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1. Introduction

Cell search is the first procedure upon which the UE is able to connect with Node-B. Timing detection, frequency offset estimation and cell ID identification with feasible UE complexity are considered as the main task during cell search. Additionally, bandwidth of the BCH and data transmission, reference symbols, CP length and antenna configurations may further be informed during cell search to aid the communication. Due to the variable combination and consideration of channel condition, signaling overhead and UE complexity, the design and evaluation of cell search have been greatly discussed. Although the basic guideline has been agreed in [1], further clarification is needed and is discussed in this contribution.

2. Agreements and Assumptions on Cell Search
2.1. Structure in Time
It is possible to transmit multiple and different numbers of SCH and BCH in a radio frame. The position of SCH is fixed in all sub-frames to which SCH is multiplexed to enable simple averaging. Several candidates under further investigation are summarized below.

(1) SCH symbol multiplexing in the last OFDM symbol within a sub-frame
Detection of symbol and sub-frame timing is accomplished without knowing CP length and simple averaging is enabled. The CP length of OFDM symbol in the same sub-frame is not restricted. However, UL/DL switching point for TDD is restricted in the case that the DTX of the last part of the downlink sub-frame is used for creation of the TDD guard time.

(2) SCH symbol multiplexing in the first OFDM symbol within a sub-frame with short CP
Position of the SCH symbol is fixed and there is no restriction on the CP length of other OFDM symbols in the same sub-frame. UL/DL switching point in TDD mode is flexible. Since a long CP can not be applied to the SCH for broadcasting in SFN, further study is needed based on the additional signaling or multiplexing constraint.
(3) Mandatory usage of the same CP length for all the sub-frames to which the SCH is multiplexed
Multiple SCH symbols may be used in a sub-frame where the same CP length is used for all OFDM symbols. Investigation is needed for multiplexing the MBMS channel if SCH and MBMS have different CP lengths.

2.2. Structure in Frequency
Basic agreement is that only the central part of the transmission bandwidth is used for SCH and BCH. Whether or how to enlarge this part to obtain frequency diversity or carry more cell-specific message is under investigation. Some assumptions used for further study and evaluation are summarized below.

(1) The center frequency of the center sub-carrier over the overall transmission band is to be designed to satisfy the E-UTRA raster condition regardless of the overall transmission bandwidth of the cell site.
(2) The downlink SCH is transmitted in the central part of the overall transmission band of 1.25 MHz bandwidth for initial cell search.

(3) The downlink BCH is also transmitted in the central part of the transmission bandwidth. BCH may transmitted over bandwidth of 1.25 or 5 MHz. Larger bandwidth enables frequency diversity or more cell-specific information, however, bandwidth scan or addition signaling is needed to extract the BCH.
(4) A UE should be able to determine the cell ID using only the central portion of the bandwidth to achieve very fast cell search.
2.3. Transmit Diversity and SCH signal structure

Transmit diversity without need of a priori knowledge can be used for SCH, e.g., time switched transmit diversity (TSTD), frequency switched transmit diversity (FSTD), and delay diversity. If the configuration of diversity techniques are provided in SCH or CPICH, block coded-based transmit diversity may be applied to BCH. 

