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1 Introduction

E-UTRA shall operate in spectrum allocations of different sizes, including 1.25/2.5/5/10/15/20 MHz in both the uplink and downlink as specified in the TR 25.913 [1]. It would also be allowed that UEs of different bandwidth capability coexist in a system. This spectrum flexibility condition should importantly be considered in designing downlink synchronization channel (SCH) and broadcasting channel (BCH) carrying the system information, as discussed in some contributions by DoCoMo including [2]. In this contribution, we discuss important requirements on the design of SCH and the preferred mapping of SCH and BCH in frequency and time domain. 
2 Requirements
The following aspects need to be considered as basic requirements on the design of SCH. 
· A single structure for SCH should be kept irrespective of whether the system operation is asynchronous or synchronous. But, the design for achieving good cell search performance for both asynchronous and synchronous systems would be desired.
· All the UEs should be guaranteed reliable cell search performance both in initial cell search and handover situations irrespective of their bandwidth capability.

· Detection of the system bandwidth should not be needed in the cell search in order to avoid an increase in the cell search complexity and time [3]. The system bandwidth can be known after successful decoding of BCH. 
· It should be guaranteed that any active mode UE can always receive SCH from neighbouring cells unless the handover is between different systems or between cells occupying different system band. This is because if the SCH cannot be always received, UEs, especially of smaller bandwidth capability than the system bandwidth, would need to negotiate the measurement period with the serving cell and possibly change the RX RF frequency in order to receive the SCH from the neighbouring cells.
· The channel design for SCH and BCH should not complicate the other physical channel mappings and physical layer procedures.
· Low overhead design for SCH and BCH with reasonable performance should be pursued.
3 Physical channel mapping

Based on the requirements given in the previous section, we discuss the preferred mapping of SCH and BCH in frequency and time domain in the following sections.
Mapping of SCH and BCH in frequency domain

In this section, we discuss different mappings for SCH and BCH in frequency domain depending on the minimum DL UE bandwidth capability. In view of well supporting the measurement for neighbouring cells, the required bandwidth for SCH could be different depending on the allowed UE capability as discussed below. Since we believe that allowing 5 MHz or 10 MHz bandwidth as the minimum DL bandwidth capability of the UE for EUTRA would be best solutions, we just consider the two UE bandwidth cases in this section.
In Figure 1, we have shown the preferred mapping for SCH and BCH in frequency domain for the case that the minimum DL bandwidth capability of UE is 10 MHz.
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Figure 1. Mapping of SCH and BCH in frequency domain for the case that the minimum capability of UE is 10 MHz.
In the mapping shown in Figure 1, BCH occupies 1.25 MHz for all the system bandwidth cases. SCH occupies 1.25 MHz for all the cases of the system bandwidth except for 20 MHz, in which SCH is transmitted using 2.5 MHz. The reason for that can be understood from Figure 2. In 20 MHz bandwidth systems, active mode UEs of 10 MHz bandwidth capability would be semi-statically assigned to one of the 10 MHz sub-bands dividing the entire 20 MHz band, as shown in Figure 2, in order to distribute the UEs evenly over the whole system band for efficient utilization of the whole frequency resource. If the bandwidth of SCH is just 1.25 MHz as for the cases of other system bandwidth, then the UEs of 10 MHz bandwidth capability would receive the SCH partially in 0.625 MHz bandwidth. This will degrade the cell search performance for the UE of 10 MHz bandwidth capability in 20 MHz system bandwidth cases. Thus, we prefer allocating a larger bandwidth, 2.5 MHz in Figure 1, for SCH in case of 20 MHz system bandwidth.
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Figure 2. An example showing the situation that UEs of different bandwidth capabilities coexist.
The preferred mapping shown in Figure 1 for the case that the minimum DL UE bandwidth capability is 10 MHz gives the following benefits:
· System bandwidth detection is not required in cell search since only 1.25 MHz bandwidth for SCH would be utilized in the cell search and the system bandwidth can be obtained after decoding the BCH.
· Overhead for SCH and BCH is kept low and the remaining frequency resource can be used for other channels. 
· Cell search for neighbouring cells are well supported since SCH from neighbouring cells can always be received with at least 1.25 MHz bandwidth.

