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1. Introduction

In RAN1#72, some companies provided performance results for PBCH coverage enhancement.  However, it was noted that further analysis and evaluation is needed.  In this contribution, we present link-level performance results of the PBCH with excessive repetition for an FDD system.  The results indicate that the coverage improvement requirement for PBCH cannot be satisfied through the use of repetition alone without changing the structure and/or content of the PBCH as such.
2. Coverage Improvement for PBCH
From the link budget analysis [1], it was seen that coverage improvement requirement for the PBCH was 11.7dB for FDD and 17.7dB for TDD. Several possible link-level solutions for coverage enhancement of the PBCH were outlined in RAN1#72.    A short summary of each solution is provided below –

· Repetition/Low rate coding/Spreading: If the current MIB content is assumed, repetition can only be done within 40 ms.  For MTC, this can be done by either periodic transmission of additional copies of the PBCH, or repeating the current PBCH within the allotted timeframe.
· New design or content: Different solutions are possible in this space, including reducing the MIB content, using smaller CRC length, or eliminating the SFN.  If the SFN can be eliminated, then combining may be done beyond 40ms and the same PBCH channel may be kept.  Otherwise, other techniques such as repetition may be needed in addition. 
· PSD boosting: In the DL, the eNB can boost power by stealing power away from other users or channels.  However, for narrowband system (e.g. 1.4 MHz) it may not be possible to boost power further.
3. Link-level Results

Figure 1 illustrates PBCH performance using simulation parameters outlined in Table 1.  Without repetition, the 1% BLER performance point of the PBCH is achieved at -7 dB.  This uses coherent combining across 40ms (i.e. using all 4×4 OFDM symbols containing the PBCH).  From [1], it is seen that 11.7dB improvement is required for PBCH in FDD.  Using the minimum PDSCH SINR requirement of -19.3dB for FDD as the guideline [3], it is seen from Figure 1 that this can be achieved using repetition factor of 40 with 3dB pilot (CRS) boosting.  Without the 3dB pilot boosting, it is estimated that a repetition factor of approximately 60 will be required.
From the results, it is seen that 4×4×40 = 640 OFDM symbols are required to transmit the PBCH. This translates into a transmission of more than 45ms assuming the center 6 PRBs would be fully utilized for PBCH only which is already beyond the 40ms MIB boundary.  Thus, it is not at all possible to meet the coverage requirement through the use of repetition alone without changing the structure or content of the PBCH.
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Figure 1.  PBCH performance with repetition (FDD). 
Figure 2 illustrates the performance of the PBCH with reduced content and CRC.  Current, the size of the PBCH is 40 bits (24-bit MIB + 16-bit CRC).  In Figure 2, two other example PBCH sizes are evaluated – 22 bits (14-bit MIB obtained from removing the spare bits + 8-bit CRC) and 14 bits (6-bit MIB obtained from removing the spare and SFN bits + 8-bit parity check bits).
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Figure 2.  PBCH performance with smaller MIB + CRC.
From Figure 2, it can be seen that reducing the size of the PBCH from 40 to 22 and 14 bits provides an improvement of 2 dB and 5.3 dB at the 1% BLER, respectively. If 3dB pilot (CRS) boosting is used, then an additional gain of approximately 1dB is possible.  If the SFN can be eliminated, then combining may be done beyond 40ms and the same PBCH channel structure may be kept.  Otherwise, other techniques such as repetition may be needed in addition.

4. Conclusions
Based on the results shown in this contribution, it is seen that it is not possible to meet the PBCH coverage requirement through the use of repetition alone without changing the structure or content of the PBCH.  If the size of the MIB + CRC can be reduced, then the number of repetition required may be reduced substantially. Furthermore, if the SFN can be eliminated, then combining may be done beyond 40ms and the same PBCH channel structure may be kept. But still, a rather large amount of resources will be anyhow required to provide the PBCH coverage enhancement, as in contrast to PDSCH/PUSCH, these enhancements would need to be deployed independent on the number of high-path loss UEs and at all times within a cell. 
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Table 1. Link-level simulation parameters for PBCH.
	Parameter
	PBCH

	System
	10 MHz, FDD, 2.0 GHz

	Antenna Configuration
	2x2 low correlation

	Channel Model
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100 Hz 

	Minimum Required SINR
	-19.3 dB [FDD]

	Channel Estimation
	I-FFT based with FIR filtering across subframes , filter length = [20]

	Transmission Mode
	2

	Performance Target
	1% BLER


