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1. Introduction
In the RAN1#46bis meeting in Seoul, Approach 1 cell search procedure was proposed [1]. In [1], two multiplexing schemes of the primary synchronization channel (P-SCH) and secondary synchronization channel (S-SCH) based on time division multiplexing (TDM) are described. In this paper, we compare the cell search time performances of the two TDM-based schemes. We also compare the cell search time performance of TDM-based multiplexing with that of frequency division multiplexing (FDM)-based multiplexing.
2. Multiplexing Scheme of SCH

In this paper, we compare the three multiplexing schemes of the P-SCH and S-SCH as shown in Fig. 1. Figures 1(a) and 1(b) show “TDM option 1” and “TDM option 2” schemes described in [1], respectively. Figure 1 (c) shows the FDM scheme in [2]. 
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(b) TDM option 2
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Figure 1 – Multiplexing schemes of P-SCH and S-SCH
Table 1 summarizes the merit and demerit of these schemes. For TDM option 1, the coherent detection of the S-SCH cannot be applied basically due to the large time separation between the P-SCH and S-SCH (we show the cell search time performance of option 1 with coherent detection in Sec. 3). For TDM option 2, a blind detection of cyclic prefix (CP) length is required.

Table 1 – Comparison of multiplexing schemes of P-SCH and S-SCH
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3. Comparison of SCH Multiplexing Methods Based on Cell Search Time
3.1. Simulation Assumption
Table 2 lists the major simulation parameters for the cell search using single/multi-cell model. We assumed that the overall transmission bandwidth is 5 MHz and that the number of sub-carriers used for the SCH transmission is 64 within 1.25 MHz. We employed the hierarchical SCH structure. The P-SCH based on the Frank sequence [3] is applied. Walsh sequences associated with Generalized Chirp Like (GCL) scrambling sequences are employed for the S-SCH. We assume 43 cell ID groups, where each group includes 12 cell IDs. Thus the total number of cell IDs is 516. We assumed that S-SCH transmits radio frame information, cell ID group information, and 1-bit information for the number of transmission antennas for BCH demodulation. Furthermore, for TDM option 1 and FDM case, additionally 1-bit CP length information is transmitted using the S-SCH sequence. For TDM option 2, the blind CP length detection based on double FFT processing is applied. The transmission power of the reference signal is assumed to be 3-dB higher than that of the shared data channel. In the evaluation assuming the initial cell search, we assumed a frequency offset of 6 kHz that corresponds to 3 ppm with a carrier frequency of 2 GHz assuming initial cell search. Real frequency offset compensation is assumed using the P-SCH in the first step of the cell search.

Table 3 lists the simulation parameters for evaluation using the multi-cell model. We assumed a 19-cell model and a propagation channel model that follows the agreed simulation assumptions described in [4]. We assumed asynchronous or synchronous cell sites and the penetration loss of Lp dB. Typical Urban channel model with maximum Doppler frequency, fD, of 5.55 Hz is assumed. In the evaluation, the location of the user equipment (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 defined the correct cell to be detected as the cell in which the average received signal power is within 3 dB compared to that with the highest signal power for the initial cell search.
Table 2 – Major simulation parameters for cell search
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Table 3 – Simulation parameters of multi-cell model
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3.2. Simulation Results
First, Fig. 2 shows the cumulative distribution of initial cell search time for TDM option 1 with coherent and differential detection of the S-SCH. Single-cell model is assumed and the average received signal-to-noise power ratio (SNR) is set to -6 dB. From this figure, even in low mobility (fD is set to 5.55 Hz), the cell search time with coherent detection of the S-SCH is much longer than that with differential detection in TDM option 1. This is because due to residual frequency offset, the channel estimation using the P-SCH which is apart from the S-SCH by one sub-frame duration is largely degraded. Therefore, it is impossible to apply coherent detection of S-SCH for TDM option 1 especially for initial cell search case. From this result, in the following evaluation, we assumed differential detection of the S-SCH for TDM option 1.
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 Figure 2 – Cumulative distribution of initial cell search time for TDM option 1 with coherent and differential detection of S-SCH
Next, Fig. 3 shows the cumulative distribution of initial cell search time in single-cell model for the average received SNR of 0 and -6 dB. We compare TDM option 1, TDM option 2, and FDM in the figure. Furthermore, for reference, FDM with 4 SCHs over 10-msec radio frame are also evaluated. FDM with 4 SCHs needs the same overhead as TDM options. However, this continuation restricts TDD framing to some extent. From the figure, we can see that TDM option 2 achieves the best cell search time performance due to the fine timing detection probability and the use of coherent detection of the S-SCH. Comparing TDM option 2 with FDM-based multiplexing, firstly we can see that FDM with 2 SCHs per radio frame is largely degraded compared to TDM option 2 especially in low SNR condition. This is simply because the transmission power of the SCH is half in FDM comparing to the case with TDM. Meanwhile, the cell search time with FDM with 4 SCHs are close to that with TDM option 2 due to increased total transmission power for the SCH. Slight degradation in FDM with 4 SCHs is due to the interference from the S-SCH during the P-SCH timing detection.
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Figure 3 – Cumulative distribution of initial cell search time in single-cell model
Figures 4(a) and 4(b) show the cumulative distribution of initial cell search time in multi-cell model for inter-site asynchronous and synchronous scenarios, respectively. Here, Lp is set to 20 dB for the case of inter-site distance (ISD) = 1732 m (Case 3 in [4]). We compared two options in TDM case. From these figures, we can see that TDM option 1 and option 2 achieve almost the same cell search time performance irrespective of inter-site asynchronous or synchronous scenario in Case 3.
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(a) Inter-site asynchronous
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(b) Inter-site synchronous

