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1 Introduction

In the Work Item (WI) on MTC UEs [1], for the coverage enhancement target, there are two aspects that have the largest impact: the use of 1 Rx antenna and the target for a 15 dB coverage enhancement (for FDD). In 3GPP RAN WG1 #74, it is further agreed that the maximum number of supported layers for downlink and uplink is 1 for low cost MTC UEs.

In [2], the MCL calculation for FDD for PDCCH with DCI format 1A is146.1dB for an MTC UE with 2 Rx antennas. For an MTC UE with 1 Rx antenna, the MCL of DL channels is assumed to decrease by 4 dB and a reduction in the target coverage enhancement from 20 dB to 15 dB then allows 1 dB gain for the DL channels. Thus, for an MTC UE with 1Rx antenna, the resulting MCL calculation for FDD for PDCCH with DCI format 1A is 142.1dB.
In RAN1#75, regarding PDCCH coverage enhancements for MTC UEs, the following were agreed. 

· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
Following email discussion is ongoing until RAN1 #76 meeting.
· Whether to use the same PDCCH candidate m (including same aggregation level) in each repetition, with similar principle for (E)PDCCH
This contribution considers aspects for (E)PDCCH repetitions and additional aspects related to coverage enhancement for (E)PDCCH for MTC UEs.

2 Coverage Enhancements for (E)PDCCH
2.1 (E)PDCCH Repetitions
(E)PDCCH candidate
Regarding the (E)PDCCH candidate used for repetitions of a (E)PDCCH transmission, it is preferred to use the same (E)PDCCH candidate m (including the same aggregation level) in each repetition for implementation simplicity as there is no identifiable impact on a blocking probability by using different candidates. 

Proposal 1: The same (E)PDCCH candidate m (including same aggregation level) is used in each repetition of a (E)PDCCH transmission.

However, extensive PDCCH repetitions across multiple subframes can impact the scheduling for legacy UEs due to the control channel resources taken by the PDCCH repetitions. To reduce the impact, EPDCCH can be considered for MTC UEs. However, how to use EPDCCH repetitions needs further consideration as it is subsequently discussed. 
Although EPDCCH can in principle provide better coverage than PDCCH due to the availability of more OFDM symbols, this coverage gain may be partially or completely negated by the 3+ dB worse BLER of EPDCCH particularly for sets with a small number of PRB pairs (e.g. 2) where both channel estimation and lack of sufficient frequency diversity contribute to worse BLER (in addition to worse Tx diversity) and the worse frequency/Tx diversity will be further magnified due to 1 Rx antenna. Therefore, use of EPDCCH is likely to result to larger overhead without improving coverage. It would be beneficial to allow DMRS interpolation for distributed EPDCCH across subframes as this is much simpler than designing a new DMRS structure (denser DMRS) in order to improve channel estimation.
Proposal 2: EPDCCH can be considered for operation with extended coverage if it provides coverage gains over PDCCH for comparable overhead. 

Subframes for (E)PDCCH repetitions
A coverage limited an MTC UE should be able to determine a set of subframes for (E)PDCCH repetitions and defining a respective formula is the simplest alternative. For a number (denoted as n) of (E)PDCCH repetitions, a starting subframe for n-tuple of (E)PDCCH repetitions should be defined for an MTC UE in order for the MTC UE to know when to begin accumulations of received (E)CCEs. In addition, if a number of subframes for PDSCH repetitions is greater than the number n, a gap of subframes may be needed in-between two n-tuple (E)PDCCH repetitions in order to align PDCCH transmission and PDSCH receptions since an MTC UE cannot simultaneously process multiple data transport blocks. 
In the following, W is the size of a window that includes subframes for repetitions of an (E)PDCCH transmission and a possible gap considering that the number of PDSCH repetitions which may be greater than the number of PDCCH repetitions (FIG. 1). If N is the number of DL subframes within a frame (N=10 for FDD and N<10 for TDD), a starting (E)PDCCH subframe for n (E)PDCCH repetitions can be in a frame with SFN=Z and DL subframe number Y (Y≤N), that satisfy the following equation

(( Z – PDCCH_Initial_Frame) * N + Y) mod W = PDCCH_initial_SF

where PDCCH_Initial_Frame and PDCCH_initial_SF are a frame offset and a subframe offset, respectively. These offsets can be UE specific and can be used to provide flexibility in scheduling coverage limited UEs. 
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FIG. 1

For PDCCH repetitions, a reception of a PDCCH in subframe can be skipped if the UE is indicated by higher layer signaling that the subframe is an ABS one. Alternatively, a reception of an EPDCCH in subframe can be skipped if the UE is indicated by higher layer signaling that the subframe is an actual MBSFN one that is used to convey multicast traffic. Hence, the determination of a set of subframes for (E)PDCCH repetitions should be further discussed in conjunction with configuration of ABS or MBSFN subframes.

