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1. Introduction

To support the peak data rate required by E-UTRA, multiple transmit and receive antennas will be employed.  For the shared data channel, spatial multiplexing can be used to improve the system throughput. However, to further improve the transmission quality or coverage of the distributed, common and broadcast channels, transmit diversity can be utilized. Space Time Block Codes (STBC) and Cyclic Shift Diversity (CSD) have been proposed as two diversity schemes in [1], where it could be seen that STBC shows better performance than CSD when the transmit antenna number is two.
When the number of transmitter antennas is larger than two, we have to consider how to best utilize these for transmit diversity. There are orthogonal STBC for more than 2 transmitter antennas; however the rate of these schemes are less than one, which has to be compensated by a higher FEC code rate. Moreover, since they require a quasi-static channel over the encoded space-time block, they should be modified to minimize the detrimental effects of short coherence time and small coherence bandwidth. To keep the receiver complexity and number of receiver modes low, it is desirable if the 2 antenna STBC decoder structure could be retained even if more than two antennas are present at the base station. Therefore we also consider the combination of 2-antenna STBC and CSD. The purpose of this contribution is to compare the performance of these different diversity schemes by simulations. 
2. Description of transmit diversity schemes
Here follows a description of three transmit diversity schemes that apply to more than two antennas. 
2.1. Cyclic Shift Diversity
Cyclic shift diversity (CSD) is a method for attaining frequency diversity based on OFDM and multiple antennas, the same OFDM symbol is transmitted on each transmit antenna with a different cyclic shift in time domain according to [2]. CSD introduces virtual multiple paths by cyclic shifts and thus increases the frequency selectivity of channel.
In figure 1, a block diagram of CSD is shown. The OFDM modulated signal is transmitted over M transmit antennas, whereas the particular signals only differ in an antenna specific cyclic shift 
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. The signal after OFDM modulation is normalized such that the average transmitted power is independent of the number of transmit antenna number M. After cyclic shifting, a cyclic prefix is added to avoid inter-symbol interference.

 [image: image2.wmf]OFDM

M

1

CP Insertion

CP Insertion

CP Insertion

1

d

1

-

M

d


Figure 1 Block diagram of the cyclic shift diversity

The cyclic shift in time domain is equivalent to phase shift in frequency domain, so the equivalent single input, single output channel response of CSD in the frequency domain is:
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(1)
where k is the index of the subcarrier.
It can be seen that CSD can provide frequency diversity by coding or interleaving across the frequency band because the fluctuation in frequency domain is increased. Hence, in some sense, antenna diversity is exchanged to frequency diversity which is exploited by the coding and interleaving.
2.2. Space-Time-Frequency Block Coding
It is well known that a full rate space-time block code (STBC) for complex constellation exists only for two transmit antennas, which is the famous Alamouti code (denoted here as STTD):
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For more than two transmit antennas, we have to turn to non-orthogonal or non full rate STBC code. In this contribution, we adopt a rate 3/4 STBC code from orthogonal design. The encoding matrices for 3 and 4 transmit antennas (where each row is associated with an antenna and the columns are the symbols in time) are given as:
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For conventional STBC, it will take four OFDM symbol to accomplish the STBC operation, which will suffer performance degradation when the UE speed is high. An alternative is to use space-frequency block coding (SFBC), where each row in the matrices above is associated with an antenna and each column with a subcarrier index. However, SFBC will have problem when the maximum delay of the channel is large. To reduce the effect of time and frequency selectivity on the quasi-static channel assumption of STBC or SFBC respectively, we propose to use space-time-frequency block coding (STFBC) which implements 3/4 STBC in both time and frequency domain as shown in Table 1 and Table 2. Using STFBC for diversity when there are three or four transmit antennas, full diversity can be achieved because of the orthogonality of the coding matrix and the demodulation algorithm is also simple.
Table1 Space Time Frequency Block Code (STFBC) for three transmit antennas
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	Antenna 3
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Table 2 Space Time Frequency Block Code (STFBC)  for four transmit antennas
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	Antenna 3
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	Antenna 4
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2.3. STTD Combined with CSD
A method that combines STTD (i.e.
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) with CSD for more than two transmit antennas is also possible and is described here, which can straightforwardly be used any number of transmit antennas (larger than or equal to two). The scheme is described as follows; first divide the transmit antennas into two groups (how to divide the antennas is FFS); each contains at least one antenna. Each antenna group transmits one output stream from STTD and CSD is applied inside the group. If there is only one transmit antenna in the group, the stream should be transmitted directly. An example of STTD combined with CSD with four transmit antennas is illustrated in figure 2.
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Figure 2 Block diagram of STTD combined with CSD with 4 Tx antennas
Four transmit antennas and an single antenna receiver is assumed here for the briefness of explanation. Denote
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 as the channel response from transmit antenna 
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 to receive antenna on the kth sub-carrier. 
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 and 
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 is the cyclic shift  of the two antenna groups respectively. The estimated signal on each sub-carrier by ML decoding is:
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 are complex-valued Gaussian noise random variables. 

