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1. Introduction
 Based on current agreement, UE has to decode P-BCH by blind detection for 4 P-BCH boundary identities ignoring Tx antenna configuration. If UE can get some information from somewhere, the complexity for decoding P-BCH can be reduced by four times.

Some discussions on providing flexibility to UE vendors for 40ms P-BCH boundary detection have happened in e-mail reflector. Two alternatives were proposed for flexibility to UE; extension of RS periodicity from 10ms to 40ms [1] and phase modulation on S-SCH [2]. In this contribution, we discuss and evaluate them with simulation.
2. Discussion
2.1 Extension of RS periodicity
 By extending RS periodicity from 10ms to 40ms, UE can identify 10ms P-BCH boundary using reference signal. It could have some facts to be considered as follows;
· This could impact on UE measurement e.g. RSRP. UE has to recognize 10ms boundary before RS measurement. It has something to do with additional complexity and accuracy for measurement.
· Because UE doesn’t know the system bandwidth of the cell and MBSFN subframe before decoding BCH, UE can use RS within 1.25MHz only bandwidth at SCH subframe for detecting 40ms P-BCH boundary. The number of available RS elements is 48 (=12*4) in 1 Tx case. Therefore, the use of RS for detecting P-BCH boundary could be limited.
· Basically, to detect some information from RS results in increase of detection error (or detection time). Since DL RS is supposed to be transmitted at 0st and 4th (or 3th for long CP) OFDM symbol in every slot and at every 6th subcarrier, the detection performance would be degraded due to both time and frequency selectivity. Under residual frequency offset environment, the detection performance would be more degraded. For reference, the simulation results of detecting RS for information can be found in some previous documents [3][4][5][6].
2.2 Phase modulation on S-SCH
 The modulation by certain phase on S-SCH can provide information about 40ms P-BCH boundaries. We consider two possibilities for phase modulation as follows;
· QPSK modulation by either +1, +j, -1, or -j on top of entire S-SCH to identify 4 P-BCH boundaries. Each value represents P-BCH boundary identification.
· BPSK modulation by either +1 or -1 on top of each SSC. Each sign combination represents P-BCH boundary identification. For example,

· (SSC1, SSC2) for 0ms P-BCH boundary

· (SSC1,- SSC2) for 10ms P-BCH boundary

· (-SSC1, -SSC2) for 20ms P-BCH boundary

· (-SSC1, SSC2) for 30ms P-BCH boundary

This phase modulation can provide full flexibility to UE while it can hardly find any drawback to current LTE structure. For example, if a UE wants to reduce the effort on blind detection, it can get ‘boundary information’ by coherent SSC detection. If a UE doesn’t care about these blind detections, it can perform P-BCH blind detection after either coherent or non-coherent SSC detection.
3. Simulation results
Link level simulation was performed for evaluation. The detailed parameters were shown in Table 1. Cell search operation was defined here as following three consequent detection procedure; timing and 3 cell identification in P-SCH ( 170 cell group ID and 10ms frame timing detection ( 40ms P-BCH boundary detection.
Table 1. Simulation parameters

	Parameters
	Explanations

	Carrier frequency
	2GHz

	Sampling frequency
	1.92MHz

	FFT size
	128

	CP type
	Short CP

	PSC
	63-length ZC with root indices 25, 29, 34 [8]

	SSC
	Circular shifts of 31-length M-sequence generated from x^5+x^2+1 [8]

	SSC mapping
	Swapping (refer to [7]) with interleaved S-SCH structure

	SSC scrambling code type
	Reverse M-sequence from x^5+x^2+1 / randomly generated sequence

	Averaged duration of PSC
	10ms

	Averaged duration of SSC
	10ms

	PSC detection
	Replica based

	SSC detection
	Joint ML (coherent detection)

	# of Tx/Rx antennas
	1 Tx and 2 Rx antennas

	Channel estimation
	Real estimation

	Frequency offset
	0kHz

	Frequency offset estimation
	None

	Channel model
	TU6

	UE speed
	3km/h, 120km/h

	Detection of 40ms P-BCH boundary (4 hypotheses)
	DL RS/BPSK modulation on SSC/QPSK modulation on SSC

	RS periodicity
	40ms

	RS sequence type
	randomly generated sequence

	Length of RS sequence within 1.25MHz in SCH subframe
	48

	RS boosting
	0dB/3dB


Figure 1 depicts detection error rate applying BPSK modulation, QPSK modulation, and RS detection to identify 40ms frame boundary. For each case, the results under 0kHz and 10kHz frequency offset were also shown. The differential based frequency offset estimation was applied. From the simulation results, we can have some observations as follows;
· BPSK modulation shows the best detection performance among them. QPSK modulation is slightly worse than BPSK one (up to 0.6dB @10-2 DER).
· Overall, the performance of P-BCH boundary detection from DL RS shows poorer than others. In case of 10kHz frequency offset which reflects initial cell search, the detection performance is severely degraded.
· Even with 3dB RS boosting,

· In case of 0kHz frequency offset, its detection performance is slightly worse than BPSK modulation particularly high Doppler case (up to 1.4dB @10-2 DER).

· In case of 10kHz frequency offset, the detection performance is still severely degraded. (more than 8dB @ 10-2 DER)
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Figure 1 Detection error rate

4. Conclusions
From above discussion and simulation results, we recommend to provide flexibility of detecting 40ms P-BCH boundary to UE by applying BPSK (or QPSK) modulation, which would have little effect on the current LTE structure.
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