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1. Introduction
In the RAN1 #49 meeting, TTI length of P-BCH was set to 40 msec.   There are several methods to detect the boundary of P-BCH TTI. Generally they can be divided into three categories: 
1) Blind detection – At each radio frame, UE decodes the P-BCH data in the last 40ms as if they belong to the same P-BCH TTI. The P-BCH TTI boundary is detected when the UE successfully decodes the P-BCH.  This method has the disadvantage of high complexity.  The P-BCH decoding complexity is increased by a factor of 4 with such a blind detection scheme.
2) Increase the DL RS scrambling periodicity to 40 msec [1] – This scheme defines the PRS sequences for RS with a periodicity of 40ms. This enables the UE to detect the P-BCH 40ms boundary.  However, this complicates measurements of neighbor cells.
3) Use QPSK modulation on S-SCH [2] – In this method, UE detects the P-BCH TTI boundary at the second step of cell search. However, using QPSK modulation at second step will increase the number of hypothesis, which is why in [3] it is recommended to carry at most only one bit information on S-SCH. 
In this contribution, we recommend BPSK modulation on S-SCH to aid in the detection of the P-BCH TTI boundary. 
2. Discussion
The baseline cell search procedure and P-BCH demodulation for E-UTRA is shown in Figure 1.   At the end of S-SCH detection, UE has the knowledge of the slot timing, cyclic prefix length, cell ID, and radio frame timing (10 msec).   At this point, UE needs to detect the timing of P-BCH, whose TTI is 40ms, in order to demodulate P‑BCH.
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Figure 1 Cell search procedure and P-BCH demodulation 
Figure 2 shows the structure of P-BCH. Once S-SCH detection is complete, the UE does not know the 40 msec timing for P-BCH yet. Therefore the P-BCH needs to be decoded blindly with four hypotheses. This is accomplished by scrambling the coded P-BCH bits, prior to transmission, with a different scrambling sequence depending upon the value of radio frame number (RFN) modulo 4.
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Figure 2  P-BCH TTI as well as P-SCH and S-SCH structure 
3. Proposed Secondary Synchronization Channel  

The current working assumption of S-SCH design is that two short M-sequences S1 and S2 of length N (for example N = 31) are interleaved in the central 64 subcarriers. We propose to use BPSK symbols to modulate the S-SCH (i.e., the two short M-sequences) to indicate the P-BCH TTI boundary. As shown in Figure 3, the two S-SCH sequences within one radio frame are modulated by the same BPSK symbol di. 


[image: image3.emf]10 ms radio frame

3 4 5 6 2 1 3 4 5 6 2 1 7 7

0.5 ms slot

1 ms

S-SCH P-SCH

d

i

3 4 5 6 2 1 3 4 5 6 2 1 7 7

d

i


Figure 3: S-SCH sequence (i.e., the two M-sequences) modulated by BPSK symbols.

This way the eight S-SCH sequences within one P-BCH’s TTI (40ms) are modulated by d1, d1, d2, d2, d3, d3, d4, d4, respectively.  All BPSK symbols d1, d2, d3, d4 that are used to modulate the eight S-SCH sequences within 4 consecutive radio frames jointly indicate the starting position of the P-BCH 40ms TTI. The vector d1, d1, d2, d2, d3, d3, d4, d4 can be viewed as a sequence. In order to obtain good P-BCH TTI timing detection performance, this sequence should be designed in such a way that the distance between that and its 3 other cyclic-shifted sequences (shifted by 2, 4 and 6) should be maximum (or sufficiently large).  An example of this method, using a Frank-4 sequence, is shown in Table 1. In Table 1 the sequence d1, d1, d2, d2, d3, d3, d4, d4 is assumed to be 1 1 -1 -1 1 1 1 1.  Note that this sequence is orthogonal for all shifts. 
	Detected sequences of 8 BPSK symbols
	Starting position of the 40ms TTI of P-BCH

	1 1 -1 -1 1 1 1 1
	The 1st radio frame

	-1 -1 1 1 1 1 1 1
	The 2nd radio frame

	1 1 1 1 1 1 -1 -1
	The 3rd radio frame

	1 1 1 1 -1 -1 1 1
	The 4th radio frame


Table 1: Example mapping between {di, i = 1, …, 8} and the relative position within the P-BCH TTI.
4. Summary
In this contribution, we recommend BPSK modulation on S-SCH to aid in the detection the P-BCH TTI boundary. BPSK modulation, unlike QPSK, does not impose any extra hypotheses on the second step of the cell search procedure [3].  Using the proposed scheme, the P-BCH TTI boundary is found readily and easily with minimal additional complexity. By selecting the BPSK sequence intelligently (as shown in example above), it is possible to take advantage of the combining techniques to design robust sequence detectors, which will provide robust TTI boundary detection.  
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