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1. Introduction

According to [1], the minimum maximum UE reception bandwidth is 10 MHz. A 10 MHz UE that operates in a 20 MHz cell and is allocated to the lower (upper) half of the available spectrum will then, RF wise, only be able to receive a transmission band corresponding to the lower (upper) 600 sub-carriers of the total number of 1200 sub-carriers of a 20 MHz downlink carrier. The UE will thus not be able to receive a complete SCH being located in the centre part of the 20 MHz band without re-tuning its receiver. Thus “inter-frequency” measurements based on network-provided UL/DL idle periods or measurement gaps are required for SCH search/measurements for/on neighbor cells, despite the fact that the neighbor cell operates on a frequency band that completely overlaps the frequency band of the current cell. We believe this to be highly undesirable, due to the negative impact on both the system complexity and scheduler performance. Expressed in different words, means to allow for a 10 MHz UE in a 20 MHz cell to carry out neighbor cell search without the need for measurement gaps are highly desirable. 

Several methods have been proposed in this area ‎[2]-‎[7]. Discussed solutions so far include a RF reception filter that is slightly wider than 10 MHz ‎[7] or to extend SCH beyond 1.25 MHz for the 20 MHz case ‎[2]. In [8] we propose a very straightforward approach to handle cell search in a 20 MHz cell by allowing for the transmission of multiple SCH and, potentially, corresponding multiple BCH within the 20 MHz band. 

The alternative approach discussed in this contribution, introduces an alternative SCH structure that maintains the location of SCH in the centre of the available bandwidth while still providing a “full” SCH in each 10 MHz band of a 20 MHz carrier 

Both the approach in this paper and the approach of [8] fulfill the basic goal of providing means for a 10 MHz UE on a 20 MHz carrier to carry out neighbor cell search without the need for measurement gaps. 

2. Discussion
Figure 1 depicts the 1.25 MHz wide SCH signal in a 20 MHz cell as well as the reception bandwidth of a terminal that is located at the upper 10 MHz of the available spectrum. The UE can detect half of SCH. In order to read the complete SCH the terminal must retune its carrier frequency to the center of the available bandwidth which requires UL/DL idle periods. Since SCH measurements on neighboring cells is a rather frequent operation the introduction of such idle periods for this purpose will have an impact on the scheduler and negatively impact the scheduler performance. 
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Figure 1: a) SCH signal with 1.25 MHz bandwidth that is centred in the middle of the available 20 MHz. b) A terminal is located at the upper half of the spectrum. The terminal receives only the upper 600 out of the transmitted 1200 sub-carriers. Therefore also only the upper half of the SCH sub-carriers are received by the UE. 
The solution proposed in this contribution is based on extending SCH for 20 MHz cells beyond 1.25 MHz. Figure 2 shows the basic idea. At the upper half of the spectrum the missing lower SCH part is repeated and in the lower part of the spectrum the missing upper part of SCH. The extensions are not placed immediately above (below) the original SCH but with a certain gap in-between. 

By choosing the gap in a certain way the SCH signal composed by the upper half of the original SCH together with the upper extension can be made very similar to the original SCH signal. The same is valid for the lower SCH extension together with the lower half of original SCH. To demonstrate this we assume a SCH receiver that  filters the received signal to extract SCH and subsequently down-samples the filtered signal to 30.72/16 MHz = 1.92 MHz. This sampling frequency is equivalent to the clock in a 1.25 MHz system using a 128-point FFT. 

During initial cell search the correct SCH the UE should lock to is the original 1.25 MHz wide SCH signal centered in the middle of the available bandwidth. The terminal uses a 1.25 MHz wide filter to extract SCH and down-samples the signal subsequently to 1.92 MHz. Figure 2b shows the signal after filtering  whereas Figure 2c shows the signal obtained after down-sampling. The additional signal components outside the center 1.92 MHz are the periodic repetitions due the signal’s time-discrete nature.
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Figure 2: a) Original SCH signal together with the proposed extensions. During initial cell search the SCH extensions are suppressed by filtering b) and subsequently the signal is down-sampled c). The repeating images outside 1.92 MHz  are due to the signal’s time-discrete nature.

Figure 3 demonstrates mobility cell search for a 10 MHz terminal in a 20 MHz cell in connected mode. The terminal is located in the upper half of the spectrum. The upper half of the original SCH and the upper extension of  SCH are within the reception bandwidth of the terminal. To perform measurements on SCH the terminal filters the received signal using a 1.92 MHz wide filter  and subsequently down-samples the signal to 1.92 MHz. Figure 3b and Figure 3c show the SCH signal after filtering and down-sampling, respectively. 

The same SCH signal is obtained in case that the terminal is located in the lower half of the 20 MHz bandwidth. 
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Figure 3: a) Original SCH signal together with its proposed extensions. During mobility cell search the SCH signal is pass-band filtered b) and subsequently the signal is down-sampled c). The repeating images outside 1.92 MHz  are due to the signal’s time-discrete nature.

Comparing Figure 2 and Figure 3 shows that the digital base-band signals obtained for initial cell search and for mobility cell search are the same. This implies that the subsequent SCH processing (correlation, cell ID detection, etc.) are identical for both initial cell search and mobility cell search.

3. Conclusions

A SCH structure for 20 MHz bandwidths is proposed that extends the original  – 1.25 MHz wide – SCH to 3.84 MHz.  Due to this extension a 10 MHz terminal located in either the lower or upper half of the available 20 MHz bandwidth has access to one complete SCH copy. This implies that no network-provided UL/DL idle periods are required to perform SCH measurements. The proposed scheme furthermore results in the same base-band signals for both initial and mobility cell search 

This provides an alternative approach, in addition to the approach outlined in [8], to allow for a 10 MHz UE in a 20 MHz cell to carry out neighbor cell measurements without network-provided UL/DL idle periods. 
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