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1. Introduction

In this document, we discuss the downlink SCH/BCH transmission for E-UTRA. We focus on SCH and (primary) BCH mapping to address the issue of unknown variable CP length at initial acquisition. 
2. SCH mapping
It has been agreed that variable CP lengths are used in E-UTRA and the cell can switch CP length on a TTI-by-TTI basis. Since CP length is unknown in initial cell search, CP detection is an important issue for SCH/BCH design. In the last meeting, there were several documents discussing CP detection issue [1-3]:
· In [1], the P-SCH symbol is mapped to the last OFDM symbol within a sub-frame and the S-SCH symbol is mapped to the first OFDM symbol within the next sub-frame (or vice versa). The first OFDM symbol within the long-CP sub-frame where the S-SCH symbol is mapped has a cyclic prefix and a cyclic postfix. 
· Advantages: No restriction on CP length. No need to detect the CP length blindly. P-SCH can be used as reference signals for detection of S-SCH. 
· Disadvantages: The symbol format is modified. A slight performance degradation could occur when the S-SCH is placed in the first symbol of a long-CP sub-frame. Since CP length is unknown to the UE, insufficient CP length will cause inter-symbol interference into the S-SCH symbol. Unless the CP length is known to the UE, the cyclic postfix cannot help to avoid interference due to insufficient CP length.    
· It was proposed in [2] and [3] that P-SCH and S-SCH (and BCH) are put in the same TTI. The CP length of the TTI is fixed as either long or short.
· Advantages: Simple solution and no need to detect the CP length blindly. No restriction on symbol location for SCH and BCH within a TTI.
· Disadvantages: If CP lengths of SCH and BCH are fixed to a long one, throughput is reduced. If CP lengths of SCH and BCH are fixed to a short one, the performance can be degraded due to insufficient CP length.
· In one method in [5], P-SCH is placed in the last OFDM symbol of the first sub-frame and S-SCH in the last OFDM symbol of the second sub-frame. 
· Advantages: no need to detect the CP length blindly. 
· Disadvantages: For high mobility UE, P-SCH cannot used as reference signals for detection of the S-SCH.
In this document, we propose an alternative approach to address this issue. Our approach is similar to that in [1]: P-SCH is placed in the last OFDM symbol of a sub-frame and S-SCH is placed in the first OFDM symbol in the next sub-frame (and vice versa). However, the symbol format of the OFDM symbol within the long CP sub-frame where S-SCH is placed is not modified, as shown in Figure 1.
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Figure 1: Proposed P-SCH and S-SCH mapping.

In order to keep the symbol format unchanged, we apply pre-phasing to the S-SCH that is placed in an OFDM symbol within the long CP sub-frame. Define 
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 as difference between the number of samples of long CP and that of short CP. In the case that the sub-frame that carries S-SCH uses long CP, the S-SCH symbol will be precoded by
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, where N is the number of IFFT points. Denote the S-SCH sequence as
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, where M is S-SCH sequence length. The precoded S-SCH sequence becomes
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where 
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is the index of subcarriers occupied by S-SCH. The applied phase shift compensates for the CP length difference
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At the receiver, the OFDM symbol that carries S-SCH is always processed as if it only uses a short CP. In the case of long CP, after samples corresponding to the length of a short CP are discarded, a part of S-SCH is left outside the N-point DFT processing as shown in Figure 2. However, the residual part of the long CP (after short CP is discarded) is the copy of the left-out part of S-SCH. Therefore, the N-point DFT still contains a complete S-SCH. In this way, both P-SCH and S-SCH can be detected regardless of CP length. Since P-SCH and S-SCH symbols are placed adjacent to each other, the detected P-SCH can be used as reference signals in the detection of the S-SCH.
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Figure 2: Processing of OFDM symbol carrying S-SCH and uses long CP.
Since downlink reference signals are also located in the first OFDM symbol of every sub-frame, the S-SCH symbol will be multiplexed with downlink reference signals in a FDM manner. For a cell with four transmit antennas, the sector-specific reference signals of two antennas (for example, antennas 3 and 4) in the first downlink reference signal symbol are replaced by the S-SCH in the sub-frame that carries the S-SCH symbol. An example is shown in Figure 3. The detected S-SCH sequence can be reused as downlink reference signals for channel estimation purpose. Hence, the reduction of downlink reference signals is compensated by the detected S-SCH sequence. 
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Figure 3: Mapping of downlink reference signals and S-SCH.

The advantages and disadvantages of the proposed approach are summarized below:

· Advantages: No restriction on CP length. No need to detect the CP length blindly. P-SCH can be used as reference signals for detection of S-SCH. 
· Disadvantages: It could have a performance degradation due to insufficient CP length similar to the method proposed in [1]. 

3. BCH mapping
After initial cell search the UE should read the BCH to obtain cell and system specific information. At this point CP length can still be unknown to the UE. In order to reduce receiver complexity and achieve fast acquisition of the BCH, it is desirable that the P-BCH can be detected without blind detection of CP length. It is proposed in [3] and [4] that P-BCH is placed in the last OFDM symbol of a sub-frame that does not carry SCH. Combined with our proposed P-SCH and S-SCH mapping, the P-BCH should be placed in the last OFDM symbol of the sub-frame where S-SCH is placed as shown in Figure 4. 
· Advantages: No restriction on CP length. Detection of BCH does not need to detect the CP length blindly. 
· Disadvantages: There is a problem using downlink reference signals for BCH detection. 
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Figure 4: BCH and SCH mapping.
In addition, we propose an alternative method of primary BCH mapping. In this method, BCH is placed in the OFDM symbol immediately after S-SCH as shown in Figure 5. As in the outcome of the cell search drafting session of RAN1 #46bis meeting [5], the S-SCH will provide cell group ID and full cell ID will be obtained from downlink reference signals. Therefore, the S-SCH can be designed to carry one bit (implicit) message about BCH CP length (long or short) in addition to cell group ID information. Then, after the detection of the S-SCH, the BCH can be detected properly since its CP length is known. Moreover, the detected S-SCH sequence and downlink reference signals in the first OFDM symbol can be used for detection of the BCH.
· Advantages: No restriction on CP length. Detection of BCH does not need to detect the CP length blindly. Good channel estimation for BCH is provided jointly by detected S-SCH sequence and downlink reference signals. 
· Disadvantages: slightly extra complexity for S-SCH detection (one bit extra message). 
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Figure 5: Alternative method of BCH and SCH mapping.
4. Conclusions
In this contribution, we discuss the several methods of SCH and BCH mapping to address the issue of unknown variable CP length at initial acquisition. Our views are summarized below.
· The P-SCH is placed in the last OFDM symbol of a sub-frame and the S-SCH is placed in the first OFDM symbol in the next sub-frame (and vice versa). Pre-phasing is applied to the S-SCH which is placed within a long-CP sub-frame. 
· Among the two BCH mapping methods, we prefer that the BCH is placed in the OFDM symbol immediately after the S-SCH, and the information of the BCH CP length is carried (implicitly) on the S-SCH. 
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