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1. Introduction

According to the agreed issues on the primary broadcast channel (P-BCH) at the last TSG RAN WG1#49 meeting in Kobe in May 2007, this contribution presents the number of P-BCH transmission bursts within a 40-msec TTI, detection of the 40-msec TTI boundary, the scheme for multiplexing the P-BCH into a sub-frame, and the transmit diversity scheme for the P-BCH.

2. Number of P-BCH Transmission Bursts within a 40-msec TTI
In this section, we compare the use of two or four P-BCH transmission bursts in a 40-msec TTI for the P-BCH assuming the same radio resource efficiency. 
2.1. Simulation Parameters

Table 1 gives the simulation parameters for the P-BCH. We assume single or two-antenna transmission at the Node B and two-antenna diversity reception at the UE. The transmission bandwidth of the P-BCH is 1.08 MHz with the transmission payload size of 40 bits. QPSK modulation with the rate-1/3 convolutional coding and the repetition factor, RF, of 1 to 8 is assumed. In the evaluation, the transmission power ratio of the S-SCH or the reference signal to the P-BCH, boost, is set to 0 or 3 dB.
The 6-ray Typical Urban (TU) channel model with the maximum Doppler frequency of 5.55 Hz, 55.5 Hz, 222.2 Hz, and 647.5 Hz is assumed. Fading correlation between both transmitter and receiver antennas is assumed to be 0.
At the UE receiver, actual channel estimation is performed based on a two-dimensional minimum mean squared error (MMSE) channel estimation filter using the orthogonal reference signals allocated within a 1-msec transmission sub-frame. Maximal ratio combining (MRC) is employed for antenna diversity combining.

Table 1 – Simulation parameters
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2.2. Simulation Results
Figures 1(a)-1(d) show the required average received signal-to-interference plus noise power ratio (SINR) at the average packet error rate (PER) of 10-2 as a function of the total repetition factor including bandwidth spreading by channel coding, for the fading maximum Doppler frequency of fD = 5.55, 55.5, 222.2, and 647.5 Hz, respectively. In this evaluation, we assume single-antenna transmission at the Node B. In the respective figures, four curves are given for the combination of the two numbers of P-BCH bursts in the 40-msec duration, M = 2 or 4, and for the two types of transmission power ratios, boost = 0 or 3 dB. Figure 1(a) shows that in a low mobility case such as fD = 5.55 Hz, there is no distinct difference in the required average received SINR between M = 2 and 4 due to a small fluctuation in the received signal level in the time domain. However, when the fD value is equal to approximately 55.5 Hz or greater, we find that the required average received SINR with M = 4 can be reduced by approximately 1 dB compared to that for M = 2 owing to an increasing time diversity effect through soft-combining of multiple transmission bursts in the time domain. 

Therefore, based on the results from the figures, we recommend M = 4, because the condition of M = 4 can decrease the required average received SINR at the average PER of 10-2 by approximately 1 dB compared to M = 2, when the fD is equal to approximately 55.5 Hz or greater. We also clarify that under cell edge conditions such as the average received SINR of less than -6 dB, the required maximum total repetition factor including the channel coding rate is 24-48.  
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(a) fD = 5.55 Hz                                                     (b) fD = 55.5 Hz
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(c) fD = 222.2 Hz                                                     (d) fD = 647.5 Hz 
Figure 1 – Comparisons of M values based on the required average received SINR 

at the average PER of 10-2
3. Detection of 40-msec TTI Boundary

Two methods are considered for detecting the 40-msec boundary: explicit signaling using the S-SCH or blind detection. We prefer blind detection to reduce the number of additional control signals carried by the S-SCH. In this case, the possible options are a change in the interleaving pattern, scrambling sequence, puncturing pattern, or time/frequency resources, for each transmission burst. Among these options, we prefer blind detection through a change in the scrambling sequence for each transmission burst of the P-BCH as shown in Fig. 2. 
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Figure 2 – Proposed detection method for 40-msec TTI boundary

4. Multiplexing P-BCH into a Sub-frame 

We calculate the required resource elements (REs) for the P-BCH symbols assuming the following.

· Approximately 40 P-BCH control bits

· Required total repetition factor of 24-48 supporting the cell edge condition, where the total repetition factor is the repetition factor x the number of transmission bursts per 40-msec duration / the channel coding rate
· Number of P-BCH transmission bursts of M = 4

Thus, the required number of REs per transmission burst becomes approximately 120-240, which can be carried by 2-3 RBs when one sub-frame duration is used. In other words, since the number of available REs in a 1-msec duration and 1.08-MHz bandwidth is 552, a part of the REs in the 1-msec duration and 1.08-MHz bandwidth are used for the P-BCH. Therefore, Figs. 3(a) and 3(b) illustrate the TDM or FDM-based multiplexing of the P-BCH symbols, respectively. In the TDM-based multiplexing, 6 RBs are used, while a 1-msec sub-frame duration is used for the FDM-based multiplexing. The features for the TDM or FDM-based multiplexing are as follows.

