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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This WI aims at introducing a new low-cost MTC UE and allowing for enhanced coverage by 15 dB for these new MTC UEs and also other MTC UEs.  This contribution considers coverage enhancement for PBCH.
2 Discussion
The techniques identified in the WI objectives for coverage enhancement that are relevant to PBCH are:

1. A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

2. Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

During the SI phase [2], in order to improve the coverage for PBCH, it was identified that a new PBCH design is required which would involve the following aspects:

· PBCH repetition mechanism
· PBCH contents analysis
2.1 Repetition mechanism
Since the PBCH indicates the system bandwidth, repetition in the frequency domain is not feasible.  In the SI [2] the number of repetitions required for 20 dB coverage improvement is 36 to 95 repetitions.  Although the WI coverage improvement target is reduced to 15 dB, the amount of repetition is still likely to be significant, which may consume significant amount of resources especially for networks with small system bandwidth (e.g. 1.4 MHz).  The SI identified one way of reducing the amount of resources used for PBCH transmission is to transmit it in an intermittent manner.  This can consist of a short burst of heavy repetitions followed by legacy PBCH transmission as shown in Figure 1.  Such a transmission would lead to some delay for the MTC UEs in decoding the PBCH since they may have to wait for the next intense period of PBCH transmission, but since MTC UEs are expected to be delay tolerant, this is not a major issue.
Proposal 1: Intermittent intense PBCH transmission is used to support MTC UEs operating in poor coverage.  The intermittent intense PBCH transmission consists of short periods of intense PBCH repetitions separated by long periods of only legacy PBCH transmission.
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Figure 1: Intermittent PBCH transmission

It has also been noted that large numbers of repetitions are spectrally inefficient.  Hence, part of the WI objective is to allow scalability of spectral efficiency whereby the number of repetitions required is dependent upon the radio conditions in the cell, i.e. several levels of coverage extension are to be introduced.  Since not all cells will require the full 15 dB coverage improvement, it is desirable that the repetition levels for the PBCH (and common control channels) are scaled according to the desired level of coverage extension.  The MTC UE can blind decode one of several repetition levels for the PBCH (e.g. 2 or 3 different levels), by starting with the lowest level of repetition and continuing to higher levels if the decoding of the lower levels fails.  It is of course feasible that an MTC UE that has a favourable radio condition can detect the PBCH using a smaller amount of repetition than that used in the cell. 
The number of repetition levels needs to be decided; a maximum of three configurable levels seems reasonable. 

Proposal 2: Allow scalability of spectral efficiency for PBCH, with up to three different possible repetition levels.
2.2 PBCH Contents

The legacy PBCH carries system bandwidth information, the number of symbols used for PHICH and the SFN.  The system bandwidth information in PBCH is required since different system bandwidths may be used by different operators, and allowing only a single bandwidth for MTC usage would impose an unnecessary restriction.  In [4], it is shown that PHICH is not required and hence the information regarding PHICH in PBCH is not required and a fixed PHICH size can be assumed for the control region RE mapping for MTC devices.  The SFN is obviously required but the number of bits used for SFN depends on whether the PBCH period needs to be extended.

Proposal 3: The information transmitted with extra repetitions on a new PBCH for MTC devices in a coverage extension region should include the system bandwidth and the SFN.

Additional information can be added to the MIB if necessary. In [5] and [6], it is proposed to include the SIB in the MIB.  This will increase the size of the PBCH, making it less robust and thereby requiring more repetitions.  It should also be noted that the PBCH can only occupy the central 6 PRBs whereas the SIB can occupy the entire system bandwidth, which can benefit from frequency diversity.  A rationale of putting the SIB into the MIB is that it would avoid the MTC UEs needing to decode PDCCH in order to read the SIB.  It is of course feasible to fix the location of the SIB in the resource space (or make it a function of the system bandwidth and Cell ID), which would limit the scheduling flexibility of the eNB.  Alternatively, the MIB can indicate the format of the SIB in terms of a predefined index indicating its resource allocation and the number of repetitions.

Proposal 4: It is not recommended to carry SIBs on the new PBCH.
Proposal 5: The SIB repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID.
3 Conclusion

In this contribution we discuss the coverage enhancement for PBCH and we propose the following:
Proposal 1: Intermittent intense PBCH transmission is used to support MTC UEs operating in poor coverage.  The intermittent intense PBCH transmission consists of short periods of intense PBCH repetitions separated by long periods of only legacy PBCH transmission.
Proposal 2: Allow scalability of spectral efficiency for PBCH, with up to three different possible repetition levels.

Proposal 3: The information transmitted with extra repetitions on a new PBCH for MTC devices in a coverage extension region should include the system bandwidth and the SFN.

Proposal 4: It is not recommended to carry SIBs on the new PBCH.
Proposal 5: The SIB repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID.
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