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1 Introduction

In RAN1#80, the following were agreed regarding the transmission of DL control channel (M-PDCCH) to Rel-13 low cost UEs: 

Agreements:
· For UEs in enhanced coverage:
· Repetition across multiple subframes is supported for the ‘Physical downlink control channel for MTC’

· Multiple repetition levels in time domain are supported

· For Rel-13 low complexity MTC UEs:
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz

· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 

· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes.

· If/When PDSCH is indicated via physical downlink control channel for MTC:

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.

· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).

· Working assumption: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.

This contribution considers the M-PDCCH structure and timelines for M-PDCCH and PDSCH/PUSCH transmissions. Accompanying contributions consider the DCI format design [1] and potential support for a CSS [2].
2 M-PDCCH Transmissions
2.1 M-PDCCH Structure
For Rel-13 low cost UEs that do not operate with coverage enhancements, the Rel-11 EPDCCH transmission structure can be re-used. A Rel-13 low cost UE can be configured with 2 sets of contiguous PRBs where the first set includes 4 PRBs and the second set includes 2 PRBs. To reduce the number of EPDCCH decoding candidates and allow for some reduction in UE complexity and the possibility to reduce the CRC size in DCI formats, some ECCE aggregation levels may not be supported. For example, for distributed EPDCCH, considering the 5+ dB loss due to the single Rx antenna and the loss in frequency diversity, there is little benefit from supporting 1 ECCE aggregation level even if the DCI format size is reduced in half. 

Proposal 1: The M-PDCCH structure for Rel-13 low cost UEs in normal operating mode is based on the EPDCCH structure and reduction in the total number of M-PDCCH candidates can be considered.   

For Rel-13 low cost UEs operating with coverage enhancements, an M-PDCCH can be mapped to fully occupy available REs in 6 PRB pairs. Also, there is no multiplexing within a PRB pair of M-PDCCH and PDSCH. With an M-PDCCH mapping to all 6 PRB pairs, there is no multiplexing of M-PDCCH transmissions in the 6 PRB pairs and therefore no need to use EREGs/ECCEs. Two alternatives exist to avoid introducing new EREG/ECCE mappings. The first alternative is to actually maintain the Rel-11 EREG/ECCE structures for 4 PRB pairs and for 2 PRB pairs and a Rel-13 low cost UE operating with coverage enhancements and having the M-PDCCH mapped to all 6 PRB pairs can combine all ECCEs in the two sets of PRB pairs starting, for example, from the set with the lowest PRB pair index. The second alternative is to use the PDSCH mapping over 6 PRB pairs.   
Proposal 2: Mapping over 6 PRB pairs for an M-PDCCH for Rel-13 low cost UEs in enhanced coverage is based either on the EPDCCH structure combined over 4 PRB pairs and over 2 PRB pairs or on the PDSCH structure. 

Although a Rel-13 low cost UE configured for coverage enhanced operation is likely to require M-PDCCH to be mapped over all REs within 6 PRB pairs, this is not always required particularly if the network can also apply power boosting. For example, for a compact DCI format with total size of 30 bits and 1/3 rate TBCC, there are 
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coded symbols. Assuming a CFI value of 3, CRS from 2 antennas, and DMRS of 24 REs per PRB pair and no CSI-RS REs, there are there are 
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 repetitions or about 3x the maximum CCE aggregation level of PDCCH while, with DMRS interpolation across subframes, BLER for M-PDCCH and PDCCH are similar. Therefore, for Rel-13 low cost UEs requiring the lowest level of coverage enhancement, an M-PDCCH candidate mapped over all REs of 2 PRB pairs or 4 PRB pairs can suffice and the EPDCCH structure can be re-used.

Proposal 3: Mapping for an M-PDCCH for Rel-13 low cost UEs in enhanced coverage is not mandated to always be over 6 PRB pairs. 

