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1. Introduction
According the discussed results on cell search by e-mail reflector, the BCH is placed at a well-defined time instant after/before the downlink SCH by the time delay/advance of  (Here BCH just used to provided limited set of system information of needed to access the system, such as the system bandwidth, the number of transmission antennas, CP length of sub-frameHowever, the method to define are rarely disused. In this contribution, the principles to define are discussed. Based on these principles, several methods to define the are presented.
2. Design Principles
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Figure 1. Two possible definitions on action zone of  
Figure 1 shows two possible definitions on action zone of . In our opinion, method (a) is preferred because the start timing of the FFT window for BCH can be directly indicated after the timing of SCH is achieved. In addition, the following principles should also be considered when considering 
1. It should be a constant independent the variation in cyclic prefix length. In this way, UE can obtain the received BCH after the timing of SCH is achieved. The information indicates the CP lengths of the sub-frames in which BCH are transmitted can be avoided.
2. The reference symbols used to the demodulation of BCH should be easily obtained. It is desired that the effect of variation in cyclic prefix length can be avoided.
3. It should not be very large (i.e. several sub-frames), this is especially true when SCH can be used as reference symbols to enhance the performance of BCH.

4. The position of both BCH and SCH provide the possibility of harmonizing the cell search scheme between TDD and FDD systems.

5. To save the time of cell search, it is preferred that a simple channel estimation (i.e. simple frequency interpolation, instead of interpolation between sub-frames) can be used to the demodulation of BCH compared with channel estimation for traffic channels. To achieve this, The BCH should be placed at the position near reference symbols. 
3. Proposed Methods
According the discussed results on cell search by e-mail reflector, three SCH symbol multiplexing methods are provided to achieve constant transmission timing within a sub-frame.

SCH Method 1: SCH symbol multiplexing on the last OFDM symbol within a sub-frame.

SCH Method 2: SCH symbol multiplexing on the first OFDM symbol within a sub-frame and mandating a short CP length for that OFDM symbol when both short and long CP lengths are used in a cell.

SCH Method 3: Mandatory usage of the same CP length (either short CP or long CP) for all the sub-frames to which the SCH is multiplexed, along with possible restrictions on the multiplexing of the MBMS channel.

Based on SCH Method 1~3, several methods to keep  as a constant are discussed in the following.

In the case of SCH Method 1, to keep  as a constant, BCH and SCH should be placed in the last symbol of different sub-frames. The position of BCH and SCH is illustrated in Figure 2-1.
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Figure 2-1 transmission timing of downlink BCH and SCH 
Benefits: 

1. The BCH timing can be achieved based on sub-frame timing .No information about CP length is needed.

2. It allows flexible CP length allocation, i.e., allocation of long and short CP to any sub-frame without restrictions from the SCH /BCH detection perspective.

Drawbacks:

1. To demodulate BCH, the information indicates the CP length of the sub-frame in which reference symbols are transmitted should be obtained firstly because reference symbols are located in the first and third last OFDM symbol of sub-frames.

2. Both BCH and SCH are located the last symbols of sub-frame. This may increase the difficulty of harmonizing the cell search scheme both TDD and FDD systems 

3. The smallest value of  is 433us. It is difficult to enhance the performance of BCH by using SCH even it can be used as reference symbols.

In the case of SCH Method 2, to keep  as a constant, BCH and SCH should be placed in the first symbol of different sub-frames. The position of BCH and SCH is illustrated in Figure 2-2.
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Figure 2-2 transmission timing of downlink BCH and SCH 
Benefits: 

1. Both BCH and first reference symbols timing can be achieved based on sub-frame timing .No information about CP length is needed.

2. The BCH and first reference symbol are multiplexed on the same OFDM symbol; the performance of BCH can be persevered even in the high speed channel environments. 
3. It provides the possibility that both TDD and FDD use the same cell search scheme.

