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1 Introduction
In RAN1#82bis meeting, the following agreements on M-PDCCH were provided [1]:

· Confirm the Working Assumption with the revised description of the same:

· Following four DCI formats are defined.

· DCI format used for scheduling PDSCH for no and small repetition levels. (=DCI format M1A)

· DCI format used for scheduling PUSCH for no and small repetition levels. (= DCI format M0A)

· DCI format used for scheduling PDSCH for other repetition levels. (= DCI format M1B) 

· DCI format used for scheduling PUSCH for other repetition levels. (= DCI format M0B)

· DCI format M1A size and DCI format M1B size can be different

· DCI format M0A size and DCI format M0B size can be different

· FFS whether DCI format M1A size and DCI format M0A size are same

· FFS whether DCI format M1B size and DCI format M0B size are same

· UE monitors only either of following. 

· to receive only DCI format M1A and DCI format M0A

· to receive only DCI format M1B and DCI format M0B

· FFS DCI format described here can be from the existing DCI format size(s)

· DCI format M1A size and DCI format M0A size are targeted to be the same

· DCI format M1B size and DCI format M0B size are targeted to be the same

DCI formats and contents for Rel-13 low complexity UEs and UEs in enhanced coverage are discussed in this contribution. 
2 DCI Formats
Since mode A for no repetitions and small number of repetitions and mode B for large number of repetitions have been defined for RRC_CONNECTED UEs, the above agreements in RAN1 #82bis can be described as Table 1.

Table 1 DCI formats

	DCI formats
	mode A
	mode B

	scheduling PDSCH
	M1A
	M1B

	scheduling PUSCH
	M0A
	M0B


In this section, we discuss the following open issues related to DCI formats.
· Whether DCI format M1A size and DCI format M0A size are same. Whether DCI format M1B size and DCI format M0B size are same.
Although DCI contents in DL grant and UL grant are different in some fields, DL grant size and UL grant size are targeted to be the same both in mode A and mode B. Size of major fields such as narrowband indication, PRB allocation, MCS, repetition times indication for M-PDCCH/PD(U)SCH, are same in DL grant and UL grant. The rest fields in DL grant and UL grant can be different and the total size can be same. Similar to DCI format 0/1A, 1 bit flag can be used to distinguish DL grant and UL grant. Complexity for blind detection of M-PDCCH can be reduced with same size of DL grant and UL grant which would be benefit for power consumption.
Proposal 1: DCI format M1A size and DCI format M0A size are same. DCI format M1B size and DCI format M0B size are same.
· Whether DCI format scheduling Common message and DCI format scheduling unicast traffic are same.

Considering that contents in DCI scheduling common message are different from that scheduling unicast traffic, different DCI formats should be used for scheduling common message and scheduling unicast traffic. DCI format scheduling common message could have smaller size than DCI format scheduling unicast traffic. 
DCI format scheduling common message could distinguish mode A and mode B. For example, narrowband indication and assignment within the narrowband are used in mode A while narrowband indication and assignment within narrowband may not need in mode B. On the other hand, fields in DCI format scheduling common message are less compared with DCI format scheduling unicast traffic. One DCI format for common message scheduling is enough regardless of mode A or B.
Proposal 2: DCI format scheduling common message and DCI format scheduling unicast traffic are different. 
· Further consideration is needed to distinguish DCI format scheduling common message in mode A and mode B if necessary.
· Whether support DCI format 3/3A.
For mode A, DCI 3/3A could be used for a group TPC and the size of DCI 3/3A can be same to DCI format M1A. For mode B, DCI 3/3A could not be supported since maximum power is always used.
3 DCI Contents
For mode A, it is required to optimize the resource allocation field in DCI. Resource allocation is based on narrowband indication and PRB assignment within the narrowband for both DL and UL. Consideration on flexible resource allocation, both continuous and non-continuous resource allocation should be supported in the indicated narrowband. 6 bits should be used for PRB assignment in the indicated narrowband. Especially, narrowband indication can depend on system bandwidth. In addition, repetition times indication for M-PDCCH/PD(U)SCH should be added. The rest of DCI bit s should keep align with DCI format 0/1A.
For mode B, methods of reduction of power consumption or repetition times should be considered for Rel-13 low complexity UEs. Compact DCI can reduce the repetition times for M-PDCCH. As described in [2], 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. However, Compact DCI used for M-PDCCH may have some specification impact. For Rel-13 low complexity UEs in enhanced coverage, unnecessary fields in DCI can be compacted on consideration of reducing repetition times of M-PDCCH. MCS and RV field could also be reduced. In addition, repetition times indication for M-PDCCH/PD(U)SCH should be added.
In order to reduce the blind detection complexity, one DCI format would be supported for each transmission mode. 
Fields of DCI format M1B can include the followings:
· RA: narrowband location can be determined implicitly as case 2, PRB assignment might need 0~2 bits for resource allocation within the narrowband [3]. 
· Repetition times indication: about 1~3 bits, indicate one of the repetition times from potential repetition times set. The potential repetition times set is configured by high level signaling and the number of the repetition times in the potential repetition times set is 1~8.

· MCS: reduced MCS can be considered. About 0~5 bits is needed.

· HARQ process number: can be reduced to 0~1 bits.
· NDI: 1bit.
· Flag for format M0B/M1B: 1bit to indicate DCI format M0B and DCI format M1B. 
DCI format M1B can be summarized in Table 3.
Table 3 DCI format M1B
	Format M1B
	Field size (bits)

	narrowband indication
	0bit

	PRB assignment
	0~2bits

	PDSCH Repetition times indication
	1~3bits

	MPDCCH Repetition times indication
	2bits

	Modulation and coding scheme and redundancy version
	0~5bits

	New data indicator
	1 bit

	HARQ process number
	0~1 bit 

	Flag for UL/DL grant
	1 bit

	CRC
	16 bits

	Total
	20-31 bits


Proposal 3: For DCI format in mode A, except for modified resource allocation and repetition times for M-PDCCH/PD(U)SCH, other fields are in line with legacy DCI format 0/1A. For DCI format in mode B, compact DCI including simplified resource allocation should be used. 
4 Conclusions
In this contribution, remaining issues on DCI formats and contents are discussed for Rel-13 low complexity UEs and UEs in enhanced coverage. We make the following proposals:
Proposal 1: DCI format M1A size and DCI format M0A size are same. DCI format M1B size and DCI format M0B size are same.
Proposal 2: DCI format scheduling common message and DCI format scheduling unicast traffic are different. 

· Further consideration is needed to distinguish DCI format scheduling common message in mode A and mode B if necessary.
Proposal 3: For DCI format in mode A, except for modified resource allocation and repetition times for M-PDCCH/PD(U)SCH, other fields are in line with legacy DCI format 0/1A. For DCI format in mode B, compact DCI including simplified resource allocation should be used. 
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