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1. Introduction

This paper presents the optimum transmit diversity scheme for the common/shared control channel in the E-UTRA downlink. Block-code based transmit diversity such as space frequency block code (SFBC) / space time block code (STBC), cyclic delay diversity (CDD), and frequency switched transmit diversity (FSTD) / time switched transmit diversity (TSTD) (including predetermined fixed pre-coding vector switching method) are candidates for use as a transmit diversity scheme in the downlink [1]-[11]. Among these candidates, we present the optimum transmit diversity scheme employing two and four antennas for the common/shared control channel. 
2. Simulation Setup
We compared the performance of different transmit diversity schemes, SFBC, FSTD, and CDD, for the common control channel based on the agreed simulation assumptions. Table 1 gives the simulation parameters for the common control channel. For the common / shared control channel, we set the frequency bandwidth to 10 MHz with the payload size of 80 bits. We employed QPSK data modulation and tail-biting convolutional coding assuming the channel coding rate of 1/3 and 1/2 with the repetition factor of 1, 3, and 6. We multiplexed the orthogonal reference signal of each transmitter antenna using the interval of six sub-carriers irrespective of the transmit diversity scheme. A cyclic shift of 128 (64, 128, and 192) samples was added to the common control channel of Transmit antenna #2 (#2, #3, and #4) to achieve a sufficient frequency diversity gain in the CDD scheme for the two (four) transmitter antenna case. 
In the evaluation, we employed a 3-sectored 19-hexagonal cell layout model as shown in Fig. 1. In the propagation model, we took into account only the distance-dependent path loss assuming the six-ray Typical Urban (TU) channel model with the fading correlation between adjacent transmitter antennas of 0.0, 0.5, and 0.75. Meanwhile, the fading correlation between receiver antennas was assumed to be 0. The maximum Doppler frequency was set to 5.55 Hz. The inter-site distance (ISD) was set to 1732 m corresponding to the cell radius of 1000 m. We assumed that the measured UE is located near the cell-boundary (975-m away from the Node B and on the way to a vertex of the hexagonal cell) with geometry at the 95% cumulative distribution function (CDF) of the average received signal-to-interference plus noise power ratio (SINR). At that location, the ratio of the measured average received interference signal power to the background noise power (INR) is 11.7 dB, which means that we evaluated the performance in an interference-limited environment. We measured the PER by varying the desired received signal power with the fixed average received interference power and noise power. 
At the UE receiver, actual channel estimation based on a two-dimensional minimum mean squared error (MMSE) channel estimation filter using orthogonal reference signals allocated within a 1-msec transmission sub-frame and maximal ratio combining (MRC) were employed for antenna combining.
Table 1 – Simulation parameters
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Figure 1 – Location of the measured UE

3. Simulation Results
3.1. Two-Branch Transmit Diversity

Figure 2 shows the average PER performance of the transmit diversity schemes as a function of the average total received SINR from two transmit antennas when the fading correlations between the transmitter antennas are 0.0. The channel coding rate of the convolutional coding is set to R = 1/3 with the repetition factor of SRF = 3. In Fig. 2, the PER with single-antenna transmission is also plotted for reference purposes, and two types of curves are given, with and without other-cell interference for all transmit diversity schemes. Figure 2 indicates the following results.
· The average PER performance levels of SFBC, CDD, and FSTD are almost the same without fluctuating other-cell interferences.
· With other-cell interference, the average PER with FSTD is clearly degraded compared to the other two transmit diversity schemes. This is because the FSTD scheme utilizes the channel estimation value of each transmit antenna, while in CDD and SFBC the channel estimation error can be reduced by combining the channel estimation values of two antennas. 
· The average PER performance of SFBC is slightly degraded by approximately 0.2 dB compared to that using CDD. This is because a larger frequency diversity effect can be obtained using CDD compared to SFBC, since there is no need to pair the two symbols in the frequency domain in CDD. Moreover, in CDD, larger frequency selectivity appears due to the increasing number of multipath components. Accordingly, the increasing frequency selectivity of the CDD signal randomizes the fluctuation of the other-cell interference, which leads to improvement in the PER performance level in CDD. However, we consider the superiority of CDD to SFBC is at a negligible level.
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Figure 2 – Comparison of 2-branch transmit diversity schemes in ideal fading correlation condition
Next, Fig. 3 shows the average PER performance of the transmit diversity schemes as a function of the average total received SINR from two transmit antennas with four types of combinations of SRF and the channel coding rate: SRF = 1 and R = 1/2, SRF = 1 and R = 1/3, SRF = 3 and R = 1/3, and SRF = 6 and R = 1/3. Figures 3(a), 3(b), and 3(c) assume the fading correlation between transmitter antennas of 0, 0.5, and 0.75, respectively. We take into account other-cell interference. The figures show the following results.
· The average PER of CDD is degraded compared to that for SFBC according to the increase in the channel coding rate including the repetition factor, although CDD achieves almost the same PER as that for SFBC with a low channel coding rate. This is due to the decreasing frequency diversity effect caused by the decrease in the channel coding gain.  
· The degradation in the PER employing CDD compared to that for SFBC with a high coding rate becomes larger according to the increase in the fading correlation between antennas
· However, the degradation in the PER using CDD under high fading correlation condition is suppressed to a low level with a low channel coding rate and high repetition factor. 
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(a) Fading correlation between Tx antennas: 0.0      (b) Fading correlation between Tx antennas: 0.5
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(c) Fading correlation between Tx antennas: 0.75

