3GPP TSG RAN WG1 Meeting #47                                                                R1-063103

Riga, Latvia, Nov  6th  – 10th  , 2006
Agenda Item:
6.3.2

Source: 
Nortel
Title: 
Further discussions on the locations of SCH and BCH 
Document for:
Discussion 
1 Introduction
In the Seoul meeting, the working assumptions for BCH and SCH have been agreed [1], [2]. According to [1] P-SCH and S-SCH is TDM mulplexed and transmit twice every 10 ms radio frame. In [2] the transmit bandwidths for SCH and BCH are defined which locate in the centre frequency. With the working assumption designs, it is clear that the initial access consists of the following steps:

1. Timing/frequency synchronization based on P-SCH.

2. Cell group Id detection based  on S-SCH
3. Cell Id identification based on DL RS. 
4. BCH decoding

However the locations of SCH and BCH have not been finally defined. In this contribution we will discuss the channel resource allocations of P–SCH, S-SCH and BCH. We will also discuss the antenna mapping of SCH and BCH.
2 The multiplexing of SCH and BCH

2.1 The locations of SCH and BCH
In the hierarchical SCH structure a common sequence and a cell group specific sequence are transmitted over P-SCH and S-SCH respectively. According to the working assumptions [1], P-SCH and S-SCH are transmitted in the first sub-frame pair and the sixth sub-frame pairs in each frame. There are two alternatives for the placement of P-SCH and S-SCH within the sub-frame-pair. The first option is to place P-SCH in the last OFDM symbol of the first sub-frame and S-SCH in the last OFDM symbol in the second sub-frame. The second option is to place P-SCH in the last OFDM symbol and S-SCH in the second last OFDM symbol. 
We prefer the option-1 because of the following reasons:
1. Blind detection of CP-length is not needed therefore less initial search complexity.

2. Less unbalance of the overhead introduced by S-CH in each sub-frame
3. Coherent S-SCH detection is not necessary since non-coherent S-SCH detection can provide better performance under low SINR.

The BCH is used by Node-B to carry certain set of cell-specific and system specific information, for example, the cell configuration, the antenna configuration, the overall transmission bandwidth of the cell and etc... In [3] we proposed to devide the BCH into two parts, one is the basic BCH (P-BCH) and the other one is the extended BCH (S-BCH). P-BCH transmits most important system parameters which is usually the static part of the system information and is required for further decoding  S-BCH and other data, for example the antenna configuration, the overall transmission bandwidth, the location of  S-BCH and the CP if the CP-length in the sub-frame transmitting P-BCH is not fixed. The S-BCH transmits the remaining system information which is usually contains the flexible part of the broadcast message. 

P-BCH is transmitted in a dedicated channel resource occupied the central 1.25 MHz BW. It is recommended placing P-BCH before S-SCH so that the channel information obtained from S-SCH can be used to assist the detection of P-BCH. P-BCH can be transmitted by one or more OFDM symbols in 1st sub-frame pair or in both 1st and 6th sub-frame-pairs depending on the required channel resource. S-BCH can be transmitted in the shared data channel or the dedicated channel. We propose the following solutions:

1. Transmit P-BCH in the first sub-frame pair and S-BCH in the sixth sub-frame pair (if P-SCH is only transmitted in the first sub-frame-pair). Both P-BCH and S-BCH are placed before S-SCH.  

2. S-BCH can also be transmitted by the remaining spectrum of P-BCH channel and SCH symbols (P-SCH/S-SCH)
Figure 1 shows an example of the locations of SCH and BCH. 
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Figure 1 An example of placement of SCH and BCH

2.2 The spectrum arrangement of SCH and BCH

It has been agreed that P-SCH, S-SCH and P-BCH occupies the central 1.25 MHz BW (72 sub-carriers) which cross 6 RBs. However it is not clear the usage of the leftover spectrum for the scenarios where the transmission bandwidth is equal or broader than 1.25 MHz. 

There are two possibilities:

1. P-SCH and S-SCH symbols are only used for synchronization and cell search. 

· Low PAPR SCH sequence design allows the power boosting of SCH symbols to improve the coverage for noise limited system or asynchronous system.

2. The spectrum of P-SCH and S-SCH symbols is shared with other data transmission

· Improve the spectrum efficiency: no need of dedicated S-BCH symbol in some cases 

· Suitable to synchronous interference dominated system.

For both scenarios we propose to extend SCH (at least S-SCH) bandwidth to maximum BW of 5 MHz to enhance the non-initial cell search performance [5]. On the other hand according to the working assumption [2], the minimal transmission band for S-BCH is 10 MHz (600 sub-carriers).  Therefore for option-2 if the overall transmission bandwidth of the cell is equal to or larger than 2.5 MHz, S-BCH can be transmitted in the leftover spectrum of P-SCH and S-SCH symbols. 

The examples of the spectrum arrangement of SCH and BCH are given in figure 2.  In example-1 both extended P-SCH and S-SCH are supported while in example-2 only extend S-SCH is supported.
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(a) Example-1 
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(b) Example-2

Figure 2 Spectrum arrangements of SCH and BCH

3 Transmit diversity for P-SCH and S-SCH

Transmit diversity technology can be applied to improve the SCH detection performance and the coverage of BCH. If the antenna configuration can not be detected by SCH, FSTD or the combination of FSTD and TSTD should be applied to the P-BCH to enable the blind BCH detection while SFBC is applied to the S-BCH. If the antenna configuration in eNodeB is known, SFBC can be used by P- BCH and the S-BCH.
It should be mentioned that the same antenna mapping patterns should be applied to S-SCH symbol as well as the P-BCH. With this arrangement, the channel information obtained from S-SCH can be used to assist the coherent demodulation of P-BCH and the extended BCH. It also enables a “transparent transmit diversity scheme” which allows UE to detect BCH without the prior knowledge of the number of the transmit antennas and at the same time to obtain the time and spatial diversity gain. We also propose to apply FSTD to P-SCH since our simulations show that this is the best solution [6].
Figure 3 gives the examples of the antenna mapping scheme of SCH symbols (option-1/4) and BCH symbol. 
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Figure 3 Antenna mapping scheme for SCH and BCH

4 Conclusions
Based on the above discussions, we recommend:
· Transmit P-SCH and S-SCH in different sub-frames in 1st and 6th sub-frame-pairs
· Place P-BCH in the second last OFDM symbol in the second sub-frame of 1st sub-frame-pair
· Transmit S-BCH in the second last OFDM symbol in the second sub-frame of the 6th sub-frame-pair or in the leftover spectrum of P-SCH/S-SCH symbols
· In situation when NodeB has multiple transmit antennas, applying same antenna mapping patterns to P-SCH, S-SCH  and P-BCH could exploit the transmit diversity gain and improve BCH decoding performance with real channel estimation
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