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1
Introduction
In RAN1#82, it has been agreed as a working assumption that –

· For unicast, DCI format for no and small repetition levels are same. (=DCI format M1)

· For unicast, DCI format for other repetition levels are same. (=DCI format M2)

· DCI format M1 size and DCI format M2 size can be different

· UE monitors only either DCI format M1 or DCI format M2

· FFS whether DCI format size for scheduling PDSCH and PUSCH are same or not

· If there are not the same, it means there will be M3 and M4 for the other link

· FFS M1 size and/or M2 size can be from the existing DCI format size(s)
In this contribution, we consider DCI design for LC-MTC and CE UEs.
2
DCI Design
In RAN1#82, it was agreed that TM 1, 2, and 9 would be supported for LC-MTC and CE UE. Table 1 shows an example of DCI fields for PDSCH scheduling using TM1/2. The table shows that the size of the normal DCI could be around 43 bits for FDD and 46 bits for TDD for DCI Format M1 when the UE is using no or small repetition level.
Table 1. Example of DCI fields for PDSCH (TM1/2).
	Field
	Format M1

(Normal and small repetition levels)
	Format M2

(Other repetition levels)

	
	FDD
	TDD
	FDD
	TDD

	DL/UL differentiation flag
	1
	1
	1
	1

	Narrowband index
	4
	4
	0-4
	0-4

	PRB assignment
	6
	6
	0-6
	0-6

	TBS or number of repetitions
	2
	2
	2
	2

	Frequency hopping pattern
	2
	2
	2
	2

	MCS
	4
	4
	2-4
	2-4

	HARQ process number
	3
	4
	0-2
	0-2

	NDI
	1
	1
	1
	1

	TPC for PUCCH
	2
	2
	0
	0

	Redundancy version
	2
	2
	0
	0

	Downlink Assignment Index
	0
	2
	0
	2

	HARQ-ACK resource offset
	2
	2
	2
	2

	RNTI + CRC
	16
	16
	16
	16

	Total
	45
	48
	25-39
	28-42


In [1], it was shown that the M-PDCCH overhead for PDSCH/PUSCH transmission is high relative to the data channel since the BLER target is 1% for the M-PDCCH versus 10% for the data channels. For medium and large repetition levels, therefore, the DCI size should be reduced as much as possible. Possible reduction may be based on –
· Narrowband index: if the PDSCH uses the same narrowband as the M-PDCCH, this field can be eliminated.

· PRB assignment: if 6 PRBs are always used, this field can be eliminated.

· MCS: valid MCS entries can be reduced, thus smaller number of bits would be required.
· HARQ process number: smaller number of bits would be required as the maximum number of HARQ processes is smaller for medium/large repetition levels.
· TPC for PUCCH: transmit power control may not be needed for PUCCH; hence this field can be eliminated.
· Redundancy version: fixed redundancy version cycling can be used; hence this field can be eliminated.

Table 1 shows that it is possible for DCI Format M2 to have reduced size of 24 bits for FDD and 27 bits for TDD. This is a significant amount of saving, corresponding to approximately 2.5dB potential improvement. Therefore, a compact DCI should be used for Format M2.
Proposal 1: Define a compact DCI for Format M2.
From the discussion above, some fields may be eliminated from DCI Format M2 or the size can be reduced. For example, redundancy version may not be needed if a fixed pattern (similar to uplink) is used. The number of HARQ processes will be reduced. TPC command would not be needed. Narrowband and PRB indication might not be needed or a few pre-defined configurations can be supported. 
Proposal 2: The following DCI fields can be eliminated or reduced in size for Format M2 – narrowband index, PRB assignment, MCS, HARQ process number, TPC for PUCCH and redundancy version.
Table 2 shows an example of DCI fields for PUSCH scheduling. For no and small repetition levels, the DCI size is around 40 bits for FDD and 44 bits for TDD. For other repetition levels, the DCI size is around 33-37 bits for FDD and 37-41 bits for TDD. Unlike the DL, the DCI saving in the UL is not as significant due to the need to indicate the PRB.
Table 2. Example of DCI fields for PUSCH.
	Field
	Format M3
(No and small repetition levels)
	Format M4
(Other repetition levels)

	
	FDD
	TDD
	FDD
	TDD

	DL/UL differentiation flag
	1
	1
	1
	1

	Narrowband index
	4
	4
	0-4
	0-4

	PRB assignment
	6
	6
	3-6
	3-6

	TBS or number of repetitions
	2
	2
	2
	2

	Frequency hopping pattern
	2
	2
	2
	2

	MCS
	4
	4
	2-4
	2-4

	NDI
	1
	1
	1
	1

	TPC for PUSCH
	2
	2
	0
	0

	Cyclic shift for DMRS and OCC index
	2
	2
	2
	2

	Uplink index
	0
	2
	0
	2

	Downlink assignment index
	0
	2
	0
	2

	CSI request
	1
	1
	1
	1

	SRS request
	0 or 1
	0 or 1
	0
	0

	RNTI + CRC
	16
	16
	16
	16

	Total
	41
	45
	30-39
	34-43


DCI size analysis from Table 1-Table 2 shows that the DCI’s for PDSCH TM1/2 and PUSCH have similar sizes. To reduce the blind decoding burden in the UE, it is therefore proposed that the DCI formats for scheduling PDSCH TM1/2 and PUSCH should have the same size.
Proposal 3: DCI formats for scheduling PDSCH TM1/2 and PUSCH should have the same size.
Furthermore, in enhanced coverage, the amount of information that can be transmitted by the UE is limited. The typical data payload, however, may not be small (e.g. uplink payload from 20-200 bytes). In this case, larger TBS should be selected to avoid segmentation overhead, M-PDCCH overhead, and take advantage of the Turbo coding gain. Semi-persistent scheduling may be supported where the eNB can use only one single grant for the expected data burst (e.g. based on the buffer status report from the UE). Although this will increase DCI size, it would reduce M-PDCCH overhead significantly when segmentation is required. However, the eNB might lose the ability to do link adaptation based on previous transmission. Thus, it should be study whether semi-persistent scheduling information can be incorporated into the DCI formats for large repetition.
3
Conclusion

In this contribution, we consider DCI design and make the following proposals –

Proposal 1: Define a compact DCI for Format M2.

Proposal 2: The following DCI fields can be eliminated or reduced in size for Format M2 – narrowband index, PRB assignment, MCS, HARQ process number, TPC for PUCCH and redundancy version.
Proposal 3: DCI formats for scheduling PDSCH TM1/2 and PUSCH should have the same size.
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