
3GPP TSG RAN WG1 LTE Ad Hoc                                                    R1-061662

Cannes, France, 27 – 30 June, 2006
(Original R1-060042)
Source: 

NTT DoCoMo, Fujitsu, NEC, Toshiba Corporation
Title:
SCH Structure and Cell Search Method for E-UTRA Downlink
Agenda Item:

4.2
Document for:
Discussion and Decision
1. Introduction
We proposed a cell search, i.e., initial acquisition, method that supports multiple transmission bandwidths for the E-UTRA downlink [1]. In accordance with the proposals from other companies, we submitted a joint text proposal on the principle of the synchronization channel (SCH) structure and cell search method for multiple transmission bandwidths and approved [2]. This paper proposes a more detailed SCH structure and cell search method for the E-UTRA downlink based on the contents in [2]. 
2. SCH Code

The SCH in the downlink is necessary for sub-frame and frame timing detections, and cell-ID detections, etc. Most of the companies including us consider the TDM-based SCH mapping. According to the SCH signal structure described in [2], there are two different options for SCH timing detection methods both conducted in the time domain: cross-correlation based detection (SCH replica-based detection) using hierarchical SCH, and auto-correlation based detection using hierarchical and non-hierarchical SCHs.
2.1. Hierarchical or Non-Hierarchical SCH 
(1) Hierarchical SCH

Cross-correlation based detection (SCH-replica based detection) can be applied to the hierarchical SCH. This detection is identical to that in UMTS, where the primary and secondary SCHs are defined (P-SCH and S-SCH hereafter). The SCH received timing of the target cell is detected by taking the correlation between the received signal and cell-common P-SCH replica in the time domain. Therefore, it is required that the P-SCH code has a good auto-correlation property in the time domain. 
In order to reduce the computational complexity inherent to the cross-correlation based detection, a layered (hierarchical) code structure in the time domain, which is adopted for the SCH in W-CDMA, is desirable. The P-SCH can be used as a reference to detect the S-SCH in the frequency domain after the SCH symbol timing detection, which improves the detection probability performance. Therefore, it is desirable for the P-SCH to have a constant amplitude property in the frequency domain such as a CAZAC (Constant-Amplitude Zero Auto-Correlation) sequence. The S-SCH is used for detection of the cell ID group, frame timing, and other control information conveyed by the S-SCH. For the S-SCH, many codes should be defined in order to carry many control information bits, and it is desirable that the detection of the S-SCH code can be simple.
(2) Non-Hierarchical SCH

 In [3], the application of the Generalized Chirp Like (GCL) sequence to the non-hierarchical SCH was proposed, in which the correlation detection for all possible GCL sequence candidates can be simply implemented by performing one discrete Fourier transform (DFT). However, the Walsh-Hadamard sequence can also achieve simple correlation detection by using the Hadamard transformation and zero-cross-correlation at the synchronized position. 
As a result, further investigations on the layered structure of the SCH are necessary: whether hierarchical or non-hierarchical SCH. Moreover, the SCH sequences such as the Walsh-Hadamard sequence, and GCL including other types of CAZAC sequences are candidates for the SCH.

3. Multiplexing of SCH

3.1. SCH Transmission Bandwidth [4]
In the initial cell search, the transmission bandwidth of 1.25 MHz for the SCH as shown in Fig. 1(a) is a working assumption irrespective of the overall transmission bandwidth prioritizing the simple channel structure and simple acquisition operation [2]. This is because the SCH is the first channel that a UE acquires without information about the transmission bandwidth.

However, transmission of the SCH with a wideband, e.g., 5 MHz, is beneficial to improving the detection probability through a high frequency diversity effect. This is especially true for the neighboring cell search since the SINR for the SCH of a neighboring cell is typically very low such as - 8 dB. In the neighboring cell search, the UE can know the bandwidth of the SCH as well as the BCH from the current cell. Therefore, the UE does not have to have a blind detection function to identify the transmission bandwidth of the target cell, in order to try the two options for the SCH transmission bandwidths. However, it is not appropriate to define two SCH structures with different transmission bandwidths for the initial cell search and neighboring cell search.

