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1. Introduction
In [1-7], several tx-diversity schemes for BCH are considered. When BCH is the same signal among cells associated with a single node B, two types of diversity schemes can be applied. The first one is tx-diversity among antennas in one cell. And the second one is a tx-diversity among antennas in different cells. The first one is useful to improve the performance in the cell interior. And the second one is also necessary to improve the performance at the cell boundary. In this contribution, we will show the comparison of the several tx-diversity schemes, considering the above two type of diversity schemes.

2. Comparison of transmit diversity schemes
2.1. Diversity schemes summary
Several open-loop tx-diversity schemes that are applicable to BCH have been proposed [1-8].
· SFBC (Space Frequency Block Code)
· TSTD (Time Switched Transmit Diversity)
· FSTD (Frequency Switched Transmit Diversity)
· CDD (Cyclic Delay Diversity)
· GSD (Group Scrambling Diversity) [8]
The block diagrams of each scheme are shown in Figure 1. When the BCH is multiplexed with the other shared channels in the frequency domain, CDD needs to be achieved by phase rotation in the frequency domain as described in Figure 1–(e). In this case, 4 of the diversity schemes, except for TSTD, have similar block diagrams. In other words, they need tx-antenna number of IFFT processors and put the same number of procedures just before the IFFT. On the other hand, TSTD needs just one IFFT, therefore can be simpler than other schemes.
2.2. Transmit diversity schemes among cells associated with the same node B
Regarding tx-diversity schemes among cells, there are two points to be considered. The first point is that the number of signals received from the different cells can change depending on the UE location. For example, a UE located in the interior of a cell may only receive a signal from one cell with significant energy . A UE at the two cell boundary may only receive signals with significant energy from the two neighboring cells, even if there are three cells, associated with the same node B. This indicates that it is difficult to apply switching based diversity schemes, e.g. TSTD and FSTD, since such schemes assume all signals can be received at the UE. The second point is that the number of cells associated with a single node B can change. Not to increase UE complexity, it is desirable that the configuration of the diversity scheme does not depend on the number of cells. This indicates that it is difficult to apply SFBC and FSTD, since they need to be reconfigured depending on the number of antennas.

On the other hand, CDD and GSD can satisfy the above two points, since the two schemes are based on OFDM path-diversity using a cyclic prefix. In other words, the signals from all cells associated with the same node B can be treated as multi-paths in the two diversity schemes. Configuration of the diversity schemes among cells is also easy. Therefore, we believe that CDD and GSD are suitable for diversity among cells.
2.3. CDD and GSD 
By way of example, we considered applications of CDD and GSD to cells associated with the same node B.
Applying CDD to 3 cells, the amount of delay needs to be considered carefully. For example, when the delay of each cell are –d, 0 and +d, the relative differences between each two cells are +d or +2d. This can produce performance imbalances between cell boundaries, since CDD gain depends on the relative delay difference. This problem is mainly due to the fact that CDD has only one parameter, i.e. the amount of delay. On the other hand, GSD is a scheme that scrambles subcarriers using not one parameter but a random sequence. Due to this feature, GSD suffers less performance imbalance between cell boundaries. Especially when the delay d is one third of the OFDM symbol length, such an imbalance in CDD can be avoided. However, in order to use such a large delay, a reference signal format and a channel estimation method also needs to be considered. 

There are two options for reference signals in CDD. The first option is cell common reference signals and the second option is cell orthogonal reference signals [1]. In the case of cell common reference signals, the UE can receive the signal using the same method, irrespective of its location. It is difficult to use large CDD delays, since a large delay causes a large amount of phase rotation in frequency domain, which may degrade channel estimation performance. Using the cell orthogonal reference signals, a large delay can be used. For example, the reference signals maybe orthgonalized using a CDM method [9]. Choosing a delay without care, the orthogonality might be distorted by the phase rotation of the CDD. For instance, using delays of 0/N, 1/N and 2/N, where N is the pilot subcarrier interval, the distortion can be avoided. In another way, by using delays of 0/3N, 1/3N and 2/3N the reference signals are automatically orthgonalized without multiplying any code. Using the orthogonal reference signals, signals from different cells can be divided and the phase rotations can be compensated individually. This makes it possible to use large amount of delay for CDD. But, such an individual estimation may degrade the performance compared to the simultaneous one using cell common reference signal [1]. Moreover, it is necessary to detect which cell the UE is in. Otherwise the channel estimation performance at an inner location is degraded. That may increase UE complexity. 
Regarding a reference signals for GSD, they need to be scrambled by sector-specific codes [8]. Due to the group scrambling with the cell-specific codes, the channel estimation is restricted within each subcarrier-group. That may degrade the channel estimation performance. 
2.4. Pros and cons

The pros and cons mentioned above are shown in table 1. From the view point of signaling overhead and application between cells, CDD and GSD are the candidates for BCH.
Table 1 : pros and cons of the diversity schemes
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 Possible Diversity Gain Large Large Large Fair Large Large
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Fair Small Fair Small Fair Small
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 Performance

Fair Good Fair Good Fair Fair


3. Conclusion

In this contribution, we have compared five diversity schemes for BCH from the view point of diversity among cells associated with a single node B. Especially for CDD and GSD, their reference signal and channel estimation methods are also mentioned. Regarding diversity schemes for BCH, not only the diversity in a cell, but also the diversity among cells is important to improve the performance at the cell edge and cell boundary. Therefore, we believe that CDD (Cyclic Delay Diversity) and GSD (Group Scrambling Diversity) are the best candidates for BCH.
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Appendix A: Block Diagrams for each diversity schemes
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(c) TSTD

(d) CDD in time domain
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(e) CDD in freq. domain
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Figure 1 : Block diagrams for each diversity schemes
Appendix B: GSD (Group Scrambling Diversity)
Here, we explain the group-scrambling diversity and how it introduces diversity gain using a simple example of a BCH transmission employing 18 subcarriers described in Figure 2. For simplicity, we only consider two sectors and assume that the corresponding channels are stationary during one frame duration. And, the channel response vectors in the frequency domain are divided into 3 sub-parts denoted 
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In the group scrambling process framed in by a red dashed-line, subcarriers are divided into several subcarrier groups and each subcarrier group is rotated with sector-specific scrambling codes. In general, any scrambling code can be chosen for group scrambling. To understand how the group-scrambling introduces diversity gain, it is useful to compare the composite channel response with and without group scrambling. They can be described as follows.
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The equation (1) indicates that the correlation between channels of each subcarrier groups is decreased. As a result, group scrambling introduces diversity gain.
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Figure 2: Group Scrambling Diversity
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