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1. Introduction
A number of aspects of cell search and SC design were resolved in RAN1#48bis, e.g. non-repetitive P-SCH structure with ZC sequences, S-SCH design based on a combination of 2 codes. 

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#48bis. The following aspects are covered in this contribution:
1. Detection of cell-specific information other than cell ID
2. P-SCH design

3. S-SCH design  
2. Detection of Cell-Specific Information
According to the working assumption [1]:
1. Cell ID group is detected in step 2 (via the S-SCH): 170 hypotheses

2. Cell ID within the group can be detected in step 1 (via the P-SCH) or step 3 (via the 2D-RS orthogonal codes): 3 hypotheses

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

It is assumed that the CP size of the SCH sub-frame is blindly detected. It was also decided that the hopping indicator is removed. There are 2 possibilities regarding the detection of the CCPCH transmit diversity indication (N is the number of hypotheses in the S-SCH):
1. N=1: CCPCH uses transparent transmit diversity

2. N=2: CCPCH uses non-transparent transmit diversity

Our preference is N=2 since we prefer to use the same Tx diversity scheme for CCPCH, PDCCH, and PDSCH. The reasoning is as follows:

· Non-transparent transmit diversity schemes (SFBC for 2-Tx, SFBC-FSTD or SFBC-PSD for 4-Tx) perform better than transparent schemes (e.g. CDD) for CCPCH (see, e.g. [2-5]). 

· Although the S-SCH does not accommodate N=3, reliable blind detection of the TX diversity scheme is possible via decoding the CCPCH twice with both hypotheses (2 or 4 antennas). Each hypothesis is associated with the transmit diversity scheme.
3. Primary-SCH (P-SCH) Design
It was decided that the P-SCH employs a non-repetitive structure in the time-domain. The ZC-based design was also a part of the working assumption. While the ZC-based design offers satisfactory performance when used with the 2x repetitive structure (see, e.g. [6]), the use with the non-repetitive structure needs further investigation as the ZC-based design is known to be sensitive to frequency offset. Due to the chirp-like property of ZC sequences, a large enough frequency offset is mistaken as a timing error (manifested in terms of a peak shift in the auto-correlation profile). Conversely, a timing error/offset can be mistaken as a frequency offset. While this problem can be alleviated (not removed) by carefully choosing the root sequences, the less sensitive sequences tend to have larger side lobes in the correlation profiles which may be problematic for non-initial cell search. A more detailed discussion can be found in [7].
To ensure satisfactory performance for the non-repetitive P-SCH in all scenarios (e.g. initial and non-initial cell search, different channel/deployment conditions, UE crystal characteristics), sequences with near-CAZAC properties that do not exhibit chirp-like property should be used. The use of two length-64 32-PSK time-domain (TD) sequences to construct 3 PSCs is proposed in [7], where the third sequence is constructed from the complex conjugate of the first sequence similar to that in [8]. The construction is given as follows:
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Table 1: Phase Index for 32-PSK sequences
	1(k)
	[ 10, -13, 21, -10, 9, 1, 18, 20, -27, -23, -12, -11, 28, -26, 17, 1, -28, -11, 9, 17, 8, 9, 30, -16, 17, 29, 9, -10, 19, 30, 3, -10, 30, 23, -22, -11, 11, 28, 7, 12, -4, 11, -14, -3, -16, -24, 20, 6, 28, 4, -24, -32, 30, -26, 12, 25, -25, 25, -11, 30, 27, -30, -20, -31 ]

	2(k)
	[ -28, 5, 1, -10, 22, 26, 17, -32, -7, 6, 28, -28, -7, -10, 7, -24, 19, -16, 29, 11, 6, -27, 16, 21, -31, -9, 31, 22, 28, 19, 15, 1, -2, 19, 4, 17, 26, 0, 24, -12, -29, 20, -31, 17, 27, 32, -4, 0, -21, -26, 8, -12, -22, -20, -8, 9, -13, 2, -30, 17, 30, -22, 30, 4 ]


It was demonstrated in [7] that the proposed construction has the following advantages:

· This construction results in better characteristics (performance, correlation profiles, robustness to frequency offset) than the ZC-based designs. Superior performance is also observed with sign correlator, which results in the same complexity per correlation as that for the binary sequences.

· Constructing the third sequence via complex conjugate requires only 2 correlation computations, which amounts to significant saving in UE complexity.

· Low cubic metric is found with the 32-PSK TD sequences.

· The spectral property exhibits only a small ripple (~2dB) which does not result in visible performance loss for coherent detection.
4. Secondary SCH (S-SCH) Design
The S-SCH carries the secondary synchronization code (SSC) which is constructed from 2 binary codes (see, e.g. [9-12]). There are basically two structures: interleaved and concatenation. From the performance perspective, the interleaved structure (see Figure 1) seems to be more beneficial due to the diversity gain especially when coherent SSC detection is performed. The choice of the two binary sequences S1(n) and S2(n) should allow an efficient SSC decoding while attaining good detection performance. Note that the complexity (including memory requirement) associated with the S-SCH decoding is small compared to that incurred by step 1 cell search. Hence, performance should take precedence over complexity in the design.
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Figure 1. Interleaved S-SCH structure (diagram taken from [12])
With N=2, there are a total of 680 hypotheses to be resolved in step 2. Even with the shorter length of N=64, there are 1024 sequences available. As discussed in Section 2, three types of cell-specific parameters need to be carried in the S-SCH: cell ID group (170 hypotheses), frame timing (2 hypotheses), and TX diversity indicator (2 hypotheses).  It has been demonstrated that coherent SSC detection using P-SCH as a phase reference is superior to non-coherent SSC detection. In that case, it may be beneficial to adopt a design that reduces the detection complexity while maintaining good detection performance.  This is especially relevant when the choice of { S1(n), S2(n) } does not allow an efficient SSC decoding, e.g. pseudorandom sequences. To avoid having to detect/correlate over 680 sequences, M-PSK modulation (see, e.g. [11, 13, 14]) can be used to reduce the number of sequence correlations. Note that M is small (2 or 4). For example,

· For M=2 (BPSK), the TX diversity indicator can be BPSK-modulated on top of the SSC ( Only 340 SSC sequences (S1(n)×S2(n)) are needed.
· For M=4 (QPSK), the frame timing and TX diversity indicator are jointly encoded as a QPSK modulated ( Only 170 SSC sequences are needed.
Since detecting the BPSK/QPSK modulation is very simple, the overall SSC detection complexity is significantly reduced. 

It was mentioned that the UE cannot always rely on coherent detection especially when the geometry is very low. Hence, the use of M-PSK modulation for SSC may not be reliable. However, the same M-PSK modulation symbol is applied across 1 S-SCH symbol (64-72 sub-carriers). Once the underlying SSC sequence has been detected, the M-PSK modulation symbol benefits from the repetition gain over 64-72 sub-carriers (up to 18-19dB repetition gain). This facilitates a very reliable M-PSK coherent detection even at a very low geometry. Note that non-coherent detection can still be applied for the underlying SSC sequence (S1(n)×S2(n)) even with the M-PSK coherent detection.
5. Conclusion

Our view can be summarized as follows:

1. TX diversity configuration with N=2, the same TX diversity scheme (SFBC-based) is used for CCPCH, PDCCH, and PDSCH. 
2. P-SCH design: time-domain design based on two near-CAZAC 32PSK sequences (length-64) where the third PSC is the complex conjugate of the first one.
3. S-SCH design: interleaved 2-code design with M-PSK modulation (M=2 or 4) to encode TX diversity indicator and/or frame timing indicator.
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