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1 Introduction

It has been agreed that both short and long CP sub-frames are available in the E-UTRA [1].And the cell can switch the CP length sub-frame by sub-frame. In current TR25.814, there are three options to solve the variable CP length problem in detecting SCH. That is,

(1)Putting SCH in the last OFDM symbol in a sub-frame

(2)Putting SCH in the first OFDM symbol in a sub-frame, forcing short CP for that OFDM symbol in a cell which uses mixed CP lengths
(3)Fixing CP length of the sub-frames carrying SCH as either long or short CP in a cell

After initial acquisition through SCH, the UE should detect BCH for system parameters (such as the system bandwidth, the number of transmission antennas, and CP length of sub-frame). In order to reduce the complexity of receiver and fast acquisition of BCH, it is expected that BCH can be detected without the information of CP length. According to the SCH location of the three options above, we discuss the possible location of BCH based on the timing of SCH without CP length information in this contribution.
2 Design principles of BCH timing
The BCH in E-UTRA is placed at a well-defined time instant after/before the downlink SCH by the time delay/advance of This provides the possibility of the timing of BCH can be acquired based on the SCH timing instead of radio frame timing and the radio frame timing can be based on the detection of BCH and SCH. 

In order to acquire of BCH timing based on the SCH timing, the following principles should be considered

·  should be a constant independent the variation in CP length. Therefore 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.

· The reference symbols used to the demodulation of BCH should be easily obtained. It is desired that the effect of variation in CP length can be avoided.

·  should be not be very large (i.e. several sub-frames), especially when SCH can be used as reference symbols for demodulation of BCH. 
· The position of both BCH and SCH provide the possibility of compatibility the cell search scheme between TDD and FDD systems.
· BCH near the reference symbols and the simple channel estimation method (i.e. simple frequency interpolation, instead of interpolation between sub-frames) are expected for saving the time of cell search
3 Proposed location of BCH 
From the contributions of most companies, the option of BCH divided into primary BCH and secondary BCH is presented. We also agree that BCH is divided into two parts: primary BCH and secondary BCH. Primary BCH contains the primary information to access the carrier and a cell, such as system bandwidth and transmit antenna configuration. Secondary BCH contains cell specific information. To simplify, here BCH is referred to primary BCH. According to the three case of possible location of SCH, we discuss the location of BCH for constant as the following
(1) Case 1: SCH is located in the last symbol of the sub-frames
In this case, BCH and SCH can not be multiplexed on the same sub-frame in order to obtain constant . There are two options for the purpose of constant 
Option 1: BCH and SCH are placed in the last symbol of different sub-frames
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Figure 2-1 transmission timing of downlink BCH and SCH 
There are some advantages as follows: 

· The BCH timing can be achieved based on sub-frame timing without the information about CP length.

· 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.

The disadvantages as follows:
· The CP length of the sub-frame in which reference symbols are transmitted should be obtained firstly for demodulation of BCH.

· Both BCH and SCH are located in the last symbols of sub-frames, which may increase the difficulty of compatibility the cell search scheme both TDD and FDD systems 

· Demodulation of BCH is depended on the reference symbol and can not use SCH for channel estimation especially when UE in high speed. In the case of frequency selective fading channel, the performance of BCH will decrease if channel estimation of BCH is only through the first reference symbol. It is better for demodulation of BCH through SCH than only through the reference signal because SCH have high frequency density.
· 0.5ms of  makes large decode delay of BCH since BCH can be decoded after SCH timing.
Option 2: SCH is placed in the last symbol of the sub-frame, and BCH is placed in the first symbol of another sub-frame, forcing the OFDM symbol of BCH with short CP
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Figure 2-2 transmission timing of downlink BCH and SCH
There are some advantages as follows:
· The BCH timing can be achieved based on sub-frame timing without the information about CP length of sub-frame.

· Since SCH is near BCH, both SCH and first reference symbol can be used for demodulation of BCH, which provide good channel estimation.
· The decode delay of BCH is very low since SCH is near BCH.
The disadvantages as follows:

· The conflict of Power allocation will occur between BCH and reference signal in the same symbol since both of them need high power level. 
(2)Case 2: SCH is located in the first symbol of the sub-frames
In this case, BCH and SCH can not be multiplexed on the same sub-frame in order to maintain constant . There are two options for the purpose of constant 

Option 1: SCH and BCH are placed in the first symbol of the different sub-frame, forcing the OFDM symbol of SCH and BCH with short CP
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Figure 2-3 transmission timing of downlink BCH and SCH 
There are some advantages as follows: 

· Without information about CP length, both BCH and first reference symbols timing can be achieved based on sub-frame timing.
· The performance of BCH can be persevered even in the high speed channel environments for BCH and the first reference symbol are multiplexed on the same OFDM symbol. 

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

The disadvantages as follows:

· Both SCH and BCH can not use long CP, which may degrade the performance in high delay spread environment.
· 0.5ms of  makes large decode delay of BCH since BCH can be decoded after SCH timing.
· The conflict of Power allocation occurs between BCH and reference signal in the same symbol since both of them need high power. Moreover, the same conflict occurs between SCH and reference signal.
Option 2: SCH is placed in the first symbol of the sub-frame, and BCH is placed in the last symbol of another sub-frame, forcing the OFDM symbol of SCH with short CP 
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Figure 2-4 transmission timing of downlink BCH and SCH
There are some advantages as follows:
· The BCH timing can be achieved without the information about CP length of sub-frame.

· SCH can be used as reference symbol of BCH, which provide good channel estimation when BCH is near SCH.
· The decode delay of BCH is very low since SCH is near BCH.
The disadvantages as follows:

· SCH can not use long CP, which may degrade the performance in high delay spread environment.
· The conflict occurs between SCH and reference signal in the same symbol. SCH is cell-common signal and reference signal is cell specific signal, therefore they can not coexist in the same sub-carrier. 
(3)Case 3: Mandatory usage of the same CP length (either short CP or long CP) for all sub-frames to which the SCH is multiplexed 
In this case, SCH and BCH are multiplexed in the same sub-frame for constant . The location of BCH and SCH may be in any OFDM symbol of the sub-frame. It is benefit for channel estimation of BCH by using SCH as reference symbol when SCH is near BCH. We prefer the location of BCH is near SCH and is not in the symbol of reference signal. One example is as figure 2-5:
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Figure 2-5 transmission timing of downlink BCH and SCH

There are some advantages as follows: 

· Without the information about CP length, the timing of BCH can be achieved by constant  after the timing of SCH is achieved. 
· The reference symbols corresponding the demodulation of BCH can easily obtained without the knowledge of CP length.
· 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.

· The decode delay of BCH is very low since SCH is near BCH.
The disadvantage is:

· Some restrictions on the transmission should be made when different CP length is used for SCH and MBMS.
4 Conclusion

In this contribution, several methods of BCH timing detection are proposed. According to the proposal, constant  can reduce the complexity of receiver when the timing of BCH detection based on SCH timing, because the information about the CP length of the sub-frames in which BCH/SCH are transmitted can be avoided. And the SCH can be used for channel estimation of BCH when it is near BCH. Considering the factors such as the complexity of receiver, the performance of BCH, we prefer option 2 of Case 1 (SCH is placed in the last symbol of the sub-frame, and BCH is placed in the first symbol of another sub-frame, forcing the OFDM symbol of BCH with short CP).And the alternative scheme is Case 3(Mandatory usage of the same CP length for all sub-frames to which SCH and BCH are multiplexed).
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