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1. Introduction
In RAN1#46bis, a consolidated SCH proposal (Approach 1) was agreed upon as the temporary working assumption for the E-UTRA cell search [1]. This approach is composed of 3 stages prior to decoding the BCH [1]:

1. Timing and frequency acquisition using the primary SYNC channel (P-SCH)
2. Radio frame timing and group ID detection using the secondary SYNC channel (S-SCH)
3. Full cell ID detection using the DL reference symbols (RSs)
In this contribution, we provide our views on the aspects of SCH design based on Approach 1.  
2. Issues Related to DL Reference Signal
The use of DL RS in cell search adds another dimension and constraints to the overall SCH design due to the following reasons:

1. Since the CP size can vary across sub-frames/TTIs within one radio frame, it is preferred to use only the DL RSs within the sub-frames where SCH is located. This is because the CP size of the other TTIs is unknown before the BCH decoding. While blind CP size detection can be performed, its effect on the cell search performance is unknown. One candidate is the scheme proposed in [2]. With this scheme, however, only the first RS in the sub-frame can be used in each sub-frame.
2. By allowing DL RS to be used for detecting the full cell ID, the number of bits carried by the S-SCH can be reduced by 
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To resolve the above issues, the following solutions are suggested:
1. If blind CP detection is to be avoided, it is desirable to fix the CP size for the SCH sub-frames. Either short or long CP can be used. This allows the use of both RSs within the SCH sub-frame for stage 3. In addition, the SCH sub-frame should be unicast to avoid imposing potentially large unicast RS overhead in E-MBMS sub-frames/TTIs.

2. 
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 should be chosen to minimize the overall cell search time. Since stage 3 can only use the RSs within the SCH sub-frames, it might be desirable to keep 
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 may also reduce the time required for stage 2. Hence, 
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 should be chosen to provide the best trade-off between the two competing factors.
3. SCH and BCH Placement
Our preference is closer to Option 2 of [1] where P-SCH and S-SCH are positioned within the same sub-frame with the following additional details:

· Since we prefer to fix the CP size for the SCH sub-frames, the P-SCH and S-SCH can be located anywhere within the SCH sub-frame. Again, this assumes that blind CP detection is to be avoided.
· Furthermore, BCH can be placed in the SCH sub-frame provided that there are sufficient resource within the SCH sub-frame to carry the P-BCH.
An example is given in Figure 1 assuming the short CP for the SCH sub-frames. The placement in Figure 1 has the following features: 
· P-SCH and S-SCH are placed consecutively in symbols 3 and 4. This allows the S-SCH to obtain accurate channel estimation from P-SCH. 
· BCH can be placed at the end of the SCH sub-frame. With this placement, the BCH can be decoded right after the completion of stage 3. 
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Figure 1. SCH placement with fixed (short) CP size for SCH sub-frames 
If, however, blind CP detection can be demonstrated accurate and hence does not result in cell search performance degradation, Option 2 in [1] is also acceptable to us.
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 [5, 6] 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
Two possible choices of N are 3 and 7 as depicted in Figure 2 below. With N=3, multipath channel combining from the first tier cells can be avoided. 7 PSCs can avoid not only multipath channel combining from the first tier cells, but also the second tier cells. Similar proposal can be found in [7] where sector-specific PSC is proposed.
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Figure 2. Pattern for reuse 3 and 7
Since cell structures and the associated planning are the choice of operators, a certain planning scheme cannot be mandated. However, to ensure competitive cell search performance in tightly synchronized networks, multiple (N) PSCs can be supported in the specification and each operator is free to choose how to utilize the N PSCs in different deployment scenarios. There are two possibilities:

1. Allow variable number of PSCs (1≤n≤N): 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. In this case, the PSC cannot be used as a partial cell ID.

2. Fixed number of PSCs (n=N): N PSCs are always used with or without cell planning. That is, PSC is used to carry a partial cell ID. In asynchronous networks, PSC is randomly selected for each cell from the N available PSCs. On the other hand, PSC planning can be used to improve performance in synchronous networks. 
In either case, stage 1 cell search needs to detect the timing and the PSC of the serving cell from the N possible PSCs.

4.2. P-SCH Structure

Two P-SCH are considered: non-repetitive and 2x-repetitive structures. The two P-SCH structures are compared in [11, 12]. 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. [13]). Hence, the 2x repetitive structure is a preferred P-SCH structure.
4.3. 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. 

3. Since P-SCH is also used to provide channel estimation for coherently demodulating the S-SCH, flat frequency domain characteristic is 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 hierarchical and time-domain structures. This issue is discussed in details in the companion contribution [8]. However, the frequency domain characteristic of a 2-level hierarchical PSC is not flat. On the other hand, CAZAC sequences possess the first and third properties. The exact design of the N PSC is FFS. 
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. Group ID related information:  
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2. Number of Node B antennas (1, 2, or 4 antennas): 2 bits 
3. Radio frame timing information: 1 bit

The number of Node B antennas may be necessary depending on the transmit diversity scheme for BCH. It may also be useful to indicate the RS pattern in the case of 4 antennas. The group ID and the number of Node B antennas are the same for the two S-SCH symbols within one radio frame. The radio frame timing information, however, is different for the two S-SCH symbols. 
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. 
5.2. S-SCH Structure
The generation of S-SCH is depicted in Figure 3. 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 3. S-SCH generation.

The decoding process for S-SCH uses the channel estimates from P-SCH. Also, differential BPSK can be used to support both coherent and non-coherent S-SCH demodulation.
In [14], 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 [15] and [16], respectively). 
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� While unicast and E-MBMS RSs may be transmitted independently, it is desirable to keep the additional unicast RS overhead small in E-MBMS TTIs.
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