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1. Introduction

In the RAN1#48 meeting in St. Louis, it was agreed that the same cell search operation can be used both in the initial cell search and neighboring cell search [1]. This suggests that the neighboring cell search without using neighboring cell ID (more accurately, cell ID group) lists is the working assumption. However, we prefer the usage of neighboring cell ID group lists in the neighboring cell search similar to that in W-CDMA [2] to achieve a fast cell search time in the neighboring cell search. The major concern in using the neighboring lists is the increase in the number of information bits in the broadcast channel (BCH) [3]. However, we consider that the number of BCH information bits for the neighboring cell search can be decreased by restricting the number of cell ID groups. Thus, this paper presents the neighboring cell search time performance to support the following conclusions.
· Usage of neighboring cell ID group lists is beneficial in reducing the neighboring cell search time particularly under low received signal-to-interference plus noise power ratio (SINR) condition.
· Restricting the number of cell ID groups to, e.g., 11, is sufficient to perform the neighboring cell search correctly.
2. Simulation Configuration
Table 1 gives the major simulation parameters for the cell search. We assume that the overall transmission bandwidth is 5 MHz and that the number of sub-carriers used for the synchronization channel (SCH) transmission is 64 within 1.25 MHz. We employ TDM based multiplexing of the primary SCH (P-SCH) and secondary SCH (S-SCH). We use three Zadoff-Chu sequences for the P-SCH. Walsh sequences associated with Generalized Chirp Like (GCL) scrambling sequences are employed for the S-SCH. The frequency drift is assumed to be 0 Hz, since we focus on the neighboring cell search in the contribution. The transmission power ratio of the SCH is set to 0 dB. Blind cyclic prefix (CP) length detection based on double FFT processing is applied. 

Table 2 gives the simulation parameters for the evaluation using a multi-cell model. We employ a 3-sectored 19-hexagonal cell layout model with a sector antenna beam pattern with a 70-degree beam width. We assume inter-cell synchronization operation. We set the inter-site distance (ISD) to 1732 m. The propagation model follows a distance-dependent path loss with the decay factor of 3.76, lognormal shadowing with the standard deviation of 8 dB, and instantaneous multipath fading. It is assumed that the distance-dependent path loss and shadowing are constant during the measurement period, while the instantaneous fading variations are added. The penetration loss of 20 dB is included. The correlation values between the cell sites and that between sectors are 0.5 and 1.0, respectively. The six-ray Typical Urban (TU) model was assumed for the multipath delay profile and the maximum Doppler frequency of fD = 5.55, 55.5, and 222.0 Hz. At the UE, we assume two-branch antenna diversity reception.
 In the evaluation, the location of the UE is randomly selected and the cell search time to detect the correct cell is measured. By repeating this process, the cumulative distribution of the cell search time is derived. We assume that the neighboring cell search is conducted only when there is a cell site whose received signal power is greater than -3 dB that of the connected cell (the cell with the highest average received signal power).We defined the correct cell to be detected as the cell in which the average received signal power is within 6 dB compared to that with the connected cell. 
Table 1 – Major simulation parameters for cell search
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Table 2 – Simulation parameters of multi-cell model
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3. Simulation Results

Figures 1(a), 1(b), and 1(c) show the cumulative distribution functions (CDFs) of the neighboring cell search time with and without neighboring cell lists for fD = 5.55, 55.5, and 222.0 Hz, respectively.  Without neighboring cell lists, the UE detects the cell ID of the target cell from the three candidates in the cell ID group using the P-SCH. Moreover, the UE detects the cell ID group from the 170 candidates, radio frame timing from two candidates, and the number of transmitter antennas from the two options of the target cell using the S-SCH. Meanwhile, when neighboring cell lists are used, the number of neighboring cell ID group lists is parameterized from 11 to 170. The figures show that fast neighboring cell search time is achieved using the neighboring cell lists compared to the case without using the neighboring cell lists almost irrespective of the fD value. Furthermore, we see that even when the number of neighboring cell ID group lists is only 11, the cell search time performance is not degraded. This means that the number of neighboring cell ID group lists of 11 is sufficient to perform the neighboring cell search correctly. Therefore, by decreasing the number of neighboring cell ID group lists, the control signaling bits in the BCH is reduced while achieving the shorter cell search time than that using the 170 neighboring cell ID group lists.
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(a) fD = 5.55 Hz
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(b) fD = 55.5 Hz
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(c) fD = 222.0 Hz

Figure 1 – CDF of neighboring cell search time with and without neighboring cell lists for different fD values
Then, Figures 2(a), 2(b), and 2(c) plot the CDFs of the neighboring cell search time with and without neighboring cell lists when the average received SINR is greater than -3 dB, in between -3 dB and -6dB, and less than -6 dB, respectively.  It is assumed that fD = 5.55 Hz. Similar to Fig. 1, the number of neighboring cell ID group lists informed to a UE is parameterized.  In the figures, it is clear that according to the decrease in the average received SINR, the gain in the cell search time with the neighboring cell ID group lists is obtained. In particular, under poor conditions when the average received SINR is less than -6 dB, the neighboring cell search time using the neighboring lists with only 11 cell ID group lists is significantly decreased compared to that without the use of the neighboring lists. Therefore, the usage of the limited number of neighboring cell ID group lists is very beneficial in decreasing the neighboring cell search time particularly under low received SINR conditions.  
[image: image6.emf]0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120

Cell search time (msec)

Cumulative distribution

11 Cell ID groups

32

64

170

6-ray TU

f

D

= 5.55 Hz

w/ neighboring list

w/o neighboring list


(a) Average received SINR of greater than -3 dB
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(b) Average received SINR between -3 and -6 dB
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(c) Average received SINR of less than -6 dB
Figure 2 – CDF of neighboring cell search time with and without neighboring cell lists for different SINR values
4. Conclusion
This paper investigated the neighboring cell search time with and without the use of neighboring cell ID group lists. The simulation results show that the neighboring cell search time using the neighboring lists with only 11 cell ID group lists is significantly decreased compared to that without neighboring lists. By decreasing the number of neighboring cell ID group lists, the control signaling bits in the BCH was reduced, while achieving the shorter cell search time than that using the 170 neighboring cell ID group lists. In conclusion, we prefer using the limited number of neighboring cell ID group lists for neighboring cell search to achieve a fast cell search time. 
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