It can be seen that when this scheme is used for more than two transmit antennas, spatial diversity and frequency diversity can be achieve simultaneously. What’s more, the full rate property of STTD is maintained.
3. Transmit diversity for macro diversity
It is agreed in [3] that space-time processing between cells can be used for intra-Node-B downlink macro diversity to explore the diversity gain. The three kinds of transmit diversity schemes discussed above can all be used for intra-Node-B downlink macro diversity. However, when the total transmit antenna number of the two neighbouring cells exceeds four, STFBC is more complex or difficult to implement. When STTD+CSD are adopted for transmit diversity and macro diversity, the STTD decoder structure can be used for both inside the cell and at the cell edge.
4. Simulation results
The performance of different diversity schemes is simulated here to make a comparison when the transmit antenna number is three and four. The simulation bandwidth is 5MHz version of E-UTRA, 300 subcarriers are used for data allocation and FFT size is 512. The 6-tap TU channel model with the speed 3km/h and 120km/h are used and ideal channel estimation is assumed.
For CSD and STTD+CSD, rate 1/2, 1/3 and 1/5 channel coding are simulated because different coding rate may be adopted for the dedicated and the control channel. Turbo coding with rate 1/3 was used. For rate 3/4 STFBC, rate matching to achieve rate 2/3, 4/9 and 4/15 is used to keep the same overall coding rate with CSD and STTD+CSD for a fair comparison (so the same number of physical symbols and information bits are used in all examples). QPSK is used for modulation.
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Figure 3 Performance comparisons of different diversity schemes in TU3 channel for 3Tx and 1Rx antenna configuration. 
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Figure 4 Performance comparisons of different diversity schemes in TU120 channel for 3Tx and 1Rx antenna configuration. 
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Figure 5 Performance comparison of different diversity schemes in TU3 channel for 4Tx and 1Rx antenna configuration
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Figure 6 Performance comparison of different diversity schemes in TU120 channel for 4Tx and 1Rx antenna configuration
5. Discussion

For the distributed dedicated channels and the common control channels, transmit diversity can be used to improve the coverage or the link robustness. From the simulation results, for three and four transmit antennas, we believe that STFBC and STTD combined with CSD are the two most promising transmit diversity schemes. However, STFBC and STTD+CSD have their benefits and drawbacks. 
For STTD combined with CSD, we propose that the pilot is not shifted, that is, antenna specific pilots are used. In this way, the pilot overhead needed for STFBC and STTD combined with CSD is the same given the same number of antennas. Also, the increased (virtual) delay spread does not have any impact on the channel estimation performance when antenna specific pilots are used. 
The benefits of STTD+CSD assuming antenna specific pilots are that the Alamouti decoder type of receiver can be used irrespectively of the number of transmit antennas. However, the NodeB have to broadcast the number of used transmit antennas and the corresponding delays in the CSD scheme must be known to the UE. 
For STFBC, although it can provide full antenna diversity, it requires 33% higher FEC coding rate to compensate for the 3/4 rate loss of space time code.
It can be seen from the simulation results than when the rate of channel coding is higher than 1/3, STTD+CSD shows the best performance because it achieves more coding gain than STFBC and more diversity gain than CSD. When the channel coding is decreased to 1/5, the performance of STFBC exceeds STTD+CSD because the gain lost in coding is small compared with the gain obtained from full diversity. The CSD without STTD exhibits the worst performance in all the scenarios included in the simulation.
To conclude this contribution, we believe that STTD+CSD and STFBC are two best candidate for transmit diversity for the distributed, common and broadcast channel when the basestation has more than two transmit antennas. For the channel coding rate higher than 1/3, STTD+CSD is preferred. And for the coding rate lower than 1/3, STFBC is preferred.
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