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1. Introduction
In the RAN1#46 meeting in Tallinn, hierarchical synchronization channel (SCH) structure was agreed. In this paper, we summarize our views on the multiplexing method for the primary SCH (P-SCH) and secondary SCH (S-SCH) in the time and frequency domains for the hierarchical SCH structure.

2. Multiplexing Method of SCH

2.1. SCH Transmission Bandwidth and Number of SCH over the Overall Transmission Bandwidth
As described in [1], our preference for the SCH transmission bandwidth is 1.25 MHz irrespective of the overall transmission bandwidth with priority given to a simple channel structure and simple acquisition operation. This is because the SCH is the first channel that a user equipment (UE) acquires without information related to the transmission bandwidth, although a SCH with a wideband, e.g., 5 MHz, is beneficial to improving the detection probability through a high frequency diversity effect. The SCH is transmitted from the central frequency of the overall transmission bandwidth irrespective of the overall transmission bandwidth value [1]. By using the neighboring cell search without using the SCH [2], even for a 20-MHz overall transmission bandwidth, two additional SCHs are not necessary for the purpose of neighboring cell search.

2.2. Number of SCH Symbols over One Radio Frame
There were several discussions including E-mail discussion concerning the number of SCH symbols over one radio frame [3]. The merits for a few or many SCH symbols over one radio frame are summarized below.

· Merits of fewer SCH symbols over one radio frame
· Better cell search performance against noise and interference, since the signal energy of the SCH is concentrated on a few OFDM symbols
· Reduced overhead in terms of time/frequency resources
· Simplicity for radio frame timing detection. For instance, when the number of SCH symbols per radio frame is one, frame timing detection is achieved at the stage of SCH timing detection
· Fewer SCH symbols are desirable for the TDD mode, since in the TDD mode, multiple SCH transmissions per radio frame may lead to undesirable restrictions on the TDD framing structure. This is especially true for fewer switching points per radio frame.
· Merits of many SCH symbols over one radio frame
· Better cell search performance against fading, since a time diversity gain is obtained from the reception of multiple SCH symbols particularly in a high mobility environment.
· Smaller memory size for storing the detected correlation values for SCH timing detection
· Multiple SCH symbols per radio frame can also reduce the minimum required correlation detection period for the SCH timing detection. This may be beneficial for inter-radio access technology (RAT) measurement under various mobility conditions [4].
As described later in Section 3, from the viewpoint of the cell search time, the number of SCH symbols over one radio frame should be one or two. The down selection of the number of SCH symbols per radio frame from one or two should be decided taking into account the inter-RAT measurements for various mobility conditions and the impact on the TDD mode.
2.3. SCH Symbol Mapping in Sub-frame [5]
The use of two types of cyclic prefixes (CPs), i.e., short and long, was agreed upon mainly for unicast and the Multimedia Broadcast and Multicast Service (MBMS). Assuming this condition, we proposed P-SCH symbol mapping to the last OFDM symbol within a sub-frame as shown in Fig. 1. In the proposed SCH symbol mapping, the same SCH signal including the CP can be generated both for the short and long CP cases. As a result, the UE can detect all P-SCH symbols for cell search without identifying the CP length of the SCH symbol. The SCH symbol mapping was also proposed in [6]. When Time Division Multiplexing (TDM) based multiplexing of the P-SCH and S-SCH is used, the S-SCH should be mapped to the second last OFDM symbol as shown in Fig. 1(b). Alternatively, the S-SCH symbol can be mapped to the first OFDM symbol of the next sub-frame.
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(a) For the case with Frequency Division Multiplexing (FDM) of P-SCH and S-SCH
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 (b) For the case with TDM of P-SCH and S-SCH

Figure 1 – Proposed SCH symbol mapping method within sub-frame
2.4. Multiplexing of P-SCH and S-SCH
There are two options for the multiplexing method of the P-SCH and S-SCH in the hierarchical SCH structure: TDM and FDM [7]. The merits of TDM and FDM are summarized below.

