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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.  Link level simulations on PDSCH [2] and PUSCH [3] performed in the previous meeting showed that significant repetitions are required in order to achieve the targeted 20 dB coverage extension, which would have significant impact on the spectral efficiency.  Hence, some intermediate repetition levels, targeting different coverage levels can be beneficial.  This contribution discusses having intermediate repetition levels for the PBCH channel.
2 Discussion
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 cells, 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.  As an example, the coverage extension target for PBCH is 11.7 dB, which would require about 40 transmissions with 4 dB PSD boosting [4].  It is also observed in [4] that the number of transmissions is reduced to 20 when the coverage extension required is only 10 dB.  This is further reduced to 8 transmissions for a coverage extension of 6.5 dB.  Hence if a cell has only a 10 dB coverage hole, it is therefore attractive that the PBCH is configured for 20 transmissions rather than 40 transmissions.
Assume the specifications were to support 3 levels of repetition for PBCH, e.g. 40, 20 and 8 for coverage extension of 12 dB, 10 dB and 6.5 dB respectively.  The repetition level can be configured by the eNB.  An MTC device after achieving synchronisation, would try to blind decode the PBCH.  It would typically start by attempting to decode the legacy PBCH. If this failed, it would next try to decode the PBCH assuming 8 times repetition.  Failing this, it would attempt to decode it assuming 20 times repetition, and finally, if that also failed, it would try 40 times repetition.  Of course, the exact approach used by an MTC device would be up to its implementation; for example it could alternatively choose to start by attempting to decode the PBCH using the most recent repetition level where it had successfully decoded the PBCH.

In order to support these different repetition levels in a straightforward way from both the specification and implementation points of view, the repetition patterns can be designed such that one pattern with a lower repetition level is a subset of a pattern with higher repetition level.  This would allow an MTC device at a more favourable coverage level to decode the PBCH using a lower repetition level even though the PBCH is transmitted at a higher repetition level, without multiplying the total overhead of the PBCH.  For example, if the PBCH is repeated 20 times, a MTC device at 6.5 dB coverage hole would successfully decode the PBCH assuming it is repeated 8 times.  Meanwhile, a MTC device at 10 dB coverage hole would require 20 repetitions in order to decode the PBCH.
For other channels, the PBCH may include a repetition index, which tells the MTC device what the targeted maximum coverage extension for other channels is.  This repetition index would tell the MTC device the repetition level of the channels (PDCCH & PDSCH) used to carry the SIB and for initial access (e.g. PRACH, (E)PDCCH, PDSCH, PUSCH).

After reading the SIBs, the UE can perform RRC connection.  As described in [5], the PRACH process can be used to implicitly inform the eNB of the uplink coverage extension required by the MTC device.  For example, the eNB can define (in the SIBs) the resources for PRACH that correspond to the different repetition level for PRACH.  An MTC device can attempt to transmit its PRACH using a low level of repetition on the specified resource.  Failing that, it can increase its repetition level using a resource corresponding to that repetition level.  Similary, the UE can inform the eNB of the required downlink coverage level, e.g. via the RRC Connection Request or the RRC Connection Setup Complete message.  In this way, the eNB and UE can agree on a repetition level for all the physical channels during the connection.
Figure 1 shows a high level procedure that allows for different levels of coverage for a cell.  For PBCH, the MTC device can obtain the PBCH via blind decoding. The repetition level for physical channels used for SIB and initial access can be indicated by the PBCH, e.g. via a repetition index.  The repetition level used for after RRC connection (i.e. to send/receive message for the MTC device) can be configured during RRC connection stage.  In this way, all the physical channels can have different levels of repetition to target the required level of coverage extension.
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Figure 1: High level procedure for a configurable repetition level for PBCH & other channels
3 Conclusion

We observe that:

· Significant amount of repetition leads to poor spectral efficiency

· Not all MTC devices will require the maximum 20 dB coverage extension

· Different repetition levels on physical channels are beneficial to target different coverage extensions 

We also provide an example of a procedure that allows for all physical channels, including PBCH to have different repetition levels.  This procedure can be considered when specifying the details for coverage extension during a WI phase if one were to be initiated.
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