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1 Introduction

For MTC UEs, techniques to enhanced coverage by 15 dB are targeted per the WI objective [1].  This document discusses enhanced coverage for DL control channels.

2 Discussion

For PDCCH, enhanced coverage may be achieved using a repetition factor of 80~100 for aggregation level of 8 CCEs, and proportionally higher repetition factors for smaller aggregation levels (e.g., roughly twice as much for aggregation level 4 CCEs)[2][3]. Thus, if the current PDCCH structure is to be reused for enhanced coverage UEs, then some form of TTI/resource bundling for PDCCH needs to be supported. For example, the UE would have to aggregate 80 x 8 = 640 CCEs to receive one DCI, where the CCEs are spread over multiple subframes, in other words the UE would aggregate one 8-CCE candidate from each of 80 consecutive subframes.

Enhancements for PCFICH and PHICH

For enhanced coverage MTC UE, it is unlikely that repetition-based enhancement for PCFICH can provide any benefit. It is expected to be more reliable to instead assume that fixed (or higher-layer configured) value of PCFICH is used for enhanced coverage (of 15 dB) PDCCH/PDSCH transmission. Similarly, although PHICH provides an efficient way of triggering non-adaptive UL retransmissions, its functionality can be provided using enhanced coverage PDCCH and/or compact UL grant and/or possibly operating at a lower BLER target. Therefore, our view is that enhanced coverage of PCFICH/PHICH is not required. 

Enhancements for (E)PDCCH 

Prior to discussing coverage enhancements for (E)PDCCH, it needs to be considered whether a separate channel for transmission of control channels is necessary. 

Consider, for example the case where a bundled PDCCH (one 8-CCE in 80 consecutive subframes) carries DCI format 1A (~28 information bits + 16-bit CRC) for a UE. This corresponds to a rate of ~28 bits/80 ms = 350 bps, which would in itself be quite a good DL data rate for an MTC UE (e.g. for meters in basement) i.e. the control channel itself would be a good pipe to carry DL traffic for an MTC UE. 

Given this, it may be simpler to use one channel (such as PDSCH-based or EPDCCH-based) to transmit control and data traffic for enhanced coverage MTC UE mapping the control/data on to the REs in the PDSCH region occupying both slots of the subframe with TTI bundling. Varying levels of enhanced coverage can be obtained by adapting MCS/RA/bundle size for the bundled transmission. With such a design, the impact of the enhanced coverage MTC UE on legacy PDCCH region can be minimized while enabling MTC UEs to make full utilization of the remaining (non-PDCCH) OFDM symbols in a subframe for both control and data traffic. Note that this is already being considered for enhanced coverage PBCH, per the agreement in RAN1#74bis (More than 4 OFDM symbols at a subframe can be used for PBCH transmission). Therefore, we propose the following for DL control channel transmission. 
Proposal : DL control channel transmission for enhanced coverage MTC UEs should utilize the PDSCH region of a subframe. 
Semi-persistent scheduling should be supported to reduce control channel overhead for enhanced coverage MTC UEs. Furthermore, to avoid overload of the common search space on PDCCH, the control channels for enhanced coverage MTC UEs should be transmitted in MTC-specific search space, even for scheduling any SIBs/Paging/RAR for enhanced coverage MTC UEs. Some PDSCH transmissions (e.g. for SIB1, etc) could use pre-defined or pre-configured resources if the MTC-specific search space information is not available after reading the MIB. 

3 Conclusions

We propose the following for enhanced coverage DL control channel transmission: 

· DL control channel transmission for enhanced coverage MTC UEs should utilize the PDSCH region of a subframe. 
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