4 bit codebook


Figure 7: Performance comparison in uncorrelated PA channel, 3 km/h, rank-2 QPSK 2/3. 
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Figure 11: Performance comparison in uncorrelated PA channel, 3 km/h, rank-2 16-QAM 2/3. 
4 Performance Comparison and Conclusion
In this contribution, we study the performance of 6-bit codebook and some codebooks currently under evaluation for 4-Tx closed-loop LTE Systems. We also study the effect of feedback granularity and impact of channel dispersion on the performance. 

Simulation results provided in this contribution show that:

· All proposed 4-bit codebooks have similar performance and their performance difference is marginal.
· Using a 6-bit codebook results in a gain around 0.5 dB for different channel models, MCS and transmission ranks.

· In a dispersive channel (like TU) coarse feedback granularity of 5 RB results in noticeable performance degradation of around 2 dB compared with that of 2 RB.

· In a relatively flat channel (like PA), feedback granularity has little impact on the performance of the closed-loop systems.
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