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1. Introduction

We proposed a synchronization channel (SCH) structure and initial cell search method that support multiple transmission bandwidths for the E-UTRA downlink [1]. Following the proposals from other companies, e.g., [2]-[9], we submitted a joint text proposal on the principle of the synchronization channel (SCH) structure and cell search method for multiple transmission bandwidths and approved [10]. So far, main proposals were focused on the initial cell search issues. Therefore, this paper proposes an appropriate transmission bandwidth and structure for the SCH for neighboring cell search operations in the connected mode and idle mode for the E-UTRA based on the contents in [10]. Furthermore, we summarize the possible SCH and BCH structures for a 20-MHz overall transmission bandwidth.
2. Bandwidth and Structure of SCH Considering Neighboring Cell Search

In the initial cell search, the transmission bandwidth of 1.25-MHz for the SCH is a working assumption irrespective of the overall transmission bandwidth prioritizing the simple channel structure and simple acquisition operation. This is because the SCH is the first channel that a UE acquires without information about the transmission bandwidth. However, transmission of the SCH with a wideband, e.g., 5 MHz, is beneficial to improving the detection probability through a high frequency diversity effect. This is especially effective for the neighboring cell search since the SINR (signal-to-interference plus noise power ratio) for the SCH of neighboring cell is typically very low such as - 8 dB.
In the neighboring cell search, the UE can know the bandwidth of the SCH as well as the BCH from the current cell. Therefore, the UE does not have to have a blind detection function to identify the transmission bandwidth of the target cell, in order to try two options of the SCH transmission bandwidths. However, it is not appropriate to define two SCH structures with different transmission bandwidth for the initial cell search and neighboring cell search.
Therefore, we propose a SCH structure that has two bandwidth parts, i.e. 1.25-MHz basic portion and an additional extension portion that spreads over a wide bandwidth such as 5 MHz as shown in Fig. 1, for the overall transmission bandwidth of 5 MHz or wider. By employing the SCH configuration, only the 1.25-MHz basic portion is used in the initial cell search. Therefore, a simple cell search procedure is retained. In the neighboring cell search, the whole bandwidth of the SCH is used to improve the cell search performance under severe received SINR conditions by the increasing frequency diversity effect. The SCH structure in Fig. 1(a) repeats the central basic SCH sequence with 1.25 MHz at both sides in the frequency domain. Thus, the total bandwidth does not become, for example, 5 or 10 MHz. In the SCH structure in Fig. 1(b), the additional different extension SCH sequences are multiplexed to the original SCH with a 1.25-MHz bandwidth by FDM. Thus, the total transmission bandwidth is confined to, for example, 5 or 10 MHz.  
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Figure 1 – SCH structure
3. Neighboring Cell Search in 20-MHz Overall Transmission Bandwidth
In the RAN1#44bis Athens meeting, several companies claim the necessity of the investigation on the SCH and BCH structure for the overall transmission bandwidth of 20 MHz to achieve efficient neighboring cell search during the idle mode and connected mode using UE with a 10-MHz reception bandwidth capability. Therefore, in this section, we summarize the candidate configurations.
3.1 Idle Mode

There are three related physical channel structures to perform cell search in the idle mode.
(1) Structure 1: Transmit paging channel (PCH) and paging indicator channel (PICH) from the central frequency band in which the SCH and BCH are also transmitted.

(2) Structure 2: The PCH, PICH, SCH, and BCH are transmitted from each 10-MHz frequency block

(3) Structure 3: The SCH and BCH are transmitted from the central frequency band, whereas the PCH and PICH are transmitted from each 10-MHz frequency block

(1) Structure 1

We proposed the PCH and PICH transmission scheme [11]. In the scheme, the PCH and PICH (at least the PICH) are transmitted within the center frequency band in the system bandwidth irrespective of the system bandwidth. Therefore, as shown in Fig. 2, the UE only has to receive the center part of the system bandwidth of the neighboring cells without changing the center carrier frequency of the receiver. By decoding the information of the PICH, the UE can know the location of the PCH in each cell. 
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Figure 2 – Structure 1 in idle mode
(2) Structure 2

In the structure, the PCH, PICH, SCH, and BCH are transmitted from the center of each 10-MHz bandwidth, which was originally proposed in [12]. In this case, the physical channel configurations of these channels can be the same as that for other overall transmission bandwidth such as 5 and 10 MHz. It should be noted that the center frequency of the SCH should be on the LTE frequency raster. As in Structure 1, the UE can detect the SCH of a neighboring cell without frequency shift. Compared to Structure 1, this method achieved a balanced load over the overall transmission bandwidth. However, the frame efficiency is lower than that of Structure 1. It is possible to transmit the PCH, PICH, SCH, and BCH from one of the 10-MHz bandwidths to improve the frame efficiency at the cost of an unbalanced load similar to Structure 1.
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Figure 3 – Structure 2 in idle mode
(3) Structure 3

This structure was proposed in [13]. In this case, to make it possible to receive the SCH and BCH, which are transmitted from the central part of the overall 20-MHz transmission bandwidth, configurations of the SCH and BCH are required that are different than the case with the overall transmission bandwidth of smaller than 20 MHz. Since the same amount of radio resources for the SCH and BCH is eventually used for Structure 2 and Structure 3 to achieve the same cell search time performance and BCH reception performance, Structure 2 is more promising than Structure 3 from the viewpoint of a re-configurable structure.
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Figure 4 – Structure 3 in idle mode

3.2 Connected Mode

Similar to the cell search in the idle mode, there are three related physical channel structures to perform the cell search in the connected mode.

