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1 Introduction

For Rel-13 low cost UEs, reducing Rel-12 DCI format sizes by removing unnecessary fields/bits is important to improving spectral efficiency and reducing the number of repetitions required to convey a DCI format. Considering that Rel-13 low cost UEs will experience a ~5-6 dB BLER penalty due to single Rx antenna and reception within 6 RBs relative to Rel-12 Cat-1 UEs, DCI format size reduction is one of the main components for counterbalancing the worse link conditions (in addition to the use of 24 ECCEs) before resorting to repetitions of an M-PDCCH transmission over multiple subframes.
This contribution considers the fields to be included in UL/DL DCI formats for unicast scheduling of Rel-13 low cost UEs. Another contribution discusses multi-subframe scheduling and UE-group scheduling to further reduce DCI overhead [1].
2 DCI Formats
DCI format size reduction can be achieved by removing or reducing in range existing fields in DCI Format 0 and DCI Format 1A that are unnecessary for Rel-13 low cost UEs configured to receive M-PDCCH with/out repetitions. This of course does not preclude introducing new fields as needed. Moreover, in order to minimize the number of blind decoding operations, the DCI format scheduling PDSCH transmissions and the DCI format scheduling PUSCH transmission can be designed to have same size (same as for DCI Formats 0/1A).

Table 1 presents the fields of the Rel-12 DCI Format 0 and considers fields that can be either eliminated or reduced in size for a compact UL DCI format for Rel-13 low cost UEs transmitting PUSCH without repetitions.
Table 1: DCI Format 0 Fields for 6 RBs UL BW – No PUSCH Repetitions (Normal Coverage)
	DCI Format 0 Field
	Rel-12 Number of Bits
	Comments for Rel-13 Low Cost UEs

	Differentiation Flag 
	1
	No change (UL/DL DCI formats have same size)

	Narrow-band Indication
	N/A
	New Field for Rel-13 low cost UEs – 2-4 bits

	RB assignment within a narrow-band
	5
	No change

	FH Flag
	1
	Remove – Configure FH or no FH within 6 RBs

	MCS and RV
	5
	Reduce to 4 bits (no 64QAM) 

	NDI
	1
	No change 

	TPC Command
	2
	No change 

	CS and OCC Index 
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	3
	Remove – no MU-MIMO benefit, no PHICH

	CSI Request
	1
	No change

	SRS Request
	1
	No change (at least for TDD)

	DL Assignment Index (DAI) 
	0 (FDD) or 2 (TDD)
	No Change 

	UL Index 
	0 (FDD) or 2 (TDD)
	No Change

	Padding Bits for DCI 0 = DCI 1A
	1 (FDD) or 2 (TDD)
	FFS

	CRC
	16
	May be reduced to 8 (FFS)

	TOTAL
	37 (FDD), 42 (TDD)
	~27 (FDD), ~32 (TDD) (8-bit CRC)


Table 2 presents the fields of the Rel-12 DCI format 1A and considers fields that can either be eliminated or reduced in size for a compact DL DCI format for Rel-13 low cost UEs transmitting PDSCH with repetitions.

Table 2: DCI Format 1A Fields for 6 RBs DL BW – No PDSCH Repetitions (Normal Coverage)
	DCI Format 1A Field
	Rel-12 Number of Bits
	Comments for Rel-13 Low Cost UEs

	Differentiation Flag 
	1
	No change (UL/DL DCI formats have same size)

	Narrow-band Indication
	N/A
	New Field for Rel-13 low cost UEs – 2-4 bits

	RB assignment within a narrow-band
	5
	No change

	Distributed/Localized Flag
	1
	Remove – Configure D/L or no use within 6 RBs

	MCS
	5
	Reduce to 4 bits (no 64QAM)

	NDI
	1
	No change

	RV
	2
	FFS (no need with chase combining) [2]

	HARQ Process Number
	3 (FDD) or 4 (TDD)
	Reduce to 2 bits

	TPC Command
	2
	No change 

	SRS Request
	1
	No change 

	DAI – for TDD
	0 (FDD) or 2 (TDD)
	No change

	HARQ-ACK Resource Offset
	2
	Remove

	Padding Bits for Ambiguous Size
	0 (FDD) or 0 (TDD)
	FFS

	RNTI
	16
	May be reduced to 8 (FFS)

	TOTAL (6 RBs)
	37 (FDD), 42 (TDD)
	~29 (FDD), ~32 (TDD) (8-bit CRC)


NB indication is similar to the RA indication field for legacy UEs. For a BW of 
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 RBs, its size is 
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 bits if all NBs need to be addressed. Alternatively, the NB indication field can have a fixed size of 2 bits (for all DL/UL system BWs above 3 MHz) if only NBs for CSI measurement or SRS transmission need to be addressed (e.g. 2 NBs for M-PDCCH, 2 NBs for PDSCH if different than NBs for M-PDCCH). 
For UEs operating in enhanced coverage, significant simplifications can occur as described in Table 3 and Table 4 for a compact DCI format 0 for PUSCH scheduling and a compact DCI format 1A for PDSCH scheduling, respectively.

