3GPP TSG RAN WG1 46bis
                                            R1-062635
Seoul, Korea, 9 – 13 October, 2006
Source: 

Texas Instruments
Title:
Proposal for DL SYNC Channel (SCH) for E-UTRA Cell Search
Agenda Item:

6.4.4
Document for:
Discussion and Decision
1. Introduction
In RAN1#46, it was agreed that the hierarchical synchronization channel (SCH) structure is adopted for the E-UTRA. In this contribution, we refine our proposal for DL synchronization channel (SCH) based on the agreement in RAN1#46 as well as simulation results presented in our companion contributions [1,2]. 

Section 2 outlines the cell search procedure and the overall structure of the proposed SCH, followed by the details of the primary and secondary SCH in Section 3 and 4, respectively. 

2. Cell Search Procedure
We propose a 2-stage hierarchical method for cell search depicted in Figure 1:
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Figure 1. The proposed 2-stage hierarchical cell search procedure
3. SCH Structure
As agreed upon, the single SCH size of 1.25 MHz is used for all the possible system bandwidths, except for 20 MHz where 3 replicas of the 1.25-MHz SCH are transmitted. 
3.1. SCH Placement
The proposed SCH placement within each 10-ms frame is depicted in Figure 2. As indicated in Figure 1, the primary and secondary synchronization channels (P-SCH and S-SCH) are used to facilitate the cell search. Also, the P-SCH is repeated and the S-SCH is distributed across a single frame in a regular manner. This addresses the need for efficient inter-RAT measurement and handover as well as slightly  improved performance at high mobility. The P-SCH is allocated 4 dedicated OFDM symbols per frame and time multiplexed (TDM) with the S-SCH.

For the S-SCH, one dedicated S-SCH symbol is allocated within one of the 4 sub-frames where P-SCH is located. An example is given in Figure 2. The total overhead is 3.58×(1.25 MHz/BW) %. For 5MHz data bandwidth, it results in 0.9% overhead. 
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Figure 2. SCH placement: S-SCH is allocated a dedicated symbol.
3.2. Transmit Diversity for SCH 
In the MIMO session, it was agreed that cyclic delay diversity (CDD) should not be used for SCH as it causes significant degradation. Three candidates will be evaluated for selection: TSTD, FSTD, and pre-coder switching. It should be noted, however, that the applicability of each transmit diversity scheme depends on the SCH placement. For example:
· If the placement in Figure 2 is adopted, all the three schemes can be applied. In this case, the chosen scheme should be the one that offers the best performance.
· If SCH is transmitted only once per frame, the schemes that require time switching (TSTD and pre-coder switching) offers less benefit since the switching can only be performed across frames. 
4. Primary-SCH (P-SCH)
In this section, we discuss several aspects of the proposed P-SCH design. The P-SCH carries the primary synchronization code (PSC).
4.1. The Use of Multiple PSCs

In WCDMA [3, 4], a cell-common primary SYNC code (PSC) is used. Note that WCDMA is designed for asynchronous network. For the enhanced UTRA (E-UTRA), however, the tightly synchronized network scenario is quite pertinent as the benefits of synchronized network are quite evident especially for broadcast-multicast services (with SFN) and inter-cell interference management. In this case, several problems can be identified with a cell-common PSC in a tightly synchronized network:
1. The composite multi-path channel experienced by a cell-common PSC is a superposition of the multi-path channels from all the cells to the UE of interest (analogous to the multi-path channel for E-MBMS in a single frequency network). This composite multi-path channel differs significantly from the unicast multi-path channel (from the serving node B to the UE of interest). 

2. As a result, depending on the cell size the timing estimate obtained from the cell-common PSC may not correspond well with the correct timing for the unicast transmission. This timing mismatch is expected to be worse for larger cell sizes. 

3. Since the SSC is cell-specific,  it is affected only with the channel corresponding to the serving node B (similar to unicast). Hence, the channel estimate obtained from the PSC cannot be used to reliably decode the cell specific information embedded in the SSC. 

The impact of cell-common PSC is studied in the companion contributions [1, 5] and the following solution is proposed: the PSC for a cell is chosen from a set of N PSCs instead of a single common PSC. Different PSCs are used from the cells within the first tier hence some network planning is required. In general, N should be:

· As small as possible to reduce the timing detection complexity and the potential loss in performance

· Sufficiently large to avoid multi-path channel combining from the neighbouring cells within the first tier
A good choice of N is 7 or 8, which can avoid not only the channels from the first tier cells, but also the second tier cells. The planning pattern for N=7 is shown below in Figure 3. Similar proposal can be found in [6] where sector-specific PSC is proposed.
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Figure 3. Pattern for reuse 7
Note that the PSC “index” (1,2, …, N) can also be used as a partial cell ID information or indicator. That is, it may be used either to reduce the cell ID overhead in the S-SCH or to increase the reliability of cell ID detection. The symbol (sub-frame) timing and PSC index need to be jointly detected. 
The above example and the scenario considered in [6] are only 2 of many possible deployment scenarios. For example, 6-sector cell or 1-sector cell can also be used. Since cell structures and the associated planning are the choice of operators, it is not possible to mandate a certain planning scheme. However, in order to ensure competitive cell search performance in tightly synchronized networks, the specification may support the use of multiple PSCs with the following implications:
· A network deployment is free to choose how to utilize the N PSCs. For example: 

· In an asynchronous network, one cell-common PSC chosen from the set of N PSCs can be used. 

