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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 of 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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.Still there are many open issues regarding the BCH such as which transmit diversity scheme to use when there are multiple transmit antennas, exact location of BCH symbol, what kind of pilots to use to decode BCH. In this contribution, several of such issues are discussed through simulation, which can be summarized as follows
1. Performance comparison of transmit diversity for BCH 

2. Performance comparison when decoding BCH among using SCH pilots, scattered pilot and inband pilot.
3. Performance comparison when decoding BCH between using S-SCH and P-SCH in a tight synchronized system
Simulation and discussion on similar issues were also presented by other companies, such as in ‎[2], Nokia comparing different transmit diversity schemes; In ‎[3], TI showed that the performance of  cell search and cell information detection will be degraded in a tight synchronized system. 

From the evaluation presented in this contribution, along with similar observations noticed from other companies, several recommendations can be made as follows

1. Among different transmit diversity scheme for BCH, it is noticed that SFTC performs the best, however, as SFTC required the UE to know the configuration of transmit antennas, it is recommended to adopt SFTC for extended BCH decoding once the transmit antenna configuration is already available at the UE by decoding basic 1.25 MHz BCH. For initial 1.25 MHz BCH decoding, it is recommended to use FSTD as this scheme provides better performance than other schemes such as CDD especially with correlated channels ‎[4]. 

2. From the comparison of decoding performance of BCH when different type of pilots are used for channel estimation, such as using SCH as pilot, or using scattered pilots, or using BCH inband pilot, it is noticed that using SCH as pilot offers best performance followed by using scattered pilot and  then inband pilot. This is simply due to the fact that the density of SCH pilot is the highest, followed by scattered pilots and the density of inband pilots is the lowest. It is therefore recommended to use SCH for channel estimation to decode BCH whenever is possible. 
3. In a tight synchronized system, the BCH decoding performance using P-SCH is worse than using S-SCH, and therefore, it is recommended to use S-SCH to decode BCH in this scenario. There is some performance degraduation by using P-SCH to decode BCH. However even with this degradation, SCH based channel estimation can still provide similar performances as scattered pilot based channel estimation due to channel estimation gain from denser pilots in SCH. 
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 BCH detection.  This issue is not addressed in current TR ‎[1]. However, there are a number of transmit diversity schemes being proposed for other channels such as unicast, control channels. Among them, the most promising candidates are:
· Spatial frequency transmit coding (SFTC), where Alamouti coding is applied along frequency direction
· Frequency switch transmit diversity (FSTD), where each transmit antenna transmits tones alternatively, e.g., antenna 1 transmits all even number tones while antenna 2 transmits 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 results presented in this section assumes two transmit and two receive antennas. The SCH and BCH structures are illustrated in Figure 1, where it is assumed that BCH symbol is right after SCH symbol. In SCH symbol, tones are alternatively transmitted from each antenna and can be used as pilots. No inter-cell interference is modeled on SCH during channel estimation. The channel estimation is done through de-noising filtering followed by ZF to get the channel estimation on each tone. After channel estimation are obtained, they can be used directly to decode BCH if the transmit diversity schemes used are SFTC or FSTD. If CDD is used, an equivalent channel should be formed by channel estimation from transmit antennas 1 and 2. 
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Figure 1: SCH and BCH structure

The simulation parameters used are summarized in Table 1 and for CDD, the cyclical delay used is equivalent to half of the FFT size. 
	System bandwidth
	5 MHz

	FFT size
	512

	Sampling frequency
	7.68 MHz

	Used sub-carriers
	300

	Channel model
	Flat fading and Typical Urban 3kmph

	Antenna correlation
	No

	No of Tx Antennas
	2

	No of Rx Antennas
	2


Table 1: Simulation parameters for BCH decoding with transmit diversity
Figure 2 and Figure 3 contains the BCH decoding performances using different transmit diversity schemes, for flat fading and TU channels, respectively. For comparison, curves with ideal and estimated channel are all illustrated as well as those of 1x2 with MRC receiver. 
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Figure 2: BCH transmit diversity comparison for flat fading channel
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Figure 3: BCH transmit diversity comparison for TU 3 km channel
From the plots, some observations can be made:

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

· FSTD and CDD provide similar performance for both ideal and channel estimation, 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 SFTC provided the best performance among all transmit diversity schemes studied, it is desired to use this scheme for transmit diversity for BCH. However, as SFTC requires the UE to have the knowledge of transmit antenna configuration, it is not suitable for initial basic 1.25 MHz BCH decoding. It is however a good candidate for extended BCH decoding 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 this scheme is transparent to UE,. It could also provide better performance than CDD in correlated channels. On implementation side, CDD require more complexity as it has to form equivalent channels in its channel estimation. 
3 BCH Decoding using Different types of Pilots for Channel Estimation
To decode BCH, several types of pilots can be used for channel estimation. One of them is SCH, which, as shown in Figure 1, is used in the previous section. The other types of pilots include inband pilots, which as shown in Figure 4, are embedded in BCH symbol, for example in the scenario where BCH is transmitted in the reference symbol, and scattered pilots, which are contained in the first and the fifth symbol in each sub-frame as illustrated in Figure 5.  In this section, BCH decoding performance is compared when these three types of pilots are used for channel estimation. 
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Figure 4: BCH inband pilot
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Figure 5: Scattered pilot
The simulation parameters used are similar as those summarized in Table 1. The channel estimation used in general include two steps: one is to use a FIR filter to filter along frequency direction to reduce noise and the second step is to apply linear interpolation to get the channel estimation for the rest tones. 
The simulation results are illustrated in Figure 6 for flat fading channel, and in Figure 7 for TU 3km channel, respectively. From the plots, it can be noticed for flat fading channel, all these three types of pilots provide similar performance, which is understandable, as the channel is very flat. For TU channel, which is quite dispersive along frequency direction, BCH decoding performance using SCH as pilot provides the best performance among the three types of pilots, which is followed by using the scattered pilots, while those using inband pilot perform the worst. This is because SCH provides the highest density of pilot along frequency direction, followed by scattered pilots and the inband pilot density is the lowest.  
Based on this observation, it is recommended to use SCH as pilot to decode BCH wherever is applicable. 
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Figure 6:BCH performance comparison using different types of pilots in flat fading channel
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Figure 7: BCH performance comparison using different types of pilots in TU 3km  channel
4 BCH Decoding using P-SCH and S-SCH