It is noted that in case that a UE of 10 MHz bandwidth capability is to handover to a neighbouring cell in the 20 MHz bandwidth system in Figure 1, the UE may be able to obtain primary system information for the neighbouring cell via high layer signalling from the serving cell. Thus, unlike SCH, BCH may not be needed to be transmitted in a larger bandwidth in order to make the UE decode the BCH of the neighbouring cell directly.
The mapping of SCH and BCH for the case that the minimum DL UE bandwidth capability is 5 MHz is currently under investigation. 
Mapping of SCH and BCH in time domain

One important issue on mapping the SCH and BCH in time domain is whether to transmit SCH and/or BCH in a single sub-frame (Figure 3(a)) or in multiple sub-frames (Figure 3(b)). Considering that unicast and multicast traffic could be time-multiplexed subframe-by-subframe, transmitting BCH in sub-frames where multicast traffic can be transmitted should be avoided. Thus, we have assumed to transmit BCH only in the 1st subframe in both options shown in Figure 3.
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Figure 3. Mapping of SCH and BCH in time domain.
Currently we prefer the mapping of Figure 3(a), which would lead to simpler overall channel structure and resource mapping. This is because sub-frames other than the 1st sub-frame retain identical structure and thus a single, identical mapping rule can be maintained for all the other physical channels such as shared data channel, shared control channel, etc., transmitted in the remaining sub-frames. 
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Figure 4. An example SCH structure for the use in the structure of Figure 3(a).
In Figure 4, we are showing an example SCH structure consisting of three OFDM symbols. In the P-SCH (Primary SCH), two identical OFDM symbols are transmitted mainly for enabling reliable detection of the frame timing, in each of which cell code group sequence is possibly carried. S-SCH (Secondary SCH) carries cell specific code. More detailed SCH structure, e.g., employed sequences, mapping of the sequence on subcarriers, use of cell group code, etc., is currently under investigation. Based on the example structure, cell search can be performed in the following procedure:

· 1st step

· Detection of the frame timing by delayed correlation of the two identical sample sequences in P-SCH
· Estimation and correction of the frequency error between the Node B and UE less than or equal to the sub-carrier spacing from the delayed correlation

· 2nd step
· Estimation and correction of the remaining frequency error by correlation of the P-SCH sequence in  frequency domain

· Detection of the cell code group from the frequency domain correlation if the code group sequence is carried in the P-SCH
· 3rd step

· Detection of the cell specific code from the correlation of the S-SCH sequence and possibly pilot sequence in frequency domain
4 Conclusion
Based on the discussions, we propose to capture the text proposal given in Annex in TR 25.814. 
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Annex
============================= Start of the text proposal ==================================

7.1.2.4 Cell search
E-UTRA shall operate in spectrum allocations of different sizes, including 1.25/2.5/5/10/15/20 MHz. It would also be allowed that UEs of different bandwidth capability coexist in a system. This spectrum flexibility condition should be taken into account in designing downlink synchronization channel (SCH) and broadcasting channel (BCH) carrying the system information with the following requirements:
· A single structure for SCH should be kept irrespective of whether the system operation is asynchronous or synchronous.
· All the UEs should be guaranteed reliable cell search performance both in initial cell search and handover situations irrespective of their bandwidth capability.
· Detection of the system bandwidth should not be needed in the cell search in order to avoid an increase in the cell search complexity and time.
· It should be guaranteed that any active mode UE can always receive SCH from neighbouring cells unless the handover is between different systems or between cells occupying different system band.
· The channel design for SCH and BCH should not complicate the other physical channel mappings and physical layer procedures.

· Low overhead design for SCH and BCH with reasonable performance should be pursued.
Based on the above requirements, the mapping for SCH and BCH in frequency domain for the case that the minimum DL bandwidth capability of UE is 10 MHz is shown in Figure 7.1.2.4-x.
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Figure 7.1.2.4-x. Mapping of SCH and BCH in frequency domain for the case that the minimum DL bandwidth capability of UE is 10 MHz

In the mapping shown in Figure 7.1.2.4-x, BCH occupies 1.25 MHz for all the system bandwidth cases. SCH occupies 1.25 MHz for all the cases of the system bandwidth except for 20 MHz, in which SCH is transmitted using 2.5 MHz. The mapping shown in Figure 7.1.2.4-x gives the following benefits:
· System bandwidth detection is not required in cell search.
· Overhead for SCH and BCH is low.
· Cell search for neighbouring cells are well supported since SCH from neighbouring cells can always be received with at least 1.25 MHz bandwidth.
The mapping for the case that the minimum DL UE bandwidth capability is 5 MHz is FFS.
In Figure 7.1.2.4-y, the mapping of SCH and BCH in time domain is shown, in which SCH and BCH are transmitted only in the 1st subframe.
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Figure 7.1.2.4-y. Mapping of SCH and BCH in time domain

Important benefit of the mapping of Figure 7.1.2.4-y is that sub-frames other than the 1st sub-frame retain identical structure and thus a single, identical mapping rule can be maintained for all the other physical channels such as shared data channel, shared control channel, etc., transmitted in the remaining sub-frames.
============================= End of the text proposal ==================================