· TDM-based multiplexing

· The SCH can be used as a reference signal for channel estimation of the P-BCH, when the P-BCH symbols are multiplexed at the OFDM symbols near the SCH.
· A high frequency diversity effect is gained.
· Advantageous for discontinuous reception for power saving

· The same multiplexing with a long cyclic prefix (CP) is used as that with a short CP
· The normal RB format is not maintained.
· FDM-based multiplexing

· The normal RB format is maintained. Thus, the same RB-based multiplexing as in the shared data channel is possible.
· Wider rage control for power boosting of the P-BCH is possible than in TDM-based multiplexing.
· Reference signals are necessary for channel estimation of the P-BCH. The SCH can be used additionally.
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Figure 3 – Schemes for multiplexing P-BCH into sub-frame 
5. Transmit Diversity Scheme for P-BCH

As a result of the discussions on the transmit diversity scheme for the P-BCH, precoding vector switching (PVS) (or virtual antenna switching) and space frequency block coding (SFBC) are the candidates as the transmit diversity scheme for the P-BCH. Thus, in this section, we compare PVS and SFBC from the viewpoint of the PER performance under low-to-high mobility conditions. 
5.1. Transmit diversity scheme candidates for P-BCH

We first briefly summarize the pros and cons of the PVS and SFBC schemes.
· Diversity gain

In SFBC, a high diversity gain is obtained, since each data symbol is transmitted from two antennas after spatial and frequency block coding. Meanwhile, a diversity gain is obtained in PVS after temporal soft-combining of multiple transmission bursts. Accordingly, SFBC can achieve a higher diversity gain than PVS.
· Channel estimation

In a low mobility environment, PVS achieves better channel estimation accuracy rather than SFBC. This is because when the P-BCH symbols are multiplexed at the OFDM symbol position near the S-SCH, the S-SCH, which is continuously multiplexed along the frequency domain, is used as a reference. However, in a high mobility environment, channel estimation accuracy in PVS using the S-SCH as a reference is degraded because the S-SCH is multiplexed only at the second last OFDM symbol position of the first slot of each sub-frame. Meanwhile, the reference signals used for channel estimation of SFBC are multiplexed with a higher density in the time domain at each slot. Thus, channel estimation accuracy in SFBC is better than that for PVS in a high mobility environment.
· Control signal for the number of transmission antennas
PVS is transparent with respect to the application of transmit diversity, since the same scheme is used as that in the S-SCH, which is used as a reference. Thus, PVS does not need a control signal for the number of transmission antennas of a Node B. SFBC however needs a one-bit control signal for the number of transmission antennas of the Node B, which is carried by the S-SCH.
5.2. Simulation Results

We compare the PER performance using PVS and SFBC considering channel estimation, assuming the simulation parameters given in Table 1. In this evaluation, we assume one or two-antenna transmission at the Node B. First, Fig. 4 shows the average PER performance as a function of the average received SINR using PVS and SFBC without temporal soft-combining (i.e., M = 1) for fD = 5.55 Hz. TDM-based multiplexing of the P-BCH is assumed for PVS and FDM-based multiplexing is assumed for SFBC. The reference signal and the S-SCH are used for channel estimation of SFBC and PVS, respectively. The required average received SINR with one-antenna transmission using the reference signal or the S-SCH for channel estimation is given for comparison. Figure 4 shows that the performance of SFBC is improved by approximately 1 dB compared to that of PVS when temporal soft-combining is not employed. This is because the transmit diversity gain using PVS is not obtained when the number of transmissions is one. 
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Figure 4 – Comparison between PVS and SFBC for P-BCH without temporal soft-combining

Next, Figs. 5(a)-5(d) show the average PER performance as a function of the average received SINR using PVS and SFBC for fD = 5.55, 55.5, 222.2, and 647.5 Hz, respectively. The required average received SINR with one-antenna transmission using the reference signal or the S-SCH for channel estimation is given for comparison. The number of P-BCH transmission bursts in a 40-msec duration is M = 4 and the total repetition factor is set to 36. 
Figure 5(a) shows that the required average received SINR with SFBC and PVS is almost the same under low mobility conditions since the performance of PVS is improved using temporal soft-combining due to an increasing transmit diversity gain. Meanwhile, Fig. 5(b) shows that the required average received SINR with SFBC is improved by approximately 0.3 dB compared to that with PVS for fD = 55.5 Hz. This is because the transmit diversity gain of PVS becomes relatively small due to the time diversity gain using temporal soft-combining. Figure 5(d) shows that the required average SINR with SFBC is degraded by approximately 0.3 dB compared to that with PVS for fD = 647.5 Hz. This is because the channel estimation accuracy using the reference signal for SFBC is degraded under very high mobility conditions. 
In summary, SFBC and PVS are comparable from the viewpoint of the PER performance with temporal soft-combining. However, our preference is SFBC for the P-BCH considering the self decodable configuration since the performance using SFBC is better than that using PVS without temporal soft-combining.
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(a) fD = 5.55 Hz                                                    (b) fD = 55.5 Hz
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(c) fD = 222.2 Hz                                                     (d) fD = 647.5 Hz

Figure 5 – Comparison between PVS and SFBC for P-BCH with temporal soft-combining
6. Conclusion
This contribution presented the following issues on the P-BCH.
· The use of four P-BCH transmission bursts within a 40-msec TTI is preferred to two bursts based on the required average received SINR at the average PER of 10-2.
· The required total repetition factor including the channel coding rate is 24-48 assuming the support of the cell edge condition such as the average received SINR of less than -6 dB.
· We prefer blind detection through a change in the scrambling sequence for each transmission burst of the P-BCH within 40 msec.
· SFBC is preferred for the P-BCH considering the self decodable configuration, although the required average received SINR at the average PER of 10-2 using SFBC and PVS with temporal soft-combining is almost the same under low-to-high mobility conditions.
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