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1. Introduction

In the RAN1#49bis meeting, the S-SCH design was agreed as follows - 31-length M-sequences, multiplexing of two short codes, the mapping onto the frequency domain, and the basics of the scrambling method [1]. The remaining open issues on the SSC design are - 
1. The details of the two scrambling sequences.
2. The mapping of system information onto the two SSC M-sequences (i.e. Cell ID groups, Frame timing).
As specified in [2], 170 Cell ID groups correspond to 6 shift patterns of downlink reference signals (DL-RS). This means implicitly that 170 Cell ID groups are divided to 6 groups by the shift values, and the different shift values are located for Cell ID groups in neighboring cells to avoid interference between DL-RS’s. Moreover it is important that each pair of SSC M-sequence index which indicates the Cell ID group is also different between neighboring cells to improve the cell search performance. However these restrictions complicate cell planning.
In this contribution, we propose a method for system information mapping which is able to reduce the interference for both DL-RS and SSC between neighboring cells, and we recommend introducing this mapping method into LTE.
The Sharp proposal for the other open issue, 1., the details of the two scrambling sequences, is described separately in [3].
2. Considerations affecting System Information mapping
Cell planning Issues and proposed resolutions – additional requirements on System Information mapping
In the RAN1#49bis meeting in Orlando, 340 hypotheses resolutions was decided as necessary to identify the cell specific information. In order to satisfy the 340 hypotheses, the number of SSC M-sequence indices must be 19 (i.e. 19*18=342). However, several companies have suggested reducing the number of hypotheses to 170 hypotheses, by excluding the frame timing determination from the combination of two SSC M-sequences [3-6]. In this case, only 14 SSC M-sequence indices would be needed (i.e. 14*13=182).
The current SSC decisions come with some issues related to cell planning. We list these issues and suggest a way to resolve them.

The following needs/conditions from the cell planning perspective create some issues:
· The inter-cell interference between SSC M-sequences should be kept as low as possible.

· Different SSC M-sequences should be allocated between neighboring cells.

· All of DL-RS’s apply cell-specific frequency shifts (FS).
· The DL-RS FS patterns should not collide between neighboring cells.

· 170 Cell ID groups are divided into 6 sets of DL-RS FS patterns.

· Each set has an almost equal number of Cell ID groups (i.e. 28 or 29).
· If the frame timing is embedded into the SSC M-sequence combinations, each Cell ID group should also have the embedded two frame timing information.
The above issues imply that the system information mapping method needs to meet following additional requirements:
· The 1st SSC M-sequence index should denote one of the DL-RS FS patterns.

· This also means that the 1st SSC M-sequence index has to be a multiple of six.

· This also ensures that the 1st SSC M-sequence can avoid a collision between neighboring cells.
· Since the 2nd SSC M-sequence is scrambled by the SSC specific scrambling sequence which is related to the 1st SSC M-sequence, the 2nd SSC M-sequence also has no collisions between neighboring cells.
· An indicator is needed for each DL-RS pattern in the frame timing information (if included).
Table 1 shows the number of SSC M-sequences available, considering the above additional requirements. We denote the number of 1st and 2nd SSC M-sequences as SSC1 and SSC2, respectively, in Table 1. In the case of 170 hypotheses, five index allocations are available; for 340 hypotheses, these two additional requirements mean that the number of 1st SSC M-sequence indexes is a multiple of twelve. Therefore only two index allocations are available fro 340 hypotheses.
Table 1 - Combination of two SSC M-sequence indices
	Hypotheses
	Available Combinations of (SSC1*SSC2)

	170
	(30*6), (24*8), (18*10), (12*15), (6*29)

	340
	(24*15), (12*29)


Considerations of UE complexity
In addition to the additional requirements in Section 2.1, we should also consider UE complexity to narrow down the index allocations selection. The UE complexity can be decreased by the following:
· The total number of two SSC M-sequence indices should be low.

· A low number of first SSC M-sequence indices is preferred, to reduce the SSC specific scrambling sequences [6].
· A mapping method with a complicated calculation should be avoided.
Based on the first bullet, the index pairs of (24*15) or (12*15) appear to be good candidates. But from the second bullet, the index pairs of (12*29) or (6*29) can minimize the number of first SSC M-sequence indices. It seems like a trade-off, but the pairs of (24*15) or (12*15) are a more reasonable choice rather than (12*29) or (6*29), for 340 and 170 hypotheses respectively. Because the cell planning is semi-automatically decided by the 6 DL-RS FS patterns, it is actually sufficient to define only the 6 SSC specific scrambling sequences. The last bullet requires that we should use neither like a look-up table nor complicated formulae to detect the cell information, since these increase the UE complexity unnecessarily. Therefore simple formulae are preferable for the system information identification.
Moreover we suggest the mapping with overlapped indices between the 1st and 2nd SSC M-sequences in order to reduce the number of candidates.
3. Proposal for System Information mapping
Figure 1 shows the proposal for system information mapping for 170 hypotheses. The UE can identify the system information on the SSC M-sequences by using very simple formulae as follows:
· Cell ID group: 
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· DL-RS FS value: 
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· SSC specific scrambling sequence: 
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where m and n are the index numbers of the 1st and 2nd SSC M-sequences, respectively.
[image: image4.emf]・・・ ・・・

・・・

M-sequence index

0 1

Cell ID indicator

M-sequence index

Cell ID indicator

0 1 30 ・・・

30 ・・・ ・・・ 24 23 ・・・

not used

2nd SSC M-sequence

1st SSC M-sequence

0 1

0 1

14

14

not used

・・・ 15

・・・

11

12 11

・・・

0 1 5

DL-RS FS pattern

0

…

5

…


Figure 1 - Proposed System Information mapping for 170 hypotheses
Figure 2 shows the proposal for system information mapping for 340 hypotheses. Formulae are as the following:
· Cell ID group: 
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· Frame timing: 
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· DL-RS FS value: 
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· SSC specific scrambling sequence: 
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Figure 2 - Proposed System Information mapping for 340 hypotheses
4. Conclusion

In this contribution, we propose the system information mapping method which considers the additional requirements from the cell planning perspective. The proposed system information mapping can ease the cell planning problem, and reduce the inter-cell interference for both SSC and DL-RS between adjacent cells. It is also easy to identify the system information by using simple formulae.
The summary of the Proposed system information mapping is listed below:
· The first SSC M-sequence indices correspond to 1 of 6 DL-RS FS values.
· There is a one-to-one mapping between the SSC specific scrambling sequence and the DL-RS FS patterns.
· If the frame timing information is including, this information is indicated in the 1st SSC M-sequences.
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