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1. Introduction
In the RAN1#46bis meeting in Seoul, Approach 1 cell search procedure which utilizes the reference signal for cell ID detection was proposed [1]. This paper presents our views on detail of three-step initial cell search procedure except for broadcast channel (BCH) detection step along with control information conveyed by the hierarchical synchronization channel (SCH) for the E-UTRA downlink.
2. Views on Approach 1 Cell Search Procedure
The Approach 1 cell search scheme flow described in [1] is as follows:

1. 5 ms timing is identified using the primary (P)-SCH
2. Radio frame timing and group ID is found from the secondary (S)-SCH
3. Full cell ID is found from the downlink reference symbols
4. Decoding of BCH
Followings are our views on detailed Approach 1 cell search method and SCH structure taking into account the Email discussion items

· Location of P-SCH and S-SCH: Two options were described.  Which option do each company favor?
Two multiplexing schemes for the P-SCH and S-SCH based on TDM multiplexing are described in [1]. In Option 1, the P-SCH is placed in the last OFDM symbol of the first sub-frame and the S-SCH in the last OFDM symbol of the second sub-frame. In Option 2, the P-SCH is placed in the last OFDM symbol and S-SCH in the second last OFDM symbol of the first sub-frame. Based on simulation results in [2], we prefer the Option 2 for multiplexing the P-SCH and S-SCH using a blind detection of cyclic prefix (CP) length. 
· Single P-SCH sequence or multiple?
It was reported in [3] that the use of multiple P-SCH sequences can improve the cell search time performance for inter-cell site synchronous condition. From operators’ point of view, we support multiple P-SCH sequences to improve the P-SCH detection probability. However, although this functionality should be optional for network, the functionality to search multiple P-SCH sequence is mandatory for all user equipment (UE). Therefore, the necessity of multiple P-SCH sequences should be clarified from the trade-off relation between the improvement of P-SCH detection probability and increasing UE complexity for multiple P-SCH detection.

· S-SCH and P-SCH sequence design
Our preference is as follows.

· Frank sequence-based P-SCH when single P-SCH sequence is defined

· The Frank sequence-based P-SCH achieves the identical cell search time to that for the GCL-based P-SCH while significantly reducing the complexity level for the correlation detection between the received signal and P-SCH replica.

· S-SCH sequence

· For an orthogonal S-SCH sequence in a two-layered configuration, our preference is the Walsh sequence. An alternative is the complex exponential wave (phase-rotated orthogonal sequence, time-domain cyclic shift) in the case that the length of the S-SCH sequence is not equal to a power of 2.
· For the scrambling sequence of the S-SCH, our preference is the CAZAC sequence.

· Non-interleaved S-SCH sequence mapping with multiple scrambling sequences can achieves slightly better cell search time than the interleaved S-SCH mapping.
Detailed arguments are presented in [4].

· Is BCH transmitted in the same sub-frame as P-SCH/S-SCH?
In our view, the primary BCH should be transmitted from the same sub-frames in which P-SCH and S-SCH (i.e. the first TTI) are transmitted. Our detailed views on the BCH structure is presented in [5].
· Is RS sent from those sub-frames that contain PSCH/SSCH, used for detecting cell ID in the 3rd step ?
We propose to use at least reference signals, which are multiplexed in the same sub-frames that contain the P-SCH, S-SCH, and primary BCH, for detection of full cell ID in the third step. 

· Detailed information conveyed by S-SCH in addition to radio frame timing and group ID
(1) MIMO antenna configuration (the number of transmitter antennas) used for the primary BCH transmission
In the case that the Node B has multiple transmitter antennas, it is beneficial to apply transmit diversity to the primary BCH. If transmit diversity is applied, the information on the transmit diversity mode should be detected before receiving the primary BCH. 

· When two-branch transmit diversity is applied mandatory to the primary BCH information regardless of the number of transmission antennas, the information bit is not necessary

· When the primary BCH transmission with different numbers of transmission antennas is applied, the information bit indicating the number of transmission antennas is necessary.

One way to convey this control information is to use a modulated sequence of the S-SCH. Alternatively, we can detect this information by detecting the correlation of the reference signal assuming FDM-based orthogonal reference signal mapping for MIMO antennas.
(2) CP length information
Since our preference is option 2 multiplexing method between the P-SCH and S-SCH, the blind CP length detection is necessary before S-SCH detection. Therefore, it is not needed to convey CP length information using the S-SCH.

3. Proposed Cell Search Procedure (Initial Cell Search)
Based on Section 2, Fig. 1 shows the proposed cell search method. The operation of each step is given below.

(1) STEP 1
· Correlation detection of the P-SCH in the time domain
· Detection of the SCH symbol timing (this also indicates the FFT timing of the OFDM symbol)
· The carrier frequency is simultaneously detected.
· We prefer SCH-replica based correlation detection employing the P-SCH.

(2) STEP 2

· Correlation detection of the S-SCH in the frequency domain

· Detection of the group index of cell IDs, radio frame timing
· MIMO antenna configuration for the primary BCH can be also detected using the S-SCH. Alternatively, this information can be detected using the reference signal in STEP 3.
 (3) STEP 3
· Correlation detection of the common reference signal in the frequency domain. Correlation detection between the received signal after FFT and the common reference signal replica.

· Detection of the cell ID (combination of PRS and OS for the reference signal) belonging to the group detected in STEP 2.
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Figure 1 – Flow of proposed initial cell search method

4. Conclusion
This paper presented detailed our views on initial cell search procedure and SCH structure for Approach 1.
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