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1
Introduction
In RAN1#47bis the outline of a 3-step cell search scheme was agreed, but some open issues still remain. In this document we discuss two of the; the choice of P-SCH sequence and the necessity of conveying information about hopping/shifting and the number of TX-antennas.
2
Choice of P-SCH Sequence 
The main criteria when selecting a sequence that is to be used for timing detection is that it has good auto-correlation properties. This means that there should not be any major correlation peaks at non-zero timing in the autocorrelation function in order to avoid false alarms. Finding such a sequence is not a very difficult task and any randomly generated sequence will typically have good auto-correlation property. 

Many companies have proposed to use a repeated Zadoff-Chu sequence as the P-SCH sequence. As shown in Figure 1 a two times repeated sequence does not meet the criteria for selecting a timing detection sequence as there are large peaks in the autocorrelation function at an offset equal to the sequence length.
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Figure 1 Auto-correlation function of a repeated Zadoff-Chu sequence and a random sequence.

Even though having a repeated sequence could work acceptable in initial cell search, it could have significant impact on the performance of neighbour cell search. In initial cell search, the phone is looking for the strongest cell and the peaks in the in the auto-correlation would only lead to a false alarm and the UE would eventually find the maximum peak. In neighbour cell search, the UE is looking for a particular cell which can be significantly weaker than the serving cell. The peaks in the auto-correlation function at the sequence length offset mean that the UE will be unable to find weaker cell with this timing offset to a stronger cell since the peaks will mask out the weaker cell. Therefore, a repeated sequence is a bad choice for the P-SCH sequence.
The main reason for selecting a repeated sequence for the P-SCH sequence is to allow using auto-correlation when searching for the P-SCH, but as shown in several contributions, e.g. [1], auto-.correlation has inferior performance to cross-correlation or replica based techniques and can therefore not be relied on for good performance. The motivation for still having a repeated sequence would be complexity. Even though the number of multiplications that needs to be executed is higher with cross-correlation, the overall complexity is still small. If complexity is seen as a problem, having only one P-SCH would be preferred to having a P-SCH sequence with bad auto-correlation properties. It has also been argued that frequency offset estimation is simpler with a repeated sequence, but the techniques for frequency error correction with a non-repeated sequences are well known. An additional disadvantage of using a repeated sequence is that the sub-carrier power needs to be boosted in order to get the same performance as with a non-repeated sequence.
3
Additional Information to be conveyed 
In the previous meeting it was left open if and how the number of TX-antennas and frequency hopping of reference signals should be conveyed to the UE. 

It should be noted that we are not specifying a cell search scheme for EUTRAN, but are studying what signals that need to be specified to help the UE gaining access to a cell. The agreed signals are P-SCH and S-SCH. Including any information to these signals that the UE can easily find from other sources does not make sense and could potentially degrade the performance of the steps including P-SCH and S-SCH as more information needs to be conveyed with the same energy.

Staring with the frequency hopping of reference signals, this can easily be done in step 3. The UE is already doing a correlation with three different reference signals patterns to find the finals cell ID and include a check for frequency hopping would just double the number of correlation runs to six which should not represent a large increase in complexity. In fact, detecting frequency hopping in step 3 would justify the existence of step 3 which was somehow lost when the number of hypothesis was set as low as three.
As for the number of TX-antennas, it is our opinion that regardless of the TX-diversity technique used for P-BCH there is no need to convey this information as it easily can be done after step 3. The reference signals from the other antennas are very easy to detect once the cell ID has be found in step 3. The UE can correlate with a known reference signal sequence to check if these reference signals are transmitted. The additional energy from that is now utilized means that the performance will be better than if more hypotheses are added to S-SCH.
4
Conclusion
The conclusion is:
· The selected sequence for P-SCH should not be a repeated sequence

· No additional information needs to be included to P-SCH or S-SCH. Frequency hopping and TX-diversity can be found from the respective reference signals
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