Drawbacks:

1. The smallest value of  is 433us. It is difficult to enhance the performance of BCH by using SCH even it can be used as reference symbols. Yet this may be rather important when UE is in high Doppler frequency /delay spread channel or CDD (cyclic delay diversity) is used for BCH.
2. Both SCH and BCH cannot be applied long CP, which may degrade the performance in high delay spread environment.
It should be noted that it is difficult to keep  as a constant when BCH and SCH are multiplexed on the same sub-frame in the case of SCH Method 1 and 2.

In the case of SCH Method 3, Wether BCH and SCH are multiplexed on the same sub-frame or not, it is possible to keep  as a constant. The possible position of BCH and SCH are illustrated in Figure 2-3~5.
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Figure 2-3 transmission timing of downlink BCH and SCH 
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Figure 2-4 transmission timing of downlink BCH and SCH
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Figure 2-5 transmission timing of downlink BCH and SCH

Benefits: 

1. The timing of BCH can be achieved based on the sub-frame timing. No information about CP length is needed

2. The reference symbols corresponding the demodulation of BCH can easily obtained without the knowledge of CP length.
3. It provides the possibility that SCH are multiplexed with the first or second reference symbols, which provide the possibility of reducing the overhead of the system.

4. It provides the possibility that both TDD and FDD use the same cell search scheme.

5. If SCH can be used as reference symbols, the demodulation performance of BCH can be improved. This may be very useful in the case of high Doppler frequency/delay spread channel or CDD (cyclic delay diversity) is used for BCH .
Drawbacks:

1. Some restrictions on the transmission should be made when different length is used for SCH and MBMS.
4. Simulations

To save time of cell search, it is preferred that a simple channel estimation (i.e. simple frequency interpolation, instead of interpolation between sub-frames) can be used to the demodulation of BCH compared with channel estimation for traffic channels. In this section, the proper positions within a sub-frame for BCH are evaluated by simulation. It assumes that BCH are multiplexed on only one OFDM symbol within a sub-frame. The simulation parameters are shown in Table 1. The results are for a 1.25 MHz channel.

Table 1: simulation parameters

	BCH channel bandwidth
	1.25 MHz

	Carrier frequency
	2GHz

	Number of sub-carriers
	76

	Sub-carrier spacing
	15 kHz

	Radio frame length
	10 ms

	Number of OFDM symbols in a sub-frame
	6/7

	MCS
	QPSK,TC, 1/2

	Number of Tx/Rx antenna
	1/2

	Channel model
	TU 

	Vehicle speed
	120km/h, 350km/h 

	Channel Estimation
	Only first reference symbols are used, frequency interpolation 
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Figure 4-1 BCH performance of BCH at a vehicle speed of 350km/hr(Number of OFDM symbols in a sub-frame = 6)
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Figure 4-2 BCH performance of BCH at a vehicle speed of 120km/hr(Number of OFDM symbols in a sub-frame = 6)
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Figure 4-3 BCH performance of BCH at a vehicle speed of 350km/hr(Number of OFDM symbols in a sub-frame = 7)
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Figure 4-4 BCH performance of BCH at a vehicle speed of 120km/hr(Number of OFDM symbols in a sub-frame = 7)

Figure 4 shows the BLER performance of BCH at a vehicle speed of 120km/hr and 350km/hr. The simulation results show that simple channel estimation can be used for BCH if the time domain “distance” between BCH and reference symbols is small (i.e. no more than two OFDM symbols) even the speed of UE is high. 
5. Conclusion

1.  should be a constant independent the variation in cyclic prefix length. In this way, UE can obtain the BCH timing based on sub-frame timing directly. The information indicates the CP lengths of the sub-frames in which BCH/SCH are transmitted can be avoided.

2. The reference symbols used to the demodulation of BCH should be easily obtained. It is desired that the effect of variation in cyclic prefix length can be avoided
3. When BCH and SCH are multiplexed within the same sub-frame, SCH Method 3 is more promising.

4. When BCH and SCH are not multiplexed within the same sub-frame, SCH Method 1~3 should be investigated. 
5. When the time domain spacing between BCH and reference symbols is small (i.e. No more than two OFDM symbols), it is possible that the demodulations of BCH can be realized with a simple channel estimation.
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