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1 Introduction
According to [1], coverage aspects of low-cost MTC UEs targeting a 20dB improvement compared to “normal” LTE UEs were discussed during RAN1#72. As an outcome of the discussion, the following coverage enhancement techniques are considered [2]:
· TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order
· Power boosting / PSD boosting
· Relaxed requirement
· Design new channels or signals
· Additional techniques
PBCH is the fundamental channel for a UE to access the network. The UE will acquire PBCH to obtain the MIB after it acquires time and frequency synchronization. The MIB provides the PHICH configuration, the eight most-significant bits of system frame number (SFN), and the DL bandwidth. The UE additionally obtains the number of CRS antenna ports from the scrambling sequence applied on the CRC of the MIB. According to [3], about 11dB coverage improvement for the PBCH should be targeted for low-cost MTC UEs.
This contribution considers coverage enhancement techniques for PBCH.

2 P-BCH Coverage Enhancements
In Rel-11, MIB is transmitted in the PBCH every 40ms on the 72 center subcarriers and the information in the MIB changes every 4 radio frames. A set of MIB coded bits is divided into four subsets and each subset is transmitted in a different radio frame during a 40 ms period. Only the 8-MSB of the SFN are included in the MIB because the remaining two bits are obtained from the scrambling sequences in the 40 ms periodicity. A UE can combine up to 4 consecutive PBCH transmissions within the 40ms period. However, since the subsets across any two periods have different MIBs because the SFN changes, it is difficult to improve PBCH coverage by prolonging the acquisition time even though the PBCH is transmitted periodically.
Due to the above limitation, careful designs are needed for PBCH coverage enhancement for low-cost MTC UEs. In the following, some possible methods are discussed. 
Low rate coding: Shorten the payload in PBCH

A shortened payload in PBCH can benefit from lower coding rate and hence the respective coverage can be enhanced. Some of the fields in the MIB, such as the DL bandwidth and the PHICH configuration, may be potentially eliminated. Since all initial signaling could be performed within the center band, an MTC UE may not need to be aware of the DL bandwidth to perform a connection setup. By replacing PHICHs with respective UL grants or by not allowing HARQ retransmission for such coverage limited UEs, removing PHICH may also be considered.
The SFN may still be needed since it is related to other functions such as paging, DRX setting, semi-persistent scheduling, etc. Removing the SFN to improve coverage for MTC UEs needs an alternative to deduce it, as well as justification (then, P-BCH itself may be removed). 
Power boosting
Power boosting may improve coverage of PBCH. However, the amount of power boosting needs to consider MTC UEs having up to 20dB additional pathloss compared to normal LTE UEs in the same region, even though there may be very few MTC UEs located in the cell edge. It may be inefficient to improve PBCH coverage to the required extent only by power boosting since many normal LTE UEs will not need coverage improvement. In addition, interference to neighbor cells needs to be further studied. 
Repetitions within a 40 ms period
To retain the current PBCH structure, repetitions within the 40 ms period can be used. Repetition can only be performed in the time domain in order to support the lowest system bandwidth (6 PRBs). Many resources in the carrier center during 40 ms may be occupied for PBCH repetitions. PBCH coverage can have some improvement but this may not be to the required extent only by repetitions during the 40ms period if there are not enough resources available.
For small system bandwidths, extensive repetitions within the 40ms period can consume a large portion of the available resources and the amount of remaining resources may not be sufficient for other traffic given that other channels (e.g. PDCCH, PDSCH) may also require repetitions. It may be useful to limit the occasions when extensive PBCH repetitions are used, e.g., by using intermittent periods of extensive repetitions. However, such method may increase the  PBCH acquisition time for MTC UEs.
Longer P-BCH period
It needs further discussion whether it is indeed necessary to design a new PBCH as the specification and implementation/testing impacts can be significant. Possible new designs include:
The period of PBCH may be extended from 40 ms to a larger value. With a longer period, it may be possible to exploit more available resources for repetitions or to map the longer coded symbols after using a low coding rate or spreading. 
Site densification
Site densification is considered as another approach for generally improving coverage with minimal specification impact but it may affect the network installation cost. The overall impact needs to be studied while also considering the studies on small cell enhancements [4,5]. Some relevant deployment scenarios, e.g. dense small cell deployment, small cell deployment without macro coverage, etc., are already included in the target scenarios of small cell enhancements. 
3 Conclusions
Methods for PBCH coverage enhancements to support low-cost MTC UE in may include low rate coding with reduced MIB payload, power boosting, repetitions within a 40 ms period, design of a new PBCH with a longer period, etc. Some of the methods can be jointly used. Site densification should be further considered due to the minimal associated specification impact and because it avoids adverse effects on a network’s operating efficiency as it avoids forcing an overall design to be for a worst case scenario.  
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