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1 Introduction
With the introduction of the 40 ms P-BCH TTI, a method must be introduced to determine the P-BCH frame timing since it can not obtained directly from 10 ms radio frame synchronization.  This contribution provides one method for frame timing detection which is based on changing the RE Mapping in different P-BCH transmissions.  
This method offers some complexity savings over other methods and randomizes the intercell interference in a synchronous network.  We therefore propose that this method be accepted into the standard.  

2 Proposed Method
As an example we assume in this contribution that the P-BCH is transmitted in Subframe #0 of every frame, immediately preceding the S-SCH as shown in Figure 1 .  

[image: image1]
Figure 1:  Location of P-BCH
To find the boundary of  P-BCH TTI as well as randomize intercell interference we propose to introduce a cell specific cyclic shift between each P-BCH transmission within 40 ms as described in figure 2.

[image: image2]
Figure 2:  Block diagram of P-BCH transmission
To detect the P-BCH the UE would simply perform 4 decodings assuming the P-BCH is in one of the four possible locations. The complexity of P-BCH decoding and P-BCH TTI detection can be significantly reduced. The details of the detection algorithm are given in appendix.  The simplifications are essentially based on the following properties of the above scheme.

1) A cyclic shift at the input of a tail biting Viterbi Decoder causes a cyclic shift at the output of the decoder.  This allows the receiver to perform less decodings when performing blind detection. 
2) The change between transmissions is constant.  This allows for the calculations for a particular blind detection to be partially reused when performing the next blind detection.

The relative complexity of this scheme is compared to a random permutation method in Table 1.
Table 1 Complexity of Blind detection

	Number of P-BCH processed
	# of Viterbi Decodings
	P-BCH combinations

	
	Random permutation
	Cyclic Shift
	Random permutation
	Cyclic Shift

	1
	4
	1
	0
	0

	2
	4
	2
	3
	1

	3
	4
	3
	5
	2

	4
	4
	4
	6
	3

	Per each additional
 P-BCH processed
	4
	4
	6
	3


3 Conclusion

In this contribution we showed a way to indicate the P-BCH TTI which demonstrates significant complexity reduction, as well as intercell interference randomizing properties.  We therefore propose that this method be adopted into the standard.  
A. Appendix
The complexity reductions described in this section take advantage of two properties of the above scheme.  
1) For a tail biting convolutional code, a cyclic shift of the inputs results in a cyclic shift of the outputs.  
2) The relative shift between each P-BCH transmission is constant.

Consider the first reception of a P-BCH, which is labeled by R0. R0 passes though a tail-biting Viterbi decoder which outputs a set of hard decoded bits and then passes through a CRC
 check. If CRC is passed successfully the P-BCH has been decoded correctly and the received P-BCH is in the first frame of the P-BCH TTI.  If CRC check fails then in order to perform the second blind decoding only the decoded bits need to be cyclically shifted and the Viterbi Decoder does not need to be used again.  After cyclic shifting (in the opposite direction by a third that shifted at the transmitter) the new candidate is again passed through the CRC2 check. If the CRC check passes then the P-BCH has being successfully decoded and the received P-BCH is located in the second frame of the P-BCH TTI.  For the P-BCH location in the third or fourth frame, the above steps of shift and CRC check should be repeated once and twice more respectively.  This method is illustrated in Figure 3.
If all four blind detections fail, then the UE must wait for another 10ms and receive the next P-BCH transmission, which we label R1 and perform chase combining with the previous transmission R0.  For the second reception two Viterbi decodings are needed, the first on R1, and the second on P(R1)+ R0, where P represents the cyclic shift in the opposite direction applied at the transmitter.  These two candidates are passed through the CRC2, if the first (second) check passes then the P-BCH received signal is located in the first (second) frame of the P-BCH of the TTI.  If both fail, then cyclic shifts on the decoded bits P(R1)+ R0 can generate the remaining two candidates.  These candidates are put through the CRC2 and if either pass they represent the third and fourth frame in the P-BCH TTI respectively.  This method is illustrated in Figure 4. 
This pattern continues on for the subsequent receptions labled R2 and R3 respectively.  For the third reception the Viterbi decodings are performed on R2, on P(R2)+ R1 and on P(P(R2)+ R1 ) + R0, and for the forth on R3, on P(R3)+ R2 and on P(P(R3)+ R2 ) + R1 and P(P(P(R3)+ R2 ) + R1) + R0.  It is worth noting that because the three options can be written as function of the previous options plus a new input some computations can be avoided.  The CRC is performed on the three decoded versions above and then a shift of the final decode version.  
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Figure 3:   Decision process for first Reception
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Figure 4:   Decision process for Second Reception
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Figure 5:   Decision process for Third Reception
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� Once again this is not a true CRC as it is modified to add a single 0 padding to remove the cyclic invariant property.   
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