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1 Introduction
This contribution is concerned with open loop MIMO schemes for spatial rate 2 in four transmit antennas. 
In the previous meeting [1], we proposed an open loop scheme for spatial rate 2 and 4 transmit antennas shown in Fig. 1, where spatial multiplexing (SM) technique is combined with cyclic delay diversity (CDD) technique.
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Figure 1: Combined SM/CDD transmission scheme for spatial rate 2 with 4 transmit antennas.

In this contribution, the performance simulation results of the combined SM/CDD scheme are presented compared with those of the double space time transmit diversity (DSTTD) scheme represented by the following matrix [2]:
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We consider frequency localized transmission as well as frequency distributed transmission [3] for performance evaluation. For the frequency localized transmission mode, the effect of frequency selective multi-user scheduling on performance is considered in simulation.
2 Performance Evaluation for Combined Spatial Multiplexing and CDD Scheme
We consider use of Turbo code and 16 QAM modulation for all the following simulations. For performance comparison, we also include the pure spatial multiplexing scheme using 2 transmit antennas as a reference. Linear MMSE detection is used for all the schemes, which requires inversion of 4x4 complex matrix for the DSTTD but inversion of 2x2 complex matrix for the combined SM/CDD.

2.1 Frequency Distributed Transmission Mode
In this mode, all subcarriers comprising a codeword are distributed over an entire band of 5 MHz which consists of 301 subcarriers with spacing of 15 kHz [3]. 
Figs. 2-4 show the performance comparison for code rate 1/2 in flat fading, Pedestrian-A, and TU channels, respectively. Figs. 5-7 show the performance comparison for code rate 2/3 in flat fading, Pedestrian-A, and TU channels, respectively.
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Figure 2: Performance comparison for distributed subcarriers and code rate 1/2 in flat fading channel.
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Figure 3: Performance comparison for distributed subcarriers and code rate 1/2 in Pedestrian-A channel.
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Figure 4: Performance comparison for distributed subcarriers and code rate 1/2 in TU channel.
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Figure 5: Performance comparison for distributed subcarriers and code rate 2/3 in flat fading channel.
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Figure 6: Performance comparison for distributed subcarriers and code rate 2/3 in Pedestrian-A channel.
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Figure 7: Performance comparison for distributed subcarriers and code rate 2/3 in TU channel.

Focusing on the block error rates of 1%~10%, we see that if the channel fading is not so frequency-selective as in flat fading or Pedestrian-A channel, then it is not clear which of the two, the DSTTD and the combined SM/CDD, is better in terms of block error rate performance. Only if the channel fading is highly frequency-selective as in TU channel, then the DSTTD has distinctly lower bock error rates than the combined SM/CDD at the cost of higher detection complexity.
2.2 Frequency Localized Transmission Mode (together with frequency selective multi-user scheduling)
In this mode, we assume there are 12 physical resource blocks. Each physical resource block is of size 375 kHz and includes 25 consecutive subcarriers [3]. For preliminary simulation results, we consider just one user for frequency scheduling. Data packets are transmitted on the best physical resource block for the user among 12 physical resource blocks. Cyclic delay of 0.66 sec (=5.1 samples) is used for the combined SM/CDD scheme.
Figs. 8-10 show the performance comparison for code rate 1/2 in flat fading, Pedestrian-A, and TU channels, respectively. Figs. 11-13 show the performance comparison for code rate 2/3 in flat fading, Pedestrian-A, and TU channels, respectively.
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Figure 8: Performance comparison for localized subcarriers and code rate 1/2 in flat fading channel.
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Figure 9: Performance comparison for localized subcarriers and code rate 1/2 in Pedestrian-A channel.
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Figure 10: Performance comparison for localized subcarriers and code rate 1/2 in TU channel.
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Figure 11: Performance comparison for localized subcarriers and code rate 2/3 in flat fading channel.
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Figure 12: Performance comparison for localized subcarriers and code rate 2/3 in Pedestrian-A channel.
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Figure 13: Performance comparison for localized subcarriers and code rate 2/3 in TU channel.

It is noted that if the channel fading is not so frequency-selective as in flat fading or Pedestrian-A channel, then the combined SM/CDD has a large gain over the DSTTD as well as 2x2 SM in terms of block error rate performance. If the channel fading is highly frequency-selective as in TU channel, then both the combined SM/CDD and the DSTTD have a similar block error rate performance.
3 Conclusion 
We draw the following conclusions for the block error rate performance of the combined SM/CDD scheme compared with the double STTD:

· In frequency distributed transmission mode,

· For not so selective fading: It is not distinct which of the two is better.

· For highly selective fading: The DSTTD is better.

· In frequency localized transmission mode,

· For not so selective fading: The combined SM/CDD is even better.

· For highly selective fading: Both are similar.

From the detection complexity point of view, the combined SM/CDD has the following advantages over the DSTTD:

· The combined SM/CDD has lower detection complexity (inversion of 2x2 complex matrix) than the DSTTD (inversion of 4x4 complex matrix), assuming linear MMSE detection.

· The combined SM/CDD can share the same MIMO detector with the SM of 2 transmit antennas which is expected to be probably employed. This helps reduce the number of UE detection modes.

Based on the above observations, the combined spatial multiplexing and CDD technique is quite attractive for rate 2 open loop MIMO with 4 transmit antennas.

Text Proposal will be presented in [5] to propose the combined spatial multiplexing and CDD scheme to be used together with frequency selective multi-user scheduling.
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