Therefore, as shown in Figs. 1(b) and 1(c), we propose a SCH structure with two bandwidth parts, i.e. 1.25-MHz basic portion and an additional extension portion which spread over a wide bandwidth such as 5 MHz, for the overall transmission bandwidth of 5 MHz or wider. By employing the SCH configuration, only the 1.25-MHz basic portion is used in the initial cell search. Therefore, a simple cell search procedure is maintained. Meanwhile, in the neighboring cell search, the whole bandwidth of the SCH is used to improve the cell search performance under severe received SINR conditions by the increasing frequency diversity effect. The SCH structure in Fig. 1(b) repeats the central basic SCH sequence with 1.25 MHz at both sides in the frequency domain. Thus, the total bandwidth does not become, for example, 5 or 10 MHz. Meanwhile, in the SCH structure in Fig. 1(c), the additional different extension SCH sequences are multiplexed to the original SCH with a 1.25-MHz bandwidth using FDM. Thus, the total transmission bandwidth is confined to for example, 5 or 10 MHz. It should be noted that, in the SCH configurations with a wider bandwidth as shown in Figs. 1(b) and 1(c), the signal energy of the SCH which can be utilized in the initial cell search becomes smaller than that in the SCH configuration with a 1.25-MHz bandwidth. Therefore, both configurations should be studied considering the tradeoff.
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(a) 1.25-MHz SCH for all bandwidths
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(b) Repetition of same sequence for 5-MHz or wider bandwidth
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(c) Additional different sequence for 5-MHz or wider bandwidth
Figure 1 – SCH transmission bandwidth

3.2. Number of SCH Symbols over One Radio Frame
A small number of SCH symbols per radio frame are desirable in order to reduce the overhead. Furthermore, from the viewpoint of the timing detection performance against noise and interference, the signal energy of the SCH should be concentrated on a small number of OFDM symbols. However, time diversity employing multiple SCH symbols is very effective in achieving fast cell search by improving the detection probability of the SCH particularly in a high mobility environment. Multiple SCH symbols per radio frame can also reduce the minimum required correlation detection period for SCH timing detection (STEP 1 in Fig. 6).

Therefore, single or a few SCH symbol (typically two or four SCH symbols) mapping in a 10-msec radio frame is a promising structure as shown in Fig. 2. The optimum number of SCHs per radio frame is to be specified from the cell search time performance including inter-radio access technology (RAT) measurement for various mobility conditions, and the impact on the TDD mode. In W-CDMA, the SCH is mapped at each sub-frame with the spreading factor of 256. Let us assume the transmission power of the SCH including the primary and secondary SCH (P-SCH and S-SCH) within the first 256-chip duration to be 10% at each sub-frame. Then, the SCH overhead per radio frame is approximately 1%. Meanwhile, in E-UTRA, let us assume a 1.25-MHz transmission bandwidth for the SCH and a 5-MHz system bandwidth. Then, the SCH overhead becomes 0.35 and 0.7% for two and four SCH-symbol mappings per radio frame, respectively, when assuming the same transmission power for the SCH and the other channels. Thus, to achieve a lower SCH overhead, the number of SCH symbols per radio frame should be equal to or less than four.


In Fig. 2, the multiple SCH symbols are not necessarily identical. Different SCH symbols are also possible, in which each SCH symbol indicates different information.
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Figure 2 – SCH multiplexing in one radio frame

3.3. SCH Symbol Mapping in Sub-frame [5]
The use of two types of cyclic prefixes (CPs), short and long ones, was agreed upon mainly for unicast and the Multimedia Broadcast and Multicast Service (MBMS). Assuming this condition, we proposed SCH symbol mapping at the last OFDM symbol within a sub-frame as shown in Fig. 3. 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 SCH symbols for cell search without identifying the CP length of the SCH symbol. The SCH symbol mapping was also proposed in [6]. 
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Figure 3 – Proposed SCH symbol mapping method
3.4. SCH Transmission Timing among Cells in the Same Node B
The SCH transmission timing should be aligned among cells, i.e., sectors within the same Node B. Then, since the SCH signals from difference sectors within the same Node B can be received at the same timing, the SCH timing detection probability using the P-SCH is improved. If the cell ID grouping is applied, the cell ID group is common among the sectors within the same Node B (a common scrambling code is employed in all the sectors in the same Node B [7]). Therefore, if the other control information conveyed by the S-SCH is also common, the S-SCH signal becomes common within the same Node B. Accordingly, synchronous transmission with soft-combining is also effective with respect to the S-SCH similar to the P-SCH. However, the influence of offering interference to surrounding cells must be investigated when the synchronous transmission of the SCH is applied to the sectors in the same Node B. 

