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1. Introduction
40msec TTI timing detection is required as the technical issue on P-BCH reception. This is done after the 10msec frame timing detection in the cell search process.
In this contribution, we propose the 40msec timing detection scheme in P-BCH to CCPCH mapping, which enables for UE to detect the timing by decoding P-BCH only once based on the cyclic characteristic of tail biting convolutional code.
2. A characteristics of the tail biting convolutional code
The tail biting convolutional coding has been decided as the error correction coding scheme for P-BCH, which has the advantage that tail bits are not necessary. [1]
On tail biting convolutional coding, the initial state of shift registers in a convolutional coder is set to the same as the last part of the information bits. This ensures the cyclic characteristic of the coded sequence in the Trellis chart. When the cyclic shift is applied before coding, the decoded sequence is also cyclic shifted, as shown in Fig 1. The amount of cyclic shift is identical between the information bits before coding and the coded bits of each output after coding.

For example, assuming the n bits for input bits, output bits are given as follows.
Input:    {x0, x1, x2, x3, x4, x5, …………., xn-2, xn-1}
Output 0:  {a00, a01, a02, a03, a04, a05, …………., a0,n-2, a0,n-1}

Output 1:  {a10, a11, a12, a13, a14, a15, …………., a1,n-2, a1,n-1}

Output 2:  {a20, a21, a22, a23, a24, a25, …………., a2,n-2, a2,n-1}
Then, the output bits corresponding to the input bits with 4 bits cyclic shift to the left is as follows.
Input:    {x4, x5, …………., xn-2, xn-1 ,x0, x1, x2, x3}

Output 0:  {a04, a05, …………., a0,n-2, a0,n-1 ,a00, a01, a02, a03}

Output 1:  {a14, a15, …………., a1,n-2, a1,n-1 ,a10, a11, a12, a13}

Output 2:  {a24, a25, …………., a2,n-2, a2,n-1 ,a20, a21, a22, a23}

On the other way, applying the cyclic shift by k bits for coded bits of each output after coding, the information bits before coding with k bits cyclic shift is decoded.

3. TTI blind detection applying the tail biting convolutional code
In the proposed scheme, the amount of cyclic shift is used to detect the frame timing in 40ms TTI. The processes of both the transmission and the reception side are illustrated in Fig. 1.

For the P-BCH allocated in the 1st frame in TTI, 2nd frame, 3rd frame and 4th frame, the cyclic shift of 0/4, 1/4, 2/4 and 3/4 of entire coded bits sequence in each output is applied, respectively. 
The received signal of unknown frame can be decoded into the information bits only once by common method regardless the frame number. Due to the cyclic characteristic of tail biting convolutional code described above, the information bits are cyclic shifted by 1/4 units of entire information bits sequence. By blind detection with CRC, the amount of cyclic shift is detected and then the corresponding TTI timing is found.
Shortly, it is possible to detect the 40ms TTI timing by decoding only once in 40ms TTI. The increase of UE process is only taken on CRC detection part.
When temporal soft-combining P-BCH between frames, each -1/4 cyclic shift according to the frame number in TTI is applied and combined.
Since this method doesn’t modify the decode process of tail biting convolutional code, there is no performance degradation in the decoder. And it is possible to apply the arbitrary manner for rate matching, interleaving and scrambling, since they are common between radio frames.
4. Proposal

We propose the following three points in the specification.

· To adjust the whole information bits including CRC to multiples of four, adding 0-3 bits of reserved bit.
· Applying the cyclic shifts of 0/4, 1/4, 2/4 and 3/4 of entire coded bits sequence in each output according to the frame number in P-BCH TTI.
And,
· Modifying the bit position of CRC (FFS).

Unexpected detection can be occured by the cyclic shift. Since P-BCH is the fixed format, optimal bit position can be decided after payload is fixed.
5. Summary
We proposed a 40ms TTI detection scheme in the P-BCH to CCPCH mapping. In the scheme, it is possible to detect the 40msec TTI timing by decoding process only once without performance degradation.
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