Figure 3 – Influence of channel coding rate and repetition factor (2-by-2 transmit diversity)
3.2. Four-Branch transmit diversity
Figure 4 plots the average PER performance of the four branch transmit diversity schemes as a function of the average total received SINR. The transmit diversity schemes used are CDD, FSTD, a combination of SFBC and CDD, and a combination of SFBC and FSTD. Four types of combinations of SRF and the channel coding rate are assumed: SRF = 1 and R = 1/2, SRF = 1 and R = 1/3, SRF = 3 and R = 1/3, and SRF = 6 and R = 1/3. The fading correlation among transmit antennas is set to 0.5. The fluctuation due to other-cell interference is considered. Figure 4 indicates the following results.
· For a low channel coding rate with a high repetition factor, the CDD, SFBC plus CDD, and SFBC plus FSTD achieve almost the same PER performance levels, and FSTD is degraded compared to the other schemes.
· For a high channel coding rate without symbol repetition, the CDD and FSTD are degraded compared to SFBC plus CDD and SFBC plus FSTD.
Therefore, we consider that the combination of SFBC and CDD or the combination of SFBC and FSTD is a promising candidate for four-branch transmit diversity for the common/shared control channel.
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Figure 4 – Influence of channel coding rate and repetition factor (4-by-2 transmit diversity)

Finally, Figure 5 shows the comparison on average PER performance between 2-branch transmit diversity employing SFBC and 4-branch transmit diversity using the combination of SFBC and CDD, to clarify the gain using 4 transmitter antennas. We can observe no gain of 4-branch SFBC plus CDD from 2-branch SFBC in the PER performances. This is because reference signal overhead of 4-branch SFBC plus CDD becomes larger than that of 2-branch SFBC. Thus, the degradation of increasing reference signal overhead offset the increase of diversity gain. As a result, we see that the 2-branch transmit diversity using SFBC is sufficient for common/shared control channel.
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Figure 5 – Comparison of 2-stream and 4-stream transmit diversity schemes on L1/L2 control channel

We would like to express our views on transmit diversity for the common/shared control channel. A low channel coding rate employing symbol repetition is a typical condition in cellular environments. Thus, focusing on only the low channel coding rate condition, both SFBC and CDD become suitable candidates for the common/shared control channels. However, we do not exclude the possibility of using a high channel coding rate in a low path loss environment such as a hot spot or very-small cell (note that the term “high” is not too a high level, e.g., near 1).Therefore, retaining the possibility of a high channel coding rate application, we consider that SFBC is the promising candidate for 2-branch transmit diversity for common/shared control channel, regardless of the number of antennas at Node B. 
4. Conclusion

This contribution investigated the optimum open-loop transmit diversity scheme for the common/shared control channel in the E-UTRA downlink.  Simulation results showed that focusing on only the low channel coding rate condition, both SFBC and CDD become suitable candidates for the common/shared control channels. However, considering the possibility of a high channel coding rate in the common/shared control channel e.g., in a very low path loss environment, SFBC achieves a higher PER performance level than CDD as a whole. Therefore, we consider that SFBC is a promising candidate for two-branch transmit diversity for common/shared control channel, regardless of the number of antennas at Node B.
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