In decoding BCH using SCH as pilots, one can use two types of SCH, one is the primary SCH (P-SCH), which is common to all the cells. The other is the cell specific SCH (S-SCH),  which is only known to each specific cell. In this section, the performance of decoding BCH between using P-SCH and S-SCH are compared. 
Again, the SCH and BCH structure used in this section are shown in Figure 1. Two transmit antennas are assumed, therefore, SCH tones are transmitted alternatively from each transmit antennas as indicated in the figure and are used as pilot in BCH decoding. BCH, uses SFTC to achieve the transmit diversity gain.
To simulate a tight synchronized system, UEs are dropped randomly in the center cell surrounded by 19 cells which each have 3 sectors as shown in Figure 8 as follows. 

[image: image9]
Figure 8: A tight sync system layout

There are three variables associated with each path represented by an arrow in Figure 8, indexed by p, 
1) A Group delay τp equal to the distance to the UE divided by the speed of light

2) A Shadow fading value sp.

3) A fast fading channel hp which follow the TU model with velocity 3 km/h
The Shadow Fading value is specified as in Table 2.
	Seed =128
	Atn pts to: Hex side
	Atn BW= 70
	Front to Back Ratio: 20

	Site to Site dist: 1.732 km or 500 m
	Min separation: 32m
	Path loss Constant loss=15.3 dB
	Path loss exp:3.76

	Shadowing  STD= 8
	BS shadowing Cor.=0.5
	Mobile noise figure= 9
	


Table 2: Shadow fading values
These parameters correspond to the Macro cell system simulation baseline parameters of Table A.2.1.1-3 of ‎[1]. 

For a tight synchronized system, the received SCH for receiver i can be expressed as
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If PNp is P-SCH, which means it is common for all of the transmitters,  then the received SCH signal can be written as
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So instead of 
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, the channel estimation from SCH will obtain the composite channel  
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.  This will lead to performance degradation in decoding the BCH. 
 If PNp is S-SCH,  the received SCH signal can then be written as
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and it is possible to get more accurate estimation of individual channel 
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As BCH signals from different cells are different no matter whether P-SCH or S-SCH are used, the received BCH signal at receiver i can be written as 
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To simulate the scenario, some simplifying assumptions are made 
1) The UE synchronizes itself with the first received signal with group delay of τ1.  

2) The SCH is made up entirely of known BPSK symbols, which have a uniform distribution.

3) The interference on BCH, (i.e.
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), is  modeled as AWGN.

4) The BCH data is encoded using a Rate 1/3 turbo code, and 4QPSK.
To generate the link level curves, a large number of drops are simulated,  and according to obtained SNR, these drops were grouped into 30 subgroups and the BLER in each group were. 

The following parameters were used:
	System bandwidth
	5 MHz

	FFT size
	512

	Sampling frequency
	7.68 MHz

	Used sub-carriers
	300

	Channel model
	Typical Urban 3kmph

	No of Tx Antennas
	2

	No of Rx Antennas
	2

	Channel Estimation
	Using P-SCH or S-SCH


Table 3: Simulation parameters for BCH decoding using P-SCH and S-SCH
The simulation was repeated for a cell size of both 1.732 km and 500 m and the results were shown in Figure 9 and Figure 10, respectively. From the plots, it can be noticed the performance of using P-SCH to decode BCH is about 1.5 dB (seen at 1e-2 BLER) worse than that of using S-SCH if cell size is 1.732 km. If cell size is smaller, performance difference is getting larger, for example for cell size of 500 m, it becomes about 2 dB worse.  The observations are expected as in a tight synchronized system, the channel estimation obtained from using P-SCH is the composite channel instead of individual channel, and the smaller the cell size is, the larger interference the channel estimation will get, therefore the performance will be degraded if it is used to decode BCH
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Figure 9: BCH decoding performance using P-SCH and S-SCH for 1.732 km cell size
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Figure 10: BCH decoding performance using P-SCH and S-SCH for 500 m cell size
5 Conclusion
From the simulation results presented in this contribution, several recommendations can be made:
· SFTC provided the best performance among a number of transmit diversity schemes evaluated for decoding BCH. we therefore recommend to use SFTC as transmit diversity for extended BCH decoding when the transmit antenna configuration is available for UE through basic BCH decoding.
· FSTD provides slightly better performance than CDD with less implementation complexity, therefore, we recommend to use FSTD for basic BCH transmit diversity.
· Using SCH as pilot leads to better BCH decoding performance than using scattered and inband pilots, thus, using SCH as pilot should be considered for BCH decoding wherever is possible.  
· When using SCH as pilot in decoding SCH, it is noticed that using S-SCH provides better performance than that of using P-SCH in a tight synchronized system. However the overall performance is still comparable to in-band pilot and scattered pilot cases.
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