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1 Introduction
The scalable transmission bandwidth ranging from 1.25 MHz to 20 MHz is supported in E-UTRA downlink and uplink [1]. On the other hand, the current UE reception capability assumption is that the maximum UE reception bandwidth is 10 MHz.
According to the latest version of TR [2], the 1.25 MHz SCH is the working assumption for all transmission bandwidths for cell search during initial access.

In RAN1 #45, several contributions, for example [3-5], were submitted addressing the issues regarding to the neighbouring cell search in the connected/idle mode as well as to the case where the cell transmission bandwidth is 20 MHz.

In this contribution we propose to extend the SCH bandwidth to improve the cell search performance in connected and idle mode and also enable the simple cell search for 20 MHz transmission band.
2 The cell search in connected and idle mode
During the initial access, UE has no prior information about the transmission bandwidth. To simplify the initial cell search, a fixed 1.25 MHz SCH is used regardless the overall transmission bandwidth. As the result the cell search performance is limited by the lowest end of the scalable transmission bandwidth even for above 1.25 MHz transmission bandwidth deployment scenarios. One solution to reduce the detection error rate is to perform the cell search based on multiple SCH transmissions in each frame. This increases the search time and also the complexity. 
To support the mobility, UE still needs to perform the cell search after the initial access. Since UE already knows the transmission bandwidth of the serving cell and even the transmission bandwidth of the neighbouring cells through the broadcast-control channel, the extended SCH can be defined to enhance the cell search performance in the connected mode and idle mode.

The whole SCH can be composed of two parts, one is the basic SCH which is used for initial access and occupies 1.25 MHz bandwidth and the other one is the extended SCH which can be used to enhance the cell search performance. More specially, the basic SCH is transmitted by 75 subcarriers located at the central part of the spectrum, excluding DC for all overall transmission bandwidths. The extended SCH can be transmitted over other available spectrum.
The extended SCH is used on top of the basic SCH to transmit a longer sequence (a common sequence for hierarchical SCH or a cell specific sequence for non-hierarchical SCH). This longer sequence can be the repetition of the sequence used by the basic SCH or the extended version of it.

Currently how to deal with the leftover spectrum when the transmission bandwidth is broader than 1.25 MHz has not been specified. We consider the following three possibilities: 

1. All useful subcarriers in the SCH symbol are shared by synchronization channel and other data transmission
In this design, the basic SCH occupies the central 75 subcarriers. For >1.25 MHz transmission bandwidth scenarios the leftover spectrum could be used by the extended SCH and other data transmission, depending on the overall SCH bandwidth and the overall transmission bandwidth. In the case where the extended SCH doses not occupy all leftover spectrums, other traffic can also be transmitted by the same SCH symbol. A different SCH sequence can be used by the extended SCH.

The advantage of this approach is the low SCH overhead, especially when the SCH is transmitted multiple times in each frame. However because of the multiplexing of the SCH and the other data transmission, low PAPR feature no longer exists in the SCH symbol.
Figure 1 gives the examples of the arrangement of the basic SCH and theextended SCH.
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Figure 1 The SCH structure-1 for different transmission bandwidths

2. All transmission bandwidth of the SCH symbol is used by synchronization channel
In this design, the basic SCH is still transmitted through the central 75 subcarriers in each band, and the extended SCH is transmitted by all leftover spectrums
The advantage of this solution is that the low PAPR can be achieved by the SCH symbol when the cell common or cell specific waveform is defined with as low PAPR as possible. And as the result, the average transmission power of the SCH symbol can be higher than other OFDM symbols. This can improve the cell search performance in some scenarios, especially in the unsynchronized networks and for large cell. Furthermore the cell search performance can be improved proportionally with an increase of the overall transmission bandwidth
However the more SCH overhead is introduced in each SCH symbol with this arrangement, especially for above 5 MHz transmission bandwidth cases.  To reduce SCH overhead, the SCH should be limited to transmit one time in each frame. 
The basic SCH sequence should be the central portion of the overall SCH sequence which has low PAPR property. The length of the total SCH sequence is equal to overall length of the basic SCH and the extended SCH.
Figure 2 shows the transmission bands of the basic SCH and the extended SCH.
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Figure 2 The SCH structure-2 for different transmission bandwidths

3. A dedicated SCH symbol with a fixed maximum SCH bandwidth

In this approach, the maximum SCH bandwidth which includes the basic SCH and the extended SCH is defined. An example of the maximum SCH bandwidth is 5 MHz. If the overall spectrum is broader than the maximum SCH bandwidth, the unoccupied spectrum will not be used, see examples in figure 3. With this design low PAPR feature of the SCH symbol can be exploited and same SCH sequence can be used by 5 MHz system transmission bandwidth and 10 MHz system transmission bandwidth.
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Figure 3 The SCH structure-2 for different transmission bandwidths

3 SCH bandwidth and location for 20 MHz transmission bandwidth scenario
When the transmission bandwidth is 20 MHz, it is likely that UE with 10 MHz maximum reception capability will camp in lower half or upper half of the band. To avoid the inter-frequency measurement during the neighbour-cell measurement, it is desired that cell search can be performed by UE without re-tuning the centre carrier frequency in the connected mode and idle mode.  Therefore the SCH should be transmitted in both lower 10 MHz band and the upper 10 MHz band. Figure 4 shows three examples of the SCH arrangement where the SCH can be detected by UE located in the lower band and upper band. In option-1, same SCH A and B are transmitted two times in the lower band and upper band respectively. The sequence carried by part A and B are the same. In option-2 and 3 the basic SCH is transmitted in the middle of the overall transmission band and the extended SCH is transmitted in lower half and upper half of the band.
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Figure 4 The SCH structure  for 20 MHz transmission bandwidth
4 Conclusions
A extended SCH can improve the cell search performance for UE in the connected mode and idle mode, especially for the neighbour cell search under very low C/I. 

For 20 MHz transmission bandwidth, the extended SCH should be transmitted repeatedly in lower 10 MHz band and upper 10 MHz band. This way enables the fast cell search.
We recommend extending the bandwidth of the SCH when the transmission bandwidth is larger than 1.25 MHz.  
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