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1. Introduction

From [1], it can be seen that up to 80 repetitions for 8 CCEs or 200 repetitions for 4 CCEs may be required on the PDCCH to satisfy 15dB coverage enhancement. In this contribution, we examine various methods for providing this coverage enhancement gain. Note that only PDCCH is addressed in this contribution as PDCCH reception support is absolutely needed, although the EPDCCH may be considered for coverage enhancement as well.
2. PDCCH Coverage Enhancement

The main approaches to PDCCH coverage enhancement are repetition and PSD boosting. However, PSD boosting may not be possible with 1.4 MHz system bandwidth and may also cause problems such as high interference to neighboring cells. Thus, repetition should be considered the main coverage enhancement technique for the PDCCH. There are several ways to provide this repetition gain including defining higher aggregation levels or repetition across multiple subframes. Support for higher aggregation levels within the existing control symbols may be straightforward but this can only provide limited gain. In addition, for smaller system bandwidth it is not possible to support higher aggregation levels. Therefore, it may not be necessary to define higher aggregation level. Instead, repetition may be done within the subframe (e.g. by using the PDSCH symbols) or across multiple subframes (e.g. repeating the DCI across PDCCH symbols in multiple subframes). Extending the PDCCH into the PDSCH symbols may cause some difficulties with regular transmissions such as PBCH, PSS/SSS, and common messages. Thus this method is not preferred. Therefore, it is proposed to repeat the PDCCH across multiple subframes. 
Proposal: PDCCH coverage enhancement is supported through repetition across multiple subframes. 
To support scalable coverage enhancement, multiple repetition factors corresponding to different coverage enhancement levels should be defined (e.g. 5, 10, 15 dB). Initially, the UE may be preconfigured with a default repetition factor based on PRACH access (e.g. based on the PRACH repetition factor selected by the UE). Afterward, the UE can be configured to use one of the repetition factors based on measurement reports (e.g. RSRP/RSRQ or long-term CQI). This could be done in a semi-static manner through higher-layer signalling.
Since multiple repetition factors are supported, the UE needs to be aware of the starting subframe for each PDCCH instance. For example, PDCCH starting subframe in coverage enhancement may begin every 200ms. This can reduce the number of blind decodings and power consumption by the UE. The periodicity can be configured via higher-layer signalling to balance out power consumption, UE scheduling in coverage enhancement mode, and delay budget constraint. It is for further study whether a different starting subframe and periodicity can be selected for each enhancement level.
Proposal: Define multiple PDCCH repetition factors and associated starting subframe(s) corresponding to different coverage enhancement levels (e.g. 5, 10, 15 dB).
Repeating the PDCCH across multiple subframes may require fixing the PDCCH search space. This can be done by using the common search space across subframes. For instance, for system bandwidth with two PDCCH candidates of size 8 CCEs in each subframe, one candidate can be reserved for combining across subframes. The other candidate can be used for scheduling of common messages (e.g. RAR/SIB/Paging) or dedicated data. For smaller system bandwidth, the combining may be done using 4 CCE aggregation levels. The issue of search space across multiple subframes, however, requires further study.
A very compact DCI may be used to reduce the PDCCH overhead. There are several ways to reduce the DCI payload e.g. by restricting the MCS or supporting only limited RB assignment. Alternately, several predefined assignment may be pre-configured with only the index signaled to the UE.  From [1], it was seen that this can reduce the number of required repetitions from 80 to approximately 35.  Thus, a very compact DCI can be a good way to reduce the PDCCH overhead.
Proposal: Consider a very compact DCI for PDCCH overhead reduction.

3. Conclusions
In this contribution, we examine PDCCH coverage enhancement and provide several proposals as follow –
· PDCCH coverage enhancement is supported through repetition across multiple subframes
· Define multiple PDCCH repetition factors and associated starting subframe(s) corresponding to different coverage enhancement levels (e.g. 5, 10, 15 dB).
· Consider a very compact DCI for PDCCH overhead reduction.
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