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1
Introduction
In RAN1 #82bis, the followings have been agreed as a progress for M-PDCCH design for MTC UEs [1]:
Agreements:
· The repetition R of the MPDCCH is indicated by 2-bit in the DCI

· From UE perspective, the following SSs are supported:

· 1: CSS for paging

· 2: CSS for random access response (message 2) for each PRACH repetition level. 

· Note: the 1st CSS and the 2nd CSS are separately configured

· 3: SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup are the same

· FFS whether the 2nd CSS for RAR is same as the 3rd SS 

· FFS: Whether UE continues to monitor the 2nd CSS and/or 3rd SS for random access after reception of PDSCH with RRCConnectionSetup

· FFS: Whether other SS is additionally defined or can reuse USS for other common control signalling (e.g. for DCI 3/3A), if supported

· For CSS, the DMRS sequence initialization (c_init) is based on PCID

· LC/CE UE does not support CRS-based M-PDCCH demodulation in Rel-13

· Do not support CRS+DMRS based M-PDCCH demodulation

· UE supports both localized and distributed ECCE mapping for M-PDCCH construction using {2,4} PRBs

· Note: the case of 24 ECCEs for localized and distributed is additionally supported as another decoding candidate

· Other than the 24 ECCEs, there is no other decoding candidate spanning two M-PDCCH resource sets (regardless of localized or distributed), if configured

· A UE is configured with either localized or distributed M-PDCCH, regardless of one or two M-PDCCH resource sets

In this contribution, we discuss on the remaining issues for the M-PDCCH design.
2
Remaining Issues
Two coverage enhanced modes of operation has been agreed such as CE mode A and CE mode B, and a different DCI format may be used for each CE mode of operation. The CE mode A include a normal coverage and a small coverage enhancement while the CE mode B is used for medium and large coverage enhancement. Since the CE mode B only supports medium and large coverage enhancement, using maximum aggregation level for all M-PDCCH decoding candidates may help reducing UE battery consumption as it can reduce the number of repetitions, thus resulting in less active time.

However, the number of PRB used for M-PDCCH should be configurable for CE mode B, otherwise there could be a possibility to have a scheduling restriction if a system bandwidth is not enough. For example, an eNB may want to reserve only one narrowband for eMTC UEs irrespective of the CE mode of operation, then a subframe used for M-PDCCH of CE mode B may use all PRBs in the subframe and no resource remained for the CE mode A eMTC UEs. Therefore, in order to allow multiplexing of CE mode A and CE mode B eMTC UEs, the number of PRBs for M-PDCCH should be configurable.

Assuming that 2, 4, and 6 PRBs can be used for M-PDCCH CE mode B, the aggregation levels {8, 16, 24} needs to be supported at least for UE-specific search space.

Proposal-1: aggregation levels {8, 16, 24} are supported in CE mode B for USS.

It has been agreed that a repetition number of unicast PDSCH is indicated in the associated DCI with a set of repetition numbers configured via higher layer signalling. The set of repetition numbers may be configured according to the CE level used. As similar to the unicast PDSCH, a repetition number of the PDSCH carrying RAR may be indicated from the associated DCI, where a set of repetition numbers (e.g. 4 repetition numbers) can be provided by a broadcasting channel. For example, a set of repetition numbers can be provided for each CE level and the set of repetition numbers determined based on the CE level used for the PRACH resource. In addition, the set of repetition numbers for M-PDCCH search space for RAR can be also determined based on the CE level used for the PRACH resource.

Proposal-2: a set of repetition numbers for a PDSCH carrying RAR is determined based on CE level used for the PRACH resource and a repetition number is indicated in the associated DCI.
Proposal-3: a set of repetition numbers for M-PDCCH search space for RAR is determined based on CE level used for the PRACH resource.
The M-PDCCH can be configured with 6 PRBs to support AL=24, which requires two M-PDCCH sets with 2 PRBs and 4 PRBs. Although the EPDCCH sets can be configured independently in terms of transmission scheme (e.g. localized and distributed), there seems to be no benefit to keep the same flexibility for M-PDCCH since two M-PDCCH sets will be located within a 6 PRB. Note that marginal frequency diversity gain is achieved from a distributed M-PDCCH set and there is less possibility to use multi-user multiplexing with localized M-PDCCH for the enhanced coverage case. Therefore, configure a single transmission scheme for both M-PDCCH sets in case that two M-PDCCH sets are configured make more sense as the main motivation to have two M-PDCCH sets is to configure AL=24.  
Proposal-4: an M-PDCCH transmission scheme is configured in a UE-specific manner.

3
Conclusion
In this contribution, we discussed on the remaining issues of M-PDCCH design. From the discussions and observations, we propose followings: 
Proposal-1: aggregation levels {8, 16, 24} are supported in CE mode B for USS.

Proposal-2: a set of repetition numbers for a PDSCH carrying RAR is determined based on CE level used for the PRACH resource and a repetition number is indicated in the associated DCI.
Proposal-3: a set of repetition numbers for M-PDCCH search space for RAR is determined based on CE level used for the PRACH resource.
Proposal-4: an M-PDCCH transmission scheme is configured in a UE-specific manner.
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