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1   Introduction
In a system with 4 transmit antennas and two receive antennas, to transmit two data streams (rank 2 transmission), we may consider three options. The first one is using Special Multiplexing (SM) scheme over four transmit antennas, and the second and third ones are using Double-SFBC Scheme (rate-2 SFBC) over four transmit antennas. The performance of the second scheme can be improved by switching the transmit antennas among the SFBC codes, which we can call Double-SFBC with antenna hopping. In [2], we have shown that Double-SFBC Schemes provide higher diversity and performs better than the SM scheme. In addition, Double-SFBC scheme with hopping performs better that Double-SFBC scheme without hopping. 

In this contribution, we evaluate the performance of all three schemes for the case that long-delay CDD precoding is employed in the system. We aim to show that (i) even with CDD precoding, the performance of double SFBC is better that SM scheme (ii) CDD precoding improves the performance of SM and double SFBC without hopping, while it has destructive effect on the performance of double SFBC with hopping. 

2   System Description
Here, we consider LTE downlink wireless communication channel that consists four transmit antennas and two receive antennas. 
In this contribution, we compare the performance of the following open-loop schemes:

· Scenario A – SM Scheme with Fixed Precoding
· SM scheme with Fixed Precoding without CDD: Two data streams from two turbo encoders are sent through four transmit antennas. In this case, precoding process with fixed codeword is used  with rank-2 precoding matrix selected from codebook defined in  [1] as follows
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· SM scheme with Fixed Precoding with long-delay CDD: Two data streams from two turbo encoders are sent through four transmit antennas. In this case, we use the same precoding matrix as before; however, we employ long delay CDD in the system [3]. Therefore, for sub-carrier 
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we use the following precoding:
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· Scenario B - Double-SFBC Scheme without Hopping: 
· Double-SFBC Scheme without Hopping without CDD precoding
In this scheme, we use the following space frequency coding to transmit two data streams:
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are from stream one (output of the turbo-coder number one) and 
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 are from stream two (output of the turbo-coder number two).
· Double-SFBC Scheme without Hopping with CDD precoding
We use the following space-frequency coding extended over subsequent subcarrier 
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 is even) to transmit two data streams:
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where 
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are from stream one (output of the turbo-coder number one) and 
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 and 
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 are from stream two (output of the turbo-coder number two).

Note that this scheme has a small variation with respect to the long-delay CDD presented in [3]. The reason is that in SFBC it is assumed that the channel in subsequent subcarriers (that is used by one double SFBC) is constant, while the conventional long-delay CDD changes the channel in subsequent sub-carriers. With the mentioned version of long-delay CDD, the CDD precoding is constant over the two subsequent sub-carriers.

· Scenario C - Double-SFBC Scheme with Hopping: 
· Double-SFBC Scheme with Hopping without CDD: In this scheme, we use the following space–frequency codes, subsequently, to transmit the two data streams
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where 
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are from stream one (output of the turbo-coder number one) and 
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 and 
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 are from stream two (output of the turbo-coder number two). 
· Double-SFBC Scheme with Hopping with CDD: In this scheme, we use the following space-frequency codes subsequently, to transmit the two data streams. Note that each space-frequency code is extended over two subsequent sub-carriers  
[image: image24.wmf]i

 and 
[image: image25.wmf]1

+

i

 where 
[image: image26.wmf]i

 is an even number.
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are from stream one (output of the turbo-coder number one) and 
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 and 
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 are from stream two (output of the turbo-coder number two).
The decoding scheme in all cases is MMSE decoding.
3 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 slot  = 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

· Uncorrelated PA channel, 3 km/h

· Cyclic Prefix: 72 samples

· Data Channel assignment:

· All sub-carriers in 10 adjacent RBs (1 RB includes 12 adjacent sub-carriers at 14 OFDM symbols)

· Channel Coding: Turbo code of rate 1/3 and 4/5
· Modulation: QPSK and 16-QAM
· Number of antennas: 4 at nodeB and 2 at UE
· MIMO schemes: Open Loop 
· Channel Estimation:  Ideal Channel

4 Numerical Results
Figures 1 to 4 compare the performance of the SM scheme, Double-SFBC scheme without hopping, and Double-SFBC scheme with hopping, for the two cases where we use and where we do not use long-delay CDD precoding.
As it is shown, the Double-SFBC Schemes (with hopping and without hopping) perform better than SM scheme. The main reason is that the Double-SFBC scheme provides diversity gain of order two, while rank-2 fixed precoding may not be able to exploit such diversity.
In addition, it is clear that Double-SFBC Scheme with hopping performs better that that Double-SFBC Scheme without hopping. The reason is that by rotating the transmission of SFBC codes over different pairs of transmit antennas, hopping will exploit extra diversity. 
CDD precopding improves the performance of fixed precoding scheme and double SFBC scheme by increasing the frequency selectivity of the channel and therefore increasing the diversity order of the system. However, CDD precoding has destructive effect on the performance of the SFBC scheme with hopping. The reason is that both CDD and hopping increase the selectivity of the channel, experienced by data streams. However, it seems that if we concatenate them in the system, each of them cancel the selectivity that the other one has created in the system.
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Figure 1: Open-Loop Schemes, QPSK, TU-1 Channel, MMSE Decoding, Speed 3km/h, Rate 1/3.
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Figure 2: Open-Loop Schemes, QPSK, TU-1 Channel, MMSE Decoding, Speed 3km/h, Rate 4/5.
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Figure 3: Open-Loop Schemes, 16QAM, TU-1 Channel, MMSE Decoding, Speed 3km/h, Rate 1/3.
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Figure 4: Open-Loop Schemes, 16QAM, TU-1 Channel, MMSE Decoding, Speed 3km/h, Rate 4/5.

5    Conclusion
In this contribution, we have simulated and compared three schemes to transmit two data streams (rank two transmissions) including SM scheme, Double-SFBC Scheme without hopping, and Double-SFBC scheme with hopping. For each scheme, we consider two scenarios (i) where long-delay CDD is used in the system.  (ii)  where long-delay CDD is not used in the system. From the simulation presented, the following observations can be made
1. Double-SFBC Schemes (with or without hopping) outperform SM scheme using rank-2 fixed precoding.
2. The slope of Double-SFBC schemes’ performance curves are steeper than that of SM scheme due to high order of diversity

3. Introduce hopping in Double-SFBC Scheme will further improve its performance. 
4. CDD precoding improves the performance of fixed precoding scheme (SM) and double SFBC scheme without hopping, while it has destructive effect on the performance of double SFBC with hopping.
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