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1. Introduction

During RAN1#46 meeting in Tallinn, an issue on SCH coverage and SCH transmit power boosting was raised, especially, in case of simultaneous multiple SCH transmission in one OFDM symbol. Further in last RAN1#46bis meeting in Seoul [1], it is agreed that only one SCH is to be transmitted within an OFDM symbol even in case of 20MHz system bandwidth. However, SCH transmit power boosting is not an issue only for the multiple SCH transmission. Since E-UTRAN should support various cell deployment scenarios, Node B transmit power for SCH should be able to be configured appropriately according to the required cell coverage, requirements on cell search time, etc. For this purpose, the strategy of Node B transmission power allocation for the OFDM symbols carrying SCH should be considered carefully.
In this paper, we propose a method of Node B transmit power allocation for SCH and other physical channels in an OFDM symbol.
2. Transmit power allocation for SCH
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 depending on the cell deployment scenarios. If a Node B scheduler boosts down data transmission power to boost up the SCH transmission power in a same OFDM symbol while keeping the same Node B transmit power over consecutive OFDM symbols, data transmit power within a TTI may vary significantly OFDM symbol by symbol. 
Figure 1 shows cell search time performance (just for P-SCH and S-SCH) depending on the SCH transmit power where simulation assumption details are give in Annex A. Just as an example, we may assume 10MHz system bandwidth and 40dBm as an available maximum Node B transmit power. In that case, if an operator wants to set detection time for P-SCH and S-SCH within 20ms over 90% probability, 31dBm SCH transmit power meets the requirement for 500m ISD, which means a same transmit power can be allocated to SCH and other data parts in an OFDM symbol. However, for 1732m ISD, 34dBm is required as SCH transmission power, which means 1/4 of Node B transmit power should be allocated to SCH transmission. On the other hand, for 5000m ISD, the SCH detection time requirement cannot be achieved even with whole 40dBm transmit power. 
In the example above, data transmit power in an OFDM symbol carrying SCH may vary depending on the SCH transmit power setting as illustrated in figure 2. This variation of data transmit power will cause an adverse effect especially on QAM demodulation in downlink since SINR of the QAM symbols in a power de-boosted OFDM symbol will be reduced and 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. 
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Figure 1. P-SCH and S-SCH detection time for initial cell search
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(a) ISD = 500m
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(c) ISD = 5000m
Figure 2. Example of Tx power allocation between SCH and other parts

Therefore, we suggest that transmit power can be nulled out over 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, and figure 4 shows how transmit power nulling enables to keep constant data transmit power regardless of the SCH transmit power allocation. Subcarriers to be nulled out may be distributed over whole 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
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Figure 4. Example of Tx power allocation with configurable Tx power nulling
3. Conclusions
In this paper, we discussed transmit power allocation for SCH. As a conclusion, we suggest that 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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Annex A. Simulation assumptions for P-SCH/S-SCH detection time
	Parameter
	Explanation

	Carrier frequency
	2 GHz

	SCH transmission bandwidth
	1.25 MHz

	Sampling frequency
	1.92 MHz

	FFT size
	128

	Number of used subcarriers (including DC carrier)
	76

	CP type
	Short CP

	Timing acquisition method
	Cross-correlation based detection

	S-SCH detection
	Non-coherent without channel estimation by P-SCH

	Number of multi-frames for averaging
	1 radio frame (10 ms)

	Sequence for P-SCH/S-SCH
	P-SCH
	Cell(sector)-common ZC-CAZAC

	
	S-SCH
	Cell(sector)-specific delayed ZC-CAZAC

	Used sequence length
	73

	Number of delay IDs
	8
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