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1. Introduction
During RAN1 #46, it was agreed that hierarchical cell search will be used in E-UTRA. In order to enable cell search without prior transmission bandwidth knowledge, the current cell search design assumes that the bandwidth of the Synchronization Channel is TX bandwidth independent, thus its width is set to the minimum transmission bandwidth [1]. Moreover, it is considered to transmit the SCH in the middle of any TX bandwidth. In consequence, the SCH is placed on the E-UTRA channel raster. 
This paper examines the issue of the frequency domain location of the SCH. We propose enhancements that decrease the complexity and consequently the latency of E-UTRA cell search and increase its reliability.
2. Terminology
For the purpose of this paper we adopt the following terminology:

· Bandwidth efficiency – the percentage of the system bandwidth that is used for effective transmission/reception, currently the E-UTRA bandwidth efficiency is 90% (it may be lower for < 5 MHz BWs).
· Coarse (SCH) channel raster - defines the possible frequencies onto which the center frequency of the SCH (BCH) of an E-UTRA carrier can be mapped.
· Fine (carrier) channel raster – defines the possible frequencies onto which the center frequency of an E-UTRA carrier can be mapped, it is defined by channel raster spacing.
· Effective system bandwidth = system bandwidth * bandwidth efficiency.
· E-UTRA band – a specified, contiguous portion of the RF spectrum that can be used to deploy multiple E-UTRA carriers.
· E-UTRA carrier (RF channel) – is defined by a specific center frequency and a specific system bandwidth.
· Spectrum allocation – the part of an E-UTRA band that can be used to deploy a single E-UTRA carrier.
· System bandwidth – the width of a single spectrum allocation, currently the following E-UTRA system bandwidths are considered 1.25, (1.6), 2.5, 5, 10, 15 and 20MHz.
3. Discussion
The currently assumed E-UTRA SCH has the following characteristics:

· Frequency domain: the SCH occupies the minimum system BW (or more specifically the effective part thereof i.e. 72 sub-carriers), it is transmitted from the center of an E-UTRA carrier
· Time domain: the P-SCH and S-SCH are transmitted in two consecutive OFDM symbols two times per radio frame.
Based on the current SCH characteristics, the following conclusions can be drawn:

1. The SCH bandwidth will typically be less than the corresponding E-UTRA carrier bandwidth
2. The center frequency of the SCH and the center frequency of the corresponding E-UTRA carrier is the same, and the later is derived by detecting the SCH.

During an initial cell search procedure the UE scans a frequency band in order to find a cell it may connect to. Only certain frequency domain places, satisfying the channel raster, are searched for the SCH. For example, in UTRA the channel raster spacing is 200 kHz. Additionally, a UTRA carrier may be placed in the center of a spectrum allocation, although these frequencies do not overlap with the channel raster. Therefore, in a 60 MHz UTRA band (e.g. band II) there are 289 (277 due to the channel raster and 12 in the centers of spectrum allocations) possible center frequencies to be checked during the cell search procedure.

The concept of shifting the center frequency away from the center of a spectrum allocation is used to allow an operator to regulate adjacent channel interference. This concept is considered to be used in E-UTRA by RAN 4. However, some modifications of the UTRA channel raster spacing and usage may be necessary due to the higher bandwidth efficiency and scalable bandwidth [2], [3]. Comparing to UTRA, depending on the E-UTRA system bandwidth, the guard bands available in a spectrum allocation may be considerably smaller or larger. It should be noted that the number of possible center frequencies (which the UE searches for the SCH during cell search i.e. hypothesis testing) and cell search time are proportional to the total bandwidth available for the system and inversely proportional to the channel raster spacing. Furthermore, the usage of < 5 MHz system BWs may be limited to certain frequency bands [4].
4. Proposal

To reduce the complexity and latency of the initial cell search procedure, based on the assumption that the SCH center frequency and the corresponding carrier center frequency may be decoupled, we propose the following enhancements and simplifications:
· The frequency domain positions where the SCH and BCH can be transmitted (coarse-SCH raster) are designed to be less dense than the frequency domain positions where a carrier can be transmitted (fine-carrier raster),
· During initial cell search the UE searches for the SCH only in the frequencies satisfying the coarse-SCH raster, instead of searching according to the finer carrier raster,
· The center frequency of the carrier and the system BW is read from the BCH.

Figure 1 shows an example of the above mentioned mapping proposal, the SCH is transmitted from the center of a spectrum allocation. In this case, assuming full flexibility in the order and system BWs of deployed systems, the coarse-SCH raster is equal to the half of the minimum system BW. In the example, the UE searches the band for SCHs with a 2.5 MHz raster step.
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Figure 1 Example of SCH mapping

Figure 2 depicts an example of a coarse-SCH raster and fine-carrier raster usage. In the example, a fine raster (of 180 kHz) is used by Operator A and Operator B to reduce the mutually injected adjacent channel interference. The important element of the design is the fact that band is searched according to the coarse raster, but the actual carrier mappings are done with fine raster spacing. The coarse raster is feasible for any type of system deployment.
In the above mentioned 60 MHz band example, if the coarse-SCH frequency spacing is used, there are only 23 frequencies to be tested during initial cell search. If the fine-carrier raster is used to transmit the SCH, there are 306 possible frequency domain positions of the SCH in that band.
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Figure 2 Example of SCH and carrier mapping
The new proposal provides the following benefits:
· The initial cell search time and complexity is significantly reduced, thus the user experience during ‘cold acquisition’ is improved
· The initial cell search procedure gets more reliable, because less hypotheses need to be checked, the probability of a false hypothesis selection is reduced, there are less detection errors
· Cell search complexity and UE battery consumption is decreased. In particular this avoids excessive battery drainage in areas without coverage where the UE repeatedly tries to find a cell and therefore has to scan all possible raster positions.
5. Conclusion
In this contribution, we have analyzed the current assumptions regarding the frequency domain mapping of the E-UTRA Synchronization Channel. To simplify cell search and reduce its delay while maintaining operator flexibility to control ACI, we propose that:

· Coarse raster spacing is used to transmit the SCH (and BCH) in an E-UTRA frequency band

· Note: the coarse raster grid may be a subset of RAN4-defined places where the DL E-UTRA carriers can be transmitted, assuming that the coarse grid overlaps with the center frequencies of spectrum allocations
· Initial cell search is done according to the SCH-coarse raster which is less dense than the fine-carrier raster.
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