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1. Introduction

Agreements on (E)PDCCH were made in RAN1 #72bis meeting [1]: 

Agreements:
· Repetition of (E)PDCCH across multiple subframes is required to achieve the coverage enhancement target 

· Specification impact may exist, such as starting subframe of first transmission, the maximum number of repetitions, timing relationship between PDSCH and (E)PDCCH

· PSD boosting can help to reduce the required number of repetition

· The new design of downlink control channel, for example compact DCI, higher aggregation level, can help to reduce the required number of repetition

· Note that control overhead should be considered for further analysis in the potential WI phase, concerning the overall system efficiency optimization

This contribution provides text proposal for TR 36.888 Section 9.5.4 for coverage enhancement of (E)PDCCH for MTC.

2. Text Proposal 

-------------------------------------------------------Start of TP (Sec 9.5.4)--------------------------------------------
9.5.4
 (E)PDCCH
9.5.4.1 
Coverage enhancement
PDCCH (format 1a) needs to be enhanced by 14.6 dB for FDD and 19.6dB for TDD, similarly for EPDCCH with similar number of REs. The coverage requirement can be achieved by repetition of (E)PDCCH across multiple subframes, and other techniques, for example, PSD boosting, compact DCI, higher aggregation level, can help to reduce the required number of repetition.
Repetition of (E)PDCCH across multiple subframes may be required to achieve the coverage enhancement target. Simulation results show that around 100-200 repetitions at the aggregation level of 8 CCEs can achieve the coverage requirement of PDCCH (format 1a). Similar result is expected on EPDCCH. Other new design of downlink control channel can help to reduce the required number of repetitions, but repetition may still be needed based on the study. For example, compact DCI format and higher aggregation level can reduce the required number of repetitions from 100 (8 CCEs and 29 bits DCI payload) to 20 (16 CCEs and 9 bits DCI payload). PSD boosting, on PDCCH/EPDCCH or the demodulation RS, can also help to reduce the required number of repetitions. 
Compact DCI formats can improve the coverage, e.g., about 1.7-2.4 dB coverage gain can be provided by reducing DCI format size from 29/27 bits to 9/10 bits. Increasing aggregation level from 8 CCE to 16 CCE can provide 2-2.8 dB gain. 9dB PSD boosting of PDCCH can provide up to 5.1 dB coverage extension when channel estimation is based on non-power boosted CRS. 

9.5.4.2 
Impact on specification
In order to support repetition of (E)PDCCH across multiple subframes, specification impact is expected, given that (E)PDCCH is currently sent in one subframe,  such as starting subframe of first transmission and the maximum number of repetitions. With repetition required for (E)PDCCH and PDSCH, the current timing relationship between PDSCH and (E)PDCCH (i.e., both are encapsulated in the same subframe except for SPS) also needs to be revisited. The same may also apply to the (E)PDCCH and PUSCH timing relationship.
For EPDCCH, PSD boosting may be applied with no specification impact due to the use of DMRS. For PDCCH, the degree of specification impact would depend on the detail of how PSD boosting was introduced (i.e., on CRS and/or data), even though the UE does not need to know CRS boosting for QPSK demodulation. RAN4 specification impact from PSD boosting on PDCCH/EPDCCH or the demodulation RS could arise from the larger variation in transmit power across subcarriers and its effects on EVM requirements.

Compact DCI formats or higher aggregation levels will have some specification impact, such as new DCI format may be defined and search space may be redesigned to support higher aggregation levels.

9.5.4.3
Other impacts
Repetition of (E)PDCCH across multiple subframes will result in increased latency and increased overhead for the actual traffic payload to be conveyed. Small MTC packet payload may result in an even larger proportional overhead for control channel and CRC. The control overhead needs further analysis, concerning the overall system efficiency optimization. 

The impact on power consumption due to (E)PDCCH processing is expected to come from prolonged reception time in RF and baseband due to across subframe repetition. 

The cost impact of MTC UEs may largely depend on the buffer size required to store received data and LLRs. Depending on the processing time and the gap between repetition, MTC UEs may need some additional buffer in the case of (E)PDCCH across subframe repetition. 

-------------------------------------------------------End of TP (Sec 9.5.4)--------------------------------------------
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