Two kinds of structure of the SCH are considered: hierarchical and non-hierarchical. In hierarchical scheme, primary and secondary SCH are used for cell search. Timing and frequency acquisition are first accomplished with the primary SCH (P-SCH) and cell-specific information, e.g., cell ID, antenna configuration and bandwidth, is then acquired with the secondary SCH (S-CH). In non-hierarchical scheme, cell-specific sequence with certain symmetric properties, e.g., centrally or periodic, is used for both synchronization and transmission of cell-specific information.
3. Primary Results on Cell Search
A hierarchical scheme of cell search is proposed in [2-4] in which P-SCH locates at the last symbol in certain sub-frames and S-SCH is carried by CPICH. Both SCHs are transmitted within the central part of transmission bandwidth and multiple bandwidths of 1.25 and 5 MHz are considered. In either bandwidths, the primary Sync sequence (PSS) (common PN sequence to all Node-Bs) and secondary Sync sequence (SSS) (cell-specific sequence) within the portion 1.25 MHz bandwidth are the same. Note that the bandwidth of P-SCH and S-SCH may be different since more pilot subcarriers can be used to carry S-SCH with repetition structure. Time domain repetition structure is provided by P-SCH for fast coarse synchronization of symbol timing and frequency offset. S-SCH carries cell/sector-specific signatures and SSS may be repeated every several sub-frames. Space frequency transmit diversity (SFTD) is also proposed for both channels to enhance the signal reception. Simulations show that 5 MHz SCH outperforms 1.25 MHz SCH on both timing detection rate and access time regardless the deployment of transmit diversity. The BCH carries cell-specific system information, e.g., cell configuration, antenna configuration and transmission bandwidth, and locates in the same sub-frame with SCH. Basic BCH has the same bandwidth with P-SCH of 1.25 MHz. The extended BCH has 5 MHz bandwidth to increase the frequency diversity or carry additional broadcast information or control message.

In [5-8], SCH is also comprised of P-SCH and S-SCH and the number of different P-SCHs is limited to a small number for obtain consistent channel estimate with S-SCH. Besides time domain repetition structure to accomplish timing and frequency acquisition, P-SCH also provides channel estimate to decode S-SCH which carries repetition or convolution coded cell-specific information. S-SCH partitioned into several parts is embedded in reference symbols and carries the cell-specific information including cell ID, antenna configuration and bandwidth. Both SCH channels are transmitted in the central bandwidth of 1.25 MHz and TSTD is suggested as the transmit diversity scheme.

In [9-11], SCH with 1.25 MHz bandwidth is used due to simplicity. Multiple SCH symbols are transmitted for averaging in a radio frame. Since P-SCH is used to decode the S-SCH, P-SCH and S-SCH are suggested to frequency- or code- multiplexed in the same OFDM symbol. As in other proposals, the P-SCH is used for symbol timing and frequency detection. S-SCH carries cell-specific information including group index of cell ID, cell configuration, antenna configuration, BCH bandwidth and CP length. Since the antenna configuration in S-SCH only provides whether the cell site uses multiple antennas, details are provided by BCH. Grouping is used to minimize the signaling overhead of detecting the cell ID. Cell ID belongs to the specific group is then decoded from the CPICH. BCH can be transmitted in bandwidths of 1.25 MHz or 5 MHz to obtain frequency diversity. Cyclic delay diversity (CDD) and SFTD are proposed for SCH and reference symbols, respectively.

In [12], two options are proposed for cell search where only 1.25 MHz bandwidth is used. The Option 1 uses a single sub-frame to carry the SCH which consists of one or more synchronization symbols. The Option 2 distributes the SCH over the last symbol of several sub-frames. For both options, GCL sequence is carried by these synchronization symbols. The first symbol with time-domain symmetry is used for timing and frequency detection. The remaining symbols are used for detection of cell ID, group index or both. Additional cell specific information including system bandwidth, antenna configuration, reference symbol and CP length are conveyed by other common control channels.

4. Considerations on Cell Search
Based on the summary in the previous section, three important issues need common consensus are addressed in this section: transmit diversity, signaling dimensioning and SCH architecture.

4.1. Transmit Diversity Techniques
In mobile environments, transmit diversity techniques have its advantage on diversity gain. To simplify the discussion, two classes of transmit diversity techniques should be clarified: transmit diversity with and without the need of a priori information. Since the cell search is usually performed in a hierarchical way, additional signaling is needed if the former is deployed. On the other hand, the latter simply needs normal reception without additional signaling. It is therefore necessary to compare the performance between them in terms of performance and overhead. Basically, SCH can only be received without a priori information since it is the first channel to be acquired by the UE. Contrarily, BCH and CPICH can be received with a priori information provided by the SCH.

