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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 the SCH and BCH are transmitted one or multiple times every 10 ms radio frame. The BCH is placed at a well-defined time instant after/before the downlink SCH by a time delay/advance of τ. However, there are still a number of issues regarding the BCH that are not finalized, such as which transmit diversity scheme to use, how to do channel estimation for BCH decoding etc. Some simulations and discussions have been presented by other companies; in [2] Nokia compared different transmit diversity schemes, in [3] TI presented some results regarding BCH detection in tightly synchronized network, and in [4] ETRI proposes TSTD as a diversity scheme. 
In this contribution, we attempt to answer some of the above issues through simulation. From the simulations presented in this contribution, several recommendations can be made
1. SFBC provides the best performance among all transmit diversity schemes investigated, it is recommended that this scheme be used for transmit diversity for the BCH. However, as SFBC requires that the UE has knowledge of transmit antenna configuration, it is not suitable for the initial basic 1.25 MHz BCH detection if the transmit antenna configuration information is not transmitted by SCH. It is however a good candidate for the extended BCH, as the UE obtains the transmit antenna configuration from the basic BCH.
2. When SCH does not carry the transmit antenna configuration information, FSTD should be used for the initial 1.25 MHz BCH, as it has the best performance, next to SFBC, and the antenna configuration is transparent to the UE 
3. When BCH information is repeated over multiple BCH symbols, the antenna mapping should be switched alternately. Additional diversity could be obtained to improve the performance of BCH detection.

4. It is also recommended that the BCH be placed beside the SCH symbol so that the SCH can be used to aid channel estimation for BCH decoding. 

2 BCH Decoding using Different Transmit Diversity Schemes

If there is more than one transmit antenna, transmit diversity can be used to enhance the coverage performance of the BCH.  Currently there are several options in the TR [1], but no decision has been made.  The most promising candidates are:

· Space Frequency Block Coding (SFBC): Alamouti coding applied along frequency direction

· Frequency Switch Transmit Diversity (FSTD): 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 cyclically shifted version of the signal transmitted on the first antenna is transmitted on the additional antennas.  For simulation purposes, the cyclical delay used is equal to half of the FFT size.
· Time Switching Transmit Diversity (TSTD):  Only one transmitter is used at one time, with the active antennas alternating each BCH transmitted.  i.e. Antenna 1 transmits the first BCH symbol and antenna 2 transmits the second, with antenna 1 transmitting the third and so on.  
We also propose hybrids of TSTD and the other main transmit diversity schemes.  The idea is to switch the transmit antennas when a retransmission of the BCH occurs.  If, for example, hybrid SFBC-TSTD is to be generated, the first BCH would be identical to that using just SFBC, however for the second transmission the antenna assignment would be reversed, i.e. what was previously transmitted by antenna 1 is now transmitted by antenna 2 and vice versa.  This is shown in Figure 1.
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Figure 1 Hybrid TSTD scheme
Note that for TSTD we have considered two power constraints.  The first called sum power constraint allows the single transmitter to transmit twice as much power as the individual transmitters in the other methods, i.e. we that the power which would have been transmitted by the 2nd transmitter can transferred to the first.  Because in a multi-transmitter environment this is often not a very good assumption, we have also simulated an individual transmitter power constraint in which each transmitted has a maximum power it can transmit.  The other transmit diversity schemes have equal performance for both of these power constraints.  The simulation parameters used are summarized in Table 1. 
Table 1: Simulation parameters for BCH decoding with transmit diversity
	BCH transmission bandwidth
	1.25 MHz

	FFT size
	128

	Sampling frequency
	1.92 MHz

	Used sub-carriers
	75

	Channel model
	GSM TU

	Number of Tx antenna
	2

	Number of Rx antenna
	2

	Channel Estimation
	MMSE based on the SCH

	Coding
	Convolutional Code, Rate 1/2, with Viterbi Decoding
Multiple transmissions combined using MRC

