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1 Introduction

The low cost MTC SI was updated in RAN#57 [1] to include coverage improvements for MTC devices by 20 dB.  After achieving synchronisation the MTC device will try to decode the PBCH.  In this contribution, we will discuss the coverage extension of PBCH, focusing on the following two aspects:

· Methods to repeat the PBCH
· PBCH contents

2 Repetition Mechanism for PBCH
For FDD, in order to achieve 20 dB coverage improvement for the weakest channel, i.e. the PUSCH, the targeted coverage extension for PBCH is 11.7 dB [2].  This would require 15 times more repetitions than the legacy PBCH.  Since the system bandwidth is unknown to the MTC device until it has decoded PBCH, the repetitions cannot be performed in the frequency domain and therefore it can only be done in the time domain.  If the 40 ms PBCH period is maintained (i.e. maintaining the number of bits used for SFN), then the 15 times more repetitions need to be performed within a radio frame, and each subframe can contain more than one PBCH repetition.  For small system bandwidths, such repetition would consume a significant proportion of the total resources.  In [2], it was therefore suggested to use an intense burst of PBCH repetition which is only performed within a short period of time (e.g. 40 ms) followed by a long period in which legacy PBCH transmission occurs as normal (i.e. once every radio frame), as shown in Figure 1.
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Figure 1: Intermittent intense periods of PBCH transmission

Proposal 1: Consider using short periods of intense PBCH repetitions separated by long periods of only legacy PBCH transmission.

3 Support for different levels of coverage extension

In a typical deployment not all the MTC devices will be in a coverage hole requiring 20dB extension.  For different MTC devices in the coverage holes, the amount of coverage extension required is likely to range between 0 dB and 20 dB.  Hence a single coverage extension mode (i.e. designed for 20 dB) is not spectrally efficient for all devices, especially since the number of repetitions required is very significant.  On the other hand, having numerous coverage extension modes with different degrees of repetition would introduce significant complexity to the network and MTC devices.  An appropriate balance therefore needs to be found between spectral efficiency and complexity by deciding how many levels of coverage extension should be supported. For example, it could be considered to provide specification support for a small number of coverage extension levels, e.g. 3 coverage extension levels consisting of 12 dB, 16 dB and 20 dB as shown in Figure 2.
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Figure 2: Example of different levels of coverage extension
The level of coverage extension on the PBCH can be configured where each coverage level corresponds to a specific number of PBCH repetitions.  Since the MTC devices would not know the number of repetitions a priori, they would typically start by trying to decode the PBCH using the smallest number of repetitions, and proceed to try the possible larger numbers of repetitions if decoding failed.  It is of course possible for an MTC device in more favourable conditions to decode the PBCH using less repetitions than are transmitted by the eNB.  
An example way of using multiple levels of repetition for PBCH is so that the eNB can cause MTC devices in different depths of coverage hole to operate at different times by changing the number of PBCH repetitions.  For example, the eNB may start by configuring PBCH repetitions sufficient for a 12 dB coverage extension so that only MTC devices in coverage holes of up to 12 dB can be serviced.  Subsequently, the eNB can increase the PBCH  coverage level at a later time and serve MTC devices up to 20 dB coverage extension.  If each MTC device requires only one service per day (or less), then when the PBCH repetitions are increased only MTC devices in a coverage hole deeper than 12 dB will be served since those up to 12 dB have already been served.
Proposal 2: A small number of different repetition levels may be considered for PBCH 

4 PBCH contents

If no changes are made to the PBCH contents, then the legacy PBCH can contribute to the energy accumulation required for PBCH.  However, since it was agreed in the previous meeting that no coverage extension will be required for PHICH [4], and a fixed PHICH size could be assumed for the control region RE mapping for MTC devices, maintaining the legacy contents of PBCH would result in useless information being sent multiple times.  Therefore a new PBCH with different contents is beneficial.  In designing the new PBCH contents, we evaluate the need for legacy contents and the need for additional information.
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.  Since PHICH is unnecessary, this information can be removed from the new PBCH and a fixed PHICH size can be assumed for the control region RE mapping for MTC devices.  The SFN is obviously required.  However, the number of bits used for SFN can be reduced which allows the PBCH period to increase.  For example, if the PBCH period is increased to 80 ms, the SFN bits can be reduced by one bit, provided that the additional SFN bit can be ascertained from the phase of the PBCH scrambling sequence.  However, the more scrambling sequences phases exist, the more complexity is introduced in the PBCH decoding. Hence, it is beneficial to maintain the PBCH period at or close to 40ms (e.g. not greater than 80ms).
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 7 or 8 MSBs of the SFN.
It could also be useful to consider adding new information into the new PBCH.  Proposals in [5] & [6] suggest that some SIB information is included in PBCH.  This would increase the size of PBCH, so careful consideration should be given to exactly what information is really needed, taking into account in particular that the periodicity of the SIBs is mostly longer than the MIB. Information from SIB1, which has a periodicity of 80ms, would be the obvious candidate for consideration of merging with the MIB, especially if the MIB periodicity were to be increased to 80ms as discussed above. However, since the PBCH only occupies the 6 central PRB, any SIB located in the PBCH would not be able to benefit from the frequency diversity that is available for SIBs by frequency domain scheduling in the legacy system. Therefore we conclude that placing SIB information into the PBCH is probably not beneficial. 
Proposal 4: It is not recommended to carry SIBs on the new PBCH.
In addition, if the possibility of configuring different coverage extension levels for other channels is supported, then it may be beneficial that the default coverage extension level is broadcast to the MTC devices thereby allowing them to use the right repetition levels in decoding the common control channels, (e)PDCCH/PDSCH for initial access and determine the amount of repetition for PRACH and initial PUSCH transmission.  
Proposal 5: Consider including a default coverage extension level in the new PBCH.
5 Conclusion

In this contribution we discuss two coverage extension aspects for PBCH, namely the repetition methods and the PBCH contents.  It is also observed that having multiple coverage extension level would improve the spectral efficiency of the system given that massive repetitions are required to support for 20 dB coverage extension.  We therefore propose the following:

Proposal 1: Consider using short periods of intense PBCH repetitions separated by long periods of only legacy PBCH transmission.

Proposal 2: A small number of different repetition levels may be considered for PBCH.

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 7 or 8 MSBs of the SFN.
Proposal 4: It is not recommended to carry SIBs on the new PBCH
Proposal 5: Consider including a default coverage extension level in the new PBCH.
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