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1 Introduction
According to TR 25.814 and TR 25.912, the broadcast channel (BCH) is defined. BCH is transmitted in the central part of the transmission bandwidth of the cell one or multiple times every 10 ms radio frame. There are two possible frequency structures: 

1. The constant bandwidth of 1.25 MHz is used for the downlink BCH, regardless of the overall transmission bandwidth of the cell.
2. The BCH may be transmitted over a 5 MHz frequency band to increase the frequency diversity effect when the overall transmission bandwidth is equal to or wider than 5 MHz. To reduce the decoding complexity of the BCH, the UE may acquire the BCH bandwidth from SCH.
In Athens RAN1 #44bis, Nortel submitted a contribution discussing the BCH structure [3].  In RAN1 #45, several contributions, for example [4-6], were submitted addressing the issues regarding to the position of the BCH for 20 MHz cell transmission bandwidth.

In this contribution we further discuss the bandwidth and position of the BCH. We also propose a solution to enable the application of the Tx diversity technology without the prior knowledge of the number of the transmit antennas in the cell.
2 BCH structure
The BCH is used by Node-B to carry certain set of cell-specific and system specific information, for example, the cell configuration, the antenna configuration, the overall transmission bandwidth of the cell and etc... According to [1], the BCH can be transmitted periodically in any pre-defined location in each frame. However in order to make use of the channel information obtained from the SCH to detect the BCH, the BCH is better to appear in the same TTI as the SCH and locate close to the SCH symbol.
To apply multiple transmission bandwidths of the BCH as defined in [1], the information regarding the BCH bandwidth should be detected by the UE before decoding BCH. This can be done based on SCH or the reference channel. However this implies increased signalling overhead and cell search complexity.
We propose to separate the BCH into two parts in the frequency domain, one is the basic BCH and the other one is the extended BCH. Both the basic BCH and the extended BCH should be received by all UEs in the cell. The basic BCH transmits most important system parameters which is the necessary information in order to further decode the extended BCH, for example the antenna configuration, the overall transmission bandwidth, the bandwidth of the extended BCH and CP. The extended BCH transmits the leftover broadcast-control signaling. 
More specifically the basic BCH occupies the central 75 sub-carriers. If the overall transmission bandwidth of the cell is equal to or larger than 2.5 MHz, the extended BCH will be transmitted in the leftover spectrum. The total bandwidth of the BCH, including the basic BCH and the extended BCH, should not exceed the maximum BCH bandwidth, for example 50 MHz. For the case when the cell transmission bandwidth is larger than the maximum BCH bandwidth, other channel can be transmitted by the leftover spectrum. Figure 1 gives an example of the bandwidth allocation of the basic BCH and the extended BCH.
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Figure 1 the frequency structure of BCH
3 SCH bandwidth and location for 20 MHz transmission bandwidth scenario
To allow 10 MHz capability UE to detect the BCH when sitting at the lower half or upper half of the overall 20 MHz transmission band without the change of the carrier frequency, the BCH should be transmitted twice in lower 10 MHz band and upper 10 MHz band respectively.

Both the basic BCH and the extended BCH are transmitted in two 10 MHz bands. The same maximum BCH bandwidth can be used as in other transmission bandwidth scenarios, see figure 2 for an example.
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Figure 2 BCH arrangements for 20 MHz band

4 Transmit diversity scheme for BCH
To enhance the BCH coverage, transmit diversity should be applied by Node-B with more than one transmit antennas. 
Several transmit diversity schemes may be considered:

· Block code based transmit diversity, for example SFBC 

· Frequency switched transmit diversity (FSTD)

· Cyclic delay diversity (CDD)

· Time switched transmit diversity (TSTD)

The block code based transmit diversity provides a best diversity performance. However it requires a prior knowledge of the number of the transmit antennas. One possible signalling mechanism is to use the SCH or the reference symbols to provide the antenna configuration of the transmit antenna of the cell. This may introduce an additional overhead and the detection complexity of the SCH or the reference channel.
Time switched transmit diversity can only be obtained from multiple BCH transmissions by multiple symbols. Moreover the diversity performance is the worst amongst the four candidates.

The frequency switched transmit diversity scheme and cyclic delay diversity scheme provide better diversity performance than TSTD. In addition, FSTD and CDD are transparent to UE in the sense that the same detection algorithm can be applied regardless the number of the transmit antennas of the cell. However UE still needs to know the BCH transmission scheme if the channel information is obtained from the reference symbols. To support a real transparent BCH transmission, it is better to use the channel information obtained from the SCH with the similar transmission scheme. Figure3 is an FSTD based antenna mapping example of BCH and SCH. The subcarrier transmitting the SCH/BCH is partitioned into two groups, for example the odd indexed group and the even indexed group. If the number of the transmit antenna is more than one, the even indexed subcarriers are used by the second antenna while the odd indexed sub-carriers are used by the first antenna. The channel estimation is always done separately for the two groups based on the SCH belonging to same group regardless the number of the transmit antenna.  It should be mentioned that the BCH should be transmitted by the symbol close to the SCH symbol to get a better channel estimation of the BCH.  
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Figure 3 Example of the antenna mapping of BCH
In [7], SFBC, FSTD and CDD were compared. The simulation result shows that SFBC outperforms FSTD and CDD. Although the performances of FSTD and CDD are similar for the un-correlated channel, FSTD is more robust in the case of correlated channels. 

To facilitate the blind BCH detection without the prior knowledge of the antenna configuration of the cell and meanwhile to provide more transmit diversity gain, we propose a two steps BCH detection solution. FSTD is applied to the basic BCH and SFBC is applied to the extended BCH. UE detects the basic BCH blindly at first. After that UE knows the number of transmit antennas from the basic BCH and then UE can decodes the extended BCH accordingly.

5 Access procedure

An access procedure example is shown in figure 4. 
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Figure 4 Access procedure
6 Conclusions
The whole BCH consists of the basic BCH and the extended BCH. The basic BCH is transmitted with FSTD through a fixed 1.25 MHz bandwidth. The extended BCH could be transmitted with SFBC over  all or partial of the leftover spectrum if the cell transmission bandwidth is broader than 1.25 MHz.
Two steps BCH detection is proposed. The basic BCH is detected blindly at first. After decoding the basic BCH, UE obtains the information of the extended BCH bandwidth and the antenna configuration of the cell. Then the extended BCH can be decoded as well.
For 20 MHz transmission bandwidth, the extended BCH should be transmitted repeatedly in lower 10 MHz band and upper 10 MHz band.
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