For a Rel-13 low cost UE operating with coverage enhancements, the minimum number of M-PDCCH repetitions corresponds to the minimum ECCE aggregation level and the maximum number of M-PDCCH repetitions corresponds to the maximum ECCE aggregation level. As the M-PDCCH repetition levels can depend on the UE required coverage (and whether or not the network expects to boost, de-boost, or apply normal power), they should be configurable by the network. Similar to the CCE/ECCE aggregation levels, 4 repetition levels suffice.
Proposal 4: The M-PDCCH repetition levels (including no repetition) are configurable by the network. Up to 4 repetition levels suffice. 
2.2 Transmission Timing for M-PDCCH and for PDSCH/PUSCH
The possible starting subframes for repetitions of an M-PDCCH transmission have to be limited to a subset of the available subframes in order to avoid unnecessarily increasing a number of blind decoding operations for M-PDCCH. A Rel-13 low cost UE may be configured a starting subframe for repetitions of an M-PDCCH transmission but it is of course not reasonable to configure all such subframes over the SFN cycle. A formula needs to be used taking into account the configuration for the initial subframe (if any), the available DL subframes per frame (e.g. exclude ABS/MBSFN subframes or UL subframes in TDD), and the repetition level for the M-PDCCH transmission. 

Without considering configuration of frame or subframe offsets, the starting subframe 
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 where 
[image: image8.wmf]D

 is the number of subframes in a frame where M-PDCCH can be transmitted. This approach can result to subframes between a PDSCH transmission or a PUSCH transmission where the Rel-13 low cost UE does not receive any signaling (e.g. PDSCH transmission ends in a subframe other than the first sub-frame for an M-PDCCH transmission) but this can be acceptable for a simplified timeline of M-PDCCH transmissions. Similar to the CCE/ECCE aggregation levels, the repetition levels can have a nested structure where, for example, a Rel-13 low cost UE can be configured 1, 2, 4, or 8 repetitions or 4, 8, 16, or 32 repetitions for an M-PDCCH transmission according to its required coverage enhancement level.   
Proposal 5: The starting subframe for an EPDCCH transmission with 
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As the network cannot determine in advance the number of repetitions it will need to transmit the M-PDCCH (as it cannot always predict power availability or unavailability in future subframes), as the Rel-12 may detect the DCI format with a different number of repetitions than the actual one, and if the Rel-12 agreement that the DCI format does not indicate the number of M-PDCCH repetitions is to be kept then, regardless of the number of repetitions used to transmit the M-PDCCH scheduling a PDSCH or a PUSCH, the starting PDSCH subframe or the starting PUSCH subframe are determined relative to the maximum configured number of M-PDCCH repetitions. 
Proposal 6: The starting subframe for PDSCH reception or PUSCH transmission is determined relative to the last subframe for the maximum configured number of repetitions for the respective M-PDCCH.    
3 Conclusions

This contribution considered aspects for the M-PDCCH structure and the M-PDCCH and PDSCH/PUSCH transmission timings. In particular, the following are proposed.
Proposal 1: The M-PDCCH structure for Rel-13 low cost UEs in normal operating mode is based on the EPDCCH structure and reduction in the total number of M-PDCCH candidates can be considered.   

Proposal 2: Mapping over 6 PRB pairs for an M-PDCCH for Rel-13 low cost UEs in enhanced coverage is based either on the EPDCCH structure combined over 4 PRB pairs and over 2 PRB pairs or on the PDSCH structure. 

Proposal 3: Mapping for an M-PDCCH for Rel-13 low cost UEs in enhanced coverage is not mandated to always be over 6 PRB pairs. 

Proposal 4: The M-PDCCH repetition levels (including no repetition) are configurable by the network. Up to 4 repetition levels suffice. 
Proposal 5: The starting subframe for an EPDCCH transmission with 
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Proposal 6: The starting subframe for PDSCH reception or PUSCH transmission is determined relative to the last subframe for the maximum configured number of repetitions for the respective M-PDCCH.    
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