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1. Introduction

In this paper, we discuss the downlink SCH/BCH transmission for E-UTRA, especially on the overall time-frequency domain structure for SCH/BCH transmission. More specifically, we discuss two aspects of SCH/BCH transmission, that is, CP length detection for SCH/BCH and coverage support of SCH. Finally, we suggest way forwards for SCH/BCH transmission considering those aspects.

For those discussions, we summarize the current issues and assumptions related to SCH/BCH transmission below.

(1) CP length detection

One aspect which should be considered in SCH/BCH design 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, red 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 whether it’s long CP or short CP, which is shown in the simplified example in figure 1(b). However, there will still 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 OFDM symbols carrying BCH or S-SCH (blue 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 [1], 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. 
(2) Size of BCH information
In current discussion in RAN2, size of primary BCH information is being discussed as 300~400 bits, which is quite large amount to send within a several OFDM symbols or even within a subframe using 1.25 MHz band. A rough calculation assuming 1/3 coding and QPSK modulation indicate that 7~8 OFDM symbols are required for primary BCH transmission. Therefore, this aspect also should be considered in designing overall SCH/BCH multiplexing.
(3) Support of SCH coverage
During last RAN1 meeting in Tallinn, an issue on SCH coverage was raised in case of simultaneous multiple SCH transmission. However, it doesn’t seem to be an issue only for the multiple SCH transmission. Since E-UTRAN should provide various cell deployment scenarios, there were also some proposals to allocate Node B total transmit power to SCH transmission during the SCH transmission instance [][], which are not discussed yet.
2. SCH/BCH multiplexing 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 ID 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 or downlink shared control channel (SCCH). More specifically, we assume SCCH is transmitted at least via 1st and 2nd OFDM symbols in a TTI.
· P-SCH may contain additional information bit(s) (S-SCH has no room for additional information since it should identify around 512 cell-specific codes)
· More than 6 OFDM symbols should be allocated to primary BCH transmission within 1.25 MHz band, which means that primary BCH should be transmitted over two subframes. Moreover, we assume a same CP length for two subframes in a same TTI. 
Under the assumptions above, we discuss the following options as SCH/BCH time structure. It should be noted that we discard the option (b) described in section 1 since the first OFDM symbol of each subframe carries reference signal in current DL subframe structure.

Option 1) Place P-SCH at the last symbol in a TTI. S-SCH and BCH are placed in the next TTI. CP length of subframe carrying S-SCH and BCH is informed of by P-SCH, so that a UE can detect S-SCH and BCH after detecting P-SCH.

Option 2) P-SCH, S-SCH and BCH are put in a same TTI. CP length of that TTI is fixed as either long or short one in a cell. P-SCH contains the CP length information of that TTI, 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 TTI. CP length of the subframe is fixed as long one in standards 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 multiplexing 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, we prefer putting P-SCH, S-SCH and BCH in a same TTI, especially utilizing all the RBs not used by SCCH within 1.25 MHz. This will make RB definition simpler and minimize the number of TTIs affected by SCH/BCH transmission.
In Option 2 and Option 3, P-SCH, S-SCH and BCH are transmitted within a same TTI. However, with Option 2, P-SCH should include CP length information to indicate which CP length is used for that TTI, which increases the UE receiver complexity in searching P-SCH. 
Therefore, we prefer Option 3 above as SCH/BCH time multiplexing 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, it seems natural to put more CP protection to SCH and BCH since they are basic common channels for initial access. Moreover, downlink throughput loss by forcing long CP to the TTIs carrying SCH/BCH may not be significant if SCH or BCH is transmitted in one or two TTIs in a 10ms radio frame.

3. Support of SCH coverage
Since transmission of SCH for initial cell search is confined within 1.25MHz band, transmit power of SCH may have to be boosted up largely to support a sufficient coverage. If a Node B scheduler boosts down data transmission power to boost up the SCH transmission power in a same OFDM symbol, data transmit power within a TTI may vary significantly OFDM symbol by symbol. Especially, this will cause an advert effect on QAM demodulation in downlink since a UE should estimate the average received power level for QAM demodulation separately between OFDM symbols carrying SCH and not carrying SCH. 
One possible break through of this problem is transmitting no other channels in OFDM symbols carrying SCH, but this method will lead to a significant waste of downlink time-frequency and power resources especially for large system bandwidths such as 10 or 20 MHz. Required power level for SCH transmission depends on required cell coverage, so that appropriate allocation of transmit power resource between SCH and the other channels is different according to the cell deployment scenarios.  

Therefore, we suggest transmit power can be nulled out for a part of subcarriers in OFDM symbols carrying SCH, where the amount of subcarriers to be nulled out should be configurable. By doing this, a Node B may take a necessary amount of power resource for SCH transmission from other data channels without corrupting downlink QAM demodulation performance. Figure 3 depicts configurable nulling of downlink transmit power in OFDM symbols carrying SCH. Subcarriers to be nulled out may be distributed over system bandwidth or localized in one or multiple bands. However, subcarriers consecutive to the SCH transmission band may be preferentially nulled out since it may provide additional benefit of preventing ICI in 1.25MHz base-band filtering at UE receiver during the initial cell search operation.
The subcarriers whose transmit power is nulled out should not be allocated for data transmission in that OFDM symbol. BCH or other common control channels may inform UEs of the subcarriers to be nulled out since the SCH transmit power doesn’t need to be changed dynamically.  
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Figure 3. Configurable nulling of downlink transmit power
3. Conclusions
In this paper, SCH/BCH multiplexing structure for EUTRA is discussed. As a conclusion, we suggest the followings.

· P-SCH/S-SCH/BCH are put in one TTI and fix the CP length of that subframe as long one in standards.
· Configurable amount of subcarriers can be nulled out in OFDM symbols carrying SCH for flexible SCH coverage and power resource management.
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