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1. Introduction
During the RAN1 #43 meeting several proposals on cell search and the Synchronization Channel/Broadcast Channel for E-UTRA were presented [1], [2], [3], [4]. However, there was no conclusion on a specific procedure/set of parameters to be used in the concept evaluation.
This document addresses some issues of the design of the cell search procedure for E-UTRA taking the OFDMA based downlink as an assumption. Firstly, requirements and functions of the cell search procedure are discussed, then possible structures for the Synchronization Channel and Broadcast Channel are described, and finally, a cell search procedure for E-UTRA is outlined and some conclusions are drawn.
2. Requirements and functions of cell search procedure
Minimal functions of the E-UTRA cell search procedure:

· Downlink time synchronization

· Downlink frequency synchronization

· Detection of DL common reference symbols 

As a result of the cell search procedure the UE must be able to read the Broadcast Channel of the selected cell and perform cell reselection or the Random Access procedure.
Requirements of the E-UTRA cell search procedure:
· Operation with the long and short CP 
· Operation with different operating bandwidths 

· Operation with different BW capabilities of UEs

· Operation in different and changing UE velocities and propagation conditions
· Support of inter-RAT operation
3. Proposed solutions

3.1. Synchronization Channel structure
It is proposed to use the following structure of the Synchronization Channel in the frequency domain:
· Synchronization channel shall be mapped to the central 1.25 MHz of the operating bandwidth, as it was proposed in [1]; moreover, the SCH shall occupy only these sub-carriers of the central part which are used in the case of 1.25 MHz transmission bandwidth (e.g. 75 for the bandwidth efficiency of 90%, the DC sub-carrier not included, i.e. SCH over all tones used in the 1.25 MHz BW) to avoid incompatibility of e.g. a 10 MHz cell and a 1.25 MHz UE.
· The DC subcarrier shall be mapped to the center frequency (possibly selected to comply with the raster requirement) of the channel used in a cell, as shown in Figure 1. This mapping shall be regardless of the operating bandwidth to avoid ambiguity at the stage when the UE is not aware of the operating bandwidth of a cell it accesses.
· SCH shall carry at least a well-known sequence, common for every cell (like P-SCH in WCDMA) which allows to get a coarse frequency synchronization, the sub-frame and OFDM symbol timing. The question, if there is a need to pack additional information into the Synchronization Channel (like S-SCH in WCDMA) to point to some cell-specific information/Cell ID like a scrambling code and/or pilot sequence, is FFS and depends on the overall complexity and testing effort required to either directly detect the cell-specific information or to derive the cell-specific information from the SCH.
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Figure 1: Frequency domain structure of Synchronization Channel
It is proposed to use the following structure of the Synchronization Channel in the time domain:
· The TDM Synchronization Channel shall be mapped to the last OFDM symbol in a sub-frame, as proposed in [2]. This allows to derive the sub-frame and OFDM symbol synchronization; furthermore, variations in the SCH timing due to CP length changes are eliminated, as it is shown in Figure 2.
· The number of SCH symbols per 10 ms frame shall be more than one. A long Synchronization Channel repetition period of e.g. 10 ms may slightly deteriorate the accuracy of the derived timing because of high mobility and changes in propagation conditions, but what is more important is that, the Synchronization Channel interval determines the time of SCH detection since it will be the periodicity of testing for the synchronization sequence in the frequency domain. Even if the UE knows where possible center frequencies are in a given band and that the SCH is in the 1.25 MHZ center sub-carriers, there is still some uncertainty about the center frequency due to a possible channel raster and the frequency error between Node B and UE especially during the initial cell search. However, more than one SCH symbol per 10 ms radio frame in equidistant periods may create some ambiguity in finding the BCH if the BCH is transmitted on a 10 ms basis. This ambiguity can be solved by testing candidate time positions of the BCH.
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Figure 2: Time domain structure of Synchronization Channel
3.2. Broadcast Channel structure

A time-frequency staggered BCH structure is proposed to be used. The basic principle of transmitting the time-frequency staggered BCH is exemplarily depicted in Figure 3. All the information, which is to be transmitted on the BCH, is segmented into information blocks according to time/frequency resources allocated for the BCH in the minimal operating bandwidth. The blocks are staggered in time and occupy the minimum supported bandwidth by the lowest UE class (e.g. 1.25 MHz), so that these UEs can read the whole system information. In addition, the same information blocks are staggered in the frequency domain if a cell’s operating bandwidth is larger than the bandwidth of the lowest UE class. Therefore, high-end UEs supporting higher bandwidths will read the system information proportionally faster. Figure 3 shows an example of the time-frequency staggered BCH in a 5 MHz cell for the minimal UE bandwidth of 1.25 MHz and 4 BCH information blocks (A, B, C, D). In this case, UEs supporting at least 5 MHz will read the whole BCH four times faster than 1.25 MHz UEs. The exact structure of the staggered BCH depends on the amount of system information and the time/frequency resources allocated for the BCH, these factors are related to each other and are FFS. However, the staggered time-frequency BCH can be adapted to any operating bandwidth and to any capacity of the BCH.
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Figure 3: Time frequency staggered BCH
The time-frequency staggered BCH has the following advantages:

· Fast reading time for high-end UEs while low-end UEs have access to whole system information.
· If only some part of system information is required, the UEs supporting minimal bandwidth can read it quickly by jumping to the sub-carrier group(s) where the required information is transmitted.
· If some part of system information is received in error/incomplete, the UE can jump in the next reading period to the corresponding sub-carrier group and perform e.g. selective combining to acquire the needed information.

3.3. Cell search procedure

It is proposed to adapt the following cell search procedure:
1. The UE searches the Synchronization channel and gets frequency, sub-frame and OFDM symbol synchronization.

2. Optional: the UE explicitly finds cell-specific information (like a specific or group of scrambling codes or interleaving patterns and/or pilot sequences) from the secondary Synchronization Channel sequence.

3. The UE seeks the DL reference symbol(s), if step 2 is skipped, the cell-specific information is obtained implicitly by testing.

After steps 1, 2 and 3 the UE reads the BCH and can make cell reselection or start the RACH procedure.

4. Conclusions
In this contribution the time-frequency structure of the SCH and BCH as well as the cell search procedure for E-UTRA is described. We propose to use the TDM-based Synchronization Channel mapped to the used sub-carriers of the minimal operating bandwidth. It is beneficial to map the SCH to the center of the system bandwidth and transmit in more than one OFDM symbol per radio frame. Furthermore, it is proposed to use a time-frequency staggered BCH. We suggest to take into account the above LTE cell search and initial access considerations.
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