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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 SCH structure and cell search method for multiple transmission bandwidths and approved [10]. So far, the 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 structures for a 20-MHz overall transmission bandwidth. Since the necessity of receiving the broadcast channel (BCH) for neighboring cell search is FFS in our view, we focus on the SCH structure in this paper.
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 user equipment (UE) acquires without information regarding 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 a neighboring cell is typically very low, such as - 8 dB.
In the neighboring cell search, the UE can know the bandwidth of the SCH 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 for the SCH transmission bandwidths. However, it is not appropriate to define two SCH structures with different transmission bandwidths for the initial cell search and neighboring cell search.
Therefore, we can consider a SCH structure that has two bandwidth parts, i.e., a 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.
On the other hand, it was proposed that the UE has the capability to receive a wider bandwidth signal than 10 MHz in order to receive the SCH of the neighboring cells, which are transmitted form the central part of the system band, without changing the center carrier frequency of the receiver [11], as detailed in Section 3. In this case, since the SCH bandwidth is wider, the UE must extend the reception bandwidth further. This may cause additional UE complexity.
We should study the SCH structures with a 1.25-MHz bandwidth and with a wider bandwidth considering both the cell search time performance and the neighboring cell search procedure including the above issues.
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(b) Additional different sequences
Figure 1 – SCH structure
3. Neighboring Cell Search in 20-MHz Overall Transmission Bandwidth
At the RAN1#44bis Athens meeting, several companies stated the need for the investigation of the SCH structures for the overall transmission bandwidth of 20 MHz to achieve efficient neighboring cell search during the idle mode and connected mode using a UE with a 10-MHz reception bandwidth capability. Therefore, in this section, we summarize the candidate configurations.

There are three related physical channel structures to perform cell search in the connected mode and idle mode.
(1) Structure 1: The SCH are transmitted from the central frequency band

(2) Structure 2: The SCH are transmitted from each 10-MHz frequency block

(3) Structure 3: The SCH with a wider bandwidth are transmitted from the central frequency band
(1) Structure 1

· Physical channel configurations and overhead

In this structure, the SCH with the same configuration as that for other overall transmission bandwidths such as 5 and 10 MHz is transmitted from the central frequency band. This structure can achieve the smallest overhead among all the candidate structures.
· Idle mode operation

In the idle mode, when the paging channel (PCH) and paging indicator channel (PICH) (at least the PICH) are also transmitted within the center frequency band in the system bandwidth [12], the UE only has to receive the center part of the system bandwidth for neighboring cell search without changing the center carrier frequency of the receiver.
· Connected mode operation

In the connected mode, there are two possible options, whether a measurement gap is needed or not. The first option is that the UE performs the neighboring cell search by changing the center carrier frequency of the receiver to the center carrier frequency in the system band, regardless of the bandwidth as shown in Fig. 2 (a). By scheduling, data assignment for the time duration required for the neighboring cell search is avoided, i.e., a measurement gap is generated by a Node-B scheduler. Since the UE does not receive two signals with different received timings at the same time, the UE does not have to have two FFT functions. However, the Node-B scheduler may become complicated and some signaling will be needed to generate a measurement gap. The second option for this structure is that the UE has a capability to receive a wider bandwidth signal than 10 MHz [11]. In the example in Fig. 2(b), the UE has the capability to receive a 10.625-MHz bandwidth signal. In this case, the UE does not have to change the center carrier frequency for the neighboring cell search. However, the UE has to have two FFT functions in order to receive two signals with different received timings at the same time without a measurement gap. For selecting the appropriate option, the tradeoff relationship between the network complexity and UE complexity should be carefully considered.
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(a) First option
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(b) Second option
Figure 2 – Structure 1

(2) Structure 2

· Physical channel configurations and overhead

In this structure, the SCH with the same configuration as that for the system bandwidth narrower than 20 MHz is transmitted from the center of each 10-MHz bandwidth as shown in Fig. 3, which was originally proposed in [13]. It should be noted that the center frequency of the SCH should be on the LTE frequency raster. The overhead in this structure is larger than that in Structure 1.
· Idle mode operation

In the idle mode, as in Structure 1, when the PCH and PICH (at least the PICH) are also transmitted within the center frequency band of each 10-MHz bandwidth, the UE only has to receive the center part of each 10-MHz bandwidth of the neighboring cells without changing the center carrier frequency of the receiver. Compared to Structure 1, this method achieves a balanced load over the overall transmission bandwidth. It is possible to transmit the SCH from one of the 10-MHz bandwidths to improve the frame efficiency at the cost of an unbalanced load.
· Connected mode operation
In the connected mode, as in the second option in Structure 1, the UE does not have to change the center carrier frequency for the neighboring cell search as shown Fig. 3. However, the UE has to have two FFT functions in order to receive two signals with different received timings at the same time without a measurement gap.
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Figure 3 – Structure 2
(3) Structure 3

· Physical channel configurations and overhead

This structure was proposed in [14]. In this case, to make it possible for a UE to receive the SCH, which are transmitted from the central part of the overall 20-MHz transmission bandwidth, without changing the center carrier frequency of the receiver, configuration of the SCH different from that for the overall transmission bandwidth of narrower than 20 MHz are required. That is, the SCH with a wider transmission bandwidth is required as shown in Fig. 4. The overhead in this structure is larger than that in Structure 1.

· Idle mode operation

In the idle mode, as in Structure 1, when the PCH and PICH (at least the PICH) are also transmitted within the center frequency band in the system bandwidth, the UE only has to receive the center part of the system bandwidth for the neighboring cell search without changing the center carrier frequency of the receiver. Since the same amount of radio resources for the SCH is eventually used for Structure 2 and Structure 3 to achieve the same cell search time performance, Structure 2 is more promising than Structure 3 from the viewpoint of a common configuration of the SCH to all the overall transmission bandwidths.
· Connected mode operation

In the connected mode, as in Option 2 in Structure 1, the UE does not have to change the center carrier frequency for the neighboring cell search as shown Fig. 4. However, the UE has to have two FFT functions in order to receive two signals with different received timings at the same time without a measurement gap.
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Figure 4 – Structure 3
In conclusion, from the viewpoint of overhead, Structure 1 is the most promising. Comparing Structures 2 and 3, Structure 2 is more promising because the UE can operate in a common manner to the other system bandwidth narrower than 20 MHz. The necessity of a measurement gap should be determined considering the tradeoff relationship between the network complexity and UE complexity.
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 structures for a 20-MHz overall transmission bandwidth. Our conclusion is that Structure 1 is the most promising from the viewpoint of overhead. The necessity of a measurement gap should be determined considering the tradeoff relationship between the network complexity and UE complexity.
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