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1. Introduction
At the RAN1#47 Riga meeting, the location of SCH and BCH has been treated [1], but any decision was not made on this issue. This contribution discusses the channel resource allocations as well as the transmit diversity scheme for S-SCH and P-BCH.
2. Location of P-BCH
For transmission of P-BCH, we discuss the following allocation methods case by case according to channel used as phase reference for P-BCH demodulation:

· Case 1

· With transmitting S-SCH according to the working assumptions [2], we basically place P-BCH in OFDM symbols 3-4 in the first slot of the subframe where S-SCH exists as shown in Fig. 1 [3-5]. Also, we can additionally place P-BCH in OFDM symbol 2 in the first slot in the case when we need to increase the payload size of P-BCH in Fig. 1.
· We use S-SCH as phase reference for P-BCH demodulation. The above allocation allows improving the reception quality of P-BCH due to improved channel estimation by denser S-SCH symbols compared to DL RS symbols [3].
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Fig. 1 An example of frame structure of P-BCH: Case 1.

· Case 2

· We place P-BCH in OFDM symbols 3-4 of slots 0 and 10, and in OFDM symbols 0-6 of slots 1 and 11 in subframes 0 and 5 within 10 ms, respectively, as shown in Fig. 2.

· We use S-SCH and DL RS as phase reference for P-BCH demodulation. For example, P-BCH symbols in the first slot and the second slot in the subframe where S-SCH exists are demodulated using S-SCH and DL RS, respectively, in Fig. 2.
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Fig. 2 An example of frame structure of P-BCH: Case 2.

· Case 3
· We place P-BCH in OFDM symbols 2-4 of slot 0 and OFDM symbols 0-6 of slot 1 in subframe 0 within 10 ms as shown in Fig. 3.

· We use DL RS as phase reference for P-BCH demodulation in Fig. 3.
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Fig. 3 An example of frame structure of P-BCH: Case 3.

3. Transmit diversity of P-BCH
For transmission of P-BCH, we discuss the following transmit diversity schemes in accordance with the case mentioned in Section 2.

· Case 1
· We employ the same transmit diversity scheme for S-SCH and P-BCH. If PVS (i.e., one of V-TSTDs) is used for P-BCH and S-SCH, one precoding vector (PV) in slot 0 or subframe 0 is applied to the P-BCH and S-SCH symbols, and another PV in slot 10 or subframe 5 is applied to the P-BCH and S-SCH symbols [7]. It is better for two PVs to be mutually uncorrelated. In this case, depending on whether P-BCH is sector-specific (SS) or NodeB-specific (NS), the type of S-SCH is determined [5]. For example, in case of NS P-BCH and SS P-BCH, S-SCH should be NS and SS, respectively. In our preference, it is better to use NS S-SCH as phase reference for NS P-BCH demodulation. Since we cannot apply any link adaptation and power control for P-BCH transmission, it is very important to select a transmit diversity scheme that is inherently robust in terms of reception quality and complexity. From the NS P-BCH transmission we can achieve additionally huge inter-sector diversity gain as well as intra-sector same diversity gain on the boundary of sector compared to the SS P-BCH as presented in simulation results of [5].
· We have the following merits:
· One is that we can further improve the BLER performance of P-BCH because of denser S-SCH symbols.

· Second is that we can simply demodulate P-BCH with antenna transparency [3-6].

· Third is that we can obtain the time diversity gain or inter-TTI soft-combining gain. If we assume that the TTI of P-BCH is 5 ms, we can have inter-TTI soft-combining gain within 10 ms. If we assume that the TTI of P-BCH is 10 ms, we can have time diversity gain within 10 ms although we cannot obtain inter-TTI soft-combining gain.
· Fourth is that we can support inter-RAT measurements, such as GSM-to-LTE and WCDMA-to-LTE if we assume that the TTI of P-BCH is 5 ms.
· We have the following demerit:
· As mentioned in Case 1 of Section 2, when additionally placing P-BCH due to supporting the relatively large payload size of P-BCH, we may experience the degradation of BLER performance that causes Doppler effect for very high mobility UE.
· Case 2

· In order to overcome the demerit in Case 1, we employ the same transmit diversity scheme for S-SCH and P-BCH in slots 0 and 10, and then we employ CDD or SFBC using DL RS as phase reference for P-BCH demodulation in slots 1 and 11. In this case, UE should know the information on the number of transmit antennas and transmit diversity scheme before P-BCH demodulation.
· We have the following merits:

· One is that we can further improve the BLER performance of P-BCH, especially for very high mobility UE.
· Second is that we can obtain the time diversity gain or inter-TTI soft-combining gain as in Case 1.

· Third is that we can support inter-RAT measurements as in Case 1.

· We have the following demerit:

· UE may increase the complexity of P-BCH detection. That is, UE needs to estimate both the channel state information from S-SCH and that from DL RS. Also, UE needs to separately perform P-BCH detection for each slot, and then we can obtain the recovered P-BCH information by decoding the total detected P-BCH. Even though we may have this demerit, the reason for using S-SCH is because P-BCH is located in the subframe where S-SCH exists according to current working assumption and we can improve the reception quality of P-BCH by using it. So, we think there is no reason for not using S-SCH as phase reference for P-BCH demodulation in terms of performance.
· Case 3
· We employ CDD or SFBC using DL RS as phase reference for P-BCH in subframe 0 as shown in Fig. 3. In this case, UE should know the information on the number of transmit antennas and transmit diversity scheme before P-BCH demodulation as in Case 2.

· We have the following merit:

· The demodulation of P-BCH is simple. Since we use only DL RS, we don’t have to additionally estimate the channel state information from S-SCH and separately detect P-BCH for each slot.

· We have the following demerits:

· One is that the BLER performance of P-BCH depends on which transmit diversity scheme is used, whether power boosting for DL RS is applied or not, and how much power boosting is used if applied.
· Second is that we cannot obtain the time diversity gain or inter-TTI soft-combining gain as in Cases 1 and 2.

· Third is that we cannot support inter-RAT measurements as in Cases 1 and 2.

4. Conclusion

From the above discussions, we recommend:
· In case of not knowing #antennas before P-BCH demodulation
· It is better to apply Case 1 in terms of performance, antenna transparency, and time diversity/inter-RAT measurement.
· In case of knowing #antennas before P-BCH demodulation

· Under the assumption of relatively moderate payload size of P-BCH, it is better to apply Case 1 in terms of performance and time diversity/inter-RAT measurement.

· Under the assumption of relatively large payload size of P-BCH, it is better to apply Case 2 in terms of performance, high mobility support, and time diversity/inter-RAT measurement.
· If the demerit of Case 2 is realistically problematic, then Case 3 can be applied in terms of simplicity of P-BCH demodulation.
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