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1. Introduction

In [2], coverage enhancement of the PBCH was considered. The target coverage enhancement was 11.7 dB for FDD and 17.7 dB for TDD.  However, the analysis was performed based on a reference UE with 2 Rx antennas and for 20dB coverage enhancement. In this contribution, we analyze the performance for low-cost MTC UEs with 1 Rx antenna and examine how the 15dB coverage enhancement target proposed in [1] can be met.
2. PBCH Coverage Enhancement
From [1], the PBCH coverage target may be met through the following techniques–

· A combination of repetition and PSD boosting.
· New PBCH design including longer period, reduced MIB, low-rate coding, etc. 
· Complementary decoding techniques.
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 for 2Tx-2Rx and -3.5 dB for 2Tx-1Rx. This uses coherent combining across 40ms (i.e. using all 4×4 OFDM symbols containing the PBCH). From [2], it is seen that 11.7dB improvement for FDD corresponds to a SINR requirement of -19.3dB for FDD. For 15dB coverage improvement, the target SINR is therefore -14.3dB. At this target SINR, approximately 24 repetitions are required together with 3dB pilot boosting. If 3dB pilot and PBCH boosting is used, 12 repetitions are required.  Note that PSD boosting is not possible with 1.4 MHz system bandwidth.
From the results, it is seen that 4×4×24 = 384 OFDM symbols are required to transmit the PBCH if only pilot boosting is used. This translates into a transmission of approximately 30 subframes assuming the center 6 PRBs would be fully utilized for PBCH only and 1 symbol is used for the PDCCH in every subframe. For a stand-alone MTC 1.4MHz carrier, this represents a substantial overhead of 69%. For a 10MHz wideband carrier, this represents an overhead of 8% with 3dB pilot boosting alone, or 4% using 3dB pilot+PBCH boosting. This is still a substantial amount of overhead. If other common channels (e.g. paging, SIBs) are also considered, it can be seen that a significant portion of the bandwidth will be consumed by the MTC overhead. 
To reduce the overhead, additional PSD (PBCH+pilot) boosting can be used. With boosting values of 4, 6, and 9 dB, the estimated PBCH overhead is 3%, 2%, and 1%, respectively. High level of interference will also be generated to neighboring cells. In addition, PSD boosting of the MTC channel may require de-boosting or muting in other channels or subcarriers of the wideband carrier, thus reducing the overall system capacity. 
Observation: PBCH coverage target can be satisfied with 1Rx using repetition and/or PSD boosting. The overhead, however, can be high especially for smaller system bandwidth (e.g. 1.4-5MHz). In addition, PSD boosting may not be possible or limited due to lack of bandwidth.
To reduce the overhead from the PBCH, several complementary techniques may be considered –
· Reduced MIB payload. 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, PBCH size of 20 bits is considered. From Figure 2, it can be seen that reducing the size of the PBCH from 40 to 20 bits provides an improvement of 2 dB. This reduced payload can be achieved by e.g. elimination of SFN or reserved bits. In this case, the amount of overhead can be reduced by approximately 40%. If, for example, the SFN can be eliminated, then combining may be done beyond 40ms and the same PBCH channel structure may be kept. 
· Frequency diversity or hopping. For wider system bandwidth, the repetition may be done in frequency within the subframe if the downlink data channel bandwidth is not restricted to 1.4 MHz. This may be done using, for example distributed allocation or inter-TTI hopping. Inter-TTI hopping will allow the downlink bandwidth to remain within 6 PRBs in a subframe, although the diversity gain may be smaller in this case. Figure 1 illustrates performance gain with distributed transmission.  From the figure, it is seen that a gain of 1-1.5 dB is possible, resulting in an overhead saving of 20-30%.
· New PBCH channel design (e.g. M-BCH) including longer period, low-rate coding, etc. This may include eliminating SFN information or providing much longer period before the MIB is changed. The channel may also occupy consecutive OFDM symbols to help in coherent combining. Additional pilot may also be added to aid in channel estimation.
· New decoding techniques [2]. This can allow for combining of PBCH transmission across the 40ms boundary. 
It should be noted that if the PBCH structure or content is changed, it will not be backward-compatible. In this case, two channels may have to be transmitted (e.g. BCH and M-BCH). Therefore, it must be carefully studied whether this approach can lead to a meaningful overhead reduction.

Observation: Consider additional techniques (e.g. reduced MIB, frequency diversity) for reducing the PBCH overhead.
3. Conclusions

In this contribution, we analyze the performance for low-cost MTC UEs with 1 Rx antenna in light of the 15dB coverage enhancement target. It is shown that the coverage target can be met using repetition and/or power boosting. Approximately 24 repetitions are required together with 3dB pilot boosting. If 3dB pilot and PBCH boosting is also used, 12 repetitions are required. The overhead, however, can be high especially for smaller system bandwidth (e.g. 1.4-5 MHz). In addition, PSD boosting may not be possible or limited due to lack of bandwidth. As a result, additional techniques (e.g. reduced MIB, frequency diversity) for reducing the PBCH overhead should be considered.
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Figure 1. PBCH performance with repetition (FDD). 
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Figure 2. PBCH performance with smaller MIB + CRC. 
Table 1. Link-level simulation parameters for PBCH.
	Parameter
	PBCH

	System
	10 MHz, FDD, 2.0 GHz

	Antenna Configuration
	2x2, 2x1, low correlation

	Channel Model
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100 Hz 

	Minimum Required SINR
	-19.3 dB [FDD]

	Channel Estimation
	I-FFT based 

	Transmission Mode
	2

	Performance Target
	1% BLER


