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1. Introduction

One aspect which should be considered in SCH/BCH design for EUTRA is variable CP length. In current EUTRA subframe format, two CP lengths are defined and a cell can switch the CP length subframe by subframe. If we assume CP length of subframes which include SCH can also switch between long and short CP, the time interval between the useful OFDM symbols carrying SCH varies depending on the CP length as shown in the simplified example in figure 1(a) (in figure 1, yellow box indicates an OFDM symbol carrying SCH).

If the CP length of subframes carrying SCH is fixed as either long or short CP length in a cell, a UE can detect the SCH without knowledge of CP length since the time interval between the useful OFDM symbols carrying SCH is fixed regardless of the CP length, which is shown in the simplified example in figure 1(b). However, there will be a problem for a UE to detect the BCH or S-SCH (if any) in other OFDM symbols as long as it doesn’t know the CP length of the subframe(s) carrying BCH or S-SCH (red box indicates an OFDM symbol carrying S-SCH or BCH). 
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Figure 1. Illustration of variable CP length and SCH/BCH position
In current TR25.814, there are three options to solve the variable CP length problem in detecting SCH. That is,

(a) Putting SCH in the last OFDM symbol in a subframe

(b) Putting SCH in the first OFDM symbol in a subframe, Forcing short CP for that OFDM symbol in a cell which uses mixed CP lengths

(c) Fixing CP length of the subframes carrying SCH as either long or short CP in a cell

So far, any of those options doesn’t provide full picture for the SCH/BCH detection regarding variable CP length. In this paper, we discuss the possible options for SCH/BCH detection considering CP length and suggest a way forward.
2. SCH/BCH detection regarding variable CP length
To simplify the discussion we make the following assumptions
· Hierarchical SCH is assumed. Especially, P-SCH and S-SCH are time-multiplexed to get enough number of S-SCH codes [2]
· Cell-specific code search is finalized by S-SCH (not using DL reference signal)

· P-SCH/S-SCH should not transferred by the OFDM symbols carrying downlink reference signal

· P-SCH may contain ‘1-bit’ additional information (S-SCH has no room for additional information since it should identify all the possible cell-specific codes)
Under the assumptions above, we discuss the following options as SCH/BCH time structure. It should be noted that we discard the option (c) described in section 1 since the first OFDM symbol of each subframe carries reference signal in current DL transmission design.

Option 1) placing P-SCH/S-SCH at the last symbol in each subframe, CP length of subframe carrying BCH is informed of by P-SCH, so that a UE can detect BCH after detection P-SCH/S-SCH.

Option 2) P-SCH, S-SCH and BCH are put in a same subframe. CP length of the subframe is fixed as either long or short one in a cell. P-SCH contains the CP length information of that subframe, so that a UE can detect S-SCH and BCH after detecting P-SCH.
Option 3) P-SCH, S-SCH and BCH are put in a same subframe. CP length of the subframe is fixed as long one so that it is already known to a UE.

Figure 2 illustrates those three options.
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Figure 2. Options for SCH/BCH time structure
Among the three options above, option 1 provides most flexible CP length variation, that is, it puts no restriction on CP length of the subframes which carry P-SCH, S-SCH and BCH. However, utilizing last OFDM symbols of subframes put restriction on placing the downlink/uplink switching points in TDD mode, which is kind of a trade off already discussed via email. Moreover, P-SCH should include some kind of CP length information in option 1 and option 2, which increases the UE receiver complexity in searching P-SCH. Therefore, we support option 3 above as SCH/BCH time structure for EUTRA, which looks simplest solution for a UE to perform cell search. With option 3, CP length of subframes which carry SCH/BCH should be fixed as long one. However, we don’t expect considerable loss of downlink throughput by those long CP subframes since one or two subframes among 20 subframes within a radio frame (10ms) would be enough for carrying SCH/BCH [3][4]. Moreover, it seems natural to put more CP protection to SCH and BCH since they are basic common channels for initial access. In addition, putting P-SCH/S-SCH/BCH in one subframe can provide more reliable and faster cell search performance. 
3. Conclusion
In this paper, SCH/BCH time structure for EUTRA is discussed. As a conclusion, we suggest to put P-SCH/S-SCH/BCH in one subframe and fix the CP length of that subframe as long one in standards, which provide SCH/BCH with more CP protection and simplify the cell search process without considerable loss of downlink throughput.
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