Figure 4 – Cumulative distribution of initial cell search time (ISD = 1732 m, Lp = 20 dB)
Figures 5(a) and 5(b) show the cumulative distribution of the cell search time for the initial cell search with the ISD of 5 and 10 km, respectively. Here, Lp is set to 0 dB, and inter-site asynchronous scenario is assumed. From the figures, we can see that when the large cell size such as ISD of 10 km is assumed, TDM option 2 achieves the shorter cell search time performance than that with TDM option 1 due to the accurate coherent detection of the S-SCH. Therefore, based on these results, we recommend the TDM option 2 for the multiplexing scheme of the P-SCH and S-SCH, assuming sufficiently accurate blind detection of CP length.
[image: image11.emf]0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

0 20 40 60 80 100 120 140

Initial cell search

Multi-cell model

ISD = 5000 m, 

L

p

= 0 dB

Asynchronous cell sites

f

offset

= +- 6 kHz

f

D

= 5.55 Hz

TDM (Option 1)

TDM (Option 2)

Cumulative distribution

Cell search time (msec)


(a) ISD = 5000 m
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(b) ISD = 10000 m

Figure 5 – Cumulative distribution of initial cell search time with ISD as a parameter (Lp = 0 dB)
4. Conclusion
In this paper, we compared the cell search time performances of the two TDM-based schemes and FDM-based scheme as the multiplexing method of the P-SCH and S-SCH assuming Approach 1 cell search procedure. From the simulation results, it was clarified that TDM option 2 achieves the shortest cell search time performance thanks to the use of accurate coherent detection of the S-SCH. Therefore, we recommend the TDM option 2 for the multiplexing scheme of the P-SCH and S-SCH assuming sufficiently accurate blind detection of CP length.
Reference
[1] 3GPP, R1-062990, Nokia, Ericsson, Siemens, Texas Instruments, NTT DoCoMo, Motorola, Freescale, Institute for Infocomm Research, Panasonic, Mitsubishi Electronic, Toshiba, CATT, NEC, Nortel, Interdigital, “Outcome of cell search drafting session”
[2] 3GPP, R1-062094, NTT DoCoMo, Fujitsu, NEC, Panasonic, Toshiba Corporation, “Multiplexing Method of SCH for E-UTRA Downlink”
[3] 3GPP, R1-062093, NTT DoCoMo, Fujitsu, Mitsubishi Electric, Panasonic, Sharp, Toshiba Corporation, “SCH Sequence Configuration for E-UTRA Downlink”
[4] 3GPP, TR25.814 (V.7.1.0), “Physical Layer Aspects for Evolved UTRA”
- 2/9 -