4. SCH Structure in Frequency Domain

4.1. SCH Multiplexing in Frequency Domain
This section describes the multiplexing of the P-SCH and S-SCH in the hierarchical SCH structure. Two SCH timing detection methods (STEP 1 in Fig. 6) are considered: SCH-replica based timing detection, i.e., cross-correlation based timing detection, and auto-correlation based detection. We compared in [8] the cell search time performance between the SCH-replica based detection and the auto-correlation based detection considering a frequency offset. We showed that the 90%-cell search time at the cell edge (geometry of -6 dB) employing auto-correlation based timing detection is degraded by approximately 60 to 90 msec compared to that using the SCH-replica based timing detection. From the viewpoint of the basic cell search time performance, we prefer employing the SCH-replica based detection. Although auto-correlation based detection achieves a decrease in the amount of correlation detection processing, we believe that the complexity of the SCH-replica based detection can be decreased by applying a layered code structure for the P-SCH which is employed for the P-SCH in W-CDMA. In the SCH-replica based detection, three types of P-SCH and S-SCH multiplexing methods are considered: FDM, CDM, and TDM. In Fig. 4(a), the P-SCH and S-SCH are multiplexed using FDM in the same OFDM symbol duration. In Fig. 4(b), two SCHs are multiplexed using CDM with the spreading factor of, e.g., two within the same OFDM symbol duration. In the S-SCH correlation detection, coherent detection of the S-SCH using the P-SCH as a reference can improve the detection probability performance [8]. From this viewpoint, FDM or CDM is desirable since the P-SCH is transmitted close to each sub-carrier of the S-SCH both in the time domain and in the frequency domain. Therefore, we prefer FDM or CDM for the multiplexing of the P-SCH and S-SCH. Considering the use of the P-SCH as a reference for the coherent detection of the S-SCH, it is desirable that the P-SCH sequence has a constant amplitude property in the frequency domain.
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(a) FDM based
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(b) CDM based

Figure 4 – Multiplexing of P-SCH and S-SCH in SCH-replica based detection
4.2. SCH Structure in Frequency Domain
In all S-SCH (SCH in the case of the auto-correlation based method) structures in Fig. 4, the number of codes for the S-SCH depends on the code length. If we assume the SCH transmission bandwidth of 1.25 MHz, the number of S-SCH codes per SCH symbol becomes less than approximately 70 because the maximum number of sub-carriers allocated to the 1.25-MHz SCH is 75. If the P-SCH and S-SCH are multiplexed using FDM or CDM in the same OFDM symbol as shown in Figs. 4(a) and 4(b) in the SCH-replica based method, the number of the S-SCH codes per SCH symbol becomes half. If the S-SCH code directly identifies the cell ID as proposed in, for example, [3] and [9], the number of S-SCH codes is too small when assuming a 1.25-MHz transmission bandwidth.

To address this problem, we propose mapping S-SCH codes in the frequency domain. We propose M (typically two)-code interleaved mapping using FDM within one OFDM symbol as shown in Fig. 5. Figures 5(a) and 5(b) show the basic code structure and the proposed code mapping in the frequency domain, respectively. The resultant number of codes becomes (Nsym/M) M (Nsym indicates the number of S-SCH sub-carriers). For instance, when the code length is Nsym = 75, the number of total codes could be more than 1,000 when M = 2, which is much larger than that when M = 1. Note that this method is also applicable to FDM, CDM, and TDM and to both the SCH-replica based method and auto-correlation based method. Furthermore, in the proposed SCH configuration, not only the GCL code, but also other codes such as the Walsh-Hadamard code, can be used. By using the interleaved mapping of M codes, the frequency diversity effect is gained for the respective codes.
The above discussion on a small number of SCH codes holds true both for the SCH-replica based method and auto-correlation based method. The proposed M-code interleaved mapping using FDM within one OFDM symbol can be applied to the SCH structure for the auto-correlation based method. However, coherent detection cannot be applied to detect the SCH in the auto-correlation based method, whereas it can be applied in the SCH-replica based method. Therefore, we can assign a SCH code sequence only to the differential phase of the contiguous SCH sub-carriers in the auto-correlation based method similar to the method in [3], whereas we can assign it to the absolute phase of the S-SCH sub-carriers in the SCH-replica based method.
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(a) Basic code structure
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(b) M-code interleaved mapping (M = 2)