4.2. Dimensioning of the Signaling
It is highly agreed that P-SCH, S-SCH, BCH and CPICH are used to accomplish the cell search procedure. Considering the tasks to be accomplished in the cell search, e.g., timing and frequency acquisition, cell ID identification, antenna configuration, bandwidth and CP length, different combinations of channels and tasks have been discussed in various contributions. Fair comparison between these combinations has not been done based on the complexity, performance and overhead due to diversified assumptions and scenarios of simulation. Certain degree of consensus about the dimensioning of the signaling is therefore urgently needed to simplify the comparison.
4.3. Architecture of the SCH
Important aspects in considering the architecture of SCH is the task it fulfills, the way information is encoded and the number of repeated SCHs to enhance accuracy. Both affect the overhead introduced and the way BCH and CPICH are used. Therefore, the convergence of various proposals about the architecture of SCH would greatly simplify further evaluation of the cell search.

Since SCH is almost agreed to be transmitted within 1.25MHz, i.e., 76 subcarriers, number of carried information in a symbol is therefore limited. If the GCL sequence is used, even multiple SCH symbols can only be used to detect the cell ID which is the cost from low decoding complexity [12]. If information bits and coding are used, single SCH symbol is capable of carrying cell ID, antenna configuration and bandwidth information with higher decoding complexity [6]. Simple averaging with repeated symbol in a radio frame can be only applied in this case with acceptable overhead. 

Whether the repetitive structure should be applied to the P-SCH has been discussed and compared in several contributions [7][10][13]. Although nonrepetitive structure has overall better detection rate than repetitive structure, repetitive structure is capable of flexible receiver implementation and cell-specific sequence.

The number of repeated SCH symbols in a radio frame for simple averaging is also an important issue which directly enables the trade-off between performance and overhead. Since SCH is the most important channel for the UE to connect with the Node-B, conservative choice should be made due to the unreliable channel in the wireless environment and rich interference comes from other UEs or Node-Bs. Whether to repeat the SCH symbols in a radio frame also affect the tasks it fulfills and the way cell-specific information is encoded due to limited overhead.

Above discussions have explicit impact on the dimensioning of signaling and hence the total overhead, performance and receiver complexity. Further evaluation is needed for decision.

4. Conclusion

UE must first complete the cell search process to connect with the Node-B. Reducing the signaling overhead while maintaining satisfied detection reliability are therefore the main consideration to design the cell search procedure. Although various proposals and performance evaluations between candidates have been addressed and some agreements are achieved in [1], fair comparison is still needed for further convergence of the proposals. Considerations provided in this contribution can be guidelines for later contributions to focus on.

Reference
[1] 3GPP TR 25.814 v1.2.2 (2006-3)
[2] 3GPP, R1-060901, Nortel, “Synchronization channel design for E-UTRA”
[3] 3GPP, R1-060902, Nortel, “Synchronization performance evaluation for E-UTRA”
[4] 3GPP, R1-060903, Nortel, “Broadcast channel design for E-UTRA”
[5] 3GPP, R1-060860, Texas Instruments, “Aspects and Design of DL SYNC channel (SCH) for E-UTRA”
[6] 3GPP, R1-060861, Texas Instruments, “Timing and cell-specific info detection in cell search procedure for E-UTRA”
[7] 3GPP, R1-060862, Texas Instruments, “Comparison between repetitive and non-repetitive SCH structure for E-UTRA”
[8] 3GPP, R1-060863, Texas Instruments, “Transmit diversity schemes for SCH E-UTRA”
[9] 3GPP, R1-060780, NTT DoCoMo, et al., “SCH Structure and Cell Search Method for E-UTRA Downlink”
[10] 3GPP, R1-060781, NTT DoCoMo, et al., “Cell Search Time Performance of Three-Step Cell Search Method”
[11] 3GPP, R1-060782, NTT DoCoMo, et al., “Cell Search Method for MIMO Node B in E-UTRA Downlink”
[12] 3GPP, R1-060379, Motorola, “Cell Search and Initial Acquisition for EUTRA”
[13] 3GPP, R1-060876, Motorola, “Further Evaluation of Cell Search and Initial Acquisition for EUTRA”


































































- 5/5 -

