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1. Background
Recently, an LS was sent from RAN2 to RAN1 about the performance gain in non-initial cell search having neighbor cell lists, see [1]. In this paper we address this issue. Section 2 discusses the cell search assumptions used, both in terms of cell search parameters as well as assumptions about the neighbor cell lists and the cell planning strategy. The simulation results can be found in section 3 and our conclusions can be found in section 4.
2. Cell Search Parameter Assumptions
Cell search parameters according to the agreed working assumptions (three stage CS, 3 primary synchronization signals, 170 Cell groups, 3 Cell ID/group) have been assumed, see [2] and [3]. Furthermore, with respect to the not yet agreed parameter setting, i.e. the exact primary and secondary synchronization sequences used, where to detect the number of TX antennas used for primary broadcast channel (P-BCH)  transmission and detection of whether the reference symbols (RSs) are frequency hopping or not, the parameter proposals presented in [4] and [5] were used, i.e.

1. As primary synchronization signal sequences, QPSK pn-sequences of length 72 (defined in the f-domain) have been assumed.

2. Coherent CS stage 2 detection and 19 secondary synchronization sub sequences, according to Alternative 2 (see section 2.2 in [4]) have been used. ZC sequences of length 36 have been assumed. 

3. Whether the RSs are frequency hopping or not is detected in CS stage 3, as proposed in [3]. Furthermore, 48 RSs are used for detection of the Cell IDs.
In case the mobile terminal utilizes a neighbor list, 32 cells in the list have been assumed. Using the list the number of hypothesis in the cell search can be reduced and thereby a potential decrease in search time can be achieved. As discussed in for instance [6] the cell search performance is limited by the stage 3 performance and hence – as will be seen in the simulation section - depending on the cell planning strategy, different performance gains using neighbor list will be achieved.

Therefore, two different cell planning scenarios have been examined.

1. All three sectors per eNode B have the same cell group. In case of having a neighbor cell list, a reduced number of secondary synchronization sequences to correlate to in CS stage 2 can be used. If we assume the neighbor list include all three sectors in an eNode B, 11 eNode Bs (corresponding to 11 cell groups) are identified in the list. Hence, in the stage 2 the search can be reduced to 11 cell groups out of 170. However, in CS stage 3, all 6 (3 Cell IDs * 2 for testing RS FH or not) hypothesis need to be tested. 
For this case we also assume either

A. Synchronized sectors, i.e. giving a coherence gain in the CS stage 2 and 3 due to the same secondary synchronization signal transmitted from all sectors.
B. Non-synchronized sectors, i.e. no coherence gain in CS stage 2 and 3.

2. The three sectors on the same eNode B have randomized cell groups. Assuming all cells in the neighbor list belongs to different cell groups, the number of hypothesis in the CS stage 3 will be 32 (compared to 11 in the case above). However, since each cell in the list belongs to an unique cell group, once detecting the cell group, the Cell ID is also identified. Hence, in this case the number of hypothesis in CS stage 3 is reduced to 2 (whether the RSs are FH or not). 

Furthermore, a sequential cell search approach is assumed to be implemented in the mobile terminal, i.e. similar to the approach described in [7]. Since the synchronization signals are transmitted every 5 ms, using such a sequential approach, the minimum time for correct cell ID detection is 15 ms with an increase of 5 ms for each erroneous cell detection.
3. Simulation Results
In this section we compare the LTE non-initial cell search performance with and without neighbor cell list. A 1.25 MHz BW system have been assumed, and the radio channel is modeled as a GSM TU channel @ 3 km/h. Furthermore one eNode B TX antenna and two mobile terminal RX antennas are assumed. The 95 percentile of the cell search stage 1-3 synchronization time (please note that the time for correct PBCH reading is not included in the study.) can seen in figure 1. The mean synchronization time is also shown in figure 2 as a reference.
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Figure 1: 95 percentile  of the cell search stage 1-3 synchronization time. As can be seen in case of synchronized sectors, there is almost no gain having a neighbor cell list. In the non-synchronized case, there will, for the interesting neighbor cell SNR range (> -7 dB),  be a minor advantage using neighbor cell list for reducing the cell search time, especially if the cell IDs are randomized on each sector.
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Figure 2:  Mean cell search stage 1-3 synchronization time.

In a reuse one system, the serving cell, need to be able to operate down to SNR in the order of  
-3 dB to -4 dB. Furthermore, the mobile terminal need to be able to detect neighboring cell fast down to, say, 3 dB below the serving cell, i.e. SNR >= -7 dB. As can be seen in the figures, in case of synchronized sectors, there is almost no gain having a neighbor cell list. In the non-synchronized case, there will, for SNRs in the interesting neighbor cell range, as discussed above,  be a minor advantage using neighbor cell list for reducing the cell search time, especially in the case having randomized cell IDs per sector. The reason for this is, as mentioned earlier, that the cell search stage 3 is the stage setting the performance limit and that in the randomized case, the hypothesis in stage 3 is only 2 (RS FH or not).
4. Conclusions
In this paper we have presented some simulation results on the performance gain, with respect to cell detection in non-initial cell search in case the mobile terminal utilizes a neighbor cell list. By utilizing a cell list, the number of hypothesis in cell search stage 2 and/or 3 can be reduced. From the simulations one can conclude that, in case of synchronized sectors, the performance gain using neighbor cell list is very small, whereas in the non-synchronized-sector case a small advantage can be seen. 
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