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1. Introduction
In this contribution, the additional unresolved details related to the SCH design are discussed in relation to the working assumptions that were agreed upon in RAN1#47bis. The following aspects are covered in this contribution:
1. Detection of cell-specific information other than cell IDs
2. P-SCH design

3. S-SCH design 
4. Non-initial cell search
2. Detection of Cell-Specific Information
According to the working assumption:
1. Cell ID group is detected in step 2 (S-SCH): 170 hypotheses

2. Cell ID is detected in step 3 (orthogonal codes): 3 hypotheses

3. Frame timing is detected in step 2 (S-SCH): 2 hypotheses

It is assumed that the CP size of the SCH sub-frame is blindly detected. In addition to those parameters, we recommend the following cell-specific parameters be detected in step 2 (and hence encoded in the S-SCH):
1. Hopping indicator: 2 hypotheses

2. Node-B antenna configuration: 3 hypotheses
The reasoning is as follows:

· In [2], it was demonstrated that minimizing the number of hypotheses in step 3 provides better cell-search performance. Hence, we recommend that any additional cell-specific information should be detected in step 2. This is because step 3 is the bottleneck in the overall cell search procedure.
· The hopping indicator can be detected either in step 2 (via S-SCH) or step 3 (via “blind” detection). The “blind” detection in step 3 doubles the number of hypotheses in step 3 (to test whether hopping is performed). This will degrade the cell search performance as demonstrated in [2].
· The antenna configuration information is essentially the number of Node-B antennas instead of the TX diversity indicator for the BCH. Regardless of the TX diversity scheme applied to the BCH, detecting the antenna configuration in step 2 has the following benefits:
· Since the antenna configuration is directly linked to the DL RS pattern, knowing the antenna configuration in step 2 allows the use of multi-antenna DL RS for step 3 cell search. This will improve the step 3 performance since it is limited by the power of the DL RS (only the DL RS symbols within the SCH sub-frame are available for step 3 detection).
· Detecting antenna configuration in step 3 will degrade the cell search performance as it triples the number of hypotheses in step 3 [2]. This is especially relevant when BCH employs a TX diversity scheme that requires the knowledge of antenna configuration (e.g. SFBC).
· While the antenna configuration can be blindly detected, encoding this information in the S-SCH is more robust. This issue was also investigated in WCDMA (see, e.g. [3, 4]). 
3. Primary-SCH (P-SCH) Design
In RAN1#47bis, the use of three P-SCHs was agreed as a working assumption. The remaining issues on P-SCH design are discussed below.
3.1. P-SCH Structure

Two P-SCH are considered: non-repetitive and 2x-repetitive structures. The two P-SCH structures are compared in [5, 6]. We find that in the presence of frequency offset, the two structures perform almost the same when the partitioned replica-based detection is used even in a very low geometry region. In addition:

· The 2x-repetitive structure allows more flexibility in supporting auto-correlation-based and hybrid timing detection (see, e.g. [7]). 
· The 2x-repetitive structure allows an accurate yet simple frequency offset detection. 
Hence, the 2x repetitive structure in the time-domain is preferred.

3.2. PSC Design

To select the 3 PSCs, the following aspects shall be taken into account in the sequence design:

1. The three sequences should be designed such that the resulting time-domain P-SCH symbols have minimum cross-correlation and each of the sequences possesses good auto-correlation profile. For replica-based detection, the temporal correlation property is essential.

2. Designs that result in lower computational complexity (for step 1) are desirable. 

3. Since P-SCH is also used to provide channel estimation for coherently demodulating the S-SCH, sufficiently flat frequency domain characteristic is desirable. 
While binary codes in the time-domain (e.g. Golay codes) incur minimum UE complexity, the frequency domain characteristic is not suitable for step 2 coherent detection. This is due to its  as large frequency-domain fluctuation. 
It was demonstrated in [8] that the use of the time-domain construction based on the Zadoff-Chu (ZC) sequences proposed in [9] fulfills the above requirements as long as the sequence length and selection are performed judiciously. The property of ZC-based design makes it possible to perform sign correlation without significant penalty in cell search performance. This amounts to avoiding multiplication altogether. Hence, the use of three time-domain ZC sequences with judicious selection is preferred.
4. Secondary SCH (S-SCH) Design
In this section, several aspects of the proposed S-SCH design are described. The S-SCH carries the secondary synchronization code (SSC).
4.1. Encoding of Cell Specific Information 

According to the working assumption, S-SCH symbol is located once every 5-ms time interval. Hence, there are two S-SCH symbols per 10-ms radio frame. The group ID, hopping indicator, and the number of Node B antennas are the same for the two S-SCH symbols within one radio frame. The radio frame timing information, however, is different for the two S-SCH symbols. 
4.2. S-SCH Structure
The generation of S-SCH is depicted in Figure 1. All the cell-specific parameters are jointly encoded (e.g., using convolutional coding) with BPSK modulation, interleaving, and OFDM modulated. For instance, a rate ¼ convolutional coding with K=4 can be used to encode 12 cell-specific information bits that occupy 60 sub-carriers. This fits well within 1 OFDM symbol for 1.25 MHz SCH bandwidth.
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Figure 1. S-SCH generation.

The decoding process for S-SCH uses the channel estimates from P-SCH. Also, differential BPSK can be used to support both coherent and non-coherent S-SCH demodulation.
In [15], it is demonstrated that this S-SCH structure gives competitive performance and UE-related complexity compared to some other S-SCH structures (GCL- and Walsh-Hadamard-based in [17] and [18], respectively). 

5. Non-initial Cell Search
As the SCH design and cell search evaluation have been performed for both initial and non-initial cell search, it is expected that the resulting SCH design can be used for both initial and non-initial cell search. Hence, the need for an additional channel to support only non-initial cell search is not apparent. 
Regarding the use of side information such as neighbor list, the resulting gain in cell search performance should be weighed against the additional DL overhead.
1. Neighbor list will be sent via the secondary BCH (S-BCH). Since neighbor list is a broadcast information, it should include the complete list of neighbors associated with the particular cell. Depending on the network deployment scenario, the minimum number of neighbor cells is 7-10, which amounts to 63-90 bits of heavily coded information (e.g. with QPSK rate <  1/10). To keep the overhead manageable, neighbor list should not be sent too frequently. If S-BCH is sent every 40-ms, this results in 1% to 1.5% overhead for 1.25 MHz transmission bandwidth. 
2. Other side information may also be transmitted via S-BCH (e.g. relative timing). In this case, it needs to be studied whether the additional gain justifies the extra overhead. It should be noted that some other side information may also be time-varying within an RRC connection (unlike the neighbor list).
6. Conclusion

Our view can be summarized as follows:

1. Encode the Node-B antenna configuration (3 hypotheses) and hopping indicator (2 hypotheses) in the S-SCH

2. P-SCH design: 2x repetition in the time domain using three time-domain ZC sequences

3. S-SCH design: FEC-based design 

4. Non-initial cell search: based on SCH used for initial cell search. The use of side information is for further study.
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