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1. Introduction

At the last TSG RAN WG1#48bis meeting in Malta in March 2007, it was decided that the number of transmit diversity modes for the primary broadcast channel (P-BCH) would be selected from N = 1 (transparent transmit diversity) or N = 2 (non-transparent transmit diversity between one antenna and more than one antenna). As a transparent transmit diversity scheme for the P-BCH, precoding vector switching (PVS) (or virtual antenna switching) is the most appropriate since PVS has a single stream transmission property and the secondary synchronization channel (S-SCH) can be used as the reference signal for the coherent detection of the P-BCH [1]. On the other hand, in the case of N = 2, space frequency block coding (SFBC) is a promising candidate for a two (virtual) antenna case since it was decided at the last RAN1 #48bis meeting to apply SFBC to the downlink shared data channel and L1/L2 control channel [2] due to its strong diversity gain. This contribution presents our simulation evaluation results comparing transmit diversity schemes for the P-BCH between 1-Tx diversity (PVS) and 2-Tx diversity (SFBC) in the E-UTRA. 
2. Simulation Setup
We compared the performance of transmit diversity schemes between PVS and SFBC for the P-BCH. Table 1 gives the simulation parameters for the P-BCH. We assume that the number of Node B transmit antennas is two. The transmission bandwidth of the P-BCH is 1.08 MHz with the transmission payload size of 40 bits. QPSK modulation with rate-1/3 convolutional coding with the repetition factor of 3 or 6 is assumed. In the evaluation, the transmission power ratio of reference signal or S-SCH to P-BCH, boost is set to 0 or 3 dB.
The 6-ray Typical Urban (TU) channel model with the maximum Doppler frequency of 55.5 Hz, 222.2 Hz, and 647.5 Hz is assumed. The fading correlation between both transmitter and receiver antennas is assumed to be 0. Real channel estimation using the antenna orthogonal downlink reference signal is performed when SFBC is employed. On the other hand, only the SCH is used as a reference signal for decoding the P-BCH when PVS is employed. This is because we consider that the common reference signal is not transmitted using the same precoding vectors as the P-BCH since the downlink reference signal is used for CQI measurement, precoding vector (matrix) selection, and P-BCH detection. 
At the UE receiver, actual channel estimation based on a two-dimensional minimum mean squared error (MMSE) channel estimation filter using orthogonal reference signals or SCH allocated within a 1-msec transmission subframe is performed. Maximal ratio combining (MRC) is employed for antenna diversity combining.
Table 1 – Simulation parameters
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3. Simulation Results
3.1 Performance Without Temporal Soft-Combining between Subframes
First, we investigate the performance of the transmit diversity scheme for the P-BCH assuming that the P-BCH is transmitted once per 10-msec radio frame. The PER performance levels when boost = 0 dB or 3 dB are plotted. Figures 1(a), 1(b), and 1(c) show that the average packet error rate (PER) performance of the P-BCH employing the SFBC and PVS transmit diversity schemes when the fading maximum Doppler frequency is 55.5 Hz, 222.2 Hz, and 647.5 Hz (corresponding to a UE speed of 30 km/h, 120 km/h, and 350 km/h), respectively. The figure shows that the average PER performance using PVS is severely degraded compared to SFBC regardless of boost. This is because PVS employs time switched transmit diversity (TSTD) of a virtual antenna and achieves no diversity gain when temporal soft-combining is not performed between subframes. Furthermore, when the maximum Doppler frequency is increased to 647.5 Hz (v = 350 km/h), the performance difference between PVS and SFBC becomes significantly large. For example, the required average SNR for the average PER of 10-2 when employing SFBC is improved by approximately 3 dB compared to that when applying PVS. Therefore, the N = 2-option for the transmit diversity mode is appropriate when no temporal soft-combining is assumed.
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 (a) fD = 55.5 Hz                                                     (b) fD = 222.2 Hz
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Figure 1 – PER performance for P-BCH without temporal soft-combining between subframes
3.2 Performance Employing Temporal Soft-Combining between Subframes
Next, we compare the performance between PVS and SFBC assuming that the P-BCH is transmitted twice per 10-msec radio frame at the same subframe as the SCH and that temporal soft-combining is performed. Figures 2(a), 2(b), and 2(c) show that the average PER performance of the SFBC and PVS schemes when the maximum Doppler frequency is 55.5 Hz, 222.2 Hz, and 647.5 Hz, respectively. The figure shows that the average PER performance of PVS is greatly improved compared to that without temporal soft-combining (Fig. 1) since a large transmit diversity gain is obtained due to temporal soft-combining. However, PVS is degraded by approximately 0.5 dB compared to SFBC at the average PER of 10-2 when fD = 55.5 Hz. Furthermore, this figure also shows that when fD is increased to 647.5 Hz, PVS is degraded by approximately 3 dB compared to that for SFBC at the average PER of 10-2. Therefore, in order to support a UE with very high mobility up to 350 km/h, we believe that SFBC transmit diversity should be used for the Node B with more than one physical antenna even when temporal soft combining between subframes is applied to the P-BCH.
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 (a) fD = 55.5 Hz                                                     (b) fD = 222 Hz
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Figure 2 – PER performance for P-BCH employing temporal soft-combining between subframes

4. Conclusion
In this contribution, we compared the transmit diversity schemes for the P-SCH in the E-UTRA. Based on the simulation results, we recommend employing the N = 2-option non-transparent transmit diversity mode for the P-BCH rather than antenna transparent PVS from the viewpoint of PER performance regardless of the application of temporal soft-combining to the P-BCH. 
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