	Number of BCH transmitted
	Transmitted every 5 ms


We have assumed the following SCH/BCH structure.  Hybrid FSTD-TSTD is shown in the figure as an example.  Different transmit diversity schemes would have different BCH patterns but the same SCH, although both TSTD and hybrid TSTD scheme requires a switching of the transmit antennas for the SCH as well.  .
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Figure 2:  SCH-BCH structure, hybrid SFTD-TSTD is shown for the BCH.
In order for the different schemes to be fairly compared, we have considered the case where the SCH and BCH are transmitted several times, with the repeated transmissions occurring every 5 ms, i.e. at the beginning and middle of the 10ms radio frame.  Channel estimation is performed by using the SCH channel as pilot tones. Channel estimation for each SCH/BCH pair is performed independently and does not use information from previously transmitted symbols. Decoding of multiple BCH is performed using maximum ratio combining, followed by Viterbi decoding.
Figure 3 shows the BLER performance of the four different transmit diversity schemes considered.  SFBC has the best performance, followed by both FSTD and CDD.  TSTD has the worst performance as only one BCH is transmitted and TSTD is therefore equivalent to a signal transmit antenna.  
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Figure 3: Comparison of BCH Transmit Diversity, First BCH, effective Code Rate 1/2

When two BCH are transmitted, we see in Figure 4 that the relative performances changes significantly.  SFBC with or without TSTD still performs the best but only marginally better than both FSTD with TSTD and TSTD with a sum power constraint.  CDD is unaffected by TSTD and performs 0.8 dB worse at a BLER of 0.01.  The worst performance is by TSTD is a transmitter power constraint is used.  This pattern is repeated if 2 retransmissions occur as seen in Figure 5.  
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Figure 4: Comparison of BCH Transmit Diversity, 1 Retransmissions Effective Code Rate ¼
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Figure 5: Comparison of BCH Transmit Diversity, 2 Retransmissions Effective Code Rate 1/8

This relative performance is expected in low mobility as both FSTD with TSTD, SFBC and TSTD all capture the full diversity of the channel, assuming that the channel is unchanging.  However if the channel does change, in the case of high mobility for instance, we would expect that TSTD would not be able capture all of the temporal diversity.  This can be seen in Figure 6 and Figure 7 below.  We see that in 5 ms the channel changes enough that there is very little diversity gained in switching transmitters.  The relative performances have therefore returned to those in the no retransmission example.
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Figure 6: Comparison of BCH Transmit Diversity, GSM TU 120 km/h 1 Retransmissions Effective Code Rate ¼
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Figure 7: Comparison of BCH Transmit Diversity GSM TU 120 km/h 1 Retransmissions Effective Code Rate 1/8

From the plots, some observation can be made:

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

· FSTD and CDD provide similar performance for one BCH transmission.

· When TSTD  based hybrid modes are used,  FSTD performs better than CDD, with performance very similar to SFBC.
· TSTD based hybrid modes improve the performance FSTD especially for low mobility users, it has little affect on other transmit diversity schemes.
· TSTD performs very well if multiple BCH are received.  However at high mobility this performance improvement is lessened.  Also note that this method assumes a sum power constraint for the transmit antennas which may not be justified in many situations.

· If a transmit power constraint is imposed then TSTD has much worse performance than the other transmit diversity schemes.
3 Conclusion

Based on the simulation results presented here, some recommendations can be made:
· As SFBC provides the best performance among all transmit diversity schemes investigated, it is recommended that this scheme be used for transmit diversity for the BCH. However, as SFBC requires that the UE has knowledge of transmit antenna configuration, it is not suitable for initial basic 1.25 MHz BCH if the transmit antenna configuration is unavailable. It is however a good candidate for the extended BCH, as the UE obtains the transmit antenna configuration from the basic BCH.

· FSTD should be used to decode the basic 1.25 MHz BCH.  This is because

· It is transparent to UE antenna configuration
· Provides similar or superior performance to CDD in all scenarios.
· When multiple BCH are transmitted a hybrid FSTD-TSTD scheme should be  used to get more for the basic 1.25 MHz BCH.  This method has the best performance in all scenarios, baring SFBC which requires antenna configuration knowledge.
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