· In a tightly synchronized network, all or a subset of the N PSCs can be used depending on the cell structure. 
· Stage 1 cell search needs to detect the timing and the PSC of the serving cell from the N possible PSCs.
4.2. PSC Design

To select the N PSCs, the following aspects shall be taken into account in the sequence design:

1. The N sequences should be designed such that the resulting time-domain P-SCH symbols have minimum cross-correlation and each of the sequences possesses good auto-correlation profile. For replica-based detection, the temporal correlation property is essential.

2. Designs that result in lower computational complexity are desirable. For example, the PSC in WCDMA is binary-valued and designed with a 2-level hierarchical structure [3, 4]. This allows significantly lower complexity timing detection since multiplication is avoided and the time-domain convolution can be performed in two steps. For the OFDMA-based E-UTRA, the PSCs can also be designed to possess similar time-domain structures. This issue is discussed in details in a companion contribution [13].

Our preference is the time-domain based rotated QPSK sequence design with 2-level hierarchical structure as outlined in [13].
4.3. P-SCH Structure
As depicted in Figure 2, P-SCH can be inserted in the last OFDM symbol of a sub-frame to avoid the need for knowing the CP length. Note that this problem is also tied with the unknown CP length of the reference symbol in the same sub-frame (see e.g. [7, 8]) which is relevant whenever the reference symbols are used to detect the cell ID in conjunction with the SCH. Placing the P-SCH at the end of sub-frame, however, does not solve this problem. One alternative mentioned in [7] is to restrict the CP size for the SCH and to restrict the SCH placement from sub-frames with long CP (e.g., E-MBMS sub-frames). That is, the SCH is placed only in the unicast sub-frames with short CP.  This is our preferred solution.
Two options for the time and frequency domain structures of P-SCH are given in Figure 4: non-repetitive and 2x-repetitive structures. Here, TSTD and 4 SCHs per frame are assumed. The two P-SCH structures are compared in [9, 10]. We find that in the presence of frequency offset, the two structures perform almost the same when the partitioned replica-based detection is used. In addition, the 2x-repetitive structure allows more flexibility in supporting auto-correlation-based and hybrid timing detection (see, e.g. [11, 12]). Hence, the 2x repetitive structure is a preferred P-SCH structure.
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Figure 4. Frequency patterns of P-SCH (per OFDM symbol). TSTD is assumed.

(a) Non-repetitive (R1)  (b) 2x-repetitive (R2)
5. Secondary SCH (S-SCH)

In this section, several aspects of the proposed S-SCH design are described. The S-SCH carries the secondary synchronization code (SSC).
5.1. Cell Specific Information 

We propose that S-SCH carry at least the following cell-specific information:

1. Cell ID related information: log2M where M is the number of cell IDs
2. Number of node B antennas (1, 2, or 4 antennas): 2 bits 
Since a single BCH bandwidth was agreed in RAN1#46, BCH bandwidth need not be included in the S-SCH. Additional cell-specific information that needs to be obtained by the UE before demodulating the BCH can be included in the SCH. An example is the information related to the reference signal. 
5.2. S-SCH Placement and Structure
As mentioned in Section 3, S-SCH can be embedded into the reference (pilot) signal and distributed over several sub-frames to avoid additional overhead. The location where the S-SCH is inserted is the same as that for P-SCH (see Figure 2). Alternatively, a dedicated OFDM symbol can be allocated for the S-SCH in the same sub-frame where P-SCH is located. 
The generation of S-SCH is depicted in Figure 5. All the cell-specific parameters are jointly encoded (e.g., using convolutional coding) with BPSK modulation, interleaving, and OFDM modulated. For instance, a rate ¼ convolutional coding with K=4 can be used to encode 12 cell-specific information bits that occupy 60 sub-carriers. This fits well within 1 OFDM symbol for 1.25 MHz SCH bandwidth.
When the S-SCH is distributed over multiple symbols (e.g., in Figure 2), the resulting codeword is then partitioned into 4 parts. Each part uses a portion of pilot sub-carriers in the center 1.25MHz band. 
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Figure 5. S-SCH generation.

The decoding process for S-SCH uses the channel estimates from P-SCH. Depending on the placement of P-SCH and S-SCH, blind decoding may be needed by testing all the different ordering possibilities. When used together with the symbol or sub-frame timing, this gives an estimate of the frame timing.
In [2], it is demonstrated that this S-SCH structure gives competitive performance and UE-related complexity compared to some other S-SCH structures (GCL- and Walsh-Hadamard-based in [11] and [14], respectively). 
6. Conclusions
In this contribution we presented TI refined proposal of the SCH structure that is supported with some simulation results given in the companion contributions (e.g., [1, 2, 5, 9, 13]).
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