· Merits of TDM

· No interference from the S-SCH at the SCH timing detection in time domain using P-SCH

· A larger number of S-SCH sequences compared to FDM since all the sub-carriers within 1.25 MHz bandwidth can be used for S-SCH transmission

· Merits of FDM

· Minimum resource allocation for SCH. TDM needs at least two OFDM symbols, while, in FDM, the minimum number of OFDM symbols for SCH transmission is one
· Based on the above merit, FDM can transmit the P-SCH two times more than TDM assuming that the same number of OFDM symbols is used for SCH transmission. This property is beneficial for time-diversity, fast inter-RAT measurement, and achieving a smaller correlation memory size

· CP length detection before the S-SCH sequence detection is not required.
· In FDM the transmit power ratio between the P-SCH and S-SCH can be flexibly controlled to optimize the overall cell search time performance

From [8], we show that even with FDM based multiplexing, the achievable cell search time is very short, and the allowable number of S-SCH sequence can be sufficiently large such as 1024. However, from our perspective, if accurate CP length detection is guaranteed to avoid degradation in the cell search performance, TDM is also acceptable. For example, to achieve accurate CP length detection, two FFTs assuming a short CP and long CP are necessary in S-SCH detection.
Figures 2(a) and 2(b) shows the FDM-based multiplexing and TDM-based multiplexing of the P-SCH and S-SCH, respectively. In the FDM case, the P-SCH and S-SCH are alternatively mapped in the frequency domain. Meanwhile, in the TDM case, our proposal for P-SCH mapping is to map the P-SCH carrier to every other sub-carriers (the same as in FDM) for adopting the Frank sequence-based P-SCH sequence [8]. This configuration allows for auto-correlation based SCH timing detection in addition to replica-based detection. Meanwhile, the S-SCH symbols are mapped to all sub-carriers within the SCH transmission bandwidth. Therefore, the number of S-SCH sequences can be increased comparing to the FDM case.
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(a) FDM-based multiplexing
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(b) TDM-based multiplexing

Figure 2 – Multiplexing of P-SCH and S-SCH

3. Cell Search Time Evaluation

3.1. Simulation Assumption
Table 1 lists the major simulation parameters for the cell search using a multi-cell model, which is  assumed in this section. 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 number of SCH symbols per 10-msec radio frame, NSCH, is parameterized. The P-SCH based on the Frank sequence proposed in [8] is applied. Walsh sequences associated with Generalized Chirp Like (GCL) scramble sequences are employed for the S-SCH, where the total number of S-SCH sequences is set to NS-SCH = 512. FDM-based multiplexing of the P-SCH and S-SCH is assumed. The transmission power of the reference signal is assumed to be 3-dB higher than that of the shared data channels 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. Real frequency offset compensation is assumed using the P-SCH in the first step of the cell search.

Table 2 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 [9]. We assumed asynchronous cell sites and the penetration loss of Lp dB. 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 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 1 – Major simulation parameters for cell search
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Table 2 – Simulation parameters of multi-cell model
[image: image6.emf]500, 1732, 5000, 10000 m Inter-site distance (ISD)

L

p

= 0, 20 dB Penetration loss

43 dBm Node-B transmission power

9 dB UE noise figure

-174 dBm/Hz Thermal noise density

Intersite: 0.5 Shadowing correlation

0 dBi UE antenna gain

Intra-site: synchronous

Inter-site: asynchronous Network synchronization

Intrasite: 1.0

128.1 + 37.6 log

10

(

r

) Distance dependent path loss

8 dB Shadowing standard deviation

70-degree sectored beam, 14 dBi Node-B antenna pattern and gain

19 cell site, 3 cells per site Cell layout

500, 1732, 5000, 10000 m Inter-site distance (ISD)

L

p

= 0, 20 dB Penetration loss

43 dBm Node-B transmission power

9 dB UE noise figure

-174 dBm/Hz Thermal noise density

Intersite: 0.5 Shadowing correlation

0 dBi UE antenna gain

Intra-site: synchronous

Inter-site: asynchronous Network synchronization

Intrasite: 1.0

128.1 + 37.6 log

10

(

r

) Distance dependent path loss

8 dB Shadowing standard deviation

70-degree sectored beam, 14 dBi Node-B antenna pattern and gain

19 cell site, 3 cells per site Cell layout


3.2. Optimum Number of SCH Symbols per One Radio Frame
We evaluated the optimum number of SCH symbols per radio frame, NSCH, assuming the initial cell search. We evaluated two different cases regarding the SCH transmission power as shown in Fig. 3. Case 1 assumes that the SCH transmission power, RSCH, relative to the other channels is constant regardless of NSCH. Case 2 assumes that the RSCH is reduced according to the increase in NSCH so that the total transmission signal energy of the SCH over a 10-msec radio frame becomes constant. In our view, Case 2 with the NSCH of 1 is applicable only when the downlink channel is under bandwidth-limited conditions. When the channel is power limited even for the case with the NSCH of 1, the same transmission power must be allocated. Since E-UTRA must support various cell deployment scenarios, in the following, both Cases 1 and 2 are evaluated hereafter.
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(a) Case 1: Same transmission power                     (b) Case 2: Same total energy