Figure 5 – Proposed (S-)SCH mapping in frequency domain (example of basic code length of 16)
4.3. Grouping of Cell IDs (Scrambling Codes)
To enable flexible cell-specific scrambling code assignment for operators, many cell IDs (cell-specific scrambling codes), such as 512 in W-CDMA, are necessary. However, according to the increase in the number of cell IDs defined in the system, the cell search time becomes longer. Thus, the grouping of cell IDs was adopted in W-CDMA. The same scheme can be applicable to cell search in E-UTRA. Two methods for grouping of cell IDs are possible.
(1) Cell ID detection using SCH and common pilot channel
In this method, the SCH sequence indicates the cell ID group among, e.g., 16 groups (and other cell-specific information). After detecting the cell ID group through SCH sequence detection, only the cell IDs belonging to the detected group, e.g., 32 cell IDs, are searched using the common pilot channel (i.e., reference signal in the TR notation) to provide the target cell ID with the maximum correlation. Since the common pilot channel is transmitted every sub-frame at a high transmission power, we prefer to utilize the common pilot channel as well as the SCH for cell ID detection. Furthermore, the resultant number of accommodated cell IDs can be increased by combining cell-ID detection employing the common pilot channel.
(2) Cell ID detection using only SCH

Cell ID detection can be performed using only the SCH as proposed in [3], [9]. In this case, the cell ID grouping is possible by employing two different SCH sequences hierarchically, in which the first SCH sequence indicates the cell ID group and the second SCH sequence indicates the cell ID within the cell ID group.
5. Proposed Functions of SCH

In the method proposed in, e.g., [3], [9], the cell ID (cell-specific scrambling code) is directly identified only by the SCH without using the common pilot channel at least in the detection process. However, we propose a cell ID detection process that employs both the SCH and common pilot channel, which is similar to W-CDMA. The first reason for this is that the number of SCH codes is still insufficient even when applying the proposed multiple SCH mapping scheme in the frequency domain described in 4.2. The second reason is that more accurate detection using the common pilot channel is possible than when using only the SCH, because the common pilot channel is transmitted frequently at each sub-frame with high transmission power, while the SCH is transmitted only a few times per 10-msec duration at most. Therefore, we think that the common pilot channel should be used for the cell ID detection to achieve fast cell search particularly in a low SINR environment. Considering these factors, the proposed SCH functions are as follows.

(1) STEP 1: Correlation in the time domain using P-SCH
· OFDM symbol timing (FFT window timing) detection

· Sub-frame timing (SCH symbol timing) detection

The SCH-replica based timing detection employing the P-SCH is preferred, since it achieves accurate detection [8]. Note that the detection and compensation of the frequency drift can also be performed in this step.

(2) STEP 2: Correlation in the frequency domain using S-SCH
· Detection of the group index of the cell IDs (cell-specific scrambling codes)

· Detection of the radio frame timing 

· When multiple SCH symbols are mapped within the duration of one radio-frame, the radio frame timing must be identified. Therefore, we identify the radio frame timing employing the S-SCH.

· Detection of the cell configuration

· In an actual E-UTRA deployment scenario, various cell configurations should be considered such as omni-beam cells and three-sectored cells. The cell configuration is identified using the S-SCH.

· Detection of the antenna configuration of the cell

· MIMO transmission was approved for the E-UTRA downlink. Thus, we identify that Node B has one transmission antenna, or two (or more than two) transmission antennas (MIMO Node B) based on the S-SCH.