(1) Structure 1: Transmit PCH and PICH from the central frequency band in which the SCH and BCH are also transmitted.

(2) Structure 2: The PCH, PICH, SCH, and BCH are transmitted from each 10-MHz frequency block

(3) Structure 3: The SCH and BCH are transmitted from the central frequency band, whereas the PCH and PICH are transmitted from each 10-MHz frequency block

(1) Structure 1
Figure 5 illustrates option 1, a cell search method for Structure 1 in the connected mode. We assume that the system bandwidth and UE capability in terms of the supportable minimum-maximum reception bandwidth are 20 and 10 MHz, respectively. We previously proposed the SCH and BCH transmission scheme that supports multiple transmission bandwidths [1]. In the scheme, the SCH and BCH are transmitted from the pre-determined center frequency band regardless of the system bandwidth of each cell. Therefore, a change in the center carrier frequency of the reception band at the UE is necessary for neighboring cell search when the overall transmission bandwidth is 20 MHz. As shown in Fig. 5, assuming that the UE is receiving a frequency block at the right end, the UE receives the SCH, common pilot channel, and BCH in the center part by changing the center carrier frequency in the neighboring cell search. Thus, in this scheme, the UE can perform the neighboring cell search only by changing the center carrier frequency in the receiver to the center frequency in the system band, regardless of the bandwidth, which is used in the original cell for receiving the shared data and L1/L2 control channels. By scheduling, data assignment for the time duration required for the neighboring cell search is avoided.
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Figure 5 – Structure 1 in connected mode

The second option for the structure is such that the UE has capability to receive a wider bandwidth signal than 10 MHz [14]. In the example in Fig. 5, the UE has capability to receive a 12.5-MHz bandwidth signal. In this case, the UE does not have to change the carrier frequency for the neighboring cell search in the connected mode. 
(2) Structure 2

In the Structure 2 indicated in Fig. 6, the PCH, PICH, SCH, and BCH are transmitted from the center of each 10-MHz bandwidth [12]. In this case the physical channel configurations of these channels can be the same as those for other overall transmission bandwidths such as 5 and 10 MHz. As in Structure 1, the UE can detect the SCH of a neighboring cell without frequency shift. Compared to Structure 1, this method achieves a balanced load over the overall transmission bandwidth. However, the frame efficiency is lower than that of Structure 1. It is possible to transmit the PCH, PICH, SCH, and BCH from one of the 10-MHz bandwidth to improve the frame efficiency at the cost of an unbalanced load similar to Structure 1. In this case, for the UE in the 10-MHz frequency block without the SCH and BCH should perform the neighboring cell search only by changing the center carrier frequency in the receiver.
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Figure 6 – Structure 2 in connected mode

(3) Structure 3

In the Structure 3 of Fig. 7, different SCH and BCH structures are necessary, compared to the case where the overall transmission bandwidth is less than 20 MHz. For the same reason stated in Section 3.1, Structure 2 is a more promising candidate than Structure 3 from the viewpoint of a re-configurable structure.
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Figure 7 – Structure 3 in connected mode

In conclusion, Structure 1 associated with option 1 and Structure 2 look the most promising. However, if fast frequency-shifting within a 20-MHz bandwidth is possible, Structure 1 with option 1 is also promising due to a smaller overhead.
4. Conclusion

This paper proposed an appropriate SCH transmission bandwidth and structure for neighboring cell search operations in the connected mode and idle mode for the E-UTRA. Furthermore, we summarize the possible SCH and BCH structures for a 20-MHz overall transmission bandwidth. Our conclusion is that Structure 1 associated with option 1 and Structure 2 look the most promising and that if fast frequency-shifting within a 20-MHz bandwidth is possible, Structure 1 with option 1 is also promising due to a smaller overhead.

5. Text Proposal
---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.2.4
Cell search

7.1.2.4.6
Neighbouring cell search

For achieving accurate neighboring cell search, the SCH structure that has two bandwidth parts, i.e. 1.25-MHz basic portion and an additional extension portion that spreads over a wide bandwidth such as 5 MHz, should be considered. Examples of the two-bandwidth part SCH structure are shown in Fig. X.
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Figure X – Example of the two-bandwidth part SCH

By employing the two-bandwidth part SCH configuration, only the 1.25-MHz basic portion is used in the initial cell search. However, in the neighboring cell search, the whole bandwidth of the SCH is used to improve the cell search performance under severe received SINR conditions by the increasing frequency diversity effect. The SCH structure in Fig. X(a) repeats the central basic SCH sequence with 1.25 MHz at both sides in the frequency domain. Thus, there is restriction in total transmission bandwidth of SCH. In the SCH structure in Fig. X(b), the additional different extension SCH sequences are multiplexed to the original SCH with a 1.25-MHz bandwidth by FDM. Thus, the total transmission bandwidth is confined to, for example, 5 or 10 MHz.  
---------------------------------  End of Text Proposal  -----------------------------------------------------
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