Table 3: DCI Format 0 Fields for 6 RBs UL BW –PUSCH Repetitions (Enhanced Coverage)

	DCI Format 0 Field
	Rel-12 Number of Bits
	Comments for Rel-13 Low Cost UEs

	Differentiation Flag 
	1
	No change (UL/DL DCI formats have same size)

	Narrow-band Indication
	N/A
	No need dynamic indication – Use configured NBs

	Number of PUSCH Repetitions
	N/A
	2 bits

	Number of M-PDCCH Repetitions
	N/A
	FFS

	RB assignment within a narrow-band
	5
	2 (enumerate a single RB out of 4 RBs)

Configure UE-specific RB-offset - assign 1 of 4 RBs

	FH Flag
	1
	Remove – Semi-statically configured FH 

	MCS and RV
	5
	Reduce to 3 bits (QPSK only) 

	NDI
	1
	No change 

	TPC Command
	2
	Remove – Maximum Tx power 

	CS and OCC Index 
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	3
	Remove – no MU-MIMO benefit, no PHICH

	CSI Request
	1
	Remove – no PHY CSI support in enhanced coverage

	SRS Request
	1
	Remove – use DMRS in NBs for FH PUSCH/PUCCH

	DL Assignment Index (DAI) 
	0 (FDD) or 2 (TDD)
	Remove – no HARQ-ACK in dynamic PUSCH

	UL Index 
	0 (FDD) or 2 (TDD)
	Remove (PUSCH is with repetitions)

	Padding Bits for DCI 0 = DCI 1A
	1 (FDD) or 2 (TDD)
	FFS

	CRC
	16
	May be reduced to 8 (FFS)

	TOTAL
	37 (FDD), 42 (TDD)
	~17 (FDD/TDD) - (8-bit CRC)


Table 4: DCI Format 1A Fields for 6 RBs DL BW – PDSCH Repetitions (Enhanced Coverage)

	DCI Format 1A Field
	Rel-12 Number of Bits
	Comments for Rel-13 Low Cost UEs

	Differentiation Flag 
	1
	No change (UL/DL DCI formats have same size)

	Narrow-band Indication
	N/A
	No need – Semi-statically configured NBs

	Number of PDSCH Repetitions
	N/A
	2 bits

	Number of M-PDCCH Repetitions
	N/A
	FFS

	RB assignment within a narrow-band
	5
	Remove – always 6 RBs

	Distributed/Localized Flag
	1
	Remove – Semi-static configuration

	MCS
	5
	Reduce to 3 bits (QPSK only)

	NDI
	1
	No change

	RV
	2
	Remove – use Chase Combining [2]

	HARQ Process Number
	3 (FDD) or 4 (TDD)
	Remove (1 HARQ process)

	TPC Command
	2
	Remove (PUCCH with maximum Tx power)

	SRS Request
	1
	Remove 

	DAI – for TDD
	0 (FDD) or 2 (TDD)
	Remove

	HARQ-ACK Resource Offset
	2
	Remove

	Padding Bits for Ambiguous Size
	0 (FDD) or 0 (TDD)
	2 (can complement CRC)

	RNTI
	16
	May be reduced to 8 (FFS) 

	TOTAL (6 RBs)
	37 (FDD), 42 (TDD)
	~17 (FDD/TDD) - (8-bit CRC)


Compact DCI formats can significantly reduce the number of required M-PDCCH repetitions. For example, relative to PDCCH-based transmission of DCI Format 0/1A, an M-PDCCH transmission incurs ~5-6 dB loss at 1% BLER due to the 1 Rx UE antenna and due to the absence of frequency diversity. About 4.5 dB can be recovered from the use of 24 ECCEs vs. the use of 8 CCEs. Another ~1.5 dB can be recovered from FH due to repetitions, thereby closing the gap. At least for SINRs where channel estimation errors do not considerably limit the gains from repetitions, a number of 
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 repetitions can provide additional 
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 dB gain – this approximately holds until ~-10dB (possibly with inter-subframe DMRS filtering). Finally, discounting the small difference in TBCC gain between DCI payloads of 17 bits and 37 bits, DCI format size reduction can provide an additional ~3.5 dB gain. Therefore, without considering potential additional gains in channel estimation from multi-subframe DMRS filtering, the extreme levels for coverage enhancements (CE) can be fulfilled with 8-16 M-PDCCH repetitions of compact DCI formats while using the Rel-12 DCI formats will require a larger number of repetitions by about ~3x for the larger CE levels (considering that SINR gains from repetitions begin to flatten at the largest CE levels). 

UEs configured to operate with “small” enhanced coverage, such as 3-6 dB, can decode DCI formats associated with PDSCH/PUSCH transmissions without repetitions even when the M-PDCCH is transmitted with repetitions. This is because it is not necessary that PUSCH or PDSCH or PUCCH need repetitions (e.g. UE has 23 dBm PA, small data TB size, etc.). Additionally, as the UE can also operate in normal coverage (depending on link quality variations or network power boosting), some DCI format parameters (such HARQ process number) should maintain their functionality as in normal coverage. UEs requiring “small” enhanced coverage are typically interference limited and experience free-space path-loss. However, the number of PDSCH/PUSCH repetitions will need to be provided as it may not be the default one. The bits from the DCI format 0 from Table 1 and the DCI format 1A from Table 2 to use for this purpose is FFS.
Proposal 1: Consider the modifications in DCI Format 0 and DCI Format 1A in Table 1 and Table 2, respectively, for Rel-13 low cost UEs receiving M-PDCCH without repetitions. 

Proposal 2: Consider the modifications in DCI Format 0 and DCI Format 1A in Table 3 and Table 4, respectively, for Rel-13 low cost UEs receiving M-PDCCH with repetitions. 
3 Conclusions

This contribution considered aspects for the reduction of DCI format sizes for Rel-13 low cost UEs in normal coverage and in enhanced coverage. In particular, the following are proposed.
Proposal 1: Consider the modifications in DCI Format 0 and DCI Format 1A in Table 1 and Table 2, respectively, for Rel-13 low cost UEs receiving M-PDCCH without repetitions. 

Proposal 2: Consider the modifications in DCI Format 0 and DCI Format 1A in Table 3 and Table 4, respectively, for Rel-13 low cost UEs receiving M-PDCCH with repetitions. 
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