Figure 3 – Assumption in transmission power of SCH

Figures 4(a) and 4(b) show the cumulative distribution of initial cell search time with NSCH as a parameter assuming Case 1 in Fig. 3 for the maximum Doppler frequency, fD, of 5.55 and 55.5 Hz, respectively. Here, we assume the inter-site distance (ISD) of 1732 m and Lp of 20 dB. We can see that for Case 1, the 90% CDF value of the cell search time with the NSCH of 1 is increased compared to that with the NSCH of 2 and 4 when fD = 55.5 Hz. This is due to the smaller total received signal power of the SCH within one radio frame. However, we can see that even with Case 1, the cell search time difference between the NSCH of 2 and 4 is small. Therefore, considering the increased overhead according to the increase in NSCH, the NSCH of 2 is considered to be near optimum for Case 1.
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(a) fD = 5.55 Hz                                            (b) fD = 55.5 Hz
Figure 4 – Cumulative distribution of initial cell search time with NSCH as a parameter (Case 1)

Next, Figures 5(a) and 5(b) show the cumulative distribution of the initial cell search time with NSCH as a parameter assuming Case 2 in Fig. 3 for fD of 5.55 and 55.5 Hz, respectively. Different from Case 1, the difference in the cell search time among the NSCH of 1, 2, and 4 is very small. Therefore, considering the increased overhead according to the increase in NSCH, the NSCH of 1 or 2 is considered to be near optimum for Case 2.
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(a) fD = 5.55 Hz                                            (b) fD = 55.5 Hz

Figure 5 – Cumulative distribution of initial cell search time with NSCH as a parameter (Case 2)

In summary, considering the different power allocation scenarios and SCH overheads, the number of SCH symbols per radio frame should be 1 or 2.

3.3. Coverage Evaluation
Figure 6(a) and 6(b) show the cumulative distribution of the cell search time for the initial cell search with the ISD as a parameter for NSCH of 1 and 2, respectively. The transmission power of the SCH is based on Case 1 in Fig. 3. Here, Lp is set to 20 dB for the case of ISD = 500 and 1732 m, and set to 0 dB for the case of ISD = 5 and 10 km. From this figure, even with FDM based multiplexing of the P-SCH and S-SCH with the number of SCH symbols per radio frame of 2, a sufficiently short cell search time is achieved up to the ISD of 10 km, although some degradation in the cell search time is observed with NSCH of 1. Therefore, we confirmed the feasibility of FDM from the viewpoint of coverage. Furthermore, since the transmission power of the P-SCH and S-SCH can be doubled in the TDM case, we can estimate that for the TDM case, the NSCH of 1 is sufficient from the viewpoint of coverage.
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(a) NSCH = 1                                                          (b) NSCH = 2

Figure 6 – Cumulative distribution of initial cell search time with ISD as a parameter
4. Conclusion
In this paper, we proposed a detailed SCH multiplexing method for a hierarchical SCH structure based on computer simulation. A summary of the proposed SCH multiplexing method is as follows.

· The SCH bandwidth is 1.25 MHz and the SCH is transmitted from the central frequency of the overall transmission bandwidth irrespective of the overall transmission bandwidth value.
· The number of SCH symbols over one radio frame is one or two. The down selection of the number of SCH symbols per radio frame from one and two should be decided taking into account the inter-RAT measurement for various mobility conditions and the impact on the TDD mode.
· The P-SCH symbol is mapped to the last OFDM symbol within a sub-frame.
· FDM of P-SCH and S-SCH can achieve sufficient cell search time performance with various ISDs of up to 10 km. However, if the accurate CP length detection is guaranteed to avoid degradation in the cell search performance, TDM is also acceptable
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