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1
Summary

The following list summarizes Qualcomm’s preference in regards to SCH and Cell search for E-UTRA:

· Hierarchical acquisition:
· Cell common P-SCH
· Cell or group specific S-SCH

· Assume 512 cell ID’s as in UTRA as baseline
· P-SCH is transmitted every 10 sub-frames in the last OFDM symbol of the first sub-frame and spans 1.25MHz in the center of the band for system bandwidths < 20MHz
· The P-SCH is transmitted SFN from all the cells in the same eNB. 

· For 20MHz system bandwidth the P-SCH is transmitted as depicted in Figure 2. 

· No other PHY channels are transmitted in the OFDM symbol containing the P-SCH so that the cell’s transmit power can be dedicated exclusively to the transmission of the P-SCH. 

· S-SCH is transmitted every 20 sub-frames in the second to last OFDM symbol of the first sub-frame and spans 1.25MHz.
· The S-SCH provides information about the cell ID and system bandwidth, which determines the P-BCH bandwidth. 

· No other PHY channels are transmitted in the OFDM symbol containing the S-SCH so that the cell’s transmit power can be dedicated exclusively to the transmission of the S-SCH.

· The P-BCH is transmitted every 10 sub-frames in a radio-frame. The P-BCH spans 1.25MHz or 5MHz depending on the system bandwidth. 
· P-SCH, S-SCH and P-BCH are transmitted using TDM.

2
Overview
Cell search is the procedure that the UE carries out to acquire DL synchronization with one cell. This document focuses on initial acquisition, i.e., the acquisition of the first cell. This procedure consists of detecting the symbol, sub-frame and radio-frame timing of one cell in addition to its unique cell identification. The unique cell identification determines the scrambling sequence used for the DL. 

Figure 1 depicts the high level flow chart for cell search procedure.

The OFDM symbol, sub-frame and radio frame timing is acquired by the joint use of a primary SCH (P-SCH) and a secondary SCH (S-SCH). The P-SCH is common to the entire system. 
The step 2 detection will provide the radio-frame boundary and the cell ID for the cell being detected. In addition, it also provides information on system bandwidth.
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Figure 1. Cell search flow-chart
3
SCH structure
This section covers the general SCH structure in the time and frequency domains.
3.1
SCH structure in the Frequency Domain

The P-SCH spans 1.25MHz in the middle of the system band. In addition, for a system bandwidth of 20MHz and for a min UE receive BW capability of 10MHz, the P-SCH is replicated as depicted in Figure 2. 
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Figure 2. P-SCH structure for 20MHz bandwidth
Note that the structure shown in Figure 2 will facilitate neighbor cell detection for UEs with receive BW capability of 10MHz without the need to tuning to another center frequency. 
The S-SCH also spans 1.25MHz. 
3.2
SCH structure in the Time Domain
Figure 3 shows the SCH and BCH structure in the time domain. As can be seen, the P-SCH is present twice in every 10ms radio-frame. The S-SCH is present in the first sub-frame of every radio-frame.
The BCH is transmitted together with other DL PHY channels in the first sub-frame of every radio-frame as described in [1].
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Figure 3. Time structure for SCH/BCH.
3.3
SCH in TDD
The design of the SCH should allow for maximum commonality between the FDD and TDD operation modes. 
3.4
PSC codes

Different types of sequences have been discussed over the RAN1 email reflector for use as P-SCH. In general, the following would be desirable: 

· Time domain correlation for step 1.

· Optimal complexity/performance trade-off e.g., sequences based on BPSK/QPSK/8PSK modulation vs. floating point modulations needed for sequences such as GCL, ZC. 

The performance evaluation of different PSC sequences should take into consideration the fact that for initial acquisition the UE’s local oscillator will be free running (as the UE will not be locked to any DL waveform yet) and therefore it will have a large frequency error, typically ±2-4 ppm’s, translating to a around ±4kHz frequency error or more.
For example, figures 5 illustrates how the UE’s LO frequency offset may be confused as timing delay for ZC sequences. The same artifact would happen for GCL sequences, when we define GCL sequences as ZC modulated by DFT coefficients. Note that the same comment would apply to the sequences used for the DL reference signals.
Therefore, a special caution needs to be taken when choosing the sequences for PSC. 
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Figure 5. Confusion between timing delay and frequency offset – ZC sequence.

3.6
SSC codes

Different types of sequences have also been considered for SSC. In general, the following holds:
· SSC sequences built in the frequency domain requires channel estimation to attempt detection
· P-SCH could be used as the phase reference for S-SCH

· Many sequences are available and therefore the SSC uniquely determines the cell ID.

· FFT at the receiver would be required

· SSC sequences built in the time domain can be detected by way of time correlation and energy detection. 
· Less sequences are available and therefore the SSC would determine a group ID
· FFT not required for SSC detection. 

In general, the SSC should provide cell ID identification in addition to system bandwidth information so that the P-BCH can be provisioned according to the system bandwidth. [1] goes over the amount of information required in the P-BCH. As can be seen, there are many fields that scale with the system bandwidth and therefore to keep low TTI values for the P-BCH for larger system bandwidths, a larger bandwidth for P-BCH should be used.  

4
Conclusions

This paper has presented Qualcomm’s preferences in regards to the general cell search procedure of E-UTRA. Trade-offs for different types of sequences for P-SCH and S-SCH have also been outlined. 
Performance characterization for large initial frequency offsets has been unveiled as key in the decision process of the SCH sequences. 

Link level analysis comparing acquisition performance for different type of sequences will be shown in the next meeting.
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