In addition, the number of (E)PDCCH repetitions ((E)PDCCH repetition levels) can be from a predetermined set corresponding to a set of coverage levels, similar to having a number of CCE aggregation levels from a predetermined set corresponding to a set of SINR levels. As a network cannot know with sufficient accuracy a coverage enhancement level required for an MTC UE, or as a power available for transmitting (E)PDCCH repetitions to a coverage limited MTC UE can vary in time, or as the coverage level of the MTC UE can vary (slowly) in time, an MTC UE can be configured to monitor (E)PDCCH for multiple repetition levels in order to provide flexibility to a network to optimize use of power and bandwidth resources and accordingly adjust a number of PDCCH repetitions for each PDSCH or PUSCH scheduling for the UE. At least one candidate should exist for a coverage level higher than a configured one to provide fallback support. An MTC UE can perform blind decodings to determine the number of (E)PDCCH repetitions. A dynamically adapted number of (E)PDCCH repetitions should be also considered to determine a set of subrames for (E)PDCCH repetitions. 
Proposal 3: Sets of subframes for (E)PDCCH repetitions should be defined for a coverage limited UE.
Proposal 4: A coverage limited UE should monitor multiple levels of (E)PDCCH repetitions. 
2.2 Additional Aspects
Coverage enhancements on (E)PDCCH have a multiplicative effect on the latency associated with a PDSCH/PUSCH reception. Therefore, use of PDCCH should be avoided whenever possible (e.g. not use PDCCH for SIB scheduling or for the initial random access process or rely on SPS). Use of PDCCH can be avoided for some applications (e.g. a metering device transmits/receives at predetermined subframes – SPS reporting instead of triggered reporting). 

Every technique that leads to improved spectral efficiency and UE power consumption, reduced latency, and improved coverage without having a material impact on the implementation complexity of a UE should be considered for PDCCH coverage enhancement, especially since PDCCH is the coverage limiting channel, and pure repetitions will directly degrade spectral efficiency, latency, and UE power consumption. In addition, when multiple subframes are required for a reception of an (E)PDCCH, the system design deviates from the normal LTE one where a fixed timing relationship exists between (E)PDCCH transmission and PDSCH/PUSCH transmission. Particularly for TDD systems, the impact can be substantial and the resulting UE implementation/testing can become considerably more complex. 
Therefore, in addition to repetitions which are unavoidable, the following should also be supported:
a) Compact DCI format or DCI format performing MTC UE-group scheduling (~1 dB gain and large spectral efficiency gains for MTC UE-group scheduling) 
·    Larger gains can be achieved if CRC is also reduced but for coverage limited MTC UEs this will also increase the false CRC check probability. For example, an 8-bit reduction in the CRC length will increase the false CRC check probability by a factor of 256 and even if the number of blind decodings relative to legacy UEs is reduced by a factor of 4, a 64x increase in false CRC check probability will remain and for coverage limited UEs that have a BER close to 50%, this is a concern. Nevertheless, the possibility to reduce the CRC length should be further considered while also assessing possible additional impacts (other than just using an 8-bit CRC) on specifications and UE complexity.
b) Support of increased CCE aggregation levels as for EPDCCH (3-6 dB gains but it is not possible for all bandwidths to support aggregation levels of 16-32 CCEs) – nevertheless, a higher aggregation level is generally preferable to PSD boosting 
c) CRS boosting (~1 dB gain – CRS boosting is beneficial for all DL channels) 
For 5 dB combined gain from the above techniques, PDCCH repetitions will need to provide coverage gains of about 8.6 dB. 
Proposal 5: In addition to (E)PDCCH repetitions, all methods leading to improved PDCCH coverage, including compact DCI format, UE-group scheduling, higher CCE aggregation levels and CRS boosting, should be considered.  
3 Conclusions

This contribution considered coverage enhanced operation for (E)PDCCH and proposes the following: 
Proposal 1: The same (E)PDCCH candidate m (including same aggregation level) is used in each repetition of a (E)PDCCH transmission.

Proposal 2: EPDCCH can be considered for operation with extended coverage if it provides coverage gains over PDCCH for comparable overhead. 
Proposal 3: Sets of subframes for (E)PDCCH repetitions should be defined for a coverage limited UE.

Proposal 4: A coverage limited UE should monitor multiple levels of (E)PDCCH repetitions. 
Proposal 5: In addition to (E)PDCCH repetitions, all methods leading to improved PDCCH coverage, including compact DCI format, UE-group scheduling, higher CCE aggregation levels and CRS boosting, should be considered.  
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