· Detection of the BCH bandwidth, i.e., whether the system bandwidth is narrower than 5 MHz, or equal to or wider than 5 MHz
· We proposed using a BCH transmission with a 5-MHz bandwidth when the system bandwidth is 5 MHz or wider in order to obtain a high frequency diversity effect [10]. Meanwhile, we use a 1.25-MHz bandwidth transmission if the system bandwidth is narrower than 5 MHz. Thus, the BCH bandwidth allocated to each cell is identified using the S-SCH. Furthermore, based on the BCH bandwidth information, the UE can use the common pilot channel within the same bandwidth as that of the BCH for the cell ID detection in STEP 3 of Fig. 6.
· Detection of the CP length

· Furthermore, the SCH can also identify the CP length used in the unicast sub-frame of the cell (FFS).

As one example in Fig. 5 (b), the lengths of the two sequences are 19 and 18, respectively. When we assume the number of candidate SCH codes is 16 each, that is, 16 codes among 19 or 18 codes with good cross-correlation property are assumed to be selected as candidate codes. Therefore, the total combination of SCH codes becomes 16 x 16 = 256. These 256 combination codes are used to identify the following: (16 cell ID groups) x (2 frame timing) x (2 cell configuration) x (2 MIMO antenna configuration) x (2 BCH bandwidth). The MIMO antenna configuration indicates whether the cell site uses a single antenna or multiple antennas. Note that this information is essential in decoding the BCH. Details regarding the number of antennas can be identified by using the BCH. The detailed number of candidate SCH codes, and the exact partitioning of the total combination of SCH codes to each of the control information items represented by the S-SCH are FFS.
6. Proposed Cell Search Method

Considering the above proposals and factors, our proposed cell search method is given in Fig. 6. Operations of each step are given hereafter.

(1) STEP 1
· Correlation detection of the P-SCH in the time domain.

· Detection of OFDM symbol timing (FFT window timing) and sub-frame timing (SCH symbol timing).

· Frequency drift is simultaneously detected.

· We prefer SCH-replica based correlation detection employing the P-SCH.

(2) STEP 2

· Correlation detection of the SCH in the frequency domain.

· Detection of the group index of cell IDs (cell-specific scrambling codes), radio frame timing, cell configuration, MIMO antenna configuration, and BCH bandwidth, etc. 

(3) STEP 3
· Correlation detection of the common pilot channel in the frequency domain.

Correlation detection between the received signal after FFT and the common pilot symbol replica.

· Detection of the cell ID (cell-specific scrambling code) belonging to the group detected in STEP 2 and identification of the sector index.
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Figure 6 – Flow of proposed cell search method

7. Conclusion
In this paper, we proposed a detailed SCH structure and cell search method for the E-UTRA downlink. A summary of the proposed SCH structure is as follows.

· Two possibilities for the SCH transmission bandwidth
(1) 1.25 MHz regardless of the system bandwidth

( Simplified cell search procedure due to one option for the SCH bandwidth

(2) Wider transmission bandwidth for the overall transmission bandwidth of 5 MHz or wider

( Better cell search time performance in idle and connected mode

· Multiple SCH code mapping in the frequency domain using absolute/differential phase of GCL  or Walsh codes as candidates
( Increased number of SCH codes and simplified correlation detection for all SCH code candidates
· Cell ID grouping and use of common pilot channel

( Increase in the number of cell IDs accommodated and good cell search performance employing the common pilot channel transmitted every sub-frame at a high transmission power
By using the proposed SCH and common pilot channel, cell search is performed in three steps.

· STEP 1: Using correlation detection of the P-SCH in the time domain, OFDM symbol timing and sub-frame timing (SCH symbol timing) are detected.
· STEP 2: Using correlation detection of the S-SCH in the frequency domain, the group index of the cell IDs (cell-specific scrambling codes), radio frame timing, cell configuration, MIMO antenna configuration, BCH bandwidth, etc., are detected.

· STEP 3: Using correlation detection of the common pilot channel in the frequency domain, the cell ID (cell-specific scrambling code) belonging to the group detected in STEP 2 and the sector index are detected.
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