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1 Introduction
In ‎[1], it is clearly indicated that the primary purpose of the broadcasting channel (BCH) is to broadcast a certain set of cell and/or system –specific information similar to that current UTRA BCH transport channel. It is also mentioned in ‎[1] that SCH and BCH are transmitted one or multiple times every 10 msec radio frame. The BCH is placed at a well-defined time instant after/before the downlink SCH by the time delay/advance of 
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. However, there are still a number of issues regarding BCH not finalized such as which transmit diversity scheme to use when there are multiple transmit antennas, how to do channel estimation for BCH decoding etc. Up to date some simulation and discussion were presented by other companies, such as in ‎[2], where Nokia compared different transmit diversity schemes and in ‎[3], TI presented some results regarding BCH detection in tightly synchronized network. 
In this contribution, we try to answer some of the above issues through simulations. From the simulation presented in this contribution, several recommendations can be made as follows
1. Among different transmit diversity scheme for BCH, it is noticed that SFBC performs the best, however, as SFBC requires UE to know the configuration of transmit antennas, it is recommended to adopt SFBC for extended BCH decoding after the knowledge of transmit antenna configuration is already available to UE by decoding basic 1.25 MHz BCH. For initial 1.25 MHz BCH decoding, it is recommended to use FSTD as transmit diversity scheme as this scheme provides similar or better performance than other schemes with less complexity and also can be decoded without the knowledge of the configuration of the transmit antenna.
2. It is also recommended to place BCH one symbol ahead of SCH symbol to benefit the use of SCH which has the same antenna mapping scheme as BCH as channel estimation for BCH decoding. The use of SCH as channel estimation provides reasonable performance for BCH decoding. 
2 BCH Decoding using Different Transmit Diversity Schemes
If there are more than one transmit antenna, transmit diversity can be used to enhance the performance of decoding BCH.  Currently there are several options in TR ‎[1] but no decision has been made yet... Among them, the most promising candidates are:
· Space frequency block coding (SFBC), where Alamouti coding is applied along frequency direction
· Frequency switch transmit diversity (FSTD), where each transmit antenna transmits on each alternate tone, e.g., antenna 1 transmits on all even number tones while antenna 2 transmits on all odd number tones. 
· Cyclic Delay Diversity (CDD). The cyclical shifted version of the signal transmitted on the first antenna is transmitted on the additional antennas.    
The simulation parameters used are summarized in Table 1. For CDD scheme, the cyclical delay used is equivalent to half of the FFT size. 
	BCH transmission bandwidth
	1.25 MHz

	FFT size
	128

	Sampling frequency
	1.92 MHz

	Used sub-carriers
	75

	Channel model
	Flat fading and Typical Urban 3kmph

	Number of Tx antenna
	2

	Number of Rx antenna
	2

	Antenna correlation
	No

	Channel estimation
	Ideal


Table 1: Simulation parameters for BCH decoding with transmit diversity
Figure 1 and Figure 2 contains the BCH decoding performances using different transmit diversity schemes, for flat fading and TU channels, respectively. For comparison, curves of 1x2 SIMO with MRC receiver are also included. 
[image: image2.emf]-8 -7 -6 -5 -4 -3 -2 -1 0 1 2

10

-2

10

-1

10

0

SNR [dB]

BLER

Flat Fading 3km/h

 

 

SFTC Estimated CSI

FSTD Estimated CSI

CDD  Estimated CSI

MRC  Estimated CSI


Figure 1: BCH transmit diversity comparison for flat fading channel
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Figure 2: BCH transmit diversity comparison for TU 3 km channel
From the plots, some observation can be made:

· Among all transmit diversity schemes for BCH, SFBC provide the best performance

· FSTD and CDD provide similar performance, however, no channel correlation is assumed here, and it is reported in ‎[2] that FSTD could provide better performance than CDD if channels are assumed correlated.
Based on the simulation results presented here, some recommendation can be made as follows

· As SFBC provides the best performance among all transmit diversity schemes investigated, it is recommended to use this scheme for transmit diversity for BCH. However, as SFBC requires the UE to have the knowledge of transmit antenna configuration, it is not suitable for initial basic 1.25 MHz BCH. It is however a good candidate for extended BCH after the UE obtains the transmit antenna configuration through decoding the basic BCH.

· FSTD should be used to decode the basic 1.25 MHz BCH, as first this scheme is transparent to UE antenna configuration, second it provides similar performance as CDD in un-correlated channels and better performance than CDD in correlated channels. On implementation side, it is believed that FSTD requires less complexity than CDD as later one has to form equivalent channels in its channel estimation. 
3 BCH Performance with Channel Estimation

The SCH and BCH structures in our channel estimation simulation are illustrated in Figure 3, where SCH is assumed to be the last symbol in a sub-frame. To exploit the use of SCH for the channel estimation in BCH decoding, the BCH symbol is placed one symbol ahead of SCH symbol.  In the SCH symbol, tones are alternatively transmitted from each antenna in a FSTD style ‎[4] and can be used as pilots for each antenna. No inter-cell interference is modeled on SCH during channel estimation. BCH also uses FSTD as transmit diversity. By doing so, basic BCH can be blindly detected using the channel estimation obtained from corresponding SCH tones as before decoding basic BCH, UE has no knowledge on antenna configuration and therefore can’t use RS to decode basic BCH. A de-noising filtering is used along frequency direction during channel estimation process. 
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Figure 3: SCH and BCH structure
The parameters used in simulation are the same as shown in Table 1. Figure 4 and Figure 5 illustrate BCH performance with channel estimation, for flat fading and TU channel respectively. From the plots,  it can be noticed that using SCH as pilots, the degradation of BCH decoding performance due to channel estimation is acceptable (about 1  – 1.5 dB).  Therefore, it is recommended to use SCH for channel estimation for BCH decoding. 
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Figure 4: BCH performance with channel estimation in flat fading channel
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Figure 5: BCH performance with channel estimation in TU  channel
4 Conclusion
From the simulation results presented in this contribution, several recommendations can be made:
· SFBC provided the best performance among a number of transmit diversity schemes evaluated for decoding BCH, we therefore recommend to use SFBC as transmit diversity for extended BCH decoding when the transmit antenna configuration is available for UE through decoding basic 1.25 MHz BCH. If the transmit antenna configuration information can be obtained from other approach, we recommend to use SFBC for both basic BCH and extended BCH.
· For basic 1.25 MHz BCH, FSTD provides very similar or better performance than CDD  with less implementation complexity, therefore, we recommend to use FSTD as transmit diversity scheme for basic 1.25 MHz BCH if no prior transmit antenna configuration knowledge can be obtained before decoing basic BCH. 
· Using SCH as pilot leads to small degradation in BCH decoding performance and also allows blind detection of basic BCH, thus, we recommend to place BCH symbol right ahead of SCH symbol and uses SCH to accomplish channel estimation for BCH decoding.  
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